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1. INTRODUCTION 
PERFECTION project is a coordination action for which the main objective is the development 
of a framework and a set of indicators concerning the overall quality of the indoor 
environment of buildings. The main focus in the project is on issues such as comfort, health 
and safety, but also accessibility, positive stimulation of people and sustainability will be 
covered. The long-term aim of the project is to help enabling the application of new building 
design and technologies that improve the impact of the indoor built environment on the 
human well being. 

1.1. Objective of D1.6  
 
The objective of PERFECTION Work Package 1 is to draw up an inventory of current 
performance indicators, standards, regulations, guidelines, research activities and policies used 
in design and construction of the built environment, focusing on the indoor environment. The 
result of that is a framework of performance indicators that together allows for a concise 
assessment of the indoor environment in the design and use phase of a building.  
 
The main result in the WP1 is been to develop, a framework with so-called Key Indoor 
Performance Indicators (KIPI’s). This KIPI framework has been developed in two phases, first 
the content has been collected together in task 1.5, and then optimized further in task 1.6.  
The development of the framework is based on the inventory studies performed in tasks 1.3 
and 1.4 and combined in Task 1.5. from studies in Task 1.5 (see Figure 1). Regarding the 
optimization of the framework, the objective of the work performed in Task 1.6 is:  

a) to provide an updated (optimal) version of the framework as shown in Figure 1 by 
adding/removing indicators to and from the initial framework;  

b) to identify missing indicators; and 
c) to develop/improve assessment methods for the performance indicators.  

 
 
These results follow from consultation with experts within and outside the core consortium 
and committee of experts and stakeholders. Before providing the detailed methods applied 
and the obtained result, i.e. the updated version of the framework, this chapter will first 
discuss several assumptions and constraints with respect to the performance indicators chosen 
as part of the KIPI framework and with respect to the assessment procedures developed. This 
is deemed relevant to position the result developed. 
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Figure 1. D1.5 KIPI Framework (Huovila et al. 2010) 
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Though not explicitly mentioned, the point-of-departure for the assessment of the indoor 
environment within PERFECTION is to arrive at a healthy indoor environment according to the 
definition as provided by WHO: “Health is a state of complete physical, mental and social well-
being and not merely the absence of disease or infirmity.”1 As such the development of the 
KIPI framework provides a wider range of indicators than if only physiological health would 
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have been included. The main performance category ‘Health’ as displayed in the D1.5 KIPI 
Framework (Figure 1) relates to the physiological part. Nevertheless, the other main categories 
as proposed (Comfort, Feeling of safety, Positive stimulation, Accessibility and Functionality) 
may also include indicators that directly link to the physiological part of the definition of 
health. The updated framework will follow this point-of-departure for the assessment of the 
indoor environment as well. 
 
The KIPI Framework as developed in D1.5 is the resultant of an optimization that includes 
earlier work performed in Task 1.3 and 1.4. The work in these earlier tasks and in Task 1.5 
resulted in an extensive review and overview of performance indicators covering the 
mentioned categories. A long listing of more than 100 performance indicators is available. 
Though many more indicators may be found in literature, these indicators were assumed to 
have general applicability with respect to a number of building types (office, school, housing, 
hospital, exhibition).  
 
Within the PERFECTION project the intention is to arrive at an assessment procedure to qualify 
the performance of the indoor environment that can be applied in practice. This means that 
constraints such as time and economy should be taken into account, though they have not 
been quantified. Therefore the available long list has been reduced to a selection of 34 so-
called Key Indoor Performance Indicators (KIPI’s; D.1.5 see Figure 1). As such this KIPI-list is a 
balance between being as complete as possible and arriving at a framework that has practical 
relevance and can be applied in practice. Furthermore, it is important to avoid overlap 
between categories. With this in mind and based on the expertise within the consortium and 
 
literature review the D1.5 KIPI Framework has been developed. The wider consultation as 
performed within task 1.6 allows for an assessment of the obtained balance and corrections 
where found necessary. In this analysis the option is also open to identify missing indicators, 
i.e. not on the long list. Furthermore input is obtained from case studies as performed within 
the project. 
 
For the selected performance indicators that are part of the D1.5 KIPI framework short 
descriptions and assessment procedures have been developed. A uniform indicator template 
was applied and summarizes the information as shown in Table 1. 
 
The selected indicators for the KIPI framework are meant to be used for the general 
assessment of the performance of the indoor environment of a building. It should be possible 
to assess the indicators in the design as well as at the operation phase of the building. Though 
it was strived for to develop an assessment procedure with a low threshold level, at least for 
the simple assessment, assessment of the KIPI indicators still requires specific expertise and 
therefore is meant for building and real estate professionals. Nevertheless, other stakeholder 
groups, such as end users of indoor spaces are considered as an essential source of 
information. 
 
 
 
 
 
1 Preamble to the Constitution of the World Health Organization as adopted by the International Health Conference, 

New York, 19-22 June, 1946; signed on 22 July 1946 by the representatives of 61 States (Official Records of the 
World Health Organization, no. 2, p. 100) and entered into force on 7 April 1948. 

 
Table 1. Performance indicator description and assessment Information. 
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Name  Description 
Framework position Indicates the main category to which the performance indicator belongs 
Indicator name Performance indicator name 
Indicator unit Qualitative or unit of measurement 

Indicator description Short explanation of the indicator and if required intention of assessing this 
performance indicator  

Applied in building types Identifies for which building types the performance indicator should be assessed (more 
than one building type possible) (office, school, housing, hospital, exhibition) 

Impacts of indicator Identifies in which area the indicator has impact [social and 
cultural/environmental/economical] (more than one impact category possible) 

Assessment 

Consists of (1) information on the type of assessment (expert review, survey, selection 
from list, measurement, calculation, simulation) and (2) information on the assessment 
and related assessment levels [distinction in 5 levels A (best) – E (poor); D (acceptable, 
i.e. current national regulation)]. This information is provided for a (relative) simple 
assessment and for a (relative) detailed assessment, both in the design phase and the 
operation phase. For some indicators only one assessment level is available as such a 
distinction is regarded less feasible. 

Example If found sensible an example is provided to clarify the performance indicator and/or 
assessment further. 

References Any references mentioned are included. For the main categories Health and Comfort 
an annex is provided with a more detailed description of the assessment procedures. 

Comments Additional information and/or constraints to the indicator or assessment can be 
provided. 

 
 
With respect to the assessment methods defined, the intention has been to provide an 
assessment method that relates as much as possible directly to the performance indicator. 
Indirect assessments via prescriptive requirements or assumptions for technological solutions 
that have been applied in the design/construction are avoided as much as possible. As a result, 
assessment sometimes is not straightforward and expert review and/or complex 
measurements or simulations are required to obtain the result. This certainly holds for the 
(relative) detailed assessment procedures.  
 
As the KIPI-list is a balance, care should be taken not to widen assessment procedures for a 
performance indicator as to (implicitly) include information on performance indicators that are 
not on the list and add further weight to an indicator. In D1.5 one method was proposed for 
weighting of indicators, but no actual weights were given to the individual indicators in the 
KIPI-list. Within the context of task 1.6 indicator weighting is discussed. 
 
Furthermore, it is important to note that the KIPI-list and assessment of the indicators on the 
list reflect sustainability in the broad sense of its definition. For example, energy use as such is 
not regarded as an indicator related to the indoor environment within the context of the KIPI-
framework. Of course the design of the indoor environment in the end will find an 
optimization between performance of the indoor environment and other performance 
reflecting for example energy and material use.  
 
The number of assessment levels has been limited to five levels (A [best] to E [poor], with D 
assuming adherence to current national regulations). This still assumes quite a detailed level of 
assessment which may not be applicable to every indicator. Therefore not all performance 
indicators are/need to be assessed to these five levels. Furthermore, for some indicators 
different target values may be proposed to differentiate between the levels. Example target 
values are provided in the report, certainly for the detailed assessment. These values however 
should be regarded as informative. They should be agreed upon by the client/design team and 
may find national or cultural considerations. In specific cases this may influence the 
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assessment method as proposed. The same accounts for qualitative terms that have been 
applied in the performance level assessment. National and cultural considerations could also 
be reflected in the weight that is given to the specific indicators in the framework. To allow 
comparison of performance between different buildings however requires consistency in the 
applied target values or at least availability of the adapted information. 
 
Summarizing the above, several constraints are linked to the KIPI-framework as proposed in 
D1.5. These constraints are also applicable to the updated version, as they are defined as the 
point-of-departure for the work in Task 1.6.  

 

1.3. Method applied in task 
 
The objective of the work performed in this task was to provide an updated version of the 
framework by modifying the indicators and framework structure. Following methodology was 
applied in order to provide an updated and optimized version of the framework:  

1. A survey and discussion with the Perfection CES members in different settings. 
2. Face-to-face and telephone interviews with experts not involved in the project in order 

to get a feedback about the initial framework. A structured questionnaire was used to 
drive these interviews and to collect the opinions. 

3. A brainstorming session with experts in Israel. 
4. Finally, the final KIPI-Framework was assessed in an electronic survey by the CES 

members and other potentially interested professionals. 
 
The weighting of indicators was investigated. For the weighting of the indicators a bottom-up 
approach was assumed. Performance indicators within one subcategory have been weighted 
to each other, then subcategories within one main category were weighted. As a final step the 
main categories were weighted to each other. Based on this weighting procedure the weights 
of the individual indicators in the KIPI list could be calculated. Weights are expressed as 
percentages summing up to 100% for the whole KIPI list. This procedure was repeated for the 
individual building types identified. Weighting was only done by the consortium partners to 
arrive at averaged weights for the individual indicators. These weights provide an educated 
example if weighting of indicators is of interest. Weighting is required if performance indicator 
results should be grouped into one single overall classification. In any case results for the 
individual performance indicators should remain available. 
 
Detailed descriptions of the specific results obtained from the actions 1 to 3 as indicated above 
can be found in Annex C. These results were used by the task partners to propose a modified 
(improved) version of the KIPI-framework and related descriptions of the indicators and their 
assessment. This KIPI Framework is presented as the final version of the framework as 
developed within the Perfection project. To allow assessment of this final version of the 
framework to a wider audience an internet survey has been performed. The objectives of this 
survey were to: a. Evaluate priorities with respect to the identified indicators; b. Evaluate the 
quality of the KIPI Framework (e.g. missing indicators, areas not covered); c. Identify the 
applicability of the KIPI Framework in individual countries; d. Identify the options for 
innovation and potential for regulations and standards.  
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2. RESULTS 
Based on the point-of-departure and the results from the survey, interviews and workshop 
sessions an improved framework has been developed and updated versions of the 
performance indicator descriptions and assessment procedures have been defined. The 
framework is shown in Figure 2. The updated descriptions for the performance indicators and 
the related assessment procedures are provided in Annex A.  For performance indicators 
related to Health and Comfort an updated version of more detailed assessment procedures are 
described. These are included separately in Annex B. More detailed information on the 
discussion and conclusions from the individual activities as part of the work in Task 1.6 can be 
found in Annex C. 
 
 

 
Figure 2. Improved KIPI-framework  
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Compared to the original framework as defined in D1.5, the improved version has the 
following changes in categories: 

- The structure was reformulated. Instead of three main categories, four categories have 
been defined. The main category ‘Health and Comfort’ remained the same but the 
other main categories were reformulated to reflect better the related indicators .  

- The subcategories have been repositioned to reflect identified agreement between 
subcategories. The subcategories for Health and Comfort have been grouped under 
the specified name. In order to allow for a visual distinction of the original categories, 
the zoomed in version of the framework will remain to include the original distinction 
(see Figure 3). 

 
Figure 3. Zoomed in section of the Health and Comfort main category with the original distinction 
included. 
 
 
Table 2. Overview of changed performance indicator names with short explanation. 
 
Original name  Improved name/redefinition Explanation 

Effective temperature Mould growth risk Indicator name was not understood, scope of 
this indicator was reduced. 

Effective ventilation/CO2 Ventilation/ CO2 The term ‘effectiveness’ was less well 
understood and not really assessed  

Operative temperature Operative temperature/PPD For consistency with the assessment 
procedure 

Cultural heritage protection Building type specific 

Original indicator addressed only the 
suitability of the indoor environment (indoor 
conditions) to host artworks and other cultural 
heritage objects, and thus was aimed for a 
very restricted group of buildings. The 
improved version allows assessment of 
performance for building specific 
requirements that e.g. in case of hospitals 
consists of hygiene. 

Protection against terrorism Reliability in exceptional cases Allows for a broader assessment than 
terrorism alone (e.g. natural disasters) 

Quality of support places Availability and quality of 
recreational spaces 

The meaning of “support places” was not well 
understood. Their availability was added 
because otherwise there is no sense in 
evaluation of quality either. 

Orientation Wayfinding 
Orientation was understood to include also 
out-doors of buildings. Wayfinding is used in 
ASTM standards. 

Image, branding and cultural 
heritage Branding and cultural heritage 

Too many aspects were combined into one 
indicator. Their interrelation was not well 
under-stood. 
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Concerning the individual indicators, changes in the framework are: 
- The number of indicators in the framework was reduced from 34 to 31. The 

performance indicators ‘Odour acceptance’, ‘Rain/re-use water quality’, ‘Architectural 
design’ and ‘Visual stimulation’ were removed from the list.  In the subcategory 
‘Positive stimulation’ the performance indicator ‘Privacy’ was added. 

- Several performance indicators were renamed or redefined to better reflect the 
content of the performance indicator and avoid confusion. Table 2 summarizes the 
changes made and gives a short explanation for that. 

- Besides the changes in the definition of the indicators, many definitions and 
assessment procedures for the individual indicators were improved to account for 
remarks made in the survey, interviews and workshops. The improved indicator 
descriptions are included in Annexes A and B.  

 
 
The results obtained from the survey, interviews and workshops did not result in the 
identification of important missing indicators. Identified missing indicators by the participants 
in the different research settings generally were linked to performance indicators that were 
already identified in Task 1.3, 1.4 and 1.5 but not found fit to be included in the KIPI list. 
Argumentation for that was, among others, that the indicator was too detailed and/or 
implicitly included in indicators already present in the list. Other indicators identified as 
missing were out of the scope of the KIPI framework because, for example, it related directly 
to technological solutions or to energy use.  
 
The electronic survey was conducted in June 2011. Due to the vacation times, it was 
completed by 13 respondents which equals a response rate of 25%. Respondents originated 
from ten different European countries and generally had a research oriented background (10 
Research, 2 Education, 6 Company). Nearly half of the respondents indicated most experience 
with respect to the Health & Comfort sub-category. An overview of all responses to the survey 
is provided in Annex D. 
 
The survey revealed data about the importance of the different indicators. The four most 
important indicators according to respondents were Ventilation / CO2, Operative temperature 
/ PPD, Daylight factor and Adaptability. In general these indicators reflect also the complaints 
made typically for the indoor conditions (e.g. Bluyssen 2009, Boerstra and Beuker 2011). 
Adaptability to climate change, Branding and cultural heritage, and Availability of services in 
the building were acknowledged as three least important indicators from the framework. This 
may be due to respondents mostly coming from the research field and their experience which 
showed strong connection to health and comfort issues. Figure 4 and Figure 5 present the 
results for, respectively, the five most and least important indicators in the final version of the 
KIPI-Framework. 
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Figure 4. Selected five most important indicators ((# respondents =13). 
 

 
Figure 5. Selected five least important indicators (# respondents=12). 
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The respondents stated four comments with respect to the indicator names, of which two 
indicated that the indicator ‘6. Operative temperature/PPD’ is better expressed as ‘Thermal 
comfort’. Applicability of the framework in the different respondents’ countries was confirmed 
by all. 
 
Most innovative indicators identified were ’20. Adjustability’ (4 out of 13) and ’27. Adaptability 
to climate change’. Argumentation given for that was: 
 
With respect to adjustability 
• Innovative buildings of the future will need to be adaptable for multiple uses, over different 

timescales (e.g. hour to hour, year to year, decade to decade)  
• Occupant must be an active actor of his close environment 
• because they are of high and MEASURABLE value and are often not taken in real consideration 
• Adjustability is very often not considered, but most buildings will undergo changes throughout 

the "building life”. 
 
With respect to adaptability to climate change 
• Climate change is a fact-critical risk assessment will eventually need to be made for a large 

portion of existing buildings and measures taken to assure the safety of the citizens 
• The other indicators are more self-given and already used or thought of in the design phase (may 

be not too systematically, but anyway..) 
 
With respect to potentially applicable in national regulations and/or standards, indicator ‘2. 
Ventilation/CO2’ was selected most often (6 out of 13). Argumentation given for that: 
• Is the most measurable and controllable, with large impacts on comfort and sustainability 

• Air quality current focus 

• In the Netherlands there are no regulations on the maximal acceptable indoor CO2 levels. There 
are only recommendations. 

• CO2-reduction dominates sustainability-discussion. 

• Several of the indicators are already to some extent acknowledged in the building code - indoor 
air quality is an issue - especially when considering energy use in achieving good indoor air quality 

• This one already is- but there are many more that could be marked. 
 
A complete overview of all responses is provided in Annex D. 
 
As a final result Figure 6 presents the results of the weights for the individual indicators as 
function of the building type. Note that for two indicators earlier assumed names have been 
applied for this exercise and that one indicator was changed significantly afterwards (Safety: 
Cultural heritage protection > Building type specific).  
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Figure 6. Performance indicator weighting results for the individual indicators per building type. 
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‘Odour acceptance’ were rated differently by different experts. Argumentation for removing 
this specific indicator from the list was found in the difficulty of assessing the indicator in the 
design phase. As such the performance indicator did not agree to the requirement that 
assessment should be possible in the design and operation phase to allow assessment if 
performance in design is met in the operation phase. Several indicators were found to have 
different importance based on national or cultural reference. An example of such an indicator 
is ‘Drinking water quality’. This indicator nevertheless remained on the improved framework to 
cover the width of the indoor environment assessment. If an indicator is regarded less 
important, this may be reflected by incorporating a lower weight to such an indicator. 
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the indicator description has been extended to include a (relative) simple check on the building 
materials applied. This is an exception and can be regarded a compromise.  
 
Clearly missing indicators within the context of the KIPI framework were not identified or, if 
mentioned, already available on the long list of indicators. Subcategories such as ‘Positive 
Stimulation’ however seem to be open for further development. An identified problem, also 
from the input received in this task, is the generally qualitative basis for assessing indicators in 
this area. The extension of performance of the indoor environment in terms of (psychological) 
positive results however indicates the added value that the indoor environment can provide 
and which has not very often been acknowledged until now. 
 
The electronic survey was meant to identify any major flaws in the KIPI-Framework and any 
remarks that could be taken into account in case of any future developments to the KIPI-
Framework. As the number of respondents was limited this data can only be used as 
informative/indicative. From the response obtained it can be concluded that the current 
version of the KIPI-Framework is applicable and does not contain any major flaws, though 
improvement apparently always is possible. Most important indicators were found in the 
Health & Comfort subcategory and the Usability & Positive Stimulation subcategory. The latter 
clearly indicates that indicators in this subcategory add to the performance of the indoor 
environment. On the other hand, indicators in the Adaptability & Serviceability subcategory on 
average were rated least important. That, however, does not implicate that they should not be 
included in the KIPI-Framework. It is expected that these indicators are assumed to be more 
directly related to the function of the building and as such may be regarded less generic. 
 
Some indicators were identified as innovative by individual respondents (see Figure D.4). Two 
indicators received more than one vote. Adjustability, based on the comments by the 
respondents, seems to respond to the fact that buildings deal with different users over time 
and that the user is not a ‘static’ actor in the indoor environment. From the responses it does 
however appear that not all respondents identified this indicator in the same way. Its focus is 
on the options of the user of the building to change the existing indoor conditions 
(temperature, humidity, air-conditioning/ventilation, lighting and natural light). In addition, it 
is important that the provided systems for that are easy to use. 
 
With respect to national regulation and standards consensus by half of the respondents is 
found in the Ventilation/CO2 indicator. Argumentation for that is somewhat diffuse. 
Ventilation (flow rates, but also CO2 levels) as indicator is found in regulations and standards. 
Their values may have a base in maximum allowed CO2 concentrations. However, as it is 
identified as the most important indicator in the KIPI-framework it is apparent that 
regulations/standards on this indicator should exist and if that is not the case, or if they are 
insufficiently developed, priority should be give to support that. 
 
The weighting of indicators as performed by the participants within the consortium provided a 
good result in the sense that consistency was found between the different participants. 
Outliers generally were limited. The weighting procedure (bottom-up) was discussed 
extensively between the task partners. Argumentation for an approach where all indicators 
were weighted together (flat) was found in interdependencies between individual indicators. 
This interdependency however was found to be limited and if present was minimized in the 
updated assessment procedures in the best possible way. As an example artificial lighting was 
presented as a topic that has relevance in different indicators, e.g. ‘Illuminance’, ‘Feeling of 
safety’, ‘Wayfinding’ and ‘Feelings and sensations’. Though artificial lighting indeed is valued in 
these separate indicators, assessment is based on different parameters and target values. 
‘Illuminance’ reflects the amount of light available to perform, e.g., reading work. Generally 
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this amount of light is not required and designed differently when the lighting is related to 
‘Wayfinding’. ‘Feelings and sensation’ again may reflect other parts of the artificial lighting 
such as color.   
 
Effort has been put into obtaining a weighting of the individual indicators to arrive at a single 
overall result. However, it is important to note that besides this single overall result, 
assessment results for the individual performance indicators on the KIPI-list should always be 
available.  
  

4. CONCLUSION 
 
An updated and improved version of the KIPI-framework is presented as a result of the work 
performed in Task 1.6. This improvement includes definitions of the KIPI’s and assessment 
procedures. The KIPI-framework is the result of a balance between being complete and 
practical applicability. As such no areas were identified for which indicators were (obviously) 
missing. The KIPI-framework however has the flexibility to incorporate such indicators if found 
and deemed important. This was confirmed by the responses to the electronic survey. 
However, unfortunately the number of respondents to this survey was insufficient to provide 
other than informative/indicative information. 
 
Within PERFECTION the here shown KIPI-framework is the reference for the development of 
the internet-based tool as part of the project.  
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6. ANNEXES 

A: KIPI descriptions and assessment procedure 
This Annex summarizes the Key Indoor Performance indicator descriptions and assessment 
procedures in line with the final version of the KIPI Framework. This Annex is supplied as an 
additional document to this report. 
 

B: Assessment methods of Health & Comfort KIPI’s 
 
This Annex summarizes the simple and detailed assessment procedures for Health & Comfort 
indicators. This Annex is supplied as an additional document to this report. 
 

C: T1.6 Indicators analysis  
 
This Annex provides a summary of results from survey, interviews and workshops as part of 
T1.6. This Annex is supplied as an additional document to this report. 
 

D: Electronic survey results 
 
This Annex provides a complete overview of the results of the electronic survey. Total 
respondents: 13 out of 51 (25%); Average age: 48 years; Female (3)/Male (10). 
 

 
Figure D.1. Respondents’ country origin. 
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Figure D.2. Respondents’ professional background. 
 

 
Figure D.3. Respondents’ educational background. 
 
Respondents’ experience: 

• General Indoor Environment 
• Usability and Positive Stimulation 
• Heath and Comfort, Safety and security, Usability and positive stimulation, Adaptability and 

Serviceability 
• Health & Comfort 
• Health and comfort, accessibility etc 
• Energy saving, Sustainable buildings, Health & comfort in relation to low energy buildings  
• Usability and Adaptability  
• Safety and Security  
• Health & Comfort  
• Health and comfort, Usability and stimulation, Adaptability and serviceability  
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Comments with respect to indicator and indicator names: 
• 6. Operative temperature / PPD: Thermal comfort 
• 6. Operative temperature / PPD: Thermal comfort 
• 13. Meeting current regulation: It is obvious. 
• 29. Availability of services in the building: Missing lifestyle: the building has to be robust to 

different kind of life styles of the occupants 
 

 
Figure D.4. Most innovative indicator. 
 
Argumentation: 
• 20. Adjustability Innovative buildings of the future will need to be adaptable for multiple uses, 

over different timescales (e.g. hour to hour, year to year, decade to decade)  
• 19. Wayfinding Introduces the criteria of flexibility in building changing needs 
• 21. View to outside It is important as an overall well being 
• 20. Adjustability Occupant must be an active actor of his close environment 
• 3. Combustion sources / Infiltration I think that so far there has been very little talk about the 

effect different emissions from different materials inside the building can have when combined 
• 12. Feeling of safety This indicator is never mentioned in building design. To my opinion it is 

important for designers to take this in account. 
• 8. Daylight factor Because if the building is already designed in order to match adjustments, it 

saves costs and time in renovation. 
• 20. Adjustability because they are of high and MEASURABLE value and are often not taken in real 

consideration 
• 1. Mould growth risk as far as I know, this indicator does not exist in other building assessment 

tools 
• 27. Adaptability to climate change climate change is a fact-critical risk assessment will eventually 

need to be made for a large portion of existing buildings and measures taken to assure the safety 
of the citizens 

• 20. Adjustability Adjustability is very often not considered, but most buildings will undergo 
changes through out the "building life”. 

• 27. Adaptability to climate change The other indicators are more self-given and already used or 
thought of in the design phase (may be not too systematically, but anyway..) 
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Figure D.5. Potential indicators for national regulation and/or standards. 
 
Argumentation: 
• 2. Ventilation / CO2 Is the most measurable and controllable, with large impacts on comfort and 

sustainability 

• 19. Wayfinding Need of encompassing user requirements from different sensorial abilities in 
addition to motor disabilities 

• 18. Access to and in the building It is one of the most important thing relating the aging 
generation 

• 2. Ventilation / CO2 Air quality current focus 

• 3. Combustion sources / Infiltration I think that so far there has been very little talk about the 
effect different emissions from different materials inside the building can have when combined 

• 2. Ventilation / CO2 In the Netherlands there are no regulations on the maximal acceptable 
indoor CO2 levels. There are only recommendations. 

• 19. Wayfinding Because the culture of wayfinding is improved and I believe countries are ready 
to establish rules. Further, because the indicator can be easily ruled. 

• 2. Ventilation / CO2 CO2-reduction dominates sustainability-discussion. 

• 1. Mould growth risk question is unclear 

• 2. Ventilation / CO2 Several of the indicators are already to some extent acknowledged in the 
building code - indoor air quality is an issue - especially when considering energy use in achieving 
good indoor air quality 

• 11. Safety in use Many of the indicators are already (to some extent) included in national 
regulations (accessibility, requirements for daylight etc. It is difficult to select one. 

• 2. Ventilation / CO2 This one already is- but there are many more that could be marked..  
 



 
 

PERFECTION – Performance Indicators for Health, Comfort 
and Safety of the Indoor Environment 

FP7 Grant Number 212998 
 
 

D1.6 Annex A: KIPI descriptions 
and assessment procedure 

 
Pekka Huovila1, Aapo Huovila 2, Janne Porkka3,  

Marcel Loomans4, Pierre-Henri Lefèbvre5, Yair Sharan6 
with contributions from  

Federico Stirano7, Asher Vaturi8, Jan Desmyter9 

 
Version Description Date 
0.9 Transformed from D1.5 4.2.2011 
1.0 Approved framework and indicators 9.2.2011 
1.01 Minor improvements 11.2.2011 
1.1 Change in the framework structure 17.2.2011 
2.0 Updated from comments in D1.6 30.06.2011 

 
Date of Issue: 30.6.2011 
Document Version: 2.0 
Dissemination: Internal 
 

1 VTT Technical Research Centre of Finland, Finland – Pekka.Huovila@vtt.fi 
2 VTT Technical Research Centre of Finland, Finland – Aapo.Huovila@vtt.fi  
3 VTT Technical Research Centre of Finland, Finland – Janne.Porkka@vtt.fi
4 TUE Eindhoven University of Technology, the Netherlands – M.G.L.C.Loomans@bwk.tue.nl 
5 BBRI - Belgian Building Research Institute - Rue du Lombard, 42 – 1000 Brussels – Belgium – Pierre-Henri.Lefebvre@bbri.be 
6 ICTAF – The Interdisciplinary Center for Technology Analysis & Forecasting at Tel-Aviv University – Tel Aviv - Israel – sharany@post.tau.ac.il   
7 SiTI – Instituto Superiore sui Sistemi Territoriali per l’Innovazione, Italy - federico.stirano@siti.polito.it 
8 ICTAF – The Interdisciplinary Center for Technology Analysis & Forecasting at Tel-Aviv University – Tel Aviv - Israel – asherv@eng.tau.ac.il 
9 BBRI - Belgian Building Research Institute - Rue du Lombard, 42 – 1000 Brussels – Belgium – Jan.Desmyter@bbri.be 

mailto:Aapo.Huovila@vtt.fi
mailto:Janne.Porkka@vtt.fi
mailto:M.G.L.C.Loomans@bwk.tue.nl
mailto:Pierre-Henri.Lefebvre@bbri.be
mailto:sharany@post.tau.ac.il
mailto:asherv@eng.tau.ac.il
mailto:Jan.Desmyter@bbri.be


KIPI framework (D1.6) - Annex A 
 

1 
 

CONTENTS 
Introduction __________________________________________________________ 3 

1. Health and comfort ________________________________________________ 6 

Health 7 

1.1. Mould growth risk ____________________________________________________ 7 

1.2. Ventilation / CO2 _____________________________________________________ 10 

1.3. Combustion sources / Infiltration _______________________________________ 12 

1.4. Particulate matter ____________________________________________________ 14 

1.5. Drinking water quality ________________________________________________ 17 

Comfort __________________________________________________________________ 19 

1.6. Operative temperature / PPD __________________________________________ 20 

1.7. Illuminance _________________________________________________________ 23 

1.8. Daylight factor ______________________________________________________ 25 

1.9. Background noise level ________________________________________________ 27 

1.10. Reverberation time ___________________________________________________ 29 

2. Safety and security ________________________________________________ 31 

Safety 32 

2.1. Safety in use ________________________________________________________ 32 

2.2. Feeling of safety _____________________________________________________ 34 

2.3. Meeting current regulation ____________________________________________ 36 

2.4. Building type specific _________________________________________________ 38 

Security __________________________________________________________________ 39 

2.5. Personal and material security _________________________________________ 40 

2.6. Security of information _______________________________________________ 42 

2.7. Reliability in exceptional cases _________________________________________ 44 

3. Usability and positive stimulation ____________________________________ 45 

Usability __________________________________________________________________ 46 

3.1. Access to and in the building ___________________________________________ 46 

3.2. Wayfinding _________________________________________________________ 48 

3.3. Adjustability ________________________________________________________ 50 

Positive stimulation ________________________________________________________ 51 

3.4. View to outside ______________________________________________________ 52 

3.5. Privacy _____________________________________________________________ 53 

3.6. Feelings and sensations _______________________________________________ 55 

3.7. Availability and quality of recreational spaces _____________________________ 57 



KIPI framework (D1.6) - Annex A 
 

2 
 

4. Adaptability and serviceability ______________________________________ 58 

Adaptability _______________________________________________________________ 59 

4.1. Versatility and protection _____________________________________________ 59 

4.2. Technical service life __________________________________________________ 61 

4.3. Adaptability to climate change _________________________________________ 63 

Serviceability ______________________________________________________________ 64 

4.4. Branding and cultural heritage _________________________________________ 65 

4.5. Availability of services in the building ____________________________________ 67 

4.6. Cleanliness __________________________________________________________ 69 

4.7. Maintainability ______________________________________________________ 70 
 



KIPI framework (D1.6) - Annex A 
 

3 
 

INTRODUCTION 
 

This document is meant as Annex to the D1.6 report “Optimal indoor performance indicators”. 
For detailed background information on the methods to arrive at this list of Key Indoor 
Performance Indicators (KIPI’s) the reader is referred to that document.  
 
This annex report gives a description of the Key Indoor Performance Indicators (KIPI’s) 
identified. The selected KIPI framework contains indicators under the categories presented in 
Figure 1 (see next page): 

• Health and comfort 
• Safety and security 
• Usability and positive stimulation 
• Adaptability and serviceability. 

 
Each main category contains two sub-categories which are composed of three to five key 
indoor performance indicators (KIPI’s). Some of the indicators are qualitative (based on 
subjective judgement) while others are quantitative. 
 
Each indicator is described in more detail in this annex report. A uniform indicator template is 
applied for each indicator and summarises the following information, important for their 
assessment: 

• Short description and unit of the indicator 
• Applicability to different building types (office, school, housing, hospital, exhibition) 
• Sustainability impacts (social and cultural, environmental, economic) 
• Simple and detailed assessment for design and operation phases. Some indicators do 

not contain a distinction between simple and detailed assessment. 
• Assessment methods: expert review, survey (e.g. POE), selection from a list, 

measurement, calculation and simulation 
• Assessment descriptions for levels  

o A (best) 
o B (good) 
o C (adequate) 
o D (acceptable; current national regulations) 
o E (poor)  

• Examples and references. 
 
The selected indicators for the KIPI framework are meant to be used for the general 
assessment of the performance of the indoor environment of a building. It should be possible 
to assess the indicators in the design as well as the operation phase of the building. The 
assessment of indicators requires expertise and is therefore meant for building and real estate 
professionals. Other stakeholder groups, such as end users of indoor spaces, however, are 
considered as an essential source of information. 
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Figure 1: Perfection KIPI framework for 31 Key Indoor Performance Indicators (KIPIs). 
 
The intention is to provide an assessment method which relates as much as possible to the 
performance indicator and not to assumptions for technological solutions that have been 
applied in the design/construction. As a result, assessment generally is not straightforward and 
expert review and/or complex measurements or simulations may be required to obtain the 
result. This holds true for indicators related to the main category Health and Comfort if 
assessed in detail. For the ‘relative’ simple assessment generally qualitative description are 
applied. More detailed information with respect to the assessment of indicators in the main 
category ‘Health and Comfort’ is provided for in a separate annex (Annex B) linked to the main 
D1.6 report “Optimal indoor performance indicators” 
 
If, in this document, in the short description of the assessment target values are mentioned 
they should be regarded as informative. Some target values have been described in more 
detail in Annex B that is linked to the main D1.6 report “Optimal indoor performance 
indicators”. In the design process target values for the key indoor performance indicators 
should be agreed upon by the client/design team. The same accounts for qualitative terms that 
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have been applied in the performance level assessment. If different definitions for the target 
values or qualitative levels are agreed upon, this should be documented.  
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1. HEALTH AND COMFORT 

 
 
Figure 2: Perfection KIPI framework for ten Health and Comfort indicators.  
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Health 
 
Indoor air quality 

1.1. Mould growth risk 

1. Framework position: 
Health ; Indoor Air Quality 

 

2. Indicator name: 
Mould growth risk 

 

3. Indicator unit: 
Simple: Qualitative; Detailed: [oC], [%RH] 

 

4. Indicator description: 
The key performance indicator Mould growth risk implicitly assumes that a higher risk of mould growth will increase the 
exposure to spores and mycotoxins in the air. Main parameters for identifying the risk of mould growth are the 
combination of temperature and relative humidity, in combination with exposure time and material, evaluated on the 
surface of a building component. 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  ■ Environmental impacts 

■ Housing  ■ Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7a. Simple assessment in design: 8a. Simple assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) � Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Excellent, no risk for mould. No (excessive) moisture 
sources. 
B: Good, limited risk for mould. Materials and design details 
applied such that risk is limited. 
C: Adequate, potential moisture risks are acknowledged. 
 
D: Acceptable, potential moisture risks are addressed but 
the risk is just acceptable. 
E: Poor, potential moisture risks are not well addressed. 
 
Not selected. 

A: Excellent, no mould or wet surfaces, no moisture sources. 
 
B: Good, no mould or wet surfaces, present moisture 
sources not problematic. 
C: Adequate, no mould or wet surfaces, present moisture 
sources are acknowledged. 
D: Acceptable, surface wetness observed, but risk for mould 
growth just acceptable. 
E: Poor, surface wetness and/or complaints indicating mould 
growth related health problems observed. 
Not selected. 

 

7b. Detailed assessment in design: 8b. Detailed assessment in operation: 
� Measurement (quantitative value) ■ Measurement (quantitative value) 

■ Calculated or simulated value � Calculated or simulated value 

� Select from the list � Select from the list 
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Assessment description in design: Assessment description in operation:  
A: Excellent, no risk for development of mould growth.  
B: Good, limited risk for development of mould growth. 
C: Adequate, limited risk for development of mould growth.  
D: Acceptable, just acceptable risk for development of 
mould growth. 
E: Poor, high risk for development of mould growth. 
Not selected. 

A: Excellent, no risk for development of mould growth. 
B: Good, limited risk for development of mould growth. 
C: Adequate, limited risk for development of mould growth. 
D: Acceptable, just acceptable risk for development of 
mould growth. 
E: Poor, high risk for development of mould growth. 
Not selected. 

 

9. Example: 
The relation between critical temperature and relative humidity for mould growth is shown in a graph by Sedlbauer, Krus & 
Breuer (2003; see Figure). This is also a function of the materials applied and the exposure time. Moisture on indoor 
building surfaces therefore by definition indicates increased risk for mould growth. 

