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Graduation project  
Title of the graduation 
project 
 

Refurbishment of an office building in the Netherlands 
using the Earth, Wind and Fire system. 

Goal  
Location: Provinciehuis Utrecht, The Netherlands 

The posed problem: 
 
In the building sector, the non-domestic sector accounts for 13% of the total energy 
consumption out of which office building consume 50% of the energy (European 
Commission, 2020). 
According to various statistics studied, the Netherlands and Europe as a whole is 
seeing poor performance in office buildings with respect to energy efficiency and 
thermal comfort in particular. There is an urgent need to rectify this problem by 
renovation or refurbishment, which will also lower the total energy consumption of 
the buildings by 5-6% (European Commission, 2020). The use of renewable energy 
resources is also negligible (only 7.8% of total energy consumption) for new 
constructions and for refurbishment. The Earth, Wind and Fire concept is based on 
the phenomenon of using the driving forces of nature to control the indoor climate of 
the buildings. It utilizes the environmental energy of earth mass, wind and sun to 
generate and supply energy throughout the building by eliminating the use of HVAC 
systems, thereby minimizing the total energy consumption of the building and 
providing a healthy and productive working environment (Bronsema, 2013).  This 
concept can play a crucial role in improving the energy efficiency of office buildings 
that need to be refurbished and to achieve the ambitious 2050 goals set by the 
European Union and National Government. 
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Research question: 
 
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? 

Design assignment in which these result: 
 
The findings from the literature study will be implemented on a case study. The case 

study building is Provinciehuis Utrecht which is an 85 m high office building 

dominating the skyline of east Utrecht.  The case study will be a showcase of the 

elements of the EWF system attempting to prove the efficiency of the system as a 

climate machine and approaching one step closer to the ambitious 2050 goals set by 

the EU commission. 

 

Process  
Method description   
To answer the research question, the research process is divided into 3 stages: case 
study selection, analysis and final design. 
 

Selection of Case Study 
2 case studies were selected to make a comparative analysis on the basis of the 
building assessment criteria listed in the design strategies. Out of 2 case study 
buildings, one office building will be selected to implement the design strategies.  
 
 
Analysis  
The chosen case study will be refurbished using the EWF system which will primarily 
focus on analyzing the performance of Solar Chimney, solar facade and Climate 
Cascade. Various permutations and combinations will be considered for the location, 
shape and material of the Climate Cascade and Solar Chimney. These systems will be 
simulated using the basic excel calculation models developed by Bronsema (2013) 
and his team, along with dynamic modeling using Design Builder software. The 
simulations will focus on energy consumed by the system and external factors 
affecting the annual energy performance of the building for every design option.  
  
The basic modeling process will include simple calculation models which will help in 
developing the first impressions of the feasibility and potential of the applied concept 
(Bronsema, 2013). The scientific and technical data required to perform these 
calculations will be derived from the MS Excel calculation developed by Bronsema 
(2013) and ABT B.V.  The model consists of all the formulas derived from Installation 
Technology Manual (ISSO 2002), the Taschenbuch für Heizung + Klimatechnik, 
ASHRAE Handbooks Fundamentals (ASHRAE 2001) and HVAC Systems and 
Equipment (ASHRAE 2000) (Bronsema, 2013). The basic modeling will provide insight 
on the underlying phenomena of heat transfer and flow and how they work together. 
In order to validate the basic calculations, Design Builder software will be used. The 
excel calculations will be used for calculating and designing the Solar Chimney and 



Climate Cascade under stationary conditions. In order to study the dynamic behavior 
and annual estimates of the energy performance of the EWF system, dynamic 
simulation model Design Builder will be used.  
Once the simulations are conducted for various design options, the option which 
gives the best results, according to the design conditions which will be established 
before the simulations, will be selected for dynamic simulations.  
For the second part of the simulation, additional factors like façade, space heating 
and cooling and other parameters will be evaluated by analyzing its impact on the 
overall energy consumption. The simulations will also focus on developing strategies 
to generate energy within the building and check if the building can achieve nearly 
zero energy consumption. 
 
Final design 
After deriving the final design solution, these results will be compared to the results 
of the current energy performance of the building i.e. without the application of EWF 
system. This comparison will determine the efficiency of the EWF system and 
whether the system can improve the energy performance of the building. 
Additionally, the building will be assessed to determine if the energy demands are 
met entirely by renewable resources (Paris proof). 
The final design solution will contain detailed drawings (plans, sections, and 
elevations), detailed calculations and simulations of the Climate Cascade and Solar 
Chimney on the chosen case study building. 

 



 

Figure 1: Basic Methodology scheme



 

 

Table 1: Weekly objectives and organization of the research
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Initial background study

P1: Background Study

Contextual study 

Problem statement

Reseatch Objectives

Research Questions and Sub-questions

Research approach and  methodology

Analysis and study the Earth, Wind and Fire system

Study the elements of the EWF system: Solar Chimney, Climate Cascade and Ventec roof.

Application of EWF system in Hotel Breeze,  Amsterdam

Study on office refurbishement and the evaluating parameters that correspond to office 

refurbishment.
Determine the goals set by BENG regualtions in order to achieve nearly Net Zero Energy 

Building with respect to EWF system. 

Formulate the design challenges and opportunities in refurbishment of offices using EWF

Explore design possibilities for the EWF elements using the 104 student submissions in the 

DSBT course.

Study the simulation methods used in evaluating the elemets of the EWF system.Comparative analysis of  3 case studies and determine one case study which will be 

refurbished.

Define the strategies for implementing EWF in the chosen case study

Report

Graduation Plan

Presentation

P2: Literature research 

Design the chosen building incorporating the EWF elements and abiding by the set design 

strategies.

Design options after implementing theEWF  design strategies

Prepare a base simulation model according to the calculation methods determined in the 

literature study

Simulation Phase 1 : Identify the options which fit in the set nZEB goals and eliminate the 

rest.

Presentation

P3: Analysis 

Simulation Phase 2 : Optimise the options which nearly meet the nZEB goals 

Simulation Phase 3: Select the design option which satisfies the nZEB requirements and 

maximum efficiency of 2 RBE's.

Prepare the presentation drawings of the chosen case study

Preliminary conclusions

Presentation

P4: Final Design

Final design 

Final conclusions

Final report and presentation

P5: Conclusions & Reflection

April May June
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