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ABSTRACT 

A current trend in real estate assets is to make healthy buildings by increasing the indoor environment quality. 
In a research of the American Society of Interior Design was concluded “that the design for healthy behaviors 
is ranked in 1st place as both most transformative and fastest-moving sub-trend of the health and well-being 
macro trend (American Society of Interior Design, 2016)”. Today people spend approximately 90% of their 
time indoors. With this time spent indoors it is important to have a healthy indoor environment in order to keep 
occupants healthy and to maintain their wellbeing (Delos Living LLC, 2017). With the use of the recently 
launched WELL Building Standard, a model has been provided for design and construction to integrate human 
health features in the built environment. BREEAM-NL is the most common used sustainability certification 
methodology in Dutch engineering practice for new constructed buildings (DGBC, 2017). BREEAM-NL for new 
constructions and major renovations encourages the reduction of environmental impact of the design and 
construction process of a building. In BREEAM-NL is also a health and wellbeing category included in the 
assessment. Certification systems like the WELL Building Standard and BREEAM-NL have their own ways to 
aim for a better indoor environment. Then the question arises which certification method (BREEAM-NL or the 
WELL Building Standard) is the most effective and successful to encourage an improvement of the indoor 
environment quality in order to unlock human potential through a building with a profound impact on our health, 
wellbeing, happiness and productivity (Delos, 2016). This question has been converged to a focus on building 
physics aspects of the certification systems.  

In a partnership with Arcadis design & engineering consultants a literature study was performed in 2016.  
The results of this literature study have been published in a TUE M3 report: ‘The similarities and differences 
between the WELL Building Standard for new and existing buildings for offices and BREEAM-NL for New and 
Renovated buildings concerning the indoor environment quality’ (Dekkers, 2017).  

In this TUE M4 research study the main research question has been formulated as follows.  
What is the difference in design outcome for offices between a WELL Building Standard certified indoor 

environment and a BREEAM-NL certified indoor environment. This main question has been answered using 
three sub questions in assessments of case studies that represent a building life cycle including a new 
constructed building, an in-Use building and a renovated building: 
• What is the difference in outcome of the achieved building physics comparable credits related to the indoor 

environment quality of the WELL Building Standard and BREEAM-NL? 
• What is the influence on the indoor environment quality between different WELL Building Standard and 

BREEAM-NL certification rankings of the health credits? 
• What is the impact per credit on the indoor environment quality on the design of the indoor environment? 
These case studies are projects from Arcadis and have been selected to substantiate the research analysis, 
on site performance measurements were included from the In-Use building.  

The conclusion of the study demonstrates that WELL Building Standard certified buildings aim to achieve a 
better indoor environment quality than a BREEAM-NL certified building. BREEAM encourages the reduction 
of environmental impact, whereas WELL building encourages health and wellbeing of the building users. 

• WELL Building includes the achievement of much more building physics related credits than BREEAM (26 
versus 13 credits) in more WELL Building categories (air quality, water, light and comfort) than BREEAM 
category Health & Wellbeing (4 versus 1 category); 

• The analysis of the assessments of the case studies indicated no relation between a high BREEAM score 
and the chance to achieve a WELL Building score. The goals of many credits differ from each other;  

• During the assessments, it was discovered that a number of WELL Building credits have been achieved 
only because the requirements of the WELL Building credits are below the required level as prescribed in 
the Dutch building regulations or as applied in common Dutch engineering practice (NEN-codes); 

• For some credits, the WELL Building Standard prescribes the means to achieve the requirements while 
BREEAM-NL prescribes the goals; 

When the impact on design is analyzed for the costs for the three case studies, it could be expected and is 
has been proved that for the In-Use Building the investment to implement all credits are the highest.  
The assessments of three case studies show written evidence that early design decisions to achieve the credits 
necessary for a WELL Building Standard certification in new constructions or major renovation projects have 
fewer impact on the technological implementation, demonstrate lower initial investments and need less 
process time to implement credits in the design than when measures must be implemented in an In-Use 
Building. It is even possible that certain credits are not economically profitable within market-based boundary 
conditions to achieve at an In-Use Building or a renovation building because of the boundary conditions that 
the building already exists but does not yet comply.   
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1 INTRODUCTION 

Healthy workplaces can lead to improved employee productivity, reduced absenteeism and staff turnover, less 
accidents, fewer insurance and worker compensation claims, as well as lower costs related to retirement (Heart 
and Stroke foundation, 2010). With this given it is not a surprise that health and wellness is one of the largest 
growing industries, and “the leading tool for advancing health & well-being in buildings and communities 
globally” is the WELL Building Standard (IWBI, WELL presentation, 2017). This relatively new certification 
system, founded in 2014, is a performance based system for measuring and certifying features of the built 
environment that impacts health and well-being (IWBI, WELL presentation, 2017). Another certification system, 
BREEAM-NL, is the most common used sustainability certification methodology in Dutch engineering practice 
for new constructed building, (DGBC, 2017), where also a health and wellbeing category is included. Both 
certification methodologies have their own ways to aim for better health and wellbeing of the occupants, but 
both use the indoor environment quality as one of the means to reach their potential goals. With these two 
certification methodologies aiming to increase health the question arises which certification method (BREEAM-
NL or the WELL Building Standard) is the most effective and successful to encourage an improvement of the 
indoor environment quality. 

 

1.1 WELL Building Standard 

“WELL empowers the creation of a healthy environment for people to live, work and play, enhancing occupant 
health and quality of life globally” (International WELL Building Institute, 2016). A relative new certification 
system is the WELL Building Standard1. This certification system is beginning to spread in the Netherlands 
with 9 registered buildings in August 2017 (IWBI, Projects, 2017). The WELL Building Standard is a 
performance-based system for measuring and certifying features of the built environment that impact human 
health and well-being. Using the seven categories, as can be seen in Figure 1, the WELL Building Standard 
strives to improve the indoor environment for employees and thus increase productivity. So, the WELL Building 
Standard will be of value for the tenant, with the increased indoor environment quality that may lead to an 
increase in productivity. 

 

Figure 1, categories of the WELL Building Standard.2 

 

In the literature study: the differences and similarities between the WELL Building Standard and BREEAM-NL, 
was concluded that BREEAM-NL has a broader focus. This resulted in a less extensive list of credits that 
influences the indoor environment. And it appeared that the indoor environment credits in BREEAM-NL were 
costlier in the initial investment to achieve than the individual credits of the WELL Building Standard. These 
conclusions were reason to go a step further with the comparison between the WELL Building Standard and 
BREEAM-NL. 

In this research study, the influence of BREEAM-NL and the WELL Building Standard at the design phase in 
offices will be the subject of the research. 

                                                      

1 Version used for research: v1.0 with January 2017 addenda. 
2 Source: WELL Building Standard, v1.0 with January 2017 addenda 
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1.2 BREEAM-NL 

BREEAM-NL is a certification system that can make it possible to get insight in the actual performance of the 
building concerning sustainability (Dutch Green Building Council, sd). Other advantages as mentioned on the 
website of the Dutch Green Building Council are: BREEAM-NL will assess the sustainability in all its forms, a 
BREEAM-NL certified project will be worth more, with a BREEAM-NL certification it is possible to get a subsidy, 
with the use of BREEAM-NL the operational cost can be reduced, A BREEAM-NL project will be better for the 
productivity and health of the occupants and a BREEAM-NL project will be prepared for the future. 

Two different BREEAM-NL certifications are used in the assessment: BREEAM-NL, New and Renovated 
Buildings3, BREEAM-NL, In-Use4. 

 

  BREEAM-NL, New and Renovated Buildings 

BREEAM-NL, New and Renovated Buildings is a certification system that consists of 9 categories, as can be 
seen in Figure 2. BREEAM-NL, New and Renovated Buildings aims to reduce the impact on the environment 
during the construction and In-Use phase of a building. BREEAM was created as a cost-effective means of 
bringing sustainable value to development (BREEAM, 2017). BREEAM-NL for New and Renovated Buildings 
has an emphasis on the sustainability of the design and construction process with a category of health and 
wellbeing to improve the indoor environment quality. 

 

 

Figure 2, categories of BREEAM-NL - New and Renovated buildings.5 

  

                                                      

3 Version used in research: BREEAM-NL, nieuwbouw en renovaties, 2014 v2.0 
4 Version used in research: BREEAM-NL, In-Use, 2016 v1.0 
5 Source: http://www.breeam.com/ 
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 BREEAM-NL, In-Use 

BREEAM-NL In-Use is a certification system that can be used for In-Use Buildings. The certification system 
consists of 3 parts, as can be seen in Table 1. All three parts can be seen as ‘separate certification systems’. 
It is possible to achieve a certificate for a single part. These certifications are mainly focused on the building 
management and less on the engineering of the indoor environment. 

Table 1, BREEAM-NL, In-Use parts and categories. 

Category Part 1:  

Asset 

Performance 

Part 2:  

Building 

Management 

Performance 

Part 3: 

Occupier 

Managements 

Energy V V V 

Water V V V 

Materials and Waste V V V 

Health and Wellbeing V V V 

Pollution V V V 

Transport V - V 

Land use and Ecology V V V 

Management - V V 

 

1.3 Reading Guide 

After the abstract on page 3 and introduction on page 7, the scope of the research will be explained in chapter 
2. This chapter consist of a paragraph where the research questions are explained and how these will be 
answered, paragraph 2.1. As explained in the introduction, the WELL Building Standard and BREEAM-NL 
consist of a number of categories, not all categories may be relevant for this research study. How the difference 
was made between what is relevant for this research study and what not is relevant will be explained in 
paragraph Error! Reference source not found.. In order to compare the two certification systems, case 
studies were used as will be explained in paragraph 2.3. 

In the chapter Method, will be explained how the assessment of the case studies took place. In Paragraph 3.1, 
all the different methods of assessment in the certification systems are explained. Paragraph 3.2 explains how 
the assessments of the case studies will be used in order to answer the first research sub-question of this 
research study. Paragraph 3.3 will include the method that was used to answer the second research sub-
question. In Paragraph 3.4 will be explained how the third research sub-question will be answered. 

In Chapter 4 all the results will be shown, starting at the results of the WELL Building Standard and BREEAM-
NL assessments of each case study. The results of the New Building case study can be found in paragraph 
4.1. The results of the assessment of the WELL Building Standard and BREEAM-NL of the In-Use case study 
can be found in paragraph 4.2. Paragraph 4.3 will display the assessment results of the renovation case study. 

In Chapter 5, Research analysis, the results will be discussed and analyzed. This chapter consists of 6 
paragraphs. The first three paragraphs, consist of the analysis and discussion of the results of the case study 
assessments. In these paragraphs, remarkable results of credit assessments will be discussed in order to get 
a better understanding of the WELL Building Standard and its credits. In Paragraph 5.4, the results of the 
assessments of the case studies will be compared to each other. Further analysis and discussion consist of 
why credits are achieved or why not. In paragraph 5.5, will be analyzed what certification system has more 
influence on the indoor environment and why this is the case. The last paragraph of this chapter, paragraph 
5.6, will be explained what the impact on design is for each case study in order to achieve a WELL Building 
Standard certification. This impact on design will be measured in cost and effect on the process. In this 
paragraph will also be explained what has to be done for each case study in order to achieve a WELL Building 
Standard certification. 

Chapter 6 consist of the conclusion to the research sub-questions. With the use of these sub-conclusions, the 
main conclusion on the research main-question is explained. 

In Chapter 7, the glossary can be found. The sources that are used can be found in Chapter 8. 
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2 RESEARCH SCOPE 

2.1 Research questions 

In this graduation research, the focus will be on the difference in design outcome between a WELL Building 
Standard certified indoor environment and a BREEAM-NL certified indoor environment for offices. Hence the 
research question: 

What is the difference in design outcome between a WELL Building Standard certified indoor 

environment and a BREEAM-NL certified indoor environment for offices?  

The main question will be answered using the three sub questions: 

I. What is the difference in outcome of the achieved comparable credits related to the indoor environment 
quality of the WELL Building Standard and BREEAM-NL in a building design in case studies? 

II. What is the influence on the indoor environment quality between different WELL Building Standard 
and BREEAM-NL certification assessments of the health credits? 

III. What is the impact per credit on the indoor environment quality on the design of the indoor environment 
quality? 

The first sub question will be answered by comparing the assessments of three buildings. The result of this 
assessment will be the list with filtered credits of the WELL Building Standard and BREEAM-NL, and if these 
credits are achieved or not per building. These lists will be compared to discover a trend in achieved or not 
achieved credits. 

For the second sub question the relation between the amount of achieved credits of the WELL Building 
Standard and the amount of achieved credits of BREEAM-NL will be research. In other words: If a high 
percentage of BREEAM-NL health credits is achieved, does this indicate that a high score for the relevant 
WELL Building Standard credits will be achieved? 

The third sub question will be answered by researching the unachieved credits per building. In this sub question 
research, the impact on the design will be indicated by the cost and time to invest in order to achieve this 
credit. This will be done for the unachieved precondition credits of the WELL Building Standard. 

 

2.2 Filtered credits for relevance on Indoor Environmental Quality 
topics 

Both certification systems consist of a number of categories. The WELL Building Standard consists of 7 
categories as can be seen in Figure 1. BREEAM-NL consists of 9 categories as can be seen in Figure 2. Within 
these categories credits can be achieved. Both certification systems make use of credits to achieve points. 
These points will be used to calculate the certification ranking. In both certification systems, not all credits 
relate to the indoor environment quality.  

In this research study, the focus will be on the indoor environment, as this is a graduation research study at 
the department Building Physics and Services of the University of Technology in Eindhoven. In order to 
determine if a category is relevant for this research, the category needs to influence the indoor environment 
quality. To analyze indoor environment quality, performance indicators have to be used to assess each indoor 
environment equally. A set of performance indicators were developed in the EU FP7 Coordination Action 
PERFECTION, this set of performance indicators can be used to assess the overall quality of the indoor 
environment in Buildings (Loomans, et al., 2011). These indicators within the scope of this research study are: 
indoor air quality, visual comfort, thermal comfort and acoustic comfort. As can be seen in Figure 3, there are 
4 out of the total 16 categories of BREEAM-NL and the WELL Building Standard that are relevant for the indoor 
environment quality and subject to the scope of this research. The category Environment of BREEAM-NL is 
not included in the scope because this category is about the impact on the outdoor environment. 

Within the 4 categories are credits that will not be relevant for this research about the indoor environment 
quality. For that reason, credits were filtered to include only credits that influence the indoor environment 
directly. In the next paragraphs will be explained how credits were filtered and what criteria will have to be met 
in order to be included in the scope. This is done for the WELL Building Standard credits in the categories Air, 
Light and Comfort and for BREEAM-NL category health. BREEAM-NL has different certification methods, one 
certification method for New and Renovated Buildings and one for In-Use Buildings. Because one of the case 
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studies is an In-Use Building, the BREEAM-NL In-Use Building certification will be included for the assessment 
of the In-Use case study.  

For this research, the design and engineering of the building will be the main focus. For that reason, only 
measures that influence the design or engineering and thus the result of the building before the delivery of the 
building will be taken into account. This means that decisions because of the management of the building will 
be out of the scope of this research. 

 

Figure 3, WELL and BREEAM-NL categories, the four encircled categories are key focus points in this research. 
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 WELL Building Standard  

2.2.1.1 WELL Building Standard - Indoor air quality 

Indoor air quality is associated with comfort and health. With a poor indoor air quality in buildings inflammation, 
infections, asthma, allergy and short-term sick leave can occur (Wargocki, et al., 2002). In order to prevent 
these symptoms, the indoor air quality will have to be taken care of. 

The credits in the WELL Building Standard in the category Air can be divided into smaller categories: the indoor 
air quality is influenced by the used material in the building, human behavior or building management, the use 
of ventilation and the applied air filters. Within these categories, the influence by human behavior or building 
management applies for the indoor air quality after the delivery of the building, for that reason these credits 
will not be taken into account in this study.  

 

Table 2, overview of the filtered credits of the WELL Building Standard category Air. 
       

 

WELL - Air 
 

 Air      

  Credit nr Precondition (mandatory credits) Method of assessment   

 

 

1 Air Quality Standards Performance Test  

 

 

 

3 Ventilation Effectiveness Performance Test  

 

  

4 VOC Reduction Inspection  

 

  

5 Air Filtration Performance Test  

 

  

8 Healthy Entrance Inspection  

 

  

11 Fundamental Material Safety Inspection  

 

  

Credit nr Optimization (optional credits) Method of assessment 

 

 

  

14 Air infiltration Management Performance Test  

 

  

15 Increased Ventilation Performance Test  

 

  

16 Humidity Control Performance Test  

 

  

17 Direct Source Ventilation Inspection  

 

  

18 Air Quality Monitoring and Feedback Performance Test  

 

  

19 Operable Windows Inspection  

 

  

20 Outdoor Air Systems Inspection  

 

  

21 Displacement Ventilation Simulation  

 

  

23 Advanced Air purification Performance Test  

 

  

24 Combustion Minimization Inspection  

 

  

25 Toxic Material Reduction Inspection  

 

  

26 Enhanced Material Safety Inspection  

 

      

 

      

 

 

  



The difference in design outcome between a WELL Building Standard certified indoor environment and a BREEAM-NL certified indoor 

environment – TU/e graduation thesis – L.A.J. Dekkers 

 14 

2.2.1.2 WELL Building Standard - Visual comfort 

For the visual comfort, it is important that the illuminance and luminance are in a range which is comfortable 
for the user of the workspace. When the workplace is too dark or the user is blinded by the high luminance, 
the illuminance and luminance are outside the comfortable range. 

Blinding by sunlight will decrease the visual comfort of the user, that is why the WELL Building Standard 
and BREEAM-NL encourage to control glare.  

The color temperature has impact on the lighting of the workplace. A room can be experienced as ‘cold’ 
or ‘warm’, due to the color temperature of the luminaires. 

Not only the amount of daylight will be important for the comfort of the user, but a window with a view also 
effects the comfort. 

The parameters that are influenced by the visual comfort are: Illumination, luminance, brightness, luminous 
spectrum and risk of glare. If credits have influence on one of the parameters mentioned, the credit is used 
for assessment in the research. 

 

Table 3, overview of the filtered credits of the WELL Building Standard category Light. 

       

 WELL - Light  

 Light    

 

 

 Credit nr Precondition (mandatory credits) Method of assessment 

 

 

 53 Visual Lighting Design Performance Test  

 

 54 Circadian Lighting Design Simulation  

 

 

55 Electric Light Glare Control Performance Test  

 

 

56 Solar Glare Control Inspection  

 

 

Credit nr Optimization (optional credits) Method of assessment 
 

 

 

57 Low-Glare Workstation Design Inspection  

 

 

58 Color Quality Performance Test  

 

 

59 Surface Design Performance Test  

 

 

60 Automated Shading and Diming Controls Performance Test  

 

 

61 Right to Light Inspection  

 

 

62 Daylight Modeling Simulation  

 

 

63 Daylight Fenestration Inspection  
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2.2.1.3 WELL building Standard - Thermal comfort & acoustic comfort 

In the WELL Building Standard the category Comfort consist of credits about thermal comfort and acoustic 
comfort. That is why those two indicators are combined in one table. 

Thermal comfort is probably one of the most easily defined parameters of the indoor environment quality (Al 
horr, et al., 2016). Thermal comfort impacts the energy consumption of any building and when occupants 
experience discomfort, it can lead to tweaking of controls to non-optimal levels (Catalina & Iordache, 2012) 
(Corgnati, Ansaldi, & Filippi, 2009). 

In an indoor environment, there are several factors that contribute to thermal comfort such as environmental 
factors and personal factors. Environmental factors as: Air temperature, Radiant temperature, Air velocity and 
Humidity. Personal factors like Clothing Insulation and Metabolic heat will also influences the thermal comfort 
of the occupants. 

It is necessary to take the environmental factors into account when designing a building. The personal factors 
as clothing insulation can be taken into account during the design phase of the building. Credits that are related 
to one of the factors that contribute to thermal comfort and have influence on the design of the building before 
the delivery, will be taken into account.  

Although the acoustic comfort is in many cases assessed as unsatisfactory (Lee & Kim, 2008) it is ranked as 
second most important indoor environment indicator by occupants (Frontczak & Wargocki, 2011). Phil Williams 
also described it is an important indicator to assess the indoor environment. In the study of Landstöm et al. 
(1995) a direct relationship between acoustic comfort and occupant productivity was found in commercial 
buildings. In the WELL Building Standard, all credits that are related to acoustics are designed in order to 
enhance the acoustic comfort in the indoor environment. For that reason, all the credits of the WELL Building 
Standard about the acoustic comfort are used for the assessment of the case studies in this research. 

An overview of the filtered thermal and acoustic comfort credits can be found in Table 4. 

Table 4, overview of the filtered credits of the WELL Building Standard Category Comfort. 

 

    

 

 

 WELL - Comfort  
 Comfort    

 

 

 

Credit nr Precondition (mandatory credits) Method of assessment 

 

 

 

 74 Exterior Noise Intrusion Performance Test  

 

 

75 Internally Generated Noise Performance Test  

 

 

76 Thermal Comfort Performance Test  

 

 

Credit nr Optimization (optional credits) Method of assessment 

 

 

 

77 Olfactory Comfort Inspection  

 

 

78 Reverberation Time Performance Test  

 

 

79 Sound Masking Performance Test  

 

 

80 Sounds Reducing Surfaces Inspection  

 

 

81 Sound Barriers Inspection  

 

 

82 Individual Thermal Control Performance Test  

 

 

83 Radiant Thermal Comfort Performance Test  
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 BREEAM-NL New and Renovated Buildings 

As explained previous the health category of BREEAM-NL’s New and Renovated Buildings will be used for 
assessment of all the case study buildings. This certification system is used for all case studies because they 
are all new or existing buildings. And with all three case studies assessed using the same BREEAM-NL 
certification system it is possible to compare the results. The credits of the health category consist of mixed 
indicators. But all the credits of the BREEAM-NL’s health category are filtered using the same criteria as the 
WELL Building Standard credits. This will result in a BREEAM-NL health credit list as can be seen in Table 5. 
Here are the original credit names of the BREEAM-NL certification system mentioned and the translated credit 
names. 

Table 5, filtered credits of BREEAM-NL, New and Renovated Buildings. 
        

 

BREEAM-NL New and Renovated Buildings - Health  

 

        

  Credit nr Credit title Credit title translation Method of assessment   

 

 

HEA 1 Daglichttoetreding Daylighting Inspection  

 

 

 

HEA 2 Uitzicht View out Inspection  

 

  

HEA 3 Tegengaan lichthinder Glare control Inspection  

 

  

HEA 4 Hoogfrequente verlichting High-frequency lighting Inspection  

 

  

HEA 5 
Kunstverlichting binnen en 

buiten 

Internal and External Lighting 

Levels 
Inspection 

 

 

  

HEA 6 Licht regeling Lighting zones & controls Inspection  

 

  

HEA 7 Spuiventilatie Natural Ventilation Inspection  

 

  

HEA 8 Interne luchtkwaliteit Internal Air quality Performance Test  

 

  

HEA 9 
Vluchtige organische 

verbindingen 
Volatile Organic Compounds Inspection 

 

 

  

HEA 10 Thermisch comfort Thermal Comfort Inspection  

 

  

HEA 11 Temperatuur regeling Thermal zoning Inspection  

 

  

HEA 13 Akoestiek Acoustic performance Inspection  
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 BREEAM-NL In-Use 

BREEAM-NL for In-Use Buildings consist of three parts: Asset performance, Building management 
performance and Occupier management. In each of these BREEAM-NL parts a category of health is included. 
The health credits are filtered for each part using the criteria as described above for assessment. 