 
Figure: Lowest Isopleth for Mould growth of substrate class I (LIMBAUI: for biodegradable materials) and of substrate class 
II (LIMBAUI: for porous building materials) (Sedlbauer, Krus & Breuer 2003). 
 
An example of the distinction in levels for a (relative) simple assessment in the operation phase is shown below. More 
detailed information on the procedure to distinguish between the levels for the simple and detailed assessment in the 
design operation phase is found in D1.6 Annex B. 

 
 

10. References: 
Information on the specific assessment methods applied to evaluate the indicator is provided in Annex B. 
 
Sedlbauer, K., Krus, M. & Breuer, K. 2003, "Mould growth prediction with a new biohygrothermal method and its application 
in practice", Polska Konferencja Naukowo-Techniczna Fizyka Budowli w Teorii i Praktyce 

 

 Mould growth risk 
A Excellent, no staining on or permanent wetness of building component’s surfaces. No (excessive) moisture 

sources in or in the neighbourhood of the building.  
B Good, e.g. no staining on or permanent wetness of building component’s surfaces. Moisture sources are 

present in the building. Particular spaces where moisture sources are present are isolated from other 
spaces (pressurization, air flows, (self-closing) doors, etc.). No building materials susceptible to mould 
growth applied; no thermal bridges, imperfections, etc 

C Adequate, e.g. no staining on or permanent wetness of building component’s surfaces. Moisture sources 
are present in the building. Particular spaces where moisture sources are present are isolated from other 
spaces (pressurization, air flows, (self-closing) doors, etc.) 

D Just acceptable, wetness of building component’s surface(s) is observed during some part of the year. 
Moisture sources are present in the building. Materials susceptible to mould growth or thermal bridges are 
present. 

E Poor, staining and permanent wetness of the building component’s surface(s) are observed during a 
considerable part of the year. Complaints indicating mould growth related health problems have been 
observed.  
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Comments: 
 

 
  



KIPI framework (D1.6) - Annex A 
 

10 
 

1.2. Ventilation / CO2 

1. Framework position: 
Health; Indoor Air Quality 

 

2. Indicator name: 
Ventilation / C02 

 

3. Indicator unit: 
Simple: Qualitative, [m3/h]; Detailed; [ppm] 

 

4. Indicator description: 
The effective ventilation of a space is characterized by the ventilation rates applied/available and the carbon dioxide 
concentration in a room. Carbon dioxide is considered as an appropriate air quality measurement not because of its 
potential to be a contaminant, although it can be, but because of its potential to predict the amount of outdoor air 
supplied to a space. Natural background levels range from 350 to 500 ppm. CEN suggests a level of 600 ppm above 
ambient levels would be equivalent to a delivery rate of 10 l/s per person of outside air. More detailed values and 
increased ventilation rate requirements due to material sources or smoking may be found in EN 13779:2007 (CEN, 2007). 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  � Environmental impacts 

■ Housing  ■ Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7a. Simple assessment in design: 8a. Simple assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) ■ Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Excellent, high ventilation rate that can be maintained at 
all time and increased locally if required. 
 
B: Good, sufficient ventilation rate that can be maintained at 
all time and increased if required. 
C: Adequate, sufficient ventilation rate, limited extra 
capacity available. 
D: Acceptable, ventilation rate at required target but with no 
options for added ventilation. 
 
E: Poor, ventilation rate per person lower than minimum 
requirements, without options for added ventilation. 
 
Not selected. 

A: Excellent, no IAQ related complaints, ventilation rates 
according to requirements and maintained at all time and 
increased locally if required. 
B: Good, few IAQ related complaints, sufficient ventilation 
rate that can be maintained above required level. 
C: Adequate, few IAQ related complaints, ventilation rate at 
required target but limited extra capacity available. 
D: Acceptable, number of IAQ related complaints just 
acceptable, ventilation rate at required target level, but no 
capacity for higher values. 
E: Poor, frequently reported IAQ related complaints, 
ventilation rate below minimum requirements, without 
options for added ventilation. 
Not selected. 

 

7b. Detailed assessment in design: 8b. Detailed assessment in operation: 
� Measurement (quantitative value) ■ Measurement (quantitative value) 

■ Calculated or simulated value � Calculated or simulated value 

� Select from the list � Select from the list 
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Assessment description in design: Assessment description in operation:  
A: Excellent, CO2 < 750 ppm, stability ≥ 95% 
B: Good, CO2 < 900 ppm, stability ≥ 95% 
C: Adequate, CO2 < 900 ppm, stability ≤ 95% 
D: Acceptable, CO2 < 1200 ppm, stability ≥ 90% 
E: Poor, CO2 > 1200 ppm 
Not selected. 

A: Excellent, CO2 < 750 ppm, stability ≥ 95% 
B: Good, CO2 < 900 ppm, stability ≥ 95% 
C: Adequate, CO2 < 900 ppm, stability ≤ 95% 
D: Acceptable, CO2 < 1200 ppm, stability ≥ 90% 
E: Poor, CO2 > 1200 ppm 
Not selected. 

 

9. Example: 
 

 

10. References: 
Information on the specific assessment methods applied to evaluate the indicator is provided in Annex B. 
 
CEN EN 13379, 2007, Ventilation for non-residential buildings – performance requirements for ventilation and room-
conditioning systems, European committee for standardization, Brussels, Belgium 
FiSIAQ, 2008, Classification of Indoor Environment, Target Values, Design Guidance, and Product Requirements, Finnish 
Society of Indoor Quality and Climate (FISIAQ), Helsinki, Finland. 
Schuh, C.K., 2000, Performance Indicators for Indoor Air Quality, Ph.D. thesis, University of Calgary 

 

Comments: 
Levels exceeding 1000 ppm generally are an indication of inadequate ventilation and signal a need to investigate and take 
corrective action. For specific sources, e.g. odorous sources, increasing the ventilation rate may not provide advantageous 
results. Source control should be the starting point. Furthermore, high ventilation rates in a room may affect thermal 
comfort conditions and therefore require close attention to the design of the supply to the room.  
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1.3. Combustion sources / Infiltration 

1. Framework position: 
Health; Indoor Air Quality 

 

2. Indicator name: 
Combustion sources/infiltration 

 

3. Indicator unit: 
Simple: Qualitative; Detailed: Qualitative, [ppm] 

 

4. Indicator description: 
Carbon monoxide (CO) is an important air quality measure because of the significance of the health effects and associated 
risk and liability of this contaminant. Sources of carbon monoxide are carbon based heat sources and outdoor sources. 
Additionally, if there are other potential sources of carbon monoxide within the buildings, such as smoking areas and 
heating systems, e.g. gas firing (source of NOx, too) or fireplace, a carbon monoxide indicator assists in identifying any IAQ 
problems in these areas. In principle, other pollutants can be addressed as equivalent CO concentration based on the 
toxicity of the pollutant compared to CO. This option however is not taken into account in the proposed evaluation. 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  � Environmental impacts 

■ Housing  � Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7a. Simple assessment in design: 8a. Simple assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) � Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Excellent, no sources of CO in the building or 
neighbourhood.  
B: Good, no sources of CO in the building, outdoor sources 
do not present a risk for the indoor air. 
C: Adequate, sources of CO are present but addressed in 
design, outdoor sources do not present a risk for the indoor 
air. 
D: Acceptable, sources of CO are present but addressed in 
design, outdoor sources present. Risk for IAQ just 
acceptable. 
E: Poor, sources of CO are present and not addressed in 
design; outdoor sources present a considerable risk for the 
IAQ.  
Not selected. 

A: Excellent, no sources of CO in the building or 
neighbourhood. 
B: Good, no sources of CO in the building, outdoor sources 
do not present a risk for the indoor air. 
C: Adequate, sources of CO are present but addressed in 
design, outdoor sources do not present a risk for the indoor 
air. 
D: Acceptable, sources of CO are present but addressed in 
design, outdoor sources present. Risk for the IAQ just 
acceptable. 
E: Poor, sources of CO are present and not addressed in 
design; outdoor sources present a considerable risk for the 
IAQ.  
Not selected. 

 

7b. Detailed assessment in design: 8b. Detailed assessment in operation: 
■ Measurement (quantitative value) ■ Measurement (quantitative value) 

�  Calculated or simulated value � Calculated or simulated value 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
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A: Excellent, no sources of CO in the building or 
neighbourhood. 
B: Good, no sources of CO in the building, outdoor sources 
do not present a risk for the indoor air. 
C: Adequate, sources of CO are present but addressed in 
design, outdoor sources do not present a risk for the indoor 
air. 
D: Acceptable, sources of CO are present but addressed in 
design, outdoor sources present. Risk for IAQ just 
acceptable. 
E: Poor, sources of CO are present and not addressed in 
design; outdoor sources present a considerable risk for the 
IAQ. 
Not selected. 

A: Excellent, CO conc. (8hrs) <9 ppm, , CO conc. (1hrs) <25 
ppm 
B: - not valued 
 
C: - not valued 
 
 
D: Acceptable, CO conc. (8hrs) <9 ppm, , CO conc. (1hrs) <35 
ppm 
 
E: Poor, CO conc. (8hrs) >9 ppm, , CO conc. (1hrs) >35 ppm 
 
 
Not selected. 

 

9. Example: 
 

 

10. References: 
Information on the specific assessment methods applied to evaluate the indicator is provided in Annex B. 
 
ASHRAE, 2009, Performance Measurement Protocols for Commercial Buildings, American Society of Heating, Refrigerating 
and Air-Conditioning Engineers, Inc. (ASHRAE), U.S. Green Building Council (USGBC), Chartered Institute of Building 
Services Engineers (CIBSE). 
CEN EN 13779, 2007, Ventilation for non-residential buildings, Performance requirements for ventilation and room-
conditioning systems, European committee for standardization, Brussels, Belgium 
World Health Organization (WHO) 2010, Guidelines for Indoor Air Quality: selected pollutants, WHO Regional Publications, 
European Series, Copenhagen. 

 

Comments: 
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1.4. Particulate matter 

1. Framework position: 
Health; Indoor Air Quality 

 

2. Indicator name: 
Particulate matter 

 

3. Indicator unit: 
Simple: Qualitative; Detailed: Qualitative, [µg/m3] 

 

4. Indicator description: 
Particulates are defined as suspended mixtures of solid or liquid particles. They include microbes, asbestos, silica dust, 
coal dust, bioaerosols, smoke and fumes. The toxicity of particles is related to the size and nature of the particle. Though 
building materials, if not demolished, generally are not directly related to particulate matter it is introduced here as an 
additional assessment criterion to account for potential emission of chemicals, including odour. 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  � Environmental impacts 

■ Housing  � Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7a. Simple assessment in design: 8a. Simple assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) ■ Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Excellent, no particle sources in and outside the building, 
use of adequate building materials. 
 
B: Good, no particle sources in the building, sources outside 
the building present limited risk, use of adequate building 
materials. 
C: Adequate, sources present in and outside the building but 
present limited risk and are addressed in the design. 
 
D: Acceptable, sources are present in the building but 
addressed in the design, outside sources present. Risk for 
contamination of the indoor air just acceptable.  
 
E: Poor, sources are present in the building but not 
addressed in the design, outside sources present 
considerable risk for contamination of the indoor air. 
 
Not selected. 

A: Excellent, no IAQ related complaints and sources inside 
and outside the building, use of adequate building 
materials. 
B: Good, few IAQ related complaints, no particle sources in 
the building, sources outside the building present limited 
risk, use of adequate building materials. 
C: Adequate, few IAQ related complaints, sources present in 
and outside the building but present limited risk and are 
addressed in the design, use of assessed building materials. 
D: Acceptable, considerable number of IAQ related 
complaints, sources are present in the building but 
addressed in the design, outside sources present. Risk for 
contamination of the indoor air just acceptable.  
E: Poor, frequently reported IAQ related complaints, sources 
are present in the building but not addressed in the design, 
outside sources present considerable risk for contamination 
of the indoor air. 
Not selected. 

 

7b. Detailed assessment in design: 8b. Detailed assessment in operation: 
■ Measurement (quantitative value) ■ Measurement (quantitative value) 

� Calculated or simulated value � Calculated or simulated value 
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� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Excellent, no sources inside, outside concentration below 
set value, use of adequate building materials. 
B: Good, no sources inside, outside concentration below set 
value, use of adequate building materials. 
C: Adequate, sources present inside the building addressed 
in the design, outside concentration below set value, use of 
assessed building materials. 
D: Acceptable, sources present inside the building addressed 
in the design, outside concentration below set value.  
E: Poor, sources present inside the building not addressed in 
the design, outside concentration above set value. 
Not selected. 

A: Excellent, PM2.5 concentration below set value, use of 
adequate building materials. 
B: Good – not valued 
 
C: Adequate, PM2.5 concentration below set (higher) value, 
use of assessed building materials. 
 
D: Acceptable – not valued 
 
E: Poor – PM2.5 concentration above set (higher) value 
 
Not selected. 

 

9. Example: 
An example of the detailed assessment in the design phase. For more information, see Annex B. 

 
An example of the detailed assessment in the operation phase. For more information, see Annex B. 

 
 

10. References: 
Information on the specific assessment methods applied to evaluate the indicator is provided in Annex B. 
 
CEN EN 13779, 2007, Ventilation for non-residential buildings – performance requirements for ventilation and room-
conditioning systems, European committee for standardization, Brussels. 
ECA-IAQ (European Collaborative Action, Urban Air, Indoor Environment and Human Exposure), 2005, Harmonisation of 
indoor material emissions labelling systems in the EU Inventory of existing schemes, Office for Official Publications of the 

  Particular matter 
  Outdoor concentration 

(PM10) [µg/m3] 
Sources Building materials 

A Excellent < 50 (daily average) 
< 50 (yearly average) 

 No particle sources in the building M1 (FiSIAQ 2008) 

B Good <150 (daily average) 
< 50 (yearly average) 
The risk for contamination 
of the indoor air is limited. 

No particle sources in the building M1 (FiSIAQ 2008) 

C Adequate <150 (daily average) 
< 50 (yearly average) 
The risk for contamination 
of the indoor air is limited. 

Particle sources are present in the 
building. Particular spaces where 
sources are present are isolated from 
other spaces (pressurization, air flows, 
self-closing doors, etc.) 

M2 (FiSIAQ 2008) 

D Just 
acceptable 

<150 (daily average) 
< 50 (yearly average) 
The risk for contamination 
of the indoor air is just 
acceptable. 

Particle sources are present in the 
building. Particular spaces where 
sources are present are isolated from 
other spaces (pressurization, air flows, 
self-closing doors, etc.) 

- 

E Poor >150 (daily average) 
> 50 (yearly average) 
The risk for contamination 
of the indoor air is 
considerable. 

Particle sources are present in the 
building. No isolation of particular 
spaces where sources are present 
(pressurization, air flows, self-closing 
doors, etc.) 

- 

 

 Particulate matter   
 PM2.5 (average) [µg/m3]1 Building materials 

A < 10  M1 (FiSIAQ 2008) 
B - - 
C < 40 M2 (FiSIAQ 2008) 
D -  - 
E > 40 - 
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European Communities, Luxembourg. 
FiSIAQ, 2008, Classification of Indoor Environment, Target values, design guidelines and product requirements. Finnish 
Society of Indoor Air Quality and Climate – Building Information Foundation RTS, Helsinki.  
Schuh, C.K., 2000, Performance Indicators for Indoor Air Quality, Ph.D. thesis, University of Calgary 

 

Comments: 
Building materials can affect the indoor air quality negatively. Though building materials, if not demolished, generally are 
not directly related to particulate matter it is introduced here to account for potential emission of chemicals, including 
odour. Labelling assessment is chosen as a straightforward but effective means to assess its potential risk. However, as 
such it is not a guarantee for good indoor air quality over the lifetime of the building (Alevantis, Levin 2011). Note that this 
information results in an extended definition of the particulate matter KIPI. 
 
Ref. Alevantis, L., Levin, H. 2011. Materials-related IAQ. ASHRAE Journal (March), 86-88. 
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Water quality 

1.5. Drinking water quality 

1. Framework position: 
Health; Water Quality 

 

2. Indicator name: 
Drinking water quality 

 

3. Indicator unit: 
[-] 

 

4. Indicator description: 
The quality of drinking water in a building is mainly determined by maintenance protocols, regular cleaning, temperature 
management and maintenance of a disinfectant residual, which are within the responsibility of the drinking water 
supplier. However, responsibility for many actions essential to the control of drinking-water quality in buildings is outside 
the responsibility of the drinking-water supplier. 
The drinking water quality in a building is maintained by the availability and implementation of a water safety plan 
prescribing preventive measures against principal hazards mentioned in Example section below. 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  � Environmental impacts 

■ Housing  � Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7a. Simple assessment in design: 8a. Simple assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) � Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: A water safety plan is available and implemented. A 
systematic procedure established for management. 
B: A water safety plan is available and implemented. 
 
C: A water safety plan is available. 
D: Meets national requirements. 
E: Does not meet national requirements. 
Not selected. 

A: A water safety plan is available and implemented. A 
systematic procedure established for management. 
B: A water safety plan is available, implemented and 
followed. 
C: A water safety plan is available. 
D: Meets national requirements. 
E: Does not meet national requirements. 
Not selected. 

 

7b. Detailed assessment in design: 8b. Detailed assessment in operation: 
■ Measurement (quantitative value) ■ Measurement (quantitative value) 

� Calculated or simulated value � Calculated or simulated value 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: A water safety plan is available and implemented and 
drinking water quality meets requirements set. 
 

A: A water safety plan is available and implemented, water 
temperature controlled and drinking water quality meets 
requirements set. 
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B: - not valued 
C: - not valued 
D: Meets national requirements. 
E: Does not meet national requirements. 
Not selected. 

B: - not valued 
C: - not valued 
D: Meets national requirements. 
E: Does not meet national requirements. 
Not selected. 

 

9. Example: 
The principal hazards that may accrue in drinking-water systems of (large) buildings are the ingress of microbial 
contamination, proliferation and dispersal of bacteria growing in and on water contact surfaces (especially legionella) and 
addition of chemical substances from piping, jointing and plumbing materials (World Health Organization, 2008). 

 

10. References: 
Information on the specific assessment methods applied to evaluate the indicator is provided in Annex B. 
 
World Health Organization (WHO), 2007, Legionella and the prevention of legionellosis. World Health Organization, 
Geneva. 
World Health Organization (WHO), 2008, Guidelines for Drinking-water Quality. World Health Organization, Geneva. 

 

Comments: 
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Comfort 

 
 
Figure 3: Perfection KIPI framework for ten Health and Comfort indicators. 
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Thermal comfort 

1.6. Operative temperature / PPD 

1. Framework position: 
Comfort; Thermal comfort 

 

2. Indicator name: 
Operative temperature/PPD 

 

3. Indicator unit: 
[oC]/[%] 

 

4. Indicator description: 
The operative temperature is defined as the uniform temperature of an imaginary black enclosure in which an occupant 
would exchange the same amount of heat by radiation and convection as in the actual non-uniform environment. The 
optimal operative temperature in a room can be expressed as a function of the activity and clothing. For a given space, an 
optimum operative temperature corresponds to a predicted mean vote equal to zero (PMV=0) (ISO 7730, 2005) which can 
also be reflected in the percentage of people dissatisfied (PPD). For additional information the reader is referred to ISO 
7730-2005. The operative temperature is also applied as performance indicator for assessment of the adaptive thermal 
comfort as described in e.g. CEN (2007) and ASHRAE (2004). 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  ■ Environmental impacts 

■ Housing  ■ Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7a. Simple assessment in design: 8a. Simple assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) ■ Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Excellent, design characteristics such as to obtain thermal 
condition to set strict target values for operative 
temperature and deviations. 
B: Good, design characteristics such as to obtain thermal 
condition to set relative strict requirements for operative 
temperature and deviations. 
C: Adequate, design characteristics such as to obtain 
thermal condition to set target values for operative 
temperature and deviations. 
D: Acceptable, design characteristics such as to obtain 
thermal condition to set minimum target values for 
operative temperature and deviations. 
E: Poor, other. 
Not selected. 

A: Excellent, PPD at low value nearly always. 
 
 
B: Good, PPD at low value most of the time. 
 
 
C: Adequate, PPD at reasonable level. 
 
 
D: Acceptable, PPD at just acceptable. 
 
E: Poor, other. 
Not selected. 

Qualitative references should be quantified, e.g. Annex B. Target values as provided in Annex B may be adapted according to the 
requirements set. 
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7b. Detailed assessment in design: 8b. Detailed assessment in operation: 
� Measurement (quantitative value) ■ Measurement (quantitative value) 

■ Calculated or simulated value � Calculated or simulated value 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Excellent, design is able to obtain thermal condition to set 
strict target values for operative temperature and 
deviations. 
B: Good, design is able to obtain thermal condition to set 
relative strict requirements for operative temperature and 
deviations. 
C: Adequate, design is able to obtain thermal condition to 
set target values for operative temperature and deviations. 
D: Acceptable, design is able to obtain thermal condition to 
set minimum target values for operative temperature and 
deviations. 
E: Poor, other. 
Not selected. 

A: Excellent, PPD at low value nearly always. 
 
 
B: Good, PPD at low value most of the time. 
 
 
C: Adequate, PPD at reasonable level most of the time. 
 
D: Acceptable, PPD at just acceptable level most of the time. 
 
E: Poor, other. 
Not selected. 

Qualitative references should be quantified, e.g. Annex B. 

9. Example: 
An example of simple assessment in the design phase 

 A B C D E 
Excellent Good Adequate Acceptable Poor 

Operative 
temperature 
top [oC] 

     

tu ≤ 10oC 21.5 21.5 21.5 21.5 - 
10< tu ≤ 20oC 21.5+0.3(tu-10) 21.5+0.3(tu-10) 21.5+0.4(tu-10) 21.5+0.4(tu-10) - 
tu ≥ 20oC 24.5 24.5 24.5 24.5 - 
Deviation 
allowed from 
set value [oC] 

± 0.5 ± 1.0 ± 1.0 ± 1.0 - 

Maximum top 
[oC]  

     
top +1.5 tu ≤ 10oC: 

top+1.5 
tu ≤ 15oC: 25 tu ≤ 15oC: 25 - 

 10< tu ≤ 20oC : 
23+0.4(tu-10) 

tu > 15oC: tu+5 tu > 15oC: tu+5  

 tu > 20oC: 27    
Minimum top 
[oC] 

20 20 18 18 - 

Stability of 
environment 
[% of 
operating 
time] 

95% 95% 90% 80% - 

top: operative temperature. 
tu: outdoor temperature defined as floating 24-h average for outdoor air at the closest weather observation 
site. 
 
An example of detailed assessment in the operation phase 

 Operative 
temperature/PPD 

  

PPD [%] PMV index Stability of Environment1 [% 
of operating time] 

A Excellent <6 -0.2<PMV<+0.2 ≥ 95% 
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B Good <6 -0.2<PMV<+0.2 ≥ 80% 
C Adequate <10 -0.5<PMV<+0.5 ≤ 80% 
D Acceptable <15 -0.7<PMV<+0.7 ≥ 80% 
E Poor  PMV<-0.7 V PMV>+0.7 - 

1 Defined as the percentage of the operating/occupation time a condition is fulfilled 
 
For more information, see Annex B. 

 

10. References: 
Information on the specific assessment methods applied to evaluate the indicator is provided in Annex B. 
 
ASHRAE, 2004, ASHRAE 55-2004R - Thermal Environmental Conditions for Human Occupancy, American Society of 
Heating, Refrigerating and Air-Conditioning Engineers, Atlanta, GA. 
CEN, 2007, CEN EN 15251 - Indoor environmental input parameters for design and assessment of energy performance of 
buildings addressing indoor air quality, thermal environment, lighting and acoustics. European committee for 
standardization, Brussels. 
FiSIAQ, 2008, Classification of Indoor Environment, Target values, design guidelines and product requirements. Finnish 
Society of Indoor Air Quality and Climate – Building Information Foundation RTS, Helsinki.  
ISO, 2005, ISO 7730 - Ergonomics of the thermal environment -- Analytical determination and interpretation of thermal 
comfort using calculation of the PMV and PPD indices and local thermal comfort criteria, International Standards 
Organization, Geneva. 

 

Comments: 
In the thermal comfort assessment proposed (survey, measurements), generally a response to local thermal (dis-)comfort 
will be included. Examples of local discomfort parameters are radiant thermal asymmetry, temperature gradients, air 
velocity/draught (Steskens and Loomans 2010). Note that this information results in an extended definition of the 
operative temperature/PPD KIPI. 
 
Alternative target values can be found in the informative annex of for example EN 15251:2007 (CEN 2007b) or ISO 
7730:2005 (ISO 2005). These standards provide target values based on categories for achieving a PPD as for example 
provided in the example for the detailed assessment. 
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Visual comfort 

1.7. Illuminance 

1. Framework position: 
Comfort; Visual Comfort 

 

2. Indicator name: 
Illuminance 

 

3. Indicator unit: 
Simple: Qualitative; Detailed: [lux],[-],[%]  

 

4. Indicator description: 
The main requirement for a satisfactory visual performance is a sufficient illuminance for the specific visual task(s) which 
is/are carried out in the room. The Illuminance of a surface is defined as the luminous flux per unit area at any point on a 
surface exposed to incident (artificial) light. The ratios of the luminance and the glare that can result from too high 
luminance values address the other part of visual comfort. The latter indicators are included in the assessment to allow 
further differentiation between classes. 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  ■ Environmental impacts 

� Housing  � Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7a. Simple assessment in design: 8a. Simple assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) ■ Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Excellent, sufficient level available and varied as required, 
no visual defects due to direct solar radiation, outdoor 
luminance values or artificial lighting. 
B: Good, sufficient level available, no visual defects due to 
direct solar radiation, outdoor luminance values or artificial 
lighting. 
C: Adequate, sufficient level available, visual defects due to 
direct solar radiation, outdoor luminance values or artificial 
lighting can be minimized but not fully avoided.. 
D: Acceptable, illuminance level not optimal in some areas 
used, visual defects due to direct solar radiation or artificial 
lighting can be minimized but not fully avoided. 
 
E: Poor, illuminance level not optimal in most areas used, 
visual defects are present. 
 
Not selected. 

A: Excellent, sufficient level available, no glare or apparent 
visual defects. 
 
B: Good, sufficient level available, glare or visual defects can 
be minimized and are not reported as problem. 
C: Adequate, sufficient level available, a visual defect is 
present and glare is visible, but could be corrected for. 
 
D: Acceptable, illuminance level not optimal in some areas 
used, more than one visual defect is present and glare is 
present at many locations (workstations) with limited 
options for effective control. 
E: Poor, illuminance level not optimal in most areas used, 
Several visual defects are present and unavoidable glare is 
present at most locations (workstations). 
Not selected. 

 

7b. Detailed assessment in design: 8b. Detailed assessment in operation: 
� Measurement (quantitative value) ■ Measurement (quantitative value) 
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■ Calculated or simulated value ■ Calculated or simulated value 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Excellent, illuminance level sufficient, luminance ratios 
and UGR meet requirements in all spaces (task spaces).  
 
B: Good, illuminance level sufficient, luminance ratios meet 
requirement in most spaces (task spaces), UGR 
requirements met in all spaces. 
 
C: Adequate, illuminance level sufficient, UGR requirements 
met in all spaces. 
 
D: Acceptable, illuminance level just acceptable, UGR 
requirements met in most spaces. 
 
E: Poor, illuminance level not sufficient, UGR requirements 
not met in all spaces. 
 
Not selected. 

A: Excellent, illuminance level sufficient, luminance ratios 
and UGR meet requirements in all spaces (task spaces), 
percentage of dissatisfied people low. 
B: Good, illuminance level sufficient, luminance ratios meet 
requirement in most spaces (task spaces), UGR 
requirements met in all spaces, percentage of dissatisfied 
people relatively low. 
C: Adequate, illuminance level sufficient, UGR requirements 
met in all spaces, percentage of dissatisfied people just 
acceptable. 
D: Acceptable, illuminance level just acceptable, UGR 
requirements met in most spaces, percentage of dissatisfied 
people just acceptable. 
E: Poor, illuminance level not sufficient, UGR requirements 
not met in all spaces, percentage of dissatisfied people not 
acceptable. 
Not selected. 

 

9. Example: 
FiSIAQ (Classification of indoor environment 2008) proposes the following target values for minimum requirements: 
Lighting intensity: 
Work area: >500 lx 
Vicinity: >300 lx 
Kitchen and bathrooms (residential): >300 lx 
Glare index: 
UGRL: <19 

 

10. References: 
Information on the specific assessment methods applied to evaluate the indicator is provided in Annex B. 
 
CEN prEN 12464-1, 2009, Light and lighting — Lighting of work places — Part 1: Indoor work places. 
Commission Internationale de l’Eclairage (CIE), 1983, Discomfort glare in the interior working environment. Vienna (Austria). 
FiSIAQ, 2008, Classification of Indoor Environment, Target values, design guidelines and product requirements. Finnish 
Society of Indoor Air Quality and Climate – Building Information Foundation RTS, Helsinki.  

 

Comments: 
Illuminance is called lighting intensity in some references, like in FiSIAQ. UGR is the reference metric in the European 
standard EN 12464-1 for the calculation of indoor glare due to artificial lighting. 
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1.8. Daylight factor 

1. Framework position: 
Comfort; Visual comfort 

 

2. Indicator name: 
Daylight factor 

 

3. Indicator unit: 
Simple: Qualitative; Detailed: [%] 

 

4. Indicator description: 
The daylight factor is the ratio of the illuminance from the skylight measured on a horizontal surface within the room to 
the illuminance from a CIE (Commission Internationale de l’Eclairage) overcast sky measured on a horizontal plane which 
has an unobstructed access to the hemisphere of the sky. The daylight factor provides information on the availability of 
daylight in response to, e.g., biological requirements. 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  ■ Environmental impacts 

■ Housing  � Economic impacts 

■ Hospitals  

� Exhibition  

■ Other  
 

7a. Simple assessment in design: 8a. Simple assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) � Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Excellent, located at perimeter of the building, daylight 
entrance is high and unblocked view to the outside. 
B: Good, located near an atrium, daylight entrance is high 
and unblocked view to the outside. 
C: Adequate, located at perimeter of the building or near 
atrium, window-to-wall ratio smaller than 50%, unblocked 
view to the outside. 
D: Acceptable, located at perimeter of the building or near 
atrium, surface area of the window(s) conforms to national 
building regulation requirements, blocked view to the 
outside. 
E: Poor, space located at the inside of the building or has no 
windows. 
Not selected. 

A: Excellent, located at perimeter of the building, daylight 
entrance is high and unblocked view to the outside. 
B: Good, located near an atrium, daylight entrance is high 
and unblocked view to the outside. 
C: Adequate, located at perimeter of the building or near 
atrium, window-to-wall ratio smaller than 50%, unblocked 
view to the outside. 
D: Acceptable, located at perimeter of the building or near 
atrium, surface area of the window(s) conforms to national 
building regulation requirements, blocked view to the 
outside. 
E: Poor, space located at the inside of the building or has no 
windows. 
Not selected. 

 

7b. Detailed assessment in design: 8b. Detailed assessment in operation: 
� Measurement (quantitative value) ■ Measurement (quantitative value) 

■ Calculated or simulated value ■ Calculated or simulated value 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
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A: Excellent, average daylight factor ≥ 5% 
B: Good, average daylight factor ≥ 3% 
C: Adequate, average daylight factor ≥ 2% 
D: Acceptable, average daylight factor ≥ 1% 
E: Poor, average daylight factor < 1% 
Not selected. 

A: Excellent, average daylight factor ≥ 5% 
B: Good, average daylight factor ≥ 3% 
C: Adequate, average daylight factor ≥ 2% 
D: Acceptable, average daylight factor ≥ 1% 
E: Poor, average daylight factor < 1% 
Not selected. 

 

9. Example: 
 

 

10. References: 
CEN EN 15251, 2007, Indoor environmental input parameters for design and assessment of energy performance of 
buildings addressing indoor air quality, thermal environment, lighting and acoustics. European committee for 
standardization, Brussels.CEN prEN 12464-1, 2009, Light and lighting — Lighting of work places — Part 1: Indoor work 
places. 
Commission Internationale de l’Eclairage (CIE), 1983, Discomfort glare in the interior working environment. Vienna 
(Austria).  

 

Comments: 
In the simple assessment descriptions, the view to the outside is included to account for possible obstructions affecting 
the entrance of daylight. It does not reflect the psychological effect that may result from it. This is addressed in the View to 
outside KIPI. 
 
The daylight factor is a simplified representation of the assessment of daylight availability in a room. It does not reflect 
directly the applicability of the daylight to arrive at the required illuminance levels. For that alternative indicators have 
been developed such as Daylight Autonomy or Useful Daylight Illuminance (UDI; Nabil and Mardaljevic 2006). For UDI 
illuminance levels that fall within the range 100–2000 lx are valued. The usable daylight illuminance (UDI) has growing 
support amongst daylight practitioners but is not yet part of the recognized standards. 
 
The daylight factor as included in the KIPI framework acknowledges the biological/physiological need for daylight. It does 
not directly assess the usefulness of the daylight with respect to the contribution to the required illuminance levels, 
potential risk of visual discomfort and energy use related requirements to thermally condition the building. Highest values 
for the daylight factor in case of a room with windows are found near the window. It is assumed that higher values are 
profitable but no minimum or maximum values are yet available to define specific constraints. The provided values for the 
detailed assessment indicate design values that are typically used. The proposed Level D value does not by definition agree 
with building regulation requirements. 
 
Ref. Nabil, A., Mardaljevic, J. 2006. Useful daylight illuminances: A replacement for daylight factors. Energy and Buildings 
38 (2006) 905–913 
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Acoustic comfort 

1.9. Background noise level 

1. Framework position: 
Comfort; Acoustic Comfort 

 

2. Indicator name: 
Background noise level (LA) 

 

3. Indicator unit: 
Simple: Qualitative; Detailed: [dB(A)] 

 

4. Indicator description: 
The background noise level represents the average noise level over a specified time interval that is in line with the 
transient characteristic of the sources present. The specified levels refer to the highest equivalent continuous A-weighted 
sound pressure level likely to occur during normal working hours. The levels due to external sources will depend on 
weather conditions, e.g. wind direction, and local activities. High noise levels due to exceptional events may be 
disregarded. The indoor ambient noise levels apply to finished but unoccupied and unfurnished spaces. 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  � Environmental impacts 

■ Housing  ■ Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7a. Simple assessment in design: 8a. Simple assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) ■ Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Excellent, no risk for problems related to external and 
internal sources. 
B: Good, external sources if present have been addressed in 
the design, limited distraction from indoor sources. 
C: Adequate, external noise presents limited and only short 
term distraction, because of configuration sometimes 
distraction from indoor sources.  
D: Acceptable, external and internal noise present and can 
be distracting or even annoying during short periods of the 
day. 
E: Poor, external and internal noise present and distracting 
or even annoying during distinctive periods over the whole 
day. 
Not selected. 

A: Excellent, no risk for problems related to external and 
internal sources.  
B: Good, external sources if present have been addressed in 
the design, limited distraction from indoor sources.  
C: Adequate, external noise presents limited and only short 
term distraction, because of configuration sometimes 
distraction from indoor sources.  
D: Acceptable, external and internal noise present and 
distracting or even annoying during short periods of the day. 
 
E: Poor, external and internal noise present and distracting 
or even annoying distinctive periods over the whole day. 
 
Not selected. 

 

7b. Detailed assessment in design: 8b. Detailed assessment in operation: 
� Measurement (quantitative value) ■ Measurement (quantitative value) 

■ Calculated or simulated value � Calculated or simulated value 

� Select from the list � Select from the list 
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Assessment description in design: Assessment description in operation:  
A: Excellent, designed according to S1 (FiSIAQ 2008). 
 
B: - not valued 
 
C: Adequate, designed according to S2 (FiSIAQ 2008). 
 
D: Acceptable, designed according to S3 (FiSIAQ 2008). 
 
 
E: Poor, requirements for S3 are not fulfilled (FiSIAQ 2008). 
 
Not selected. 

A: Excellent, measured background noise level lower than 
requirement set. No or only a few complaints reported. 
B: Good, measured background noise level complies with 
requirement set. Only a few complaints reported. 
C: Adequate, measured background noise level complies 
with requirement set. Some reported complaints. 
D: Acceptable, measured background noise level complies 
with requirement set. Considerable number of reported 
complaints. 
E: Poor, measured background noise level higher than 
requirement set. 
Not selected. 

 

9. Example: 
 

 

10. References: 
CEN EN 15251, 2007, Indoor environmental input parameters for design and assessment of energy performance of 
buildings addressing indoor air quality, thermal environment, lighting and acoustics. 
FiSIAQ, 2008, Classification of Indoor Environment, Target values, design guidelines and product requirements. Finnish 
Society of Indoor Air Quality and Climate – Building Information Foundation RTS, Helsinki.  
ISO 717/I, 1996, Acoustics -- Rating of sound insulation in buildings and of building elements -- Part 1: Airborne sound 
insulation, International Standards Organization, Geneva. 
ISO 717/II, 1996, Acoustics -- Rating of sound insulation in buildings and of building elements -- Part 2: Impact sound 
insulation, International Standards Organization, Geneva 
ISO 140/IV, 1998, Acoustics - Measurement of sound insulation in buildings and of building elements - Part IV: Field 
measurements of airborne sound insulation between rooms, International Standards Organization, Geneva. 
ISO 3382/I, 2009, Acoustics - Measurement of room acoustic parameters - Part 1: Performance spaces, International 
Standards Organization, Geneva. 

