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Abstract
Purpose – Poor indoor air quality in schools is a worldwide challenge that poses health risks to pupils and
teachers. A possible response to this problem is to modify ventilation. Therefore, the purpose of this paper is
to pilot a process of generating alternatives for ventilation redesign, in an early project phase, for a school to
be refurbished. Here, severe problems in indoor air quality have been found in the school.
Design/methodology/approach – Ventilation redesign is investigated in a case study of a school, in
which four alternative ventilation strategies are generated and evaluated. The analysis is mainly based on the
data gathered from project meetings, site visits and the documents provided by ventilation and condition
assessment consultants.
Findings – Four potential strategies to redesign ventilation in the case school are provided for decision-
making in refurbishment in the early project phase. Moreover, the research presents several features to be
considered when planning the ventilation strategy of an existing school, including the risk of alterations in air
pressure through structures; the target number of pupils in classrooms; implementing and operating costs;
and the size of the space that ventilation equipment requires.
Research limitations/implications – As this study focusses on the early project phase, it provides
viewpoints to assist decision-making, but the final decision requires still more accurate calculations and
simulations.
Originality/value – This study demonstrates the decision-making process of ventilation redesign of a
school with indoor air problems and provides a set of features to be considered. Hence, it may be beneficial for
building owners and municipal authorities who are engaged in planning a refurbishment of an existing
building.
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Introduction
The quality of the indoor air in schools is of particular public concern because it may have
long-lasting consequences for both individuals and society (Chithra and Shiva Nagendra,
2018; Daisey et al., 2003; Järvi et al., 2018; Mendell and Heath, 2005). Children are particularly
susceptible to indoor air pollution, compared to adults, because of their underdeveloped
immune system and lungs and high inhalation rates per body mass (Mendell and Heath,
2005; Schwartz, 2004). The lowered quality of indoor air increases the possibility of health
problems and decreases comfort (Mendell and Heath, 2005; Simoni et al., 2010). Furthermore,
poor indoor air in schools affects pupils’ learning performances (Bak�o-Bir�o et al., 2012;
Petersen et al., 2016; Wargocki and Wyon, 2007) and the productivity of teachers (Kallio
et al., 2020; Schneider, 2003).

One of the most important factors contributing to indoor air quality is ventilation, as it
both dilutes the pollutants originating in the building and removes them (Etheridge and
Sandberg, 1996) by the process of exchanging polluted indoor air with cleaner outdoor air
(Carrer et al., 2015). Currently, multiple schools, all over the world, have inadequate
ventilation. Even if a refurbishment of the ventilation system could improve the indoor air
quality, refurbishment actions are typically challenging to implement and the effects of
these actions on the indoor air quality are vague.

Studies concerning the technical aspects of alternative ventilation strategies or poor
indoor air may assist in the choice of the ventilation strategy of a school with observed
indoor air problems. However, they do not express widely the aspects that need to be
addressed when replanning the ventilation strategy, especially of a school with noted health
symptoms. This motivated the study of these features to be considered when redesigning
ventilation for a school with poor indoor air and complaints of health symptoms. This study
uses a case study approach to understand this complex issue. Firstly, the study investigates
the origins of the poor indoor air of the school, examines the condition of the building and
assesses the requirements related to the use of the building. Then, four alternative strategies
to redesign the ventilation are generated and evaluated. The aim of the study is to assist in
the decision-making when selecting a ventilation strategy for a school to be refurbished and
to provide viewpoints to be considered when refurbishing the ventilation system of a
building with indoor air problems.

Indoor air in schools
Indoor air problems in schools are often caused by both inadequate ventilation and pollutant
sources, such as fungi, moulds and bacteria; formaldehyde; radon; volatile organic
compounds; and dust. The problems caused by pollutant sources typically have an impact
on the building users’ health, whereas inadequate ventilation effects the users’ performance
and well-being in the short-term. Common health effects brought by pollutants on pupils are
nasal congestion, rhinitis, shortness of breath, eye irritation and fatigue (Borràs-Santos et al.,
2013; Haverinen et al., 1999; Meklin et al., 2005; Sahakian et al., 2008). In particular,
pollutants originating from moisture damaged structures are also linked to repetitive flu
infections, coughs and outbreaks of asthma (Chen et al., 2014; Haverinen et al., 1999). Many
of these building-related health problems are caused by leaks, water damage and excessive
moisture which originate from errors during construction; poor maintenance and delayed
repairs; or inappropriate use of the building (Uotila et al., 2019). In addition, indoor air
pollution is also released from building materials and furnishings, while such pollution as
traffic emissions enters from outdoors.