For one case study, the In-Use Building, as will explained in the next paragraph, a BREEAM-NL In-Use 
certification can be used to assess the building. This version of BREEAM-NL is used for assessment in order 
to assess the difference between the achieved credits of the WELL Building Standard and BREEAM-NL for 
New and Renovated Buildings and In-Use. These credits are also filtered using the criteria as described above. 
These results in the following credits for the BREEAM-NL- In-Use certifications per part. In the left column is 
the original title of the credit displayed. On the right column is the translated title of the credit placed. 

Table 6, filtered credit of the category Health of the part Asset performance of the BREEAM-NL-In-Use certification system. 
        

 

BREEAM-NL In-Use Building - Asset Performance - Health  

 

        

  Credit nr Credit title Credit title translation Method of assessment   

 

 

HEA01 Percentage glas in de gevel Glazing Inspection  

 

 

 

HEA02 Tegengaan lichthinder Glare control Inspection  

 

  

HEA03 Temperatuurregeling Thermal control Inspection  

 

  

HEA04 
Ventilatie, Beïnvloeding door 

gebruikers 

Ventilation control (By 

occupant) 
Inspection 

 

 

  

HEA05 Microbiologische besmetting Microbial contamination Inspection  

 

  

HEA06 Beschikbaarheid van drinkwater Drinking water provisions Inspection  

 

  

HEA07 

Beschikbare 

ontspanningsruimte binnen of 

buiten 

Indoor and/or outdoor space Inspection 

 

 

  

HEA08 
Verlichtingsniveau binnen en 

buiten 

Interior and exterior illumance 

levels 
Performance Test 

 

 

  

HEA09 Lichtregeling Lighting control Inspection  

 

  

HEA10 
Ontwerp voor mensen met 

beperking 
Inclusive design Inspection 

 

 

  

HEA11 
Locatie luchttoevoerpunten ten 

opzichte van vervuilingsbronnen 

Location ventilation intake to 

pollution sources 
Inspection 

 

 

  

HEA101 Hoogfrequente verlichting high-frequency lighting Inspection  
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Table 7, filtered credit of the category Health of the part Building Management performance of the BREEAM-NL-In-Use 
certification system. 
        

 

BREEAM-NL In-Use Building - Bulding Management Performance - Health  

 

        

  Credit nr Credit title Credit title translation Method of assessment   

 

 

HEA12 Meten verse lucht Fresh air rates Performance Test  

 

 

 

HEA13 

Kwaliteit van het 

binnenklimaat, 

overschrijdingsuren 

Internal environment quality, 

operating temperature 
Performance Test 

 

 

  

HEA14 
Interne luchtkwaliteit CO2 

monitoring 

Internal environment: CO2 

monitoring 
Performance Test 

 

 

  

HEA15 
Interne luchtkwaliteit CO 

monitoring 

Internal environment CO 

monitoring 
Performance Test 

 

 

  

HEA16 
Interne luchtkwaliteit Nox 

monitoring 

Internal environment: Nox 

monitoring 
Performance Test 

 

 

  

HEA17 
Bescherming gebruikers 

tijdens werkzaamheden 

Building user protection during 

building activities 
Inspection 

 

 

  

HEA18 Vluchtige organische stoffen Volatile organic compounds Inspection  

 

  

HEA19 
Binnenklimaat; lokale 

afzuigvoorziening 
Control of chemicals Inspection 

 

 

  

HEA20 Akoestisch onderzoek Acoustic conditions Performance Test  

 

  

HEA21 Schoonmaak, dieptereiniging Deep cleaning Inspection  

 

       

 

        

 

Table 8, filtered credit of the category Health of the part Occupier management of the BREEAM-NL-In-Use certification 
system. 
        

 

BREEAM-NL In-Use Building - Occupier Management - Health  

 

        

  Credit nr Credit title Credit title translation Method of assessment   

 

 

HEA28 Uitzicht View out Inspection  
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2.3 Case studies 

During the life cycle of a building four major phases can be distinguished: 

• The first phase is the ‘new building’ phase. In this phase, the building is designed and constructed. 
BREEAM-NL new construction certifications encourage the sustainability aspects of the building 
engineering & construction process;  

• After the delivery of the building, it enters the second phase: In-Use. This is when the building is in operation 
by the occupants. BREEAM-NL in use certifications encourage the sustainability aspects of the asset, 
building management and organizational policies. WELL Building certifications encourage the human 
health & wellbeing and productivity of the workforce, during new construction or renovations the asset 
aspects of the WELL Building assessment need to be established or enhanced; 

• The third major life cycle phase is the ‘Renovation’ phase. This is when the In-Use Building needs to be 
renovated. BREEAM-NL major renovation certifications encourage the sustainability aspects of the building 
reengineering & reconstruction process. After the renovation phase will follow another In-Use phase;  

• When the building has aged in a way that renovation will not make the building economical useful for its 
function in the future it will be demolished. This life cycle of a building can be seen in Figure 4; 

 

. 

 

Figure 4, Building life cycle. 

 

For the assessment in this research, buildings were sought in each of the three major life cycle phases 
(demolishment is excluded since no tenant is in the building anymore to enhance labor productivity).  

For this research, the similarities and difference are researched in the outcome of the design using the WELL 
Building Standard or BREEAM-NL. This will be done using three case studies of building designs and a case 
study of an In-Use Building. From these three building designs, two designs will aim to achieve a BREEAM-
NL certification and one design does not have a BREEAM-NL certification. In the next paragraphs, the 
buildings used as case studies will be introduced. 
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 New Building, Amsterdam 

 

Figure 5, Rendering of the Knowledge quarter in Amsterdam. 

 

The New Building in Amsterdam is a building where the design team is working on the first concept design. 
The design will be compliant to at least BREEAM-NL excellent. A possibility of a BREEAM-NL outstanding 
label is also possible but this is still under investigation. A discussion about the WELL Building Standard is still 
going on. Figure 6 shows the current design phase of the building. As can be seen the design phase is working 
on the concept design where the BREEAM-NL pre-assessment is included. 

 

Figure 6, design phase of New Building, the design team is working on the first concept design. 
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 In-Use Building, South-Eastern Netherlands 

The owner of the building asked to anonymize the data of the building in order to be a part of this research 
study. Necessary information that is needed in this report for the assessment of the building that cannot be 
anonymized will be placed in the appendix. This appendix will not be made public to honor the request of the 
owner of the building. 

The building for mixed use for office and industry, delivered in 2016, has a total estimated build area of 14.600 
m2. Of the total build area 2.790m2 is designed as office to accommodate minimal 420 employees. The office 
building was designed according the latest standards. In the design phase of this building there was no 
intention to achieve a BREEAM-NL certification or WELL Building Standard certification. The design phase of 
the building did not involve the implementation of requirements of the certification systems, as can be seen in 
Figure 7. 

 

Figure 7, design process of the In-Use Building. There were no goals to achieve certain certifications as BREEAM-NL or 
the WELL Building Standard. 
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 Renovation Building, Utrecht 

 
 

 
 

Figure 8, The building before the renovation. Figure 9, Rendering of the building after the renovation. 

 

The building at the Laan van Puntenburg in Utrecht is a building of ca. 34.000 m2 and 18 floors. This includes 
the lower 4 floors, which will form a wide base for the 14 floors above. This building is designed for the use of 
1000 employees. The design is designed to achieve at least a BREEAM-NL Very Good certification. At the 
moment, research is done in order to gain knowledge about the requirements of a WELL Building Standard 
certification. At this stadium, it is not yet known if a WELL Building Standard certification will be added to the 
design goals of the building. Figure 10 shows the design phase of the building. As can be seen a concept 
design has been made and this is used to make a WELL Building Standard pre-assessment. 

 

Figure 10, design phase of renovation building. At this moment, a WELL pre-assessment is done to gain knowledge about 
the WELL Building Standard and a possibility of a WELL Building Standard certification. 
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3 METHOD 

3.1 Method of assessment 

In the literature study, all the credits of the WELL Building Standard and BREEAM-NL were categorized into 
one of the following methods of assessment:  

• Inspection 
• performance test 
• simulation 
 
These methods of assessment were used to determine the complexity of the credit and how to assess the 
credit. Because two of the three case studies are not finalized it is not possible to perform the performance 
tests. Where performance tests are required the information in the design specifications is used to assess if 
the building would be compliant to the requirements. To determine if a credit is achieved or not, a flowchart is 
designed as can be found in Figure 11. This flowchart can be applied to all the credits. This flowchart was 
designed to have a uniform method of assessment for each credit. 

The outcome per credit will consist of two parts. The first part is the information that was found in order to 
assess the credit. The second part is the ‘status’ of the credit. Credits can receive a green, orange or red 
status. These statuses indicate if the credit was assessed with certainty or if assumptions were made to assess 
the credit. These statuses can give an indication what information is available in the design phases of the three 
buildings as can be seen in Table 9, status of credits.. 

The ‘green status’ of a credit indicates that all the needed information was available and the credit is achieved. 
The ‘red status’ indicates that also all the needed information was available and with the use of this information 
was concluded that the credit was not achieved. The ‘orange status’ or a credit indicates that the needed 
information was not found. In order to assess the credit assumptions were made. In an ideal situation, all the 
credits in the assessment are of a green of red status. Which means that all the needed information was found. 

Table 9, status of credits. 
 Information was available and the credit is achieved. 

 Information was not available assumptions were made. 

 Information was available and the credit is not achieved. 

 

The first step of the flowchart is to make a list of all the requirements of the credit. The next step is to determine 
if in the building design information is given about the requirements of the credit. When the information is 
available, it can be determined whether the credit will be achieved or not. When the information is not available 
another source will have to be found. If this source has information about the checklist points, it is possible to 
determine if the credit is achieved of not. Otherwise, the requirements will have to be included in the program 
of requirements of the building. 
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Figure 11, Flowchart for the method of assessment for the credits. 

 

For the credits that have to be assessed using a performance test, the second step would be if a performance 
test is executed. This performance test will have to be compliant to the method of measurement the WELL 
Building Standard requires. 

 For simulation credits, the second step will include the question if a simulation is executed. Here is it is 
important that the simulation is executed following the guidelines of the WELL Building Standard. 
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 Method - Inspection 

As described above, the credits were assessed using the flowchart. When information was not available in the 
technical requirements or other documents that are provided by the design team, assumptions had to be made 
in order to assess the credit.  

 

 Method - Performance Test 

In order to determine if a building is compliant to the WELL Building Standard it is possible to execute In-Use 
measurements. This way it is possible to control the quality of the building and the compliance to the credit 
requirements. In the next paragraphs is explained what the method was to execute the measurements and 
what conditions have to be met during the measurements. For this graduation study measurements were done 
in the In-Use Building of the case studies. Because the other two case studies were not available for In-Use 
measurements. 

The In-Use measurements were used to validate the assessment done with the use of the technical 
specifications. Because the indoor environment quality is one of the main subjects in this graduation study at 
least one credit for each indoor environment indicator would be selected for measurement. The measurements 
were done as validation for the theoretical assessment and to get a better understanding of the credits. If there 
are multiple credits for one indoor environment indicator it would be preferred to measure a precondition credit. 
This because this way more information about the precondition credits would be available for future projects. 
In the next paragraphs will be explained why certain credits were chosen for In-Use measurements. 

 

3.1.2.1 Method – Performance Test - Indoor Air quality 

The credit 01, Air Quality Standards, was chosen as a credit for measurements of the indoor environment 
indicator: indoor air quality. This is a precondition credit that cannot be assessed using the technical 
specification. This would give more information about the indoor air quality of an In-Use office where no 
requirements were set concerning the indoor air quality. This is also a credit where specific equipment is 
necessary, which is provided by the university. 

The first credit of the WELL Building Standard is about the indoor air quality. For this credit, the following 
conditions will have to be: 

Table 10, requirements of the WELL Building Standard for the indoor air quality. 

Parameter Value Unit 

Formaldehyde 27 ppd 

Total Volatile Organic Compounds 500 µg/m3 

Carbon Monoxide 9 ppm 

Pm2,5 15 µg/m3 

Pm10 50 µg/m3 

Ozone 51 ppb 

Radon 4 pCi/l 

 

Credit 01, Air quality standards, Part 1 Standards for Volatile Substances 

For formaldehyde and Total volatile organic compounds (TVOCs) laboratory materials must be prepared. Air 
sampling pumps will be used to take samples of the indoor air. 

The measurements points will have to be representative of typical occupied areas and must be within the 
breathing zone, thus the sampling point will be required to be between 91 cm and 182 cm height from the 
finished floor. 
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The Formaldehyde and Total Volatile organic compounds will be sampled using the Capillary Trap Gas (CTS, 
GSP-300FT-2) sampler. With use of the thermal desorption tubes (air toxics, Perkin Elmer) the air will be 
sampled by guiding the air through the thermal desorption tube. This tube is filled with a porous absorbent, 
this absorbent is able to retain a large spectrum of molecules, as Formaldehyde and Total Volatile Organic 
compounds. 

 

 

Figure 12, GASTEC model GSP 300FT-2, CTS air sampler with desorption tube. 

 

By connecting the desorption tubes to the CTS sampling can be executed. Each sample will be sampled with 
a fixed volume that will flow through the desorption tube. This fixed volume will be 4 liters per sample with a 
volume flow rate of 300 mL/min (Verduijn, 2014).  

 

Figure 13, GC/MS, TurboMatrix 350 ATD and PC for the analysis of the taken samples (source photo (Verduijn, 2014)). 
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Credit 01, Air quality standards, Part 2 Standards for Particulate Matter and Inorganic 
gasses 

Pm2,5 and Pm10 will have to be measured using a direct reading instrument. 

In order to test if the building is compliant to the conditions measurements will have to take place. For these 
measurements, direct reading instruments are prescribed by the WELL Building Standard. 

Measurement requirements 

For this measurement it, at least one measurement will have to be made in each major and minor sampling 
zone. This means that on each floor at least one measurement will have to take place. One of the floors will 
be marked as major sampling zone, while other floors will be marked as minor sampling zone.  

For major sampling points the measurement takes 2 hours total. This includes 10 minutes of acclimation time, 
followed by 1 hour and 50 minutes of measurement time. At least once every 5 minutes the measurements 
will have to be recorded. 

For the minor sampling points the measurement will take 30 minutes in time, included 10 minutes of acclimation 
time, followed by 20 minutes of measurement time. At least once every 5 minutes the measurements will have 
to be recorded. 

The measurements where PM2,5 and PM10 were measured, were taken with the Lighthouse handheld 3016 
IAQ Particle Counter Gen E. On each floor one sample was taken of 30 minutes. Every 5 minutes the 
measurements were recorded. 

 

Figure 14, Lighthouse handheld 3016 IAQ Particle Counter Gen E. 
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Table 11, WELL Building Standard requirements for the CO measurement equipment. 

Parameter Carbon Monoxide 

Measurement range 0 to 50 ppm 

Resolution 1 ppb 

Noise 0,5 ppm 

Lower detectable limit 1,0 ppm 

Interference equivalent 

Each Interferant 

Total Interferant 

±1,0 ppm 

1,5 ppm 

Zero drift, 14 and 24 hour ±1,0 ppm 

Span drift, 24 hour 

20% of upper range limit 

80% of upper range limit 

±10,0% 

±2,5% 

Lag time 10 minutes 

Rise time 5 minutes 

Fall time 5 minutes 

Precision 

20% of upper range limit 

80% of upper range limit 

0,5 ppm 

0,5 ppm 

 

The CO Measurements were taken with IAQ-Calc Indoor Air quality meter 7545. The handheld was set on one 
desk and sample was taken. In order to determine the CO concentration in the room. 

 

Figure 15, IAQ-Calc Indoor Air Quality meter 7545. 

 

3.1.2.2 Method – Performance Test - Visual comfort 

For the indicator, visual comfort two credits were chosen for an In-Use measurement. The first credit is 
precondition credit Visual Lighting Design. And the second credit is Circadian lighting design because both 
credits are precondition credits. The first credit was chosen because in the technical specifications documents 
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the credit was achieved, and the measurement could be used as validation. And the Circadian lighting design 
credit was chosen because it is not possible to assess the credit using the technical specifications. 

The number of samples can be calculated using the following equation (International WELL building Institute, 
2016): 

E = Confidence Internal (margin of error) = ± 5% 

Confidence Leve = 90% 

Z = Z score corresponding to 90% confidence level = 1,25 

P = Proportion of events in population = assume 0,5 

Q = proportion of non-events in population = assume 0,5 

N = total population size, total number of regularly occupied rooms within the project (open floor plans are 
considered to be a single room). 

Number of required samples:  

 

 

  

Credit 53, Visual lighting design 

In order to measure the ambient lighting illuminance and Task lighting illuminance a lux meter is required.  

The lux meter will have to meet the following requirements: 

Table 12, requirements of the equipment to measure the light intensity. 

Parameter Measurement Range Accuracy Resolution 

Illuminance 5-50 000 lux ±5% 0,1 lux 

 

The lux meter that was used was a Testo 540. As can be seen in Figure 16. This would not be compliant to 
the requirements of the WELL Building Standard because the resolution is 1 lux instead of 0,1 lux. No other 
lux meters were available at the University. 

 

Figure 16, Testo 540. 

The lighting measurements must be recorded on horizontal plane of the area of the workstation where the 
occupant will typically be working or be situated. Measurements will have to take place independent of sunlight. 
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Credit 54, Circadian lighting design 

For the measurements of circadian light an optical spectrometer will be used. The spectrometer will have to 
be compliant to the following requirements: 

 

Table 13, specifications of the spectrometer that has to be used. 

Parameter Measurement Range Accuracy Resolution 

Spectral Power 380-780 nm ±5% 10 nm or less 

 

Measurement requirements 

The measurements will have to take place in the presence of both electric light and natural light. The 
measurements will have to take place at a minimum of 1,2 meter above the finished floor on a vertical plane 
facing in the direction of the workstation. 

 

3.1.2.3 Method – Performance Test - Thermal comfort 

Credit 76, Thermal Comfort 

The only precondition credit of the WELL Building Standard for thermal comfort is credit with title: Thermal 
comfort. 

In order to measure to measure the space temperature and relative humidity in the office direct reading 
instruments will have to be used. These instruments will have to be compliant to the following requirements: 

Table 14, specification of the equipment to measure the temperature and relative humidity. 

Parameter Measurement Range Accuracy Resolution 

Temperature -40˚C to 100˚C 0,03˚C ±0,25˚C from 0˚C to 50˚C 

Relative Humidity 5%-9% 0,03% ±0,25 from 10% to 85% 

 

For the temperature measurements, the IAQ-Calc Indoor Air quality meter 7545 was used, as can be seen in 
Figure 15 . 

Measurement requirements 

The number of samples can be calculated with the same equation as the sample points equation used in the 
paragraph Visual comfort. And these measurements will have to take place during occupied hours while the 
HVAC-system is operating according to the typical operating schedule during occupied periods. 

Within each space the temperature and relative humidity sensors will have to be placed as close to actual 
locations where occupants would reside in the space. 

It should be avoided to place the sensors in direct sunlight or close to heat emitting appliances such as printers 
or lights. It should also be avoided to place the sensors in the airflow path of supply air diffusers, return air 
diffusers, or near doors adjacent spaces. 

While measurements take place individual comfort devices must not be in operation in the immediate vicinity 
of the sampling point. The temperature sensor must be placed between 0,6 meter and 1,1 meter above the 
finished floor and at least 1 meter from walls, windows and partitions. 

The distance between any two points of measurement must be at least 7,62 meter. 

 

3.1.2.4 Method – Performance Test - Acoustic comfort 

For acoustic comfort, there is only one credit a precondition credit. Because the assessment with use of the 
technical specifications was not conclusive for the acoustic comfort credits, it was chosen to take 
measurements for all three acoustic comfort credits. 
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Credit 74, Exterior noise intrusion 

For the measurement of the exterior noise intrusion a sound level meter is necessary. This sound level meter 
must be compliant to the requirements in the table below. 

Table 15, requirements for the equipment to measure the sound pressure level. 

Parameter Measurement Range Accuracy Resolution 

Sound Level 20 Hz to 20 kHz ±0,5% at 1 kHz 0,1 dB 

 

 

Figure 17, Rion NA-28. 

The Rion NA-28 Sound level meter was used for the exterior noise intrusion measurements, as displayed in 
Figure 17. 

Measurements requirements 

The WELL Building Standard prescribed that measurements have to be recorded in 10% of the total number 
of each regularly occupied room type in the project. With recorded measurements in at least on of each room 
type. 

The number of samples per room is dependent on the total square footage of the room. 

Table 16, number of sample points that have to be taken in a room. 

Total room square foot Total room square meter Number of sampling points 

<1 000 <93 1 

≥1 000 and < 5 000 ≥93 and < 464 2 

≥5 000 and < 10 000 ≥464 and < 929 3 

≥10 000 and < 15 000 ≥929 and < 1393 4 

≥15 000 and < 20 000 ≥1393 and < 1858 5 

 

Each measurement point will take 30 seconds to measure. 

For the measurements, it is important that the measurements are performed when the space is unoccupied. 
The HVAC-system will have to be in operation during the measurements. 

The measurement points will have to be located at the location where an occupant would typically be situated 
within the space but at least 1 meter from windows. 

 For the measurements points it is important that these are measured the farthest from sources of mechanical 
noise including HVAC system ducts and elevators while still located where an occupant would typically be 
situated. 
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For measurements of the internally generated noise the RION NA-28 Sound level meter was used, the same 
as for the exterior noise intrusion. 

It is also important that the sound level meter is capable of measuring the sound pressure level at each of the 
following distinct octave band frequencies: 63 Hz, 125 Hz, 250 Hz, 500 Hz, 1000 Hz, 2000 Hz, 4000 Hz and 
8000 HZ. 

Measurement requirements 

In at least 10% of the total number of each type of space will have to be measured with at least one of each 
room type. 

For each measurement point a measurement of 30 seconds will have to take place. 

These measurements will have to be executed when the space is unoccupied. The HVAC-system is in 
operation and windows and doors should be closed during the measurements. 

The measurement points will have to be a location where occupants typically would be situated within the 
space. The measurement points should be as much as possible located away from walls containing windows 
and at least 1,2 meter above the finished floor. Between measurement points should be at least 3 meter. 

Credit 78, Reverberation Time 

To measure the reverberation, time an impulse response will have to be measured by a sound level meter. 
This sound level meter must function within the limits of the performance specifications: 

Table 18, requirements for the measurement equipment to measure the reverberation time. 

Parameter Measurement Range Resolution 

Reverberation time (RT 60) 10 ms to 14 seconds 0,1 ms 

 

For measurements of the reverberation time the Rion NA-28 Sound level meter was used, as displayed in 
Figure 17. 

