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Executive Summary

This report has been produced as part the European project NatVent™ on ‘Overcoming Technical
Barriers to Low-Energy Natural Ventilation in Office-Type Buildings in Moderate and Cold Cli-
mates’.

The report describes the results of a Pan-European survey carried out on identifying the barriers that
restrict the implementation of natural or simple fan-assisted ventilation systems in the design of new
office-type buildings and in the refurbishment of existing such buildings. The survey was carried
out in seven central and northern European countries with moderate and cold climates as follows:
Great Britain, Belgium, Denmark, The Netherlands, Sweden, Norway and Switzerland.

The barriers were identified through an in-depth study with structured interviews based on ques-
tionnaires among leading designers and decision makers: architects, consultant engineers, contrac-
tors, developers, owners and governmental decision makers throughout the seven countries.

The survey concluded that, in the future, there will be an increase in the use of natural ventilation in
buildings. The survey also identified a lack of knowledge and experience on specially designed
natural ventilation in office buildings compared with the knowledge and experience on mechanical
ventilation. In addition, the results showed that there is currently, a lack of information on natural
ventilation in standards and guidelines and also a lack of published data on case studies of the per-
formance of buildings, which incorporate natural ventilation. Furthermore, there is a significant re-
quirement for simple, easy-to-use tools which can be used to design for natural ventilation, in par-
ticular, calculation rules, and easy-to-use simple and advanced computer programs which address
the different issues associated with natural ventilation design in buildings.
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1. Introduction

The objective of the study described in this report is to identify perceived barriers that restrict the imple-
mentation of natural or simple fan assisted ventilation systems in the design of new office type buildings and
in the refurbishment of existing buildings. The perceived barriers were identified through an in-depth study
with structured interviews among leading designers and decision makers. The interviews focused on general
knowledge, viewpoints, experience and perceived problems with natural ventilation in office type buildings
and on the decisions actually taken in specific building projects. The interviews were based on question-
naires.

The background to this is that mechanical ventilation systems are often installed in office buildings
where good natural ventilation would have been sufficient to obtain comfortable indoor climate and good air
quality. It is thus important to identify the barriers seen by designers and decision makers that restrict the
implementing of natural ventilation systems and lead to the decision to install mechanical ventilation plants
in office buildings when not strictly necessary. It is our view that knowing the barriers is the first key step to
provide solutions to overcome them. To our knowledge this is the first time a study of this type has been
performed within Europe.

This identifying of perceived barriers to natural ventilation design of office buildings is the first phase or
work package of the NatVent project being carried out under the JOULE programme. The two other work
packages in the NatVent project are:

- Performance of naturally ventilated buildings.
  The aim is to evaluate the performance of twenty existing buildings designed specifically for natural

ventilation.

- 'Smart' technology systems and components.
  The aim is to develop systems, components and solutions to the barriers and shortcomings identified in

the first two work packages. This work package includes:
 - Air supply components suitable for high pollution and noise loads
 - Constant (natural) air flow inlets
 - Advanced natural ventilation systems with heat recovery
 - 'Smart' components and 'intelligent' controls for night cooling
 - Integration of ‘smart’ systems for year-round performance

 The NatVent project addresses the challenge of providing appropriate natural ventilation solutions,
technology and guidance for designers of office buildings. The main output from the project will be:
- A case-study book identifying the strengths and shortcomings of existing natural ventilation solutions.
- A guide book for energy-efficient natural ventilation applications.
- A computer design tool ‘tuned’ to evaluate natural ventilation strategies in office buildings.
- A CD-ROM presenting all results from the project.
 The results from the project and the individual work packages will also be presented at international confer-
ences. The last two work packages are still ongoing. Significant outputs currently available are listed in the
‘References’ section.
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 The NatVent project is carried by nine organisations in seven central and north European countries.
The project is co-ordinated by the Building Research Establishment, BRE (UK). The other partners are:

 Centre Scientifique et Technique de la Construction, CSTC (B)
 Danish Building Research Institute, SBI (DK)
 TNO Bouw (NL)
 AB Jacobson & Widmark, J&W (S)
 Technical University, Delft (NL)
 Willan Building Group (UK)
 Norwegian Building Research Institute, NBI (N)
 Sulzer Infra Laboratory (CH)

 Further information about the NatVent project can be obtained from the co-ordinator BRE or from the
participants (see page 23: Further information on NatVent).
 This report is an output from the NatVent project which is part funded by the European Commission
DGXII within the JOULE programme 1994-1998 and under contract: JOR3-CT95-0022. The work of the
project is also part funded by national sources in the participating countries.
 This report describes the summary results of the interviews in all the participating countries. Similar re-
ports giving the detailed results of the interviews in each country were also produced, see page 22: Refer-
ences.
 The NatVent project team would like to thank all the interviewees: architects, consultant engineers,
contractors, developers, owners and governmental decision makers for the knowledge and experience pro-
vided to the project and for the time they invested.
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 2. Method
 
 
 
 
 
 The perceived barriers to natural ventilation design of office buildings are identified in an in-depth study
with structured interviews among leading designers and decision makers: architects, consultant engineers,
contractors, developers, owners and the governmental decision makers responsible for regulations and stan-
dards.
 Interviews with ordinary users of office buildings are not included in this study, because they are not the
ones making the decisions in the design phase. The users perception of the indoor climate is part of Work
Package 2: ‘Performance of naturally ventilated buildings’, where physical parameters e.g. ventilation rates,
room temperatures and indoor air quality are also measured and compared with the users responses.
 The interviews consist of two parts:

- General view on natural ventilation in office buildings.
  This part focuses on general knowledge, viewpoints, experience and perceived problems with natural

ventilation systems in office type buildings.