Inadequate ventilation often leads to an increased level of pollutants and high concentrations
of carbon dioxide (CO2) (Daisey et al., 2003; De Giuli et al., 2012; Santamouris et al., 2008).
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Even though regulations have been introduced regarding the quality of indoor air in
schools, the indoor environment in classrooms quite often does not meet these requirements
(Daisey et al., 2003; De Giuli et al., 2012; Pazold et al., 2020; Santamouris et al., 2008). The
measured airflow in classrooms is, typically, lower than the design values and the
concentrations of indoor air pollutants exceed the guidelines (Koiv, 2014; Pazold et al., 2020;
Shaughnessy et al., 2012). This may be due to a lack of maintenance or ageing of the
ventilation equipment (Pazold et al., 2020; Shaughnessy et al., 2012). Furthermore, as school
buildings are rather old, the ventilation systems are unable to meet the current standards,
especially when using natural ventilation (Shaughnessy et al., 2012).

The ventilation strategies followed in schools vary between countries, given the variety
of climatic conditions and the age of school buildings. Even though natural ventilation is
still the most common ventilation strategy in schools, especially in the older building stock
(Litiu, 2012; Morck and Erhorn, 2003; Seppänen et al., 2012), a major share of schools are
mechanically ventilated in cold climates (Seppänen et al., 2012). Also, hybrid ventilation is
gaining popularity when trying to improve the indoor air quality of schools. Irrespective of
the selected strategy, proper operation of ventilation has a major impact on the quality of
indoor air. Thus, it needs to be accurately designed, implemented, controlled andmaintained
to provide good circumstances for building users.

Currently, there is an increasing need for refurbishment inmany school buildings due to their
age and as a result of new teaching and learning concepts (Le et al., 2018). Along with the
refurbishment, the existing ventilation system typically needs to be modified, as refurbishment
actions without considering indoor air quality may have an adverse effect on the indoor
environment (Broderick et al., 2017; Földv�ary et al., 2017). Both alterations to the ventilation
system and these refurbishment actions may cause changes in the pressure difference across the
structures of a building (Leivo et al., 2017), which may result in an infiltration of pollutants from
the structures into the indoor air (Airaksinen et al., 2004a; Seppänen and Fisk, 2004). In addition,
a negative pressure indoors may introduce harmful pollutants, including fungal spores
(Airaksinen et al., 2004a). As ventilation interacts with the building envelope, it can also
deteriorate the structures of a building (Seppänen and Fisk, 2004). Therefore, the air pressures
should be maintained at a level that does not generate moisture loads on the structures.
Typically, the extract airflow rate is designed to be slightly higher than the supply to prevent
the exfiltration of moist indoor air into the structures (Vornanen-Winqvist et al., 2018). Some
studies have even shown that a positive pressure indoors may decrease the amount of harmful
pollutants in the indoor air (Ferrantelli et al., 2019; Vornanen-Winqvist et al., 2018), but these
ventilation interventions are, typically, only suitable as short-term solutions implemented before
a major refurbishment. Furthermore, as many buildings are renovated to be more energy
efficient by improving air tightness, the ventilation rates of these buildings have adversely
decreased (Broderick et al., 2017; Földv�ary et al., 2017).