It is important that the sound level meter is capable of measuring the sound pressure level at each of the 
following distinct octave band frequencies: 63 Hz, 125 Hz, 250 Hz, 500 Hz, 1000 Hz, 2000 Hz, 4000 Hz and 
8000 HZ. 

Measurement requirements 

During the measurements, the space should be unoccupied and the HVAC-system should be off. Each 
measurement point should be located at least 1,2 meters above finished floor, 1 meter away from any sound 
reflecting surface and 1 meter from both the sound measuring device and sound reflecting surfaces. 

The average of the thee samples will be used to determine the reverberation time in the room and thus the 
compliance to the WELL Building Standard requirements concerning reverberation time. 

  

 

Credit 75, Internally generated noise 

To measure the internally generate noise by installations a sound level meter is required. 

This sound level meter needs to be compliant to the WELL Building Standard requirements as can be seen in 
the table below. 

Table 17, requirements of the measuring equipment for the sound pressure level. 

Parameter Measurement Range Accuracy Resolution 

Sound Level 20 Hz to 20 kHz ±0,5% at 1 kHz 0,1 dB 
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 Method - Simulation 

There are three credits in the list of filtered credits that have to be assessed using a simulation. One of these 
credits was chosen to perform a simulation in order to assess the credit for all case studies: credit 62, Daylight 
modeling. Daylight modeling was chosen because this credit can be combined with other non-simulation 
credits to determine the impact on design. For the Renovation Building case study, a second simulation credit 
was chosen to perform, credit 54, Circadian light, in order to obtain more information about the credit and its 
requirements. 

 

Credit 62, Daylight modeling 

For credit 62, Daylight modeling a simulation was necessary in order to assess the credit. This simulation was 
done for all the case studies. 

The requirements of credit 62, Daylight modeling are: 

• At least 55% of regularly occupied space receives at least 300 lux of sunlight; 
• The previous condition is at least 50% of operating hours each year. 
 

In the WELL Building Standard the term ‘sunlight’ was not explained clearly. After having contact with the 
WELL Building Standard they explained that Spatial daylight autonomy (sDA), as used in the credit, includes 
both direct and indirect natural light. With the use of DIALux 4.13 daylight calculations were made. These 
calculations were made with an overcast sky for each hour between 8:00 and 18:00 for 4 days: 

• 21st May 2016 
• 21st June 2016 
• 21st September 2016 
• 21st December 2016 
 

In all the calculations, the artificial light was not included in the simulation. 

In all the models, a calculation grid was implemented. Each calculation grid consists of 128x128 grid cells. But 
because none of the spaces are a simple rectangle, in each room a calculation grid is placed and in this 
calculation grid cells are placed outside the room. The grid cells that are place outside the room will not have 
any value and will not be taken into account for the calculations. For that reason, the total grid cells within the 
room is less than 128x128. For each grid cell in the room, the average value of lux was calculated on the 
indicated date and time. In order to assess the requirements of credit 62, daylight modeling, the number of grid 
cells with a value of at least 300 were noted. This was used to calculate the percentage of grid cells that receive 
300 lux or more. This was done for each calculated time and date. 

The output of the simulation will be a table with lux values and their locations in DIALux. This table will be 
imported into Excel. With the command ‘=COUNTIF(RANGE; >=300)’ excel will find the number of cells with 
a value of 300 lux or more. 

The next step is to conclude if at least 50% of operating hours each year are compliant to the first requirement. 

For each hour that was simulated the percentage of grid cells that receive 300 lux or more are converted to a 
binary value 1 or 0. The value 1 means the requirement is met where at least 55% of the grid cells receive at 
least 300 lux or more for that hour of that day. It less than 55% of the grid cells receive 300 lux or more the 
time of that day would receive the value 0. 

With these binary values in a table it is possible to determine if at least 50% of the operating hours each year 
are compliant to the first requirement. 

 

Credit 63, Daylight fenestration 

As next step, a second credit would be integrated in the simulation, credit 63, Daylight fenestration. An analysis 
of the combination between credit 62, Daylight modeling and credit 63, Daylight fenestration was made. And 
with this analysis it would be determined if a second simulation would be executed, where the building would 
be compliant to the requirements of credit 63, Daylight fenestration. This analysis was done for all the case 
studies. 
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The requirements of credit 63, Daylight fenestration, part 1: 

• Window-wall ratio as measured on external elevations is between 20% and 60% 
• Percentages greater than 40% require external shading or adjustable opacity glazing. 
• Between 40% and 60% of the window area is at least 2,1m above the floor. 

 

Credit 54, Circadian light 

For simulating credit 54, Circadian light, vertical calculation grids are implemented in the model on the edge 
of the desk of the office space. 

These calculation grids have as output the light intensity on the surface of the calculation grid. The output in 
Lux is calculated to Equivalent melanopic lux in order to determine if the requirements of the WELL Building 
Standard are achieved. 

This was only done for the renovation case study, because this was the only case study where the location of 
the desks is known. 

The light intensity that will be simulated can be converted into Equivalent Melanopic lux by multiplying the light 
intensity with the melanopic ratio from Table 19. 

Table 19, Melanopic Ratio 

CCT (K) Light Source  Ratio 

2700 LED 0,45 

3000 Fluorescent 0,45 

2800 Incandescent 0,54 

4000 Fluorescent 0,58 

4000 LED 0,76 

5450 CIE E (Equal Energy) 1,00 

6500 Fluorescent 1,02 

6500 Daylight 1,10 

7500 Fluorescent 1,11 
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3.2 Method - Difference in outcome 

To compare the differences in outcomes per case study, case study assessments will have to be made. For 
these assessments, the filtered credits will be used. For each credit will be determined if it is achieved, as 
described in previous chapters. The reason why a credit is achieved will be used in order to determine if a 
pattern can be recognized why credits are achieved or not between the assessment of the three case studies. 

 

3.3 Method - Influence on the indoor environment 

For the third sub question of this research study the results of the case study assessments will be analyzed. 
The percentage of achieved credits of the WELL Building Standard will be compared to the percentage of 
achieved credits of BREEAM-NL. Research will be done on the outcome of the assessments. For example, if 
a case study achieves a high percentage of BREEAM-NL credits, will this indicate that a high percentage of 
WELL credits will be achieved? 

The BREEAM-NL credits are compared to the WELL Building Standard credits. In this comparison will be 
analyzed which certification system will have the most strict requirements in order to determine which 
certification system has more influence on the indoor environment. 

3.4 Method - Impact on design 

When the assessment is completed a study will be conducted how to achieve all the mandatory credits of the 
filtered credits for the three case studies. This will represent the WELL certificate for the indoor environment 
credits. For each mandatory credit that is not achieved will be listed what has to be done in order to achieve 
this credit. And what is the impact on design when this credit is achieved. The impact on design will be 
measured in costs and process. Additional text will explain what has to be done in order to be compliant to the 
WELL requirements of the credit.  

For the costs and process to determine the impact on design a scale was used as can be seen in Table 20 
and Table 21. 

Table 20, scale of cost. 

Cost 1  € -     € 5.000  

 2  € 5.001   € 20.000  

 3  € 20.001   € 50.000  

 4  € 50.001   € 100.000  

 5  € 100.001  + 

 

Table 21, scale of process impact. 

Process a No abruption of the process 

 b Minor change in design necessary, use of material 

 c Change in design necessary, change of details 

 d Change in design necessary, change of facade layout or interior layout 

 e Major change in design necessary, change of facade or layout 

 



The difference in design outcome between a WELL Building Standard certified indoor environment and a BREEAM-NL certified indoor 

environment – TU/e graduation thesis – L.A.J. Dekkers 

 36 

4 CASE STUDIES 

In this chapter, the results of the case study assessments will be displayed. The results of the assessment of 
the WELL Building Standard and BREEAM-NL are displayed in Tables. For the overview of the WELL Building 
Standard assessment, the results are split into a table per category of the WELL Building Standard, Air, Light 
and Comfort. The overview of results of the BREEAM-NL assessment are shown in one table. 

Per table the credit number and title will be displayed. Behind the credit title, the method of assessment will be 
indicated by a letter as displayed in Table 22. Next to the indication of the method of assessment the result of 
assessment is displayed, the definition of the color code that is used for the results can be found in Table 23. 

At the bottom of each set of credit is displayed how many credit or points are achieved. 

Table 22, explanation letters in the Tables with results. 

Letter Method of assessment 

P Performance Test 

I Inspection 

S Simulation 

 

Table 23, explanation of the colors in the tables with results of the assessments. 

 Precondition credit, not achieved. 

 Optimization credit, not achieved. 

 Achieved credit. 

 Information was available and the credit is achieved. 

 Information was not available assumptions were made. 

 Information was available and the credit is not achieved. 
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4.1 Case Studies - New Building 

Table 24, results of the New Building Case study assessment WELL Building Standard category Air. 
         

 

WELL - Air - New Building 
 

 Air        

  Credit nr Precondition (mandatory credits)   

 

 

1 Air Quality Standards P   0
 

 

 

 

3 Ventilation Effectiveness P 1  1
  

  

4 VOC Reduction I   0
  

  

5 Air Filtration P 1  1
  

  

8 Healthy Entrance I   0
  

  

11 Fundamental Material Safety I   0
  

  

 Total  2/6   

 

  

Credit nr Optimization (optional credits) 

 

 

  

14 Air infiltration Management P   0
  

  

15 Increased Ventilation P 1  1
  

  

16 Humidity Control P   0
  

  

17 Direct Source Ventilation I   0
  

  

18 Air Quality Monitoring and Feedback P   0
  

  

19 Operable Windows I   0
  

  

20 Outdoor Air Systems I   0
  

  

21 Displacement Ventilation S   0
  

  

23 Advanced Air purification P   0
  

  

24 Combustion Minimization I   0
  

  

25 Toxic Material Reduction I   0
  

  

26 Enhanced Material Safety I   0
  

  

 Total  1/12   

 

        

 

         

 

The New Building case study achieved a total number of 3 credits in the WELL Building Standard Air category. 
As can be seen in Table 24, out of the 3 credits that are achieved, 2 credits are precondition credits. Out of 
the 18 Air credits only 2 credits were assessed with the information that was needed for the assessment. Only 
one credit was assessed as not achieved and for 15 credit information that was needed was not available yet. 
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Table 25, results of the New Building Case study assessment WELL Building Standard category Light. 

         

 WELL - Light - New Building  

 Light      

 

 

 Credit nr Precondition (mandatory credits) 

 

 

 

53 Visual Lighting Design P 1  1
  

 54 Circadian Lighting Design S   0
  

 

55 Electric Light Glare Control P 1  1
  

 

56 Solar Glare Control I 1  1
  

 

 Total  3/4   

 

 

Credit nr Optimization (optional credits) 

0
  

 

57 Low-Glare Workstation Design I   0
  

 

58 Color Quality P 1  1
  

 

59 Surface Design P   0
  

 

60 Automated Shading and Diming Controls P   0
  

 

61 Right to Light I 1  1
  

 

62 Daylight Modeling S   0
  

 

63 Daylight Fenestration I   0
  

 

  Total  2/7   

 

 

      

 

 

 

      

 

 

 

Table 25 displays the overview of the results of assessment of the New Building case study. As can be seen 
in this table, the majority of the precondition credits are achieved in this category. There is only 1 precondition 
credit not achieved because the placement of the workstation was not known, so it was not possible to execute 
a simulation in order to determine if the credit will be achieved or not. In this category, there are significantly 
less credits assessed without having the needed information. 
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Table 26, results of the New Building Case study assessment WELL Building Standard category Comfort. 
 

      

 

 

 WELL - Comfort - New Building  

 Comfort      

 

 

 

Credit nr Precondition (mandatory credits) 

 

 

 

 74 Exterior Noise Intrusion P 1  1
  

 

75 Internally Generated Noise P   0
  

 

76 Thermal Comfort P 1  1
  

 

 Total  2/3   

 

 

Credit nr Optimization (optional credits) 

0
  

 

77 Olfactory Comfort I   0
  

 

78 Reverberation Time P   0
  

 

79 Sound Masking P   0
  

 

80 Sounds Reducing Surfaces I   0
  

 

81 Sound Barriers I   0
  

 

82 Individual Thermal Control P   0
  

 

83 Radiant Thermal Comfort P 1  1
  

 

  Total  1/7   

 

 

      
 

 
         

 

In the category Comfort of the WELL Building Standard the indoor environment indicators thermal comfort 
and acoustic comfort are included. Also in this category, the majority of the precondition credits is achieved, 
2 out of 3, as can be seen in Table 26. Again, in this category, for the majority of the credits the information 
that was needed to assess the credits was not available, as can be seen by the orange colors in the table. 
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Table 27, BREEAM-NL pre-assessment of the New Building Case study. 
          

 

BREEAM-NL New and Renovated Buildings - Health - New 

Building 
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  Credit nr Credit title       

 

 

HEA 1 Daylighting S 1 1    

 

 

HEA 2 View out I 1 1   

 

  

HEA 3 Glare control P 1 1   

 

  

HEA 4 High-frequency lighting P 1 1   

 

  

HEA 5 Internal and External Lighting Levels I 1 1   

 

  

HEA 6 Lighting zones & controls I 1 1   

 

  

HEA 7 Natural Ventilation P 1 1   

 

  

HEA 8 Internal Air quality P 2 2   

 

  

HEA 9 Volatile Organic Compounds I 1 1   

 

  

HEA 10 Thermal Comfort P 1 1   

 

  

HEA 11 Thermal zoning P 1 1   

 

  

HEA 13 Acoustic performance P 1 1   

 

  

 Total  13 13   

 

         

 

          

 

The goal for the New Building Case study is to achieve a BREEAM-NL certification of at least Excellent. So, a 
BREEAM-NL pre-assessment was done by the design team in order to determine the technical requirements 
of the Building. As can be seen in Table 27, the goal is to achieve all the health credits of BREEAM-NL. 
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 Case Studies – New Building - Inspection 

The assessment of all the credits of this case study can be found in Appendix Section A. In this section about 
the New Building case study credit assessment is sorted by credit number. 

 

 Case Studies – New Building - Simulation  

Because the design consists out of a floor with a core and no other rooms or spaces, the whole floor was used 
for the simulation. The design of the building involves a more organic form approach. In order to make a model 
in DIALux the floorplan was simplified. Figure 18 shows the sketch design of the floorplan. As can be seen no 
measurements are given between the pattern of the columns or on the facades. The only distances that are 
given are from a corner to the core of the floor. And in orange indicated the distance between the top corners. 

 

 

Figure 18, sketch floor plan of one of the floors in the tower of the building. 

 

With the measurements, as can be seen in Figure 18, the Pythagorean theorem was used (assuming the angle 
at the core is a right angle) to calculate the length of the purple dotted line. As can be seen the line is a straight 
line and does not make an angle in the middle as the design. This is one of the simplifications to model the 
design in DIALux. The method used to calculate the dimensions of the building can be found in the Appendix 
Section A paragraph 2.2.7.  
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Figure 19, simplified floor plan used for the simulation. The green area is the area of the calculation grid. The blue 
striped area is the area without grid cell values, because this is simulated as a closed core of the building without 
daylight. The floor has a full glass façade. 

 

With the use of the model as can be seen in Figure 19, the simulation was made following the method as 
described in paragraph 3.1.3. The results that are generated from the simulation can be found in Table 28 and 
Table 29, Table 28 displays the number of grid cells that received 300 lux or more during the indicated date 
and time. 

 

Table 28, number of grid cells with a value >= 300 lx for 4 days (21March, 21 June, 21 September and 21 December). The 
total number of grid cells for this office space is 10489.  

21-3 21-6 21-9 21-12 

8:00 1651 3243 163 0 

9:00 3143 4239 2111 124 

10:00 4011 5151 3359 430 

11:00 4587 5843 4163 1651 

12:00 4955 6271 4743 2111 

13:00 5019 6523 5043 2167 

14:00 4843 6539 5051 1887 

15:00 4343 6423 4811 1039 

16:00 3555 6035 4227 124 

17:00 2515 5447 3419 0 

18:00 915 4631 2355 0 

 

In Table 29 the number of grid cells is converted into percentages for a better understanding of the light on the 
work plane. 

Table 29, percentage of grid cells with a value >= 300lx for 4 days (21March, 21 June, 21 September and 21 December).  
21-3 21-6 21-9 21-12 

8:00 16% 31% 2% 0% 

9:00 30% 40% 20% 2% 

10:00 38% 49% 32% 4% 

11:00 44% 56% 40% 16% 

12:00 47% 60% 45% 20% 

13:00 48% 62% 48% 21% 

14:00 46% 62% 48% 18% 

15:00 41% 61% 46% 10% 

16:00 34% 57% 40% 1% 

17:00 24% 52% 33% 0% 

18:00 9% 44% 22% 0% 

 

In order to achieve credit 62, Daylight modeling, 50% of the opening hours per year, 55% of the floor area will 
have to receive 300 lux or more. Figure 20 is a graph using the percentages of grid cells that receive 300 lux 
or more. In this graph, the dashed yellow line indicates the 55% of the floor area that has to receive 300 lux or 
more. 50% of the simulated hours will have to be above this dashed yellow line. 
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Figure 20, Percentage of grid cells of the simulated floor that receive 300 lux or more on the indicated day and time. The 
yellow line is requirement of 55% of the floor area that has to be achieved 50% of the opening hours. 
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4.2 Case Studies - In-Use Building 

Explanation about the colors and abbreviations in the tables, an overview can be found in Table 22 and Table 
23 on page number 36. Information about the pre-assessment of the case study can be found in the appendix, 
Section B. 

Table 30, results of the In-Use Case study assessment WELL Building Standard category Air. 
         

 

WELL - Air - In-Use Building 
 

 Air        

  Credit nr Precondition (mandatory credits)   

 

 

1 Air Quality Standards P 1  1
 

 

 

 

3 Ventilation Effectiveness P 1  1
  

  

4 VOC Reduction I   0
  

  

5 Air Filtration P   0
  

  

8 Healthy Entrance I 1  1
  

  

11 Fundamental Material Safety I   0
  

  

 Total  4/6   

 

  

Credit nr Optimization (optional credits) 

 

 

  

14 Air infiltration Management P   0
  

  

15 Increased Ventilation P 1  1
  

  

16 Humidity Control P   0
  

  

17 Direct Source Ventilation I   0
  

  

18 Air Quality Monitoring and Feedback P   0
  

  

19 Operable Windows I   0
  

  

20 Outdoor Air Systems I   0
  

  

21 Displacement Ventilation S   0
  

  

23 Advanced Air purification P   0
  

  

24 Combustion Minimization I   0
  

  

25 Toxic Material Reduction I   0
  

  

26 Enhanced Material Safety I   0
  

  

 Total  1/12   

 

        

 

         

 

In WELL Building Standard category Air in the case study assessment of the In-Use Building the majority of 
the achieved credit are precondition credits. Only one of the credits that is achieved in this case study of the 
In-Use Building is an optimization credits. As can be seen the majority of the not achieved optimization credits 
in the category air is assessed as not achieved while having the information to achieve the credit. 

 

  



The difference in design outcome between a WELL Building Standard certified indoor environment and a BREEAM-NL certified indoor 

environment – TU/e graduation thesis – L.A.J. Dekkers 

 45 

Table 31, results of the In-Use Case study assessment WELL Building Standard category Light. 

         

 WELL - Light - In-Use Building  

 Light      

 

 

 Credit nr Precondition (mandatory credits) 

 

 

 

53 Visual Lighting Design P 1  1
  

 54 Circadian Lighting Design S 1  1
  

 

55 Electric Light Glare Control P 1  1
  

 

56 Solar Glare Control I 1  1
  

 

 Total  4/4   

 

 

Credit nr Optimization (optional credits) 

0
  

 

57 Low-Glare Workstation Design I 1  1
  

 

58 Color Quality P 1  1
  

 

59 Surface Design P   0
  

 

60 Automated Shading and Diming Controls P   0
  

 

61 Right to Light I 1  1
  

 

62 Daylight Modeling S   0
  

 

63 Daylight Fenestration I   0
  

 

  Total  3/7   

 

 

      

 

 

 

      

 

 

 

Table 31 shows the results from the WELL Building Standard pre-assessment for the In-Use Building for the 
category Light. As can be seen all the precondition credits are marked as achieved. Out of the optimization 
credits, 3 are achieved, which is almost half of the optimization credits in the category light. No credits are 
assessed with an ‘orange status’. 
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Table 32, results of the In-Use Case study assessment WELL Building Standard category Comfort. 
 

      

 

 

 WELL - Comfort - In-Use Building  

 Comfort      

 

 

 

credit nr Precondition (mandatory credits) 

 

 

 

 74 Exterior Noise Intrusion P 1  1
  

 

75 Internally Generated Noise P 1  1
  

 

76 Thermal Comfort P 1  1
  

 

 Total  3/3   

 

 

Credit nr Optimization (optional credits) 

0
  

 

77 Olfactory Comfort I 1  1
  

 

78 Reverberation Time P   0
  

 

79 Sound Masking P   0
  

 

80 Sounds Reducing Surfaces I   0
  

 

81 Sound Barriers I   1
  

 

82 Individual Thermal Control P   0
  

 

83 Radiant Thermal Comfort P   0
  

 

  Total  1/7   

 

 

      
 

 
         

 

In the WELL Building Standard category Comfort, all the precondition credits are achieved for the In-Use 
Building. Next to the precondition credits only 1 optimization credit is achieved. No credits are assessed 
without having enough information available. As can be seen, credit 75 is achieved while assessed with 
‘uncertainty’. This is because the WELL Building Standard used different requirements in their online version 
and downloadable version. In this case the online version was used for assessment because this is the most 
up-to-date version.  
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Table 33 results of the In-Use Case study assessment BREEAM-NL for New and Renovated Buildings. 
          

 

BREEAM-NL New and Renovated Buildings - Health - In-Use 

Building 
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  Credit nr Credit title       

 

 

HEA 1 Daylighting S 1 1    

 

 

HEA 2 View out I 1 1   

 

  

HEA 3 Glare control P 1 1   

 

  

HEA 4 High-frequency lighting P 1 0   

 

  

HEA 5 Internal and External Lighting Levels I 1 0   

 

  

HEA 6 Lighting zones & controls I 1 0   

 

  

HEA 7 Natural Ventilation P 1 1   

 

  

HEA 8 Internal Air quality P 2 2   

 

  

HEA 9 Volatile Organic Compounds I 1 0   

 

  

HEA 10 Thermal Comfort P 1 1   

 

  

HEA 11 Thermal zoning P 1 0   

 

  

HEA 13 Acoustic performance P 1 0   

 

  

 Total  13 7   

 

         

 

          

 

For BREEAM-NL New and Renovated buildings, as can be seen in Table 33, it is possible to achieve 13 points 
in the Health category. Out of the 13 points that could be achieved, 7 points are achieved. This is more than 
half of the possible achievable credits. For the credits only 3 credits are assessed with an ‘orange status’. 
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Table 34, results of the In-Use Case study assessment BREEAM-NL In-Use – Asset Performance. 
          

