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Summary:  Performance Based Building (PBB) is an approach that advocates thinking in ends rather than 
means. Given its apparent potential PBB has not yet gained a lot of attention. The Thematic Network 
PeBBu has been established to show and disseminate the benefits of this approach. Within PeBBu, 
attention has been put on several topics of which one was related to the Indoor Environment, more 
specifically Healthy Buildings. A State-of-the-Art on PBB and its application with respect to healthy 
building was developed and served as the basis for a research agenda focusing at the further development 
and applicability of the PBB approach for constructing healthy buildings. 
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1  Introduction 

The European funded Project PeBBu, Performance 
Based Building, is a Thematic network that has been 
established under the Competitive and Sustainable 
Growth program, which started September 1st, 2001 
and finished in October 2005 [1]. In one of the 
domains of PeBBu, the domain Indoor Environment, 
a State-of-the-Art and a Research Agenda on the 
Performance Based Building approach with respect to 
healthy buildings has been prepared. International 
workshops and literature review formed the main 
input for this work. 
The basic concept of Performance Based Building 
(PBB) and its methodology already have been 
described in 1982 in the CIB-Report 64 [2]: 
- The performance approach is thinking and 

working in terms of ends rather than means. 
- Performance is concerned with what a building or 

building product is required to do and not with 
prescribing how it is to be constructed. 

- A design solution, traditional or novel, will 
always need a quantitative base for testing and 
evaluation of its performance.  

This document has formed the line of thinking that 
was aimed for within the PeBBu Network.  
The state-of-the-art on performance criteria for 
healthy buildings dealt with current available 
methods, guidelines, protocols and tools to design, 
evaluate and measure the health status of buildings or 
designs of buildings. The health of buildings in this 
context relates to: air quality, ventilation, thermal 
comfort, noise and visual comfort. 
This paper gives an overview of the work performed 
within PeBBu. For a complete overview and the final 
report [3] the reader is referred to 
http://www.pebbu.nl. 

2  Definition and methodology 

The first part of the work focused on the correct 
interpretation of the PBB approach. For that, amongst 
others, the original definition of PBB was developed 
further in order to improve the general understanding 
of the concept.  
A definition of performance is context based. With 
respect to buildings, examples of contexts are the 
stakeholder, the building phase or a building object. 
E.g., with respect to the stakeholder, the user will 
have very different performance requirements than the 
contractor. The user wants to live comfortably in the 
building, whereas the contractor is interested in the 
performance of individual building objects to obey to 
the design plan. Following this line, PBB does not end 
with the completion of the building. Performance 
during the building life is considered just as 
important.  
Furthermore, for the initiator performance does not 
necessary has to deal with details on the indoor air 
temperature or the insulation thickness. The 
identification of a comfortable environment, under 
given specific conditions, should be sufficient. Energy 
efficiency or health are similar rather high level 
(abstract) requirements. However, in the design 
process translation rules are required to convert these 
integral requirements into objective design rules and 
to define evaluation procedures. Translation and 
evaluation procedures are found in, e.g. legislation, 
rules of thumb and more sophisticated tools as 
modeling and case/knowledge based reasoning. 
The above described definition of performance in the 
building process has been visualized in Figure 1. This 
figure was adapted from Huovila and Leinonen [4] 
and originates from illustrations by the Dutch 
Government Building Agency. The definition was 
agreed on in the PeBBu Workshops. 



Based on the performance definition a methodology, 
in the form of a framework, was developed to 
structure the information that came available within 
this work.  
The framework approach was introduced as an 
approach that allows to keep track on all the building 
performance information that is available. This 
information follows from the number of performance 
definitions and the different contexts that can be 
found. Also information with respect to translation 
rules can be included. Besides structuring the 
information in a logical and unambiguous way, the 
framework furthermore may improve the applicability 
of the PBB-approach.  
Several parameters should be incorporated in the 
framework. The most important parameter is the 
performance requirements that are set by the 
stakeholders. Furthermore, the point of time in the 
building process will determine the type of 
requirements that are set. This will be closely related 

to the building phases that can be identified. Finally, 
the actual building performance is of interest. This 
parameter has a close relation with the building 
objects.  