- Specific building project.
  This part focuses on the decisions actually made during the design or refurbishment of an office type

building.

 Both parts of the interview were in general performed with all interviewees. The only general exception
is the interview with the governmental decision maker, where only the general view on natural ventilation in
office buildings is relevant.
 A total number of 107 interviews were performed. See table 1 for the number of interviewees in each
country and their proficiency. The interviewees were selected with the intention of also identifying the vari-
ety of opinions and viewpoints on natural ventilation in office buildings among people within the same pro-
fession.
 The interviews were based on questionnaires. There were two questionnaires to be filled in during an
interview. The first questionnaire covers: General view on natural ventilation in office buildings and the
second questionnaire covers: Specific building project.
 The questionnaires are designed to facilitate the performance of statistics on the viewpoint of the inter-
viewee. The questionnaires are not too tight and there is ample space for additional comments, remarks and
viewpoints not included in the questions.
 The questionnaires were completed by the interviewee and the interviewer together and the interviewer
also if necessary guided the interviewee in understanding the questions. If a question could not be answered
by the interviewee or was irrelevant to the interviewee, it was indicated in the questionnaire.
 
 Table 1. Number of interviewees in each country, by profession.

   Architects  Consultant
engineers

 Contractors  Developers  Owners  Government
dec. makers

 Total

 Belgium  B  7  3  1  1  1  1  14
 Denmark  DK  5  3  2  2  2  1  15
 Switzerland  CH  5  3  2  2  2  1  15
 Norway  N  5  3  2  2  2  1  15
 Netherlands  NL  5  2  -  -  2  -  9
 Sweden  S  5  3  2  -  2  1  13
 Great Britain  UK  10  7  2  2  3  2  26
 Total   42  24  11  9  14  7  107
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 2.1 Questionnaire on general view
 
 The questionnaire concerns a general view on natural ventilation in office buildings. The questionnaire
comprises 14 subjects:

 1. Interviewee
 Identification of the interviewee

 2. Organisation
 Description of the organisation: type, disciplines, number of employees and building types.

 3. Knowledge
 Knowledge of mechanical ventilation, heat recovery, mechanical cooling, ordinary natural ventilation and
special design natural ventilation in offices including special ventilation windows, advanced vents, internal
ventilation openings, roof openings etc. The questions were answered by indicating the knowledge on a spe-
cific 5 point scale ranking from ‘None’ to ‘Thorough’.

 4. Experience
 Ventilation experience in the organisation focusing on the extension of new and refurbished office buildings
designed or owned by the interviewees’ organisation. Also questions to identify the percentage of buildings
with: mechanical ventilation, ordinary natural ventilation and special design natural ventilation in the of-
fices.

 5. Project fee
 Type of project fee received by architects and consultant engineers for the design of office buildings. Ques-
tions were asked to identify the percentage of projects with fees paid as: fixed fee, percentage of construc-
tion cost, per hour rate or other type of payment for design.

 6. Natural ventilation in cellular offices 8. Natural ventilation in open plan offices
 7. Mechanical ventilation in cellular offices 9. Mechanical ventilation in open plan offices
 General views on perceived advantages or problems with either natural or mechanical ventilation in cellular
and open plan offices. The questions asked under subjects 6, 7, 8 and 9 are identical and only the ventilation
system and the office type differs. The questions concern: design, availability of products, performance in
practice, controllability and costs and were answered by checking the same 5 points scale as used in subject
3.

 10. Your source of natural ventilation knowledge
 Possible sources are: standards, guidelines, building studies, experience, own design and other.

 11. Expected future use of natural ventilation in office buildings
 Expected future use of natural ventilation in office buildings designed or owned by the organisation. The
questions were answered by checking a specific 5 points scale ranking from ‘Decreasing’ over ‘Unchanged’
to ‘Increasing’. The interviewees were also asked why they have this expectation.

 12. Requirements restricting the use of natural ventilation in offices
 Perceived restriction in the use of natural ventilation in offices from requirements in building codes, norms,
standards, working condition codes etc. The question were answered by checking a 5 point scale ranking
from ‘None’ to ‘Comprehensive’ and by indicating which code, norm or standard includes the restrictions.

 13. Desirable new design tools for natural ventilation
 Possible new sources and design tools could be source books, guide lines, examples, simple or advanced
computer programmes etc.

 14. Desirable new components for natural ventilation
 Possible new components could be air inlets, control systems etc.
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 2.2 Questionnaire on specific building project
 
 The questionnaire concerns one specific building project. The building could be either newly constructed or
newly refurbished and could have either natural or mechanical ventilation. The building was selected by the
interviewee to be typical. The questionnaire comprises 5 subjects:

 1. Interviewee
 Identification of the interviewee

 2. Building
 Identification of the building and indication of key figures including building name, address, building type,
year of construction, year of refurbishment (if any), site (urban, sub-urban, industrial or rural), m2-floor area,
number of storeys, building depth from facade to facade and storey height.