 

BREEAM-NL In-Use Building - Asset Performance - Health - In-Use 

Building 
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  Credit nr Credit title       

 

 

HEA01 Glazing I 2 2    

 

 

HEA02 Glare control I 4 4   

 

  

HEA03 Thermal control I 4 4   

 

  

HEA04 Ventilation control (By occupant) I 2 2   

 

  

HEA05 Microbial contamination I 2 0   

 

  

HEA06 Drinking water provisions I 2 2   

 

  

HEA07 Indoor and/or outdoor space I 4 4   

 

  

HEA08 Interior and exterior illumance levels P 4 4   

 

  

HEA09 Lighting control I 4 0   

 

  

HEA10 Inclusive design I 3 0   

 

  

HEA11 
Location ventilation intake to pollution 

sources 
I 2 0   

 

  

HEA101 high-frequency lighting I 4 0   

 

  

 Total  37 22   

 

         

 

          

 

For the BREEAM-NL In-Use certification, part Asset Performance the more than half of the available points 
are achieved. In this part of the BREEAM-NL In-Use certification only 1 credit is not achieved, while assessing 
with enough information. 
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Table 35, results of the In-Use Case study assessment BREEAM-NL In-Use – Management Performance. 
          

 

BREEAM-NL In-Use Building - Building Management Performance 

- Health - In-Use Building 
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  Credit nr Credit title       

 

 

HEA12 Fresh air rates P 4 0    

 

 

HEA13 
Internal environment quality, operating 

temperature 
P 4 4   

 

  

HEA14 Internal environment: CO2 monitoring P 2 0   

 

  

HEA15 Internal environment CO monitoring P 2 0   

 

  

HEA16 Internal environment: Nox monitoring P 2 0   

 

  

HEA17 
Building user protection during building 

activities 
I 2 0   

 

  

HEA18 Volatile organic compounds I 2 0   

 

  

HEA19 Control of chemicals I 4 4   

 

  

HEA20 Acoustic conditions P 4 4   

 

  

HEA21 Deep cleaning I 4 0   

 

  

 Total  30 12   

 

         

 

          

 

Table 35 shows the results of the BREEAM-NL In-Use pre-assessment of the part Building Management 
Performance. In this part of the BREEAM-NL In-Use certification not half of the available points are 
achieved. The majority of the credits in this part of the BREEAM-NL certification is assessed with an ‘orange 
status’, meaning not enough information was available to assess the credit properly.  
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Table 36, results of the In-Use Case study assessment BREEAM-NL In-Use – Occupier Management. 
          

 

BREEAM-NL In-Use Building - Occupier Management - Health- In-

Use Building 
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  Credit nr Credit title       

 

 

HEA28 View out I 2 2   

 

  

 Total  2 2   

 

         

 

          

 

In the last part of the BREEAM-NL In-Use certification, Occupier Management, all available points are 
achieved. 

 

Figure 21, Percentage of achieved filtered credits for the In-Use case study for the precondition WELL Building Standard 
credits, BREEAM-NL’s health credits of New and Renovated Buildings and BREEAM-NL’s health credits of In-Use 
certification divided into the three parts. 

 

As can be seen in Figure 21, in 4 out of the 5 certification systems more than half of the available points are 
achieved, while the In-Use Building has no certifications. 
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 Case Studies - In-Use Building - Inspection 

The results of the inspection credits can be found in Appendix Section B. 

One of the inspection credits will be explained below in order to give more insight in the credit and the possible 
collaboration between this inspection credit and the credit that is used for the simulation. 

Credit 63, Daylight fenestration 

Daylight fenestration is a credit with intention to optimize occupant exposure to daylight and limit glare through 
enhanced fenestration parameters (Delos Living LLC, 2017). 

Part 1: The following conditions are met on facades along regularly occupied spaces: 
a. Window-wall ratio as measured on external elevations is between 20% and 60%. Percentages greater 
than 40% require external shading or adjustable opacity glazing to control unwanted heat gain and glare. 
b. Between 40% and 60% of window area is at least 2.1 m [7 ft] above the floor (Daylight Glass).  

Part 2: The following visible transmittance (VT) conditions are met for all non-decorative glazing: 
a. All glazing located higher than 2.1 m [7 ft] from the floor (Daylight Glass) has VT of 60% or more. 
b. All glazing located 2.1 m [7 ft] or lower from the floor (Vision Glass) has VT of 50% or more.  

Part 3: All windows used for daylighting meet the following requirement: 
a. The visible light transmittance of wavelengths between 400 and 650 nm does not vary by more than a 
factor of 2. 

For this assessment, the focus will be on Part 1 and Part 2 of the credit. 

The office has windows in the façade and at the atrium. In credit 61, windows to the atrium are mentioned next 
to windows in the façade. In the description of this credit, no windows to the atrium are mentioned, so these 
will not be included in the calculations. As can be seen in Table 37, the window wall ratio of the façade windows 
is 59,3%. This is as required in the first part of the credit. 

Table 37, window dimensions of the windows in the façade of the design in office 1.13. 

Office 1.13 
 

 Facade windows 

Office height 2,7 m 

Office length facade 14,4 m 

Window length 14,4 m 

Window height 1,8 m 

Window area 25,92 m2 

Window-wall ratio 59,3% 
 

 

For the second part of the credit at least 40% of the window will have to be placed above 2,1meter from the 
finished floor. Table 38 shows the different window façade ratios and the requirements for daylight glass. At 
the top of the table the window wall ratio can be found and the daylight glass percentage. As can be seen a 
number of different window façade ratios are not possible because the top of the window will be higher than 
the office height, this is marked with a red border. 
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Table 38, all the possible window/façade ratios with daylight glass. 

Office 3.14 
         

Window Wall ratio 20% 20% 30% 30% 40% 40% 50% 50% 60% 60% 

Daylight glass 

percentage 

40% 60% 40% 60% 40% 60% 40% 60% 40% 60% 

Window height 0,54 0,54 0,81 0,81 1,08 1,08 1,35 1,35 1,51 1,42 

Window area 7,78 7,78 11,66 11,66 15,55 15,55 19,44 19,44 23,33 23,33 

Glass over 2,1m 0,22 0,32 0,32 0,49 0,43 0,65 0,54 0,81 0,61 0,85 

Glass under 2,1m 0,32 0,22 0,49 0,32 0,65 0,43 0,81 0,54 0,91 0,57 

Start height window 1,78 1,88 1,61 1,78 1,45 1,67 1,29 1,56 1,19 1,53 
           

Height at top of window 

in meters from finished 

floor 

2,32 2,42 2,42 2,59 2,53 2,75 2,64 2,91 2,71 2,95 
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 Case Studies - In-Use Building - Performance Test 

For the In-Use case study multiple performance tests were executed. In the following paragraphs, the results 
of these performance tests will be displayed. 

4.2.2.1 Case Studies - In-Use Building - Performance Test - Indoor Air quality 

Credit 01, Air quality standards, Part 1 Standards for Volatile Substances 

The WELL Building prescribed to take a sample in each major sampling zoned. A sampling zone is a floor or 
25000 square feet, whichever is smaller. This means that a sample will have to be taken on each floor. For the 
In-Use Building this will be 4 sample points, on each level with offices one sample. In order to normalize the 
found compounds it is important to take multiple samples per sampling point. In this case two to three sampling 
tubes will be used per sampling points; thus 15 thermal desorption tubes will be used in total. 

As explained in the method, samples were taken in the In-Use Building. On each floor at least two samples 
were taken. In Table 39 are the compounds ranked from small too big and can be seen at what floor the 
compound was found. The left column displays the retention time in minutes (±0,02 min).  

Table 39, the compounds found in the samples from the In-Use Building case study. 

Retention time (min)* Compound 

(MS) 

 Entree Floor 2 Floor 3 Floor 4 

       

4.20 Unknown molecule  x x x x 

4.51 Sulphur dioxide SO2     

4.76 methanol CH3OH x  x x 

4.94 butane C4H10 x x  x 

5.43 ethanol C2H5OH x x x x 

5.77 2methyl butane C5H12 x   x 

6.01 acetone C2H6O x x x x 

6.16 pentane C5H12 x x x x 

7.87 Oxalic acid COOHCOOH    x 

7.99 2 methyl pentane C6H14 x x x x 

8.82 acetic acid CH3COOH x  x x 

9.83 ethyl acetate C4O2H8 x x x x 

13.24 2 methyl hexane C7H16 x x x x 

13.98 3 methyl hexane C7H16 x x x x 

16.08 heptane C7H16 x x x x 

18.53 methyl cyclohexane C7H14 x x x x 

20.37 toluene C7H8 x x x x 

21.33 hexanal C6H12O x x x x 
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Figure 22, chromatograph of the air quality samples of the 4 floors in the In-Use Building. 

 

Credit 01, Air quality standards, Part 2 Standards for Particulate Matter and Inorganic 
gasses 

In order to determine the particle matter in the In-Use case study building different samples were taken on 
different floors. The sample time was 1800 seconds. The Lighthouse handheld that was used for this 
performance test, was connected to the computer to get the results as displayed below. The complete table of 
all information from the Lighthouse handheld can be found in the Appendix section B. 

Table 40, Particle matter sample of the Entrée. 

Sample time in 

seconds 

2,5 micron in 

(ug/m^3) 

10 micron in 

(ug/m^3) 

pm2,5 in 

(ug/m^3) 

pm10 in 

(ug/m^3) 

300 0,02 0 0,76 0,78 

600 0,02 0 0,62 0,64 

900 0,02 0 0,57 0,59 

1200 0,03 0 0,52 0,59 

1500 0,04 0 0,51 0,52 

1800 0,04 0 0,87 0,91 

 

Table 41, Particle matter sample of the second floor. 

Sample time in 

seconds 

2,5 micron in 

(ug/m^3) 

10 micron in 

(ug/m^3) 

pm2,5 in 

(ug/m^3) 

pm10 in 

(ug/m^3) 

300 0,01 0 
  

600 0,01 0 
  

900 0,01 0 
  

1200 0,02 0 
  

1500 0,02 0 
  

1800 0,03 0 1,00 1,03 
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Table 42, Particle matter sample of the third floor. 

Sample time in 

seconds 

2,5 micron in 

(ug/m^3) 

10 micron in 

(ug/m^3) 

pm2,5 in 

(ug/m^3) 

pm10 in 

(ug/m^3) 

300 0 0,03 
  

600 0,01 0,03 
  

900 0,02 0,05 
  

1200 0,02 0,06 
  

1500 0,02 0,06 
  

1800 0,03 0,06 0,66 0,69 

 

Table 43, Particle matter sample of the fourth floor. 

Sample time in 

seconds 

2,5 micron in 

(ug/m^3) 

10 micron in 

(ug/m^3) 

pm2,5 in 

(ug/m^3) 

pm10 in 

(ug/m^3) 

300 0,01 0 
  

600 0,01 0,02 
  

900 0,02 0,02 
  

1200 0,02 0,02 
  

1500 0,03 0,02 
  

1800 0,03 0,02 0,80 0,84 
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4.2.2.2 Case Studies - In-Use Building - Performance Test - Visual comfort 

Credit 53, Visual lighting design 

Because the measurements were done at the end of June 2017, it was not possible to take measurements 
without daylight, as required. Measurement were taken during the day while access could be gained to the In-
Use Building. 

 

 

The total population(N) is 133 offices, conference rooms, teleconference rooms and consulting rooms as can 
be seen in Table 44. With this number of rooms and with the use of the equation as displayed above, 72 
samples will have to be taken. 

Table 44, number of rooms in the In-Use Building. 

Room Type Number of Rooms 

Open Office Spaces and Lobbies 11 

Enclosed Offices 94 

Conference Rooms 1 

Consulting Rooms 27 

Total 133 

 

The measurements were taken between 14:00 and 19:00. In this time 72 samples were taken with daylight 
and artificial light. In the Appendix Section B, credit 53, all of the values that are measured for each sample 
will be displayed. The average of the samples is 1231 lx. 

Credit 54, Circadian lighting design 

No spectrometer was present so the measurements were taken with a lux meter. The measurements were 
taken between 14:00 and 19:00. In this time 72 samples were taken with daylight and artificial light. In the 
Appendix Section B, credit 54, all the values that are measured for each sample will be displayed. The average 
of the samples is 985 lx. 

When this is calculated to equivalent melanopic light with the ratio, or the worst-case scenario, of the LED light 
source with a color temperature of 2700 k. The equivalent melanopic light will be 985 *0,45 =443,3 EML on 
average. This while the majority of the light intensity was from the daylight, this would cause the EML to 
increase. 

In the performance guide of the WELL Building Standard no protocol is described about the number of times 
or days the WELL Building assessors will have to take measurements for example the visual lighting. Because 
the day the assessors are scheduled can be an extraordinary day with extreme outdoor temperatures or sunny 
weather. These weather conditions can influence the measurements. And for a credit like circadian lighting 
design 4 hours a day, for every day of the year the building will have to be compliant to the requirements. If 
the assessors measure once, it is possible that per coincidence the measurements are compliant or not to the 
requirements. In order to be certain if a building is compliant to the requirements, the first-year multiple 
measurements should be taken over the year. 
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4.2.2.3 Case Studies - In-Use Building - Performance Test - Thermal comfort 

Credit 76, Thermal Comfort 

The temperature, relative humidity and CO2-concentration were measured at 72 sampling points. The values 
of each measuring point can be found in the Appendix Part B, Credit 76. The average temperature of the total 
72 sampling points was 25,1˚C. With an outside temperature of 35˚C. 

The average relative humidity that was measured was 55,1%. This is outside the range of credit 16, humidity 
control, where it is required to maintain a relative humidity between 30% and 50%. But it is possible that this 
is the 5% of all business hours that the relative humidity is outside the range. 

The average CO2 concentration of the sampling points was 617 ppm. This concentration can be seen as a 
typical concentration of occupied indoor spaces with good air exchange (what are safe levels of CO and CO2 
in rooms, sd). 

 

4.2.2.4 Case Studies - In-Use Building - Performance Test - Acoustic comfort 

Credit 74 & Credit 75, Exterior noise intrusion & Internally generated noise 

The enclosed offices that were measured were offices with one desk. This desk was the only work station in 
that office and this would result in the same measurements as displayed in the next paragraph: Internally 
generated noise.  

Table 45, Number of rooms, rooms that have to be measured and maximum allowable noise criteria and dB(A). 

Room Type 
Number of 
Rooms 

Number of 
Rooms to 
Measure 

Maximum Allowable 
Noise Criteria 

Maximum 
Allowable dB(A) 

Open Office Spaces and Lobbies 11 2 40 50 

Enclosed Offices 94 10 35 45 

Conference Rooms 1 1 30 40 

Teleconference Rooms 27 3 20 30 

 

Table 45 shows in how many rooms samples will have to be taken and what the maximum allowable sound 
pressure level is. Table 46, shows the measured sound pressure level per room where a sample was taken. 
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Table 46, measurement results of the internally generated noise in offices. 

Open offices 
 

 Conference Room  
 

# of office dB(A)   # of office dB(A) 

1 3.26 36  1 3.05 31 

2 3.21 40     

 
  

    

Enclosed offices 
 

 Teleconference room  
 

# of office dB(A)   # of office dB(A) 

1 3.28 41  1 3.13 41 

2 2.27 41  2 3.12 41 

3 3.25 41  3 4.04 44 

4 3.23 39     

5 3.17 40     

6 3.14 40     

7 2.51 42     

8 2.40 41     

9 2.37 42     

10 3.36 41     

 

Credit 78, Reverberation Time 

There are reverberation time requirements for the open offices and conference rooms. The number of rooms 
that had to be measured were kept the same as for the internally generated noise, as can be seen in Table 
45. In each room, 3 samples were taken as prescribed by the WELL Building Standard. 

Table 47, Reverberation time results of room 3.26, an open office. 

Open office 1 Room number: 3.26 
 

Sample 1 
 

0,7 s average 0,83s 

Sample 2 
 

0,97 s 
  

Sample 3 
 

0,83 s 
  

 

Table 48, reverberation time results of room 3.37, an open office. 

Open office 2 Room number: 3.37 
 

Sample 1 
 

0,52 s average 0,53s 

Sample 2 
 

0,5 s 
  

Sample 3 
 

0,57 s 
  

 

  

Table 49, reverberation time results of room 3.05, a conference room. 

Conference room Room number: 3.05 
 

Sample 1 
 

0,68 s average 0,71s 

Sample 2 
 

0,68 s 
  

Sample 3 
 

0,76 s 
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 Case Studies - In-Use Building - Simulation 

In the In-Use Building, two rooms were modeled. Both these rooms are connected to the atrium of the building. 
This atrium was modeled attached to the modelled rooms to create a more realistic model as can be seen in 
Figure 23. The reflection factors and the window dimensions of the windows in the façade can be found in 
Table 50 and Table 51. The windows to the atrium are from floor to ceiling and from wall to wall.  

Table 50, reflection factors of the model. 

 Reflection factor 

Ceiling 70% 

Floor 20% 

Wall 50% 

 

Table 51, window dimensions of the windows in the facade in the model. 

 Current design 

Facade height (in m) 2,7 

Window height (in m) 1,8 

Distance from below (in m) 0,8 

 

 

 

 
Figure 23, one of the room models attached to the atrium. 

 
Both room models were used to assess the daylight modeling in the building. In the first space, as can be seen 
in Figure 23, the room is connected to the atrium with one part. This room is around 15 meters wide and the 
depth of the room is around 15 meters, the height of the room is 2,7 meters. The atrium is simulated with width 
and height of the actual atrium. 
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Figure 24, layout of the first modeled room, with left the face and right the window to the atrium. The blue striped area 
is where the grid cells have no value because the grid cells are outside the contours of the room. The green line 
represents the area of the calculation grid. The windows are placed in the full length of the right and left wall of this 
simulated space. 

 
Figure 24 shows the room as simulated. The green area is where the calculation grid is placed in the simulated 
room. The blue marked area is outside the contours of the room but inside the calculation grid. This area will 
not be included in the simulation because it is outside the contours of the room. 

 

 

 
Figure 25, second modeled room attached to the atrium. 

 
For the second space, a room across the atrium was chosen with a bigger area attached to the atrium. This 
room has a width of around 21 meters and a depth or around 14 meters. The height of the room is 2,7 meters. 
Figure 25 shows the placement of the room to the atrium. 
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Figure 26, floor plan of the second modeled room. Left is the area attached to the atrium and right is the window of the 
façade. The green marked area is the outline of the calculation grid. The blue striped area is the area in the calculation 
grid where the grid cells have no value because the grid cells are not in the room. Windows are placed in the left and 
right wall in full length of the wall. 

 

Figure 26 shows the simulated room and the contour of the calculation grid (green). In this room is also an 
area that is included in the calculation grid but not in the room (blue marked). 

For the simulations, first the number of cells that were compliant to the requirement ‘greater or equal to 300 lx’ 
were calculated. As can be seen in Table 52. These numbers were converted into percentages and then in 
binary code. As can be seen in Figure 27 and Table 53, none of the simulated hours of this room are compliant 
to the requirements of the WELL Building Standard where 55% of the office area should receive 300 lux or 
more. 

Table 52, simulation results of room 1.13. This displays the number of cells with a value of >=300 lx for 4 days (21March, 21 
June, 21 September and 21 December). Tot total cells on the grid cell within the room is 13897. 

1.13 21-3 21-6 21-9 21-12 

8:00 2335 3559 1015 0 

9:00 3447 4327 2623 0 

10:00 4159 4843 3623 1287 

11:00 4391 5311 4295 2335 

12:00 4791 5631 4623 2623 

13:00 4823 5791 4823 2627 

14:00 4719 5807 4839 2559 

15:00 4359 5727 4687 1831 

16:00 3847 5359 4327 119 

17:00 3087 5007 3623 0 

18:00 1783 4423 2923 0 
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Table 53, simulation results of room 1.13. Percentage of cells with a value of >=300 lx for 4 days (21March, 21 June, 21 
September and 21 December). 

1.13 21-3 21-6 21-9 21-12 

8:00 17% 26% 7% 0% 

9:00 25% 31% 19% 0% 

10:00 30% 35% 26% 9% 

11:00 32% 38% 31% 17% 

12:00 34% 41% 33% 19% 

13:00 35% 42% 35% 19% 

14:00 34% 42% 35% 18% 

15:00 31% 41% 34% 13% 

16:00 28% 39% 31% 1% 

17:00 22% 36% 26% 0% 

18:00 13% 32% 21% 0% 

 

 

Figure 27, percentages of daylight in room 1.13 during the hours of the four simulated days. The yellow line is the line 
where 50% of the simulated points should be above in order to be compliant to the WELL Building Standard requirements. 

 

For the room facing north, room 1.43, the number of cells that receive 300 lux are found in Excel as can be 
seen in Table 54. These were calculated into percentages as can be seen in Table 55.  

Table 54, simulation results of room 1.43. This displays the number of cells with a value of >=300 lx for 4 days (21March, 21 
June, 21 September and 21 December). Tot total cells on the grid cell within the room is 14738. 

1.43 21-3 21-6 21-9 21-12 

8:00 2122 3098 1114 0 

9:00 3066 3754 2578 0 

10:00 3610 4298 3130 1594 

11:00 4074 4906 3642 2138 

12:00 4234 5226 4138 2578 

13:00 4266 5290 4266 2586 

14:00 4186 5306 4266 2140 

15:00 3954 5290 4170 1630 

16:00 3502 5122 3738 634 

17:00 2650 4698 3130 0 

18:00 1626 4098 2618 0 
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Table 55, simulation results of room 1.43. Percentage of cells with a value of >=300 lx for 4 days (21March, 21 June, 21 
September and 21 December). 

1.43 21-3 21-6 21-9 21-12 

8:00 14% 21% 8% 0% 

9:00 21% 25% 17% 0% 

10:00 24% 29% 21% 11% 

11:00 28% 33% 25% 15% 

12:00 29% 35% 28% 17% 

13:00 29% 36% 29% 18% 

14:00 28% 36% 29% 15% 

15:00 27% 36% 28% 11% 

16:00 24% 35% 25% 4% 

17:00 18% 32% 21% 0% 

18:00 11% 28% 18% 0% 

 

 

Figure 28, percentages of daylight in room 1.43 during the hours of the four simulated days. The yellow line is the line 
where 50% of the simulated points should be above in order to be compliant to the WELL Building Standard requirements. 

 

The yellow dashed line indicated 55% of the grid cells that receive 300 lux or more. But in none of the 
simulated hours is the room compliant this requirement, as can be seen in Figure 28. 
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4.3 Case Studies - Renovation Building 

Explanation about the colors and abbreviations in the tables, an overview can be found in Table 22 and Table 
23 on page number 36.  

Table 56, results of the assessment of the Renovation Building for the WELL Building Standard category Air. 
         