 

Comments: 
When evaluating, care should be taken with respect to the characteristics of the source(s) of the background noise level.   
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1.10. Reverberation time 

1. Framework position: 
Comfort; Acoustic Comfort 

 

2. Indicator name: 
Reverberation time (T) 

 

3. Indicator unit: 
Simple: Qualitative; Detailed: [s] 

 

4. Indicator description: 
The reverberation time of a room is defined as the time required for the sound pressure level to decrease by 60 dB, at a 
rate of decay given by the least-squares regression of the measured decay curve from a level of 5 dB below the initial level 
to preferably 35 dB below the initial level (at least 25 dB). The reverberation time is an indirect indication of the acoustic 
quality of a space with respect to, e.g., speech intelligibility. 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  � Environmental impacts 

� Housing  ■ Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7a. Simple assessment in design: 8a. Simple assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) ■ Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Excellent, reflections are avoided. 
B: Good, some reflections may be present however non-
problematic. 
C: Adequate, reflections may be present and sometimes 
distracting. 
D: Acceptable, many sound reflecting surfaces with 
considerable risk for distraction of the occupants. 
E: Poor, many hard, flat sound reflecting surfaces, occupants 
will be significantly distracted. 
Not selected. 

A: Excellent, very good speech intelligibility. 
B: Good, good speech intelligibility. 
 
C: Adequate, sufficient speech intelligibility. 
 
D: Acceptable, but in parts of the room a normal speaking 
voice can be hard to understand. 
E: Poor, acoustical conditions significantly distract normal 
conversation. 
Not selected. 

Note: assessment focuses on speech intelligibility. If other acoustical requirements are set, assessment should be adapted 
accordingly. 

7b. Detailed assessment in design: 8b. Detailed assessment in operation: 
� Measurement (quantitative value) ■ Measurement (quantitative value) 

■ Calculated or simulated value � Calculated or simulated value 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Excellent, complies with target value set. 
B: - not valued1 
C: - not valued 

A: Excellent, complies with target value set. 
B: - not valued1 
C: - not valued 
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D: - not valued 
E: Poor, does not comply with target value set. 
Not selected. 

D: - not valued 
E: Poor, does not comply with target value set. 
Not selected. 

1 if ranges for the reverberation time are allowed, then level B to D may be addressed. 

 

9. Example: 
Good speech intelligibility for, e.g., a relatively small office room requires a reverberation time of approximately 0.5 – 0.6 
second or less (FiSIAQ 2008). 

 

10. References: 
CEN EN 15251, 2007, Indoor environmental input parameters for design and assessment of energy performance of 
buildings addressing indoor air quality, thermal environment, lighting and acoustics. 
ISO 3382/II, 2008, Acoustics - Measurement of the reverberation time of rooms with reference to other acoustical 
parameters, International Standards Organization, Geneva. 
FiSIAQ, 2008, Classification of Indoor Environment, Target values, design guidelines and product requirements. Finnish 
Society of Indoor Air Quality and Climate – Building Information Foundation RTS, Helsinki.  

 

Comments: 
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2. SAFETY AND SECURITY 

 
 
Figure 4: Perfection KIPI framework for seven Safety and Security indicators. 
 
  

Security

SafetySafety
and 

Security

17. Reliability in exceptional cases

12. Feeling of safety

13. Meeting current regulation

15. Personal and material security

16. Security of information

14. Building type specific

11. Safety in use



KIPI framework (D1.6) - Annex A 
 

32 
 

Safety 

2.1. Safety in use 

1. Framework position: 
Safety 

 

2. Indicator name: 
Safety in use 

 

3. Indicator unit: 
Qualitative 

 

4. Indicator description: 
This indicator concerns the safety issues linked to 4 categories of risks: 

1. Glazing 
2. Slips, trips and falls (STF) 
3. Collision or entrapment with building features 
4. Falling objects in and around buildings 

This indicator evaluates if the building is safe in regard to these risks. 
 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  � Environmental impacts 

■ Housing  ■ Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7a. Simple assessment in design: 8a. Simple assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) � Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: No risks identified. 
B: Risks identified at least in one category. 
C: Risks identified in two or more categories. 
D: Accepted level. 
E: Major risks in safety in use. 
Not selected. 

A: No risks identified. 
B: Risks identified at least in one category. 
C: Risks identified in two or more categories. 
D: Accepted level. 
E: Major risks in safety in use. 
Not selected. 

 

7b. Detailed assessment in design: 8b. Detailed assessment in operation: 
■ Measurement (quantitative value) ■ Measurement (quantitative value) 

� Calculated or simulated value � Calculated or simulated value 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: No risks identified. 
B: Risks identified and their impacts analyzed in at least in 
one category. 
C: Risks identified in two or more categories and their 
impacts analyzed. 

A: No risks identified. 
B: Risks identified and their impacts analyzed in at least in 
one category. 
C: Risks identified in two or more categories and their 
impacts analyzed. 
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D: Accepted level. 
E: Major risks in safety in use. 
Not selected. 
Detailed assessment consists in the review of "basic design 
indicators" listed in the Deliverable 1.4 for each risk 
category.  

D: Accepted level. 
E: Major risks in safety in use. 
Not selected. 
Detailed assessment consists in the review of "basic design 
indicators" listed in the Deliverable 1.4 for each risk 
category.  

 

9. Example: 
  

 

10. References: 
For more details, see Perfection deliverable D1.4. 

 

Comments: 
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2.2. Feeling of safety 

1. Framework position: 
Safety 

 

2. Indicator name: 
Feeling of safety 

 

3. Indicator unit: 
Qualitative 

 

4. Indicator description: 
Feeling of safety is the human feeling of safety. In operation phase it can only be measured by a post occupancy evaluation 
method. This method consists of a detailed questionnaire of the occupants asking them if they feel safe in the evaluated 
indoor environment. A lot of subjective parameters are then translated in a statistical measurement. Predictive values in 
design phase should be driven by experts in this field because of the complexity of the topic. 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  � Environmental impacts 

■ Housing  � Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7. Assessment in design: 8. Assessment in operation: 
■ Expert review (subjective specialist judgement) � Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) ■ Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
Expert predicted values: 
A: at least 95 % of users should feel safe  
B: at least  85% of users should feel safe 
C: at least  75% of users should feel safe 
D: at least 60% of users should feel safe 
E: less than 60% of users will feel safe 
Not selected. 

 
A: at least 95 % of users feel safe  
B: at least  85% of users feel safe 
C: at least  75% of users feel safe 
D: at least 60% of users feel safe 
E: less than 60% of users feel safe 
Not selected. 
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9. Example: 
As an example, a questionnaire may be the basis to start a feeling of safety evaluation.  
This questionnaire could take the form of a matrix specific to the studied building in which it is asked to fill in the cells with 
a feeling of safety number corresponding to 

1. feel totally unsafe 
2. feel moderatly unsafe 
3. no opinion 
4. feel moderatly safe 
5. feel totally safe 

 

  
room/zone 

 in
do

or
 c

ar
 p

ar
k 

co
rr

id
or

 

el
ev

at
or

 

pa
tio

/h
al

l 

to
ile

t 

of
fic

e 

...
  

time 
   

morning (when dark)  1 2  3  4   ... ...  ...  

during the day  2  2  3  4 ...   ... ...  

evening (when dark)  5  2  3  4  ...  ... ...  

...  ... ... ...  ...  ...  ...  ...   
 
The questionnaire above is only an example and may be adapted to the kind of building. 
At the end of the post occupancy evaluation, the indicator should give a clear view of which part of a building seems to be 
safe/unsafe. 
In a second phase, another questionnaire may be written to determine the factors which make a room/space unsafe. 

 

10. References: 
http://www.wbdg.org/resources/fpe.php 
Building Evaluation Technique by Baird, G., Gray, J., Isaacs, N., Kernohan, D., and McIndoe, G. Wellington. New Zealand: 
McGraw-Hill, Inc., 1996 
Learning from Our Buildings: A State-of-the-Practice Summary of Post-Occupancy Evaluation by Preiser, W. Federal Facilities 
Council. National Academy Press, 2001.—The evolution of post-occupancy evaluation: toward building performance and 
universal design evaluation 
Post-Occupancy Evaluation by Preiser, W., Rabinowitz, H. & White, E. T. (Eds.) New York: Van Nostrand Reinhold Company, 
1988 

 

Comments: 
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2.3. Meeting current regulation 

1. Framework position: 
Safety 

 

2. Indicator name: 
Meeting current regulation 

 

3. Indicator unit: 
Qualitative 

 

4. Indicator description: 
This indicator checks if current regulation has been respected in relation to the following six categories: 

1. Fire safety 
2. Structural safety 
3. Electrical safety 
4. Magnetic fields safety 
5. Non ionizing electromagnetic fields safety 
6. Radioactivity safety. 

Regulation is often dependent on the building type, and this has to be taken into account in the assessment. If there is no 
regulation available in some category for the building type in question, it is counted in the assessment as if the regulation 
was respected in that category. 
In order to evaluate this indicator properly, use will be made of expert opinions delivered by recognised experts, expert 
bodies, control agencies or inspection bodies. 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  � Social and cultural impacts 

■ Schools  ■ Environmental impacts 

■ Housing  ■ Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7a. Simple assessment in design: 8a. Simple assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) � Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: National regulation has been respected in all 6 categories 
and the regulatory level is clearly exceeded in all categories. 
B: National regulation has been respected in all 6 categories 
and the regulatory level is clearly exceeded in most 
categories. 
C: National regulation has been respected in all 6 categories 
and the regulatory level is clearly exceeded in some 
category. 
D: National regulation has been respected in all 6 
categories. 
E: National regulation has been respected in less than 6 
categories. 
Not selected. 

A: National regulation has been respected in all 6 categories 
and the regulatory level is clearly exceeded in all categories. 
B: National regulation has been respected in all 6 categories 
and the regulatory level is clearly exceeded in most 
categories. 
C: National regulation has been respected in all 6 categories 
and the regulatory level is clearly exceeded in some 
category. 
D: National regulation has been respected in all 6 
categories. 
E: National regulation has been respected in less than 6 
categories. 
Not selected. 
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7b. Detailed assessment in design: 8b. Detailed assessment in operation: 
■ Measurement (quantitative value) ■ Measurement (quantitative value) 

� Calculated or simulated value � Calculated or simulated value 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: National regulation has been respected in all 6 categories 
and the regulatory level is clearly exceeded in all categories. 
B: National regulation has been respected in all 6 categories 
and the regulatory level is clearly exceeded in most 
categories. 
C: National regulation has been respected in all 6 categories 
and the regulatory level is clearly exceeded in some 
category. 
D: National regulation has been respected in all 6 
categories. 
E: National regulation has been respected in less than 6 
categories. 
Not selected. 

A: National regulation has been respected in all 6 categories 
and the regulatory level is clearly exceeded in all categories. 
B: National regulation has been respected in all 6 categories 
and the regulatory level is clearly exceeded in most 
categories. 
C: National regulation has been respected in all 6 categories 
and the regulatory level is clearly exceeded in some 
category. 
D: National regulation has been respected in all 6 
categories. 
E: National regulation has been respected in less than 6 
categories. 
Not selected. 

 

9. Example: 
 

 

10. References: 
See Perfection deliverable 1.4.  

 

Comments: 
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2.4. Building type specific 

1. Framework position: 
Safety 

 

2. Indicator name: 
Building type specific 

 

3. Indicator unit: 
Qualitative 

 

4. Indicator description: 
Building type specific indicator has a changing focus. It considers 1) an availability of network connection (offices, schools, 
housing and other buildings), 2) patient safety in terms of bacteria infections (in hospitals) and 3) suitability to host 
artworks and cultural heritage objects (in exhibition places). 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  � Environmental impacts 

■ Housing  ■ Economic impacts 

■ Hospitals  

■ Exhibition  

� Other  
 

7. Assessment in design: 8. Assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) � Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Excellent – conditions on average better than required. 
B: Good – conditions on average better than required, 
improvement needed at some part of buiding. 
C: Adequate – conditions meet minimum needs of normal 
use, at some part of building required is exceeded. 
D: Accepted – conditions meet minimum needs of normal 
use. 
E: Poor – many improvements are needed, needs of normal 
use are not met. 

A: Excellent – conditions on average better than required. 
B: Good – conditions on average better than required, 
improvement needed at some part of buiding. 
C: Adequate – conditions meet minimum needs of normal 
use, at some part of building required is exceeded. 
D: Accepted – conditions meet minimum needs of normal 
use. 
E: Poor – many improvements are needed, needs of normal 
use are not met. 

 
 

9. Example: 
In a historical building which has an art gallery and other purposes of use the assessment level is adequate (Level C in 
assessment). Which indicates that conditions are suitable artworks. 

 

10. References: 
ASHRAE, 2007, Handbook – HVAC Applications 

 

Comments: 
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Security 

 
 
Figure 5: Perfection KIPI framework for seven Safety and Security indicators. 
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2.5. Personal and material security 

1. Framework position: 
Security 

 

2. Indicator name: 
Personal and material security 

 

3. Indicator unit: 
Qualitative 

 

4. Indicator description: 
This indicator checks if adequate protection measures are taken against criminality. 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  ■ Environmental impacts 

■ Housing  ■ Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7a. Simple assessment in design: 8a. Simple assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) � Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Entrance doors and windows are burglar-proof. There are 
an alarm and a monitoring system linked to a police office or 
security firm. 
B: Entrance doors and windows are burglar-proof. Presence 
of an alarm system. 
C: Entrance doors and windows are burglar-proof. 
D: Entrance doors are burglar-proof. 
E: Nothing done for security. 
Not selected. 

A: Entrance doors and windows are burglar-proof. There are 
an alarm and a monitoring system linked to a police office or 
security firm. 
B: Entrance doors and windows are burglar-proof. Presence 
of an alarm system. 
C: Entrance doors and windows are burglar-proof. 
D: Entrance doors are burglar-proof. 
E: Nothing done for security. 
Not selected. 

 

7b. Detailed assessment in design: 8b. Detailed assessment in operation: 
■ Measurement (quantitative value) ■ Measurement (quantitative value) 

� Calculated or simulated value � Calculated or simulated value 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Risk analysis has been realised and the security measures 
taken are higher than what is required by the risk analysis. 
B: Risk analysis has been realised and the security measures 
taken are adequate for the estimated risk. 
C: Risk analysis has been realised and some security 
measures are taken. 
D: Some security measures taken. 
E: No security risk report or measures taken. 
Not selected. 

A: Risk analysis has been realised and the security measures 
taken are higher than what is required by the risk analysis. 
B: Risk analysis has been realised and the security measures 
taken are adequate for the estimated risk. 
C: Risk analysis has been realised and some security 
measures are taken. 
D: Some security measures taken. 
E: No security risk report or measures taken. 
Not selected. 

 



KIPI framework (D1.6) - Annex A 
 

41 
 

9. Example: 
 

 

10. References: 
CEN TS 14383-3: Prevention of crime - Urban planning and building design - Part 3 : Dwellings. 
CEN TS 14383-4: Prevention of crime - Urban planning and building design - Part 4 : Shops and offices 

 

Comments: 
NOTE:  
Concerning the detailed assessment method, in a quick evaluation the expert only has to check if measures and/or risk 
analysis has been done, in accord with what is described in the A to E levels. 
In the detailed thorough assessment for dwellings, offices and shops, the assessment should be done following the CEN TS 
14383: Prevention of crime - Urban planning and building design - part 3 and part 4. For the other kind of buildings, this 
has to be realised by an expert (risk analysis and measures to take). 
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2.6. Security of information 

1. Framework position: 
Security 

 

2. Indicator name: 
Security of information 

 

3. Indicator unit: 
Qualitative 

 

4. Indicator description: 
This indicator aims at evaluating the security of information, by analyzing the compliancy with international standards 
related to the management of sensitive data. A particular reference is given to ISO 27000 standard family related to 
requirements and code of practice for information security management and could be applied to all systems dedicated to 
data management and information sharing. 
The assessment is based on the presence of specific devices, even in building design plans, with the goal of protecting the 
information exchanged inside the building and the data flows with the outside world.  

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  � Environmental impacts 

� Housing  ■ Economic impacts 

■ Hospitals  

� Exhibition  

� Other  
 

7a. Simple assessment in design: 8a. Simple assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) � Survey (asked from e.g. user such as POE) 

■ Select from the list (List of controls provided in ISO 27002) ■ Select from the list (List of controls provided in ISO 27002) 

Assessment description in design: Assessment description in operation:  
A: Building design plans consider solutions for protecting 
data and information (secure areas for servers, secure 
layouts for offices dealing with sensitive information, etc.). 
B: Building will be quite secure, but some improvements 
could be done. 
C: The building plans have solutions to protect data valid in 
normal circumstances, but that could be subject to specific 
attacks. 
D: Planned security measures fulfil national minimum 
requirements. 
E: No specific solutions to protect information have been 
designed. 
Not selected. 

A: In the building, solutions for protecting data and 
information (secure areas for servers, secure layouts for 
offices dealing with sensitive information, etc.) have been 
implemented. 
B: Building is quite secure, but some improvements could be 
done. 
C: The building has solutions to protect data valid in normal 
circumstances, but that could be subject to specific attacks. 
D: Implemented security measures fulfil national minimum 
requirements. 
E: No specific solutions to protect information have been 
implemented. 
Not selected. 

 

7b. Detailed assessment in design: 8b. Detailed assessment in operation: 
■ Measurement (quantitative value) ■ Measurement (quantitative value) 

� Calculated or simulated value � Calculated or simulated value 

■ Select from the list (List of controls provided in ISO 27002) ■ Select from the list (List of controls provided in ISO 27002) 
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Assessment description in design: Assessment description in operation:  
A: All security controls defined in ISO 27000 standard family 
are effectively designed. 
B: At least 80% of security controls defined in ISO 27000 
standard family are effectively designed. 
C: At least 60% of security controls defined in ISO 27000 
standard family are effectively designed. 
D: At least 40% of security controls defined in ISO 27000 
standard family are effectively designed. 
E: Less than 40% of security controls defined in ISO 27000 
standard family are effectively designed. 
Not selected. 

A: All security controls defined in ISO 27000 standard family 
are effectively implemented. 
B: At least 80% of security controls defined in ISO 27000 
standard family are effectively implemented. 
C: At least 60% of security controls defined in ISO 27000 
standard family are effectively implemented. 
D: At least 40% of security controls defined in ISO 27000 
standard family are effectively implemented. 
E: Less than 40% of security controls defined in ISO 27000 
standard family are effectively implemented. 
Not selected. 

 

9. Example: 
Use and maintenance of strong authentication methods (password, cryptographic key). Definition of user behaviour to 
guarantee security of information. Effective implementation of backup and restore of critical data. 
The protection of data inside a building can be analyzed depending on the context. In an office building, loss of data or 
confidential information could lead to financial problems. In a hospital there could be issues on the privacy on the health 
conditions for hospitalized people.  

 

10. References: 
ISO/IEC 27001: Information technology – Security techniques – Information security management systems – Requirements 
ISO/IEC 27002: Information technology – Security techniques – Code of practice for information security management 

 

Comments: 
During the design phase, the assessment of this indicator could be done through an expert review that evaluates if 
designers have identified solutions to apply the security controls identified in the standard. 
During the assessment in operation the expert review aims at verifying whether the security controls are effectively 
implemented or not. 
The use and the correct configuration of devices and a proper definition of data management procedures are fundamental 
to provide a secure environment, with an impact also on other characteristics of the indoor environment, like for example, 
the automatic management of the HVAC systems controlling air quality. 
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2.7. Reliability in exceptional cases 

1. Framework position: 
Security 

 

2. Indicator name: 
Reliability in exceptional cases 

 

3. Indicator unit: 
Qualitative 

 

4. Indicator description: 
Capability of a building to resist exceptional events increases security of occupants. The indicator considers following 5 
events: 1) terrorist attack or war, 2) exceptional natural conditions not related to climate change (hurricane, tornado, 
storm, heat/cold wave), 3) power cut, 4) nuclear, bacteriological or chemical aggression, and 5) earthquake or tsunami. 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  � Environmental impacts 

■ Housing  ■ Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7. Assessment in design: 8. Assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) � Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Measures have been planned to resist 3 or more 
exceptional cases. 
B: Measures have been planned to resist 2 exceptional 
cases. 
C: Measures have been planned to resist 1 exceptional case. 
D: Measures respect national guidelines. 
E: Measures do not respect national guidelines. 
Not selected. 

A: Measures have been planned to resist 3 or more 
exceptional cases. 
B: Measures have been planned to resist 2 exceptional 
cases. 
C: Measures have been planned to resist 1 exceptional case. 
D: Measures respect national guidelines. 
E: Measures do not respect national guidelines. 
Not selected. 

 
 

9. Example: 
Housing in a volcanic area is rated excellent (Level A in assessment) when exceptional natural conditions are respected, 
and required systems such generators for power cuts and structures are designed to resist earthquakes. 

 

10. References: 
Perfection (2011) D1.4. 

 

Comments: 
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3. USABILITY AND POSITIVE STIMULATION 
 

 
 
Figure 6: Perfection KIPI framework for seven Usability and Positive stimulation indicators.  
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Usability 

3.1. Access to and in the building 

1. Framework position: 
Usability 

 

2. Indicator name: 
Access to and in building 

 

3. Indicator unit: 
Qualitative 

 

4. Indicator description: 
Accessibility in and immediate surroundings of the building is a perquisite for barrier free use. National regulations may 
vary between the countries. The assessment is performed according in issues of a universal design: approach, entrance, 
moving, facilities, and communication. The indicator is limited to buildings on a same lot. Public spaces such as roads and 
infrastructure are out of the indicator scope. 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  � Environmental impacts 

■ Housing  � Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7a. Simple assessment in design: 8a. Simple assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) � Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Fully accessible without help (building and services) – 
respects national guidelines. 
B: Respects national standards valid at the place of use. 
C: Respects national regulations with regard to accessibility. 
D: Respects national regulation, but in reality only accessible 
to a limited group of users. 
E: Major shortcomings with regard to accessibility. 
Not selected. 

A: Fully accessible without help (building and services) – 
respects national guidelines. 
B: Respects national standards valid at the place of use. 
C: Respects national regulations with regard to accessibility.  
D: Respects national regulation, but in reality only accessible 
to a limited group of users. 
E: Major shortcomings with regard to accessibility. 
Not selected. 

 

7b. Detailed assessment in design: 8b. Detailed assessment in operation: 
■ Measurement (quantitative value) ■ Measurement (quantitative value) 

� Calculated or simulated value � Calculated or simulated value 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Fully accessible without help (building and services) – 
respects national guidelines. 
B: Respects national standards valid at the place of use. 
C: Respects national regulations with regard to accessibility. 
D: Respects national regulation, but in reality only accessible 

A: Fully accessible without help (building and services) – 
respects national guidelines. 
B: Respects national standards valid at the place of use. 
C: Respects national regulations with regard to accessibility.  
D: Respects national regulation, but in reality only accessible 
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to a limited group of users. 
E: Major shortcomings with regard to accessibility. 
Not selected. 

to a limited group of users. 
E: Major shortcomings with regard to accessibility. 
Not selected. 

 

9. Example: 
An office which has been designed to be accessible for all is rated excellent (Level A in assessment). 

 

10. References: 
Part M of the Building Regulations. 
CWATUP Walloon Region, Brussels Capital Region Legislation on Urban Development and Accessibility, Flemish Decree on 
Accessibility (2009) 
BS8300:2009 and many other national standards, such as NEN 1814, ... 

 

Comments: 
Accessibility can be improved by interventions at the design phase and can be measured in the operation phase. The 
overall aim should be to reach a design or building accessible to all, i.e. designed and built according to the rules of 
universal design. In order to get there, regulations valid at the place of use and standards should be applied as a reference. 
In most parts of Europe, the regulations define a minimum level and the standards offer a better quality. In some parts of 
Europe, recommendations or guidelines may offer directions to go even further in the direction of universal design. 
 
The assessment should be done following the standard BS8300: 2009 (treated also in Perfection Deliverable D1.4). In the 
simple assessment method, only a short expert advice should be enough to qualify the accessibility. For the detailed 
assessment method, the assessor should measure the building element by evaluating (in accord  the rules defined in D1.4 
or in BS8300) the accessibility of the following elements: 

• Approach to the building 
• Entrance to the building 
• Movement inside the building 
• Facilities in the building 
• Communication in the building. 
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3.2. Wayfinding 

1. Framework position: 
Usability 

 

2. Indicator name: 
Wayfinding 

 

3. Indicator unit: 
Qualitative 

 

4. Indicator description: 
Evaluation of wayfinding in a building without unnecessary assistance. Consider suitability of layouts in entrances, the use 
of colours and contrasts, the presence of signage and way finding utilities in the building and certainly in the main lobby, 
the main corridors and on elevations and stairs. In operation, the assessment can be carried out with help of surveys, e.g. 
POE. However, the needs of special user groups, i.e. disabled, visually and hearing impaired, mentally impaired, elderly 
and children, must be considered in any case in evaluation. E.g. lighting and contrasts help disabled and impaired people 
to navigate. 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  � Environmental impacts 

■ Housing  ■ Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7. Assessment in design: 8. Assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) ■ Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Building has excellent wayfinding. Relevant needs of 
special user groups are covered. 
B: Building has good wayfinding. Special user groups have 
been considered. 
C: Building has good wayfinding. Some minor shortcomings 
exist related to the needs of special user groups. 
D: Respects guidelines related to wayfinding. Orientation is 
however complicated. 
E: Building is complicated to navigate and special user 
groups are not considered. 
Not selected. 
 
Special user groups mean here disabled, visually and hearing 
impaired, mentally impaired, elderly and children. 

A: Building has excellent wayfinding. Relevant needs of 
special user groups are covered. 
B: Building has good wayfinding. Special user groups have 
been considered. 
C: Building has good wayfinding. Some minor shortcomings 
exist related to the needs of special user groups. 
D: Respects guidelines related to wayfinding. Orientation is 
however complicated. 
E: Building is complicated to navigate and special user 
groups are not considered. 
Not selected. 
 
Special user groups mean here disabled, visually and hearing 
impaired, mentally impaired, elderly and children. 

 
 

9. Example: 
Easiness of wayfinding is important in buildings not visited daily by the users, e.g. in hospitals. Better orientation decreases 
the need for assistance, especially with disabled and impaired people. 

 

10. References: 
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ASTM 2009, Standards for whole building – functionality and serviceability 
 

Comments: 
Also called orientation. 
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3.3. Adjustability 

1. Framework position: 
Usability 

 

2. Indicator name: 
Adjustability 

 

3. Indicator unit: 
Qualitative 

 

4. Indicator description: 
Adjustability considers how users may change the existing indoor conditions (temperature, humidity, air-conditioning, 
lighting and natural light). Therefore, it is important to notice the easiness-of-use in the provided systems. 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  ■ Environmental impacts 

■ Housing  ■ Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7. Assessment in design: 8. Assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) � Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Temperature, humidity, air-conditioning/ventilation, 
lighting and natural light conditions are user-friendly, 
adjustable, individually and efficiently controlled. 
B: Many indoor conditions are adjustable at room level. 
C: Some conditions are adjustable at room level. 
D: Some conditions are adjustable at floor level. 
E: User is not able to adjust indoor conditions. 
Not selected. 

A: Temperature, humidity, air-conditioning/ventilation, 
lighting and natural light conditions are user-friendly 
adjustable individually and efficiently controlled. 
B: Many indoor conditions are adjustable at room level. 
C: Some conditions are adjustable at room level. 
D: Some conditions are adjustable at floor level. 
E: User is not able to adjust indoor conditions. 
Not selected. 

 
 

9. Example: 
Many clients have acknowledged that adjustability increases occupant satisfaction and productivity. Many of the offices 
meet adequate level (Level C in assessment) for adjustability and provide room-level variations. 

 

10. References: 
 

 

Comments: 
 

 
 
  



KIPI framework (D1.6) - Annex A 
 

51 
 

Positive stimulation 

 
 
Figure 7: Perfection KIPI framework for seven Usability and Positive stimulation indicators. 
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3.4. View to outside 

1. Framework position: 
Positive stimulation 

 

2. Indicator name: 
View to outside 

 

3. Indicator unit: 
Qualitative 

 

4. Indicator description: 
The aim is to evaluate the average view to the outside from the perspective of a number of focal spaces in the building. 
This indicator addresses especially views to nature and the built environment that are supposed to have a positive 
influence on people. The view should be pleasant and “alive”, i.e. for instance with the change of the seasons or the 
movement of people. 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  � Environmental impacts 

■ Housing  � Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7. Assessment in design: 8. Assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) � Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Pleasant view to nature (e.g. trees, animals, shoreline). 
B: Pleasant view (e.g. park, city, buildings). 
C: No stimulating view. 
D: Restricted view. 
E: No view. 
Not selected. 

A: Pleasant view to nature (e.g. trees, animals, shoreline). 
B: Pleasant view (e.g. park, city, buildings). 
C: No stimulating view. 
D: Restricted view. 
E: No view. 
Not selected. 

 
 

9. Example: 
In housing for elderly people the focal space groups may be living room and dining room.  
In hospitals the relaxing outside view has positive impact on average hospitalisation time (time spent for treatments). 

 

10. References: 
  

 

Comments: 
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3.5. Privacy 

1. Framework position: 
Positive stimulation 

 

2. Indicator name: 
Privacy 

 

3. Indicator unit: 
Qualitative 

 

4. Indicator description: 
Privacy is the ability of an individual or group to seclude himself or information about himself and thereby reveal himself 
selectively. The boundaries and content of what is considered private differ among cultures and individuals, but share 
basic common themes. Privacy is sometimes related to anonymity, the wish to remain unnoticed or unidentified in the 
public realm. When something is private to a person, it usually means there is something within them that is considered 
inherently special or personally sensitive. 
Privacy in the indoor environment include the followings: 

• Surveillance: the user should have the control of the data grabbed by surveillance and access system (cameras, 
in/out logging, etc) 

• Speech privacy: Considering correct design in order to guarantee speech privacy 
• Spatial privacy (including visual privacy): Presence of symbolic privacy fencing. 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  � Environmental impacts 

■ Housing  ■ Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7a. Simple assessment in design: 8a. Simple assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) � Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: The evaluated indoor space has been planned for a high 
privacy level including every aspect listed above. 
B: The evaluated indoor space has been planned for a good 
privacy level including speech and spatial aspects. 
C: The evaluated indoor space has been planned for a 
reasonable privacy level including speech and spatial 
aspects. 
D: Acceptable level. 
E: The evaluated indoor space has not been planned for 
privacy aspects. 
Not selected. 

A: The evaluated indoor space has been designed for a high 
privacy level including every aspect listed above. 
B: The evaluated indoor space has been planned for a good 
privacy level including speech and spatial aspects. 
C: The evaluated indoor space has been designed for a 
reasonable privacy level including speech and spatial 
aspects. 
D: Acceptable level. 
E: The evaluated indoor space has not been designed for 
privacy aspects. 
Not selected. 

 

7b. Detailed assessment in design: 8b. Detailed assessment in operation: 
■ Measurement (quantitative value) ■ Measurement (quantitative value) 

■ Calculated or simulated value ■ Calculated or simulated value 

� Select from the list � Select from the list 
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Assessment description in design: Assessment description in operation:  
A: The following 3 aspects are planned in detail: 

1) Speech attenuation must be such that it is not 
audible outside of the room/space considered 
(measured). 

2) The evaluated room/space must be clearly 
delimited by fencing/walls in order to give the 
user a private space (evaluated by an expert). 

3) If surveillance camera is present, the user must 
have a control on it and on the data recorded by 
the camera (evaluated by expert). 

B: Aspects 1) and 2) as described in level A are planned in 
detail.  
C: Aspect 1) or 2) as described in level A is planned in detail. 
The other aspect is carefully considered in design. 
D: Acceptable level. 
E: No specific measures have been taken. 
Not selected. 

A: The following 3 aspects are evaluated in detail: 
1) Speech attenuation must be such that it is not 

audible outside of the room/space considered 
(measured). 

2) The evaluated room/space must be clearly 
delimited by fencing/walls in order to give the 
user a private space (evaluated by an expert). 

3) If surveillance camera is present, the user must 
have a control on it and on the data recorded by 
the camera (evaluated by expert). 

B: Aspects 1) and 2) as described in level A are evaluated in 
detail.  
C: Aspect 1) or 2) as described in level A is evaluated in 
detail. No problems detected concerning the other aspect. 
D: Acceptable level. 
E: No specific measures have been taken. 
Not selected. 

 

9. Example: 
Visual and noise privacy contribute to stress reduction of patients in hospitals. It is important to secure personal 
discussions. In offices, privacy is important especially for two reasons. On one hand, people often treat confidential 
information (phone calls, meetings, computer’s screen, storage of secret documents). On the other hand, in open plan 
offices, lack of privacy is often source of disturbances (visual, noise). 

 

10. References: 
Perfection deliverable 1.4 

 

Comments: 
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3.6. Feelings and sensations 

1. Framework position: 
Positive stimulation 

 

2. Indicator name: 
Feelings and sensations 

 

3. Indicator unit: 
Qualitative 

 

4. Indicator description: 
This indicator evaluates building qualities that have a positive effect on users’ feelings and sensations. Those properties are 
related to seeing, hearing and smelling senses, building’s architectural design and identity, universal design, or/and social 
interaction. The desired outcomes strongly depend on the building type. They include productivity and creativity (offices 
and schools), stress reduction and well-being (all building types), reduced hospitalisation time (hospitals), independence of 
old or disabled people to live in their own house (housing) and enhancement of social participation (all building types). 
Examples of positive stimulation means for this indicator are listed in example section of the template. 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  � Environmental impacts 

■ Housing  ■ Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7. Assessment in design: 8. Assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

■ Survey (asked from e.g. user such as POE) ■ Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Building is planned with exceptional qualities, which 
should stimulate users’ feelings or sensations, and thereby 
clearly improve their well-being or performance. 
B: Building is planned with qualities, which should stimulate 
users’ feelings or sensations, and thereby improve their 
well-being or performance. 
C: Building is planned with some properties related to 
feelings and sensations with positive effects. 
D: Users feelings and sensations have been considered in 
design. 
E: No efforts related to users’ feelings and sensations. 
Not selected. 

A: Building is provided with exceptional qualities, which 
stimulate users’ feelings or sensations, and thereby clearly 
improve their well-being or performance. 
B: Building properties enhance users’ well-being or 
performance by stimulating feelings or sensations. 
 
C: Building has some properties related to feelings and 
sensations with positive effects. 
D: Users feelings and sensations have been considered. 
 
E: No efforts related to users’ feelings and sensations. 
Not selected. 

 
 

9. Example: 
Examples of positive stimulation means for “feelings and sensations” are given here by theme and building type. 
 
Visual stimulation: 

• Architectural design (all) 
• Aesthetics, colours, lighting, artworks (all) 
• Circadian lighting (offices) 
• Use of natural elements (plants) indoor (all) 
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Stimulation of hearing sense: 
• Presence of adapted music if appropriate (all) 
• Presence of adapted sounds drowning disturbing noise (offices) 

Stimulation of smelling sense: 
• Release of fragrances (offices, commercial) 

Universal design: 
• Building concept follows the principles of universal design (especially housing) 
• Use of assistive technologies for the elderly and disabled when needed (e.g. communication devices and sensory 

aids) (especially housing) 
Sociability: 

• Architectural configuration encouraging social interaction between users, e.g 
- Common spaces for neighbours (housing) 
- Space planning and existence of semi-public spaces supporting collaboration, coincidental encounters and 

creation of informal networks (offices) 
- Communication devices (hospitals, housing) 
- Spaces supporting social interaction between patient and staff or family and visitors (hospitals) 

Identity: 
• Architecture and design creating an identity for the building to be proud of 

 

10. References: 
"Feelings and sensation" features are described more in detail in Perfection deliverable D1.4. 

 

Comments: 
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3.7. Availability and quality of recreational spaces 

1. Framework position: 
Positive stimulation 

 

2. Indicator name: 
Availability and quality of recreational spaces 

 

3. Indicator unit: 
Qualitative 

 

4. Indicator description: 
The purpose of this indicator is to evaluate the spaces supporting the core functions of the building. Besides the essential 
spaces, a building may offer other functions which enlarge its value to users, and improve user satisfaction and well-being. 
These spaces can give positive distraction, such as spaces for leisure activities, or consist of lounges and break rooms in 
offices, which improve creativity and work efficiency. These spaces offer comfort to the user, but have of course an 
economical and environmental cost. 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  ■ Environmental impacts 

■ Housing  ■ Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7. Assessment in design: 8. Assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

■ Survey (asked from e.g. user such as POE) ■ Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Excellent – many available, users feel better or 
performance is increased. 
B: Good - available and fit to use. 
C: Adequate - some applicable exist. 
D: Acceptable - not enough or applicable. 
E: Poor - not available. 