 3. The design
 Description of the actual design of the ventilation system and the building design parameters with influence
on the ventilation demand and the ventilation system design. The design was described by checking a row of
boxes for each room type in the building: offices, meeting rooms, canteen, corridors, stairways, entrance
hall, atria, lavatories and others. The design specification includes:

 Ventilation system:  Mechanical ventilation, mechanical exhaust, natural ventilation, heat
recovery, night time ventilation

 Mechanical cooling:  In ventilation system, cooled ceilings
 External openings:  Ordinary windows, special ventilation windows, ordinary vents, ad-

vanced vents, stack ducts, ventilation chimneys, roof openings, ducted
air supply

 Internal horizontal flow openings:  Doors, ventilation openings, open connection
 Internal vertical flow openings:  Ventilation openings, open connection
 Solar shading:  Internal, between panes, external, protective glazing
 Ceilings:  High ceiling, false ceiling, exposed heavy structure
 Floor and walls:  Exposed heavy floor, internal walls, external walls

 4. Background for the design
 Indication of critical parameters in the ventilation system design and in the relevant parts of the building
design. The critical parameters were prioritised for each of the room types on a 5 point specific scale rank-
ing from ‘1. low’ to ‘5. high’. The critical parameters include:

 Winter conditions:  Room temperatures, indoor air quality, draught
 Summer conditions:  Room temperatures, solar loads, internal heat, draught
 Controllability:  Individual control
 Noise:  Internal noise, external noise
 Pollution and odours:  Internal air and external air pollution or odours
 Safety:  Fire regulations, security
 Costs:  Construction, operating and maintenance costs

 5. Biggest influence on chosen design
 Indication of the biggest influence on the chosen design. The influence could be from: architect, consultant
engineer, contractor, owner, developer, investor, user, the actual building site, requirements in codes, norms,
standards or from other. The influence was prioritised on the same 5 point specific scale as used in subject 4
above.
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 3. Results
 
 
 
 
 
 The summary results of the interviews in all countries are described in this chapter. Detailed listing of the
statistics from the questionnaires and the interviewee's opinions, remarks and comments to the question-
naires for each country are given in the annexes to the national reports, see page 22: References.
 
 

 3.1 The interviewee
 
 The architects interviewed represented both the present practice and some of the leading architectural of-
fices in the various countries. There companies employed from 1 to 180 employees. Annually they each de-
sign from 10,000 m2 to 50,000 m2 floor area in new office buildings and from 1,000 m2 up to 20,000 m2 in
refurbished office buildings. Most of them also design other types of buildings, e. g. schools, institutions,
housing and production buildings.
 The consultant engineers interviewed represented both typical consultant engineering offices and some
of the largest consultant engineering offices in the various countries, employing 5 to 4,000 employees. They
annually design from 2,000 m2 up to 90,000 m2 floor area in new office buildings and from 2,000 m2 up to
50,000 m2 in refurbished office buildings. Most of them also design other types of buildings, plants and con-
structions.
 The contractors interviewed mainly represented some of the largest contractors in the participating
countries but smaller contractors and building services contractors were also represented. Some of the com-
panies also act as developers. They have from 15 up to 5,500 employees each. Most of them deal with all
types of buildings and constructions. Some of them annually construct a floor area of up to 120,000 m2 in
new office buildings and up to 400,000 m2 in refurbished office buildings. Not all the contractors were able
to specify the annual constructed floor area.
 The developers interviewed represented finance and property investment companies, pensions or life in-
surance companies, as well as contractors acting as building developers and a company specialising in
building development. They annually invest in a floor area of up to 40,000 m2 in new or refurbished office
buildings.
 The owners interviewed represented an in-house consultant for a large drug producer, a maintenance di-
vision in a large bank, a real estate company and a number of governmental or local authority building of-
fices. Also a number of small or single building owners were represented.
 The governmental decision makers were from, for example the national Ministry of Housing, the national
Building and Housing Agency, the national Department of the Environment, the national Office of Building
Technology and from local authorities. Most of them are responsible for formulating the indoor climate and
ventilation requirements in the local national Building Regulations.
 
 

 3.2 General view
 
 The results in the figures in this section of the report are the average for each group of professions inter-
viewed. All is the average of all groups except the governmental decision makers, with the professional
groups weighted equal.
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 3.2.1 Knowledge on ventilation
 Figure 1 and 2 shows the interviewees’ perception of their own knowledge on the five topics: mechanical
ventilation, heat recovery, mechanical cooling, ordinary natural ventilation and special designed natural. A
specific 5 point scale ranking from 1: None to 5: Thorough is used to indicate the level of knowledge.
 The interviewees have indicated their level of knowledge on the five topics based on the knowledge nec-
essary to perform their normal task in the design or decision process and relative to their profession. As one
of the architects expressed it: 'The architects design and knowledge on ventilation is in the general strate-
gies and not on details'. It is therefore not possible to compare the absolute level of knowledge between the
professions based on the results. The results can merely be used to compare the relative knowledge of the
five subjects group by group.
 Nearly all the interviewees have a lower knowledge of special designed natural ventilation compared to
their knowledge of mechanical ventilation in offices. The exceptions are a few of the architects who have
the same perceived knowledge of special designed natural ventilation as of mechanical ventilation. Espe-
cially in Belgium, Denmark, Switzerland and Norway the knowledge of special designed natural ventilation
are very low compared to the knowledge of mechanical ventilation.
 In average the interviewees have nearly the same level of knowledge of ordinary natural ventilation as on
mechanical ventilation. The exception are the consultant engineers who in general have a lower knowledge
of ordinary natural ventilation compared to their knowledge of mechanical ventilation.
 