 

WELL - AIR - Renovation 

Building  
 Air        

  Credit nr Precondition (mandatory credits)   

 

 

1 Air Quality Standards P     

 

 

3 Ventilation Effectiveness P 1   

 

  

4 VOC Reduction I    

 

  

5 Air Filtration P 1   

 

  

8 Healthy Entrance I 1   

 

  

11 Fundamental Material Safety I    

 

  

 Total  3/6   

 

  

Credit nr Optimization (optional credits) 

 

 

  

14 Air infiltration Management P 1   

 

  

15 Increased Ventilation P 1   

 

  

16 Humidity Control P    

 

  

17 Direct Source Ventilation O    

 

  

18 Air Quality Monitoring and Feedback P    

 

  

19 Operable Windows O    

 

  

20 Outdoor Air Systems O 1   

 

  

21 Displacement Ventilation S    

 

  

23 Advanced Air purification P    

 

  

24 Combustion Minimization I    

 

  

25 Toxic Material Reduction I    

 

  

26 Enhanced Material Safety I    

 

  

 Total  3/12   

 

        

 

         

 

The results of the pre-assessment of the WELL Building Standard category Air for the Renovation case study 
can be seen in Table 56. Here can be seen that the same number of precondition credits are achieved as 
optimization credits. The majority of all the credits in this category are assessed with an ‘orange status’. 

  



The difference in design outcome between a WELL Building Standard certified indoor environment and a BREEAM-NL certified indoor 

environment – TU/e graduation thesis – L.A.J. Dekkers 

 65 

Table 57, results of the assessment of the Renovation Building for the WELL Building Standard category Light. 

         

 
WELL - Light - Renovation 

Building 
 

 Light      

 

 

 Credit nr Precondition (mandatory credits) 

 

 

 

53 Visual Lighting Design P 1   

 

 54 Circadian Lighting Design S    

 

 

55 Electric Light Glare Control P 1   

 

 

56 Solar Glare Control I 1   

 

 

 Total  3/4   

 

 

Credit nr Optimization (optional credits) 

 

 

 

57 Low-Glare Workstation Design I    

 

 

58 Color Quality P 1   

 

 

59 Surface Design P    

 

 

60 Automated Shading and Diming Controls P    

 

 

61 Right to Light I 1   

 

 

62 Daylight Modeling S    

 

 

63 Daylight Fenestration I    

 

 

  Total  2/7   

 

 

      

 

 

 

      

 

 

 

In the category Light for the WELL Building Standard pre-assessment for the Renovation case study the 
majority of the precondition credits are achieved as can be seen in Table 57. In this category 5 out of a total 
of 11 credits is achieved. Only 3 credits are assessed with an ‘orange status’. 
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Table 58, results of the assessment of the Renovation Building for the WELL Building Standard category Comfort. 
 

      

 

 

 

WELL - Comfort - Renovation 

Building 

 

 Comfort      

 

 

 

Credit nr Precondition (mandatory credits) 

 

 

 

 74 Exterior Noise Intrusion P 1   

 

 

75 Internally Generated Noise P    

 

 

76 Thermal Comfort P 1   

 

 

 Total  3/3   

 

 

Credit nr Optimization (optional credits) 

 

 

 

77 Olfactory Comfort I 1   

 

 

78 Reverberation Time P    

 

 

79 Sound Masking P    

 

 

80 Sounds Reducing Surfaces I    

 

 

81 Sound Barriers I    

 

 

82 Individual Thermal Control P    

 

 

83 Radiant Thermal Comfort P 1   

 

 

  Total  2/7   

 

 

      
 

 
         

 

Table 58 displays the result of the assessment of the WELL Building Standard pre-assessment of the category 
Comfort for the Renovation case study. Here can be seen that credit 75 is assessed as achieved, while having 
not the information that is needed. The reason for this, it is uncertain if the WELL Building Standard will use 
the downloaded version of the guide or the online version. In both versions, other requirements are displayed 
for ‘teleconference rooms’. In this case, the newest version was used for assessment, so the credit would be 
achieved.  
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Table 59, results of the assessment of the Renovation Building for BREEAM-NL. 
          

 

BREEAM-NL New and Renovated Buildings - Health - Renovation 
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  Credit nr Credit title       

 

 

HEA 1 Daylighting S 1 0    

 

 

HEA 2 View out I 1 1   

 

  

HEA 3 Glare control P 1 1   

 

  

HEA 4 High-frequency lighting P 1 1   

 

  

HEA 5 Internal and External Lighting Levels I 1 1   

 

  

HEA 6 Lighting zones & controls I 1 1   

 

  

HEA 7 Natural Ventilation P 1 0   

 

  

HEA 8 Internal Air quality P 2 1   

 

  

HEA 9 Volatile Organic Compounds I 1 1   

 

  

HEA 10 Thermal Comfort P 1 1   

 

  

HEA 11 Thermal zoning P 1 1   

 

  

HEA 13 Acoustic performance P 1 1   

 

  

 Total  13 10   

 

         

 

          

 

The design team made a pre-assessment for the building using BREEAM-NL New and Renovated buildings. 
The Pre-assessment that is made by the design team will be used for the technical specification the building 
will have to be compliant to. 
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 Case Studies – Renovation Building - Inspection 

The results and discussions of the inspection credits can be found in the Appendix Section C. 

 

Credit 63, Daylight Fenestration, part 1.a 

As described in paragraph 3.1.3, in part: Credit 63, Daylight fenestration, an analysis was made using the 
requirements of this credit and the building. One of the requirements is: The window-wall ratio will have to be 
between 20% and 60%. 

One room is taken as case study, this room is marked as can be seen in Figure 29.  

 

Figure 29, Room in the Renovation Building that used as example for this credit assessment. 

 

Figure 30 shows the façade of the building and indicates where the room is placed that was used for this 
assessment. 



The difference in design outcome between a WELL Building Standard certified indoor environment and a BREEAM-NL certified indoor 

environment – TU/e graduation thesis – L.A.J. Dekkers 

 69 

 

Figure 30, Renovation case study 3d view, the orange square indicates the room that was used for the analysis of credit 
63, Daylight fenestration. 

 

The façade area and window area of that specific room were calculated, as can be seen in Table 60. 

Table 60, window wall ratio of the room in the Renovation Building. 

Façade area 25,2 

Window area 14,4 

Window-Wall ratio 42% 

 

With a window-wall ratio of 42%, the façade of the room is compliant to part 1.a of credit 63, Daylight 
fenestration. 

 

Credit 63, Daylight Fenestration, part 1.b 

For part 1.b is required that 40% to 60% of the window area is above 2.1m. In Figure 31, is shown how the 
window (blue area) is placed in the current design in the façade (Grey area). The yellow stripe is at 2,1m, the 
bottom line of WELL’s daylight glass. The green line in the figure indicates where glass has to be placed in 
order to be compliant to BREEAM-NL’s HEA02. In this BREEAM-NL credit it is important for occupant to look 
outside while seated. In Table 61, the dimensions of the windows as seen in Figure 31, can be found. The 
distance from below is the distance from the floor to the bottom of the window.  

The left window is as designed in the case study, the right window has the same height as the case study 
window but is placed higher in order to be compliant to the requirements of credit 63, Daylight fenestration to 
have at least 40% daylight glass (glass above 2,1m). In Figure 31 can be seen that this is not the case. 
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Figure 31, An overview of how the window is placed in the façade (1 floor). 

 

Table 61, dimensions of windows of the current design. 

 Case study design 

Facade height (in m) 2,8 

Window height (in m) 1,6 

Distance from below (in m) 0,8 

 

Table 61 shows the dimension of the window of the current design. 
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 Case Studies – Renovation Building - Simulation 

Daylight modeling 

For the renovation case study, a simulation was made of the daylight modeling. More information about the 
method of this simulation can be found in paragraph 3.1.3. 

 

Figure 32, floor plan of the Renovation Building. The marked room is the room that is used for the simulation. 

 

As can be seen in Figure 32, the floor plan in the tower of the Renovation Building consists of a part open plan 
and a part meeting rooms. A simulation was made of one of the bigger rooms on the floor. Figure 33 shows 
the placement of the windows and the dimensions of the room. 

 

 

Figure 33, room dimensions, the blue marked areas are the location of the windows. 

 

In the floor plan tables and seats were placed. This interior design was implemented in the model to create a 
more realistic model as can be seen in Figure 34. 
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Figure 34, a 3D model of the simulated room in DIALux. 

 

The reflection factors that are used in the model are the standard reflection factors of DIALux, as can be seen 
in Table 62, because the real reflection factors are not known. The dimensions of the windows as in the design 
and in the model, can be found in Table 63. 

Table 62, reflection factors as used in the DIALux model. 

 Reflection factor 

Ceiling 70% 

Floor 20% 

Wall 50% 

 

Table 63, window placement in façade in the DIALux model. 

 Current design 

Facade height (in m) 2,8 

Window height (in m) 1,6 

Distance from below (in m) 0,8 

 

In the model, a calculation grid was placed at 0,75m height. This grid was designed to fit in the room. But the 
total outline, green square in Figure 35, is a square that also includes an area outside the room. This green 
grid consists of 128x128 grid cells. The blue marked area inside the grid cells in the blue marked area outside 
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the room but inside the outline of the grid are included in the 128x128 grid cells but do not have a value. For 
each cell inside the room a lux value of diffuse daylight was calculated. That is the reason that the total grid 
cells are less than 128x128. 

 

Figure 35, Green marked area is the area where the grid is places, which included the whole area of the room. The blue 
striped area is included in the grid but because it is outside the room, the cells in this area will have no value. And thus, 
will not influence the number of cells that are compliant to the requirements. 

 

In order to assess the credit 54, Circadian light, two calculation grids were implemented in the model. These 
two vertical calculation grids can be seen in Figure 36, as the green lines. The purple arrow in the figure 
displays the direction of the calculation grid. The top calculation grid will be called: calculation grid 1. The 
bottom calculation grid will be called: calculation grid 2. 
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Figure 36, model for circadian light simulation, the green lines are the calculation grid with the purple arrows as looking 
direction. 

With the use of these calculation grids the circadian light requirements can be assessed. This is done with only 
daylight in order to convert this to equivalent melanopic lux. 

In the simulations, the number of grid tiles that received over 300 lux or more were given. These can be found 
below.   

Table 64, number of tiles that receive more than 300 lux for 4 days (21March, 21 June, 21 September and 21 December).  In 
total, there were 13619 tiles.  

21-3 21-6 21-9 21-12 

8:00 3678 4912 1498 0 

9:00 5107 6276 3952 110 

10:00 6323 7314 5235 2412 

11:00 6963 8211 6451 3662 

12:00 7347 8355 7347 4014 

13:00 7411 8707 7411 4014 

14:00 7155 8707 7411 3566 

15:00 6451 8355 7091 2199 

16:00 5235 8211 6387 110 

17:00 4014 7315 5107 0 

18:00 1302 6274 3806 0 

 

These tables were used to calculate the percentage of floor area that receives 300 lux ore more at the indicated 
date and time as can be found in Table 65. 

1 

2 
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Table 65, Table of percentage of grid cells that receives 300 lux or more for 4 days (21March, 21 June, 21 September and 
21 December).  

21-3 21-6 21-9 21-12 

8:00 27% 36% 11% 0% 

9:00 37% 46% 29% 1% 

10:00 46% 54% 38% 18% 

11:00 51% 61% 47% 27% 

12:00 54% 62% 54% 29% 

13:00 54% 64% 54% 29% 

14:00 53% 64% 54% 26% 

15:00 47% 62% 52% 16% 

16:00 38% 61% 47% 1% 

17:00 29% 54% 37% 0% 

18:00 10% 46% 28% 0% 

 

 

Figure 37, Percentage of grid cells that receive 300 lux or more at the indicated day and time. The yellow line is the 55% 
where at least 50% of the opening hours should be compliant to. 

 

As can be seen in Figure 37, in June the majority of the simulated hours are compliant to the requirement 
where 55% of the area has to receive at least 300 lux. None of the simulated hours in the other months are 
compliant to this requirement. 

 

Circadian lighting design 

For the Renovation Building Credit 63, Circadian light is simulated. Circadian light was chosen because this 
credit is mandatory and information about circadian light is not widely available. Circadian light was only 
simulated for this case study: renovation building, because in the design of the Renovation Building the 
placement of the rooms and the desks are drawn. And this is needed to determine the direction the circadian 
light will have to be measured. 

Below the results of the simulation of the light intensity of the two vertical placed calculation grids can be 
found, in Table 66. In Table 67, the light intensity in lux is converted to Equivalent melanopic lux by 
multiplying the lux by 1,10 (ratio for daylight). 
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Table 66, result of simulation of the vertical placed calculation grid 1 and 2 in the Renovation Building Case study.  
Calculation grid 1 Calculation grid 2 

June Minimum value in lux Maximum value in lux Minimum value in lux Maximum value in lux 

8:00 53 67 511 665 

9:00 72 92 698 909 

10:00 89 114 866 1127 

11:00 104 132 1004 1306 

12:00 114 145 1101 1433 

13:00 119 151 1152 1500 

14:00 119 152 1153 1501 

15:00 114 145 1104 1437 

16:00 104 132 1008 1313 

17:00 90 115 872 1135 

18:00 73 93 705 918 

 

Table 67, results of the converted lux of the simulation into Equivalent melanopic lux.  
Calculation grid 1 Calculation grid 2 

June Minimum value in 

EML 

Maximum value in 

EML 

Minimum value in 

EML 

Maximum value in 

EML 

8:00 58,3 73,7 562,1 731,5 

9:00 79,2 101,2 767,8 999,9 

10:00 97,9 125,4 952,6 1239,7 

11:00 114,4 145,2 1104,4 1436,6 

12:00 125,4 159,5 1211,1 1576,3 

13:00 130,9 166,1 1267,2 1650 

14:00 130,9 167,2 1268,3 1651,1 

15:00 125,4 159,5 1214,4 1580,7 

16:00 114,4 145,2 1108,8 1444,3 

17:00 99 126,5 959,2 1248,5 

18:00 80,3 102,3 775,5 1009,8 

 

As can be seen in Table 67, the Equivalent Melanopic lux in calculation grid 1 is constantly not compliant to 
the WELL Building Standard requirements while the Equivalent Melanopic lux in grid 2 is compliant to the 
same requirements. 
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5 RESEARCH ANALYSIS 

In the next paragraphs, the results of the certificate assessments will be discussed and explained. 

5.1 Research Analysis - New Building 

As explained in the method for each credit that is assessed a status is rewarded for that credit. Figure 38 
shows the balance between the green, orange and red statuses of the credits in each WELL Building Standard 
category. As can be seen the majority of the credits in each category are assessed by making assumptions, 
based on other building. It is possible that in this building phase the design team is not working on details as 
required in the WELL Building Standard. 

 

Figure 38, overview of statuses of credits in the WELL Building Standard assessment of the New Building Case study (all 
credits, precondition and optimization). 

 

As can be seen in the figure the majority of the credits is assessed with an ‘orange status’, without the needing 
information. This information might be missing because the design team is still working on a sketch design so 
a lot information about details is not available. 
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 Research Analysis - New Building - Inspection 

The results of the inspection credits can be found in Appendix Section A. 

 

 Research Analysis - New Building - Simulation 

Daylight modeling 

In order for analysis the table of percentage of grid cells that receive 300 lux or more is converted into a binary 
table. In this table, a 0 is noted when in that hour the percentage of grid cells that receive 300 lux or more is 
lower than 55%. If there are more than 55% of grid cells that receive 300 lux or more a 1 is noted. At the bottom 
of Table 68 is calculated how many hours in the 4 days is compliant to the requirements of the WELL Building 
Standard.  

Table 68, binary analysis of the office space and requirements. Each simulated hour is compared to the requirements of 
the credit. If at least 55% of the grid cells received >= 300 lx, a 1 is noted. Otherwise a 0 is noted. At the bottom of the 
table is calculated how many hours in the simulated days received >=300 lx for at least 55% of the grid cells.  

21-3 21-6 21-9 21-12 

8:00 0 0 0 0 

9:00 0 0 0 0 

10:00 0 0 0 0 

11:00 0 1 0 0 

12:00 0 1 0 0 

13:00 0 1 0 0 

14:00 0 1 0 0 

15:00 0 1 0 0 

16:00 0 1 0 0 

17:00 0 0 0 0 

18:00 0 0 0 0 

Total hours compliant to WELL requirements 6/44 

 

As can be seen only 6 hours out of the total 44 simulated hours is compliant to the WELL Building Standard. 
It is not possible to increase the area of glass in the façade because it is a full glass façade. In earlier 
assessments could be seen that the credit: Daylight Fenestration, is not achieved. This credit requires a façade 
with 20% to 60% glass. If that credit would be applied to the building, the total hours where 55% of the grid 
cell receives 300 lux or more would decrease because the percentage of glass in the façade would decrease.  

It is possible that the actual daylight in the building is lower because the surrounding buildings are not taken 
into account in the simulation. The simulation was made of a floor in the tower, in the base of the building 
smaller windows are designed and the floor is not as slender and open as the simulated floor. 
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5.2 Research Analysis - In-Use Building 

For the In-Use case study credits were assessed using inspections, performance tests and simulations. As 
can be seen in Figure 39, only in the category Air are credits where information was insufficient to assess the 
credit.  

For the categories Light and Comfort all the credits could be assessed using the available information, 
performance tests or simulations. The reason why there are less ‘orange’ credits for the In-Use Building is 
because the building is already built and taken into use. The credits that could not be assessed because of 
insufficient information are credits where information was missing about, for example, what paint was used, 
and if this paint had a low VOC emission. This is mainly the case for the Air category credits. In this category, 
the credits are implemented in an early stage of the building phase and are not as ‘visible’ as credits in the 
light and comfort category. 

 

Figure 39, credit statuses per WELL Building Standard category of the In-Use Case study (all credits, precondition and 
optimization). 
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 Research Analysis - In-Use Building - Inspection 

Daylight Fenestration and BREEAM-NL view out 

For credit 63, Daylight fenestration it is required to have a window wall ratio from 20% -60%. The current design 
of the In-Use Building has a window wall ratio of 59,3%, with this window wall ratio it was not possible to 
achieve the credit 62, daylight modeling. So, the question is, why has the window wall ratio an upper limit? 

When is calculated how the window should be placed, with a window wall ratio between 20% and 60% and 
daylight glass (glass above 2,1 meter from finished floor) between 40% and 60%, it can be seen in Table 69, 
that in many cases (red lined) the window will be higher than the room itself. If these window dimension 
requirements are also assessed using BREEAM-NL for New and Renovated Buildings requirements of HEA 
2, where are least a window wall ratio of 25% will have to be achieved for workstations between the 7 and 11 
meters from the façade or atrium and where an occupant can look through the window while seated (1,2-1,3 
meters above the finished floor), it can be seen that with this WELL Building Standard credit only with a window 
wall ratio of 50%, the requirements can be achieved.  

Table 69, Overview of window wall ratio and % of daylight glass and at what height the window starts and ends. The floor 
height of the In-Use Building is 2,7 meters. The red underlined dimensions are in stride with BREEAM-NL HEA02 or are 
not possible in combination with the floor height of the case study. 

Window-Wall ratio 20% 20% 30% 30% 40% 40% 

Daylight glass 40% 60% 40% 60% 40% 60% 

Window height 0,5 0,5 0,8 0,8 1,1 1,1 

Distance between bottom of window to 

finished floor 

1,78 1,88 1,61 1,78 1,45 1,67 

Distance between top of window to finished 

floor 

2,32 2,42 2,42 2,59 2,53 2,75 

 

Window-Wall ratio 50% 50% 60% 60% 

Daylight glass 40% 60% 40% 60% 

Window height 1,4 1,4 1,6 1,6 

Distance from bottom of window to finished 

floor 

1,29 1,56 1,13 1,45 

Distance from top of window to finished 

floor 

2,64 2,91 2,75 3,07 
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Figure 40, window placement in façade. The left window is as designed and built. The right window is a window that is 
compliant to the WELL Building Standard credit 63, Daylight fenestration requirements and BREEAM-NL HEA 2 
requirements. The yellow line indicated the 2,1 meter above the finished floor (daylight glass) and the green line indicated 
the view height from seated occupants (BREEAM-NL requirements).  

 

This WELL Building Standard credit 63, Daylight fenestration contradicts this BREEAM-NL, HEA 2 credit, 
because in the majority of the options of different window-wall ratios and daylight glass percentages given in 
Table 69, BREEAM-NL requirements are not met or the windows are too high for the floor height. 

Even if only WELL Building Standard requirements are taken into account, there is a contradiction between 
two WELL Building Standard credit requirements. Credit 62, Daylight modeling and Credit 63, Daylight 
fenestration. As could be seen in paragraph 4.2.3, the requirements of WELL Building Standard credit 62, 
Daylight modeling are not met with the current design of the case study. In this case study, the window wall 
ratio is 59%. This is near the upper limit of the allowed window-wall ratio of the WELL Building Standard. In 
order to achieve credit 62, Daylight modeling, the window-wall ratio will have to be increased. But this is not 
allowed by the requirements of credit 63, Daylight fenestration. 

  

0

0,5

1

1,5

2

2,5

Case study design WELL Compliant

H
e
ig

h
t 

fr
o
m

 f
in

is
h
e
d
 f

lo
o
r 

in
 m

Facade Window Daylight glas (2,1m) BREEAM-NL



The difference in design outcome between a WELL Building Standard certified indoor environment and a BREEAM-NL certified indoor 

environment – TU/e graduation thesis – L.A.J. Dekkers 

 82 

 Research Analysis - In-Use Building - Performance Test 

On the 22nd of June 2017 measurements were taken in the In-Use Building. The measured outdoor 
temperature at 14:00 was 35˚C. The measurements were taken between 14:00 and 20:00. Around 18:00 it a 
heavy rain fell down with some thunder. These conditions had effect on the indoor measurements as will be 
explained. 

 

5.2.2.1 Research Analysis - In-Use Building - Performance Test - Indoor Air Quality 

Credit 01, Air quality standards, Part 1 Standards for Volatile Substances 

The goal of the sampling of tubes was to determine if Formaldehyde is present in the In-Use Building. In the 
chromatograph Formaldehyde was not found. This can have multiple interpretations,  

· Formaldehyde does not occur in the building; 
· Formaldehyde is a very volatile compound, and because of a leak in the sampling set the 

Formaldehyde was not able to bind to the material in the sampling tube. 

But in both cases, the concentration of Formaldehyde is so low, it was not detected. 

In the samples that were taken the concentration of the compounds is unknown. But as can be seen in Figure 
22, most peaks are relatively low. This indicates that the compounds which cause the peaks in the 
chromatographs has a low concentration in the sample. Most compounds that were found are relatively normal 
compounds to be found in offices. At floor 4 Oxalic acid was found. Oxalic acid can be used to remove for 
example ink stains (Encyclopaedia Britannica, 2013). There is a high probability that the table where the 
measurement was taken was cleaned not long before the measurement. 

In the chromatograph, a peak occurred but could not be matched to a compound. This unknown compound is 
present in small concentrations.  

 

Credit 01, Air quality standards, Part 2 Standards for Particulate Matter and Inorganic 
gasses 

During the measurements for the Carbon monoxide the IAQ handheld constantly displayed that 0 ppm Carbon 
monoxide was present in the offices. Even after measurements of 30 minutes the measured concentration of 
Carbon monoxide was 0 ppm. 

It is possible that the IAQ handheld was not calibrated correctly for CO measurements or the actual 
concentration of Carbon monoxide was below the measurement threshold of the IAQ handheld or the part of 
the IAQ handheld that measures the CO concentration is broken. Because it is not clear which of the three 
scenarios occurred during measurements, the results of this measurements were found inconclusive. 