A: Excellent – many available, users feel better or 
performance is increased. 
B: Good - available and fit to use. 
C: Adequate - some applicable exist. 
D: Acceptable - not enough or applicable. 
E: Poor - not available. 

 
 

9. Example: 
An excellent office building (Level A in assessment) has many types of spaces whish assist working (e.g. quiet rooms, small 
team spaces and meeting rooms), help to have breaks (e.g. lobbies, coffee rooms, restaurant), and support leisure (e.g. 
showers, weight room).   

 

10. References: 
 

 

Comments: 
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4. ADAPTABILITY AND SERVICEABILITY 
 

 
 
Figure 8: Perfection KIPI framework for seven Adaptability and Serviceability indicators. 
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Adaptability 

4.1. Versatility and protection 

1. Framework position: 
Adaptability 

 

2. Indicator name: 
Versatility and protection 

 

3. Indicator unit: 
Qualitative 

 

4. Indicator description: 
This indicator evaluates building’s adaptability to changing needs and use functions deriving from changing owners, users 
or activities. Two different cases are illustrated: a) historical buildings and b) other buildings. 
a) Historical buildings, with high cultural value, should be protected in order to add value to the property and keep alive 
the cultural identity of the community. Evaluate also their capability to meet changed use needs or possibility to host 
different activities (hospital, residential, office, exhibition etc.) and possibility to have technical installations improving 
indoor environment quality, without compromising their original structure or shape. 
b) Evaluate the following aspects: possibility for different layouts (zoning, structure, entrance, lobby, corridors); flexibility 
from technical perspective (capability to adapt to changing requirements still ensuring high quality indoor environment). 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  ■ Environmental impacts 

■ Housing  ■ Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7. Assessment in design: 8. Assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) � Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
Historical buildings: 
A: Has cultural value, is protected and meets use needs as is. 
B: Has cultural value, is protected and meets use needs 
within limits. 
C: Has cultural value, is protected and meets use needs to 
some extent. 
D: Fulfils national minimum requirements. 
E: Is protected, cannot be changed and does not meet use 
needs. 
 
Other buildings: 
A: Adaptable building with alternative use scenarios 
considered. 
B: Versatile building, flexible solutions. 
C: Adaptation and flexibility have been considered. 
D: Adaptation and flexibility partly considered. 
E: Adaptation and change not possible. 

Historical buildings: 
A: Has cultural value, is protected and meets use needs as is. 
B: Has cultural value, is protected and meets use needs 
within limits. 
C: Has cultural value, is protected and meets use needs to 
some extent. 
D: Fulfils national minimum requirements. 
E: Is protected, cannot be changed and does not meet use 
needs.  
 
Other buildings: 
A: Adaptable building with alternative use scenarios 
considered. 
B: Versatile building, flexible solutions. 
C: Adaptation and flexibility have been considered. 
D: Adaptation and flexibility partly considered. 
E: Adaptation and change not possible. 
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Not selected.  Not selected. 
 
 

9. Example: 
A historical building where exhibitions will be organised should be evaluated against the following aspects: 

• Capability to be adapted to different layouts for temporary exhibitions, without needs for structural 
interventions that could compromise the original structure or shape of the building. 

• Capability for installation of new HVAC systems able to control indoor air quality (temperature, relative humidity, 
presence of gases) through intervention of minimal impacts from aesthetical and structural points of view. 

 

10. References: 
 

 

Comments: 
Versatility is a significant criterion for value, especially for the owner. Sometimes use of the building changes in renovation 
and alternative use scenarios may have been considered earlier. 
Historical buildings are often protected by regulations and therefore their renovation is restricted. 
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4.2. Technical service life 

1. Framework position: 
Adaptability 

 

2. Indicator name: 
Technical service life 

 

3. Indicator unit: 
Years 

 

4. Indicator description: 
Evaluate technical service life of building load bearing structures, systems, and components. Technical service life is 
defined as the period for which a structure can actually perform according to the structural requirements based on its 
intended purpose with necessary maintenance but without major repairs. For detailed assessment ASTM’s scoring for 
anticipated remaining service life is applied (see Table in Example section of the template). 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  � Social and cultural impacts 

■ Schools  ■ Environmental impacts 

■ Housing  ■ Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7a. Simple assessment in design: 8a. Simple assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) � Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Over 100 years. 
B: 75-100 years. 
C: 50-75 years. 
D: 25-50 years. 
E: 0-25 years. 
Not selected. 

A: Over 100 years. 
B: 75-100 years. 
C: 50-75 years. 
D: 25-50 years. 
E: 0-25 years. 
Not selected. 

 

7b. Detailed assessment in design: 8b. Detailed assessment in operation: 
� Measurement (quantitative value) � Measurement (quantitative value) 

■ Calculated or simulated value ■ Calculated or simulated value 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: At least 26 points in ASTM’s service life rating (see below). 
B: 22-25 points in ASTM’s service life rating. 
C: 16-21 points in ASTM’s service life rating. 
D: 11-15 points in ASTM’s service life rating. 
E: Less than 10 points in ASTM’s service life rating. 
Not selected. 

A: At least 26 points in ASTM’s service life rating (see below). 
B: 22-25 points in ASTM’s service life rating. 
C: 16-21 points in ASTM’s service life rating. 
D: 11-15 points in ASTM’s service life rating. 
E: Less than 10 points in ASTM’s service life rating. 
Not selected. 
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9. Example: 
TABLE: Scoring for detailed assessment - Anticipated remaining service life (ASTM, 2009) 

Points Remaining useful life at least: Equal to 

3 Building envelope: seals, joints = 10 years or more 
4 Roofing and flashing = 15 years or more 
5 HVAC prime movers and main systems = 20 years or more 
3 HVAC secondary distribution, for example, small fans = 10 years or more 
4 HVAC controls = 10 years or more 
3 Elevators and escalators = 20 years or more 
4 Ceiling systems, including fixtures = 15 years or more 
3 Interior finishes, for example, coverings = 10 years or more 
3 Operable items, for example, doors, windows = 20 years or more 
2 Other systems, for example, plumbing = 20 years or more 
2 Site, for example, paving, sidewalks, etc. = 15 years or more 
2 Electrical system = 15 years or more 
2 Life safety system = 20 years or more 

 
NB! 
Do not add pro rata counts for any remaining life that is estimated to be less than the threshold years given in the legend. 
The count is not a sliding scale: give all points or no points. 

 

10. References: 
ASTM 2009, Standards for whole building – functionality and serviceability 
Blok et al. 2003, Service life and life cycle of building structures 

 

Comments: 
Technical service life of building may be 100 years for housing and 60 years for schools. In addition, there are also 
components that are expensive and difficult to replace and have a shorter service life, such as 30 years for ventilation and 
20 years for building automation systems. 
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4.3. Adaptability to climate change 

1. Framework position: 
Adaptability 

 

2. Indicator name: 
Adaptability to climate change 

 

3. Indicator unit: 
Qualitative 

 

4. Indicator description: 
Estimate how the building is protected against or may reduce the impacts of climate change causing over-heating, 
bushfires, rainstorms, flooding, earthquakes, storms, avalanches, mud flows and tornados. Evaluation is based on a risk 
assessment plan about the impacts of climate change on the building during its whole life cycle. 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  � Social and cultural impacts 

■ Schools  ■ Environmental impacts 

■ Housing  ■ Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7. Assessment in design: 8. Assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) � Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Well protected. 
B: Most aspects covered. 
C: Many aspects covered. 
D: Some aspects covered. 
E: Not adaptable. 
Not selected. 

A: Well protected. 
B: Most aspects covered. 
C: Many aspects covered. 
D: Some aspects covered. 
E: Not adaptable. 
Not selected. 

 
 

9. Example: 
In the future it is important that buildings are protected against climate change. Building’s location, for example top of the 
hill, may influence its durability e.g. against flooding. 

 

10. References: 
ISO/AWI 21929, 2010. Sustainability in building construction – Sustainability indicators - Part 1 - Framework for the 
development of indicators for buildings and core indicators – Draft version of 4 February 2010 

 

Comments: 
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Serviceability 

 
 
Figure 9: Perfection KIPI framework for seven Adaptability and Serviceability indicators. 
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4.4. Branding and cultural heritage 

1. Framework position: 
Serviceability 

 

2. Indicator name: 
Branding and cultural heritage 

  

3. Indicator unit: 
Qualitative 

 

4. Indicator description: 
Branding and cultural heritage have a positive economic and social influence on the building during its lifecycle. Branding 
depends on an appearance of the building, spaces, cultural value and certificates (e.g. BREEAM, LEED, CASBEE, PromisE, 
SBA, Energy label and Green office). The certificates are evaluated from a viewpoint of added value and contribution to 
the indoor environment quality. The buildings cultural value is evaluated through a construction year, an architectural 
style, a well-known designer, a conservation status, and a presence of artworks. 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  ■ Environmental impacts 

■ Housing  ■ Economic impacts 

■ Hospitals   

■ Exhibition  

■ Other  
 

7. Assessment in design: 8. Assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) � Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Strong brand or important cultural value. 
B: Positive image. 
C: No added cultural or branding value. No negative image. 
D: Accepted level. 
E: Poor branding value and culturally not important. 
Not selected. 

A: Strong brand or important cultural value. 
B: Positive image. 
C: No added cultural or branding value. No negative image. 
D: Accepted level. 
E: Poor branding value and culturally not important. 
Not selected. 

 

9. Example: 
Branding is often connected to good quality and may be converted into money. Some examples of well-known rating 
certificates are BREEAM, LEED, CASBEE, PromisE, SBA, Energy label and Green office. 
A building with a high cultural relevance, provided that it is well conserved, has a great impact on the positive feelings of 
people, helping to increase its economic value. An example is provided by great insurance companies or banks that choose 
historic buildings as headquarters and for representative offices, aiming at impressing visitors. 

 

10. References: 
ASTM 2009, Standards for whole building – functionality and serviceability 

 

Comments: 
A relevant role about the building image is played by its cultural value. Buildings can be landmark of a style, time or 
country, thanks to their peculiar architectural and structural characteristics. These buildings could help to preserve the 
cultural identity of citizens, with also an increment in their economic value. Moreover, historical buildings typically contain 
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several artworks (frescoes, paintings, statues, ancient objects, etc.) that can contribute to the positive feelings of people 
working, living or simply visiting the building (for example during a temporary art exhibition). 
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4.5. Availability of services in the building 

1. Framework position: 
Serviceability 

 

2. Indicator name: 
Availability of services in the building 

 

3. Indicator unit: 
Quantitative 

 

4. Indicator description: 
Review of services strictly related to the activities performed inside the building. The range of relevant services highly 
depends on the type of building. It is essential that mandatory services are available and services consider all user groups, 
including children, elderly and disabled/impaired people. 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  ■ Environmental impacts 

■ Housing  ■ Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7a. Simple assessment in design: 8a. Simple assessment in operation: 
■ Expert review (subjective specialist judgement) � Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) ■ Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Excellent score in expert assessment on availability of 
services. 
B: Very good score in expert assessment on availability of 
services. 
C: Good score in expert assessment on availability of 
services. 
D: Acceptable level. 
E: No services. 
Not selected. 

A: Excellent score in user survey on availability of services. 
 
B: Very good score in user survey on availability of services. 
 
C: Good score in user survey on availability of services. 
 
D: Acceptable level. 
E: No services. 
Not selected. 

 

7b. Detailed assessment in design: 8b. Detailed assessment in operation: 
■ Measurement (quantitative value) ■ Measurement (quantitative value) 

� Calculated or simulated value � Calculated or simulated value 

� Select from the list � Select from the list 

Assessment description in design:             Assessment description in operation:  
A: Excellent score in expert assessment on quality of 
services. 
B: Very good score in expert assessment on quality of 
services. 
C: Good score in expert assessment on quality of services. 
D: Acceptable level. 
E: No services. 

A: Excellent score in user survey on quality of services. 
 
B: Very good score in user survey on quality of services. 
 
C: Good score in user survey on quality of services. 
D: Acceptable level. 
E: No services. 
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Not selected. Not selected. 
 

9. Example: 
Some examples of services/serviceability are listed below. Consider relevance to building type. 
Spatial relations, functionality of spaces, level of fittings and fixtures, catering, cafeteria, market, vending machine, 
administrative support, reception, switchboard, mail sorting and delivering, office supply and copying, showers and 
lockers, induction loop and other aids for disabled/impaired. 

 

10. References: 
 

 

Comments: 
The availability of services can have an impact on user satisfaction. In office buildings services are also combined to 
economic value of the property and may have an environmental impact decreasing the need for transportation. 
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4.6. Cleanliness 

1. Framework position: 
Serviceability 

 

2. Indicator name: 
Cleanliness 

 

3. Indicator unit: 
Qualitative 

 

4. Indicator description: 
Review the durability of materials, the easiness of cleaning during design and the standard of cleaning in terms of work 
resources allocated to the cleaning during building operation. 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  ■ Social and cultural impacts 

■ Schools  � Environmental impacts 

■ Housing  ■ Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7. Assessment in design: 8. Assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) � Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: All materials durable and easy to clean with optimal 
resources. 
B: Most materials durable and easy to clean. 
C: Some materials durable and easy to clean. 
D: Durability and easiness of cleaning has been considered. 
E: Durability and easiness of cleaning not considered. 
Not selected. 

A: Excellent cleaning level reached with optimal resources. 
B: Cleaning level above standard reached with optimal 
resources. 
C: Desired cleaning level reached with optimal resources. 
D: Accepted cleanliness level obtained. 
E: Required level not fulfilled. 
Not selected. 

 
 

9. Example: 
It is important that cleaning manual exists and required level of quality is described. This is especially important in 
environments that are operated 24/7 such as hospitals, where required cleanliness level is higher. 

 

10. References: 
ASTM 2009, Standards for whole building – functionality and serviceability 

 

Comments: 
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4.7. Maintainability 

1. Framework position: 
Serviceability 

 

2. Indicator name: 
Maintainability 

 

3. Indicator unit: 
Qualitative 

 

4. Indicator description: 
Maintainability is the ability of a building to be retained in a state in which it can perform its required functions or to be 
restored to such a state when a fault occurs. This indicator considers easiness of maintenance such as replaceable parts, 
quality of solutions and surfaces in terms of maintenance. 

 

5. Applied in building types: (select)    6. Impacts of indicator: (select)  
■ Offices  � Social and cultural impacts 

■ Schools  ■ Environmental impacts 

■ Housing ■ Economic impacts 

■ Hospitals  

■ Exhibition  

■ Other  
 

7a. Simple assessment in design: 8a. Simple assessment in operation: 
■ Expert review (subjective specialist judgement) ■ Expert review (subjective specialist judgement) 

� Survey (asked from e.g. user such as POE) � Survey (asked from e.g. user such as POE) 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: Maintainability considered in design and construction: 
flexible industrial components to install and replace, easy 
access in operation. 
B: High maintainability with a good maintenance plan. 
C: Maintenance plan exists. 
D: Meets required level. 
E: Not considered. 
Not selected. 

A: Extensive maintenance plan with strategy and program. 
Has been updated during operation period. 
B: Good maintenance plan exists, partly updated during 
operation period. 
C: Maintenance plan exists. 
D: Meets required level. 
E: Not considered. 
Not selected. 

 

7b. Detailed assessment in design: 8b. Detailed assessment in operation: 
� Measurement (quantitative value) � Measurement (quantitative value) 

� Calculated or simulated value � Calculated or simulated value 

� Select from the list � Select from the list 

Assessment description in design: Assessment description in operation:  
A: 
B: 
C: 
D: 
E: 
Not selected. 

A: 
B: 
C: 
D: 
E: 
Not selected. 
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9. Example: 
A systematic maintenance plan with regular condition assessment provides a sound basis for predictable (optimal) running 
costs of the facility and prevents from undesired impacts of perturbation of activities in operation. 

 

10. References: 
ISO/AWI 21929, 2010. Sustainability in building construction – Sustainability indicators - Part 1 - Framework for the 
development of indicators for buildings and core indicators – Draft version of 4 February 2010 
ASTM 2009, Standards for whole building – functionality and serviceability 

 

Comments: 
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INTRODUCTION 

 
In this annex, additional information on the specific assessment methods applied to evaluate the 
performance indicators for health and comfort is provided. The annex serves as a supplementary 
document providing guidelines with respect to the applied methodology for expert reviews, building 
simulations and experimental methods. As such it is part of the D1.6 report “Optimal indoor 
performance indicators” (Annex B) and links closely to Annex A of that same report.  
 
For each indicator, a detailed description of the assessment method is presented as well as examples of 
specific requirements and target values for classification of the indicator in levels A to E. Here, level A 
represents the best performance of the specific indicator, where level E is related to the poorest 
performance. Generally, five levels are assumed, though not for every type of assessment such a 
distinction is feasible.  
 
The outline of the annex is as follows: For each indicator a simple and detailed level with respect to the 
assessment is presented, and then each level is divided into an assessment method applied in design 
and in operation.  
 
In addition to the general remarks and constraints that hold to the developed framework and are 
discussed in the main report, some further important remarks with respect to the content of this Annex 
are in place: 

1. A main part of the guidelines and methodologies presented, are a synthesis of the work 
reported by the American Society for Testing of Materials (ASTM) Standards for Whole Building 
Functionality and Serviceability (ASTM 1996), ASHRAE’s Performance Measurement Protocols 
for Commercial Buildings (ASHRAE 2009a), and the FISIAQ’s Classification of Indoor Climate 
(FiSIAQ 2008). While it may be straightforward to the reader only to refer these documents, the 
authors of this report decided to include significant and important parts of these documents in 
the present work. This results in a more concise guideline and enables a wider application of the 
presented assessment methods. For the sake of readability, we decided not to put quotation 
marks to individual parts taken from the indicated references in this report. With this 
introduction we hope to clearly have acknowledged the value of these references. However, the 
reader should notice that, though some parts are taken from the mentioned references, the 
assessment methods proposed in this document are not all a (one-to-one) copy of the standards 
and guidelines published by ASTM, ASHRAE, and FISIAQ. The proposed assessment methods are 
designed, developed and tuned according to the specific needs of the building designers and 
users in order to enlarge the quality of the Perfection KIPI framework and its applicability in 
practice.  
 
Though care is taken to allow for an objective assessment, it is beyond the scope of this work to 
be complete in every detail. Therefore, reference to work as cited above and to standards is 
included regularly. Many issues also will rely on expert judgement and indirect parameters (e.g. 
technological solutions). In addition, in the use phase, for the (relative) simple assessment often 
use is made of complaint logs and occupant satisfaction rates. Though it may debatable to rely 
on occupant survey results in the detailed assessment as well, the origin of the work is directed 
to performance indicators and its link over the life cycle of a building. In view of that occupant 
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satisfaction may be regarded as additional information. The many uncertainties in connecting 
performance indicator results with occupant satisfaction are acknowledged. The framework 
should be flexible to respond to new research results in this area. Furthermore, connections 
between the Health & Comfort key indicators and other parts of the framework are found in for 
example the key indoor performance indicator (KIPI) ‘Adjustability’ which reflects on the control 
occupants have to adapt their environmental conditions. The latter addresses the psychological 
part that deals with satisfaction with the indoor environment. The indicators in the Health & 
Comfort part address the (main) performance indicators that affect the physiological part which 
may be the resultant of occupant control.      

 
2. In this document, target values are presented for the illustration of the assessment methods.  

These target values should be considered as example values and may be adjusted according to 
the requirements of the specific building. The same comment accounts for subjective 
descriptions provided in the description of the classes. These need to be specified. In some cases 
this might affect the assessment itself. As a reference, minimum requirements according to the 
national building legislation should arrive at class D: ‘acceptable’. 
 

3. For some assessments more than one criterion is mentioned. In that case classification is based 
upon fulfilling all the conditions/requirements corresponding to the specific class. 
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1. ASSESSMENT METHODS OF HEALTH AND COMFORT KIPIs 
 

1.1. INDOOR AIR QUALITY 

1.1.1. Mould growth risk 
 
Mould growth risk 
Simple 
Assessment in design 
 
The key performance indicator Mould growth risk implicitly assumes that a higher risk of mould growth 
will increase the exposure to spores and mycotoxins in the air. Main parameters for identifying the risk 
of mould growth are the combination of temperature and relative humidity, evaluated on the surface of 
a building component. The perception of indoor air quality (IAQ) relates also to these parameters, 
evaluated in the air (Fang et al 1998). However, if the indoor climate conditions are within thermal 
comfort range, the perceived air quality generally is maintained at an acceptable level (Zhang et al 
2011).   
 
The presence of and the risk for development of mould growth on building surfaces is evaluated:  
1. Conduct a facility pre-evaluation and survey preparation. 
a. Review facility operational documentation. Review building and tenant descriptions, drawings, and 
information on the facility construction. Document the occupancy types and operations for each space 
type within the facility. Review building plans, including HVAC designs.  
 
2. A building assessment is conducted and the conditions for mould growth in the building are 
characterized, based on technical drawings and calculations available in the design phase: 
a. Building components. Inspect the building construction for building components which may be 
susceptible to mould growth. Inspect the construction for possible thermal bridges, where low surface 
temperatures and high relative humidities may occur.  
b. Moisture production. Characterize the spaces where excessive moisture production may occur, for 
example kitchen facilities, bath rooms, etc. If a strong moisture source is observed, an increased risk for 
mould growth development exists. 
c. Obtain HVAC system attribute information. The attribute list will be provided by the building 
owner/designer to include a list of systems that affect IAQ, scheduled operation, typical setpoints, and 
control of outside air.  
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Table 1: Assessment in design 
 Mould growth risk 
A Excellent, no risk for development of mould growth. No (excessive) moisture sources in or in the 

neighbourhood of the building. 
B Good, moisture sources are present in the building; however, the risk for accumulation (relatively high local 

relative humidity) is limited. No building materials susceptible to mould growth applied; no thermal 
bridges, imperfections, etc. 

C Adequate, moisture sources are present in the building; however, the risk for accumulation (relatively high 
local relative humidity) is limited. Particular spaces where moisture sources are present are isolated from 
other spaces (pressurization, air flows, (self-closing) doors, etc.) 

D Acceptable, moisture sources are present in the building; The risk for accumulation (relatively high local 
relative humidity) is acceptable. Isolation of spaces where moisture sources are present conforms to 
national building regulations. Materials susceptible to mould growth or thermal bridges are present. 

E Poor, moisture sources are present in the building; The risk for accumulation (relatively high local relative 
humidity) is high. No isolation of spaces where moisture sources are present. Materials susceptible to 
mould growth or thermal bridges are present. 
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Mould growth risk 
Simple 
Assessment in operation 
 
The key performance indicator Mould growth risk implicitly assumes that a higher risk of mould growth 
will increase the exposure to spores and mycotoxins in the air. Main parameters for identifying the risk 
of mould growth are the combination of temperature and relative humidity, evaluated on the surface of 
a building component. The perception of indoor air quality (IAQ) relates also to these parameters, 
evaluated in the air (Fang et al 1998). However, if the indoor climate conditions are within thermal 
comfort range, the perceived air quality generally is maintained at an acceptable level (Zhang et al 2011) 
 
The presence of and the risk for development of mould growth on building surfaces is evaluated:  
1. Conduct a facility pre-evaluation and survey preparation. 
a. Review complaints log and similar unstructured reports of continuing or episodic concerns, and 
related environmental and health surveys, which may indicate mould growth related problems. 
Additionally, a BSI survey could be carried out (Raw 1995) to evaluate the presence of mould growth 
related complaints. 
 
2. A site/building assessment is conducted and the conditions for mould growth in the building are 
characterized: 
a. Building components. Inspect the building construction for building components which may be 
susceptible to mould growth. Inspect the construction for thermal bridges, where low surface 
temperatures and high relative humidities may occur.  
b. Moisture production. Characterize the spaces where excessive moisture production may occur, for 
example kitchen facilities, bath rooms, etc. If a strong moisture source is observed, an increased risk for 
mould growth development exists. 
c. Obtain HVAC system attribute information. The attribute list provided by the building owner/designer 
should include a list of systems that affect IAQ, scheduled operation, typical setpoints, and control of 
outside air. Ensure all pertinent facility information is provided by the building owner prior to initiating 
the site visit. 
d. Inspect for staining or permanent wetness to indicate moisture problems. 
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Table 2: Assessment in operation 
 Mould growth risk 

A Excellent, no staining on or permanent wetness of building component’s surfaces. No (excessive) moisture 
sources in or in the neighbourhood of the building.  

B Good, e.g. no staining on or permanent wetness of building component’s surfaces. Moisture sources are 
present in the building. Particular spaces where moisture sources are present are isolated from other 
spaces (pressurization, air flows, (self-closing) doors, etc.). No building materials susceptible to mould 
growth applied; no thermal bridges, imperfections, etc 

C Adequate, e.g. no staining on or permanent wetness of building component’s surfaces. Moisture sources 
are present in the building. Particular spaces where moisture sources are present are isolated from other 
spaces (pressurization, air flows, (self-closing) doors, etc.) 

D Acceptable, wetness of building component’s surface(s) is observed during some part of the year. Moisture 
sources are present in the building. Materials susceptible to mould growth or thermal bridges are present. 

E Poor, staining and permanent wetness of the building component’s surface(s) are observed during a 
considerable part of the year. Complaints indicating mould growth related health problems have been 
observed.  
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Mould growth risk 
Detailed 
Assessment in design 
 
Building simulation is used for obtaining information about the indoor environmental conditions over an 
entire year. The building simulation results in a data set of hourly values including indoor air 
temperature, relative humidity, and local surface temperature and relative humidity for those building 
components where mould growth may develop. These quantities are evaluated in the Lowest Isopleth 
for Mould growth (LIM) (Figure 1; Sedlbauer, Krus & Breuer 2003) (Peuhkuri, Viitanen & Ojanen 2008) 
for biodegradable materials and porous building materials. Mould growth also relates to exposure time. 
Short term (e.g. 2 hours) exposure to high RH may not increase the risk of mould growth if it is followed 
by sufficiently low values for RH (Viitanen et al. 2010). Figure 2 shows an example of the relation 
between critical temperature, relative humidity and exposure to start mould growth on pine sapwood 
(Viitanen et al. 2010).  
 
Table 3: Assessment in design 

 Mould growth risk 
A Excellent, e.g. no critical conditions; no risk for development of mould growth.  
B Good, e.g. critical surface conditions are observed locally, only few times1 in the year; The risk for 

development of mould growth is limited. 
C Adequate, critical indoor environmental conditions are observed, only few times1 in the year; the risk for 

development of mould growth is limited. 
D Acceptable, critical surface conditions are observed during a part1 of the year; the risk for development of 

mould growth is acceptable. 
E Poor, critical indoor surface conditions are observed during a considerable1 part of the year; the risk for 

development of mould growth is large. 
1 Subjective descriptions should be defined more detailed, for example as the number of hours, at which specific 
conditions occur, related to the total number of hours over the year. 
 



KIPI framework (D1.6) - Annex B 

 

Page 9 of 64 
 

 
 
Figure 1: Lowest Isopleth for Mould growth of substrate class I (LIMBAUI: for biodegradable materials) and of 
substrate class II (LIMBAUI: for porous building materials) (Sedlbauer, Krus & Breuer 2003).  
 

 
Figure 2: Critical temperature and relative humidity as function of exposure time to start mould growth on pine 
sapwood (Viitanen et al. 2010).  
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Mould growth risk 
Detailed 
Assessment in operation 
 
Measurements are used for obtaining information about the local surface conditions over an entire 
year: 
1. Local surface conditions: 
Building components are inspected for staining or permanent wetness to indicate moisture problems. 
Measurement of internal moisture content beneath surfaces where moisture or mould growth is 
observed is carried out. Moreover, thermography may be used. If there is persistent wetness, consider a 
sample and culture to clarify if and how intense a hidden microbial growth may be. Local surface 
temperature and relative humidity for those building components where moisture problems have 
developed are analyzed.  
2. The measured conditions are evaluated in the Lowest Isopleth for Mould growth (LIM) (Figure 5; 
Sedlbauer, Krus & Breuer 2003) (Peuhkuri, Viitanen & Ojanen 2008) for biodegradable materials and 
porous building materials. 
 
Table 4: Assessment in operation 

 Mould growth risk 
A Excellent, no staining on or permanent wetness of building component’s surfaces. No critical conditions; no 

risk for development of mould growth. 
B Good, e.g. no staining on or permanent wetness of building component’s surfaces. Critical surface conditions 

are observed locally, only few times1 in the year; The risk for development of mould growth is limited. 
C Adequate, e.g. no staining on or permanent wetness of building component’s surfaces. Critical indoor 

environmental conditions are observed, only few times1 in the year; the risk for development of mould 
growth is limited. 

D Acceptable, permanent wetness of building component’s surface(s) is observed during some part1 of the 
year. Critical surface conditions are observed during a considerable part1 of the year; the risk for 
development of mould growth is acceptable. 

E Poor, staining and permanent wetness of the building component’s surface(s) are observed during a 
considerable part1 of the year. Critical indoor environmental conditions and surface conditions are observed 
during a considerable part1 of the year; the risk for development of mould growth is large. 

1 Subjective descriptions should be defined more detailed, for example as the number of hours, at which specific 
conditions occur, related to the total number of hours over the year. Some additional information is provided in 
the description for detailed assessment for mould growth risk in the design phase. 
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1.1.2. Ventilation/CO2 
 
Ventilation/CO2 
Simple 
Assessment in design 
 
Conduct a facility pre-evaluation and survey preparation: 
a. Review facility operational documentation. Review building and tenant descriptions, drawings, and 
information on the facility construction. Document the occupancy types and operations for each space 
type within the facility. Review building plans, including HVAC designs.  
b. Assessment based on technical drawings and calculations available in the design phase. Obtain HVAC 
system attribute information. The attribute list will be provided by the building owner/designer to 
include a list of systems that affect IAQ, scheduled operation, typical setpoints, and control of outside 
air. Ensure all pertinent facility information is provided by the building owner prior to initiating the site 
visit. 
 
Assessment of the ventilation is carried out along the lines of ASTM Standards on Whole Building 
Functionality and Serviceability (ASTM 1996). Informative rates of outdoor supply air for different 
categories are provided in CEN EN 13779:2007 (CEN 2007a). 
 
Table 5: Assessment in design. 

 Ventilation/CO2 
A Excellent, e.g. ventilation rates agree with, e.g., best level as indicated in standards and volume of air 

entering the space are maintained at all times that the rooms are in use. Local control of ventilation exists 
in all rooms, including temporary flushing with 100% outside air.  

B Good, e.g. sufficient ventilation rates per person, e.g. according to standards. The volumes of fresh air 
never fall below required ventilation rates. Capability exists for added ventilation. 

C Adequate, e.g. ventilation rates reach required target, e.g. according to set level in standards. Ventilation 
is controlled using fixed setpoints. Limited capability exists for added ventilation.  

D Acceptable, e.g. ventilation rates per person are at required target, e.g. according to set level in 
standards. No capability exists for added ventilation. 

E Poor, e.g. ventilation rates per person are effectively lower than the minimum requirements, e.g. 
according to standards, are not increased for the density of population, and more ventilation cannot be 
added.  
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Ventilation/CO2 
Simple 
Assessment in operation 
 
1. Conduct a facility pre-evaluation and survey preparation: 
a. Review complaints log and similar unstructured reports of continuing or episodic concerns, previous 
occupant satisfaction surveys and/or IAQ audits, and related environmental, health and safety surveys. 
Document response and actions taken. 
b. Review facility operational documentation. Review building and tenant descriptions, as-built 
drawings, and information on the facility construction. Document the occupancy types and operations 
for each space type within the facility. Review building plans, including HVAC designs. Note any 
remodeling and HVAC projects in-progress or completed since occupancy, recommissioning or the last 
tenant satisfaction survey. Informative rates of outdoor supply air for different categories are provided 
in CEN EN 13779:2007 (CEN 2007a). 
c. Prepare for site assessment. Contact building managers and tenant facility coordinators for the 
purpose of conducting a telephone in-briefing. Obtain HVAC system attribute information. The attribute 
list will be provided by the building owner to include a list of systems that affect IAQ, scheduled 
operation, typical setpoints, and control of outside air. Ensure all pertinent facility information is 
provided by the building owner prior to initiating the site visit. 
  
2. Conduct a site assessment (qualitative) and characterize condition of the building and its HVAC 
system as it might affect IAQ: 
a. Perform opening interview with the Building Manager, operation and maintenance contractor, 
custodial contractor and interested tenant representatives. 
 
3. Conduct an occupant survey, concurrent with IAQ physical and environmental evaluation, to 
determine occupant satisfaction with IAQ and rate the building’s satisfaction levels against benchmarks 
in a database of previously measured buildings. This should include perceptions of fresh air, stuffiness, 
presence of odours, healthful air, temperature/humidity adequacy, etc. For example, the CBE survey 
(ASHRAE 2009a) or BSI survey could be carried out (Raw 1995). 
 
Table 6: Assessment in operation 

 Ventilation/CO2 
A Excellent, e.g. no IAQ related complaints reported. Ventilation rates, e.g. according to standards, and 

volume of air entering the space are maintained at all times that the rooms are in use. Local control of 
ventilation exists in all rooms, including temporary flushing with 100% outside air.  

B Good, e.g. only a few1 IAQ related complaints. Sufficient ventilation rates per person, e.g. according to 
standards. The volumes of fresh air never fall below required ventilation rates. Capability exists for added 
ventilation. 

C Adequate, e.g. only a few1 IAQ related complaints. Ventilation rates reach required target, e.g. according 
to standards. Ventilation is controlled using fixed setpoints. Limited capability exists for added 
ventilation.  

D Acceptable, e.g. the number of IAQ related complaints is acceptable1. Ventilation rates per person are at 
required target, e.g. according to standards. No capability exists for added ventilation. 

E Poor, e.g. IAQ related complaints are reported frequently1. Ventilation rates per person are effectively 
lower than the minimum requirements, e.g. according to standards, are not increased for the density of 
population, and more ventilation cannot be added.  

1 Subjective descriptions should be defined more detailed, for example as the number of complaints related to the 
total number of building occupants or related to a reference building. 
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Ventilation/CO2 
Detailed 
Assessment in design 
 
The zone-to-outdoor air differential CO2 levels in selected zones are evaluated using a building 
simulation of the airflow in the building, for example using a zonal/nodal airflow model. For complex 
spaces computational fluid dynamics may be applied to better assess the ventilation efficiency. The 
building simulation results in a prediction of the CO2 levels in the building. Such predictions can be useful 
in assessing outdoor air ventilation relative to occupancy levels, i.e., to determine if the effective OA 
rate per person is less than the rate required. The CO2 concentrations should be analyzed in the spaces 
or in preference in the return air duct or plenum. Predictions should be available in the selected zones 
under design and steady state occupancy conditions for at least a one-week period, but preferably on a 
longer basis. 
 
Assessment of the predicted CO2 concentrations can be carried out along the lines of, e.g., the target 
values for indoor air quality presented by in the Finnish Classification of Indoor Climate (FiSIAQ 2008) or 
EN-13779:2007 (CEN 2007a).  
 
Table 7: Target values for assessment in design 

 Ventilation/CO2 
 CO2 concentration [ppm] Stability of Environment1 [% of operating time] 

A <750 ≥ 95% 
B <900 ≥ 95% 
C <900 ≤ 95% 
D <1200 ≥ 90% 
E >1200 - 

1 Defined, e.g., as the percentage of the operating/occupation time a condition is fulfilled 
 
Additional comments 
Levels exceeding 1000 ppm generally are an indication of inadequate ventilation and signal a need to 
investigate and take corrective action. However, because appropriate CO2 levels vary with the 
occupancy of the space and the activity level of the occupants, no single value, or range of values, 
applies to all spaces. Tables of recommended CO2 concentrations (i.e., expected design levels under 
default conditions) for ventilation monitoring or demand controlled ventilation have been presented by 
Lawrence (Lawrence 2008) and (FISIAQ 2008).  These values are based on several assumptions including 
steady state in a single zone, the default design occupancy and activity levels, an air distribution 
effectiveness of 1.0 (i.e. well mixed), and an ambient concentration of 400 ppm. In Table 7, absolute 
values for the CO2 concentrations are presented. While the CO2 concentration in a building is also 
influenced by the outdoor air concentration, the ambient concentration is included in the target value 
indirectly (FISIAQ 2008). This is not the case when informative requirements (good practice) set by CEN 
EN-13779: 2007 (CEN 2007a) are applied. 
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Ventilation/CO2 
Detailed  
Assessment in operation 
 
Measure zone-to-outdoor air differential CO2 levels in each zone (return air) and in selected spaces. Such 
measurements can be useful in assessing outdoor air ventilation relative to occupancy levels, i.e., to 
determine if the effective OA rate per person is less than the rate required at design. Nevertheless, CO2 
is a poor metric for sparsely occupied spaces and spaces with high amounts of pollutant emitting 
building components. Sensors should be in the space (or placed in a central measurement station) in 
preference to the return air duct or plenum. These measurements should be made continuously in 
selected zones under design occupancy conditions for at least a one-week period, but preferably on a 
continuous, permanent basis. For additional information regarding the measurement of CO2 levels the 
reader is referred to ASHRAE Performance Measurement Protocols for Commercial Buildings (ASHRAE 
2009a).  
 