 

 
0

1

2

3

4

5

Architects Cons. eng. Contractors Developers Owners All Gov. Dec.

   
   

   
  N

on
e 

   
   

   
   

   
   

   
   

  T
ho

ro
ug

h

Mech. vent.

Heat recovery

Mech. cooling

Ord. nat. vent.

Spec. nat. vent.

 Figure 1. The interviewees’ perception of own knowledge, by profession. The scale ranks from 1: None to 5: Thorough.
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 Figure 2. The interviewees’ perception of own knowledge, by country.

 



                                                                       NatVent                                                                       

10

 

0

20

40

60

80

100

Mech. vent. Ord. nat. vent. Spec. nat. vent.

P
e

r 
ce

n
t

B

DK

CH

N

NL

S

UK

All

 Figure 3. The interviewees’ relative experience with mechanical and natural ventilation in new offices, by country. The
scale is the per cent of mechanical or natural ventilated new offices designed or owned.

 

 
 Figure 4. The interviewees’ relative experience with mechanical and natural ventilation in refurbished offices, by
country. The scale is the per cent of mechanical or natural ventilated refurbished offices designed or owned.

 
 

 3.2.2 Experience
 The interviewees’ relative experience with mechanical ventilation, ordinary natural ventilation and special
designed natural ventilation in new offices is shown in figure 3. Figure 4 shows the interviewees’ relative
experience with mechanical and natural ventilation in refurbished offices. The relative experience is the per
cent of mechanical or natural ventilated offices designed, constructed or owned, measured by the floor area
or alternatively by the number of office buildings.
 Most of the interviewees have much experience of mechanical ventilation in offices, whereas the experi-
ence with special designed natural ventilated offices is very limited. Only a few of the architects, consultant
engineers, contractors developers and owners have designed, constructed or are the owner of an office
building with specially designed natural ventilation.
 Many of the interviewees have worked with ordinary natural ventilation in office buildings, but the actual
number of buildings designed or owned varies significantly. The exception is Norway where none of the
interviewees had designed, constructed or owned an office building with natural ventilation. This is due to
very strict rules in the Norwegian building codes. In Sweden the interviewees’ experience with natural ven-
tilation in offices is also limited, possibly due to requirements for mechanical ventilation in the Swedish
building regulations until 1994. Today in Switzerland, Belgium, Denmark and UK a significant percentage
of new office buildings have natural ventilation. In many of the countries, and especially in Switzerland a
significant percentage of refurbished office buildings have natural ventilation.
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 Figure 5. Type of fee received by the interviewed architects and consultant engineers for the design of office buildings,
by country. The scale is the per cent of mechanical or natural ventilated refurbished offices designed or owned.

 

 3.2.3 Project fee
 The type of fee received by the interviewed architects and consultant engineers for the design of office
buildings is shown in figure 5. The possible fee types are: Fixed fee, percentage of construction costs and
per hour rate.
 In many of the countries most of the interviewed architects and consultant engineers are normally paid
according to design fee rules of the local, national Counsel of Practising Architects or Counsel of Consultant
Engineers, where the fee for the detailed design is often fixed and is based on a percentage of the predicted
construction costs. The fee type definitions used in the questionnaire unfortunately do not comply with this
normally used fee structure because it can be considered as both a ‘fixed fee’ and a ‘per cent of the con-
struction costs’. In Norway and Sweden, fixed fees are often used for the design of office buildings. In Swe-
den the per hour rate and the fixed fee are often combined by using per hour rate, but setting a financial limit
for the project.
 In Switzerland, one of the building owners mentioned a new fee model they have successfully applied:
‘Starting from a fixed fee for the architect based on the initial budget for the predicted construction costs,
the architect’s fee is increased proportionally to the amount the real construction costs remain under the pre-
dicted construction costs.’
 In most of the countries the interviewed architects and consultant engineers are normally only paid a ‘per
hour rate’ in the case of initial draft design or small specific design tasks.
 

 3.2.4 Design
 The interviewees’ perceptions of the design of natural and mechanical ventilation in cellular and open plan
offices with regards to ease of design, availability of design guidelines, availability of products, flexibility of
building use and user satisfaction, are shown in figure 6. A specific 5 point scale ranking from 1: Poor to 5:
Excellent is used to indicate the interviewees’ perceptions of the design.
 In general there are no significant difference between the interviewees’ perception of the ease of design
in the four cases:

- Natural ventilation in cellular offices
- Natural ventilation in open plan offices
- Mechanical ventilation in cellular offices
- Mechanical ventilation in open plan offices.

 Many of the interviewees emphasised that the ease of design also depends on the demand for indoor air
quality, room temperatures etc., and on the complexity of the system e.g. whether it is a simple or an ad-
vanced natural ventilation system. Maybe because of this there are large individual variations in the view-
points.
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 Figure 6. The interviewees’ perception of the design of natural and mechanical ventilation in cellular and open plan
offices. The scale ranks from 1: Poor to 5: Excellent.