The measurements that were taken in order to determine the concentration of particles in the office were done, 
and it can be concluded that the measurements indicate that the offices do not exceed the maximum allowable 
concentration for particulate matter as can be seen in Table 70. During the measurements, the Lighthouse 
handheld displayed the current measured concentration of PM2,5 and PM10, and this was noted each 5 th 
minute during the measurements of 30 minutes. When the data of the Lighthouse handheld was exported to 
the computer, the noted values of the PM2,5 and PM10 did not match the data exported from the handheld. 
The noted values did match the concentration of 2,5 micron and 10 micron. For that reason, only the 
concentration of pm2,5 and pm10 after 30 minutes is noted. In one case, where the measurement of 30 
minutes was split into measurements of 5 minutes, all the concentrations could be noted because they were 
stored in the Lighthouse handheld. 

Because of the time that was available at the In-Use Building only measurements of 30 minutes were taken. It 
was not possible to extend the stay in order to take a measurement of 2 hours. 

Table 70, average measured particulate matter.  

pm2,5 

in (ug/m^3) 

pm10 

in (ug/m^3) 

Maximum allowable concentration 15 50 

Average concentration 0,83 0,87 
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5.2.2.2 Research Analysis - In-Use Building - Performance Test - Visual Comfort 

Credit 53, Visual lighting design 

The WELL Building Standard prescribes that measurements for the visual lighting design will have to be done 
without daylight. Because of the many hours of daylight in the month June it was not possible to take 
measurements of the workstations without daylight. 

The measurements will not determine if credit 53 is achieved, but the measurements, an average light intensity 
of 1231lx, can conclude that the lighting design in the building will provide efficient lighting for the activities in 
the office. 

This even though measurements were taken in difficult lighting conditions, during a time period with thunder 
and a heavy clouded sky and a bright sun. 

 

Credit 54, Circadian lighting design 

With use of the lux meter the light intensity was measured on a vertical direction. As explained in paragraph 
4.2.2.2, the average light intensity was 985lx (the results of all the measurements can be found in the Appendix, 
part B, credit 54). When the average light intensity is converted into equivalent Melanopic lux for a worst-case 
scenario (the lowest conversion ratio as can be found in Table 19, Melanopic Ratio) it was calculated that 
443,3 EML is available on average in the In-Use Building. 

In the Performance verification guidebook of the WELL Building Standard (IWBI, WELL performance 
verification guidebook, 2016) is noted under the duration of the measurement: Instantaneous at each sampling 
point. Following the guidelines of the guidebook it would not be necessary for multiple measurements in order 
to assess this credit. This would indicate that the credit is achieved, because the measurements are compliant 
to the requirements of the WELL Building Standard. 

  



The difference in design outcome between a WELL Building Standard certified indoor environment and a BREEAM-NL certified indoor 

environment – TU/e graduation thesis – L.A.J. Dekkers 

 84 

5.2.2.3 Research Analysis - In-Use Building - Performance Test - Thermal Comfort 

Credit 76, Thermal Comfort 

As explained the day when the measurements were taken was a very warm day, and this causes the 
temperature inside the In-Use Building to be higher than it normally would. With an average temperature of 
25,1˚C the temperature is within the range of the Climate Class A of ISO 7730:2005, where the maximum 
allowable temperature in the summer is 25,5 ˚C as can be seen in Table 71. 

Table 71, requirements from the ISO 7730:2005 and the thermal design specifications of the In-Use Building. 

 
Activity 

 Operative temperature 

 in ˚c 

Maximum mean air velocity  

in m/s 

 

W/m2  Summer Winter Summer Winter 

 Category Cooling season Heating season Cooling season Heating season 

 ISO 7730:2005 

70 

A 24,5 +/- 1,0 22,0 +/- 1,0 0,12 0,1 

B 24,5 +/- 1,5 22,0 +/- 2,0 0,19 0,16 

C 24,5 +/- 2,5 22,0 +/- 3,0 0,24 0,21 

 The In-Use Building thermal specifications 

70 

A 23-26+IC 20-24+IC   

B 23-26 20-24   

C 22-27 19-25   

IC = including possibility of Individual Control of temperature 

 

When a day with this extreme outdoor temperature is still within the requirements of the WELL Building 
Standard it can be concluded that the air conditioning system is working and in the summer, it will be rare for 
the temperature to be outside the required range if the ventilation system is not broken. 
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5.2.2.4 Research Analysis - In-Use Building - Performance Test - Acoustic Comfort 

The measurements for the acoustic comfort were taken from 18:00 to 19:00 without occupants in the office 
spaces. Because the outdoor temperature was high the ventilation system was running on maximum capacity. 
This was noticeable in the office spaces. The setting for the ventilation system could be described as ‘usual 
schedule’ during this time of year with these temperatures. 

 

Credit 74, External noise intrusion 

For the external noise intrusion, the sample should be taken at a working station at least 1 meter from the face 
and as far away from a ventilation outlet. In all the closed offices, the desk was placed near the ventilation 
outlet as can be seen in Figure 41. So, the measurements for the external intrusion noise are the same as for 
the internally generated noise because the requirements for measurements were followed for the external 
noise intrusion and for the internally generated noise and still the same location for sampling would occur. 

Because the measurements were taken after opening hours and the ventilation was running on maximum 
capacity and there was little traffic what could not be heard in the offices, the measurements that are taken will 
be used to assess the internally generated noise instead of the external noise intrusion. 

 

Figure 41, sketch of the floorplan of the enclosed offices with the desk near the window and the ventilation outlet near the 
desk. 

 

Credit 75, Internally generated noise 

For the internally generated noise in the WELL Building Standard that could be downloaded from the site the 
Teleconference room has a maximum allowable sound pressure level of 30 dB(A), but on the site of the WELL 
Building Standard6 the requirement of the Teleconference room is removed. The requirement of the 
downloaded WELL Building Standard was used for the assessment of the Case studies. 

Table 72, maximum allowable sound pressure level and measured sound pressure level in the In-Use Building.  
maximum allowable dB(A) Average measured dB(A) 

Open office 50 38 

Enclosed office 45 41 

Conference room 40 31 

Teleconference room 30 42 

As can be seen in Table 72, the average sound pressure level of the In-Use Building of the open offices, 
enclosed offices and conference rooms are below the maximum allowable sound pressure level. But the sound 
pressure level in the teleconference room exceeds the maximum allowable sound pressure level. On the 
website, the requirement for the teleconference room is removed. So, it can be assumed that the credit is 

                                                      

6 http://standard.wellcertified.com/comfort/internally-generated-noise, accessed at June 2017. 
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achieved because the requirements of the WELL Building Standard on their site are still achieved. Because 
the requirements of the downloaded WELL Building Standard were used, the credit is marked as ‘not achieved’ 
in the assessment of the case study. 

As explained previous, because of the high temperature the ventilation system was working on maximum 
capacity and still the requirements are achieved, so it can be assumed that throughout the summer the sound 
pressure level will not be significantly higher than these measured sound pressure levels. 

 

Credit 78, Reverberation time 

It was not possible to turn off the HVAC system for the reverberation measurements. So, it is possible that the 
reverberation time without the HVAC is slightly different. 

As can be seen in Table 73, for the open offices and for the conference rooms the reverberation time was not 
below the maximum allowable reverberation time. During the measurements in the open offices there was only 
1 measurement that was equal to the maximum allowable reverberation time, all the other measurements 
exceeded the maximum allowable reverberation time. 

For the conference room, none of the measurements were below or equal to the maximum allowable 
reverberation time. 

Table 73, required reverberation time and measured reverberation time.  

Maximum allowable reverberation 

time (in s) 

Average measured reverberation 

time (in s) 

Open offices 0,5 0,68 

Conference room 0,6 0,71 
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 Research Analysis - In-Use Building - Simulation 

As was done for the simulation of the New Building case study, the results of the simulation for the In-Use 
Building case study are also converted to a binary system in order to analysis the results more easily. And as 
can be seen, Table 74 and Table 75 shows that there are no hours in the simulated days that there is 55% or 
more of the grid area that receives 300 lux or more in the two office spaces that were simulated. 

Table 74, binary analysis of the office space of the In-Use Building and requirements. Each simulated hour is compared to 
the requirements of the credit. If at least 55% of the grid cells received >= 300 lx, a 1 is noted. Otherwise a 0 is noted. At 
the bottom of the table is calculated how many hours in the simulated days received >=300 lx for at least 55% of the grid 
cells for 4 days (21March, 21 June, 21 September and 21 December). 

1.13 21-3 21-6 21-9 21-12 

8:00 0 0 0 0 

9:00 0 0 0 0 

10:00 0 0 0 0 

11:00 0 0 0 0 

12:00 0 0 0 0 

13:00 0 0 0 0 

14:00 0 0 0 0 

15:00 0 0 0 0 

16:00 0 0 0 0 

17:00 0 0 0 0 

18:00 0 0 0 0 

Total hours compliant to WELL requirements 0/44 

Table 75, binary analysis of the office space and requirements. Each simulated hour is compared to the requirements of 
the credit. If at least 55% of the grid cells received >= 300 lx, a 1 is noted. Otherwise a 0 is noted. At the bottom of the 
table is calculated how many hours in the simulated days received >=300 lx for at least 55% of the grid cells for 4 days 
(21March, 21 June, 21 September and 21 December). 

1.43 21-3 21-6 21-9 21-12 

8:00 0 0 0 0 

9:00 0 0 0 0 

10:00 0 0 0 0 

11:00 0 0 0 0 

12:00 0 0 0 0 

13:00 0 0 0 0 

14:00 0 0 0 0 

15:00 0 0 0 0 

16:00 0 0 0 0 

17:00 0 0 0 0 

18:00 0 0 0 0 

Total hours compliant to WELL requirements 0/44 

 

Simulation with full floor height windows 

The results as shown in Table 74 and Table 75 are of a building design with a windows and non-translucent 
façade elements. In order to determine if it is possible for the case study to achieve this credit a simulation 
was made with a full glass façade. The results of the simulation of both office spaces can be found in Table 
76. Here can be seen at the bottom of the table that with a full glass façade still 0 hours of the total 44 simulated 
hours does not receive at least 300 lux for at least 55% of the calculation grid area. At the 21st of June at 14:00 
46% of the grid cell area receives 300 lux or more. And these offices were chosen because they are designed 
to have a space without obstructions from façade to the atrium. In other parts of the building a hallway divides 
the offices in two rows, one row at the façade and one row at the atrium. This means that the building will not 
be able to achieve this credit because if the simulated offices cannot be compliant to the requirements of the 
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WELL Building Standard where there are no obstructions from faced to atrium, the offices that are placed near 
the atrium and not at the façade cannot be compliant because the daylight will not penetrate that far. 

Table 76, results of simulation with full glass façade of the two offices in the In-Use Building case study with the binary 
results below for 4 days (21March, 21 June, 21 September and 21 December). 

1.13 21-3 21-6 21-9 21-12 
 

1.43 21-3 21-6 21-9 21-12 

8:00 17% 26% 8% 0% 
 

8:00 14% 24% 8% 0% 

9:00 26% 34% 22% 0% 
 

9:00 21% 28% 18% 0% 

10:00 31% 38% 27% 12% 
 

10:00 27% 32% 24% 11% 

11:00 35% 42% 33% 17% 
 

11:00 29% 35% 28% 14% 

12:00 37% 44% 35% 22% 
 

12:00 31% 38% 30% 18% 

13:00 37% 45% 37% 22% 
 

13:00 31% 40% 32% 18% 

14:00 35% 46% 38% 19% 
 

14:00 31% 40% 32% 15% 

15:00 34% 45% 35% 13% 
 

15:00 28% 39% 30% 11% 

16:00 31% 42% 34% 1% 
 

16:00 25% 37% 28% 1% 

17:00 23% 39% 29% 0% 
 

17:00 20% 34% 24% 0% 

18:00 13% 35% 22% 0% 
 

18:00 11% 29% 18% 0% 
           

1.13 21-3 21-6 21-9 21-12 
 

1.43 21-3 21-6 21-9 21-12 

8:00 0 0 0 0 
 

8:00 0 0 0 0 

9:00 0 0 0 0 
 

9:00 0 0 0 0 

10:00 0 0 0 0 
 

10:00 0 0 0 0 

11:00 0 0 0 0 
 

11:00 0 0 0 0 

12:00 0 0 0 0 
 

12:00 0 0 0 0 

13:00 0 0 0 0 
 

13:00 0 0 0 0 

14:00 0 0 0 0 
 

14:00 0 0 0 0 

15:00 0 0 0 0 
 

15:00 0 0 0 0 

16:00 0 0 0 0 
 

16:00 0 0 0 0 

17:00 0 0 0 0 
 

17:00 0 0 0 0 

18:00 0 0 0 0 
 

18:00 0 0 0 0 

Total hours compliant to the WELL 

requirements 

0/44  Total hours compliant to the WELL 

requirements 

0/44 

 

An option is to achieve this credit is to make the building more slender. But that would mean that a great part 
of the building will have to be demolished. This will not be taken into account as option. 

Another option is to work with the daylight factor as BREEAM-NL does. The WELL Building Standard is a 
worldwide standard. This means that in the whole world the requirements have to be achieved. For example, 
an office in the state of Alaska has to achieve the same requirements as an office in the southern of California 
for the daylight in the building. Both states have their challenges, but it can be said that a building is California 
will have less difficulty to achieve a credit as this. 

In order to create equal chances daylight factors can be used, the amount of diffuse light in the building will be 
dependent on the average light intensity outdoors, same as the daylight factor. 
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5.3 Research Analysis - Renovation Building 

For the Renovation Building the majority of the credits were assessed using the information of the technical 
specifications of the building. Two credits were simulated. Because no actual inspection could take place many 
credits could not be assessed with certainty as can be seen in Figure 42. For the air credits more than 50% of 
the credits has an ‘orange’ status. In the other two cases was air also category of the least certainty when it 
comes to the assessment. But In the renovation case study less credits have an ‘orange status’ compared to 
the New Building Case study. This is because the Renovation Building case study is in a phase where more 
information is available. 

 

 

Figure 42, credit statuses per WELL Building Standard category of the Renovation Case study (all credits, precondition 
and optimization). 
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 Research Analysis - Renovation Building - Inspection 

The results of the all the inspection credits can be found in the Appendix, part C. 

 

Credit 63, Daylight fenestration and HEA 2, View out 

As explained in paragraph 4.3.1, the window placement in the building is not compliant to the WELL Building 
Standard. Here will be discussed how it is possible to achieve this credit. 

The requirements of this credit, credit 63, Daylight fenestration, are as followed: 

• Window-wall ratio as measured on external elevations is between 20% and 60% 
• Percentages greater than 40% require external shading or adjustable opacity glazing. 
• Between 40% and 60% of the window area is at least 2,1m above the floor. 

 
In order to achieve this credit, the window, as design in the current design will have to be placed higher. The 
difference in placement of the window in the façade can be seen in Figure 43. This figure shows the line where 
the ‘daylight glass’ starts, (2,1m from finished floor) by the yellow line. For BREEAM-NL HEA2 it is required 
that occupants can look through the window while seated. BREEAM-NL states that at 1,2-1,3m from the 
finished floor a window should be placed to be compliant to the requirement to look through the window while 
seated. The green line in Figure 43, indicates the line where windows should be placed using the requirement 
from BREEAM-NL HEA2. In Table 77 the difference in distance from finished floor to the bottom of the window 
is displayed. If the windows are placed 30 cm higher than the current designed windows, the credit 63, daylight 
fenestration will be achieved while the design is still compliant to BREEAM-NL HEA2.  
 

 
Figure 43, Window placement of the case study and of a window with the same area as the case study but compliant to 
the requirements of WELL Building Standard credit 63, Daylight fenestration. The yellow line indicates 2,1m from finished 
floor, above this line at least 40% of the window should be placed (WELL requirement), the green line indicates the height 
where a window should be placed in order for occupants to look through the window while seated (BREEAM-NL 
requirement). 

 

Table 77, difference in window placement 

 Case study design Window dimensions compliant to WELL 

Facade height (in m) 2,8 2,8 

Window height (in m) 1,6 1,6 

Distance from below (in m) 0,8 1,1 

 

As seen in Paragraph 4.3.1, the results of the simulation of credit 62, Daylight modeling are displayed. More 
about this simulation in the next paragraph, Paragraph 5.3.2. In order to analyze the effect of a higher window 
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placement a second simulation was made. This simulation is executed using the same method as the 
simulation for the case study design, the only difference is the placement of the windows. In this simulation, 
the windows were placed 30 cm higher, in order to match the design that is compliant to credit 63, Daylight 
fenestration.  

Results from both the simulations, the case study design and the WELL compliant design are displayed in 
Figure 44. In this graph can be seen that the WELL compliant design has a bigger area that receives 300 lux 
or more per simulated hour. On the simulated day in June, each simulated hour results in a higher percentage 
of grid tiles that receive 300 lux or more. As can be seen in the results of the 21st march, during the day the 
WELL compliant design has a higher percentage of grid tiles that are compliant the requirement to receive 300 
lux or more, but in the morning at 8:00 and in the afternoon at 18:00, the case study design has more grid tiles 
that receive 300 lux or more. It is possible that during the day, when the altitude increases, sunlight will 
penetrate the room deeper when the window is placed higher in the façade. This can also explain why during 
the simulated day in June, the WELL compliant design scores higher in percentage than in the simulated day 
in December. In June, the altitude of the sun will be bigger than in the winter. 

The case study design was 6 out of the 44 simulated hours compliant to the WELL Building Standard 
requirements of credit 62, Daylight modeling. While the WELL compliant design is 16 hours out of the 44 
simulated hours compliant to the WELL Building Standard requirements of credit 62, Daylight modeling. This 
while the area of the window is identical. 

 

Figure 44, Percentage of grid tiles that receive more than 300lx for two different window designs. The case study design, 
and the window design that is compliant to the requirements of the WELL Building Standard, credit 63, Daylight 
fenestration, but with the same window area as the case study design (WELL compliant). 
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 Research Analysis - Renovation Building - Simulation 

Credit 62, Daylight modeling 

Same as for the New Building and In-Use Building, the results of the simulation were converted from 
percentages to binary results. In Table 78 the percentages of Table 65 were converted to a binary system 
where the value 1 indicates that the requirements of the WELL Building Standard are achieved and 0 specifies 
that the requirements are not achieved. At the bottom of Table 78 can be found how many hours of the 
calculations were compliant to the requirements of the WELL Building Standard. This is done per 44 hours 
different over the days. As can be seen at the bottom of the full-length scenario the number of hours that are 
compliant to the requirements change when the opening hours are specified differently. 

Table 78, Binary overview of hours that achieve the requirements of the WELL Building Standard. When an indicated time 
is compliant to the requirements of the WELL Building Standard a 1 is given as value for 4 days (21March, 21 June, 21 
September and 21 December). 

Base Case 
 

21-3 21-6 21-9 21-12 

8:00 0 0 0 0 

9:00 0 0 0 0 

10:00 0 0 0 0 

11:00 0 1 0 0 

12:00 0 1 0 0 

13:00 0 1 0 0 

14:00 0 1 0 0 

15:00 0 1 0 0 

16:00 0 1 0 0 

17:00 0 0 0 0 

18:00 0 0 0 0 
     

Total hours compliant to WELL requirements 6/44 

 

As can be seen in Table 78, 6 hours of the total 44 simulated hours are compliant to the requirements of the 
WELL Building Standard credit 62, Daylight modeling. And in this case the simulation was made with the 
windows as designed, which is not a full glass façade.  

In order to determine if it is possible for this building to achieve credit 62, daylight modeling, a simulation was 
made where the windows are increased in height to cover the full height of the façade. This is not a full glass 
façade because in the extended corner, as can be seen in Figure 45 is a part where no window is placed. In 
order to keep this pattern, the windows were enlarged to cover the full height of the floor. 

 

Figure 45, floor layout of the simulated room of the Renovation Building. The blue lines indicate where windows are placed. 
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Simulation with full floor height windows 

With full height windows, as can be seen in Table 79, 22 out of the 44 simulated hours are compliant to the 
WELL Building Standard requirements. This would mean that for this room the credit is achieved. But because 
this room is at the façade and more regularly occupied offices are placed near the core of the building, it can 
be assumed that the building will not be compliant to the requirement. 

Table 79, results of simulation of the Renovation Building case study with windows that cover the full height of the floor for 
4 days (21March, 21 June, 21 September and 21 December). 

Full height windows 
 

21-3 21-6 21-9 21-12 

8:00 33% 51% 15% 0% 

9:00 50% 62% 36% 1% 

10:00 60% 71% 54% 21% 

11:00 68% 79% 61% 32% 

12:00 69% 89% 69% 36% 

13:00 70% 91% 70% 36% 

14:00 68% 91% 70% 31% 

15:00 61% 89% 68% 21% 

16:00 53% 80% 60% 1% 

17:00 36% 72% 51% 0% 

18:00 12% 62% 34% 0% 
     

 
21-3 21-6 21-9 21-12 

8:00 0 1 0 0 

9:00 1 1 0 0 

10:00 1 1 1 0 

11:00 1 1 1 0 

12:00 1 1 1 0 

13:00 1 1 1 0 

14:00 1 1 1 0 

15:00 0 1 1 0 

16:00 0 1 0 0 

17:00 0 1 0 0 

18:00 0 0 0 0 

Total hours compliant to WELL requirements 22/44 

 

The WELL Building Standard states:” at least 50% of the operating hours each year” the requirements have 
to be achieved. But if the opening hours are to between 8:00 and 18:00 but only 8 hours a day, more than 50% 
of the simulated hours are compliant to the WELL Building Standard requirements as can be seen in Table 80. 

If the design is adapted to the full-length window design, with the listed opening hours as shown in Table 80, 
it is possible to achieve the credit. 

Table 80, opening hours and how many hours are compliant to the WELL requirements during these opening hours. 

Opening hours hours compliant to WELL requirements 

8:00-16:00 21/36 

9:00-17:00 21/36 

9:00-18:00 19/36 
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Credit 54, Circadian light 

Out of the simulation results, the minimum and maximum value were noted and converted to equivalent 
melanopic light to determine if the Renovation Building is compliant to the requirements of the WELL Building 
Standard. 

As can be seen in Table 81, calculation grid 1 is not compliant to the requirements of the WELL Building 
Standard, where at least 250 Equivalent melanopic lux should be present. This is only for daylight. It is possible 
that with artificial light the equivalent melanopic lux is higher. But if the requirements of the credit are not 
achieved in June it can be concluded that in other months the requirements are also not achieved because 
there is less sunlight in those months. A solution to achieve this credit is to install desk lights with a cool toned 
color as explained in chapter 5.6. 