Assessment of the measured CO2 concentrations can be carried out along the lines of, e.g., the target 
values for indoor air quality presented by in the Finnish Classification of Indoor Climate (FISIAQ 2008) or 
EN-13779:2007 (CEN 2007a).  
 
 Table 8: Target values for assessment in operation  

 Effective ventilation/CO2 
 CO2 concentration [ppm] Stability of Environment1 [% of operating time] 

A <750 ≥ 95% 
B <900 ≥ 95% 
C <900 ≤ 95% 
D <1200 ≥ 90% 
E >1200 - 

1 Defined as, e.g., the percentage of the operating/occupation time a condition is fulfilled 
 
Additional comments 
Levels exceeding 1000 ppm generally are an indication of inadequate ventilation and signal a need to 
investigate and take corrective action. However, because appropriate CO2 levels vary with the 
occupancy of the space and the activity level of the occupants, no single value, or range of values, 
applies to all spaces. Tables of recommended CO2 concentrations (i.e., expected design levels under 
default conditions) for ventilation monitoring or demand controlled ventilation have been presented by 
Lawrence (Lawrence 2008) and (FISIAQ 2008).  These values are based on several assumptions including 
steady state in a single zone, the default design occupancy and activity levels, an air distribution 
effectiveness of 1.0 (i.e. well mixed), and an ambient concentration of 400 ppm. In Table 8, absolute 
values for the CO2 concentrations are presented. While the CO2 concentration in a building is also 
influenced by the outdoor air concentration, the ambient concentration is included in the target value 
indirectly (FISIAQ 2008). This is not the case when informative requirements (good practice) set by CEN 
EN-13779: 2007 (CEN 2007a) are applied. 
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1.1.3. Combustion sources/infiltration 
 
Combustion sources/infiltration  
Simple 
Assessment in design 
 
1. The quality of the outdoor air at the site is determined, while focusing on the presence of carbon 
monoxide sources in the neighbourhood of the building (for example in an industrial area, busy road, car 
park, smoking areas in the vicinity of entrances to the building). If a strong local ambient source is 
suspected, the quality of outdoor air at the site, determined by local microclimate data, should be 
documented. This can consist of an observational survey of the building site and immediate 
surroundings to identify local contaminants that may be of concern if allowed to enter the building. 
Identify design considerations to limit the risk for contamination of the indoor air (e.g. location of air 
intake). 
 
2. Inspection for combustion sources in the building should be carried out. If combustion sources are 
present and combustion takes place in particular spaces, they should be isolated from other spaces by 
for example pressurization, air flows, extra ventilation, self-closing doors, etc. Particular attention 
should be paid to combustion, cooking, gymnasiums, smoking areas etc.  
 
Assessment of the combustion sources/infiltration is carried out along the lines of ASTM Standards on 
Whole Building Functionality and Serviceability (ASTM 1996). 
 
Table 9: Assessment in design 

  Combustion sources/infiltration  
  Sources Infiltration 

A Excellent  No carbon monoxide sources in the 
building 

No carbon monoxide sources in the 
neighbourhood of the building.  

B Good No carbon monoxide sources in the building Carbon monoxide sources are present in the 
building’s surroundings; however, the risk for 
contamination of the indoor air is limited. 

C Adequate Carbon monoxide sources are present in the 
building. Particular spaces where 
combustion sources are present are isolated 
from other spaces (pressurization, air flows, 
self-closing doors, etc.) 

Carbon monoxide sources are present in the 
building’s surroundings; Analysis of the 
outdoor air at the site showed that the OA 
quality is good and the risk for contamination 
of the indoor air is limited. 

D Acceptable Carbon monoxide sources are present in the 
building. Particular spaces where 
combustion sources are present are isolated 
from other spaces (pressurization, air flows, 
self-closing doors, etc.) 

Carbon monoxide sources are present in the 
building’s surroundings; Analysis of the 
outdoor air at the site showed that the OA 
quality is poor and the risk for contamination 
of the indoor air is acceptable. 

E Poor Carbon monoxide sources are present in the 
building. No isolation of particular spaces 
where combustion sources are present 
(pressurization, air flows, self-closing doors, 
etc.) 

Carbon monoxide sources are present in the 
building’s surroundings; Analysis of the 
outdoor air at the site showed that the OA 
quality is poor and the risk for contamination 
of the indoor air is considerable. 
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Additional  comments 
in the informative annex of EN 13779:2007 (2007) examples of technological solutions are provided to minimize 
the risk of contamination from outdoor (based on outdoor air quality). 
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Combustion sources/infiltration  
Simple 
Assessment in operation 
 
1. The quality of the outdoor air at the site is determined, while focusing on the presence of carbon 
monoxide sources in the neighbourhood of the building (for example in an industrial area, busy road, car 
park). If a strong local ambient source is suspected, the quality of outdoor air at the site, determined by 
local microclimate data, should be documented. This can consist of an observational survey of the 
building site and immediate surroundings to identify local contaminants that may be of concern if 
allowed to enter the building. Identify design considerations to limit the risk for contamination of the 
indoor air (e.g. location of air intake).  
 
2. Inspection for combustion sources in the building should be carried out. If combustion sources are 
present and combustion takes place in particular spaces, they should be isolated from other spaces by 
for example pressurization, air flows, extra ventilation, self-closing doors, etc. Particular attention 
should be paid to combustion, cooking, gymnasiums, smoking areas, etc.  
 
Assessment of the combustion sources is carried out along the lines of ASTM Standards on Whole 
Building Functionality and Serviceability (ASTM 1996) 
 
Table 10: Assessment in operation 

  Combustion sources/infiltration  
  Sources Infiltration 

A Excellent  No carbon monoxide sources in the 
building 

No carbon monoxide sources in the 
neighbourhood of the building.  

B Good No carbon monoxide sources in the 
building 

Carbon monoxide sources are present in the 
building’s surroundings; however, the risk for 
contamination of the indoor air is limited. 

C Adequate Carbon monoxide sources are present in 
the building. Particular spaces where 
combustion sources are present are 
isolated from other spaces (pressurization, 
air flows, self-closing doors, etc.) 

Carbon monoxide sources are present in the 
building’s surroundings; Analysis of the outdoor 
air at the site showed that the OA quality is 
good and the risk for contamination of the 
indoor air is limited. 

D Acceptable Carbon monoxide sources are present in 
the building. Particular spaces where 
combustion sources are present are 
isolated from other spaces (pressurization, 
air flows, self-closing doors, etc.) 

Carbon monoxide sources are present in the 
building’s surroundings; Analysis of the outdoor 
air at the site showed that the OA quality is 
poor and the risk for contamination of the 
indoor air is acceptable. 

E Poor Carbon monoxide sources are present in 
the building. No isolation of particular 
spaces where combustion sources are 
present (pressurization, air flows, self-
closing doors, etc.) 

Carbon monoxide sources are present in the 
building’s surroundings; Analysis of the outdoor 
air at the site showed that the OA quality is 
poor and the risk for contamination of the 
indoor air is considerable. 

 
Additional  comments 
in the informative annex of EN 13779:2007 (2007) examples of technological solutions are provided to minimize 
the risk of contamination from outdoor (based on outdoor air quality). 
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Combustion sources/infiltration  
Detailed  
Assessment in design 
 
1. The quality of the outdoor air at the site is determined, while focusing on the presence of carbon 
monoxide sources in the neighbourhood of the building (for example in an industrial area, busy road, car 
park, smoking areas in the vicinity of entrances to the building). If a strong local ambient source is 
suspected, the quality of outdoor air at the site, determined by local microclimate data, should be 
documented. This can consist of an observational survey of the building site and immediate 
surroundings to identify local contaminants that may be of concern if allowed to enter the building. 
Identify design considerations to limit the risk for contamination of the indoor air (e.g. location of air 
intake). 
 
2. Inspection for combustion sources should be carried out. If combustion sources are present and 
combustion takes place in particular spaces, they should be isolated from other spaces by for example 
pressurization, air flows, extra ventilation, self-closing doors, etc. Particular attention should be paid to 
combustion, cooking, gymnasiums, smoking areas etc. Effectiveness should be supported by, e.g., 
airflow network modelling or experimental verification. 
 
Assessment of the combustion sources/infiltration is carried out along the lines of ASTM Standards on 
Whole Building Functionality and Serviceability (ASTM 1996) 
 
Table 11: Assessment in design 

  Combustion sources/infiltration  
  Sources Infiltration 

A Excellent  No carbon monoxide sources in the 
building 

No carbon monoxide sources in the 
neighbourhood of the building.  

B Good No carbon monoxide sources in the 
building 

Carbon monoxide sources are present in the 
building’s surroundings; however, the risk for 
contamination of the indoor air is limited. 

C Adequate Carbon monoxide sources are present in 
the building. Particular spaces where 
combustion sources are present are 
isolated from other spaces 
(pressurization, air flows, self-closing 
doors, etc.) 

Carbon monoxide sources are present in the 
building’s surroundings; Analysis of the outdoor 
air at the site showed that the OA quality is good 
and the risk for contamination of the indoor air is 
limited. 

D Acceptable Carbon monoxide sources are present in 
the building. Particular spaces where 
combustion sources are present are 
isolated from other spaces 
(pressurization, air flows, self-closing 
doors, etc.) 

Carbon monoxide sources are present in the 
building’s surroundings; Analysis of the outdoor 
air at the site showed that the OA quality is poor 
and the risk for contamination of the indoor air is 
acceptable. 

E Poor Carbon monoxide sources are present in 
the building. No isolation of particular 
spaces where combustion sources are 
present (pressurization, air flows, self-
closing doors, etc.) 

Carbon monoxide sources are present in the 
building’s surroundings; Analysis of the outdoor 
air at the site showed that the OA quality is poor 
and the risk for contamination of the indoor air is 
considerable. 
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Additional  comments 
in the informative annex of EN 13779:2007 (2007) examples of technological solutions are provided to minimize 
the risk of contamination from outdoor (based on outdoor air quality).
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Combustion sources/infiltration  
Detailed  
Assessment in operation 
 
1. The quality of the outdoor air at the site is determined and characterized based on available ambient 
air quality data for the site (or closest measuring station). Inspection for carbon monoxide sources in the 
neighbourhood of the building is carried out. If combustion sources (for example industrial activities, 
busy road, car park) are present, carbon monoxide concentrations are measured. 
 
2. Inspection for combustion sources in the building should be carried out. If combustion sources are 
present, CO concentrations should be measured near those sources and should be below a threshold of 
9 ppm for 8 hours, and 35 ppm for one hour (ASHRAE 2009b; WHO 2010). While other contaminants are 
emitted from combustion sources, CO is immediately dangerous and is readily measured. For additional 
information on the measurement of CO concentrations in buildings, measurement protocols and 
techniques, the reader is referred to, e.g., the EPA publication A Standard Protocol for Characterizing 
Indoor Air Quality in Large Office Buildings (Indoor Environments Division, Office of Radiation and Indoor 
Air & U.S. Environmental Protection Agency (EPA) 2003).  
 
Table 12: Assessment in operation. 

 Combustion sources/infiltration  
 CO concentration (8hrs) [ppm] CO concentration (1hr) [ppm] 

A <9  <25 
B - - 
C - - 
D <9 <35 
E >9 >35 
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1.1.4. Particulate matter  
 
Particulate matter 
Simple 
Assessment in design 
 
1. The quality of the outdoor air at the site is determined and characterized based on available ambient 
air quality data for the site (or closest measuring station). If local ambient particle sources are 
suspected, for example industrial facilities, busy road or car park, the quality of outdoor air at the site 
should be documented. This consists of an observational survey of the building site and immediate 
surroundings to identify local contaminants that may be of concern if allowed to enter the building. 
Identify design considerations to limit the risk for contamination of the indoor air (e.g. filters, location of 
the air intake) 
 
2. Building assessment. 
a. Obtain HVAC system attribute information. The attribute list will be provided by the building 
owner/designer to include a list of systems that affect IAQ, scheduled operation, typical setpoints, and 
control of outside air. Ensure all pertinent facility information is provided by the building owner prior to 
initiating the site visit. 
b. Evaluation of the applied building materials. The applied materials should be characterized according 
to, e.g., guidelines provided by FiSIAQ (2008) (ECA-IAQ 2005).  
c. Evaluation of the particle sources (e.g. combustion sources, ETS) and particle dispersal through the 
building. If particle sources are present in particular spaces, they should be isolated from other spaces 
by for example by pressurization, air flows, self-closing doors, etc.  
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Table 13: Assessment in design 
  Particular matter 
  Infiltration Sources Building materials  

A Excellent No particle sources in the 
neighbourhood of the 
building.  

 No particle sources in the 
building 

M1 (FiSIAQ 2008) 

B Good Particle sources are present 
in the building’s 
surroundings; however, the 
risk for contamination of the 
indoor air is limited. 

No particle sources in the 
building 

M1 (FiSIAQ 2008) 

C Adequate Particle sources are present 
in the building’s 
surroundings; however, the 
risk for contamination of the 
indoor air is limited. 

Particle sources are present in 
the building. Particular spaces 
where sources are present are 
isolated from other spaces 
(pressurization, air flows, self-
closing doors, etc.) 

M2 (FiSIAQ 2008) 

D Acceptable Particle sources are present 
in the building’s 
surroundings; Analysis of the 
outdoor air at the site 
showed that the OA quality 
is poor and the risk for 
contamination of the indoor 
air is acceptable. 

Particle sources are present in 
the building. Particular spaces 
where sources are present are 
isolated from other spaces 
(pressurization, air flows, self-
closing doors, etc.) 

- 

E Poor Particle sources are present 
in the building’s 
surroundings; Analysis of the 
outdoor air at the site 
showed that the OA quality 
is poor and the risk for 
contamination of the indoor 
air is considerable. 

Particle sources are present in 
the building. No isolation of 
particular spaces where 
sources are present 
(pressurization, air flows, self-
closing doors, etc.) 

- 

 
Additional comments: 
In the informative annex of EN 13779:2007 (2007) examples of technological solutions are provided to minimize 
the risk of contamination from outdoor (based on outdoor air quality). 
 
Building materials can affect the indoor air quality negatively. Though building materials, if not 
demolished, generally are not directly related to particulate matter it is introduced here to account for 
potential emission of chemicals, including odour. Labelling assessment is chosen as a straightforward 
but effective means to assess its potential risk. However, as such it is not a guarantee for good indoor air 
quality over the lifetime of the building (Alevantis, Levin 2011). Note that this information results in an 
extended definition of the particulate matter KIPI. 
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Particulate matter 
Simple 
Assessment in operation  
 
1. Conduct a facility pre-evaluation and survey preparation: 
a. Review complaints log and similar unstructured reports of continuing or episodic concerns, previous 
occupant satisfaction surveys and/or IAQ audits, and related environmental, health and safety surveys. 
Document response and actions taken. 
 
2. Conduct a site assessment (qualitative) and characterize condition of the building and its HVAC 
system as it might affect IAQ: 
a. Perform opening interview with the Building Manager, operation and maintenance contractor, 
custodial contractor and interested tenant representatives. 
b. The quality of the outdoor air at the site is determined and characterized based on available ambient 
air quality data for the site (or closest measuring station). If local ambient particle sources are 
suspected, for example industrial facilities, busy road or car park, the quality of outdoor air at the site 
should be documented. This consists of an observational survey of the building site and immediate 
surroundings to identify local contaminants that may be of concern if allowed to enter the building. 
Identify implied design solutions to limit the risk for contamination of the indoor air (e.g. filters, location 
of the air intake). 
 
3. Conduct an occupant survey, concurrent with IAQ physical and environmental evaluation, to 
determine occupant satisfaction with IAQ and rate the building’s satisfaction levels against benchmarks 
in a database of previously measured buildings. This should include perceptions of fresh air, stuffiness, 
presence of odours, healthful air, temperature/humidity adequacy, etc. For example, the CBE survey 
(ASHRAE 2009a) or BSI survey could be carried out (Raw 1995). 
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Table 14: Assessment in operation 
  Particular matter 
  Complaints log Infiltration Sources Building 

materials 
A Excellent No IAQ related 

complaints 
reported 

No particle sources in 
the neighbourhood of 
the building.  

 No particle sources in the 
building 

M1 (FiSIAQ 2008) 

B Good Only a few1 of 
IAQ related 
complaints 

Particle sources are 
present in the building’s 
surroundings; however, 
the risk for 
contamination of the 
indoor air is limited. 

No particle sources in the 
building 

M1 (FiSIAQ 2008) 

C Adequate Only a few1 of 
IAQ related 
complaints 

Particle sources are 
present in the building’s 
surroundings; however, 
the risk for 
contamination of the 
indoor air is limited. 

Particle sources are 
present in the building. 
Particular spaces where 
sources are present are 
isolated from other spaces 
(pressurization, air flows, 
self-closing doors, etc.) 

M2 (FiSIAQ 2008) 

D Acceptabl
e 

The number of 
IAQ related 
complaints is 
acceptable1 

Particle sources are 
present in the building’s 
surroundings; Analysis of 
the outdoor air at the 
site showed that the OA 
quality is poor and the 
risk for contamination of 
the indoor air is 
acceptable. 

Particle sources are 
present in the building. 
Particular spaces where 
sources are present are 
isolated from other spaces 
(pressurization, air flows, 
self-closing doors, etc.) 

- 

E Poor IAQ related 
complaints are 
reported 
frequently1 

Particle sources are 
present in the building’s 
surroundings; Analysis of 
the outdoor air at the 
site showed that the OA 
quality is poor and the 
risk for contamination of 
the indoor air is 
considerable. 

Particle sources are 
present in the building. No 
isolation of particular 
spaces where sources are 
present (pressurization, air 
flows, self-closing doors, 
etc.) 

- 

1 Subjective descriptions should be defined more detailed, for example as the number of complaints related to the 
total number of building occupants or related to a reference building. 
 
Additional comments: 
In the informative annex of EN 13779:2007 (2007) examples of technological solutions are provided to minimize 
the risk of contamination from outdoor (based on outdoor air quality). 
 
Building materials can affect the indoor air quality negatively. Though building materials, if not 
demolished, generally are not directly related to particulate matter it is introduced here to account for 
potential emission of chemicals, including odour. Labelling assessment is chosen as a straightforward 
but effective means to assess its potential risk. However, as such it is not a guarantee for good indoor air 
quality over the lifetime of the building (Alevantis, Levin 2011). Note that this information results in an 
extended definition of the particulate matter KIPI. 
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Particulate matter 
Detailed 
Assessment in design  
 
1. The quality of the outdoor air at the site is determined and characterized based on available ambient 
air quality data for the site (or closest measuring station). If local ambient particle sources are 
suspected, for example industrial facilities, busy road or car park, the quality of outdoor air at the site 
should be documented. This consists of an observational survey of the building site and immediate 
surroundings to identify local contaminants that may be of concern if allowed to enter the building. 
Identify design considerations to limit the risk for contamination of the indoor air (e.g. filters, location of 
the air intake) 
 
2. Building assessment. 
a. Obtain HVAC system attribute information. The attribute list will be provided by the building 
owner/designer to include a list of systems that affect IAQ, scheduled operation, typical setpoints, and 
control of outside air. Ensure all pertinent facility information is provided by the building owner prior to 
initiating the site visit. 
b. Evaluation of the applied building materials. The applied materials should be characterized according 
to, e.g., guidelines provided by (FiSIAQ 2008) (ECA-IAQ 2005) . 
c. Evaluation of the particle sources and particle dispersal through the building. If particle sources are 
present in particular spaces, they should be isolated from other spaces by for example by pressurization, 
air flows, self-closing doors, etc. Effectiveness should be supported by, e.g., airflow network modelling 
or experimental verification. 
 
Table 15: Assessment in design 

  Particular matter 
  Outdoor concentration 

(PM10) [µg/m3] 
Sources Building materials 

A Excellent < 50 (daily average) 
< 50 (yearly average) 

 No particle sources in the building M1 (FiSIAQ 2008) 

B Good <150 (daily average) 
< 50 (yearly average) 
The risk for contamination 
of the indoor air is limited. 

No particle sources in the building M1 (FiSIAQ 2008) 

C Adequate <150 (daily average) 
< 50 (yearly average) 
The risk for contamination 
of the indoor air is limited. 

Particle sources are present in the 
building. Particular spaces where 
sources are present are isolated from 
other spaces (pressurization, air flows, 
self-closing doors, etc.) 

M2 (FiSIAQ 2008) 

D Acceptable <150 (daily average) 
< 50 (yearly average) 
The risk for contamination 
of the indoor air is 
acceptable. 

Particle sources are present in the 
building. Particular spaces where 
sources are present are isolated from 
other spaces (pressurization, air flows, 
self-closing doors, etc.) 

- 

E Poor >150 (daily average) 
> 50 (yearly average) 
The risk for contamination 
of the indoor air is 
considerable. 

Particle sources are present in the 
building. No isolation of particular 
spaces where sources are present 
(pressurization, air flows, self-closing 
doors, etc.) 

- 



KIPI framework (D1.6) - Annex B 

 

Page 26 of 64 
 

 
Additional comments: 
In the informative annex of EN 13779:2007 (2007) examples of technological solutions are provided to minimize 
the risk of contamination from outdoor (based on outdoor air quality). 
 
Building materials can affect the indoor air quality negatively. Though building materials, if not 
demolished, generally are not directly related to particulate matter it is introduced here to account for 
potential emission of chemicals, including odour. Labelling assessment is chosen as a straightforward 
but effective means to assess its potential risk. However, as such it is not a guarantee for good indoor air 
quality over the lifetime of the building (Alevantis, Levin 2011). Note that this information results in an 
extended definition of the particulate matter KIPI. 
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Particulate matter 
Detailed 
Assessment in operation  
 
1. The quality of the outdoor air at the site is determined and characterized based on available ambient 
air quality data for the site (or closest measuring station). If local ambient particle sources are 
suspected, for example industrial facilities, the quality of outdoor air may be analyzed using additional 
measurements of the particulate concentration (PM2.5) in the outdoor air.  
 
2. Building assessment  
a. Evaluation of the particle sources and particle dispersal through the building. To establish a baseline 
for detection of unexpected events in occupancy or HVAC system operation that need to be addressed, 
continuous measurement of fine particulates (PM2.5), which are an indicator of pollutants that may be 
emitted from materials or introduced by occupant activities (copy machines, whiteboard markers, 
cooking, etc), should be performed. Particles (PM2.5) are collected at a height of 1.1m above the floor at 
fixed sites in the building during one day. 
 
PM2.5measurements should be used only to establish normal operating conditions (baseline), against 
which excursions may be identified. Such excursions, typically short term events, may or may not 
require corrective action. Sampling is recommended only in representative (especially in critical spaces 
with highly varying occupancy) spaces. 
b. Evaluation of the applied building materials. The applied materials should be characterized according 
to, e.g., guidelines provided by (FiSIAQ 2008) (ECA-IAQ 2005) . 
 
It is recommended only to measure particulate matter concentrations if they are known or suspected to 
be present. Concentrations could be compared with, e.g., limits listed in literature. However, specialized 
expertise should be sought before selecting a value for use in estimating outdoor airflows based on the 
concentrations listed. Meeting some or all of the listed values does not ensure acceptable IAQ. For 
additional information, the reader is referred to (ASHRAE 62-2007 2007) and (Steskens, Loomans 2010). 
In Table 16 the target value of 40 µg/m3 recommended by Schuh (Schuh 2000) is used. 
 
Table 16: Assessment in operation 

 Particulate matter   
 PM2.5 (average) [µg/m3] Building materials 

A < 10  M1 (FiSIAQ 2008) 
B - - 
C < 40 M2 (FiSIAQ 2008) 
D -  - 
E > 40 - 

 
 
Additional comments: 
Building materials can affect the indoor air quality negatively. Though building materials, if not 
demolished, generally are not directly related to particulate matter it is introduced here to account for 
potential emission of chemicals, including odour. Labelling assessment is chosen as a straightforward 
but effective means to assess its potential risk. However, as such it is not a guarantee for good indoor air 
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quality over the lifetime of the building (Alevantis, Levin 2011). Note that this information results in an 
extended definition of the particulate matter KIPI. 
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1.2. Quality of drinking water and reuse water  

 
 

1.2.1. Drinking water quality 
 
Drinking water quality 
Simple 
Assessment in design 
 
In order to guarantee drinking water quality in buildings, authorities responsible for building safety 
should be responsible for developing and implementing water safety plans (WSPs) (WHO 2008) for 
example the water safety plan presented in Table 16 of the PERFECTION’s Subtask 1.3 Report (Steskens, 
Loomans 2010). 
 
Table 17: Assessment in design 

 Drinking water quality 
A A water safety plan is available and implemented. A systematic procedure is established for 

management. 
B A water safety plan is available and implemented. 
C A water safety plan is available. 
D Meets national requirements. 
E Does not meet national requirements 
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Drinking water quality 
Simple 
Assessment in operation  
 
In order to guarantee drinking water quality in buildings, authorities responsible for building safety 
should be responsible for developing and implementing water safety plans (WSPs) (WHO 2008), for 
example the water safety plan presented in Table 16 of the PERFECTION’s Subtask 1.3 Report (Steskens, 
Loomans 2010).  
 
Table 18: Assessment in operation  

 Drinking water quality 
A A water safety plan is available and implemented. A systematic procedure is established 

for management. 
B A water safety plan is available, implemented and followed. 
C A water safety plan is available. 
D Meets national requirements. 
E Does not meet national requirements 

 
 



KIPI framework (D1.6) - Annex B 

 

Page 31 of 64 
 

Drinking water quality 
Detailed 
Assessment in design 
 
In order to guarantee drinking water quality in buildings, authorities responsible for building safety 
should be responsible for developing and implementing water safety plans (WSPs) (WHO 2008) for 
example the water safety plan presented in Table 16 of the PERFECTION’s Subtask 1.3 Report (Steskens, 
Loomans 2010). 
 
If a problem with respect to the quality of the drinking water at the building site is suspected, laboratory 
tests are carried out to evaluate the quality of the available drinking water and the availability of 
possible contaminants. The measured contaminant concentrations should meet the requirements 
provided by WHO (WHO 2008). 
 
Design considerations are directed at preventing and control of legionella in the in-building water 
system (e.g. distribution system design, material use, temperature monitoring).  
 
Table 19: Assessment in design 

 Drinking water quality 
A  A water safety plan is available and implemented.  

The drinking water quality, evaluated using a laboratory test, meets the requirements set by WHO 
(WHO 2008) 

B - 
C - 
D Meets national requirements 
E Does not meet national requirements 

Note: Classification is based upon fulfilling all the conditions/requirements corresponding to a specific class. 
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Drinking water quality 
Detailed 
Assessment in operation  
 
In order to guarantee drinking water quality in buildings, authorities responsible for building safety 
should be responsible for developing and implementing water safety plans (WSPs) (WHO 2008) for 
example the water safety plan presented in Table 16 of the PERFECTION’s Subtask 1.3 Report (Steskens, 
Loomans 2010). 
 
If a problem with respect to the quality of the drinking water is suspected, laboratory tests are carried 
out to evaluate the quality and the availability of possible contaminants. The measured contaminant 
concentrations should meet the requirements provided by WHO (WHO 2008). 
 
Implemented design solutions are directed at preventing and control of legionella in the in-building 
water system (e.g. distribution system design, material use, temperature monitoring). Specifically, water 
temperature is controlled and monitored at temperature T<25oC and/or T>55oC. 
 
Table 20: Assessment in operation 

 Drinking water quality 
A 1. A water safety plan is available and implemented.  

2. Measurement, registration and control of the water temperature (T<25oC, T>55oC) 
3. The drinking water quality, evaluated using a laboratory test, meets the requirements set by 
WHO (WHO 2008) 

B - 
C - 
D Meets national requirements 
E Does not meet national requirements 

Note: Classification is based upon fulfilling all the conditions/requirements corresponding to a specific class.  
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1.3. Thermal comfort 
 

1.3.1. Operative temperature/PPD 
 
Operative temperature/PPD 
Simple 
Assessment in design 
 
1. Conduct a facility pre-evaluation of the thermal systems in the building: 
a. Review facility operational documentation. Review building and tenant descriptions, drawings, and 
information on the facility construction. Document the occupancy types and operations for each space 
type within the facility. Review building plans, including HVAC designs.  
b. Obtain HVAC system attribute information. The attribute list will be provided by the building 
owner/designer to include a list of systems that affect thermal comfort, scheduled operation, typical 
setpoints, and control of outside air. Ensure all pertinent facility information is provided by the building 
owner prior to initiating the site visit. 
 
Assessment of the thermal comfort is carried out based on the evaluation of the design information in 
relation to the design. This may done according to operative temperatures, e.g.,  along the lines of the 
technical target values which have been specified by the Finnish Society of Indoor Air Quality and 
Climate (FISIAQ 2008; Table 21).  
 
Table 21: Assessment in design 

 A B C D E 
Excellent Good Adequate Acceptable Poor 

Operative 
temperature top 
[oC] 

     

tu ≤ 10oC 21.5 21.5 21.5 21.5 - 
10< tu ≤ 20oC 21.5+0.3(tu-

10) 
21.5+0.3(tu-10) 21.5+0.4(tu-10) 21.5+0.4(tu-10) - 

tu ≥ 20oC 24.5 24.5 24.5 24.5 - 
Deviation allowed 
from set value 
[oC] 

± 0.5 ± 1.0 ± 1.0 ± 1.0 - 

Maximum top [oC]       
top + 1.5 tu ≤ 10oC: top+1.5 tu ≤ 15oC: 25 tu ≤ 15oC: 25 - 
 10< tu ≤ 20oC : 

23+0.4(tu-10) 
tu > 15oC: tu+5 tu > 15oC: tu+5  

 tu > 20oC: 27    
Minimum top [oC] 20 20 18 18 - 
Stability of 
environment [% 
of operating time] 

95% 95% 90% 80% - 

top: operative temperature. 
tu: outdoor temperature defined as floating 24-h average for outdoor air at the closest weather observation site.  
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Additional comments: 
Alternative target values can be found in the informative annex of for example EN 15251:2007 (CEN 
2007b) or ISO 7730:2005 (ISO 2005). These standards provide target values based on categories for 
achieving a PPD as for example provided in Table 22.
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Operative temperature/PPD 
Simple 
Assessment in operation 
 
The following tools are used for obtaining information about the building, its environment, and the 
occupants’ responses to the environment. 

• Complaint logs, if available, may be reviewed for evidence of occupant dissatisfaction and its 
causes. Trends in complaint rates over time may indicate occupant reactions to changes in 
building operation. Complaint logs do not provide systematic evaluation of a building’s IEQ. 

• Occupant survey of satisfaction with indoor environmental quality, including overall thermal 
comfort, and the impact of the thermal environment on self-reported job performance. The 
most effective surveys of this type address satisfaction with a full range of environmental 
attributes (e.g., thermal comfort, indoor air quality, lighting, acoustics, etc.) and may therefore 
be also appropriate for assessment of other performance indicators at this level. Examples are 
the CBE survey and the BUS occupant survey in the U.K. (ASHRAE 2009a) or the HOPE survey 
(Cox 2005). 

 
The occupant survey is used for the prediction of the Percentage People Dissatisfied in the building with 
respect to thermal comfort.  
 
Table 22: Assessment in operation 

 Operative temperature/PPD 
PPD [%] 

A Excellent <6 and no complaints reported 
B Good <6  and few complaints reported 
C Adequate <10 
D Acceptable <15 
E Poor  

 
Additional comments: 
In a survey thermal comfort analysis generally comprises more than satisfaction with the operative 
temperature. It generally will include a response to local thermal (dis-)comfort as well. Examples of local 
discomfort parameters are radiant thermal asymmetry, temperature gradients, air velocity/draught 
(Steskens and Loomans 2010). Note that this information results in an extended definition of the 
operative temperature/PPD KIPI. 
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Operative temperature/PPD 
Detailed 
Assessment in design 
 
Building simulation is used for obtaining information about the building, its environment, and the 
occupants’ response to the environment. The building simulation results in a data set of physical 
quantities. These quantities are used to compare the building’s thermal environment against. This may 
done according to operative temperatures, e.g.,  along the lines of the technical target values which 
have been specified by the Finnish Society of Indoor Air Quality and Climate (FISIAQ 2008;Table 23).  
 
Table 23: Assessment in design 

 A B C D E 
Excellent Good Adequate Acceptable Poor 

Operative 
temperature 
top [oC] 

     

tu ≤ 10oC 21.5 21.5 21.5 21.5 - 
10< tu ≤ 20oC 21.5+0.3(tu-10) 21.5+0.3(tu-10) 21.5+0.4(tu-10) 21.5+0.4(tu-10) - 
tu ≥ 20oC 24.5 24.5 24.5 24.5 - 
Deviation 
allowed from 
set value [oC] 

± 0.5 ± 1.0 ± 1.0 ± 1.0 - 

Maximum top 
[oC]  

     
top + 1.5 tu ≤ 10oC: top+1.5 tu ≤ 15oC: 25 tu ≤ 15oC: 25 - 
 10< tu ≤ 20oC : 

23+0.4(tu-10) 
tu > 15oC: tu+5 tu > 15oC: tu+5  

 tu > 20oC: 27    
Minimum top 
[oC] 

20 20 18 18 - 

Stability of 
environment 
[% of 
operating 
time] 

95% 95% 90% 80% - 

top: operative temperature. 
tu: outdoor temperature defined as floating 24-h average for outdoor air at the closest weather observation site.  
 
Additional comments: 
Alternative target values can be found in the informative annex of for example EN 15251:2007 (CEN 
2007b) or ISO 7730:2005 (ISO 2005). These standard provide target values based on categories for 
achieving a PPD as for example provided in Table 22. 
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Operative temperature/PPD 
Detailed 
Assessment in operation 
 
The following tools are used for obtaining information about the building, its environment, and the 
occupants’ response to the environment. 

• Background data: Obtain the same background data as in the simple level about the building, its 
environmental control system, and its occupancy. 

• Physical data sufficient to describe the thermal environment near the occupants. This needs to 
be continuously monitored, so that the local conditions are known. Occupant presence may be 
monitored as part of the environmental conditions. In perimeter spaces, the operation of 
windows, shades, blinds may be recorded through photography or visual observation.  

 

Physical measurements are primarily used to identify causes of problems, but can also be used to 
compare the building’s thermal environment against the requirements of standards such as ISO 7730 
(ISO 7730-2005 2005), and EN 15251 (EN 15251-2007 2007b). A number of parameters should be 
measured continuously for the assessment according to, e.g., ISO 7730-2005 (2005) (air temperature, 
relative humidity, mean radiant temperature; ASHRAE 2009a). Moreover, the activity level, clothing and 
thermal sensation of the occupants should be analyzed. 
 

This information should be accumulated for the number of hours they exceed a limit. ISO 7730-2005 
(2005) Annex H provides examples of such accumulation. Based on the physical measurements of the 
thermal sensation in the building the Predicted Mean Vote (PMV) index can be determined and 
analyzed. Part of the measurements can address local thermal discomfort and can be compared to the 
informative target values provided in ISO 7730 (ISO 2005) assuming the same categories for the thermal 
environment. Note that this information results in an extended definition of the operative 
temperature/PPD KIPI.  
 
For the sake of completeness an occupant survey of satisfaction with indoor environmental quality, 
including overall thermal comfort, and the impact of the thermal environment on self-reported job 
performance should be performed. The most effective surveys of this type address satisfaction with a 
full range of environmental attributes (e.g., thermal comfort, indoor air quality, lighting, acoustics, etc.) 
and may therefore be also appropriate for other assessment of other performance indicators at this 
level. Examples are the CBE survey and the BUS occupant survey in the U.K. (ASHRAE 2009a) or the 
HOPE survey (Cox 2005).  Results from this survey should be in line with the assessment based on 
measurements. If this not the case, causes for the difference should be identified. 
 
Table 24: Assessment in operation 

 Operative temperature/PPD 
PPD [%] PMV index Stability of Environment1 [% 

of operating time] 
A Excellent <6 -0.2<PMV<+0.2 ≥ 95% 
B Good <6 -0.2<PMV<+0.2 ≥ 80% 
C Adequate <10 -0.5<PMV<+0.5 ≤ 80% 
D Acceptable <15 -0.7<PMV<+0.7 ≥ 80% 
E Poor  PMV<-0.7 V PMV>+0.7 - 

1 Defined as the percentage of the operating/occupation time a condition is fulfilled 
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Additional comments: 
In a survey thermal comfort analysis generally comprises more than satisfaction with the operative 
temperature. It generally will include a response to local thermal (dis-)comfort as well. Examples of local 
discomfort parameters are radiant thermal asymmetry, temperature gradients, air velocity/draught 
(Steskens and Loomans 2010). Note that this information results in an extended definition of the 
operative temperature/PPD KIPI. 
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1.4. Visual comfort 
 

1.4.1. Illuminance 
 
Illuminance 
Simple 
Assessment in design 
 
1. Location/orientation. The location and orientation of the building is analyzed focusing on the 
entrance of direct solar radiation and high luminance values that may arise. Inspection of the façade 
design with respect to whether direct solar radiation or high luminance values may lead to 
uncomfortable visual conditions in the spaces is carried out. An example of a design option to minimize 
visual defects due to solar radiation and high luminance values is the presence of window coverings. 
 