 
 
 Some of the architects also emphasised that it increases the liability to the architect when designing with
natural ventilation. Other architects point out that mechanical ventilation is the standard approach and as
everybody involved in the process has more experience of mechanical systems, those systems are easier to
design. Some of the developers emphasised that they watch the trend in ventilation design very carefully, but
natural ventilation has not to date proved to be satisfactory.
 Nearly all interviewees found that the availability of design guidelines and advises and products are bet-
ter for mechanical ventilation systems compared to natural ventilation systems. For design guidelines on
natural ventilation see also ’Source to natural ventilation knowledge’ on page 13. The interviewees also ex-
pect a higher flexibility in mechanically ventilated offices than in naturally ventilated offices.
 On average, the interviewees expect the same level of user satisfaction for natural and mechanical venti-
lated cellular offices. The interviewees also expect higher user satisfaction in natural ventilated cellular of-
fices than in natural ventilated open plan offices. In mechanical ventilated offices the expected user satis-
faction is the same in cellular offices as in open plan offices. It was mentioned that the user satisfaction also
depends on the expectations, which are normally higher in mechanical ventilated offices.
 In Norway and Sweden the interviewees expect a significantly higher user satisfaction in mechanical
ventilated offices than in natural ventilated offices. Especially in the Netherlands but also in Denmark, Swit-
zerland and the UK the highest user satisfaction is expected in natural ventilated cellular offices.
 

 3.2.5 Performance in practice
 The interviewees’ perception of the performance in practice of natural and mechanical ventilation in cellular
and open plan offices regarding cooling effectiveness, draught minimisation, ability to remove odours and
pollutants, ability to prevent ingress of odours and pollutants, insulation against external noise, generation or
transmission of internal noise, are shown in figure 7. A specific 5 point scale ranking from 1: Poor to 5: Ex-
cellent is used to indicate the interviewees’ perception of the performance in practice.
 In general, the interviewees expect a better performance in practice of mechanical ventilation systems
than of natural ventilation systems with regard to cooling effectiveness, draught minimisation, ability to re-
move odours and pollutants, ability to prevent ingress of odours and pollutants and insulation against exter-
nal noise.
 Regarding the generation or transmission of internal noise the interviewees expect on average the same
performance level in practice of natural and mechanical ventilation. Especially in Norway and Sweden the
interviewees expect a very good performance by natural ventilation regarding generation or transmission of
internal noise.
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 Figure 7. The interviewees’ perception of the performance in practice of natural and mechanical ventilation in cellular
and open plan offices. The scale ranks from 1: Poor to 5: Excellent.

 
 
 Several of the interviewees emphasised that the performance in practice also depends on the design of the
system, whether it is well designed or of an ordinary design and that any performance could be reached with
a mechanical ventilation system if only adequate money was invested. It was emphasised by several of the
interviewees that pollutants, odours, dust and noise from the outside are a major problem to office buildings
in city centres.
 

 3.2.6 Controllability
 The interviewees’ perception of the controllability of natural and mechanical ventilation in cellular and open
plan offices with regard to central controllability, local controllability (per office) and individual controlla-
bility (per person) are shown in figure 8. A specific 5 point scale ranking from 1: Poor to 5: Excellent is
used to indicate the interviewees’ perception of the controllability.
 In general the interviewees expect a high central controllability of mechanical ventilation systems and a
low central controllability of natural ventilation systems especially in cellular offices. The expected local
and individual controllability of the ventilation is higher in cellular offices than in open plan offices.
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 Figure 8. The interviewees’ perception of the controllability of natural and mechanical ventilation in cellular and open
plan offices. The scale ranks from 1: Poor to 5: Excellent.
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 Figure 9. The interviewees’ perception of the costs for natural and mechanical ventilation in cellular and open plan
offices. The scale ranks from 1: Inexpensive to 5: Expensive.
 
 
 3.2.7 Costs
 The interviewees’ perception of the costs for natural and mechanical ventilation in cellular and open plan
offices with regard to installation costs, running costs and maintenance costs are shown in figure 9. A spe-
cific 5 point scale ranking from 1: Inexpensive to 5: Expensive is used to indicate the interviewees’ percep-
tion of the costs.
 Most interviewees expect higher installation costs, higher running costs and higher maintenance costs for
mechanical ventilation in offices than for natural ventilation. Several of the interviewees emphasised that if
mechanical ventilation is installed in a building a significant percentage of the construction costs would be
for the mechanical ventilation systems. It was also mentioned that the installation costs for a natural ventila-
tion systems could be high if it includes chimneys, more floor area or additional volume. The drawbacks of
uncontrolled air flows and lack of heat recovery were emphasised by several of the interviewees.
 

 3.2.8 Source to natural ventilation knowledge
 The interviewees’ sources to natural ventilation knowledge regarding standards, guidelines, building studies,
experience, own design and others are shown in figure 10 and 11. The scale is the per cent of interviewees
using a source type.
 The general opinion among the interviewees is that there is a considerable lack of good sources to natural
ventilation knowledge. The aforementioned sources are very sporadic and practically no specific sources
were mentioned by more than one or two of the interviewees in each country. Most of the interviewees
mentioned at least one source.
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 Figure 11. The interviewees’ sources to natural ventilation knowledge, by country. The scale is the per cent of inter-
viewees using a source type.