Table 81, the converted results to equivalent melanopic lux of the two vertical calculation grids.  
Calculation grid 1 Calculation grid 2 

June Minimum value in 

EML 

Maximum value in 

EML 

Minimum value in 

EML 

Maximum value in 

EML 

8:00 58,3 73,7 562,1 731,5 

9:00 79,2 101,2 767,8 999,9 

10:00 97,9 125,4 952,6 1239,7 

11:00 114,4 145,2 1104,4 1436,6 

12:00 125,4 159,5 1211,1 1576,3 

13:00 130,9 166,1 1267,2 1650 

14:00 130,9 167,2 1268,3 1651,1 

15:00 125,4 159,5 1214,4 1580,7 

16:00 114,4 145,2 1108,8 1444,3 

17:00 99 126,5 959,2 1248,5 

18:00 80,3 102,3 775,5 1009,8 

Compliant to WELL? No Yes 
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5.4 Research Analysis - Results of assessment and difference in 
outcome between the three case studies 

The list of filtered credits as described previously was used to assess the case studies. In the next tables, 
Table 84, Table 85 and Table 86, an overview is created of the category Air to show the outcome of the 
assessments. In these tables, the black marked credits are credits that are achieved. 

As can be seen in Table 84, there are two credits that are achieved by all three of the case studies. These 
credits, credit 3 and credit 15, are achieved because the ISO 7730 requirements. This standard is one of the 
used standards or guidelines in the Netherlands for the indoor environment. These requirements of the ISO 
7730 are stricter than the requirements of the WELL Building Standard, which means that the three case 
studies are compliant to the WELL Building Standard requirements of these credits. 

  

Table 82, explanation of the colors in the tables with results of the assessments. 

 Precondition credit, not achieved. 

 Optimization credit, not achieved. 

 Achieved credit. 

 
Table 83, explanation letters in the Tables with results. 

Letter Method of assessment 

P Performance Test 

I Inspection 

S Simulation 
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Table 84, The case study assessments of the three buildings for the WELL Building Standard category Air, the black 
colored cells are indicated as ‘achieved’ credits. 
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 Air         

  credit nr Precondition (mandatory credits)   

 

 

1 Air Quality Standards P  1    

 

 

3 Ventilation Effectiveness P 1 1 1  

 

  

4 VOC Reduction I     

 

  

5 Air Filtration P 1  1  

 

  

8 Healthy Entrance I  1 1  

 

  

11 Fundamental Material Safety I     

 

  

 Total  2/6 4/6 3/6  

 

  

Credit nr Optimization (optional credits) 

 

 

  

14 Air infiltration Management P   1  

 

  

15 Increased Ventilation P 1 1 1  

 

  

16 Humidity Control P     

 

  

17 Direct Source Ventilation I     

 

  

18 Air Quality Monitoring and Feedback P     

 

  

19 Operable Windows I     

 

  

20 Outdoor Air Systems I   1  

 

  

21 Displacement Ventilation S     

 

  

23 Advanced Air purification P     

 

  

24 Combustion Minimization I     

 

  

25 Toxic Material Reduction I     

 

  

26 Enhanced Material Safety I     

 

  

 Total  1/12 1/12 3/12  

 

         

 

         

 

 

Table 84 shows that certain credits are achieved by all three case study buildings. For example, credit 3 and 
credit 15, these credits are achieved because the NEN-EN 15251 requires a higher ventilation rate. In all 
technical specifications of the case studies was noted that the filters that would be installed, or are installed 
are compliant to the requirements of the WELL Building Standard. It is possible that the filters which are 
recommended by the WELL Building Standard are filters that are recommended for building that strive to 
achieve a Climate class A.  
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Table 85, The case study assessments of the three buildings for the WELL Building Standard category Light, the black 
colored cells are indicated as ‘achieved’ credits. 
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 Light       

 

 

 Credit nr Precondition (mandatory credits) 

 

 

 

53 Visual Lighting Design P 1 1 1  

 

 54 Circadian Lighting Design S  1   

 

 

55 Electric Light Glare Control P 1 1 1  

 

 

56 Solar Glare Control I 1 1 1  

 

 

 Total  3/4 4/4 3/4  

 

 

Credit nr Optimization (optional credits) 

 

 

 

57 Low-Glare Workstation Design I  1   

 

 

58 Color Quality P 1 1 1  

 

 

59 Surface Design P     

 

 

60 Automated Shading and Diming Controls P     

 

 

61 Right to Light I 1 1 1  

 

 

62 Daylight Modeling S     

 

 

63 Daylight Fenestration I     

 

 

  Total  2/7 3/7 2/7  

 

 

       
 

 

 

       

 

 

 

In the category light, as can be seen in Table 85, the credits that are achieved by all three the case studies 
are achieved because of the NEN-12464-1:2011. These credits, credit 53, credit 55, credit 56, credit 58 and 
credit 61 are all described in the NEN-12464. 
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Table 86, The case study assessments of the three buildings for the WELL Building Standard category Comfort, the black 
colored cells are indicated as ‘achieved’ credits. 
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 Comfort       

 

 

 

Credit nr Precondition (mandatory credits) 

 

 

 

 74 Exterior Noise Intrusion P 1 1 1  

 

 

75 Internally Generated Noise P  1   

 

 

76 Thermal Comfort P 1 1 1  

 

 

 Total  2/3 3/3 3/3  

 

 

Credit nr Optimization (optional credits) 

 

 

 

77 Olfactory Comfort I  1 1  

 

 

78 Reverberation Time P     

 

 

79 Sound Masking P     

 

 

80 Sounds Reducing Surfaces I     

 

 

81 Sound Barriers I     

 

 

82 Individual Thermal Control P     

 

 

83 Radiant Thermal Comfort P 1  1  

 

 

  Total  1/7 1/7 2/7  

 

 

       

 

 

          

 

Table 86 shows the outcome of the case study assessments for the WELL Building Standard Category 
Comfort. In this table can be seen that two credits, credit 74, and credit 76, are achieved by all the case studies. 
For credit 76, the ISO 7730 is added as an alternative for achieving this credit. That is why all the case studies 
have achieved this credit. 

  



The difference in design outcome between a WELL Building Standard certified indoor environment and a BREEAM-NL certified indoor 

environment – TU/e graduation thesis – L.A.J. Dekkers 

 99 

Table 87, The case study assessments of the three buildings for BREEAM-NL New and Renovated Buildings, the black 
colored cells are indicated as ‘achieved’ credits. 
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  Credit nr Credit title       

 

 

HEA 1 Daylight attendance S 1 1 0   

 

 

HEA 2 Outside view I 1 1 1  

 

  

HEA 3 Glare prevention P 1 1 1  

 

  

HEA 4 High-frequency lighting P 1 0 1  

 

  

HEA 5 Artificial lighting, interior and exterior I 1 0 1  

 

  

HEA 6 Lighting regulation I 1 0 1  

 

  

HEA 7 Cavity ventilation P 1 1 0  

 

  

HEA 8 Indoor air quality P 2 2 1  

 

  

HEA 9 Volatile compounds I 1 0 1  

 

  

HEA 10 Thermal comfort P 1 1 1  

 

  

HEA 11 Temperature control P 1 0 1  

 

  

HEA 13 Acoustics P 1 0 1  

 

  

 Total  13 7 10  

 

         

 

          

 

As can be seen in Table 87, there major difference between the case studies which intend to achieve a 
BREEAM-NL certification, the New Building case study and the Renovation Building case study. The In-Use 
case study achieved half of the available points, while the other two case studies achieve both the majority of 
the available points. The difference between the achieved points is not only the intention to achieve a 
BREEAM-NL certification or not. For the two case studies that intend to achieve a BREEAM-NL certification, 
the design teams made a BREEAM-NL pre-assessment, in this pre-assessment is noted what points will be 
strived for to achieve. This is a different approach of assessment than was done for the In-Use case study. For 
this case study information about the building was used to assess if the building achieved points or not. 

Theoretically is it possible that the achieved points of the New Building Case study and the Renovation Case 
study will be lower when the building is delivered. 

The results of assessment are used to see if there is a relation between a high BREEAM-NL score and a high 
WELL Building Standard score. As can be seen Figure 46, a high BREEAM-NL score does not indicate that a 
high WELL Building score will be achieved in these three case studies. As can be seen, for these 3 case 
studies the highest WELL Building Standard score and highest BREEAM-NL score are not for the same case 
study. The New Building achieved the highest percentage of achieved BREEAM-NL points but has the lowest 
WELL Building Standard score (only for the precondition credits). The In-Use Building achieved the highest 
WELL Building Standard score for the precondition credits, while it also achieved the lowest BREEAM-NL 
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score. This indicates that a high BREEAM-NL score does not indicate a high WELL Building Standard score, 
for these 3 case studies. For more reliable comparison the assessment would consist of more case studies. 

 

Figure 46, overview of the achieved WELL Building Standard credit (precondition) and BREEAM-NL credits for each case 
study. The percentage is calculated from the precondition WELL Building Standard credits. 

 

If the status of the credits per case study are compared, as in Figure 47, it can be seen that the assessment 
with the most uncertainty is the assessment of the New Building Case study. The color in Figure 47 are 
explained in Table 88. More information about the color of the status can be found in Paragraph 3.1. As 
explained before, this case study the design team is working on the sketch design. With a final design, more 
information would be available and less credits would be assessed with an ‘orange status’. The In-Use Building 
Case study has the most credits that are assessed with certainty, ‘green or red status’, because more 
information is available about the building. 

 

Figure 47, overview of the three-case study and percentages of ‘green status’ credits, ‘orange status’ credits and ‘red 
status’ credits for all the WELL Building Standard credits (preconditions and optimization credits). 

 

Table 88, Status of the credits. 
 Information was available and the credit is achieved. 

 Information was not available assumptions were made. 

 Information was available and the credit is not achieved. 
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Figure 48, Overview of the achieved credits of the WELL Building Standard (Precondition and optimization as a percentage 
of the total credits within the research scope) compared to the credit status. 

 

As can be seen in Figure 48, the In-Use building achieved the most precondition credit, but the renovation 
building achieved the most WELL Building Standard credits (Precondition and optimization). In this figure, the 
achieved credits are compared to the credits statuses and as can be seen in only 1 case, an ‘orange’ credit 
was assessed as achieved. These ‘orange’ credits could not be assessed because information was not 
available, and a relation between the percentage of ‘orange’ credits and building phase could be seen within 
these three case studies. Earlier in the building life cycle phase, like the new building, less information is 
available and thus more credits are assessed with an ‘orange’ status. While in the later building phase, as the 
In-Use building phase, less credits are assessed with an ‘orange’ status. These ‘orange’ statuses could be 
seen as assessed with uncertainty, so it is possible that in a later design phase, decisions are made about the 
design and more information becomes available, turning ‘orange’ credits into ‘green’ credits. In other words, 
the ‘orange’ credits could be seen as the maximum potential of the building. This maximum potential of the 
building decreases from building life cycle phase to phase, because the in each phase decisions are made 
that are harder to undo, for example, building the actual design. 
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5.5 Research Analysis - Influence on the indoor environment 

When precondition WELL Building Standard credits and BREEAM-NL credits are compared, as can be seen 
in Figure 49, both have their focus on different indicators of the indoor environment quality. WELL Building 
Standard has more credits about the indoor air quality, while BREEAM has more credits about the visual 
comfort in the indoor environment. But this graph is only made for the precondition credits of the WELL Building 
Standard and all of the HEA credits of BREEAM-NL. All the WELL Building Standard credits as categorized in 
this graph will have to be achieved to achieve a WELL Building Standard certification. While only 1 of the 
BREEAM-NL credits in the graph will have to be achieved. 

 

Figure 49, number of health credits per indicator of BREEAM-NL and WELL Building Standard (Precondition credits). 

 

If the BREEAM-NL Health credits are compared to the WELL Building Standard credits, it can be seen (Table 
89 & Table 90) that for the majority of the credits, the requirements of BREEAM-NL and the WELL Building 
Standard are equal. This while not all the credits of the WELL Building Standard within the scope are 
comparable to BREEAM-NL credits. If only the precondition or mandatory credits are used for comparison, 
there is 1 mandatory credit for BREEAM-NL and 13 precondition credits for the WELL Building Standard. The 
only mandatory credit of BREEAM-NL has no comparable WELL Building Standard credit. 

When it comes to influence on design the WELL Building Standard has: 

· More credits that influence the indoor environment quality directly; 
· In 4 cases of comparable credit to BREEAM-NL, the WELL Building Standard credits are stricter; 
· But for the same number of credits, BREEAM-NL credits encourages to improve the indoor 

environment quality more; 
· And when a WELL Building Standard certification is achieved at least 12 HEA credits are achieved; 
· For BREEAM-NL, it is possible to achieve the highest certification with achieving only 1 health credit. 

In Table 89, all the BREEAM-NL HEA credits are listed. For each BREEAM-NL HEA credit a comparable 
WELL Building Standard credit was sought. For this comparison, all the credits within the scope were used 
and compared. On the right of the table can be seen what certification system encourages to improve the 
indoor environment quality the most with the comparable credits. Table 90 shows the requirements of the 
comparable credits next to each other. In this table can be seen that the WELL Building Standard prescribes 
means, where BREEAM-NL prescribes goals, for certain credits as HEA and Credit 56, 57 and 60, HEA 11 
and Credit 82 
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Table 89, Comparison between the all BREEAM-NL credits and all WELL Building Standard credits and which credit has 
stricter requirements. The bold printed credit titles are precondition (mandatory) credits. 

         

 

BREEAM-NL New and Renovated Buildings - 

Health credits 

Comparable WELL Building Standard credit 

 

Which 

certification 

encourages to 

improve the 

IEQ more? 

 

 

         

 

 

HEA 1 Daylight attendance 62 Daylight modeling (optimization) 
WELL Building 

Standard  

 

 

 

HEA 2 Outside view  - 
No 

equivalent  

 

  

HEA 3 Glare prevention 
56  & 57 

& 60 

Solar glare control (precondition) 

& Low-Glare workstation design 

(optimization) & automated 

shading and dimming controls 

(optimization) 

WELL Building 

Standard 

 
 

  

HEA 4 
High-frequency lighting 

(mandatory) 
 - 

No 

equivalent  

 

  

HEA 5 
Artificial lighting, interior and 

exterior 
52 

Visual lighting design 

(precondition) 
equal 

 
 

  

HEA 6 Lighting regulation 53 
Visual lighting design 

(precondition) 
equal 

 
 

  

HEA 7 Cavity ventilation 19 Operable windows (optimization) 
WELL Building 

Standard  
 

  

HEA 8 Indoor air quality 03 &15 

Ventilation effectiveness 

(precondition) & increased 

ventilation (optimization) 

BREEAM-NL 

 
 

  

HEA 9 Volatile compounds 4 VOC reduction (precondition) 
WELL Building 

Standard  
 

  

HEA 10 Thermal comfort 76 Thermal comfort (precondition) BREEAM-NL  
 

  

HEA 11 Temperature control 82 
Individual thermal control 

(optimization) 
equal 

 

 

  

HEA 13 Acoustics 75 
Internally generated noise 

(precondition) 
equal 
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Table 90, comparison between the equivalent BREEAM-NL and WELL Building Standard credits. 

HEA 1 Daylight attendance 62 Daylight modeling 

· Minimum daylight factor: 2%; 

· Minimal area to assess: 80%; 

· Minimal 55% of the area has to receive 300 lux or 

more; 

· For at least 50% of the opening hours per year; 

HEA 3 Glare prevention 56  & 

57 & 

60 

Solar glare control & Low-Glare workstation 

design & automated shading and dimming 

controls 

· Blinds will have to be implemented; 

· Controllable by occupants; 

· Interior window shading or blinds; 

· Controllable by occupant; 

· Computer screens can be oriented within a 20˚ 

angle perpendicular to the plane of the nearest 

window; 

· Overhead luminaires are not aimed at computer 

screens; 

· Shading devices that automatically engage when 

light sensors indicate that sunlight could 

contribute to glare; 

HEA 5 Artificial lighting, interior and exterior 53 Visual lighting design 

· Light intensity at workplace at least 300 

lux; 

· Light intensity at least 300 lux (with or without 

task lighting); 

HEA 6 Lighting regulation 53 Visual lighting design 

· Possibility to switch on lights per zone by 

occupant; 

· Ambient lighting is zoned into independently 

controlled banks; 

HEA 7 Cavity ventilation 19 Operable windows 

· Extra ventilation by opening windows; 

· At least 6dm3/s per m2; 

· Extra ventilation by opening windows; 

· Outdoor air measurement in order to prevent a 

compromising indoor air quality; 

HEA 8 Indoor air quality 03 & 

15 

Ventilation effectiveness & increased ventilation 

· Ventilation flowrate: 35m3/h pp = 9,75l/s pp; · Precondition ventilation flow rate:2,5 l/s pp; 

· Optimization ventilation flow rate: 3,25 l/s pp; 

HEA 9 Volatile compounds 1 & 4 Air quality standards &VOC reduction 

· Low emission building and finishing materials; 

· Short after delivery low concentration VOC’s; 

· Low concentration emissions (less than 

500µg/m3); 

· Low emission paints and coatings; 

· Low emission interior adhesives and sealants; 

· Low emission flooring; 

· Low emission insulation; 

· Low emission furniture and furnishings; 

HEA 10 Thermal comfort 76 Thermal comfort 

· ISO 7730, class b; · ISO 7730, (no class mentioned); 

HEA 11 Temperature control 82 Individual thermal control 

· Controllable by occupants: temperature =/- 

2˚C; 

· Thermal gradient (at least 3˚C) 

· Personal thermal comfort devices; 

 

HEA 13 Acoustics 75 Exterior noise intrusion & Internally generated 

noise & reverberation time 

· Offices internally generated noise: max 35 

dB(A); 

· Open offices internally generated noise: 35dB(A); 
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5.6 Research Analysis - Impact on design 

In order to research the impact on design of the WELL Building Standard credits, a study was done about what 
had to be done in order to achieve a precondition credit.  If the not achieved credits are compared between 
the case studies it can be seen that to achieve a certain credit it would cost significantly more the In-Use 
Building than for the New Building and Renovation building. This is because if a new building has to be 
compliant for example to credit 04, VOC reduction, all the furniture will have to be replaced while the furniture 
that was used in the building may be still efficient. All the walls will have to be repainted, while this was not yet 
planned. 

In order to achieve credits it is the least expensive for the New Building. Only the extra costs were taken into 
account during the analysis of impact on design. For example, normally the paint that will be used is €20 per 
liter. But for the WELL Building Standard low emission paint has to be used, €30 per liter. The impact on design 
(cost) will be €10 a liter.  So, it is only the extra investments that have impact on the design. 

In all the cases, a major investment will have to be done to be compliant to the credit while the depreciation 
period of the current materials have not ended. This causes the cost to increase. Next to the investment and 
the depreciation period that has not ended, the workplace of the occupants cannot be used for a period of 
time, so an alternative workplace will have to be prepared. 

For the Renovation Building to achieve the same credit, the occupants already have been placed at alternative 
workstations, so no costs will have to be made there. In many cases the depreciation period of materials will 
be ended or almost ended. So, this will be added to the investment that has to be made. Which will be higher 
as the investment for the New Building case study because of the depreciation period that has not always 
ended for materials. 

Table 91, scale of cost. 

Cost 1  € -     € 5.000  

 2  € 5.001   € 20.000  

 3  € 20.001   € 50.000  

 4  € 50.001   € 100.000  

 5  € 100.001  + 

 

Table 92, scale of process impact. 

Process a No abruption of the process 

 b Minor change in design necessary, use of material 

 c Change in design necessary, change of details 

 d Change in design necessary, change of facade layout or interior layout 

 e Major change in design necessary, change of facade or layout 

 

With the expertise of a senior consultant of Arcadis the costs to implement certain credits was determined. 
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 Research Analysis - Impact on design - New Building 

Table 93, impact on design (cost and process) for the New Building case study, for the precondition credits. 
         

 

WELL Building Standard –  
New Building Case study 

 

 Air      

  Credit nr Precondition (mandatory credits) Cost Process   

 

 

1 Air Quality Standards  € 5.001   € 20.000  Change of layout  

 

 

 

3 Ventilation Effectiveness  € -     € 5.000  No abruption  

 

  

4 VOC Reduction  € 20.001   € 50.000  Change of layout  

 

  

5 Air Filtration  € -     € 5.000  No abruption  

 

  

8 Healthy Entrance  € -     € 5.000  Minor change  

 

  

11 Fundamental Material Safety  € -     € 5.000  Change of details  

 

        

 

         

 Light      

 

 

 Credit nr Precondition (mandatory credits) Cost Process 

 

 

 53 Visual Lighting Design  € -     € 5.000  No abruption  

 

 54 Circadian Lighting Design  € 5.001   € 20.000  Change of details  

 

 

55 Electric Light Glare Control  € -     € 5.000  No abruption  

 

 

56 Solar Glare Control  € -     € 5.000  No abruption  

 

 

      

 

 

 

      

 

 

 Comfort      

 

 

 

Credit nr Precondition (mandatory credits) Cost Process 

 

 

 

 74 Exterior Noise Intrusion  € -     € 5.000  No abruption  

 

 

75 Internally Generated Noise  € 20.001   € 50.000  Major change  

 

 

76 Thermal Comfort  € -     € 5.000  No abruption  

 

 

      

 

 

         

 

Table 93 shows the impact on design for the New Building case study in order to achieve a WELL Building 
Standard certification. This is only done for the credits within the scope. As can be seen in the table, 2 credits 
have a major impact when it comes to investment, credit 4 and credit 75. 

Next will be explained how to achieve credits are not yet achieved during the assessment. 

 

Credit 01, Air Quality Standards 

In order to gain information about this credit measurements will have to take place. With these measurements, 
it is possible to determine if the maximum allowable concentration of the volatile substances is exceeded. 

When the concentration of these volatile substances or pollutants is exceeded measures will have to be taken 
in order to decrease the concentration in the In-Use Building. In the WELL Building Standard, other credits are 
included in order to support the requirements of credit 1. In the WELL Building Standard are measures included 
to decrease the concentration of the volatile substances. For example, as described in credit 04, the use of 
paint with lower VOC emission. Other credits, precondition and optimization, that can be used to achieve the 
requirements of credit 1:  
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• Credit 03, ventilation effectiveness. For this credit, a ventilation rate is required to ensure adequate 
ventilation and high indoor air quality. Ventilation is also one way to decrease the concentration of volatile 
substances and pollutants in the room. 

• Credit 13, Air flush. By ‘flushing’ the building before the occupants will occupy the building it is possible to 
‘flush’ most of the volatile substances from the paint, furniture and glue out. Another way is to ‘bake-out’ 
the building. In one case study, a renovated building the temperature was increased from 32 ˚C to 39˚C for 
24 hours with a ventilation rate of 1,59 h-1. Based upon 14 VOC quantified, the total VOC concentration 
was reduced to 71% of the original concentration after the bake-out (Girman, Alevantis, Kulasingam, 
Petreas, & Webber, 1989). 

• Credit 15, Increased ventilation. By increasing the ventilation by 30% (with the requirements of credit 03 as 
base), the intention of this credit is to expel internally-generated pollutants through an increased supply of 
outdoor air. 

• Credit 17, Direct Source Ventilation. This credit implies to prevent the distribution of pollutants and volatile 
substances by placing ventilation vents near the rooms and devices that are known for their VOC emission. 

• Credit 23, Advanced air purification. When recirculated air is used, this credit prescribes means to use filters 
to prevent the volatile substances or pollutants to be blown in again by the recirculation system. This credit 
is no use for this building, because this building does not use recirculated air. 

• Credit 24, Combustion minimization. By not allowing combustion-based fireplaces, stoves, space-heaters, 
ranges and ovens the exposure to combustion-related air pollution will be reduced. And thus, the emission 
of volatile substances. 

