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Introduction

The objective of the study described in this report is to identify perceived barriers restricting the
implementation 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 are identified in an in-depth
study with structured interviews among leading designers and decision makers. The interviews have 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
questionnaires

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 important to
identify the barriers seen by designers and decision makers which restrict the implementation of natural
ventilation systems and lead to the decision to install mechanical ventilation plants in office buildings where
it is not strictly necessary. Knowing the barriers is the first step in providing solutions to overcome them. To
our knowledge it is the first time a study of this type has been performed in Denmark.

The identification of perceived barriers to natural ventilation design of office buildings is the first phase
(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 is performed by nine organisations in seven central and north European
countries. The project is headed by 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 Jacobsen & Widmark, J&W (S)
Technical University, Delft (NL)
Willan Building Group (UK)
Norwegian Building Research Institute, NBI (N)
Sulzer Infra Laboratory (CH)

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 Danish work
in the project is also part funded by the Danish Ministry of Environment and Energy within the Danish
Energy Research Programme 1996, EFP-96 (J.no. 1213/96-0007).
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This report describes the results of the Danish interviews. Similar reports giving the results of the inter-
views in the other countries are also produced.

In addition the main results of the interviews will be published in a common European report. The Euro-
pean report will summarise the results from the interviews in each country and compare them to identify
common problems with the implementation of natural ventilation systems and to gain experience from coun-
tries that have solved some of the problems. The European report will also give recommendations on how to
overcome the identified barriers.

The NatVent project team would like to thank all the interviewees: designers and decision makers for
the knowledge and experience they have brought to the project and for the time they have invested.
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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 maker responsible for regulations and
standards.

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 focus on general knowledge, viewpoints, experience and perceived problems with natural

ventilation systems in office type buildings.

- Specific building project.
  This part focus 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.

The interviews were performed among:

5 Architects
3 Consultant engineers
2 Contractors
2 Developers
2 Owners
1 Governmental decision maker (responsible for regulations and standards)

The number of designers and decision makers interviewed are limited due to limited financial resources
in the project. The persons interviewed were selected with the intention to also identify the variety in
opinions and viewpoints on natural ventilation in office buildings among people with the same profession.

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 are 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 couldn’t be answered
by the interviewee or is irrelevant to the interviewee it was indicated in the questionnaire.
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Questionnaire on general view

The questionnaire concerns 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
specific 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
offices.

5. Project fee
Type of project fee received by architects and consultant engineers for the design of office buildings.
Questions were asked to identify the percentage of projects with fee paid as: fixed fee, percentage of
construction 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
question 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 points scale ranking
from ‘None’ to ‘Comprehensive’ and by indicating which code, norm or standard that 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
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Possible new components could be air inlets, control systems etc.

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 were 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 were 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,

advanced 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
ranking from ‘1. low’ to ‘5. high’. The critical parameters includes:

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 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 were prioritised on the same 5 point specific scale as used in subject
4 above.
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Results

The main results of the interviews are described in this chapter.

The interviewee

The five architects interviewed represents some of the leading Danish architect offices. They have between
15 and 130 employed. They annually each design 10-50,000 m2 floor area in new office buildings and 2-
10,000 m2 in refurbishment of office buildings. Most of them also designs other types of buildings e. g.
schools, institutions, housing and production buildings.

The three consultant engineers interviewed represents some of the largest Danish consultant engineer of-
fices. They have between 500 and 1700 employed. They annually design 20-70,000 m2 floor area in new
office buildings and 5-10,000 m2 in refurbishment of office buildings. All of them also designs other types
of buildings, plants and constructions.

The two contractors interviewed represents some of the largest Danish contractors. The companies also
acts as developers. They have approximately 2000 employed and deals with all types of buildings and con-
structions. One of them annually constructs a floor area of 120,000 m2 in new office buildings and 50,000
m2 in refurbishment of office buildings. The other were not able to specify the annual constructed floor area.

The two developers interviewed represents pensions or life insurance companies. They annually invests
in a floor area of 10-25,000 m2 in new offices buildings and nearly not in refurbishment of offices buildings.

One of the owners interviewed is an in-house consultant representing a large Danish drug producer with
own research facilities and approximately 12,000 employed. 500 of the employed are in-house consultants.
Most of them are concerned with the design of plants and research facilities. The drug producer annually
builds approximately 2,000 m2 floor area of new office buildings and refurbishes 2,000 m2 in existing office
buildings.

The other owner interviewed represents a maintenance division in one of the largest Danish banks. The
maintenance division has 75 employed. The total floor area for banking is 250,000 m2 in new office
buildings and 125,000 m2 in old office buildings.

The governmental decision maker were from the Danish Building and Housing Agency under the Danish
Ministry of Housing and Building. He is responsible for formulating the indoor climate and ventilation re-
quirements in the Danish Building Regulations.