The effects of a ventilation system refurbishment on indoor air quality are presented in
only a few studies. Stabile et al. (2019a, 2019b) report a positive effect on the quality of
indoor air in an Italian classroom where manual airing was replaced by mechanical
ventilation with heat recovery. Toftum and Wargocki (2018) and Heebøll et al. (2018) report
on a study concerning pupils’ well-being, symptoms and performance in classrooms that
were retrofitted with four alternative ventilation solutions. Even though the study found no
systematic effect of these retrofits on pupils’ symptoms or performance, a significant link
between the performance of some tasks and the classroom CO2 concentration and
temperature were discovered, and all of these retrofits improved the classroom conditions
(Toftum and Wargocki, 2018). A research study, reported on by Morck and Erhorn (2003)
and Kluttig and Morck (2005), addresses the energy retrofit measures in educational
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buildings in ten countries. The study highlights a great variation between the ventilation
strategies that different countries follow. In Finland, the quality of indoor air was
emphasised and the aim was to improve it by mechanical ventilation with heat recovery
(Kluttig and Morck, 2005), whereas in Denmark and Norway, there was a tendency to
replace mechanical ventilation with natural hybrid ventilation with fans (Kluttig andMorck,
2005). In Denmark, this ventilation retrofit improved the indoor comfort quality that the
pupils and teachers perceived in the school.

Materials and methods
A case study approach was adopted to address the alternative solutions for organising the
ventilation in a municipal school with poor indoor air. Several structures of the school
building were noted to be in urgent need of refurbishment, and a major part of the building’s
technology was also at the end of its useful life. Furthermore, the building users had
complained about poor indoor air quality and health symptoms, including persistent
respiratory disorders, eye irritations, headaches, allergic symptoms, coughs and fatigue,
when using the building. In addition, the building users had complained about high
temperatures in rooms during the summer and coldness during the winter. Moreover, the
ventilation rate was perceived to be inadequate. The use of the basement had been
prohibited by the local authority because of an unpleasant smell. Due to the aforementioned
reasons, municipal authorities initiated the project to plan a refurbishment of the building.
This also included a plan to modify the existing ventilation strategy.

The data used for the analysis were based on the authors’ observations during site visits
as well as records of meetings with the authors, the condition assessment consultants, and
the project team commissioned to plan the refurbishment. Furthermore, documents, including
an assessment concerning ventilation alternatives produced by consultants; reports from
investigations and health questionnaires; building documentation; and a sketch of
refurbishment by designers were used as sources for the analysis.

Case study building
The case study building, built in 1955, is a primary school located in the metropolitan area in
Southern Finland. It has a total floor area of 3,957 sq. m. The building is mostly a three-
storey one but it has a wing for sport activities and a club room, which comprises two floors.
Besides the rooms designed for educational use, the building has a residential wing, which is
nowadays mainly used by the staff. Currently, approximately 300 children attend the school.
In addition to this, approximately 50 faculty and staff members work in the building.

The two layered concrete foundation of the building is soil-based. The floor of the sport
hall and, partially, the floor of the basement are raised by wooden structures. The frame is
built on solid bricks with an air cavity. The intermediate floors contain two concrete slabs
and some of these intermediate floor structures use organic filling as insulation. The
building has a pitched roof with an attic space that is not in use. Despite the old age of the
building, it has not yet been thoroughly refurbished. However, during the late 1980s, several
refurbishment actions were implemented, such as the residential wing being refurbished for
educational use and for the staff, and natural ventilation being partially replaced with
mechanical ventilation (Figure 1).

Results
Building condition assessment results
Over the years, several investigations have been implemented to survey the condition and
repair needs of the building. To assess the potential origins of the indoor air problems, these
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investigations were scrutinised by recording the potential sources of poor indoor air and
repair suggestions presented in these documents. Furthermore, the authors made site visits
and had conversations with the condition assessment consultants, the project team and the
users to verify these findings and identify future needs. The structures and systems with
potential sources of indoor air problems, and the condition of these features are presented in
Table 1. Moreover, the requirements related to the future use of the building, the
functionality and repair needs are also presented in Table 1.