The credits as listed above are measures that can be taken in order to keep the indoor air quality high. In the 
WELL Building Standard are credits implemented which can be used to prevent pollution to enter the building. 

• Credit 05, Air filtration. This is credit is to prevent the pollutants from outside to come inside, so it not to 
decrease the volatile substances or pollutants indoor, but to keep the pollutants outside. This credit 
prescribes a filter to remove indoor and outdoor airborne contaminants through air filtration. The only way 
to be compliant to this credit is to install the filter that is prescribed: MERV 13 (or higher) media filter. 

• Credit 07, Construction pollution management. This credit prevents the pollutants that are present during 
the building phase to stay present after the delivery. 

• Credit 08, Healthy entrance. This credit tries to prevent the pollutants from outside to come inside by 
incoming occupants. It is hard to prevent this entirely, but with the requirements of this credit pollutions will 
not be carried inside by the wind through the entrance. And less pollutants will be carried inside by shoes. 

In order to be compliant to the indoor air quality requirements of the WELL Building Standard, Table 94, it is 
possible to make use of the credits as described above. 

Table 94, requirements of the WELL Building Standard credit 1. 

Maximum allowable concentration 

Formaldehyde 27 ppd 

Volatile organic compounds 500 µg/m3 

Carbon monoxide7 9 ppm 

PM2.5 15 µg/m3 

PM10 50 µg/m3 

Ozone8 51 ppd 

Radon9 4 pCi/L 

 

Credit 08, Healthy Entrance 

In order to achieve this credit is it mandatory to have: 

                                                      

7 Calculation factor: 1,97. source: http://www.epa.ie/air/quality/standards/ 
8 Calculation factor 1,16. Source: http://aqicn.org/faq/2015-09-06/ozone-aqi-using-concentrations-in-

milligrams-or-ppb/ 
9 Calculation factor: 37. Source: 
http://www.rivm.nl/Onderwerpen/R/Radon_en_thoron/Radon_en_thoron_in_Nederland_resultaten_rece

nt_onderzoek 
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· permanent entryway system comprised of grilles, grates or slots; 
· rollout mats; 
· material manufactured as entryway walk-off system. 

These will have to be at least the width of the entrance and 3m long in the primary direction of travel. This 
building is designed for the Zuid-as in Amsterdam in the Netherlands. This will mean that a pavement is directly 
placed near the building. So, in order to place grilles, grates, slots, rollout mats or an entryway walk-off system 
of at least the width of the entrance the whole pavement will be covered by the walk-off system. Because the 
pavement is not in ownership by the owner of the building it is not allowed to implement grilles, grates or slots 
in the pavement because this is outside the building envelop and it is owned by the municipality. 

No rules were found about a rollout mat on the pavement in the municipality of Amsterdam. But it is possible 
that it is not allowed to cover the pavement with a walkway system. Another reason not the implement a rollout 
mat on the pavement is that all pedestrians walk over the rollout mat. This will cause the mat to collect more 
dirt from the pedestrians who walk over the mat. This can cause the occupants or visitors of the building who 
also walk over the rollout mat to take the dirt of the mat inside. So, this will be the opposite of the intention of 
the rollout mat. 

 

Credit 11, Fundamental material safety 

For this credit, it is not allowed to implement asbestos and lead into the construction of the building. In the 
Netherlands, it is prohibited by the government to use asbestos in the building. But it is allowed to use lead in 
buildings. 

In order to achieve this credit, no lead can be used in the building. 

 

Credit 54, Circadian lighting design 

The requirement of credit 54, circadian lighting design: 

• Light models or light calculations show at least 250 equivalent melanopic lux is present; 
• At 75% or more of workstations, measured on the vertical plane facing forward, 1,2m above the finished 

floor; 
• This light level is present for at least 4 hours per day for every day of the year. 
 

To calculate the equivalent melanopic lux, multiply the visual lux designed for or measured in a building by 
ratio given by the WELL Building Standard as earlier explained in Table 19. 

At least 250 equivalent melanopic lux is required to be present. If this is only daylight this will have to be 
250/1,10=227,3 lux. For at least 4 hours per day every day of the year for at least 75% of the workstations. 

If it is not possible to achieve this with daylight, a smart choice of lamps will have to be made. shows a schedule 
with the differences between color temperature. As can be seen in Figure 50, the higher the color temperature, 
the higher the ratio. With a higher ratio, less lux is needed to generate 250 equivalent melanopic lux. In order 
to achieve the requirements about melanopic light, cooler light colors will have to be implemented. 
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Figure 50, Color temperature schedule. 10 

 

Credit 75, Internally generated noise 

The requirements of the credit of internally generated noise are: 

Part 1, an acoustic plan in developed that identifies the following: 

· Loud and quiet zones 
· Noisy equipment in the space 

Part 2, the mechanical equipment system meets the following requirements once interior build-out is complete 
in the following spaces: 

· Open office spaces and lobbies that are regularly occupied and/or contain workstations: maximum 
noise criteria (NC) of 40. 

· Enclosed offices: Maximum noise criteria (NC) of 35. 
· Conference rooms and breakout rooms: Maximum noise criteria (NC) of 30 (25 recommended). 
· Teleconference rooms: Maximum noise criteria (NC) of 20. 

In order to achieve these requirements, it is important to adapt the air handling system and the air ducts to 
minimize the sound. This can be done by using as many as possible ‘straight’ air ducts. 

  

                                                      

10 Source: http://www.xtar.cc/news_detail/newsId=121.html 
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 Research Analysis - Impact on design - In-Use 

Table 95, impact on design (cost and process) for the In-Use Building case study, for the precondition credits. 
         

 

WELL Building Standard –  
In-Use case study 

 

 Air      

  Credit nr Precondition (mandatory credits) Cost Process   

 

 

1 Air Quality Standards  € -     € 5.000  No abruption  

 

 

 

3 Ventilation Effectiveness  € -     € 5.000  No abruption  

 

  

4 VOC Reduction  € 100.001  + Change of layout  

 

  

5 Air Filtration  € -     € 5.000  No abruption  

 

  

8 Healthy Entrance  € -     € 5.000  No abruption  

 

  

11 Fundamental Material Safety  € 20.001   € 50.000  Change of details  

 

        

 

         

 Light      

 

 

 Credit nr Precondition (mandatory credits) Cost Process 

 

 

 53 Visual Lighting Design  € -     € 5.000  No abruption  

 

 54 Circadian Lighting Design  € -     € 5.000  No abruption  

 

 

55 Electric Light Glare Control  € -     € 5.000  No abruption  

 

 

56 Solar Glare Control  € -     € 5.000  No abruption  

 

 

      

 

 

 

      

 

 

 Comfort      

 

 

 

Credit nr Precondition (mandatory credits) Cost Process 

 

 

 

 74 Exterior Noise Intrusion  € -     € 5.000  No abruption  

 

 

75 Internally Generated Noise  € -     € 5.000  No abruption  

 

 

76 Thermal Comfort  € -     € 5.000  No abruption  

 

 

      

 

 

         

 

As can be seen in Table 95, for 2 credit extra investment will be necessary. In all the cases where the credit is 
not achieved for this case study, a major investment will have to be made to be compliant to the credit while 
the depreciation period of the current materials has not ended. This causes the cost to increase. Next to the 
investment and the depreciation period that has not ended, the workplace of the occupants cannot be used 
for a period of time, so an alternative workplace will have to be prepared. 

 

Credit 04, VOC reduction 

For an In-Use Building to be compliant to the credit 04, VOC reduction. The paints, coatings, interior adhesives, 
sealants, flooring, insulation, furniture and furnishings that have been used will have to be compliant to the 
WELL Building Standard requirements. 

If this is not the case, new materials will have to be used. For an In-Use Building probably all the materials 
listed above will have to be replaced. 
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Credit 11, Fundamental Material Safety 

For this credit, it is not allowed to have asbestos implemented in the building and not more than 100 ppm (by 
weight) added lead.  

For a building in the Netherlands it is restricted by the Dutch building code to have asbestos implemented in 
the building. Because this In-Use Building was delivered in 2016 no asbestos was used during construction. 
But it is not restricted to have Lead implemented in the construction of the building. In the documents of the 
buildings no information was found about the use or absence of Lead in the construction. Therefore, in the 
case studies the credit is not achieved. 
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 Research Analysis - Impact on design - Renovation 

Table 96, impact on design (cost and process) for the Renovation Building case study, for the precondition credits. 
         

 

WELL Building Standard –  
Renovation case study 

 

 Air      

  Credit nr Precondition (mandatory credits) Cost Process   

 

 

1 Air Quality Standards  € -     € 5.000  Change of layout  

 

 

 

3 Ventilation Effectiveness  € -     € 5.000  No abruption  

 

  

4 VOC Reduction  € 100.001  + Change of layout  

 

  

5 Air Filtration  € -     € 5.000  No abruption  

 

  

8 Healthy Entrance  € -     € 5.000  No abruption  

 

  

11 Fundamental Material Safety  € 5.001   € 20.000  Change of details  

 

        

 

         

 Light      

 

 

 Credit nr Precondition (mandatory credits) Cost Process 

 

 

 53 Visual Lighting Design  € -     € 5.000  No abruption  

 

 54 Circadian Lighting Design  € 5.001   € 20.000  Change of details  

 

 

55 Electric Light Glare Control  € -     € 5.000  No abruption  

 

 

56 Solar Glare Control  € -     € 5.000  No abruption  

 

 

      

 

 

 

      

 

 

 Comfort      

 

 

 

Credit nr Precondition (mandatory credits) Cost Process 

 

 

 

 74 Exterior Noise Intrusion  € -     € 5.000  No abruption  

 

 

75 Internally Generated Noise  € -     € 5.000  No abruption  

 

 

76 Thermal Comfort  € -     € 5.000  No abruption  

 

 

      

 

 

         

 

Table 96 shows the impact on design for the precondition credits for the Renovation Building case study. As 
can be seen, Credit 1, has a low impact concerning the investment but a high impact concerning the 
process. As will be explained in Paragraph 5.6.1, In order to achieve credit 1 of the WELL Building Standard 
other credits are implemented in the certification system as guidelines to achieve credit 1. For that reason, 
the investment for that specific credit, credit 1, is low. But the other credits that have to be achieved in order 
to achieve credit 1, are more expensive.  

For the Renovation Building to achieve the same credit, the occupants already have been placed at alternative 
workstations, so no costs will have to be made there. In many cases the depreciation period of materials will 
be ended or almost ended. So, this will be added to the investment that has to be made. Which will be higher 
as the investment for the New Building case study because of the depreciation period that has not always 
ended for materials. 

 



The difference in design outcome between a WELL Building Standard certified indoor environment and a BREEAM-NL certified indoor 

environment – TU/e graduation thesis – L.A.J. Dekkers 

 113 

Credit 01, Air Quality Standards, Credit 04, VOC reduction 

In order to gain information about this credit measurements will have to take place. With these measurements, 
it is possible to determine if the maximum allowable concentration of the volatile substances is exceeded. 
Because the building is not delivered yet it is not possible to take measurements. 

When the concentration of these volatile substances or pollutants is exceeded measures will have to be taken 
in order to decrease the concentration in the In-Use Building. In the WELL Building Standard are measures 
included to decrease the concentration of the volatile substances. For example, as described in credit 04, the 
use of paint with lower VOC emission. Other credits, precondition and optimization, that support the goal of 
the air quality standards are credits: 

• Credit 03, ventilation effectiveness. For this credit, a ventilation rate is required to ensure adequate 
ventilation and high indoor air quality. Ventilation is also one way to decrease the concentration of volatile 
substances and pollutants in the room. 

• Credit 13, Air flush. By ‘flushing’ the building before the occupants will occupy the building it is possible to 
‘flush’ most of the volatile substances from the paint, furniture and glue out. Another way is to ‘bake-out’ 
the building. In one case study, a renovated building the temperature was increased from 32 ˚C to 39˚C for 
24 hours with a ventilation rate of 1,59 h-1. Based upon 14 VOC quantified, the total VOC concentration 
was reduced to 71% of the original concentration after the bake-out (Girman, Alevantis, Kulasingam, 
Petreas, & Webber, 1989). 

• Credit 15, Increased ventilation. By increasing the ventilation by 30% (with the requirements of credit 03 as 
base), the intention of this credit is to expel internally-generated pollutants through an increased supply of 
outdoor air. 

• Credit 17, Direct Source Ventilation. This credit implies to prevent the distribution of pollutants and volatile 
substances by placing ventilation vents near the rooms and devices that are known for their VOC emission. 

• Credit 23, Advanced air purification. When recirculated air is used, this credit prescribes means to use filters 
to prevent the volatile substances or pollutants to be blown in again by the recirculation system. This credit 
is no use for this building, because this building does not use recirculated air. 

• Credit 24, Combustion minimization. By not allowing combustion-based fireplaces, stoves, space-heaters, 
ranges and ovens the exposure to combustion-related air pollution will be reduced. And thus, the emission 
of volatile substances. 

The credits as listed above are measures that can be taken in order to keep the indoor air quality high. In the 
WELL Building Standard are credits implemented which can be used to prevent pollution to enter the building. 

• Credit 05, Air filtration. This is credit is to prevent the pollutants from outside to come inside, so it not to 
decrease the volatile substances or pollutants indoor, but to keep the pollutants outside. This credit 
prescribes a filter to remove indoor and outdoor airborne contaminants through air filtration. The only way 
to be compliant to this credit is to install the filter that is prescribed: MERV 13 (or higher) media filter. 

• Credit 07, Construction pollution management. This credit prevents the pollutants that are present during 
the building phase to stay present after the delivery. 

• Credit 08, Healthy entrance. This credit tries to prevent the pollutants from outside to come inside by 
incoming occupants. It is hard to prevent this entirely, but with the requirements of this credit pollutions will 
not be carried inside by the wind through the entrance. And less pollutants will be carried inside by shoes. 

 

In order to be compliant to the indoor air quality requirements of the WELL Building Standard, as was displayed 
in Table 94, it is possible to make use of the credits as described above. 
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Credit 08, Healthy Entrance 

The credit 08, healthy entrance, is not achieved because there is not mat designed for the main entrance. In 
order to achieve this credit a rollout mat, grilles, grates or slots will have to be placed. Because this is a 
commercial office, in the center of Utrecht, grilles, grates or slots will not be preferred. Women who wear heals 
will not be able to walk easily over the grilles, grates or slots to prevent getting the heel caught in one of the 
grilles, grates or slots. The best option will be a rollout mat. This rollout mat will have to be at least 3m long in 
the primary direction of travel.  

 

Credit 11, Fundamental Material Safety 

For a building in the Netherlands it is restricted by the Dutch building code to have asbestos implemented in 
the building. It is possible that in the construction of the building lead is used, this will have to be removed in 
order to achieve this credit. No information was found if lead was found in the construction. 

 

Credit 54, Circadian Lighting Design 

In the results of the circadian light simulation can be seen that the room is not compliant to the requirements 
of the WELL Building Standard. 

To achieve this credit, artificial light will have to be implemented in the room. The best option is to have desk 
lights with a cool color temperature. With the use of cool toned lights less lux is needed in order to be compliant 
to the requirements of the equivalent melanopic lux. 
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6 CONCLUSION 

We spend 90% of our time indoors, that’s why it is important in offices to have a healthy indoor environment 
in order to keep occupants healthy and to maintain their wellbeing. The WELL Building Standard is a 
performance-based system for measuring and certifying features of the built environment that impact human 
health and well-being, through air, water, nourishment, light, fitness, comfort and mind (WELL Building 
Standard, 2017). BREEAM is the most common used sustainability certification methodology in Dutch 
engineering practice for new buildings and encourages the reduction of the environmental impact of the design 
and construction process of the building by focusing on sustainable construction materials and a reduction of 
energy, water and waste consumption. When it comes to the requirements of the two certification 
methodologies, the WELL Building Standard has more credits that prescribe the means to implement in order 
to achieve a credit, while BREEAM-NL prescribes the goals that have to be achieved. 

The question arises: which certification method (BREEAM-NL or the WELL Building Standard) is the 

most effective and successful to encourage an improvement of the indoor environment quality.  

• The WELL Building Standard will have more effect on the indoor environment quality and the increase in 
productivity of the occupants, because the categories and the credits encourage measurement beyond the 
common engineering practice in the Netherlands; 

• BREEAM-NL consist of a total of 12 health credits, while WELL consist of 13 precondition credits and 26 
optimization credits, within the scope of indoor environment quality. When BREEAM-NL credits are 
compared to WELL Building Standard credits, no certification system is superior over the other within the 
comparable credits. But 26 of the credits of WELL Building Standard are not comparable to BREEAM-NL 
credits, 5 of these credits are precondition credits. This concludes that WELL Building Standard has more 
and other requirements than BREEAM-NL; 

• The real estate owner has the most profit from BREEAM-NL, which will increase the real estate value 
(Dutch Green Building Council, sd). While the tenant will profit more from the WELL Building Standard, 
where each well feature is designed to address issues that impact the health, comfort or knowledge of 
occupants through design, operations and behavior (WELL Building Standard, 2017); 

• The process of implementing WELL Building Standard requirements will be less expensive and less difficult 
when this is done in an early stage of developing a building. It is possible to achieve a WELL Building 
Standard certification for an In-Use building and Renovation Building, but this will be more expensive and 
more difficult than for a New Building; 

• For BREEAM-NL credits requirements are used from the NEN and ISO building codes, these codes are 
also used as general practice in the Netherlands. For the WELL Building Standard, there are also credits 
implemented in the certification system that are ‘new’ and do not have equivalent building codes in the 
Netherlands, this indicates that the WELL Building Standard goes beyond the common practice in the 
Netherlands; 

• In order to achieve a WELL Building Standard certification all preconditions will have to be achieved, while 
for a BREEAM-NL certification, only 1 credit is mandatory within the health category; 

 

With the use of three sub questions the main question has been answered. The first sub question is What is 

the difference in outcome of the achieved comparable credits related to the indoor environment quality 

of the WELL Building Standard and BREEAM-NL in a building design in case studies? 

• WELL Building Standard scores and BREEAM-NL scores are not related within these three case studies; 
• The majority of the achieved WELL Building Standard credits is achieved because of NEN or ISO building 

codes. This confirms that the NEN and ISO building Standard form a fine base concerning the indoor 
environment quality; 

 

The second sub question is What is the influence on the indoor environment quality between different 

WELL Building Standard and BREEAM-NL certification rankings of the health credits? 

• Two BREEAM-NL credits have no WELL Building Standard equivalent,  
while 26 WELL Building Standard credits have no BREEAM-NL equivalent; 

• Within credits of BREEAM-NL and the WELL Building Standard that are comparable,  
no certification system is superior; 
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Using the 3 case studies these conclusions followed from the research:  
• Because the New Building was in a sketch design phase, not all needed information was available. So, a 

majority of the credits were assessed without certainty but with a lot of potential to comply to WELL Building. 
When information becomes available, these credits can be assessed differently and it is possible that the 
WELL Building Standard score increases; 

• As can be seen in the assessment of the In-Use Building, even without a certification, the building achieved 
the most precondition WELL Building Standard credits in comparison with the two BREEAM-NL certified 
case studies. Two of the achieved credits of the In-Use building, are assessed as ‘achieved’ because of 
performance tests. It is possible that the New building or Renovation building also achieves these two 
credits, when it is possible to perform performance tests in the buildings. It is also possible that the In-Use 
Building received the highest WELL Building Standard score because it has the lowest percentage of 
‘uncertain’ credits; 

• For the Renovation Building the concept design is used for the assessment and a clear document is 
available of the design brief. Because of the clear design brief a lot of information could be found and less 
credits were assessed with uncertainty in comparison to the New Building. But it is still possible that the 
WELL Building Standard score increases when all ‘uncertain’ credits are assessed with the needed 
information; 
 

The third research question is only applied on the Precondition WELL Building Standard credits: What is the 

impact per credit on the indoor environment quality on the design of the indoor environment? 
• In an early building life cycle phase, like in the new building case study, it will be less expensive to implement 

credits than it will be for the in-use building case study; 
• When decisions are taken early in the design phase, changing the design or building to achieve a credit 

will have less impact; 
 
Using the three case studies the following conclusions have been drawn: 
• For the New Building, the design is still a theoretical building. This will make it relatively easier to change 

the design than it will in an In-Use Building. The initial investment for the design change in a new building 
will be calculated as the cost to implement the WELL Building Standard requirements minus the cost that 
will have to be spent to create the not upgraded aspect of the building. As explained in paragraph 5.6.1; 

• For the In-Use Building, the initial investment will be the highest. Because the building is not ready for 
renovation, and the depreciation period will not have ended. This will mean that the changes that have to 
be made to achieve a credit will be more expensive because of the depreciation period. For many credits, 
it will not be possible for the employees to work in the office. An alternative location will have to be prepared, 
this will also be added to the cost to achieve a certain credit; 

• For Renovation Building, the initial investment will be higher as the In-Use Building but less expensive as 
the In-Use Building. The reason for renovation is mainly because the building needs an update, mostly 
technically. This means that the depreciation period of certain building facilities will be further progressed 
in many cases. This will decrease the remaining value of those building facilities; 

 

Because of the number of credits and the original intention of the certification systems, the WELL Building 
Standard will be the certification that will be recommended for a higher indoor environment quality. As 
described in the conclusions, the WELL Building Standard prescribes in cases the means to achieve a credit 
while BREEAM-NL prescribed means to be compliant to requirements. The WELL Building Standard 
decreases the options for architects and engineers, within the scope of the research study. It is possible that 
WELL Building Standard certified buildings will ‘look’ like each other. Buildings will be less ‘unique’ concerning 
the architecture or engineering, because the same means will be used in order to receive a WELL Building 
Standard certification. The WELL Building Standard should keep up to date to current and occurring trends 
and new technologies, in order to prevent ‘aging’. Because it is possible that the required means of the WELL 
Building Standard will become inefficient or out of date. 

For future research, it could be interesting to evaluate the satisfaction of the occupants in different certified 
buildings. This is done to compare the satisfaction of occupants of green buildings and not green buildings. It 
could be interesting to research the differences in satisfaction of occupants in BREEAM certified buildings and 
WELL certified buildings or WELL certified buildings, green buildings and not certified buildings. With this 
research, more information would come available about the satisfaction of occupants in buildings. 
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7 GLOSSARY 

 

  

Bouwbesluit The Dutch building code 

CRI Color rendering index 

Daylight glass Definition from WELL Building Standard credit 63, Glass above 2,1m from finished floor. 

EML Equivalent melanopic lux 

HEA Credits in the health category of BREEAM-NL. 

HVAC Heating Ventilation Air-conditioning system. 

IAQ Indoor Air quality 

IEQ Indoor environment quality 

ISO International building code 

NEN Dutch building code 

NIC Noise isolation class 

NRC Noise reduction Coefficient 

Optimization 
A WELL Building Standard credit that is not mandatory, but can be used to achieve a 
higher ranking. 

Precondition A mandatory WELL Building Standard credit. 

WELL Building assessor 
A WELL assessor acts as the third-party certification entity responsible for 
assessing/reviewing a project. 
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