 
Fig. 1. Visualized definition of the Performance Approach. 

Interrelations between the building phase and the type 
of stakeholder are obvious, as is the case for building 
objects and the building phase. Each specific 
performance criterion therefore can be related to the 
individual contexts. By presenting these contexts on 
axes in a three-dimensional format a matrix is 
developed that facilitates the performance-based 
matrix. This approach has been derived from the work 
of Mallory-Hill [5] and can also be found, though in a 
different context, in Foliente et al. [6]. 
The framework approach, indicated as the 
Performance Based matrix is visualized in Figure 2. 
In principle it presents a database that allows filtering 
to come up with the specific performance 
requirements that relate to a specific building phase or 
stakeholder. It may also relate to a specific 

 
Fig. 2. The Performance-Based Matrix. 



environmental attribute X or Y that is addressed 
differently (i.e. different target values and evaluation 
methods) at different points in the building process. 
The here developed PBB definition and framework 
have been applied to come to the state-of-the-art and a 
research agenda for PBB with a focus on healthy 
building. The intention was to organize and categorize 
the available information and thereby presenting the 
state-of-the-art. Additionally, by identifying and 
valuing the gaps in the framework (i.e. not available 
PBB-information) a research agenda can be defined. 
This presented the goal of the PeBBu-project.  
The information on PBB, with a focus on healthy 
buildings, was obtained from literature review and 
review of ongoing (inter-)national research. Important 
input was provided for by experts from over 20 
countries worldwide. Within the context of the PeBBu 
Network, they participated in four specially organized 
international workshops on the topic. 
 

3 State-of-the-art 

The desk study and workshops identified that PBB is 
applied already in a lot of countries worldwide. There 
are however clear differences in the actual 
implementation of the approach. Furthermore, it was 
noticed that the application of PBB still mainly is 
restricted to the individual phases that can be found in 
the building process and lacks the connection to the 
larger point-of-view. The main advantage of the PBB 
concept however is found when it is applied over the 
whole building process, from initiation to demolition. 
A short overview of the current status; With respect to 
materials (e.g., material emission) and some 
individual building objects (e.g., energy performance) 
the performance thinking is well established. Though 
differences between EU-countries are obvious, with at 
a first stage focus on the energy performance and in a 
second one on, e.g., material emission. Furthermore, 
focus is mainly put on the separate (building) phases 
and not on the translation between higher level 
performance requirements and lower level 
implications (see Figure 1). A general translation, 
beyond the traditional solutions, from subjective 
criteria to objective design parameters, and reverse 
when dealing with the evaluation, to a large part is 
still lacking. Generally, the available support tools are 
less well equipped for this translation. This hampers 
innovative developments, which forms one of the 
important drivers for the application of the 
performance based approach. Individual initiatives on 
several aspects however can be found. The coupling 
of these initiatives and the generalization appear to be 
important research areas for PBB. The Indoor 
Environment domain was one of the domains within 
PeBBu for which the translation from subjective to 
objective information is a key-item. 
Some interesting examples of PBB and the Indoor 
Environment already can be found. For example, the 