Figure 1.
Floors and

classrooms (CR), staff
rooms (ST) and

shower rooms (SR) of
the case building
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Table 1.
Condition,
requirements and
considerations
related to the rooms;
structures; and
systems affecting
ventilation strategy

Structure/system Consideration Requirements

Basement The basement is damaged in
multiple locations. Excess
moisture is measured and
microbial smell noted in several
places

The damaged structures of the basement
need to be repaired. It must be ensured
that the potential impurities, even when
the basement is repaired, do not enter the
upper floors through shafts. Primarily,
facilities for active use should not be
located in the basement. Instead,
building services equipment or storages
may be located there

External envelope The external envelope might be
microbially damaged

Due to potential microbes inside the
envelope, negative air pressure in the
rooms should be avoided, excluding the
rooms with a moisture load. It is not
possible to block up all of the air
leakages

Two-layered
intermediate floor

The intermediate floor contains
organic filling, which might have
become moist

It must be ensured that if the air
pressure changes, the organic filling of
the intermediate floors does not spread
impurities, harmful for health, into the
indoor air

Natural ventilation
shafts

Ventilation shafts are located
next to the doors of classrooms

Air inlet The size and the number of
replacement air valves are
deficient

Ventilation The residential wing has rooms
without any ventilation system

Heating system The operation of the heating
system is deficient

Other technical
building services

The majority of the building
service equipment needs to be
replaced. It might be possible to
preserve heat pipes; radiators;
and the exhaust shafts of natural
ventilation

Lift The school needs to be accessible for
disabled pupils and thus a lift must be
built. However, the lift should not be
built into the basement, as the potential
impurities from the basement might
enter into the upper floors

Attic If air supply units are located in the attic,
the incombustible floor needs to be taken
down and the roofing deck requires steel
holders

Shower rooms Currently, cramped shower rooms are
located in the basement. It must be
explored whether the shower rooms
could be located on the first floor. Thus,
a lift will also not be needed in the
basement

Classrooms The existing classroom division
is fairly suitable for new
educational requirements
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Besides the findings related to the condition of the structures and the systems, CO2
concentrations were measured in classrooms three times, during a period of one and two
weeks. The CO2 level was mainly between 1,000 and 1,500 ppm during the occupied hours in
the studied rooms, while in one classroom the maximum concentration exceeded 2,000 ppm
almost every day. A Finnish standard specifies the maximum CO2 concentration in a
classroom at 800 ppm higher than the outdoor concentration of CO2 (RT 07–11299, 2018).
Typically, the outdoor CO2 levels are 350–450 ppm (Halgamuge et al., 2009). Furthermore,
the investigation of air tightness revealed air leakages through exterior and interior walls
and the intermediate floor in all three addressed rooms. Moreover, the measurements of air
pressure across the building envelope showed that the studied rooms were under negative
pressure for almost the entire measurement periods, and the highest measured value was
�38 Pa. The indoor air quality was studied three times in several rooms but the levels of
harmful pollutants, such as fungi, VOCs andmicrobes, did not exceed the normal level.

Currently, the building uses various ventilation techniques. The sports hall has mechanical
supply-exhaust ventilation. The wing, which was originally planned for residential use,
comprises rooms that use mechanical exhaust ventilation and rooms with no ventilation. The
middle part of the building has natural ventilation. However, some rooms in the middle part
have mechanical exhaust or supply-exhaust ventilation. This creates a risk that the negative
air pressure, caused by mechanical exhaust ventilation, will reverse the direction of air flow in
the shafts of the natural ventilation. Hence, air is led in by the exhaust air drafts of natural
ventilation. Furthermore, the inlet of outdoor air is currently mainly based on opening a
ventilation window because external walls lack replacement air valves.

Alternative ventilation strategies
On the basis of the assessment of the building condition, the requirements and the potential
sources of the poor indoor air, four alternative solutions for redesigning the ventilation were
formulated. These alternative strategies are: natural ventilation (alternative 1); hybrid
ventilation (alternative 2); mechanical exhaust ventilation with supply air (alternative 3);
and mechanical supply air ventilation with centralised exhaust air (alternative 4). A brief
description of the operation of each alternative and the required alteration work to
implement the ventilation system into the school are presented in Table 2. Moreover, the
number of users that each alternative permits is displayed. This number is calculated by
estimating the rated value of air flow of each technique and by considering the Finnish
ventilation standard that requires a ventilation rate of 6 l/s per occupant of a classroom. The
size of the classroom this calculation refers to is 60 sq. m. Furthermore, a summary of the
benefits and downsides of each solution are presented in Table 2.