General view

The two developers were very different in their general opinion on natural ventilation. One of the developers
would always install mechanical ventilation in new office buildings, but found that experiments with natural
ventilation would be possible if there is a positive owner, other than the developer himself. The other
developer found that ordinary natural ventilation would always be satisfying in cellular offices and that
people prefers natural ventilation.
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The two owners were also different in background and point of view. One of the owners always uses
natural ventilation in the offices, except if the offices are part of a production or laboratory area where
mechanical ventilation are required. In the other owner offices there are very high heat loads. Therefore
mechanical ventilation is installed and normally also mechanical cooling.

The governmental decision maker did not find that he in his position should fill in the questionnaire. His
general point of view was that he and the Danish Building and Housing Agency has enough knowledge to be
able to set-up the requirements in the Danish Building Regulations and that the requirements are functional
requirements and not detailed requirements. If the agency should need more detailed analysis before setting
a requirement it will draw upon the research institutes. Because of that viewpoint the governmental decision
maker is in general excluded from the following description of the results.

The results in the figures in this section of the report are the average for each group of professions inter-
viewed. If none of the interviewees in a profession group has answered a question, the result is omitted for
that profession group and question. All is the average of all groups except the governmental decision maker,
with the professional groups weighted equal.

Knowledge on ventilation
Figure 1 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
necessary 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
strategies 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 on 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 two of the architects who have the
same perceived knowledge of special designed natural ventilation as of mechanical ventilation.

Especially among the consultant engineers and contractors there are also a lower knowledge of ordinary
natural ventilation compared to their knowledge of mechanical ventilation.
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Figure 1. The interviewees’ perception of own knowledge. The scale ranks from 1: None to 5: Thorough.
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Figure 2. The interviewees’ relative experience with mechanical and natural ventilation in new offices. The scale is the
per cent of mechanical or natural ventilated new offices designed or owned.
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Figure 3. The interviewees’ relative experience with mechanical and natural ventilation in refurbished offices. The
scale is the per cent of mechanical or natural ventilated refurbished offices designed or owned.

Experience
The interviewees’ relative experience with mechanical ventilation, ordinary natural ventilation and special
designed natural ventilation in new offices is shown in figure 2. Figure 3 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.

The experience with ordinary natural ventilation and with mechanical ventilation in offices is high. Most
of the interviewees have much experience of ordinary natural ventilation and of mechanical ventilation in
office buildings, but the actual number of buildings of each type designed or owned varies significantly.

The interviewees’ experience with special designed natural ventilated offices is very limited. Only a few
of the architects, consultant engineers and contractors have designed or constructed an office building with
specially designed natural ventilation and none of the developers and owners have invested or are the owner
of such a building.

Project fee
The type of fee received by the interviewed architects and consultant engineers for the design of office
buildings is shown in figure 4. The possible fee types are: Fixed fee, percentage of construction costs and
per hour rate.
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Figure 4. Type of fee received by the interviewed architects and consultant engineers for the design of office buildings.

Most of the interviewed architects are normally paid according to the design fee rules of the Danish
Counsel of Practising Architects where the fee for the detailed design is fixed as a percentage of the
predicted construction costs. One of the architects also mentioned that in special cases it is possible to re-
negotiate the fee during the design process if necessary. All the consultant engineers interviewed are
normally paid using a fix price fee based on 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 construction costs’.

The interviewed architects and consultant engineers are normally only paid a ‘per hour rate’ in case of
initial draft design or small specific design tasks.

Design
The interviewees’ perception of the design of natural and mechanical ventilation in cellular and open plan
offices with regards to ease of design, availability of design guidelines and advises, availability of products,
flexibility to building use and user satisfaction, are shown in figure 5. A specific 5 point scale ranking from
1: Poor to 5: Excellent is used to indicate the interviewees perception of the design.

In general there are no significant different 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.

Several of the interviewees emphasised that the ease of design also depends on the complexity of the system
e.g. whether it is a simple or an advanced natural ventilation system. Maybe because of this there are large
individual variations in the viewpoints.

One of the architects also emphasised that it increases the liability to the architect when designing with
natural ventilation. An other architect mentioned that consultant engineers could be very conservative in
their design and focused on own design costs, and that the architect has to introduce the new designs.

One of the architect also mentioned that natural ventilation design is difficult in renewing of open plan
offices.

The two interviewed contractors normally uses a consultant engineer to design the ventilation system.
One of the developers emphasised that they watch the trend in ventilation design very careful, but natural
ventilation has not to date proved to be satisfactory.
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Figure 5. 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.

Nearly all interviewees found that the availability of design guidelines and advises and the availability of
products are better for mechanical ventilation systems compared to natural ventilation systems. There are no
significant different in this between cellular offices and open plan offices. One of the architects emphasised
that the products for natural ventilation are available, but the problem is how to design the system. One of
the consultant engineers emphasised that the design guidelines and advises on mechanical ventilation are
good on the systems, but limited on the room conditions. About design guidelines and advises on natural
ventilation see also ’Source to natural ventilation knowledge’ on page 13.

In general there are no significant differences between the interviewees’ perception of the flexibility to
building use in the four cases.