 
 The above mentioned sources of natural ventilation knowledge are:

 - National periodicals.
 - International periodicals.
 - Studies of traditional and new architecture.
 - EU: Thermie and JOULE brochures.
 - Building Regulations.
 - National standards.
 - National guidelines.
 - Lecture meetings in professional societies, symposia and conferences.
 

 3.2.9 Expected future use of natural ventilation
 The interviewees’ expectations of the future use of natural ventilation in offices are shown in figure 12. The
figure shows for each profession:
- the expectation in the country with the lowest expectation among that profession (Min. country),
- the average of all countries for that profession,
- the expectation in the country with the highest expectation among that profession (Max. country).
 The expectation is indicated on a specific 5 points scale ranking from 1: Significant decreasing over 3: Un-
changed to 5: Significant increasing.
 The architects in general have the highest expectations of an increase in the use of natural ventilation in
offices. Only the governmental decision makers on average expect a decrease in the use of natural ventila-
tion.
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 Figure 12. The interviewees’ expectations on the future use of natural ventilation in offices.
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 The scale used ranks from 1: Significant decreasing over 3: Unchanged to 5: Significant increasing.
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 In Norway the interviewed governmental decision maker sees no future for natural ventilation, mostly
because of the required air flows in the Norwegian building code. Also the HVAC consultant engineers and
contractors expect natural ventilation to be non-existent in Norwegian office buildings. The Swiss and
Swedish governmental decision makers also expect a significant decrease in the use of natural ventilation in
offices.
 Typical reasons mentioned by the interviewees for expecting increasing use of natural ventilation in of-
fices are:

 - Saving of resources.
 - Lower energy consumption.
 - Lower costs.
 - Better perceived comfort and indoor climate.
 - Better user control.
 - The trends: green buildings, low-tech buildings and low-cost buildings.
 - A wide public is sensitised for environmental issues.
 - Architects prefer natural ventilation.
 - Increased knowledge and experience with natural ventilation in the future.
 - Proofed design of natural ventilation in the future.
 - Maintenance of mechanical ventilation plants are often a problem.

 Typical reasons for expecting unchanged use of natural ventilation in offices are:

 - Conservatism based on traditions in firms or by owners of buildings.
 - Lack of background knowledge on natural ventilation.
 - In refurbishment it is difficult to change the ventilation concept.
 - The trend for natural ventilation will fade.
 - Advanced natural ventilation systems are expensive.

 Typical reasons for expecting decreasing use of natural ventilation in offices are:

 - Trend in time with more technology and advanced products.
 - Problems with integration of heat recovery.
 - Higher concentration of persons in the buildings.
 - Difficult to get adequate air flow rates.
 - Increased outdoor air pollution.
 - Pollution from photocopy machines needs mechanical exhaust.
 - Fire regulations.
 - Increasing heat loads and need for cooling.
 - Lack of real design guides.
 - Too risky to design with natural ventilation.
 - Lower overall energy efficiency.
 

 3.2.10 Restricting requirements in codes
 The interviewees’ perception of requirements in building regulations, codes, norms and standards restricting
the use of natural ventilation in offices are shown in figure 13.
 The perception of requirements restricting the use of natural ventilation varies from country to country.
In Belgium, Norway and Sweden the interviewees perceive significant restrictions in building regulations,
codes, norms and standards to the use of natural ventilation. In the other countries restrictions exist but they
are perceived to be more limited. In general it is the architects and the owners who see the largest restric-
tions.
 The governmental decision makers perceive the restrictions for the requirements in building regulations,
codes, norms and standards to be much more limited than the rest of the interviewees in a country.
 A concentration of national regulations, codes, norms and standards related to natural ventilation or sim-
ple fan assisted ventilation systems in offices are given in the national reports, see page 22: References.
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 Figure 13. The interviewees’ perception of requirements in building regulations, codes, norms and standards restrict-
ing the use of natural ventilation in offices. The scale ranks from 1: None to 5: Comprehensive.

 
 Typical restrictions in codes for the use of natural ventilation in offices mentioned by the interviewees are:

- The calculation of gross floor area and the use of the site in building regulations.
- Fire regulations: fire division size and sprinkling in the building regulations.
- Acoustic requirements.
- Requirement on exhaust from photo copy machines and laser printers in working environment codes.
- Requirement on heat recovery in building regulations or codes
- The administrative practise of the Working Environment Service.
- Guidelines on working environment.
- Codes are written for mechanical ventilation.
- Requirements in regulations and codes are too specific.
- Codes are not based on performance requirements.
- Lack of standards and codes related to natural ventilation systems.
- The tradition for mechanical ventilation.
- The problem is also that the design of mechanical ventilation systems are the basis for the existence of

the HVAC consultant engineers.
 

 3.2.11 Desirable new design tools
 The desired new design tools for natural ventilation mentioned by the interviewees depend on their profi-
ciency. In general the interviewed architects desire:

- Simple and easy to use guidelines and design rules related to local climate.
- Tutorials and source books with easy to understand descriptions of the principles: basic theory, ventila-

tion requirements, air flow, temperature and draught.
- Collections with good examples of natural ventilated offices buildings easy to understand for architects,

well documented including long term performance evaluation.
- Simple, graphic based computer programmes, also to be used at an early design stage.
- A way of demonstrating the performance of natural ventilation to the client.