The variation in the number of persons in the rooms that alternatives three and four
enable, see Table 2, depends on the chosen target value for indoor air quality. The indoor air
category S2 describes a good indoor environment, whereas the S3 class defines the indoor
air environment of a room that meets the minimum requirements set by the building code.
As the requirements of the S3 class are lower, it allows a higher number of persons in a
room.

Due to the risks related to the quality of indoor air in the building, the authors present the
following key propositions:

� Facilities for active use should not be located in the basement;
� It must be ensured that the impurities in the basement do not enter the indoor air of

the upper floors;
� A lift should not be built into the basement;
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� Negative air pressure should be avoided in rooms without special ventilation needs
to reduce the risk of any pollution spread from structures;

� Placing classrooms with high requirements for ventilation in the school is
challenging; and

� Sanitary facilities require mechanical ventilation. If natural ventilation is selected,
antechambers are needed when accessing these rooms.

Even though the benefits, downsides and risks of the alternative strategies were not
accurately weighted and compared to the requirements, the evaluation indicates that A3
might be the most suitable strategy. This mechanical ventilation strategy enables the
largest number of pupils in the school together with A4, and it provides demand-controlled
ventilation. In addition, savings in energy costs might be achieved when using heat
recovery. The main downside of A4 is the large space it requires, which results in a major
refurbishment. A1 is not suitable in this location because there is high traffic density near
the school. A2 is challenging to implement in the school, as it requires spacious shafts to
avoid constant use of mechanical assistance.

Before concluding the selection of the strategy, the authors highlight the following
features still to be considered:

� The flexibility and subsequent modifications in rooms should be considered in the
ventilation design;

� The management of air flows through structures requires high accuracy especially
when using mechanical ventilation;

� The attic may be used as a location for mechanical ventilation units. However, more
accurate calculations of the suitability and load capacity of the attic are needed;

� More accurate calculations of the installation and operational costs of the alternative
strategies are needed; and

� Simulation modelling is required, especially, when designing A1 or A2.

Discussion
When choosing the ventilation strategy for a building with noted indoor air problems, a
thorough assessment of the origins of the indoor air problems is important to provide a
healthy environment for building users. A redesign of ventilation alone cannot, typically,
provide a healthier indoor environment, if the root causes, such as moisture damaged
structures and mould, are not eliminated first. In addition, a proper survey of the potential
risks related to the redesign of ventilation, including the structures and locations with
potential impurities, is required, as a major modification or replacement of the original
ventilation system often effects pressure differences over structures, which may lead to high
concentrations of microbes in the air (Airaksinen et al., 2004a, 2004b; Leivo et al., 2017).

The potential sources of indoor air problems of the case school are consistent with
previous studies. The operation of natural ventilation was deficient and unable to meet the
current standards with the current number of pupils in classrooms. Furthermore, the system
was disturbed by mechanical exhaust ventilation. Hence, it was suggested that this
inadequate ventilation contributed to the poor indoor air in the school. Naturally ventilated
classrooms are connected to an inadequate ventilation rate in several other studies,
including a study by Canha et al. (2013) and Hou et al. (2015). However, the harmful effect of
local exhaust ventilation to the functionality of natural ventilation has not been previously
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presented in literature. The results of the condition assessment reports indicated that indoor
air problems in the school are also associated with the basement. This was not a surprise, as
moisture and mould damage are common in structures with soil contact, including
basements or spaces on ground floors (Annila et al., 2018). Excess moisture wasmeasured in
several locations in the basement of the school. A moisture damaged and damp indoor
environment, resulting in high concentration of microbes, is widely connected to poor indoor
air and health symptoms, e.g. in the studies of Meklin et al. (2005) and Jacobs et al. (2014). In
addition, the use of the basement was prohibited due to the unpleasant smell of microbial
origin. A thorough refurbishment of the structures of the basement may reduce indoor air
problems in the future. However, because of the challenging environmental conditions and
highly demanding refurbishment actions, these structures require regular observation.
Hence, it might be beneficial not to place actively used rooms in the basement. Moreover, it
might be appropriate to isolate the ventilation of the basement to minimise the risk of
potential impurities from the basement entering the upper floors.