On average, the interviewees expect the same level of user satisfaction in natural and mechanical
ventilated offices. The interviewees expect a little higher user satisfaction in natural ventilated cellular
offices than in mechanical ventilated offices and a little lower user satisfaction in natural ventilated open
plan offices than in mechanical ventilated offices.

One of the architects mentioned that the users often would like to have natural ventilation, but that the
consultant engineers will normally not guarantee the result. Another architect mentioned that the user
satisfaction is high if the mechanical ventilation systems are well designed and that the users open the
windows, even if it is not allowed.

One of the owners mentioned that the user satisfaction also depends on the expectations, which are nor-
mally higher in mechanical ventilated offices.

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 6. A specific 5 point scale ranking from 1: Poor to 5:
Excellent 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 regard cooling effectiveness, draught minimisation, ability to remove
odours and pollutants, ability to prevent ingress of odours and pollutants and insulation against external
noise. Regarding the generation or transmission of internal noise they expect the same performance in
practice.

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. One of the architects emphasised that the
cooling effectiveness of natural ventilation systems also depends on the thermal mass of the building.
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Figure 6. 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.

One of the architects emphasised that ventilation through the windows could also give possibility to hear
bird sounds and smell flowers. Another architect emphasised that transmission of noise is not a problem if
people show respect to each others needs. One of the developers emphasised that noise from the external is a
major problem to office buildings in city centres.

One of the owners who has offices with very high internal heat load emphasised that he would never
accept a new office building without mechanical ventilation and prefer also mechanical cooling. He also
mentioned that he would be very pleased if it is possible to find good natural ventilation solutions that could
be installed in old office buildings worth preserving where it would harm the building to install mechanical
ventilation.

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
controllability (per person) are shown in figure 7. 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 controllability of natural ventilation in cellular offices is a little higher than the
expected local controllability of mechanical ventilation. One of the architects emphasised that the local
controllability of mechanical ventilation systems also depends on the system e.g. whether it is CAV
(Constant Air Volume) or VAV (Variable Air Volume).
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Figure 7. 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 8. 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.

The expected individual controllability of the ventilation in cellular offices is higher than the expected
individual controllability of the ventilation in open plan offices. The expected individual controllability of
natural ventilation in cellular offices is a little higher than the expected individual controllability of
mechanical ventilation in cellular offices. One of the architects emphasised the importance of individual
control for the users feeling of well being

Costs
The interviewees’ perception of the costs for natural and mechanical ventilation in cellular and open plan of-
fices with regard to installation costs, running costs and maintenance costs are shown in figure 8. A specific
5 point scale ranking from 1: Inexpensive to 5: Expensive is used to indicate the interviewees perception of
the costs.

All interviewees expect higher installation costs, higher running costs and higher maintenance costs for
mechanical ventilation in offices than for natural ventilation in offices. One of the architects emphasised that
a large percentage of a buildings construction costs are for technical installations, especially mechanical
ventilation systems. One of the developers mentioned that the costs for the ventilation plants normally are 6-
7 per cent of the total construction costs. Another architect emphasised that the installation costs for natural
ventilation systems could be high if it includes more floor area or additional spaces e.g. atria, but that such
solutions also provides additional positive features.

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 9. 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 mentioned sources are very sporadic and nearly no specific source were
mentioned by more than one or two of the interviewees. The mentioned sources to natural ventilation
knowledge are:

- National periodicals
- International periodicals
- EU: Thermie and JOULE brochures
- The Danish Building Regulations
- Lecture meetings in professional societies
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Figure 9. The interviewees’ sources to natural ventilation knowledge. The scale is the per cent of interviewees using a
source type.

Expected future use of natural ventilation
The interviewees’ expectations on the future use of natural ventilation in offices are shown in figure 10. The
expectation is indicated on a specific 5 points scale ranking from 1: Significant decreasing over 3:
Unchanged to 5: Significant increasing.

The architects in general have the highest expectations of an increase in the use of natural ventilation in
offices, even though two of them expects an unchanged use of natural ventilation. The three consultant engi-
neers have expectations of either moderate decreasing, unchanged or moderate increasing use of natural ven-
tilation in offices. Both contractors expects unchanged use of natural ventilation in offices. Only the owners
expects 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 offices
are:

- Saving of resources
- Energy consumption is a key question
- Better perceived indoor climate
- Lower costs
- The trends: green buildings, low-tech buildings and low-cost buildings
- Architects prefer natural ventilation
- More experiments with advanced natural ventilation buildings
- Proofed design of natural ventilation in the future
- Maintenance of mechanical ventilation plants are often a problem
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Figure 10. The interviewees’ expectations on the future use of natural ventilation in offices. The
scale used ranks from 1: Significant decreasing over 3: Unchanged to 5: Significant increasing.

Typical reasons for expecting unchanged use of natural ventilation in offices are:
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- Conservatism based on traditions in firms or by owners of buildings
- Lack of background knowledge on natural ventilation

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

- Trend in time with more technology and advanced products
- Higher heat loads
- Higher person concentration

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 11.

A concentrate of Danish regulations, codes, norms and standards related to natural ventilation or simple
fan assisted ventilation systems in offices is given in annex II: ‘Requirements in codes related to natural
ventilation’.