Government Building Agency in the Netherlands 
presents a progressive approach with respect to the 
application of PBB. It builds on developments in the 
Dutch Building Decree [7]. The integral quality of 
buildings that are designed by the Agency is captured 
through the use of performance specifications. Indoor 
environmental attributes form an important part of 
these requirements. The performance specifications 
for building environmental attributes are presented in 
a subjective manner that fits in with the brief phase. 
Translation into the next building phases is partly 
made by referring to, e.g., rules of thumb and 
guidelines. On the other hand for some attributes 
values are prescribed that restrict the freedom of 
design. So the trade-off between performance and 
prescriptive information is still under discussion. 
From a practical point-of-view such a trade off 
however is logical. Furthermore, regulations currently 
restrict the unprecedented use of the performance 
approach in the design phase. On the other hand, the 
equivalence principle, that is introduced in the Dutch 
Building Decree, allows for new developments. From 
the literature study it appears that the Government 
Building Agency presents the state-of-the-art with 
respect to PBB as currently implemented in the actual 
building process. Note that this only applies to the 
first phases of the building process. 
A different approach with regard to PBB has been 
developed by the Finnish Society of Indoor Air 
Quality and Climate (FiSIAQ). They have combined 
specific performance criteria in order to come up with 
a classification of the indoor climate [8]. The 
classification deals amongst others with target and 
design values for thermal conditions and the indoor 
air quality, with criteria for construction cleanliness 
and moisture control and criteria for material 
emissions and clean HVAC components. For these 
topics a categorization is proposed from which target 
values and material use are derived including general 
verification procedures. The classification affects the 
design as well as the construction phase. For the 
latter, categories are determined that rank the 
construction cleanliness. For building materials 
classification labels have been developed that 
objectively qualify a building product. In general, the 
highest classification for construction and building 
materials is required to obtain the highest 
classification for the indoor climate. This 
classification is in action in Finland since 1995 and 
has been developed further since then. The FiSIAQ-
classification is voluntary, but currently it is a code of 
practice to apply this classification of the indoor 
climate, especially when it is used for marketing 
purposes. Developments in the building industry, e.g. 
labeling of materials and cleanliness of HVAC 
systems, are adapted to this procedure. The significant 
reduction in material emission that has been achieved 
through the introduction of the material label indicates 
the possibilities of the PB-approach. 



The above two examples relate performance thinking 
mainly to the design and construction phase. The user 
phase nevertheless is just as important. This is where 
the ASTM Standards on whole building functionality 
and serviceability may be applied [9]. This evaluation 
procedure captures the quality, i.e. the performance, 
of a building by comparing the present-day 
requirements set by the occupant with a rating of the 
facility. To a large extent, relative objective 
descriptions are given to perform this comparison. 
This is one of the several examples of serviceability 
rating, as a part of the post occupancy evaluation, that 
are available and applied in practice. 
In [3] approximately 30 other (general) approaches 
that are performance-based have been categorized to 
the building phase(s) in which they can be applied. 
Such a categorization has also been made for the other 
axis of the framework, i.e. stakeholders and building 
objects. From this categorization one can conclude 
that the (limited) translation between building phases 
as found in the approach by the Dutch Government 
Building Agency and FiSIAQ are relatively scarce.  
An important question of course is how this 
translation should be determined. With respect to 
health and comfort we can find several initiatives on 
defining performance criteria and translating them 
into design solutions. In the EU 5th FW Project 
HOPE (Health Optimisation Protocol for Energy-
Efficient Buildings) a procedure has been developed 
to determine the health and energy performance of 
existing office and apartment buildings [10]. In 2004 

also the ISIAQ-CIB TG42 Guideline on Performance 
Criteria of Buildings for Health and Comfort has been 
published [11]. In this guideline performance criteria 
and design information has been gathered to design 
healthy buildings. The guideline has been developed 
from the information that has become available from, 
amongst others, the HOPE-project and from the 
FiSIAQ approach as described above. These 
references present the state-of-the-art with respect to 
performance and healthy buildings. 
 

4 Research Agenda 

From the literature review and the workshops it was 
concluded that healthy building appears to be a 
specific topic that is very well suited for application in 
a performance based environment. On the other hand 
it is also clear that current knowledge is insufficient to 
apply the performance approach to its full width. 
Interesting developments that try to cope with this 
apparent lack of knowledge are for example found in 
the labeling of dwellings as currently is being 
investigated in The Netherlands. Besides these recent 
and ongoing developments, several research areas can 
be identified that may bring the performance 
approach, in general and with respect to healthy 
building, closer to current practice. 
These research areas, as part of the PeBBu project, 
have been gathered in a research agenda. It lists 
developments that are regarded required to enhance 
the performance-based approach with respect to the 

 
Figure 3: Research agenda for the PB approach in relation to the indoor environment. 