The assessment of the alternative solutions shows that the ventilation strategy has a
major effect on the number of pupils allowed in the classrooms. When a ventilation system
with mechanical exhaust and support air (A3) and a centralised mechanical exhaust
ventilation with support air (A4) enable 25–30 persons per classroom, only 20 persons are
allowed to use a naturally ventilated (A1) classroom. In the estimates, the number of pupils
near the case school will increase in the future. From this aspect, it would be beneficial to
choose ventilation strategies A3 or A4, which permit 500–600 persons in the school, instead
of A1which permits only 400 persons.

In addition to the large number of pupils that A3 and A4 permit, these strategies provide a
better quality of indoor air if they work as designed. Whereas the air rate of naturally
ventilated classrooms depends on weather, mechanical ventilation offers a higher comfort of
indoor air environment continuously. In addition, mechanical ventilation can be demand-
controlled. The choice of mechanical ventilation, instead of natural ventilation, is also
supported by a high ventilation rate, which is effective in reducing harmful health symptoms
caused by poor indoor air. For example, Seppänen (1999) suggest that a ventilation rate of
under 10 l/s per person results in health symptoms, whereas Sundell et al. (2011) andWargocki
et al. (2002) provide as high a rate as 25 l/s per person to reduce symptoms. These numbers are
much higher than the minimum air rate regulation demands. Even though the mechanical
ventilation strategies (A3 and A4) provide several benefits, they also contain serious
downsides to be considered in a building with indoor air problems. As not all of the microbes
and impurities can be removed from the structures, there is a high risk that a poorly operating
ventilation system may spread harmful pollutants into the indoor air. Therefore, the design,
installation, use and maintenance of A3 and A4 require particular accuracy, and the air
pressures indoors need to be well-managed and regularly observed.

The costs of the alternative ventilation strategies were only evaluated at a rough level in
this study. However, it was estimated that there is great variation in the installation and
operating costs between the alternative strategies. Most likely, natural ventilation has the
lowest costs in both installation and, at least, in use. The scale of the installation costs of
alternatives two, three and four will probably be about the same, whereas the operational
costs will probably be remarkably less for A2 compared to strategies A3 and A4. For
example, Chenari et al. (2016) has highlighted significant energy savings with hybrid
ventilation compared to mechanical ventilation, which supports the cost savings presented
in this study. However, it must also be noted that several authors, including Mysen et al.
(2005), Merema et al. (2018) andWachenfeldt et al. (2007), have reported remarkable savings
in total energy consumption and heat loss when using a demand-controlled mechanical
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ventilation with heat recovery compared to the use of a constant air volume system. Still, a
more accurate calculation of costs is needed to increase the validity of the evaluation.

The size of the space required for both shafts and equipment of the alternative solutions
varies remarkably. As the building has a large-sized attic and basement with no use, the
placement of the ventilation units and heat recovery equipment of A3 is rather simple,
whereas the equipment for air transferring in A4 needs to be located between the classrooms
and corridors. Hence, this alternative would reduce the size of classrooms or corridors and
require major refurbishment actions. Furthermore, A2 requires larger sized shafts than the
other alternatives. Thus, the implementation of this strategy also requires major actions. In
addition, even if natural ventilation remains, the existing shafts are potentially too small for
current use and need to be replaced with larger ones. Furthermore, the potential location of
ventilation units and ducts still need to be assessed more closely before the final decision.

As the intermediate floors and the envelope may contain microbes and other pollutants
that are harmful to health, it might be beneficial to avoid negative air pressure indoors. This
reduces the risk of spreading the pollutants from structures into the indoor air. A positive air
pressure of 5–7Pa has been shown to be effective in decreasing symptoms and discomfort in a
building with indoor air problems in a study by Vornanen-Winqvist et al. (2018). In addition,
the results of the study by Ferrantelli et al. (2019) imply that a positive air pressure does not
induce negative effects on the structures’moisture content in normally ventilated classrooms.