Restrictions to the use of natural ventilation in offices mentioned by the interviewees:

- The calculation of gross floor area and the use of the site in the Building Regulations.
- Fire regulations: fire division size and sprinkling in the Building Regulations.
- Requirements in the Building Regulations related to assembly rooms.
- Trend from Building Regulations requirements to school, where mechanical ventilation is normally

required.
- The requirement on mechanical exhaust from photo copy machines and laser printers in the codes from

the Working Environment Services.
- The administrative practise of the Working Environment Service.
- Guidelines in publications from the Danish Working Environment Fund.
- Codes of practice from the Danish Society of Chemical, Civil, Electrical and Mechanical Engineers are

often a limiting factor because the consultant engineers refers to them.
- Lack of standards 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 engineer.
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Figure 11. The interviewees’ perception of requirements in building regulations, codes, norms and standards
restricting the use of natural ventilation in offices. The scale ranks from 1: None to 5: Comprehensive.

Desirable new design tools
The desired new design tools for natural ventilation mentioned by the interviewees depend on there
proficiency.
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In general the interviewed architects desires:

- Simple and easy to use guidelines and design rules related to Danish climate.
- Source books with simple description of the principles: basic theory, ventilation requirements, air flow,

temperature and draught.
- Good examples of offices buildings with natural ventilation easy to understand for architects.
- Mock-up tests of natural ventilation systems.
- Simple, graphic based computer programmes.

One of the architects explicitly emphasised that he does not wont to see new standards and norms and that
standards to engineers should be based on functional requirements also concerning the choose of the type of
ventilation system used.

The interviewed consultant engineers desires:

- Guidelines and exact calculation rules.
- New Building Regulations requirements.
- Examples of offices buildings with natural ventilation including detailed description of system and

building performance.
- Simple computer programmes.
- Advanced computer programmes.

The interviewed contractors desires guidelines with systematic information on integrated natural ventilation
system solutions and more information on natural ventilation in books and education.

The interviewed developers desires better tools to the consultant engineers and tools related to the indoor
climate in general and to the materials.

Only one of the interviewed owners has answered the question and he only desires guidelines.

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

In general the interviewed architects desires:

- Intelligent well designed air inlets including heat recovery e.g. solar walls and double facades.
- Inlets with better visual design, air flow and draught performance.
- Better control systems for natural ventilation.

One of the architects emphasised that if design with natural ventilation were more normal the components
will come emerge automatically and also components designed by architects.

Two of the interviewed consultant engineers desires windows with better controllability, draught
performance and air flow and heat recovery in natural ventilation systems. The third consultant engineer
found that the components exist, but the real problem is how to use them.

The interviewed contractors desires integrated system and component solutions and the development of
smart windows including a hatch that can be left open.

One of the interviewed owners want natural ventilation to be an engineering design task and the other owner
found that no natural ventilation components can solve the problems from high internal heat loads.

Specific building project
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13 of the 15 interviewees also filled in the questionnaire on a specific building project. The two exceptions
are the governmental decision maker and one of the contractors.

The results in the figures in this section of the report are the average of all the buildings included in the
interviews

The buildings
All the buildings are office building. One of the projects is a refurbishment of an old industrial building, an
other is a moderate refurbishment of a five years old office building where new users are installed and the
rest are new office buildings constructed the last five years or under construction. Three of the new office
buildings also includes laboratories.

The buildings are build on open area, close to a wood, in sub-urban area, in industrial area, on the
harbour front or close to a main road. One is build on Greenland. The buildings have from 1½ to 12 storeys
and a floor area between 600 and 20,000 m2. Most of them have 3 to 5 storeys and a floor area of 3,000 and
10,000 m2.

Design
Approximately half of the buildings have mechanical ventilation of the offices and the other half have
natural ventilation. Most of the buildings have mechanical ventilation of meeting rooms and canteen. Heat
recovery is included in all the mechanical ventilation plants. All the buildings have mechanical exhaust from
the lavatories. Regarding typical ventilation systems in office buildings refer to annex I.

Most 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.

A few of the buildings have an atria or another type of open vertical connection between stories. A few
of the buildings have offices that are in open connection with the community areas. Half of the buildings
have roof openings and several of these are only supposed to be opened in case of fire.

Most of the offices have external solar shading. The rest of the them have either internal 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 by the room air. None of the offices have exposed heavy floor or exposed heavy internal walls, but
most of the offices have an exposed heavy inner leaf of the external wall.

Critical parameters
The interviewees’ perception of the critical parameters for the design of the ventilation system in the offices
is shown in figure 12. Each interviewee was allowed to point out a maximum 5 critical parameters and was
asked to prioritise them from 1: Low to 5: High.

Nearly all the interviewees have indicated construction costs as a critical parameter in the design of the
ventilation system in the offices and half of all the interviewees have given it the highest priority 5.