 The interviewed consultant engineers desire:

- Guidelines and standards with exact calculation rules.
- Guidelines on the design of natural ventilation in open plan offices.
- Market screening on available products and systems.
- Reported neutral experience with the usage of components on the market.
- Examples of offices buildings with natural ventilation including detailed description and evaluation.
- Simple and easy to use computer programmes.
- Advanced computer programmes.

 The interviewed contractors desire:
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- Guidelines with systematic information on integrated natural ventilation system solutions
- Nomograms giving opening and duct areas in relation to outdoor-indoor temperature, building height etc.
- Examples of buildings with advanced natural ventilation with key principles, features and monitored

data.
- More information on natural ventilation in books and education.

 The interviewed developers desire:

- Examples of buildings with good natural ventilation.
- More innovative partners.
- Better tools for the consultant engineers relating to the indoor climate.

 The interviewed owners desire:

- Guidelines.
- Long term studies of performance.

 The interviewed governmental decision makers desire:

- More basic information on what is possible and what is available with natural ventilation.
- Collections of well documented examples of realised buildings.
- Overviews of available products on the market and their integration.
- Trustworthy computer programmes.
- Detailed description of the systems as to dangers, obstacles etc.
 

 3.2.12 Desirable new components
 The desired new components for natural ventilation mentioned by the interviewees depends on proficiency.

 In general the interviewed architects desire:

- Multifunctional facade systems.
- Slide windows and windows with equal profile depths over screen and frame.
- Intelligent well designed air inlets including heat recovery e.g. solar walls and double facades.
- Inlets and devices with better aesthetic and visual design, air flow and draught performance.
- Components explicitly designed with low pressure drop for natural ventilation.
- Robust and simple devices.
- Sound proof transfer air devices.
- Components for heat recovery in natural ventilation systems.
- Better control systems for natural ventilation.
- More manufacturers, which would give cheaper products and encourage development.
- If design with natural ventilation were more normal the components would emerge automatically, also

components designed by architects.

 The interviewed consultant engineers desire:

- Windows with better controllability, draught performance and air flow.
- Wind and rain protected ventilation windows.
- Air inlets with controllable airflow rate.
- Components with low pressure drop.
- Simple components for hybrid natural-mechanical ventilation systems.
- Air supply devices controlled by indoor air quality.
- Air supply devices insensitive to wind velocity and direction.
- Heat recovery in natural ventilation systems.
- Control systems for natural ventilation.
- Fans controlled by outdoor air temperature.

 The interviewed contractors desire:
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- Integrated system and component solutions.
- Components operating automatically with the outdoor air temperature.
- Cooling possibilities.
- Automated lockable windows with the motor invisibly integrated into the frame.
- Smart windows including a hatch that can be left open.
- Air inlets which can supply more air without draught
- Heat recovery devices.

 The interviewed developers desire:

- Smart facade systems.
- Heat recovery systems for natural ventilation.
- Control systems for large and complex buildings.

 The interviewed owners desire:

- Complete and integrated solutions and systems.
- Control systems for natural ventilation.

 The governmental decision makers desire:

- Air supply devices with low pressure drop.
 
 

 3.3 Specific building project
 
 83 of the 107 interviewees also filled in the questionnaire on a specific building project. The general excep-
tion are the governmental decision makers who were asked not to do it. The results in the figures in this sec-
tion of the report are the average of all the buildings included in the interviews.
 

 3.3.1 The buildings
 Most of the buildings are office buildings. Some of the office buildings also include laboratories. There are
also examples of schools, care centres, stores and exhibition or concert halls. Most of the buildings include
sections of office rooms. The majority of the buildings are new office buildings constructed during the last
five years, or still under construction. The remainder are existing office buildings or refurbished buildings
that are to be used as office buildings. Many of the buildings are located in sub urban or urban areas. There
are also examples of buildings built in open areas, in industrial areas, or close to a main road.
 

 3.3.2 Design
 Approximately half of the buildings have mechanical ventilation in the offices and the other half have natu-
ral ventilation. Most of the buildings have mechanical ventilation in meeting rooms and canteen. Heat re-
covery is included in most of the mechanical ventilation plants in the northern part of Europe. Most of the
buildings have mechanical exhaust from the lavatories.
 Many of the natural ventilated offices have an ordinary system with ordinary windows and ordinary vents
in the window. A few of the buildings have offices with windows specially designed for natural ventilation,
advanced vents or passive stacks. Some of the buildings have an atria or another type of open vertical con-
nection between storeys. A few of the buildings have offices that are open to the community areas.
 Many of the offices have external solar shading. With a few exceptions, the rest of them have either in-
ternal solar shading, solar shading between the two panes of the window or protective glazing.
 Most of the offices have false ceiling and only a few have high ceiling or ceiling with a heavy structure
exposed to the room air. Only a few of the offices have exposed heavy floors or internal walls, but many of
the offices have an exposed heavy inner leaf of the external walls.
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 Figure 14. Critical parameters in the design of the buildings. Min., Average and Max. country are as in figure 12.