2. Artificial lighting. The artificial lighting in the building is analyzed with respect to the required 
illuminance levels for the visual task(s) carried out in the space and avoidance of visual defects  (CEN 
prEN 12464-1:2009 2009). The latter values the possibility to minimize visual defects. Visual defects due 
to artificial lighting can be addressed by light switches and dimming. Furthermore, the design may allow 
for relocation of light fixtures. This indicator does not value the easiness of the control possibility, e.g. 
individual control, as this is part of the KIPI ‘Adjustability’. 
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Table 25: Assessment in design 
 Illuminance 

Illuminance Visual defects due to direct 
solar radiation or high 
outdoor luminance values 

Visual defects due to artificial 
lighting 

A Excellent The level of illuminance is 
varied as required, i.e. to 
provide lower levels for 
example for VDU screens and 
higher level for paper work. 

No defects are present or if 
present can be avoided by 
applied adequate façade 
design solutions.  

No defects are present. 

B Good The level of illuminance is 
sufficient and meets the 
corresponding requirements. 
Lower levels are provided if 
required or could be readily 
provided. 

No defects are present or if 
present can be avoided by 
applied adequate façade 
design solutions. 

No defects are present. 

C Adequate The level of illuminance is 
sufficient and meets the 
requirements in all spaces. 
No lower levels of 
illuminance are provided, 
and it is not practicable to 
make the necessary changes 

Defects can be minimized but 
not fully avoided. 

Defects can be minimized but 
not fully avoided. 

D Acceptable The level of illuminance is 
excessively high, or 
acceptable, for the intended 
visual task(s), in a few of the 
areas used. 

Defects can be minimized but 
not fully avoided. 

Defects can be minimized but 
not fully avoided. 

E Poor The level of illuminance is 
excessively high, or too low, 
for the intended visual 
task(s), in most of the areas 
used. 

Defects are present. Defects are present. 
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Illuminance 
Simple 
Assessment in operation 
 
1. Location/orientation. The location and orientation of the building is analyzed focusing on visual 
defects due to direct solar radiation and high luminance values. Inspection of the façade design with 
respect to whether direct solar radiation or high luminance values may lead to uncomfortable visual 
conditions in the spaces is carried out. An example of a design option to minimize visual defects due to 
solar radiation and high luminance values is the presence of window coverings. 
 
2. Illuminance. The lighting in the building is analyzed focusing on the required illuminance levels for the 
visual task(s) carried out in the spaces (CEN prEN 12464-1:2009 2009). Moreover, the spaces in the 
building are inspected for visual defects and glare. 
 
3. Complaint logs, if available, may be reviewed for evidence of occupant dissatisfaction and its causes. 
Trends in complaint rates over time may indicate occupant reactions to changes in building operation. 
Complaint logs do not provide systematic evaluation of a building’s IEQ. 
 
Table 26: Assessment in operation 

 Illuminance 
Illuminance Glare Visual defects 

A Excellent The level of illuminance is 
varied as required, i.e. to 
provide lower levels for 
example for VDU screens and 
higher level for paper work.  

There is no glare from 
windows and/or artificial 
lighting 

There are no apparent 
lighting defects 

B Good The level of illuminance is 
sufficient and meets the 
corresponding requirements. 
Lower levels are provided if 
required or could be readily 
provided, .e.g. by partial 
delamping 

Glare from windows and/or 
artificial lighting is barely 
visible, and can easily be 
decreased 

Any lighting defects do not 
affect staff at their 
workstations, and are not 
reported as a problem 

C Adequate The level of illuminance is 
sufficient and meets the 
requirements in all spaces. No 
lower levels of illuminance are 
provided, and it is not 
practicable to make the 
necessary changes 

Glare from windows and/or 
lights is clearly visible, but 
could be decreased at 
moderate cost, e.g. by 
installing parabolic reflectors 
on ceiling luminaries 

There is one visual defect, 
e.g. gloomy appearance of 
the ceiling, flicker, 
extreme contrasts, or 
different colour 
fluorescent lamps 

D Acceptable The level of illuminance is 
excessively high, or 
acceptable, for the intended 
visual task(s), in a few of the 
areas used. 

At many workstations, e.g. 
40% - 60%, there is 
unavoidable glare from 
windows and lights, with 
limited effective glare control 

There are one or two 
visual defects, e.g. gloomy 
appearance of the ceiling, 
flicker, and extreme 
contrasts. 

E Poor The level of illuminance is 
excessively high, or too low, 
for the intended visual task(s), 
in most of the areas used. 

At all workstations there is or 
would be unavoidable glare 
from windows and lights, with 
no effective glare control 

There are three or more 
visual defects, e.g. gloomy 
appearance of the ceiling, 
flicker, and extreme 
contrasts. 



KIPI framework (D1.6) - Annex B 

 

Page 42 of 64 
 

 
Illuminance 
Detailed 
Assessment in design 
 
1. Prediction of Illuminance.  
The level of illuminance is predicted using a computer model, such as DIALux or RADIANCE.   
A regular ‘grid’ of points of evaluation is used to completely cover the surface under consideration. 
Typically the spacing between monitor points is set to one-fourth the spacing between luminaires. The 
height of these points depends on where the primary task is performed, e.g., at desk level for office 
spaces. In some spaces where the primary task is walking, the monitor points might be taken at floor 
level. 
 
For luminance predictions the lighting practitioner is interested in what the various workers in a space 
see with regards to the ‘brightness’ of various points in the room. For each worker position and 
orientation, luminance predictions would be made in the following points in the room (ASHRAE 2009a): 

• On all luminaires within the normal field of view. 
• On the ceiling near any luminaire 
• On the ceiling between any two luminaires 
• On the opposite wall above, even with, and below eye level, in line with a luminaire 
• On the opposite wall above, even with, and below eye level, between two luminaires 
• The floor 
• Any windows, shades and blinds within the normal field of view 
• The task 
• The area immediately surrounding the task 
• The peripheral surroundings of the task 
• The highest luminance in the field of view 

 
Average illuminance levels, max-to-min uniformity ratio, and average-to-min uniformity ratio are 
calculated. The calculated values are compared to the requirements set by, e.g., the corresponding 
standards (CEN prEN 12464-1:2009 2009). In order to limit the effects of adaptation and disability glare, 
luminance ratios generally should not exceed the following: 

• Over the task itself – 1.4:1 
• Between the task and an adjacent VDT screen – 3:1 (or 1:3) 
• Between the task and the immediate surroundings – 3:1 (or 1:3) 
• Between the task and remote surfaces – 10:1 (or 1:10) 

 
2. Discomfort glare 
Computations are made based on the lighting systems as designed. Software, for example DIALux and 
RADIANCE, is available to make computations of Unified Glare Rating (CEN prEN 12464-1:2009 2009; 
Commission Internationale de l’Eclairage (CIE) 1995). The level of visual discomfort at the worst location 
is determined based on the Unified Glare Rating. Target values for the Unified Glare Rating are 
presented in (CEN prEN 12464-1:2009 2009). 
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Table 27: Assessment in design 

 Illuminance 
Illuminance Glare 

A Excellent The calculated level of illuminance is 
sufficient and meets the requirements in all 
spaces. Luminance ratios agree with 
requirements at all task positions. 

The UGR meets the requirements in all 
spaces. 

B Good The calculated level of illuminance is 
sufficient and meets the requirements in all 
spaces. Luminance ratios agree with 
requirements at most task positions. 

The UGR meets the requirements in all 
spaces. 

C Adequate The calculated level of illuminance is 
sufficient and meets the requirements in all 
spaces. 

The UGR meets the requirements in all 
spaces. 

D Acceptable The calculated level of illuminance is 
acceptable, but meets the requirements in 
all spaces. 

The UGR meets the requirements in most 
spaces. 

E Poor The calculated level of illuminance is not 
sufficient and does not meet the 
requirements in all spaces. 

The UGR does not meet the requirements in 
all spaces. 
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Illuminance 
Detailed 
Assessment in operation 
 
1. Illuminance measurements.  
A regular ‘grid’ of measurement points is used to completely cover the surface under consideration. 
Typically the spacing between measurement points is set to one-fourth the spacing between luminaires. 
It is also typical to not measure right out to the walls unless it is known that there are work stations 
there. The height of these points depends on where the primary task is performed, e.g., at desk level for 
office spaces. In some spaces where the primary task is walking, the measurements might be taken at 
floor level. 
 
For luminance measurements the lighting practitioner is interested in what the various workers in a 
space see with regards to the ‘brightness’ of various points in the room. For each worker position and 
orientation, luminance measurements would be made with a luminance meter of the following points in 
the room (ASHRAE 2009a): 

• On all luminaires within the normal field of view. 
• On the ceiling near any luminaire 
• On the ceiling between any two luminaires 
• On the opposite wall above, even with, and below eye level, in line with a luminaire 
• On the opposite wall above, even with, and below eye level, between two luminaires 
• The floor 
• Any windows, shades and blinds within the normal field of view 
• The task 
• The area immediately surrounding the task 
• The peripheral surroundings of the task 
• The highest luminance in the field of view 

 
Average illuminance levels, max-to-min uniformity ratio, and average-to-min uniformity ratio are 
calculated. The calculated values are compared to the requirements set by, e.g., the corresponding 
standards (CEN prEN 12464-1:2009 2009). In order to limit the effects of adaptation and disability glare, 
luminance ratios generally should not exceed the following: 

• Over the task itself – 1.4:1 
• Between the task and an adjacent VDT screen – 3:1 (or 1:3) 
• Between the task and the immediate surroundings – 3:1 (or 1:3) 
• Between the task and remote surfaces – 10:1 (or 1:10) 

 
For additional information regarding the measurement methods and protocols, the reader is referred to 
ASHRAE Performance Measurement Protocols for Commercial Buildings (ASHRAE 2009a). 
 
2. Discomfort glare 
Calculations of Unified Glare Rating are made based on the measured luminance of the lighting systems 
as installed and information provided in CEN prEN 12464-1:2009 (2009). Target values for the Unified 
Glare Rating are presented in (CEN prEN 12464-1:2009 2009). 
 
3. Occupant Survey 
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The Center for the Built Environment (CBE) has developed the Occupant Indoor Environmental Quality 
(IEQ) Survey. This survey covers several indoor quality issues including lighting. However, responses may 
vary significantly based on individual preferences. The same light level, in the same work station design 
may be rated as too dark for one group of employees while other employees may say it is too bright 
(ASHRAE 2009a). Control on lighting levels in combination with a sufficient range of available lighting 
levels at the workstation may solve this problem.  
 
Table 28: Assessment in operation 

 Illuminance 
Illuminance Glare Percentage People 

Dissatisfied [%] 
A Excellent The measured level of 

illuminance is sufficient and 
meets the requirements in all 
spaces. Luminance ratios 
agree with requirements at 
all task positions. 

The UGR meets the 
requirements in all spaces. 

< 6 

B Good The measured level of 
illuminance is sufficient and 
meets the requirements in all 
spaces. Luminance ratios 
agree with requirements at 
most task positions. 

The UGR meets the 
requirements in all spaces. 

< 10 

C Adequate The measured level of 
illuminance is sufficient and 
meets the requirements in all 
spaces. 

The UGR meets the 
requirements in all spaces. 

< 15 

D Acceptable The measured level of 
illuminance is acceptable, but 
meets the requirements in all 
spaces. 

The UGR meets the 
requirements in most 
spaces. 

< 15 

E Poor The measured level of 
illuminance is not sufficient 
and does not meet the 
requirements in all spaces. 

The UGR does not meet the 
requirements in all spaces. 

> 15 
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1.4.2. Daylight factor 
 
Daylight factor 
Simple 
Assessment in design 
 
1. Location/orientation. The location and orientation of the space in the building is analyzed focusing on 
the view to outside and daylight entrance.  
2. Window-to-wall ratio. 
 
Table 29: Assessment in design 

 Daylight factor 
A Excellent The space is located at the outside of the building. Daylight entrance is relatively high, i.e. 

the surface of the windows is 50%1 or larger compared to the facade.  
The user has an unblocked view to the outside.  

B Good The space is located near an atrium. Daylight entrance is relatively high, i.e. the surface of 
the windows is 50%1 or larger compared to the facade.  
The user has an unblocked view to the outside. 

C Adequate The space is located at the outside/near an atrium. The surface of the windows is smaller 
than 50 %1 compared to the facade. The user has an unblocked view to the outside. 

D Acceptable The space is located at the outside/near an atrium. The surface area of the window(s) 
conforms to national building regulation requirements. The user has a blocked view to the 
outside. 

E Poor The space is located at the inside of the building or at the outside with no windows. 
1 Please note that this percentage may be changed arbitrarily according to the specific requirements of the 
building design  

 
Additional comments: 
In the assessment description, the view to the outside is included to account for possible obstructions 
affecting the entrance of daylight. It does not reflect the psychological effect that may result from it. 
This is addressed in the View to outside KIPI.  
 
The daylight factor as included in the KIPI framework acknowledges the physiological need for daylight. 
It does not directly assess the usefulness of the daylight with respect to the contribution to the required 
illuminance levels, potential risk of visual discomfort and energy use related requirements to thermally 
condition the building. Highest values for the daylight factor in case of a room with windows are found 
near the window. It is assumed that higher values are profitable but no minimum or maximum values 
are yet available to define specific constraints (Aarts 2011).  
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Daylight factor 
Simple 
Assessment in operation 
 
1. Location/orientation. The location and orientation of the space in the building is analyzed focusing on 
the view to outside and daylight entrance.  
2. Window-to-wall ratio. 
 
Table 30: Assessment in operation 

 Daylight 
A Excellent The space is located at the outside of the building. Daylight entrance is relatively high, i.e. 

the surface of the windows is 50%1 or larger compared to the facade.  
The user has an unblocked view to the outside.  

B Good The space is located near an atrium. Daylight entrance is relatively high, i.e. the surface of 
the windows is 50%1 or larger compared to the facade.  
The user has an unblocked view to the outside. 

C Adequate The space is located at the outside near an atrium. The surface of the windows is smaller 
than 50 %1 compared to the facade. The user has an unblocked view to the outside. 

D Acceptable The space is located at the outside near an atrium. The surface area of the window(s) 
conforms to national building regulation requirements. The user has a blocked view to the 
outside. 

E Poor The space is located at the inside of the building or at the outside with no windows. 
1 Please note that this percentage may be changed arbitrarily according to the specific requirements of the 
building design  
 
Additional comments: 
In the assessment description, the view to the outside is included to account for possible obstructions 
affecting the entrance of daylight. It does not reflect the psychological effect that may result from it. 
This is addressed in the View to outside KIPI.  
 
The daylight factor as included in the KIPI framework acknowledges the physiological need for daylight. 
It does not directly assess the usefulness of the daylight with respect to the contribution to the required 
illuminance levels, potential risk of visual discomfort and energy use related requirements to thermally 
condition the building. Highest values for the daylight factor in case of a room with windows are found 
near the window. It is assumed that higher values are profitable but no minimum or maximum values 
are yet available to define specific constraints (Aarts 2011). 
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Daylight factor 
Detailed 
Assessment in design 
 
1. Prediction of daylight factor. 
The daylight factor is predicted using a computer model, such as DIALux or RADIANCE. The simulation 
method which is applied corresponds to the protocol described with respect to the performance 
indicator Illuminance.  
 
The daylight factor at position i is determined based on the following equation: 
DF,i = 100. Ein,i/Eext 
Where: 
Ein,i = the inside illuminance at a fixed point i [lux] 
Eext = the outside horizontal illuminance under an overcast (CIE sky) (CIE 1995) [lux] 
DF,i = the daylight factor at a fixed point i [-] 
 
 
Table 31: Assessment in design 

 Daylight 
Average Daylight factor (DF) [-]1 

A Excellent ≥ 5% 
B Good ≥ 3% 
C Adequate ≥ 2% 
D Acceptable ≥ 1% 
E Poor < 1% 

1 Please notice that this percentage may be changed according to the specific use requirements of the building.  
 
Additional comments: 
The daylight factor is a simplified representation of the assessment of daylight availability in a room. It 
does not reflect directly the applicability of the daylight to arrive at the required illuminance levels. For 
that alternative indicators have been developed such as Daylight Autonomy or Useful Daylight 
Illuminance (UDI; Nabil and Mardaljevic 2006). For UDI illuminance levels that fall within the range 100–
2000 lx are valued.  
 
The daylight factor as included in the KIPI framework acknowledges the physiological need for daylight. 
It does not directly assess the usefulness of the daylight with respect to the contribution to the required 
illuminance levels, potential risk of visual discomfort and energy use related requirements to thermally 
condition the building. Highest values for the daylight factor in case of a room with windows are found 
near the window. It is assumed that higher values are profitable but no minimum or maximum values 
are yet available to define specific constraints (Aarts 2011). The provided values indicate design values 
that are typically used. The in Table 31 proposed Level D value does not by definition agree with building 
regulation requirements. 
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Daylight factor 
Detailed 
Assessment in operation 
 
1. Measurement of daylight factor. 
The daylight factor is measured according to the protocols described in the section considering 
Illuminance. 
 
The daylight factor at position i is determined based on the following equation: 
DF,i = 100. Ein,i/Eext 
Where: 
Ein,i = the inside illuminance at a fixed point i [lux] 
Eext = the outside horizontal illuminance under an overcast sky, when the measurement cell is exposed 
to the full hemisphere of sky [lux] 
DF,i = the daylight factor at a fixed point i [-] 
 
Table 32: Assessment in operation 

 Daylight 
Average Daylight factor (DF) [-] 

A Excellent ≥ 5% 
B Good ≥ 3% 
C Adequate ≥ 2% 
D Acceptable ≥ 1% 
E Poor < 1% 

1 Please note that this percentage may be changed according to the specific use requirements of the building.  
 
Additional comments: 
The daylight factor is a simplified representation of the assessment of daylight availability in a room. It 
does not reflect directly the applicability of the daylight to arrive at the required illuminance levels. For 
that alternative indicators have been developed such as Daylight Autonomy or Useful Daylight 
Illuminance (UDI; Nabil and Mardaljevic 2006). For UDI illuminance levels that fall within the range 100–
2000 lx are valued.  
 
The daylight factor as included in the KIPI framework acknowledges the physiological need for daylight. 
It does not directly assess the usefulness of the daylight with respect to the contribution to the required 
illuminance levels, potential risk of visual discomfort and energy use related requirements to thermally 
condition the building. Highest values for the daylight factor in case of a room with windows are found 
near the window. It is assumed that higher values are profitable but no minimum or maximum values 
are yet available to define specific constraints (Aarts 2011). The provided values indicate design values 
that are typically used. The in Table 32 proposed Level D value does not by definition agree with building 
regulation requirements. 
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1.5. Acoustic comfort 
 

1.5.1. Background noise level 
 
Background noise level 
Simple 
Assessment in design 
 
An expert review of the acoustic comfort in the building is carried out based on the information 
available in the design stage. The objective of the assessment is the identification of daily or seasonal 
conditions that may degrade the acoustic performance of the building. For example, seasonal changes 
will change the operating conditions of HVAC equipment, which may change the location and level of 
background noise in the building. 
 
1. Location/Site. The location of the building is analyzed focusing on the presence of external sources, 
such as road traffic, industrial area, in the vicinity of the building. Based on the location of the building, 
the sound pressure level of the sources external to the building is estimated. 
 
2. Conduct a facility and building evaluation: 
a. Review of weighted sound reduction of the facade. Based on the composition of the construction and 
the applied construction materials the sound pressure level of sources external to and internal in the 
building are estimated. 
b. Review facility operational documentation. Document the occupancy types and operations for each 
space type within the facility. Review building plans, including HVAC designs. The HVAC equipment 
sound pressure level is predicted based on the available documentation. 
c. Review of building plans and floor plans in order to evaluate the risk of distracting sounds due to the 
movement of people or carts.  
 
Assessment of the background noise level is carried out along the lines of ASTM Standards on Whole 
Building Functionality and Serviceability (ASTM 1996).  
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Table 33: Assessment in design 
 External noise Internal noise 
A Excellent There is no risk for problems due to 

external noise sources and the risk for 
problems due to noise from outside the 
building or from other floors is very 
small. If external noise sources are 
present, then these have been 
accounted for in the building design 

There is no risk for distraction from internal 
sounds, e.g. from printers or ringing phones. 
There is no chance of distraction from the 
movement of people or carts in main aisles. If 
internal noise sources are present, then these 
have been accounted for in the building design. 

B Good The risk that there may be a problem 
due to continuous external noise 
sources or noise from outside the 
building or from other floors is rare. If 
external noise sources are present, then 
these have been accounted for in the 
building design 

Distracting sounds, e.g. from printers or ringing 
phones, are only observed a few times a week for 
a few occupants, or in localized areas. The layout 
and width of main aisles result in only occasional 
or localized disturbance from movement of 
people or carts. 

C Adequate Noise from outside the building or from 
other floors is not generally intrusive or 
disturbing, usually less than 10 minutes 
per day.  

Distracting sounds, e.g. from printers or ringing 
phones, are only sometimes distracting for most 
occupants. Because of the floorplate 
configuration, many locations are adjacent to 
main aisles and high screens are required to 
prevent localized disturbance from movement of 
people and carts. 

D Acceptable External noise, e.g. traffic, aircraft or 
nearby activity, is present during some 
working hours, and can be distracting or 
annoying at some short periods during 
the day. 

Distracting sounds, e.g. from printers or ringing 
phones, are very distracting at some times of the 
day, with unpredictable and sudden shifts 
between low levels and high peaks. 

E Poor External noise, e.g. traffic, aircraft or 
nearby activity, is present during 
distinctive periods during working hours 
and distracting or annoying.  

Sounds, e.g. from printers or ringing phones, are 
very distracting at all times, with unpredictable 
and sudden shifts between low levels and high 
peaks. Because of the floorplate configuration, 
the required location and width of main aisles 
results in major distraction to all or most 
occupants. 
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Background noise level 
Simple 
Assessment in operation  
 
An expert review of the acoustic comfort in the building is carried out. The objective of the assessment 
is the identification of daily or seasonal conditions that may degrade the acoustic performance of the 
building.  
 
1. Location/Site. The location of the building is analyzed focusing on the external sources, such as road 
traffic, industrial area, in the vicinity of the building. The sound pressure levels of the sources external to 
the building are evaluated. 
 
2. Conduct a facility and building evaluation: 
a. Review of weighted sound reduction of the facade. Based on the composition of the construction and 
the applied construction materials the sound pressure level of sources external to the building is 
evaluated. 
b. Review facility operational documentation. Document the occupancy types and operations for each 
space type within the facility. Review building plans, including HVAC designs. The HVAC equipment 
sound pressure level is predicted based on the available documentation. 
c. Review of building plans and floor plans in order to evaluate the risk of distracting sounds due to the 
movement of people or carts.  
d. Complaint logs, if available, may be reviewed for evidence of occupant dissatisfaction and its causes. 
Trends in complaint rates over time may indicate occupant reactions to changes in building operation. 
Complaint logs do not provide systematic evaluation of a building’s IEQ. 
 
Assessment of the background noise level is carried out along the lines of ASTM Standards on Whole 
Building Functionality and Serviceability (ASTM 1996).  
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Table 34: Assessment in operation 
 External noise Internal noise 
A Excellent There is no risk for problems due to 

external noise sources and the risk for 
problems due to noise from outside the 
building or from other floors is very 
small. If external noise sources are 
present, then these have been 
accounted for in the building design 

There is no risk for distraction from internal 
sounds, e.g. from printers or ringing phones. 
There is no chance of distraction from the 
movement of people or carts in main aisles. (If 
internal noise sources are present, then these 
have been accounted for in the building design) 

B Good The risk that there may be a problem 
due to continuous external noise 
sources or noise from outside the 
building or from other floors is rare. If 
external noise sources are present, then 
these have been accounted for in the 
building design 

Distracting sounds, e.g. from printers or ringing 
phones, are only observed a few times a week for 
a few occupants, or in localized areas. The layout 
and width of main aisles result in only occasional 
or localized disturbance from movement of 
people or carts. 

C Adequate Noise from outside the building or from 
other floors is not generally intrusive or 
disturbing, usually less than 10 minutes 
per day. 

Distracting sounds, e.g. from printers or ringing 
phones, are only sometimes distracting for most 
occupants. Because of the floorplate 
configuration, many locations are adjacent to 
main aisles and high screens are required to 
prevent localized disturbance from movement of 
people and carts. 

D Acceptable External noise, e.g. traffic, aircraft or 
nearby activity, is present during some 
working hours, and can be distracting or 
annoying at some short periods during 
the day. 

Distracting sounds, e.g. from printers or ringing 
phones, are very distracting at some times of the 
day, with unpredictable and sudden shifts 
between low levels and high peaks. 

E Poor External noise, e.g. traffic, aircraft or 
nearby activity, is present during 
distinctive periods during working hours 
and distracting or annoying. 

Sounds, e.g. from printers or ringing phones, are 
very distracting at all times, with unpredictable 
and sudden shifts between low levels and high 
peaks. Because of the floorplate configuration, 
the required location and width of main aisles 
results in major distraction to all or most 
occupants. 

 
Additional comments: 
When evaluating, care should be taken with respect to the characteristics of the source(s) of the 
background noise level.   
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Background noise level 
Detailed 
Assessment in design 
 
An expert review of the acoustic comfort in the building is carried out based on the information 
available in the design stage. The objective of the assessment is the identification of daily or seasonal 
conditions that may degrade the acoustic performance of the building. For example, seasonal changes 
will change the operating conditions of HVAC equipment, which may change the location and level of 
background noise in the building. 
 
1. Location/Site. The location of the building is analyzed focusing on the presence of external sources, 
such as road traffic, industrial area, in the vicinity of the building. Based on the location of the building, 
the sound pressure level of the sources external to the building is measured. 
 
2. Conduct a facility and building evaluation: 
a. Review of weighted sound reduction of the facade and internal construction components. Based on 
the composition of the construction and the applied construction materials, the weighted sound 
reduction index between spaces (R’w) and the weighted normalized impact sound pressure level from 
surrounding spaces (L’n,w) are calculated and evaluated. The predicted sound pressure levels are 
compared to the acoustic target values presented by, e.g., the Finnish Society for Indoor Air Quality and 
Climate (FISIAQ 2008). 
b. Review facility operational documentation. Document the occupancy types and operations for each 
space type within the facility. Review building plans, including HVAC designs. The HVAC equipment 
sound pressure level (LA,eq) is predicted based on the available documentation. 
c. Review of building plans and floor plans in order to evaluate the risk of distracting sounds due to the 
movement of people or carts.  
 
Assessment of the background noise level is carried out along the lines of the acoustic target values 
presented by the Finnish Society for Indoor Air Quality and Climate (FISIAQ 2008). 
 
Table 35: Assessment in operation 

 Background noise level 
External sources Internal sources HVAC  
Sound pressure 
level of sources 
external to the 
building (LA,eq) 
[dB(A)] 

Weighted sound 
reduction index 
between spaces 
(R’w) [dB] 

Weighted normalized 
impact sound pressure 
level from surrounding 
spaces (L’n,w) [dB] 

HVAC equipment sound 
pressure level (LA,eq) [dB] 

A Excellent S1 
B  - 
C Adequate S2 
D Adequate S3 
E Poor Requirements for S3 are not fulfilled 
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Background noise level 
Detailed 
Assessment in operation 
 
1. The acoustic comfort in the spaces of the building is evaluated based on the measurement of the 
background noise level. The objective of the background noise level measurement is to provide an 
evaluation of the background noise in a room and with that assess whether that allows appropriate use 
of the room/building. 
 
A-weighted sound pressure level (Leq in dB(A)) measurements should be made in the occupied spaces. 
Background noise should be measured at any valid measurement point where one would typically 
expect to find the ears of the occupant (e.g., near the seated position in front of the desk in a private 
office). In addition, at least three more measurement locations must be measured in the room. The 
distance between any two measurement points and from the boundaries of the room should be at least 
1 meter. At each measurement point, record the time-average (Leq) octave band and A-weighted sound 
pressure levels. The minimum duration of each measurement depends on the variation in background 
noise level present but would typically range from 10 to 30 minutes or longer under special 
circumstances. High noise levels due to exceptional events may be disregarded. Special care should be 
taken to avoid taking any acoustic measurements when transient sounds (e.g., people talking, doors 
closing, etc.) are present. 
 
The acoustic measurements should, if possible, be conducted with the room unoccupied. All non-HVAC 
related sound-producing equipment (computers, radios, etc.) should be turned off for the duration of 
the measurements. In all cases the HVAC system should be operating in a known steady-state condition 
during the measurements, preferable at full capacity. 
 
If intruding noise from outdoor sources (e.g. aircraft, street traffic, lawn mowers, etc.) is of concern, 
then measurements should be scheduled during time periods when these sounds are at a maximum. If 
windows are part of the ventilation design, then measurements should be performed with and without 
the windows open. 
 
Further information on the measurement methods and protocols may be found in (ASHRAE 2009a).  
 
The results of the measurements are compared with, e.g., noise criteria and acoustic target values 
presented in the ASHRAE’s Performance Measurement Protocols for Commercial Buildings, Table 9-1 
(ASHRAE 2009a) or EN 15251:2007 (CEN 2007b)  which are based on the specific use of the space. 
ASHRAE (2009a) provides a range of criteria, the lowest NC/RC values represent an ideal acoustic 
environment, and the highest value represents the level above which the acoustic space is not 
acceptable for the intended use. CEN (2007b) provides informative values in A-weighted sound pressure 
level ranges (Leq in dB(A)). 
 
Acoustic performance criteria vary by room and are based on the type of activities that occupants 
engage in during their time spent in these spaces. The overall result is that any commercial building will 
typically have some spaces that are acceptable and others that are not acceptable. Any rating scheme 
for the building must address this issue. A good rule-of –thumb is that if between 80% and 90% of the 
room background noise measurements are found to be acceptable, then the commercial building may 
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be considered as marginally acceptable. If more than 90% of the room background noise measurements 
are found to be acceptable, then the building may be considered as acceptable (ASHRAE 2009a). 
 
2. Complaint logs, if available, may be reviewed for evidence of occupant dissatisfaction and its causes. 
Trends in complaint rates over time may indicate occupant reactions to changes in building operation. 
Complaint logs do not provide systematic evaluation of a building’s IEQ. 
 
3. Occupant Survey 
The Center for the Built Environment (CBE) has developed the Occupant Indoor Environmental Quality 
(IEQ) Survey or HOPE (Cox 2005). These surveys cover several indoor quality issues including acoustics. 
Care must be taken, though, to accept the fact that responses may vary significantly based on individual 
preferences (ASHRAE 2009a). 
 
Table 36: Assessment in operation 

 Background noise level 
A-weighted background noise level (LA,eq) [dBA] 

A Excellent Excellent, the measured background noise level is lower than the target values presented 
by, e.g., ASHRAE (ASHRAE 2009a). No or only a few1 complaints are reported 

B Good Sufficient, the measured background noise level complies with the target values presented 
by, e.g., ASHRAE (ASHRAE 2009a). Only a few1 complaints are reported  

C Adequate Sufficient, the measured background noise level complies with the target values presented 
by, e.g., ASHRAE (ASHRAE 2009a). Some reported complaints. 

D Acceptable Sufficient, the measured background noise level complies with the target values presented 
by, e.g., ASHRAE (ASHRAE 2009a), but a considerable number of complaints have been 
reported. 

E Poor Poor, the measured background noise level is higher than the target values presented by, 
e.g., ASHRAE (ASHRAE 2009a) 

1 Subjective descriptions should be defined more detailed, for example as the number of complaints related to the 
total number of building occupants or related to a reference building. 
 
Additional comments: 
When evaluating, care should be taken with respect to the characteristics of the source(s) of the 
background noise level.   
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1.5.2. Reverberation time 
 
Reverberation time 
Simple 
Assessment in design 
 
An expert review of the reverberation time in the building is carried out. The objective of the 
assessment is the identification of degraded acoustic performance of the building due to echo and 
reverberation. 
 
1. A facility and building evaluation is conducted: 
a. The echo and reverberation in a space is evaluated based on the evaluation of the acoustic 
requirements for the specific space. For example, if speech intelligibility is an issue in the room, the 
performance is evaluated based on the quality of the spoken speech across the space. 
b. Based on the composition of the construction and the applied construction/finishing materials the 
echo and reverberation in the spaces is evaluated. 
 
Table 37: Assessment in design 

 Reverberation time 
A Excellent Reflected sound from one location to another is avoided, e.g. the risk for possible reflected 

sounds is accounted for in the building design. 
B Good Some sound may be reflected from one location to another; however this is not a 

significant1 distraction. 
C Adequate Sound may be reflected from one location to another by hard, flat surfaces, such as walls 

and columns that are not treated to absorb sound, and by ceiling light fixtures that have 
flat plastic lenses; and for some people this is a significant1 distraction. 

D Acceptable Conforms to national building regulations, but many surfaces reflect sound from one 
location to another, and there is a risk1 for distraction of many occupants.  

E Poor Many hard, flat surfaces reflect sound in the space, to a degree that most occupants find 
significantly distracting1. 

1 Subjective descriptions should be defined more detailed according to the acoustic requirements of the spaces.  
 
Additional comments:  
Assessment of the reverberation time based on the table above applies to spaces where speech intelligibility is an 
issue. Alternative requirements may be defined according to the acoustic requirements of the spaces. 
 
If sufficient design details are available a relative simple (coarse) estimation of the reverberation time is possible 
by applying Sabine’s reverberation formula: T60 = V/(6A) [s]; where V [m3] is the volume of the room and A [m2 
open window] is the total absorption available in the room. 
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Reverberation time 
Simple 
Assessment in operation 
 
An expert review of the reverberation time in the building is carried out. The objective of the 
assessment is the identification of degraded acoustic performance of the building due to echo and 
reverberation. 
 
1. A facility and building evaluation is conducted: 
a. The echo and reverberation in a space is evaluated based on the evaluation of the acoustic 
requirements for the specific space. For example, if speech intelligibility is an issue in the room, the 
performance is evaluated based on the quality of the spoken speech across the space. 
b. Based on the composition of the construction and the applied construction/finishing materials the 
echo and reverberation in the spaces is evaluated. 
 2. Complaint logs, if available, may be reviewed for evidence of occupant dissatisfaction and its causes. 
Trends in complaint rates over time may indicate occupant reactions to changes in building operation. 
Complaint logs do not provide systematic evaluation of a building’s IEQ. 
 
 
Table 38: Assessment in operation 

  Reverberation time 
A Excellent Excellent, e.g. it is easy to understand soft-spoken speech from across the room, and no 

echo or reverberation from loud or abrupt sounds. Reflected sound from one location to 
another is avoided, e.g. by adding sound absorption materials on walls and columns, by 
shape of space, and by shape of surfaces, including window glass. 

B Good Good, e.g. soft-spoken speech from across the room can be understood. Only slight echo or 
reverberation from loud or abrupt sounds; or, only slight muffling of speech and loud 
sounds. Although some sound is reflected from one location to another by hard, flat 
surfaces such as walls and columns, this is not a significant distraction because most such 
surfaces are treated with absorbent material or so placed to not reflect sound from one 
location to another. 

C Adequate Sufficient, e.g. easy to understand normal speaking voice across the room. Sound is 
reflected from one location to another by hard, flat surfaces, such as walls and columns 
that are not treated to absorb sound, and by ceiling light fixtures that have flat plastic 
lenses; and for some people this is a significant distraction. 

D Acceptable Acceptable, but in some parts of the room a normal speaking voice can be hard to 
understand, or hard to hear, due to echo or reverberation from loud or abrupt sounds. 
Many surfaces reflect sound from one location to another, and this is distracting to many 
occupants. 

E Poor Poor, in several parts of the room a normal speaking voice can be hard to understand, or 
hard to hear, due to echo or reverberation from loud or abrupt sounds. Many hard, flat 
surfaces reflect sound in the space, to a degree that most occupants find significantly 
distracting. 

 
Additional comments:  
Assessment of the reverberation time based on the table above applies to spaces where speech intelligibility is an 
issue. Alternative requirements may be defined according to the acoustic requirements of the spaces. 
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Reverberation time 
Detailed 
Assessment in design 
 
The acoustic comfort in the spaces of the building is evaluated based on the simulation of the 
reverberation time in the spaces, for example using building simulation software, such as ODEON 
(www.odeon.dk). The objective is the evaluation of the reverberation time with respect to the acoustic 
requirements set to the room. 
 
The predicted reverberation times are evaluated against the specified room criteria presented by, e.g., 
ASHRAE (ASHRAE 2009a) or ISO Standard 3382 (ISO 3382/II - 2008).  
 