Room temperatures at summer are indicated as a critical parameter by half of the interviewees and one
fourth of the interviewees have given it the highest priority. Solar loads, indoor air quality and internal air
pollution and odours are indicated as critical parameters with highest priority by at least one of the inter-
viewee. Also external noise and operation costs are indicated as critical parameters with high priority by
several of the interviewees.
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Figure 12. Critical parameters in the design of the buildings.

Influence
The interviewees’ perception of the persons or conditions having the biggest influence on the chosen design
is shown in figure 13. 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. The owner is indicated as the person with the highest influence by nearly half of the interviewees.
The architect and the consultant engineer are also indicated as the persons with the highest influence by
some of the interviewees.

Two of the interviewees have indicated ‘Other’ as the person or condition with highest influence on the
chosen design. In the one case the interviewee perceived the fact that it was an existing building as the
condition with the highest influence on the chosen design. In the other case the interviewee perceived the
fact that the renter was coming from a natural ventilated building in the city centre and required mechanical
ventilation as the condition with highest influence on the chosen design.
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Figure 13. Influence on the design of the buildings.
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Summary and conclusions

The objective of the study is to identify barriers restricting 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 are identified in an in-depth study with structured interviews based
on questionnaires among leading designers and decision makers. The interviews have 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: 5
architects, 3 consultant engineers, 2 contractors, 2 developers, 2 owners and a governmental decision maker.

Conclusions

The interviews identifies significant lack of knowledge and experience of special designed natural
ventilation in office buildings compared to the knowledge and experience on mechanical ventilation. In
addition there is a lack of sources to natural ventilation knowledge in standards, guidelines and building
studies and a desire for new design tools on natural ventilation including also calculation rules and easy to
use, simple and advanced computer programmes.

The knowledge of ordinary natural ventilation in offices is on the same level as of mechanical
ventilation. Only a few of the interviewees are not dealing with ordinary ventilated office buildings. But in
case of ordinary natural ventilation vents are often just installed without design considerations.

There is a need for good, standardised and general accepted natural ventilation system solutions and if
possible for system solutions including heat recovery. In addition there is a moderate need for new
components regarding windows and vents with better air flow and draught performance, better
controllability and better design.

In the interviewees’ perception mechanical ventilation have several advantages compared to natural
ventilation regarding cooling effectiveness, draught minimisation, ability to remove odours and pollutants,
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
interviewees 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 also the highest individual
controllability is expected.

All interviewees expect both higher installation, higher running and higher maintenance costs for
mechanical ventilation in offices than for natural ventilation. But the installation costs for natural ventilation
systems are expected to be higher if it includes more floor area or additional spaces e.g. atria.

Construction costs are the most important design parameter, but also room temperatures at summer, solar
loads and indoor air quality are often critical design parameters. The architects, consultant engineers and
owners have the biggest influence on the design of a building.

Fee structures for design, liability to natural ventilation design in relation to lack of calculation rules,
standards and guidelines and the fact that the design of mechanical ventilation systems to day are the basis
for the existence of the HVAC consultant engineer causes problems to the use of natural ventilation in office
buildings.

Restrictions in the use of natural ventilation in office buildings from building regulations, codes, norms
and standards are limited, but problems can be caused by fire division requirements in the Building
Regulations, by guidelines in the Building Regulations about the need for mechanical ventilation in offices
for a large number of people, assembly rooms and canteens, by the requirements on mechanical exhaust
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from photo copy machines and laser printers in the code of practice from the Working Environment Services
and by the administrative practice of the Working Environment Services.

On average the interviewees expects unchanged future use of natural ventilation in office buildings in
Denmark. There are large individual differences in the expected future use of natural ventilation in office
buildings between the different proficiency. In general the architects have the highest expectation of
increasing use of natural ventilation. The main reasons for expecting increasing use of natural ventilation are
saving of resources, lower costs, green building trend and that the architects prefer natural ventilation. The
main reasons for expecting decreasing use of natural ventilation are higher heat loads and person
concentration in the buildings and the trend in time with more technology and advanced products.

Recommendations

It is necessary with further improvement of natural ventilation system concepts, components, controls and
design tools to encourage the wider uptake of natural ventilation in office buildings and to 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 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 be developed and tested so that the use of natural ventilation in the majority of ordinary
office buildings are not a technical and architectural challenge but a simple and well approved design
solution.

Standard and guidelines have to be improved to be a better technical and legal background for the design
of natural ventilated office buildings. The standards and guidelines should also include general accepted,
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 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 development of better components and control systems for natural ventilation have to be improved to
increase the number of types and location of office buildings where natural ventilation is the best choice.

The general knowledge on natural ventilation has to be improved. Among architects, consultant
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
designers for the energy, indoor climate and total cost advantages of there design solutions and not for the
amount of equipment installed in the building.
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Annex I: Typical ventilation systems in office
buildings

The objective of this annex is to give foreigners some background knowledge on typical ventilation systems
in Danish office buildings and on the Danish tradition on office ventilation. The description is based on the
authors immediate knowledge and must be considered as such and not as a scientific or statistic work.

Approximately half of all new constructed office buildings are with natural ventilation of the offices. The
other half are with mechanical ventilation of the offices. The tradition for using mechanical ventilation in
offices dates back to the 60's. Before that nearly all office buildings where naturally ventilated.