 
 

 3.3.3 Critical parameters
 The interviewees’ perception of the critical parameters for the design of the ventilation system in the offices
is shown in figure 14. Each interviewee was allowed to point out a maximum of 5 critical parameters and
was asked to prioritise them from 1: Low to 5: High.
 Many of the interviewees have indicated construction costs or room temperatures in summer as the most
critical parameter in the design of the ventilation system in the offices. Solar loads, indoor air quality and
internal air pollution and odours are indicated as critical parameters, with highest priority by many of the
interviewees. Also external noise and operation costs are indicated as critical parameters with high priority
by several of the interviewees.
 

 3.3.4 Influence
 The interviewees’ perception of the persons or conditions having the biggest influence on the chosen design
is shown in figure 15. Again each interviewee was allowed to point out a maximum of 5 critical parameters
and was asked to prioritise them from 1: Low to 5: High. The architects, the consultant engineers and the
owners are the ones with highest influence on the chosen design.
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 Figure 15. Influence on the design of the buildings. Min., Average and Max. country are as in figure 12.
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 4. Summary and conclusions
 
 
 
 
 
 The objective of the study were to identify barriers that restrict the implementation of natural or simple fan
assisted ventilation systems in the design of new office type buildings, and in the refurbishment of existing
such buildings. The perceived barriers were identified through an in-depth study with structured interviews
based on questionnaires among leading designers and decision makers. The interviews focused on general
knowledge, viewpoints, experience and perceived problems with natural ventilation in office type buildings
and on the decisions actually taken in specific building projects. The interviews were performed among: 42
architects, 24 consultant engineers, 11 contractors, 9 developers, 14 owners and 7 governmental decision
makers.
 
 

 4.1 Conclusions
 
 The interviews identify significant lack of knowledge and experience of specially designed natural ventila-
tion in office buildings compared to the knowledge and experience of mechanical ventilation. In addition
there is a lack of source and information to natural ventilation knowledge in standards, guidelines and
building studies. There is also a desire for new design tools on natural ventilation, including also calculation
rules and easy to use, simple and advanced computer programmes.

• There is a need for good, standardised and generally acceptable natural ventilation system solutions and
for more advanced solutions including heat recovery. In addition, there is a moderate need for new com-
ponents regarding windows and vents with better air flow and draught performance, better controllability
and better design.

• In the interviewees’ perception, mechanical ventilation has several advantages compared to natural ven-
tilation with regard to cooling effectiveness, draught minimisation, ability to remove odours and pollut-
ants, ability to prevent ingress of odours and pollutants, insulation against external noise and central
controllability, especially if the mechanical ventilation systems are well designed. Nevertheless the inter-
viewees do not expect a higher user satisfaction in mechanical ventilated offices. In fact they expect the
highest user satisfaction in natural ventilated cellular offices where the highest individual controllability
is also expected.

• Many interviewees expect higher installation, higher running and higher maintenance costs for mechani-
cal ventilation in offices than for natural ventilation.

• Room temperatures in summer, indoor air quality and construction costs are the most important and criti-
cal design parameter. The architects, consultant engineers and owners have the biggest influence on the
design of a building.

• Fee structures for design, liability of natural ventilation design in relation to lack of calculation rules,
standards and guidelines causes problems for the use of natural ventilation in office buildings.

• Restrictions in the use of natural ventilation in office buildings placed by national building regulations,
codes, norms and standards are relatively limited, but problems can be caused by fire division require-
ments in the national Building Regulations, and by guidelines about the need for mechanical ventilation
in certain instants e.g. large offices, assembly rooms and canteens.

• On average the interviewees expect an increase in the future use of natural ventilation in office buildings.
In general, the architects have the highest expectation of increasing use of natural ventilation.
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4.2 Recommendations

It is possibly, with further and continuing improvement of natural ventilation system concepts, components,
controls and design tools, to encourage the wider uptake of natural ventilation in office buildings. This will
also accelerate natural ventilation as a main design option in new and refurbished office buildings where
good natural ventilation is sufficient to obtain comfortable indoor climate and good air quality with both
high user satisfaction and low energy consumption, installation and maintenance costs.

• Simple, energy efficient, low cost natural ventilation system concepts for new and refurbished office
buildings have to continue be developed and tested so that the use of natural ventilation in the majority of
ordinary office buildings is not a technical and architectural challenge but a simple and well approved
design solution.

• Standards and guidelines have to be improved for a better technical and legal background for the design
of natural ventilated office buildings. The standards and guidelines should also include generally accept-
able, simple and easy to use calculation rules for the design of natural ventilation.

• Simple design tools: diagrams or easy to use computer programmes have to continue to be developed that
can be used in the early design process by architects, consultant engineers or design teams to analyse the
advantages and disadvantages of different ventilation systems.

• The general knowledge on natural ventilation has to continue to be improved. Among architects, consult-
ant engineers and possibly also contractors, the improved knowledge must come from basic education,
post education, source books and building studies. For developers and owners the improved knowledge
must be supplied by way of simple, easy to understand descriptions and examples.

• It may also be necessary to adjust the fee structure for the design of office buildings to reward the de-
signers for the energy, indoor climate and total cost advantages of their design solutions and not for the
amount of equipment installed in the building.
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