Table 39: Assessment in design 

  Reverberation time 
A Excellent Excellent, the predicted reverberation time complies with the target values presented, 

e.g., by ASHRAE (ASHRAE 2009a)  or ISO Standard 3382 (ISO 3382/II - 2008) 
B  - 
C  - 
D  - 
E Poor Poor, the predicted reverberation time does not comply with the target values presented 

by, e.g., ASHRAE (ASHRAE 2009a) and ISO Standard 3382 (ISO 3382/II - 2008) 
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Reverberation time 
Detailed 
Assessment in operation 
 
The acoustic comfort in the spaces of the building is evaluated based on the measurement of the 
reverberation time in the spaces.  
 
Reverberation times should be measured with the measurement microphone and the noise source both 
located within the measurement volume of the room. For additional information on the measurement 
of reverberation times the reader is referred to ASHRAE (ASHRAE 2009a) and ISO Standard 3382 (ISO 
3382/II - 2008). In addition, the minimum distance between the source and the measurement 
microphone shall be greater than 50% of the largest dimension of the room. The acoustic decay slope 
evaluation range shall begin 5 dB below the steady-state level and terminate at least 25 dB, but 
preferably 35 dB below the steady-state level. The results shall be presented in seconds, normalized for 
the time for the sound to decay by 60 decibels in each frequency band (T30). 
 
The measured reverberation time in all octave bands from 250 Hz to 4000 Hz (rounded to the nearest 
0.1 second) can be evaluated against the specified room criteria as given by, e.g., ASHRAE (ASHRAE 
2009a).  
 
Table 40: Assessment in operation 

  Reverberation time 
A Excellent Excellent, the measured reverberation time complies with the target values presented by, 

e.g., ASHRAE (ASHRAE 2009a)  and ISO Standard 3382 (ISO 3382/II - 2008) 
B  - 
C  - 
D  - 
E Poor Poor, the measured reverberation time does not comply with the target values presented 

by, e.g., ASHRAE (ASHRAE 2009a)  and ISO Standard 3382 (ISO 3382/II - 2008) 
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1. INTRODUCTION 

The process of indicator analysis can provide significant data for establishing an updated 

framework for the indoor built environment. It examines the underlying forces that affect the 

interactions of buildings with their users in relevant categories of performance fields including 

Health, Comfort, Safety, Security, Positive stimulation, Accessibility and Functionality.   

The aim of the present study is to analyze the proposed indicator framework as proposed in 

D1.5 and propose improvements based on internal and external review. 

Performance indicators for the indoor environment are integrated within a sustainable and 

low energy building environment. The methodology of the analysis is based on a review of the 

indicator list defined by the KIPI framework (D1.5) and challenged by the expert community.  

The analysis had the following objectives: 

• To review and evaluate the KIPI framework developed in PERFECTION and optimize it. 

• To validate the suitability of proposed indicators.  

• To evaluate the importance of performance indicators for indoor environment by 

country and region. 

• To identify areas where new indicators of health, comfort, safety and accessibility 

might be developed. 

• To propose the final KIPI framework.    

The process included five steps: 

Step 1: A preliminary discussion of the results of T1.5 and formulation of a review 

questionnaire.  

Step 2: Conducting interviews with stakeholders and external experts in the partner 

countries2:  

Step 3:    A review of the indicators in brainstorming sessions with external experts and partner 

researchers 

Step 4:   A review of the indicators by CES partners in working groups.  

 Step 5:  Evaluation of the results by the partners of WP1 in written comments and in a series 

of WEBEX meetings.  

The final workshop in which the final framework was accepted was conducted in Prague March 

2011. 

 

The analysis was based on previous work done in PERFECTION project within the D1.5 

framework (PERFECTION, D1.5, see Fig 1). This framework is a result of a thorough 

 
2 See annex 1  
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investigation in early tasks (PERFECTION, D1.3-5) by specialists in each sub-domain. It has 

focused on developing a generic list of buildings’ Key Indoor performance indicators (KIPI’s). 

The challenge was to find “accurate and meaningful data” based on brainstorming meetings 

and interviews to make experts aware of all the information of D1.3-5.  

 

This report includes a description of the methodology used for evaluation, a presentation of 

the results and comments received, a discussion of the results focusing on the indicators that 

are called for improvement. The report examines the responses and the comments of the 

external experts and presents the evaluation of the different generations of the indicators 

framework from the first one generated in D1.5 (Fig 1) to the final one concluded in Prague 

workshop (Fig. 8). 
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Fig 1:  Indicators framework – first generation 
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2. Methodology 

The main approach used in order to evaluate the KIPI framework as developed in PERFECTION 

(Fig. 1) was to challenge external experts from various fields trying to assess the relevance and 

importance of the categories used and the list of indicators produced. In addition the process 

looked for other indicators that would be needed to complete the framework. The process 

included methods like interviews, brainstorming and expert workshops. 

The evaluation was an interactive one with constant consultations with partners to reflect and 

implement expert's reviews. Several generations of the framework were thus developed to 

reach the final version achieved during the joint CES partners Prague workshop (March 2011). 

 

2.1 Steps of the analysis 

The analysis was done in five steps: 

2.1.1 - Preparing for external framework validation by experts. The basic KIPI framework 

resulting from D1.5 was agreed with partners as a starting point for T1.6 assessment. This basic 

framework which is the first generation in a series of framework generations is presented in 

Fig.1. 

2.1.2 - Reviewing the basic list of indicators through face-to-face or telephone interviews with 

selected external experts and stakeholders in partner's countries. A structured questionnaire 

was developed to help in this process. The group of interviewees included building users and 

experts from various fields of buildings’ performances: Health and comfort, accessibility, 

safety, security, sustainability, positive stimulation, adaptability, serviceability and usability.  

Three to five interviews were carried out by each of the partners of task T1.6. In Israel, five 

experts were interviewed. Three of them were interviewed face-to-face and two were 

interviewed by phone. The experts represent public and private organizations, including 

architects and planners.  

 In Finland, three experts were interviewed using the questionnaire: two architects and one 

engineer. One of them represented the public authority, other standardization and the third 

was a practicing designer and also a university professor. Indicator descriptions were sent to all 

of them beforehand and the discussion was based on the D1.5 document. 

In UK 8 interviews were done but they used an old version of the questionnaire so their 

contribution was limited 

Another six interviews were done in the Netherlands and in Belgium. 



Indicator analysis (D1.6) – Annex C 

 7 

2.1.3 - The Tel Aviv Brainstorming - The event was planned as an expert discussion session in 

October 2010 with the participation of 20 experts and stakeholders. The group of experts and 

stakeholders included architects and planners, consultants and representatives of 

governmental bodies, such as the Israeli ministry for environment protection, the Standards 

Institution of Israel and the urban planning department at the Israeli ministry for interior.  

PERFECTION partners from Israel and Finland attended the meeting. 

The discussion opened with the introduction of the PERFECTION project and the KIPI 

framework by Dr. Pekka Huovila, and the next three presentations focused on security & safety 

standards and the implementation of KIPI’s in case studies in Israel and Finland. 

In the second part of the event, T1.6's questionnaires were distributed among the participants. 

This session included an open discussion (with the coordination of Dr. Yair Sharan) of the KIPI 

framework and the ways to improve it.  A list of comments and suggested changes for KIPI’s 

and the methods were formulated.   

2.1.4 - Partner & CES discussion in Paris - An expert group discussion event was organized 

during PERFECTION's Paris annual meeting on November 2010 in order to examine the 

updated list of indicators and the preliminary recommendations. The T1.6 discussion group of 

the Paris meeting included 15 CES and project partners who were exposed in advance to the 

T1.6 interview results and clarifications of the WP leader. They also got in advance the list of 

indicators.   

2.15 – Series of WEBEX meetings and consultations among T1.6 partners took place in the 

period after the Paris meeting and an updated framework was established. 

2.1.6 The final version of the framework was decided on in a joint CES and partners workshop 

in Prague March 2011. 

 

2.2 Study area 

The analysis covers the countries in the PERFECTION network in Europe and Israel as shown in 

the following map.   
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Map 1:  Geographic spread of PERFECTION network 

 

The relevant data has been collected from approximately 50 experts and building users around 

Europe. Additional experts from Israel and Australia (CSIRO) who belong to the PERFECTION 

network were included as well 

To ensure data comparability, the following criteria were used in the expert selection for the 

interviews.  

• Expertise: Experts in building design or building construction in one of the performed 

indicator fields. 

• Users: Building users, such as administrative and maintenance.  

Decision makers: Policy makers in urban design and legal frameworks, such as 

representatives of local and building authorities or building standard agencies. 

 

2.3 Analysis of the results 

Results were collected from eight different groups of interviewees and discussion groups 

a. Five interviewee groups from partner countries: Israel (il), Finland (fi), UK, The 

Nederland (nl) and Belgium (be)  

b.  A brainstorming expert  panel in Israel (TelA )( around 20 people) 

c.   Paris  PERFECTION  discussion session (Paris )( around 15 experts) 

d.  CES  questionnaires (CES) (3 interviewees) 

The results are presented in the following way: 
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For the interviewees in the five partner countries, the assessment of the importance of the 

individual performance indicators identified for the KIPI Framework depends on the 

preference of the majority of participants. So if a majority of one of the partner countries 

identified a specific indicator as "most important", it got a plus (+) and if a majority expressed 

the view that a specific indicator should be neglected or defined as “least important”, this 

indicator got a minus (-). 

The presentation of results from the discussion groups are based on their conclusions which 

indicators are the most important (+) and which of the indicators could be neglected (-). 

All in all this helped us get a collective review of the list of indicators. It should be stressed that 

this review is not country specific but reflects the wisdom of a collective international expert 

group throughout Europe. 
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3. Review Results 

3.1 Importance of indicators  

The following tables present results for the relative importance of the indicators as identified 

by the experts. We present those indicators that were chosen as most important (+) or least 

important (-) by the majority of the specific group (in practical terms it meant a consensus 

between at least two of the experts or in case of a discussion group the conclusions of the 

meeting). Responses from the eight groups are presented. Those indicators that were not 

defined as "most important" or "least important" are not mentioned in these tables. Summing 

+/- across the table results in the ALL column which indicates the relative importance of the 

indicator.  A low result can indicate the possible exclusion of such an indicator and a high result 

its essential need. 

3.2 Assessment of the indicators in the Health & comfort category 

Tables 1 and 2 present the results of the expert assessments for the Health and 

Comfort category. The results indicate that generally there is consensus among experts 

assessing the different indicators. Some were accepted (only (+) grades) and some were 

rejected (only (-) grades). These findings might indicate that the importance of this group of 

indicators is clear and even universal. "Effective temperature" and" Effective ventilation/CO2" 

are the most important indicators in this category while there is almost a considered 

consensus that "Rain/re-use water quality" should be dropped out. Other indicators that might 

to be dropped out are "Combustion sources" and "Odor acceptance" which received low 

grades (-). The first one (Combustion sources) may have less relevance for many building types, 

however is does have a direct health effect. Therefore, it was proposed not to drop it out since 

it is the only indicator which deals with (near) instant health risk of the indoor environment. 

The problem with "Odour acceptance" is that it is difficult to address in the design phase of the 

building and it is also difficult to measure other than through Post Occupancy Evaluation (POE). 

In addition "effective temperature" and "effective ventilation and infiltration" can address the 

odour part partly. Therefore it was considered to leave this indicator out.  

The "drinking water quality" indicator is the only one which creates different responses (+ and 

- answers) which might be a result of the different attitudes to water by experts in different 

countries. 
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Table 1: Assessment of the indicators in the Health and Comfort Category 

 

See  

Fig 1 

Indicator 

FI NL IL BE UK TelA Paris CES All 

1.1.1. Effective 

temperature 

  + +  + +  4 

1.1.2 Effective 

ventilation / 

CO2 

+ + + +  +   5 

1.1.3 Combustion 

sources / 

infiltration 

-  -   -   -3 

1.1.4 Odour 

acceptance 

  -   -  - -3 

1.1.5 Particulate 

matter 

   -     -1 

1.2.1 Drinking water 

quality 

-   + +    1 

1.2.2 Rain/re-use 

water quality 

-     - - - -4 

1.3.1 Operative 

temperature 

    +    1 

1.4.1 Illuminance     +    1 

1.4.2 Daylight factor  + +  +    3 

1.5.1 Background 

noise level 

    -   - -2 

1.5.2 Reverberation 

time 

  -  -   - -3 

 

In the category "Health and comfort" suggestions were made for new indicators from all 

response groups (table 2). All in all 19 proposals were presented. Proposals are linked to 

building's thermal or energy use in general, ventilation or humidity aspects. Most of them 

could be expressed by the current framework of D1.5, although some new definitions for the 

indicators are needed. The indicator "Personal control Bandwidth" over temperature as 

proposed by the Nederland can be integrated into a new indicator such as "controllability" 

which might be needed in respect to intelligent technologies installed in the building for 

purposes of  remote controls on various building's systems.  Other proposals like 

"sustainability" and "energy use" (from Israel and the Netherland, Appendix 1) were not 

acknowledged as indoor performance indicators and were not further included.  
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Table 2: Missing indicators in the Health and Comfort Category 

FI 1. Protection against humidity 

2.  Surface temperature 
NL 1. Air temperature 

2. Personal control Bandwidth over temperature 

3. Person control  

4. Control Bandwidth over CO2 

5. Fresh air supply 
IL 1. energy efficiency  

2. Sustainability     

BE 1. Energy use 

2. Chemical air quality 
UK 1.Recycling  

2.Humidity 
TA 1. Moisture protection 

PARIS  1.Operational and/or surface temperatures 
CES 1. VOCs (cleaning agents, paints etc.) 

2. Equivalent CO ppm (including other pollutants in exhaust gas (mainly NOx and total     gaseous 

hydrocarbons, HC)  

3.   Direct sun, shadow,  

4.   Discomfort glare 
 

3.3 Assessment of the indicators in the Safety and Positive Stimulation Category 

Tables 3 and 4 present results from the assessment of the safety and positive stimulation 

category. 

Table 3: Assessment of the indicators in the Safety & positive stimulation category 

 Indicator fi nl il be uk TA Pa CES Total 

2.1.1 Safety in use +  +  +   + 4 

2.1.2 Feeling of safety    +  -   0 

2.1.3 Meeting current regulation   +   +   2 

2.1.4 Cultural heritage protection   -  - - + + 1 

2.2.1 Personal and material security   + +    + 3 

2.2.2 Security of information   -      1 

2.2.3 Protection against terrorism -        -1 

2.3.1 View to outside          

2.3.2 Architectural design        + 1 

2.3.3. Visual stimulation      -   -1 

2.3.4 Feelings and sensations    -  -  - -3 

2.3.5 Quality of support places      -   -1 

 
The results show that " Personal and material security" seems to be the most important 

indicator in this category while "Protection against terrorism" should be considered to be 

neglected. Other indicators such as "Quality of support places", "Visual stimulation" or 
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"Feelings and sensations", also received a negative response from at least 2 groups. Few 

indictors, such as "Security of information" and " Cultural heritage protection" received equal 

support and rejection, which indicated different perspectives.  

 

Table 4: Missing indicators in the safety & positive stimulation category 

 fi nl il uk TA 

 

Missing 

indicators 

1.Authenticity 

2.Reliability 

3.Identity 

4.Privacy 

1. Personal 

control 

2. Daylight 

penetration 

3. Protection 

against noise 

1. Privacy 

2. Stability 

3. Sociability 

1. Fire      

    safety 

1.  Privacy 

2.  CBRN3 

protection 

 

The category of 'Safety & positive stimulation" received 13 proposals for additional  indicators 

(table 4). In fact, some of them like "Personal control", "protection against noise" or " Daylight 

penetration" could be included in the category of "health and comfort". Other suggestions are 

very specific such as "fire safety" or "CBRN protection".  

 

3.4 Assessment of the indicators in the Accessibility and  Functionality category 

Tables 5 and 6 present the results of the assessment of the indicators in the 

accessibility and function ability category. 

 

Table 5: Assessment of the indicators in the Accessibility and Functionality category 

 Indicator fi nl il be UK TA Paris CES ALL 

3.1.1 Access to building  +   +   + 3 

3.1.2 Orientation - +  - +   + 0 

3.1.1 Adjustability  +   + +   3 

3.2.1 Versatility and protection   -  +   - -1 

3.2.2 Technical 

 service life 

+    +   - 1 

3.2.3 Adaptability to climate change    + + +  - 2 

3.3.1 Image, branding and cultural 

 heritage 

   -   + + -1 

3.3.2 Availability of services in the building -   -     -2 

3.3.3 Cleanliness   -  +    0 

3.3.4 Maintainability +  - + +    2 

 

 
3 CBRN – chemical, biological, radiological, and nuclear 
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In this category, "Access to building" and "Adjustability" seem to be the most important 

indicators while "availability of services in the building" is considered the least important.  

Unlike the previous categories, it seems that in this category there is less consensus between 

the eight groups. Indicators such as "Image, branding and cultural heritage" or "Versatility and 

protection" have received both support and rejection. These can be explained by the 

arguments of experts that some integrated indicators are problematic, (e.g. the indicator of 

"Image, branding and cultural heritage"), because they are not obvious, or need better 

descriptions. This also demonstrates the different attitudes in different countries and regions. 

 

Table 6: Missing indicators in the Accessibility and Functionality category 

 fi UK TA Paris CES 

Missing 

indicators 

1. Space efficiency 

2. User interface 

1. Flexibility 

 

1.Reliability 

 

1.Commercialization  

 

1.Parking 

2.Bike access 

 

Table 6 shows proposals for new indicators in the "Accessibility and Functionality" category. 

Here only a few suggestions were received. These suggestions focus on "flexibility", 

"communicability" and "reliability" of the building. Other suggestions such as "bike access" or 

"parking" can be integrated in the existing KIPIs. 
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4. Discussion. 

4.1 Limitations of the PERFECTION process 

In general, the process presented by PERFECTION received some criticism from the 

interviewed external experts. Criticism referred to the proposed KIPI framework, the 

description of the indicators as well as the methods proposed by T1.6. 

  

A significant remark came from the Netherlands. It suggested that the framework represents a 

unique approach with a wide range of detailed functional assessments of the building/space 

use. However, while the ranking of indicators is a function of the needs, indicators which are 

not on the list may be required.  More indicators were recommended to be added (table2, 4, 

6). It should be stressed at this point that extensive discussions have been devoted in 

PERFECTION to the wanted number of indicators in the framework and the distribution of 

indicators among categories to achieve a balanced framework. The possibility to present also a 

longer list of indicators was considered. With respect to the latter, PERFECTION report from 

D1.3 to D1.5 are available for that. The changes in the framework finally adopted reflect this 

struggle. 

 

The Netherlands experts also argued that Weighting should be done for each case individually, 

especially for the users. It makes little sense to provide weighting for a general building, even 

when it refers to buildings with a specific type of function. For example, dwellings for the 

elderly will have different weighting of indicators than dwellings for families with young 

children). 

Besides the problem of the indicator weighting, some weaknesses were found in the 

description of the indicators. Some experts from Belgium remarked that descriptions of 

"Feelings and sensations", "Visual stimulation" and "Reverberation time", are not clear and so 

are also the indicators of "Operative temperature" and " Effective temperature" which seem to 

be similar. Similarly, the link between CO2 and ventilation is not clearly described.  

 

4.2. "Health and Comfort" KIPI’s 

PERFECTION report D1.5 provides information on the specific assessment methods applied to 

evaluate the performance indicators for health and comfort.  

In the following expert' response and comments to this category are presented: 
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4.2.1 Indoor Air quality- In general, the sub-category "Indoor air quality" was defined by most 

expert groups as an important one. More specifically, the indicators of "effective temperature" 

and "Effective ventilation/CO2" have received a wide support from external experts from most 

of the response groups (e.g. Appendix 3, Paris 5.3; UK 5.5.2; Appendix 2, Tel Aviv 

brainstorming 5.1, 5.2).  

However, the term "effective temperature" Invoked some arguments which reflect different 

attitudes of different experts. One CES expert explained that when improving energy 

efficiency, it is important to ensure normal air exchange even at the expense of energy saving. 

Furthermore, the term “Effective temperature”, taking into account air temperature and 

relative humidity, is also in use with respect to comfort assessment (Parsons 2003)  

"Effective temperature", is described by report D1.5b as a combination of temperature and 

relative humidity, affects the perception of indoor air quality (IAQ) and measurement of 

outside air ventilation rate. The assessment of "Effective ventilation" is based on the US EPA 

National Ambient Air Quality Standards data and associated US Weather Service data for the 

site. 

 

For thermal comfort "Operative temperature/PPD" (PPD = Percentage People Dissatisfaction) 

is applied. This indicator has directly (PPD) or indirectly (if operative temperature is applied) 

relative humidity included.  Note that (at least for PPD) the sensitivity is not very large when 

within normal limits. 

One interesting suggestion came from the Netherlands (appendix 1, 3.1.1) suggests to 

"Effective temperature" can be replaced by "air temperature" but it ignores the element of 

humidity which is part of the definition and does not acknowledge the fact that “Effective 

temperature” refers to potential risk for microbiological sources and perceived air quality. 

Alternative possibility will be to follow the recommendations of experts from Finland 

(Appendix 1, 2.3.1), the Netherlands (Appendix 1, 3.1.11) and some others to allocate a 

separate indicator for "humidity" in the list of KIPI. However, while the humidity is linked in 

this sense to temperature stress, it was decided at this stage to leave it as "Temperature & 

relative Humidity",  

Another important remark concerns the possible linking of "Effective temperature" with 

"Operative temperature". This is an issue that can be solved by improving and better defining 

the two indicators (figure 2 A). 
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3. Combustion sources / infiltration

2. Effective ventilation / CO2
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7. Illuminance

5. Drinking water quality

10. Reverberation time

9. Background noise level

4. Particulate matter

8. Daylight factor

Health

Comfort

Health
and 

Comfort

 
 

B 

Figure 2: Structure for Health and comfort Key performance indicators: the second 

generation (A) and the third generation (B) 

 

Unlike these two indicators, the other three indicators of this sub-category "Combustion 

sources/infiltration", "Odour acceptance" and" Particulate matter", were subject to criticism. 

Some experts argue that "Particulate matter" should be deleted as it has no consistency with 

the other indicators (e.g. Appendix 1, Belgium 4.2.2). Others –in the Netherlands think it is one 

of the most important indicators (Appendix 1, the Netherlands, 3.5.6).  

"Odour acceptance" has received a rejection also from Israeli experts (Appendix 2, Tel Aviv 

brainstorming, 2.8; Appendix 1, Israel, 1.2.1). "Odour acceptance" is defined by report D1.5b 

also as "The quality of the outdoor air at the site.  
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Some support for this indicator can be found in the work of Schuh (2009) that developed a set 

of indicators, based on indoor air quality (IAQ) data using a case study methodology, which 

helped to ensure that the indicators were applicable " (Steskens, Loomans 2010). Taking up his 

approach we can argue that “Odour acceptance" cannot be assessed in the design phase. 

In order to simplify the model and to make it more user friendly, the task partners decided to 

structure two sub categories for the "health and comfort" section (Figure 2B): a. Health and b. 

Comfort. Each of them includes 5 indicators:  "Temperature & relative Humidity", "Effective 

ventilation/ CO2" "Combustion, sources/infiltration", "Particulate Matter" and "Drinking water 

quality" were allocated for Health; "Operative Temperature", "Illuminance”, “Daylight factor", 

"Background noise level", and "reverberation time" were allocated to comfort. "Reverberation 

time" indicator was neglected in the second generation (Fig. 2A) but partners decided later to 

bring it back in the third generation because of its importance for the comfort aspects of the 

building.  (Fig.2B) 

4.2.2 Water quality - The sub-category of water quality is another controversial area. Some 

experts, (e.g. Appendix 1, Finland, 2.2.4) find that "Drinking water quality" should be deleted, 

while others such as The Netherlands (Appendix 1, 4.5.3) or Israel (Appendix 1, 1.1.8) believe 

that this is one of the most important indicators in the framework. Indeed, quality of drinking 

water supply is one of the basic conditions for human life. However, we are not talking about 

the quality of the water that is coming into the building.  

Some answers are provided by the description of this indicator by report D1.5b: "In order to 

guarantee drinking water quality in buildings, authorities responsible for building safety should 

be responsible for developing and implementing water safety plans (WSPs) (World Health 

Organization (WHO) 2008) for example the water safety plan presented in Table 16 of the 

Perfection’s Subtask 1.3 Report" (Steskens, Loomans 2010). 

The disagreement observed might represent different perspectives regarding the needs of 

different countries and regions. In Israel, for example, due to its hot climate, quality of water 

supply is regarded as a basic requirement of any building. 

While "Drinking water quality" received different attitudes from different experts and different 

countries, the other related indicator 'Rain/re-use water quality' was completely rejected.  

Generally speaking, the quality of rain/re-use water in a building should be guaranteed by 

development and implementation of a water safety plan (WSP) and a range of visual 

inspections (and laboratory testing of rainwater quality) should be scheduled.  However, this 

indicator is not relevant for most buildings. Therefore we accepted the general attitude of the 

external experts and took this indicator off the list. 
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4.2.3 Thermal comfort - In general, "thermal comfort" received a high support from most 

experts (e.g. UK 5.5.10) but less than "Effective temperature". T1.5b explains that the 

assessment of the "thermal comfort' is carried out based on the evaluation of the "operative 

temperatures" along the lines of the technical target values. This indicator was also argued. 

One was concerned with the similarity to "effective temperature" and the ways to merge the 

two (Appendix 1, Finland 2.1.2). The Influence of humidity on thermal comfort is not always 

significant. Therefore, one of the conclusions here is that we might consider adding a section 

for "Indoor air quality" defined as ‘temperature and relative humidity’ to better cover the 

evaluation description. 

4.2.4 Visual comfort- Following the discussion on "visual comfort" it is needed to evaluate the 

entrance of direct solar radiation mainly regarding daylight factor. The "artificial lighting" in 

the building is analyzed focusing on the adjustability, control, and relocation of the lighting in 

order to obtain the required illuminance levels for the visual task(s) in the spaces and to avoid 

visual defects (BS EN 12464-1:2003 2003). Of course there is a difference between the lighting 

levels and the possibility to install required lighting levels versus the possibility to control 

lighting. This could give rise to different indicators.  

"Visual comfort" could be part of "Positive stimulation" with needed requirements. Partners 

thought that it is important enough to have it as a separate entry in the building.  

The argument here is that visual comfort relates to the possibility to perform (a) task(s) 

without being restricted or disturbed by unfavorable lighting conditions.  

The daylight is important with respect to our biological requirements and could to some extent 

also be referred to from a health point of view. 

Illuminance is described by D1.5b as the lighting in the building analyzed in comparison to the 

required Illuminance levels for the visual task(s) in the building spaces (BS EN 12464-1:2003 

2003). Moreover, the spaces in the building are inspected for visual defects and glare. 

Some of the experts indicated that "Illuminance" is one of the indicators that can be linked to 

the category of accessibility. Levels of "Illuminance" relate to type of performance in the room. 

However, there is an argument between the external experts regarding its importance. While 

the Israeli experts indicated it as one of the most important indicators (Appendix 1, 1.5.4), 

some experts from Belgium suggested omitting it (Appendix 1, 4.2.3).    

"Daylight" also depends on the location and orientation of the space in the building which is 

analyzed focusing on the view outside and daylight entrance (D1.5b). It also depends on 

building elements such as glazing and 'skylight' systems.  
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The external expert opinions indicated that there is an agreement that this indicator is very 

important.  One of the experts from the Netherlands (Appendix 1, 3.1.9) suggested that it 

might be part of an overall indicator "personal control" and includes also "fresh air supply", 

"room temperature" and "installation noise". Because several studies show that access to 

personal control options has more impact on building user satisfaction, health and (self-

assessed) productivity than temperature, CO2, lighting etc. levels per se (see Boerstra, 2010).  

One external expert remarked that personal control on daylight as a technical solution could 

also be considered in the category of functionality. 

4.2.5 Acoustic comfort- Acoustic comfort and especially the first acoustic indicator 

"Background noise level" received little support from some experts in UK (Appendix 1, 5.2.9), 

and the Netherlands (Appendix 1, 3.2.3). Other experts argued that privacy Index is a good 

indicator for acoustic comfort in an open space area. It seems that better description or 

explanation of this important indicator may change the support level to this indicator.  

Another remark came from a CES partner who indicated it as one of the most important 

indicators. He noted that "within last decade, construction technologies were improved; 

however there is demand by customers for solutions in order to have noise protection from 

outside, between flats and from underground garage. It is part of our regulations, but control 

not always works".   

Another acoustic indicator, "Reverberation time" has received objection from Israel (Appendix 

1, 1.2.14) and Belgium (Appendix 1, 4.2.4), ("its description is not clear", Belgium, Appendix 1, 

4.4.2), But has been considered important by many others.  One of the comments argued that 

Privacy is a good indicator for acoustic comfort in an open place area" (Israel, Appendix 1, 

1.1.13). However, despite of this linkage and the importance of the indicator of "privacy" most 

partners thought that it would be more appropriate to locate it in the section of "positive 

stimulation". 

In conclusion, “background noise level” has been considered as an important KIPI.  

 

4.2.6 Interim conclusions -The result of the above reviews was the second generation of the 

KIPI framework for Health and Comfort as presented in fig 2A. This generation differs from 

generation one in the following: 

- Exclusion of "reverberation time", "Odour acceptance" and "Rain/-use water quality" 

indicators. 

- "Effective temperature" was renamed to "Temperature and relative humidity". 
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This generation was further evaluated and the third generation evolved as presented in Fig. 

2B. The main changes made: 

- The five subcategories in generation two were restructured and organized in only two 

subcategories. 

- "Reverberation time" was included as the tenth indicators in this category.  

  

4.3 "Safety and Security" KIPIs 

Safety and security are generally interlinked and in some cases, as was commented by some 

external experts, it is difficult to distinguish between them. It was proposed to include the 

related indicators in a separate category in the framework and exclude the “positive 

stimulation” subcategory from it. 

Many of the external experts expressed their opinion that both are important categories for 

the building. Some specific safety and security key performance indicators such as "Safety in 

use" were indicated as "most important" (Appendix 1, see Israel, 1.5.9; Finland 2.5.2; Belgium 

4.5.10; UK, 5.5.12). Others marked "Meeting current safety regulation", as most important (Tel 

Aviv brainstorming, Appendix 2, 5.3).  

 
A 

 
B 

Figure 3:  Structure for safety and security Key performance indicators: the second 

generation (A) and the third generation (B). 
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The indicator "Protection cultural heritage" has received a significant rejection (e.g. Appendix 

1, Israel 1.2.4; The Netherlands 3.2.2; Belgium, .4.2.5; Tel Aviv brainstorming, Appendix 2, 2.4). 

One of the experts from UK (Appendix 1, 5.1.2) explained that "Cultural heritage and 

protection" is more relevant to existing and older buildings and not to new ones". 

Other indicators in this category, such as "Security of information" and "protection against 

terrorism" received a lot of criticism. Some experts remarked that they "can't be measured in 

building" (Appendix 1, Finland, 2.1.10; Israel 1.1.2).  

Some other experts indicated that we need indicators regarding specific cases such as fire 

(Appendix 1, UK 5.5.9) or collapse (Appendix 1, Finland, 2.1.10). These could however be 

reflected in the indicator of "Meeting current regulation” which is a combination of a number 

of indicators, and therefore it is not very informative or motivating (Appendix 1, Finland, 

2.1.6).However, as was remarked by Finland (Appendix 1, 2.1.23), many safety issues are in 

general well covered by building regulations. Thus it was concluded that those aspects will be 

considered in the KIPI “meeting current regulation”.   

The indicator of "fire safety" is also covered by “meeting current regulation” and thus should 

not be included. In addition, partners indicated that "Reliability in exceptional cases" should be 

part of security (as was “Protection against terrorism”); “Cultural heritage protection” should 

not be removed since it is important for historical buildings. The partners argue that the 

importance of this indicator can be handled in weighting. Regarding the title of information 

security, the discussion between the partners indicated an agreement to use the name 

“security of information” rather than “data protection” which already took place in T1.5, and is 

more common in standards. 

4.3.1 Interim conclusion - The above considerations led to the second generation (fig 3A) of 

this category "Safety and Security". This generation excluded “Positive stimulation” as 

subcategory. In addition: 

- Fire safety was added as a separate indicator. 

- Cultural heritage was excluded from this category. 

The evaluation of this category confined reflecting partners' discussions. The category was 

further changed with the following (see fig 3B): 

- "Cultural heritage protection" indicator was added to the “Safety” subcategory. 

- "Fire safety" was excluded.     

 

4.4 “Accessibility and Functionality's” KIPIs 
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Figure 4 shows the results of the T1.6 process regarding the category “Accessibility and 

Functionality”.  

The proposed indicators of D1.5 (Fig. 1) were structured under the headings of usability, 

adaptability and serviceability.  

 

4.4.1 Usability - The first sub-category in T1.5's document is Usability. It included in generation 

one only three Key indicators: "Access to building", "Orientation" and "Adjustability". 

Many interviewed experts commented that the category of "usability" is an important issue 

(e.g. Appendix 1, Belgium, 4.5.7). Others emphasized that "Access to building" is one of the 

most important indicators (Appendix 1, Israel, 1.5.1; The Netherlands, 3.5.7). Discussing this 

indicator, some experts remarked that while" Access to building" was linked correctly to the 

category of Accessibility, we might consider locating also "Illuminance" as one of the indicators 

of Accessibility (Appendix 1, Israel, 1.1.12). 

In D1.5 “Access to building” is defined as access to and within the building. In one interview 

this was proposed as a new name of this KIPI. Since both aspects are covered by this KIPI, and 

since this indicator name has caused many misunderstanding, (e.g. in case studies public 

transport etc.) it was considered to adopt the suggestions of rename "Access in the building" 

to “Access to and in the building”.  

The second key indicator of this category, "Adjustability" has received a significant support as a 

very important indicator (e.g. Appendix 1,   The Netherlands, 3.5.8; Belgium, 4.5.14; UK, 5.5.15; 

Appendix 2, Tel Aviv Brainstorming, 5.4). Unlike the first two indicators of "usability", the third 

one "Orientation"  got controversial responses from the external experts. While some like in 

UK (Appendix 1, 5.5.23) rated it as one of the most important indicators (Appendix 1, 5.5.23), 

other experts such as from Finland (Appendix 1,   3.2.1) or Belgium (Appendix 1,   4.2.13) think 

that it should be deleted from the list. In the Netherlands, we found two contradicting 

responses: one thinks it should be deleted (Appendix 1, 3.2.1) while another marked it as one 

of the most important indicators (Appendix 1, 3.5.9). Some experts wondered if "Orientation" 

is part of "accessibility" (Appendix 1, Finland 2.1.21). 

Another suggestion of some external experts is to allocate a specific indicator for "Smart and 

intelligent" building. While there is no such an indicators, it is suggested to define a new 

indicator "Controllability" which describes the ability to control the building systems including 

security and thermal systems by remote or central mechanisms.  

4.4.2 Adaptability - Adaptability of buildings is defined as their “ability to be changed or 

modified to make it suitable for a particular purpose. Adaptability includes aspects of flexibility 
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and convertibility”. The subcategory of “Adaptability” is divided in D1.5 into three key 

performance indicators: "Versatility and protection", "Technical service life" and "Adaptability 

to climate change". 

Good adaptability of a building should assure its functionality over time and during changes in 

user demands and needs, and new ways of using the building (ISO/TC 59/SC 17 (2010).  

Generally it relates to two kinds of adaptability: adaptability for changed use purpose and 

adaptability for climate change. Adaptability for changed use purpose contains the following 

aspects: the quality of space design, openings, capacity and building.  

In general, “Adaptability” was indicated by some external experts as a very important category 

(e.g. Appendix 1,   UK, 5.5.8; Israel, 1.5.8).   

 

 
A  

 

B 

Figure 4: Structure for Accessibility & Functionality Key performance indicators: 

The second generation (A) and third generation (B) 

 

4.4.3 Versatility and Protection - D1.5 explains that this indicator addresses the building’s 

adaptability to changing needs that stem from changing users or changing activities. The 

assessment of versatility can take place both during the design phase and use phase, and relies 

in both cases on expert assessment. The usability of technical solutions is assessed considering 

the needs of the first users but also the needs of possible future users. This indicator did not 
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receive any special attention, except one remark that there is overlapping between this 

indicator and other indicators in the list, such as “Image, branding and cultural heritage”. 

"Adaptability to climate change" has received a lot of attention from the external experts. 

Some of the external experts marked it as one of the most important indicators (Appendix 1, 

UK, 4.5.9; Israel, 1.5.8), while others such as The Netherlands (Appendix 1, 3.2.7), graded it as 

one that might be deleted. 

An explanation about these contradicting comments can be found in the comments of some 

experts.  The question is if the building should play a role in this area of "climate change". Most 

experts in Tel Aviv brainstorming argued that this indicator should be represented in a broader 

perspective of sustainable development which in principle includes other issues such as water 

re-use, protection of cultural heritage etc.  

In this sense, we came to the conclusion that it would be more efficient to define this indicator 

as "Adaptability to sustainability" instead of "adaptability to climate change". 