Natural ventilation
New naturally ventilated office buildings are often designed with simple cross ventilation of the office area.
At winter the major air supply and exhaust are through small vents integrated in the windows. The typical
cross section area of the vent in each window are approx. 15 cm2. Additional airing by opening of windows.
Danish office buildings are normally relatively air tight, so the additional external air exchange through
leakage's in the building envelope are limited. New office buildings without vents are sometime constructed.
It is unclear whether this is allowed in new office buildings according to the Working Environment Codes.

The offices are often cellular offices for one or a few persons. Natural ventilation of offices for several
persons are sometimes seen but natural ventilation of open plan offices are seldom.

In new office buildings with naturally ventilated offices the canteen, assembly halls and meting rooms
are normally mechanical ventilated. There are also mechanical exhaust from the lavatories.

Naturally ventilated buildings build before approx. 1960 and used for offices are normally without vents,
without mechanical ventilation of canteen, assembly halls and meeting rooms and with stack ducts from
lavatories. In case of refurbishment with new windows vents are sometimes also included. Mechanical
ventilation are often installed later in the canteen and sometimes also in assembly halls and meeting rooms.
Mechanical exhaust from lavatories are sometimes installed during refurbishment of a building. During
refurbishment mechanical ventilation are sometimes also installed in the offices.

Mechanical ventilation
New and refurbished mechanical ventilated office buildings are nearly always with heat recovery and
without return air to the offices. The typical external air exchange rate in the offices are 2-4 ach. Room
heating are normally supplied separately by radiators with thermostatic valves under the windows. There are
no tradition for active mechanical cooling of the supply air in Danish office buildings. This installation
requires special permission from the local building authorities. Also humidifying of the supply air are
seldom. Additional airing through the windows at summer are often part of the ventilation strategy.

In recent years mechanical ventilation systems with VAV (Variable Air Volume) and individual room
control of the supply air flow according to excess room temperature have become more common.

In older mechanical ventilated office buildings build in the 60's and in the 70's before the first energy
crisis the ventilation plants are normally constructed without heat recovery, sometimes as a dual system and
often with high external air exchange rates. The energy consumption in these systems is very high and many
of them have therefore been improved or replaced by more energy efficient mechanical ventilation systems.
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Annex II: Requirements in codes related to
natural ventilation
This annex gives an overview of requirements in Danish building regulations, occupational health
regulations, standards, codes etc. related to natural ventilation systems or simple fan assisted ventilation
systems in office buildings. The objective is to identify requirements possible restricting the implementation
of natural ventilation systems or simple fan assisted ventilation systems in office building. Requirements
related to mechanical ventilation in office building are included in the overview if they can also be used on
natural ventilation systems or simple fan assisted ventilation systems. From a legal point of view all
ventilation systems including a fan e.g. also simple fan assisted ventilation systems would possible be
considered to be mechanical ventilation systems and must fulfil the requirements to mechanical ventilation
systems.

Relevant documents

BR 95: Building Regulations. Danish Building and Housing Agency. April 1995 (in Danish and in English)
Apply to the construction of new buildings as multi-storey domestic buildings, commercial and institutional
buildings and to the alteration of these building types when relevant. Includes both the requirements and
some guidelines on how to fulfil the requirements.

LO 1163: Design and Arrangement of Permanent Workplaces. Danish Ministry of Labour. Order No. 1163,
December 16, 1992.
The basic requirements to permanent workplaces including offices and similar.

At 1.01.7: Temperature in rooms with permanent work places. The Danish Working Environment Service.
May 1988 (in Danish)
At 1.01.8: Ventilation on permanent workplaces. The Danish Working Environment Service. December
1993 (in Danish)
At 1.01.9: Indoor climate. The Danish Working Environment Service. January 1996 (in Danish)
At 1.1.0.1: Acoustic in work rooms. The Danish Working Environment Service. November 1995 (in Danish)
Based on LO 1163. Apply to all types of permanent workplaces in industry and not only to offices. Gives
the background for The Danish Working Environment Service to lay down conditions to specific workplaces
also in office buildings.

DS 447: Code of Practice for Ventilation Installations. Danish Society of Chemical, Civil, Electrical and
Mechanical Engineers. December 1981 (in Danish).
DS 474: Code of Practice for Indoor Thermal Climate. Danish Society of Chemical, Civil, Electrical and
Mechanical Engineers. December 1993 (in Danish).
DS 428: Code of Practice for Technical Measures for Fire Protection in Ventilation Systems for Buildings.
Danish Society of Chemical, Civil, Electrical and Mechanical Engineers. Second Edition, August 1986 (in
Danish).
The codes consist of requirements and guidelines on how to fulfil the requirements. DS 447 and DS 428
applies only for mechanical ventilation plants mounted permanently in buildings. DS 474 only applies for
methods to specify the indoor thermal climate and not the requirements to the indoor thermal climate.