Even though the parameters of the alternatives, presented in the evaluation, were not
accurately prioritised, the results indicate that the mechanical ventilation strategy, i.e.
alternative 3, should be advocated. It permits a large number of pupils in classrooms and
allows later modifications in use. Considering learning outcomes, this strategy is supported
by the study of Toftum et al. (2015), which reported higher learning outcomes for pupils in
classrooms with mechanical ventilation compared to naturally ventilated classrooms. This
strategy allows a better quality of indoor air, compared with natural ventilation, especially
in this location where nearby traffic causes a high concentration of pollutants outdoors.
However, if A3 was to be implemented, the system requires proper maintenance and the air
pressure indoors needs to be regularly followed to reduce the risks of pollution entering the
indoor air from the structures.

The findings of this study aim to assist decision-making regarding refurbishment actions by
providing ventilation system alternatives and presenting considerations related to the redesign.
At the next stage, the placement of ventilation units and ducts needs to be assessed and both the
installation and operating costs evaluated. Moreover, the operation of the systems should be
examinedwith a simulation. Then, the final decision regarding the strategy can bemade.

The case study implies that the choice of the appropriate ventilation strategy for a school
building with poor indoor air is a complex task that requires a high level of understanding of
structures and their performance, air pressure; characteristics of alternative ventilation
strategies and risks. Irrespective of the selected strategy, it might be appropriate to choose a
solution that permits modifications in the use of the rooms afterwards. Hence, the ventilation
of the rooms should not be designed strictly for the current use only. On the basis of the
findings of this study, the authors provide the following viewpoints to facilitate the planning
of the ventilation strategy of a school with low quality indoor air:

� The starting point of a ventilation redesign is a thorough investigation of the
sources of poor indoor air quality and the occupants’ symptoms;

� Compared to natural ventilation, mechanical ventilation permits a much larger
number of pupils in classrooms;

� The air flow rate and level of pollutant concentrations are easier to control by using
mechanical ventilation compared to natural ventilation;
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� Natural ventilation has small operating costs and low energy usage compared to
other ventilation strategies;

� The use of mechanical ventilation requires regular maintenance and monitoring air
pressure differences;

� The functionality of natural ventilation is often poor if it is disturbed by local
exhaust ventilation; and

� Future modifications in the use of rooms and the flexibility of technology and
equipment should be considered when planning the ventilation strategy.

Conclusions
Alternative strategies to redesign ventilation in a school with indoor air problems were
studied by conducting a case study. Four alternative strategies were generated and evaluated
for decision-making regarding refurbishment in an early project phase of the studied case
project. The notable viewpoint with these alternative solutions for organising ventilation in
the school is the great variation in the number of users that each solution permits. Mechanical
ventilation strategies may permit a number of occupants in a classroom up to 50% higher
compared to a naturally ventilated classroom. Compared to hybrid ventilation, mechanical
ventilation may permit 20% more occupants. Although this feature is useful in areas of
growing population, mechanical ventilation strategies also contain serious challenges, which
need to be managed in a building with indoor air problems. Faulty functionality of the
systemsmay increase indoor air problems, as harmful pollutants, such as microbes, may enter
from structures into the indoor air as a result of changes in air pressures over structures. Thus,
the adoption of mechanical ventilation requires high expertise in the design and use and
regular monitoring of air pressures. The total costs vary greatly between the alternative
strategies. The operational and maintenance costs of natural ventilation are marginal
compared with the cost of mechanical ventilation. However, heat recovery and demand-
controlled ventilation brings savings in energy costs in mechanical ventilation.

As the study seeks to demonstrate the decision-making process in ventilation redesign,
the results are based on the data gathered at the project planning phase instead of realised
values. The research provides a set of features to be considered and addressed when
planning a ventilation strategy in the early project phase. Hence, it may be beneficial to
building owners and municipal authorities who are engaged in planning a refurbishment of
a building with indoor air problems.
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