Another proposed indicator in this section is "Modernity". Regarding T1.5, it's considered as an 

indicator affecting the adaptability of a building in the sense how well a building can respond 

to the possible needs for change because of old-fashioned design. 

This indicator was added in a later phase to T1.5's work and was not included in the analysis. 

4.4.4 Serviceability - The category of “Serviceability“includes the Key indicators of Cleanliness, 

Maintainability, Availability of services in the building and Image, branding and cultural 

heritage. 

Serviceability is one of the qualitative indicators which embrace a broader area in the indoor 

environment, i.e. the characteristic of the building in meeting users’ needs.  

The first key performance indicator,"Cleanliness" seems to be obvious. Some experts remarked 

that it should be focused on systems and components/surfaces (Appendix 1, Finland, 2.1.18) 

and others, such as UK (Appendix 1, 5.5.18) marked it as one of the most important indicators. 

Another obvious key performance indicator is "Maintainability". Also this indicator has 

received a very large support by external experts from Finland (Appendix 1, 2.5.4), Belgium 

(Appendix 1, 4.5.8) and UK (Appendix 1, 5.5.19). The indicator is expressed in as the quality of 

design, building and its structures and surfaces and the quality of maintenance plan with 

reference to maintainability. “Maintainability is the ability of a building to be retained in a 

state in which it can perform its required functions or to be restored to such a state when a 

fault occurs (a fault is the inability to function properly)” (D1.5). In this sense, the key indicator 

"Availability of services" seems to be part of "Maintainability". Therefore some external 

experts suggested deleting it from the list (Appendix 1, the Netherlands, 3.2.6; Finland, 2.2.2).  
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4.4.5 "Accessibility and Functionality"- interim conclusions - The discussions on this category 

resulted in generation two of the framework (Fig 4A) which reflected the following: 

- “Controllability” was added as a new indicator. 

- The "Access to building" indicator was renamed to "Access to and in the building". 

- "Image, branding and cultural heritage" was renamed to "Image and cultural heritage". 

Further considerations taking into account the changes made earlier in the first categories led 

to a proposal to create a fourth category including the indicators of usability and positive 

stimulation as a separate category (see Section 5). This would place the indicators in a more 

natural place and help reach a more balanced framework. The present category was then 

renamed to be "Adaptability and Serviceability" and includes the relevant indicators for this 

category (Fig. 4B). The "Image and cultural heritage" indicator was renamed to "Branding and 

cultural heritage". The three usability indicators were thus moved to a new fourth category 

"Usability and positive stimulation". 

 
 

 

A 

 
B 

Figure 5:  Structure for Usability and Positive Stimulation Key performance indicators - : the 

second generation (A) and the third generation (B). 
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4.5 "Usability and Positive stimulation" KIPIs 

As discussed above it was chosen to separate the subcategory ”Positive stimulation” from the 

“Safety and security” categories. Similarly it was decided to separate the “Usability” 

subcategory from the “Accessibility” and “Functionality” category. 

This paved the way to define a fourth category in the KIPI framework. This decision enabled us 

to group the indicators in a more uniform and balanced framework established from four 

different categories. The new category of "Usability and positive stimulation" evolving from 

generation two was thus added and included in the third generation of the framework. 

4.5.1 Usability - As discussed in section 4.4 the subcategory “Usability” was integrated into the 

present fourth category of the framework. The indicators of "Access to and in the building", 

"Way finding" and "Adjustability" were thus included in this subcategory (fig 5B). 

4.5.2 Positive stimulation - The concept of "positive stimulation" is based on socio-

psychological paradigms. In this sense, building design can use sensory stimulation which can 

have some positive benefits for building users, e.g. visual elements such as color schemes 

(Dilani, 2010). 

The general view of the external experts is that this category should gather performance 

indicators which are based on individual or subjective feeling.  

According to some external expert's views (e.g. TA brainstorming), there is a need to define a 

new indicator for buildings’ social interactions perspectives. In this sense, the establishment of 

a set of user performance criteria for existing buildings is supported, as a key ingredient in 

making progress towards a truly sustainable building stock as buildings that perform poorly 

from the users point of view are unlikely to ever be sustainable. 

Based on remarks of experts from most analysis groups of this study, it was decided to include 

“Sociability” as an additional indicator. It would also present relationship with the 

neighborhood (Appendix 3; Paris, 3.3) and interpretation of social identity as presented in 

figure 5A.  

Another important missing indicator, as indicated by table 4, is "Privacy". This indicator also 

could have been part of the security or adaptability categories.  However, partners see it as 

part of the subjective positive stimulation of the building. Therefore it was indicated in the 

positive "Stimulation category". (Fig. 5.A).  

Based on the selection of D1.5, we examined the key performance indicators of "Positive 

stimulation": "View to outside", "Quality of support place" and "Feeling sensation".  
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The first indicator "View to outside" did not receive any comment and in general got medium 

support grades. However, the second indicator, "Quality of support place" got some criticism 

as being not clear enough;"Do we assess the design quality here" (Appendix 1, Finland, 

2.1.13)? Some Israeli experts (Appendix 2, Tel Aviv brainstorming 2.7) marked it as one of the 

indicators that should be deleted, but there is no indication from other experts that they agree 

with that. Finally it was decided to exclude it. 

"Feeling and sensations" is another unclear and controversial indicator which emphasises the 

need to provide the interviewed experts the definitions of T1.4 or T1.3.  In Finland, it was 

considered as the least important positive stimulation KIPI. The Israeli experts marked it as one 

of the indicators to be deleted and one expert from Finland (Appendix 1, 2.1.12) remarked that 

’there is not much difference between "Visual stimulation" and "Feeling and sensations"’. A 

possible solution for that is to merge the two. Another proposal is to redefine “Feelings and 

sensations” as combination of “Feelings and sensation”, “Visual stimulation”, as well as 

“Sociability” and “Identity”.  

Some external experts thought that "there is no sense to distinguish between the function of 

the building and its ‘architectural design‘ or ‘design flexibility‘; sometimes buildings that were 

built according to the right indicators change their nature over the years" (Appendix 1, Tel Aviv 

Brainstorming). However, this indicator has received significant support from UK (Appendix 1, 

5.5.21) and Belgium (Appendix 1, 4.5.4) experts. The conclusion adopted is that despite the 

changes that might happen during the lifetime of the building still the indicator of 

"Architectural design" is needed for the buildings’ positive stimulation as an independent one. 

(Fig.5A) 

T1.6 partners decided to redefine “Feelings and sensations” as a combination of the 3 

indicators: “Feelings and sensation”, “Architectural design” and “Visual stimulation”. The new 

"Feeling and sensation" indicator will also include the “sociability” and “Identity” indicators. 

(Fig. 5B). As is indicated by figure (5B), the partners agreed to allocate to the sub category of 

"Positive stimulation" four indicators “Feelings and sensation” which includes also "Sociability 

and identity", "View to outside", “Availability and quality of recreational spaces", which is a 

wider indicator than the replaced one "Quality of support places", and the new indicator of 

"Privacy".  

4.5.3 MID Conclusions - Following the opinions of experts and a series of consultations among 

the partners the fourth category of Usability and Positive stimulation was included in the third 

generation of the framework (Fig. 5B). The six indicators of positive stimulation from 

generation two were reduced to four in generation three to prevent repetitions. 
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A 

 
 Figure 6: Third generation of PERFECTION KIPI framework 
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missing indicators referring mainly to the list of the first generation produced in 
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around new indicators. Some of them were finally added to the framework. In this 

short chapter we present for completeness considerations and aspects of some of 
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these indicators. The adopted descriptions will be presented in annex A of the main 

report. 

 

5.1 Sociability 

The proposed indicator of "sociability" tends to describe the ability of the building to host and 

encourage social activities among its users and neighbors  

 Recent urban studies tend to evaluate the sense of "sociability" of the built environment. 

Some of them focus on a certain class of public settings, or ‘‘third places’’, in which sociability 

tends to occur, such as, yards, local coffee shops, general stores etc. Some argue that vacant 

spaces in urban landscapes are not so much 'empty' places reserved for future constructions, 

but rather provide arenas for social and cultural practices which transform the vacant plots 

into sites with multiple functions and meaning.  

One of the most important aspects as "sociability" is the “walkability” of urban neighborhoods. 

This aspect has emerged as a strong component in policy and design models for active, livable 

communities. There are evidences that increased “walkablility’ of neighborhoods encourage 

local social interaction and inspire a sense of community and informal social cohesion.  

Relationship is explained by walking for transport or for recreation (Cerin, E, 2008). 

The architectural design of the indoor environment has an atomizing effect on the informal 

social networks frequently of different neighborhoods, local social interaction and building 

types. Without the provision of semi-public space and facilities around which informal 

networks might develop, building users and residents have retreated into the internal 

structures of their buildings. The sociability of the building includes designing infrastructures 

for creation of on-line communities as an opportunity for social interaction.  In this case, much 

of social architecture focuses on building intelligence. As was suggested by the partners, this 

indicator was integrated finally into “Feelings and sensations”.   

 

5.2 Privacy 

Privacy is one of the important indicators in public buildings. Privacy is a fundamental 

necessity for personal development and affects the feeling of positive stimulation.  There is 

some difference between those countries who see the protection of privacy as a matter of 

human rights and those who have approached it as a practical matter which must be 

addressed to ensure continued human activities. Most European countries however share the 

same commitment to the protection of privacy.  
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Privacy is linked to different aspects of the building, such as speech privacy in case of public 

buildings (e.g. coffee shops, restaurant, and shopping centers) or personal data protection in 

cases of hospitals or banks.  In this respect, a method for naturalization of sound in buildings is 

introduced and applied in listening tests of speech intelligibility in buildings (Vorländer and 

Thaden, 2004).  

 

5.3 Controllability (Smart (intelligent) building)  

A smart building is defined as a home or building, usually a new one, that is equipped with 

special structured wiring to enable occupants to remotely control or program an array of 

automated home electronic devices by entering a single command inside the building or from 

distance. For example, a homeowner on vacation can use a smart phone to arm a home 

security system, control temperature gauges, switch appliances on or off, control lighting, 

program a home theater or entertainment system, and perform many other tasks. 

 Experts from the Netherlands remarked also that a possibility for a personal control indicator 

is needed in modern buildings including control of fresh air supply, room temperature, daylight 

penetration, background noise level. Several studies show that availability of personal control 

options has more impact on building users' satisfaction, health and (self-assessed) productivity 

than temperature, CO2, lighting etc. (see Boerstra, 2010). This can be done by less or more 

sophisticated systems. 
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6. Additional aspects 
The process of T1.6 included the review of several other aspects by the experts consulted. 

These will be detailed in the following. 

 

6.1 Adaptability of the indicators to countries' strategy  

Experts were asked the following question: "Is it in line with your country strategy"? The 

purpose of this question was to examine whether the indicators that were developed, relying 

on the basic policies and standards of the partner countries, are actually reflected in the 

different country's policies. This question aimed also to see if there are differences in 

implementation strategies of these indicators in the different countries.  

The results of the 24 interviews indicate that there is a wide gap between the viewed 

importance of the indicators and their implementation through national strategies. Most 

external experts responded that almost all of the proposed indicators are not in line with their 

current country's strategy.  

For example, one Finnish expert remarked that daylight is important even though not much 

considered today. Furthermore, water is not a problem in Finland but maybe for other 

countries the situation is different. We can assume that for southern countries such as Spain, 

Greece or Israel, water issues will be more important and therefore they will be in line with 

their national strategy. On the other hand, since daylight is less problematic in southern 

countries, their national strategies won't pay much attention to them. This phenomenon might 

also be a result of the fact that originally building regulations paid more importance to health 

and physical safety. 

We can thus conclude that the proposed KIPIs have a significant sense of innovation despite 

their roots in national policies and standards (D1.2). However many of the proposed indicators 

have a significant link to ASHRAE, EU or national guidelines (e.g. the Finnish one). Moreover, in 

many cases such as the Dutch or the Israeli cases the proposed indicators are included in 

national building codes. As we can see in the Israeli building code (Fig. 7), many indicators such 

as acoustics, air quality, lighting, accessibility and safety in use, are also used in the 

PERFECTION framework (Figure 6). 

Another view is that the indicators should reflect the performance of a building and be 

addressed and assessed without reference to the technological solution chosen. That is how 
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innovation can develop. For example the Dutch building regulations are performance based 

and allow implementation of new/innovative solutions.  

    

 
 

Figure 7: Israeli construction code for buildings4 

To conclude the main recommendation out of these considerations is to describe the 

indicators of the framework in a way that will bridge between the different national attitudes 

and the more universal one adopted here. This will be reflected in the final version of indicator 

descriptions in annex A of the main D1.6 report. 

 

6.2 Linkage between the indoor and the outdoor built environment 

Despite some remarks that the separation between indoor and outdoor is not clear and should 

be better defined (Appendix 2, 1.15), D1.5 and its annexes specifically relate to that. Annex A 

of D1.5, explains that the Key Indoor Performance Indicators (KIPI’s) were developed with the  

restriction that  some indicator sets are relevant in some building types, but also that some 

indicators are especially important only in some space groups or rooms within one facility or 

building type. Moreover, in some cases it is not easy to differentiate outdoor performance 

from indoor performance such as in case of the accessibility category. 

The relationship between indoor and outdoor performance indicators is important for the 

framework of KIPI’s. For example the amount of indoor airborne particles may result from 

outdoor urban air pollution and assume a strong day-to-day correlation between outdoor and 

 
4 (http://147.237.72.113/MOCH/English/).  

http://147.237.72.113/MOCH/English/
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indoor concentration of the pollutant(s) of interest. Good design solutions however may 

decouple this correlation between indoor and outdoor and look upon the outdoor conditions 

as boundary conditions to be dealt with in the design to arrive at the desired solution. 

Another example of the inter-link between the indoor and the outdoor environment is the 

issue of "building entrance" or the "approach to the building". Does it belong to the outdoor or 

indoor areas?  

Experts, from Israel, Finland and the Netherlands  (Appendix 1, 1.1.18; 2.1.5; 3.1.14), argue 

that it is difficult to measure "feeling of safety" of the indoor environment and it is more 

important to use it to measure feeling of safety in the "outdoor environment" where it is a 

more important issue. 

 

6.3 Applicability (validation)  

 Another issue that was addressed by some external expert was the issue of applicability of 

indicators. Even though important, some of the indicators might be difficult to assess 

especially in new planned buildings (design phase). This refers mainly to subjective indicators 

like "feeling of safety" in the safety subcategory and "feeling and sensations in the "positive 

stimulation" subcategory.  

The topic was discussed in relation with local benchmarking and in the context of construction 

of new buildings and refurbishment of old ones. The indicator descriptions tend to relate 

mainly to improvement in existing buildings and less to new building constructions which is a 

major issue in countries like Israel (T1.8).  

In view of the above recommendation is that the framework should be flexible enough to 

meet both buildings categories (design and use) and that the indicator descriptions and their 

way of application should take it into account.  
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7. Prague Workshop – The process conclusion 
In the previous chapters of this report we described the evolution of the KIPI framework. Much 

of this process depended on consensus building among the experts in the partner groups 

relying on inputs and views of external experts from different countries in Europe. Varying 

concepts and attitudes were presented and PERFECTION had the difficult task to put forward 

an agreed concept reflecting as much as possible contemporary as well as innovative needs 

and solutions for the indoor environment in various types of building. It was thus no surprise 

that several changes were needed in the framework to reach an accepted balanced solution. 

 

7.1 The Prague workshop 

The final step in this process took place in the Prague workshop on March 2011. In this 

meeting a mixed group of experts consisting of CES members and researchers from the 

PERFECTION members discussed together the resulting framework (generation three in Figure 

6) to finally shape it.  

The general view of the participants was that PERFECTION succeeded to reach a well balance 

framework and that the evaluation of it along the various generations gives a good solution to 

the need for such a system which could further be applied. However, some changes in 

indicators still seemed in place to reflect important aspects not fully resolved yet. 

In that respect some controversial indicators were review and re-evaluated: 

a. The indicator "effective temperature and relative humidity" was proposed to reflect more 

clearly the essential issue of "mould" relevant to most north European countries. 

 The indicator will thus be renamed to be "Mould growth risk" and the assessment 

procedure adapted accordingly. 

b. CES experts presented the need to re-include the “odour” indicator. It was claimed that 

this is an important aspect in the indoor environment quality of buildings in Europe. A 

compromise was proposed to include it in the "particulate matter" indicator. This 

indicator therefore received a more extended definition and the indicator description 

should be adapted accordingly. 

c. A proposal was raised to include in the "cultural heritage protection" indicator reference 

to various types of buildings other than historic ones. Building protection should not be 

limited to one type only. Examples presented were protection of hospitals against 

bacterial infections, cultural heritage protection in Museums and others. 

         It was concluded that this indicator will be renamed to be "building type specific" to 

reflect this attitude. 
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d. The indicator "effective ventilation/CO2" was renamed to be "ventilation/CO2" as 

effectiveness of the ventilation was not really addressed in the assessment.  

The Prague discussion also raised the issue of objectivity and subjectivity of many KIPI 

assessment procedures. Furthermore, attention was raised by participants that some 

indicators could be related to more than one category/subcategory. Both issues should be 

carefully reflected in sound descriptions of the indicators. 

 

7.2 – Conclusions 

The final decision was to freeze the KIPI framework after acceptance of some changes and 

adopt generation four as presented in Fig. 8. This version adopted the final following changes. 

a. "Mould growth risk" replaces "effective temperature and relative humidity" in the Health 

and Comfort Category. 

b. "Ventilation/CO2" replaces "effective ventilation/CO2" in the Health subcategory. 

c. "Building type specific" replaces "Cultural heritage protection" in the Safety subcategory. 

d. "Odour" will not be a separate indicator but will be reflected in the descriptions of 

indicators 2 and 4 in the Health subcategory without changing the indicators' goal. 

 

Finally descriptions of all indicators will be updated to take care of all issues raised and 

discussed. The final result of that is found in the main report of D1.6 and more specifically 

in Annex A and B of that report. 
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Figure 8: Final adopted PERFECTION KIPI framework (generation four) 
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Appendixes 

 

Appendix 1: Interviews 

1. Interviews in Israel 

In Israel, five experts were interviews. Two of them are private experts and architects and 

three of them represent governmental and public institutions.  

1.1 comments regarding KIPI framework and specific indicators 

1.1.1 "Combustion sources/ infiltration" is not clear 

1.1.2 "Security of information" and "protection against terrorism"  can't be measured in 

building 

1.1.3 " Quality of support places" is not clear  

1.1.4 Sometimes the costs of monitoring these indicators are higher than the installation of 

the systems 

1.1.5 The indicators may have a significant added value to the society. 

1.1.6 Some indicators such as "cultural heritage protection" are not measurable indicators  

1.1.7 "Daylight factor" should be part of a new indicator sustainability". 

1.1.8 The areas of  'Accessibility and  Functionality' and 'Accessibility and Functionality' are 

more dependent of the building than the area of ' Feeling of safety and  positive 

stimulation. 

1.1.9 The framework of indicators is too abstract and doesn't give a clear guideline for how 

to evaluate the building beside the recommendations for standards and relevant 

policies. 

1.1.10 "Image", "branding" and "cultural heritage" are different issues.  

1.1.11 " Versatility and protection" - Overlapping with previous indicator. 

1.1.12  "Access to building" and " Illuminance " are relevant also to accebility. 

1.1.13 The Privacy Index a good indicator for acoustic comfort in an open plan area.   

 

1.2 Indicators considered to be neglected 

1.2.1  Odour acceptance 

1.2.2  Particulate Matter Concentration 

1.2.3  Rain/re-use water quality 

1.2.4  Protection cultural heritage 

1.2.5  Feeling and sensations 
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1.2.6  Security of information 

1.2.7  Protection against terrorism  

1.2.8  Versatility and protection 

1.2.9  Image,  

1.2.10 branding  

1.2.11 cultural heritage 

1.2.12 Combustion sources 

1.2.13 Quality of support places 

1.2.14 Reverberation time  

 

1.3  Key Indoor Performance  Indicators still missing 

1.3.1  Privacy 

1.3.2  Energy saving/efficiency 

1.3.3  Sustainability   

1.3.4  Stability 

 

1.4  Applicability of the questionnaire 

1.4.1   Some questions are not clear: Do the indicators deal with the process or the results? 

1.4.2   It's impossible to compare the indicators. There is a need for weights  

1.4.3   There are some indicators that are overlapping some fields or areas. 

 

1.5   The most important indicators 

1.5.1 Access to building 

1.5.2 Personal security 

1.5.3   Meeting current  regulation 

1.5.4   Illuminance 

1.5.5   Daylight factor 

1.5.6   Effective temperature 

1.5.7 Effective ventilation 

1.5.8 Adaptability to climate change  

1.5.9 Safety in use 

1.5.10 Rinking water quality   
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2.  Interviews in Finland  

2.1 comments regarding KIPI framework and specific indicators 

2.1.1  The indicators "effective temperature" and "odour acceptance" could be merged 

2.1.2  The indicator of "operative temperature" is related to "effective temperature".  

2.1.3  "operative temperature" is related to " indoor air quality" issues 

2.1.4  "Safety" in interlink with "resilience" 

2.1.5  It is difficult to measure "feeling safety".  More important issue in "outdoor 

environment". 

2.1.6  The indicator of "Meeting current regulation" is a combination of number of 

indicators, and therefore it is not very informative or motivating. 

2.1.7  Regarding "Cultural heritage protection", do we talk about 1 Health and Comfort 

here? (that of e.g. paintings and people) 

2.1.8  Regarding "Personal and material security", safety against burglary classification exists 

for shops 

2.1.9  Regarding "Security of information", Is it a building indicator related with design (or 

some technical systems that may be installed and removed)? 

2.1.10 The indicator of "Protection against terrorism" and "vandalism" is incommensurable; 

there should be "safety against collapse" and" emergency evacuation".  

2.1.11 Regarding "Architectural design", the iconic is not a superlative! Unique sounds are 

better.  

2.1.12 There is no much different between "Visual stimulation" and "Feeling and sensations".  

2.1.13 "Quality of support places" is not clear. Are we looking for legally required/those 

beyond? Do we assess the design quality here? 

2.1.14  "Access to building" should be "Access to and in the building". 

2.1.15  "Adaptability to climate change" could be split into parts; a. commensurable? B. 

"actual" qualities (e.g. moisture protection of structural safety. 

2.1.16 "Image", "branding" and "cultural heritage": cultural heritage deserves to be on its 

own − image and branding is another thing 

2.1.17 "Availability of services in the building - the use of spaces and functionality, the level of 

fittings and fixtures 

2.1.18 Cleanliness - systems and components/surfaces 
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2.1.19 Structure: Safety and security categories indicate assuring something. Positive 

stimulation category indicates creating prerequisites for something. Should there be 

four main categories instead of three? 

2.1.20 "Visual comfort could go to" Positive stimulation". 

2.1.21 It is not clear if "Orientation" is part of "accessibility"? 

2.1.22 General: Subjective quality indicators are ok but in some cases the proposed scales 

were too biased or oversimplified 

2.1.23 Many safety issues are well covered by building regulations, but in some cases like for 

fire safety the target can be set beyond regulations. 

 

2.2  Indicators considered to be neglected 

2.2.1  Rain/re-use water quality (3/3) 

2.2.2  Availability of services in the building (3/3) 

2.2.3  Combustion sources/infiltration (2/3) 

2.2.4  Drinking water quality (2/3) 

2.2.5  Protection against terrorism (2/3) 

2.2.6  Orientation (2/3) 

2.2.7  Effective temperature should be split (replaced by temperature and humidity) 

 

2.3  Key Indoor Performance  Indicators still missing 

2.3.1  Moisture issues (protection against moisture) must be discussed somewhere; 

Protection against humidity (risk for mould) 

2.3.2  Surface temperature (like unheated stone floor) 

2.3.3  Authenticity, e.g. % of original interiors (related to "Cultural heritage protection"). 

2.3.4  Reliability in exceptional cases, e.g. power cuts, terrorist attacks (in relation to 

Protection against terrorism) 

2.3.5  Identity (in relation to Architectural design) 

2.3.6  Privacy vs communal (private/semi private/semi public/public spaces) 

2.3.7  Space efficiency (from the user perspective, usability, furnishability, spatial relations) 

2.3.8  User interface (making visible how the building functions, user reads the building 

performance, feels how to manage it). 
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2.4 Applicability of the questionnaire 

2.4.1 The numbering in Asher’s questionnaire goes wrong; we must use explicit indexing 

2.4.2  Reliability of email surveys is questionable (image resulting from the name of the 

indicator vs. its description and validation, building type, European dimension etc.) 

2.4.3  High score in importance with low score in validation means that the issue is 

important but the proposed validation isn't good 

2.4.4  Should an indicator be considered important because it is fundamental (e.g. drinking 

water quality or meeting current regulation) - or should one give a 5 for an indicator 

that has not been considered before even if the matter is not so crucial (e.g. positive 

stimulation related)? What do we aim for? 

 

2.5  The most important indicators 

2.5.1  Effective ventilation/CO2  

2.5.2  Safety in use  

2.5.3  Technical service life  

2.5.4  Maintainability  

 

3. Interviews in the Netherlands  

3.1 comments regarding KIPI framework and specific indicators 

3.1.1 "Effective temperature" can be replaced by " air temperature". 

3.1.2 The area "Quality of of drinking water and reuse water" is not relevant 

3.1.3 "Adjustability" is not clear. Does it means "Personal control"? 

3.1.4 "Feeling of safety and positive stimulation" are two different subjects. 

3.1.5 There are needs in a building (generally more specifically differentiated to the different 

parts in a building) need to be determined in detail first and from that the most 

important indicators and its target values can be defined and the indicator weighted 

with the other indicators in the list.  

3.1.6 Climate change will probably not be very drastic during the building’s life span 

3.1.7 Some indicators are highly depends on the type of building and/or the intended use.  

3.1.8 Some indicators such as "Feelings and sensations" are very personal, subjective. 

3.1.9 Possibility for personal control over e.g. fresh air supply, room temperature, daylight 

penetration, installation noise. Because several studies show that access to personal 

control options has more impact on building user satisfaction, health and (self-
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assessed) productivity than temperature, CO2, lighting etc. levels per se (see Boerstra, 

2010) 

3.1.10 Air humidity (especially in the context of indoor air quality. This is practically of no 

importance, see e.g. studies by Sundell… 

 

3.2  Indicators considered to be neglected 

3.2.1 Orientation 

3.2.2  Image, branding and cultural heritage 

3.2.3  Background noise level 

3.2.4  Rain/re-use water quality 

3.2.5  Odour acceptance  

3.2.6  Availability of services in the building 

3.2.7  Adaptability to climate change 

 

3.3 Key Indoor Performance  Indicators still missing 

3.3.1. Personal control bandwidth over temperature 

3.3.2. Personal control bandwidth over CO2, fresh air supply. 

3.3.3. Daylight penetration, 

3.3.4. Installation noise 

3.3.5. Air humidity 

 

3.4  Applicability of the questionnaire 

3.4.1  It's better to use environmental category instead of ‘field’. 

3.4.2  It's not be easy to clarify all the indicators mentioned 

3.4.3  Is ‘area’ the correct word in the question or should it read as ‘core indicator’? 

3.4.4  The question on "Is it in line with your country strategy" is not clear. Does it means 

"addressed in building code"?  

3.4.5  Target values and weighting of indicators.  

3.4.6  The one about “feelings and sensations” is very unclear. What exactly do you mean 

here? (Yes, I read page 64 of the WP1.5 report; still have questions…). 

 

3.5 The most important indicators 

3.5.1  Personal and material security 

3.5.2  Meeting current regulation 



Indicator analysis (D1.6) – Annex C 

 45 

3.5.3  Safety in use 

3.5.4   Effective temperature 

3.5.5  Effective ventilation/ CO2 

3.5.6  Particulate Matter Concentration 

3.5.7  Access to building 

3.5.8  Adjustability 

3.5.9  Orientation 

 

4. Interviews in Belgium  

4.1 comments regarding KIPI framework and specific indicators 

4.1.1 "Rainwater use" and "temperature" related issues, because all parameters are already 

known and measurement and regulation are already available 

4.1.2 The European standards EN 13779 and EN 15221 are not mentioned within the fiche 

(deliverable 1.5), although these are better than ASHRAE 

4.1.3 The difference between "Operative temperature" and " Effective temperature" is not 

very clear. 

 

4.2  Indicators considered to be neglected 

4.2.1  Protection against terrorism 

4.2.2  Particulate matter concentration 

4.2.3   Illuminance 

4.2.4  Reverberation time 

4.2.5  Cultural heritage protection 

4.2.6  Safety in use 

4.2.7  Feelings and sensations.  

4.2.8  Flexibility 

4.2.9  Image 

4.2.10  Branding 

4.2.11 Drinking water quality 

4.2.12 Rain/re-use water quality 

4.2.13 Orientation   

 

4.3 Key Indoor Performance Indicators still missing 

4.3.1 Energy use 
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4.4 Applicability of the questionnaire 

4.4.1 The link between CO and infiltration is not clear.  The description of the indicator is not 

very clear 

4.4.2 The description of " Reverberation time"  is not clear  

4.4.3 Description of " Visual stimulation" is not clear 

4.4.4 Description of " Feelings and sensations" is not clear  

 

4.5 The most important indicators 

4.5.1 Temperature 

4.5.2 Indoor air quality 

4.5.3 Drinking water quality 

4.5.4  Architectural design 

4.5.5  Feeling of safety  

4.5.6  Security 

4.5.7  Usability 

4.5.8  Maintainability  

4.5.9  Adaptability to climate change 

4.5.10  Safety in use,  

4.5.11  feeling of safety  

4.5.12 personal and material protection  

4.5.13 Ventilation, 

4.5.14  Adjustability  

 

5. Interviews in UK 

5.1 comments regarding KIPI framework and specific indicators 

5.1.1  Protection to incoming and outgoing data streams. Needs secure 

wiring  

5.1.2  "Cultural heritage and protection" is more relevant to existing and 

older buildings. 

5.1.3  Most of the indicators are part of PFI contracts 

5.1.4  The indicators should be linked also to passive elements such as 

passive solar  
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5.2 Indicators considered to be neglected 

5.2.1  Structural vibrations at low frequencies 

5.2.2  Health Assessment of Water Reuse 

5.2.3  Autogenic Microorganisms 

5.2.4  Building entrances - Electronic Access Control Systems 

5.2.5  Surveillance Equipments 

5.2.6  Biometrics  

5.2.7  Branding 

5.2.8  Indoor air pollutants 

5.2.9  Acoustic comfort and background noise level  

5.2.10 Resistance to attack 

5.2.11 Cyber security 

5.2.12 Cultural-heritage & protection    

 

5.3  Key Indoor Performance  Indicators still missing 

5.3.1 Combination of heat, comfort etc 

5.3.2 Extra heating 

5.3.3 Recycling of waste materials 

5.3.4 Refreshment facilities at NTS property 

5.3.5 Shop at NTS property  

5.3.6 Embodied energy of building components 

5.3.7 Dust mites and Condensation 

5.3.8 Rest & refreshment facilities 

5.3.9 Washing facilities 

5.3.10 Child specific facilities 

5.3.11 Flexible design 

5.3.12 Embodied energy 

5.3.13 Recycling 

5.3.14 Social & well being  

5.3.15 Deconstruction & reuse 

5.3.16 External lights – approach to building & dustbin stores  

5.3.17 Humidity 

5.3.18 Signage  

5.3.19 Radioactivity (radon gas).  
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5.4  Applicability of the questionnaire 

5.4.1  Have to keep exhibits or collections under fixed temp & relative 

humidity conditions 

 

5.5  The most important indicators 

5.5.1  Thermal environment 

5.5.2  Thermal comfort and effective temperature  

5.5.3  Approach to building 

5.5.4  Fire safety engineering 

5.5.5  Designing means of escape 

5.5.6  Protection of information  

5.5.7  Image 

5.5.8  Adaptability 

5.5.9  Fire safety  

5.5.10 Thermal comfort 

5.5.11 Water quality 

5.5.12 Entrance to building 

5.5.13 Lighting 

5.5.14 Glazing , structural and  fire safety 

5.5.15 Adjustability  

5.5.16  Safety  

5.5.17 Security & safety 

5.5.18 Cleanliness 

5.5.19  Maintainability 

5.5.20 Confidentiality 

5.5.21 Design flexibility 

5.5.22 Sustainability 

5.5.23 Orientation 

5.5.24 Mould growth  
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Appendix 2. Tel Aviv brainstorming 

The workshop was used for an open discussing between the participated experts. The main 

goal was to get external and different perspectives for the tool of KIPI . These perspectives 

had to be used for two purposes: 1. to revise the current list of indicators by remove and 

invalidated unsuitable indicators on the one hand   and to add missing indicators on the other 

hand. 2. To revise the questionnaire was used to evaluate and analyze the list (T1.6).  

Following the presentation of T1.6 process, and the later discussion these insights mainly 

came out:  

 

1. comments regarding KIPI framework and specific indicators 

1.1 The concept of "Eco-efficiency" is not well presented by KIPI.  

1.2 There is a problem of consistency in the current list of indicators. 

1.3 There is a lack of qualitative values for better evaluating most proposed 

indicators.  

1.4 A question rises whether a building built with the KIPI indicators in mind can 

be classified as a "perfect building" regarding "health, comfort and safety"? 

1.5 The framework of indicators is too abstract and doesn't give a clear guideline 

for how to evaluate the building beside the recommendations for standards 

and relevant policies. The framework is meant for decision makers rather than 

the professional community such as architects and planners, or even end 

users. 

1.6 As a result of the indicators being so general their implementation is 

problematic.  

1.7 The building is a dynamic system which responds to any kind of changes. 

Therefore, there are interlinks between the sectors and the specific indicators 

themselves. The framework should reflect them.  

1.8 Construction or refurbishment: both, even selection or benchmarking of 

existing spaces. The indicators framework relates mainly to improvements in 

existing buildings while it doesn't address new building construction which is 

the major issue in countries such as Israel.  

1.9 It is almost impossible to compare between countries as climate, geography 

and cultural differences between north and south European countries are 
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significant and have a strong impact on the implementation of the proposed 

indicators.  

1.10 The indicators may have a significant added value to the society. 

1.11 There is a need to take into consideration the age of the building. This might 

have an impact on the usability Indicator.  

1.12 There is no sense to distinguish between the function of the building and its 

architectural design. Sometimes buildings that were built according the right 

indicators change their nature over the years.  

1.13 KIPI needs also to take into consideration public relations (PR) issues as well as 

added values resulting from the evaluation of the building. 

1.14 An indicator to evaluate the "sociability" of the building is missing.  

1.15 The separation between indoor and outdoor is not clear and should be better 

defined.  

1.16 Privacy is one of the main discussed issues in the EU today. It should be 

included as an indicator on the list. (e.g. privacy vs. communal... (private / semi 

private / semi public / public spaces).  

1.17 Do these indicators have any market value? Are there indicators on the list 

that have a market value greater than the others?  

1.18 Should these indicators be regarded as a guideline to be used on a voluntary 

basis or obligatory? Do they indicate the minimum requirement? 

1.19 Indicators should be more social oriented 

 

2. Indicators considered to be neglected 

2.1 'Rain/re-use water quality', 

2.2  'feeling safety,  

2.3 'Combustion sources', 

2.4 'Cultural heritage protection', 

2.5  'Feelings and sensations'  

2.6 'Visual stimulation', '  

2.7 'Quality of support places' 

2.8  'Odour acceptance'.  
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3 Key Indoor Performance  Indicators still missing 

3.1 Moisture protection,  

3.2 Structural safety (stability),  

3.3 Privacy,  

3.4 Reliability in exceptional cases,  

3.5 Authenticity and identity, user interface,  

3.6 Paces and functionality,  

3.7 Protection against CBRN and functionality.  

 

4 Applicability of the questionnaire 

4.1 a differentiation between building types and countries are missing 

4.2 more explanations and definitions of the indicators are missing  

4.3 there are problems of weighting and measurement of some indicators. 

4.4 that there are some probelems of consistency, repetitions and contradiction 

between some KIPI indicators .  In this sense, if there is an indicator of "feeling 

safety", why not "feeling comfort or feeling healthy"?  

 

5 The most important indicators 

5.1 " Effective temperature" 

5.2 "Effective ventilation" 

5.3 "Meeting current  safety regulation 

5.4 "Adjustability". 

 

Appendix 3,  Paris Meeting 

1. Comments regarding KIPI framework and specific indicators 

1.1 Difficult to select the most important indicators. They have equal importance. 

1.2 There is a need for additional sub-list of indicators for special cases, and second 

stage of more specific indicators (e.g. accessibility). 

 

2. Indicators considered to be neglected 

2.1 rain-reused 

2.2 quality of water 
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3. Key Indoor Performance Indicators still missing 

3.1 internal communications 

3.2 Commercial value 

3.3 Interrelationship with the neighborhood 

3.4 operational and/or surface temperatures 

 

4. Applicability of the questionnaire 

4.1 There is a need to define a baseline 

4.2 Lack of explanations for the indicators 

 

5. The most important indicators 

5.1 Cultural heritage 

5.2 Image 

5.3 Effective temperature. 
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