SC: Securing Catalogue. SKAFOR. Danish Society of Insurers.
Catalogue of security requirements to different types of commercial business.
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Requirements

The text in ‘italic between quotation marks’ are quotations from the documents.

Topic: Document: Requirements:

Ventilation
system

BR 95 Requirement: ‘Fresh air shall be supplied through direct openings to the
outside air or by means of a mechanical system.’

Guideline: ‘Attention is drawn to the fact that, in some cases, the need for
ventilation can be covered by natural ventilation, while in others,
mechanical ventilation should be stipulated in order to achieve a healthy
indoor climate. Examples of rooms in which natural ventilation will suffice
are offices for one person or a few people, hotel rooms and certain types of
commercial premises. Examples of rooms in which mechanical ventilation
may be needed are offices for a large number of people, assembly rooms,
canteens, restaurants and rooms in hospitals.’

LO 1163 ‘Every workroom shall have an adequate supply of fresh air without
discomforting draughts. If adequate air renewal cannot be achieved in a
reasonable manner through windows, doors, ventilation openings and
similar to the outside air, mechanical ventilation shall be established which
provides an adequate supply of fresh air of suitable temperature and relative
humidity.’

At 1.01.8 ‘The natural air exchange can be sufficient to ventilate work rooms without
pollution’s or indoor climate problems. It can for instance be office rooms
with few persons, storage rooms and similar rooms. If there for instance are
smoking in a room or there are inconvenient heat from technical equipment
it can be necessary to increase the ventilation, if necessary by mechanical
ventilation. Natural air exchange must not give problems with inconvenient
draught, poor air distribution in the room or poor temperature distribution.
New buildings are very tight and have very little natural air exchange
through leaks in the building envelope. It can therefor be necessary with a
number of sufficiently placed vents and exhaust ducts to ensure the natural
air exchange. If it is impossible to achieve sufficient air exchange in the
work space with natural ventilation in a proper way, mechanical ventilation
must be installed.’

At 1.01.9 ‘Working in rooms with laser printers and photo copy machines can cause
headache and mucous membrane irritation. These machines ought therefor
normally to be placed in separate rooms preferably with sufficient
mechanical ventilation. Small laser printers (disk models) with low ozone
utilisation rate can as an exception be installed in rooms with stationary
work places. Laser printers with low ozone generation ought to be chosen.
The room must be well ventilated. Medium size laser printers and photo copy
machines ought to be placed in rooms without permanent workplaces. The
room must be well ventilated. If large amounts are printed exhaust from the
machines to the external ought to be establish.’

Ventilation
rates

BR 95 Requirement: ‘For other rooms (e.g. office rooms) the ventilation rate is
subject to approval by the local authority having regard to the size and use
of the room.’

Guideline: ‘The size of the ventilation system can be determined on the basis
of section 2.2 of DS 447.’
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At 1.01.8 Figure from DS 447 with the text: ‘The necessary amount of fresh air to
achieve an acceptable level of air pollution from people, building materials,
equipment and similar. Minimum 8 m3 space volume per person on
permanent work places.’

DS 447 Guideline: Rooms with tobacco smoking: 10 l/s per person independent of
space volume. Rooms without smoking: 4 l/s per person at 13 m3 space
volume per person increasing to 10 l/s per person at 4 m3 space volume per
person. At 8 m3 space volume per person minimum 6 l/s per person is
required.

Windows BR 95 Requirement: ‘A rescue opening is a window, a hatch or a door in an
external wall or roof. Rescue openings must have a clear opening with a
combined height and width of not less than 1.5 m.’

LO 1163 ‘Each workroom shall receive sufficient daylight to be well lighted. Windows
and skylights shall be so constructed, positioned and possibly shaded that
they do not cause dazzling, overheating or discomfort from cold down-
draughts. There shall be a view of the surroundings from the workroom,
through windows or similar.’

Indoor air
quality

BR 95 Requirement: ‘Building materials must not emit gases, vapours, particles or
ionising radiation that can cause an unhealthy indoor climate. Chipboard,
wood-fibre and plywood panels and similar containing synthetic resin binder
that emits formaldehyde may only be used provided they are subject to a
control scheme approved by the Ministry of Housing.
  Air transfer, including recirculation between rooms, may only take place
from rooms with fresh air to rooms with staler air.’

At 1.01.9 ‘Furniture’s and interior finish with lowest possible emission of substances
to the room air ought to be used. The content of formaldehyde in the air must
not exceed 0.15 mg per m3 air. The content of carbon dioxide (CO2) in the
air can be used to asses the ventilation efficiency. It ought not exceed 0.1 %
CO2. If it exceeds 0.2 % CO2 in more than short periods the ventilation is
considered to be insufficient and the air exchange rate must be increased or
the number of people reduced.’

Room
temperatures

BR 95 Requirement: ‘Buildings shall be constructed that healthy temperatures can
be maintained in rooms occupied for prolonged periods of time during
normal use of the buildings, having regard to the human activity in the
rooms. In the planning of buildings and in the choice of materials and
window sizes, orientation and sun-shading of windows, it shall be ensured
that appropriate temperatures are achieved in the summer period as well
and that problems from direct solar radiation are avoided.’