indoor environment and in particular healthy building.  
In order to arrive at the research agenda, the 
developed methodology and framework have been 
applied. Figure 3 summarizes the important research 
topics that have been identified. It has the developed 
framework as a base. On the axes the Stakeholder, 
Building phase and Building object are positioned. In 
the figure the focus is on the Stakeholder and 
Building phase. The literature review has indicated a 
lot of research on individual building objects and 
components, but it has proven to be difficult to 
subdivide the building in a sensible listing of building 
objects and components. Furthermore, developments 
described in the state-of-the-art at first instance are 
focused at whole building level or its major 
components.  
In the yellow box (to the right) above the framework 
(Figure 3) major research areas at basic level are 
shown to come to further definitions for performance 
indicators as health (and comfort and productivity) 
and to target values for (physical) attributes that relate 
to that. Developments are ongoing in this area, but it 
is noted that especially from a medical point of view a 
sound basis to a large part still is lacking (e.g., dose-
response relations and causality). Psychology and 
physiology are topics that have had little attention 
thus far in relation to indoor environment and health. 
Furthermore, it is obvious that interrelations are 
present between psychology, physiology and 
exposure to the indoor environment with respect to 
the appreciation of that indoor environment. Building 
science and the knowledge base have formed the 
major part in developments relating to indoor 
environment and health. Based on the envisaged 
developments, the latter two will remain important 
research items in order to come to healthy buildings. 
For the stakeholders and building phases the 
subdivision in overall terms is included in the 
framework. The gray ellipses indicate that in every 
stage of the building phase all stakeholders in 
principle are present. However, focus points indicate 
the important stakeholders in each phase. The dotted 
(ellipse) arrows between these ellipses indicate the 
translation between the separate phases. The relation 
with the performance indicators is acknowledged in 
each phase, be it informative or through evaluation.  
For the different building phases several research 
items can be identified. Most of these research items 
relate to the translation of information (higher level 
subjective to lower level objective and reverse) and to 
support tools for the evaluation (in the design, 
construction and user phase). Ongoing research at 
material and component level are not explicitly 
mentioned in the figure but can find their way via the 
framework. 
Dissemination, an important aspect in the 
understanding and appreciation of the PBB approach, 
should take place at stakeholder level. The three most 
important topics for dissemination are Information, 

Education and Good Practise. The manner how this is 
presented to the respective stakeholders however will 
have to differ significantly. E.g., the communication 
to new users of a building to prevent misuse, or 
displaying the current health status of a building to 
support good use.  
Finally, the top left grey boxes indicate that the 
research agenda should have the type of building as a 
reference and of course should adhere to 
developments that arise outside of the framework 
scope. 
The research agenda was discussed, adjusted and 
agreed on within the last workshop of the PeBBu 
network. It presents an overview that has tried to 
combine research areas and their position in the 
context of the performance based approach. As the 
ends are the starting point, it is obvious that the 
research agenda brings together a large number of 
research topics. The complete research agenda is an 
integral part of the Final Domain report [3]. 
 

5 Conclusion  

The results from the Thematic Network PeBBu 
indicate that PBB, in the Indoor Environment domain, 
already is being applied to some degree in the 
different phases of the building process. Furthermore, 
attention on this topic has increased significantly in 
recent years. However, mostly application is restricted 
to a single building phase or building object and little 
information is yet available on the translation of 
qualitative performance requirements to quantitative 
implications to the building. This hampers the further 
introduction of PBB in the building process.  
The developed state-of-the-art includes more than a 
summary of existing information. The topic required 
more preparation as explicit information on the 
overall definition was not available in literature. The 
PeBBu network presented a good platform to generate 
consensus on this definition. Nevertheless, the topic 
remains complex and very extensive.  
For performance requirements on health and comfort 
several interesting initiatives are ongoing or have 
recently been completed. The work in HOPE and 
ISIAQ-CIB TG42 are good and practical examples of 
that. However, a lot of work still is required before 
PBB can completely replace the current prescriptive 
building methods. The research agenda presents a 
structured overview of research areas, that find a link 
with healthy building, that still require significant 
basic and topical research. 
Finally, it is questionable whether the performance 
approach should replace the prescriptive one 
completely, if possible at all. For repetitive design 
solutions, from an investment point-of-view, the 
performance approach may not be interesting. But for 
new designs and innovations the performance 
approach will be the way ahead. 
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