Guideline: ‘Functional requirements and methods for specification,
verification and inspecting and testing of thermal indoor climate are given in
DS 474.’

LO 1163 ‘During working hours the temperature in the workrooms shall be adjusted
to the human organism having regard to the working methods used and the
physical load to which the workers are subjected. There must be no
discomforting temperature differences.’

At 1.01.7 ‘Under normal climate and working conditions the temperature in general
ought to be kept at 20-22 °C by sedentary work and must not exceed 25 °C.
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Under special climate conditions e.g. heat waves it must be accepted that the
temperature cannot be kept below 25 °C in the room, but it can be necessary
to take measures to best possibly protect the employees from annoyances and
health risks.’

At 1.01.9 ‘A temperature at 20-24 °C are considered to be convenient by easy physical
activity (e.g. in schools, day-care institutions and offices). The air quality is
however felt best at a temperature of 21-22 °C. Temperature variations
above 4 °C over a work day is often felt unpleasant and the temperature
difference measured at the floor and in head height ought to be less than 4
°C. It is also of important that rooms in summer do not get overheated
because of too large insolation through the windows, too poor insulation or
poor ventilation of the loft particularly in buildings with levelled roof.’

DS 474 Guideline: Operative temperature (cloth: 1.0 clo): 20-24 °C. Summer
conditions (cloth: 0.5 clo): 23-26 °C. Vertical air temperature difference
between 0.1 and 1.1 m over floor <3°C.
  ‘On hot day’s with light summer cloth and sedentary activity the
requirement could be that the operative temperature must not exceed 26 °C
in more than 100 working hours and not exceed 27 °C in more than 25
working hours in a typical normal year’

Draught BR 95 Requirement: ‘In connection with the supply of fresh air and removal of stale
air, it must be ensured that draught do not occur in the heating season in the
living zone of rooms which are occupied for a prolonged period of time.’

Guideline: ‘For draught to be avoided, air flow velocities in the living zone
should not exceed 0.15 m/s.’

Fire safety BR 95 Requirement: ‘Offices shall constitute separate fire compartments which
shall be separated from other rooms. One fire compartment may comprise
two or more offices. Office sections shall constitute separate fire divisions,
the floor area of which must not exceed 1,000 m2 in buildings with more than
one storey and 2,000 m2 in one-storey  buildings.
  A corridor which is an escape route shall constitute a separate fire
compartment. Stairs which are escape routes shall be placed in a stairway
enclosure with a direct exit to the outside at ground level. A stairway
enclosure shall constitute a separate fire division.
  A fire compartment must not comprise more than two storeys. The floor
area of a 2-storey compartment must not exceed 150 m2. Openings for
installations in fire-division walls must be completely sealed so that the fire
properties of the separating structures are not impaired. Doors in fire-
division walls between corridors that are escape routes shall be made with
an automatic door-closing system.
  Ventilation systems must not present any fire hazards. They shall be
designed and constructed in accordance with DS 428.’

Guideline: ‘An office section is defined as several offices with associated
corridors, filing rooms, storerooms and similar in direct connection with the
section in question.’

Note: It is often possibly to increase the floor area or the number of storey in
fire compartments or fire divisions if special fire protection solutions are
introduced e.g. smoke ventilation, fire warning system, automatic fire alarm
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system or automatic water sprinkler system. Such solutions must be approved
by the local building authority.

Smoke
scattering

DS 428 Requirement: ‘The duct system must be designed not to increase the risk of
smoke scattering between fire compartments in the same fire division or
between fire compartments in different fire divisions. Corridors and
stairways which are escape routes must not serve as duct in a ventilation
plant’

Guide line: ‘Safety against smoke scattering between fire compartments and
between fire divisions are normally considered to be satisfactory if the duct
system are:
− a smoke ventilated duct system, or
− a duct system with smoke dampers, or
a duct system with air supply and exhaust terminal maximum 1.0 m above
floor level.’

Note: The code also includes more detailed guidelines and methods for
calculating the smoke scattering.

Security SC Minimum security requirements. ‘Large openings in the building envelope
must be closed. Large openings in the building envelope are openings with
area larger than 0.1 m2 and with both sides longer than 12 cm.’

Acoustic At 1.1.0.1 Required equivalent absorption area measured relative to the floor area:
Cellular offices for one person:
Offices less than 300 m3:
Offices larger than 300 m3:

No specific requirement
0.8
0.9

Noise At 1.01.8 ‘Mechanical ventilation systems must be designed not to increase the noise.
The noise from the ventilation system ought to be 10 dB(A) lower than the
background noise in the workroom. It is important to notice that sound can
be transmitted through the duct system. This can cause inconvenient noise
and must if possible be avoided’

Filtration At 1.01.8 ‘If the quality of the external air is less good it is recommended to filter the
supply air’

Energy BR 95 ‘Ventilation systems shall be equipped with efficient heat recovery units.
However, this requirement may be waived if there is no reasonable means of
using the heat content of the exhaust air.’
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