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INTRODUCTION

The health, well-being and performance of people depend to a significant degree on the
indoor environmental quality (IEQ) of buildings [1], given that people spend approximately
90% of their time indoors. Our aim in this study was to find quantitative evidence of the
beneficial impact of factors that contribute to indoor environmental quality resulting from
energy renovation or construction of high energy performance buildings, and then put a
value on these benefits. This study builds on the 2017 analysis by Buildings 2030 and BPIE:
"People-Centric Buildings for European Citizens"[2].

Suitably heated and cooled buildings will avoid
drowsiness and help people to stay healthy and
focussed. Achieving and even improving upon
recommended levels for air quality such as minimum
requirements for CO,, particulate matter and volatile
organic compounds reduces the likelihood of sick
building syndrome (see box). Adequate lighting
improves activity levels, general health and sleep. Noise
attenuation enables us to focus better and alleviates
stress.

WHAT IS SICK BUILDING SYNDROME?

Some people suffer a range of symptoms as a result
of staying a long time in a particular building, typically
a workplace, with a poor quality indoor environment.
The types of ailments experienced could include one
or more of the following: headaches; blocked or runny
nose; dry, itchy skin; dry, sore eyes; rashes; tiredness; and
difficulty concentrating.

This review covers findings in three indoor
environments, namely schools, offices and hospitals.
Together, these three types of buildings make up
nearly half the EU's stock of non-residential buildings
by floor area. Although there are similarities between
them regarding the impact of IEQ on performance,
absenteeism and health, there is a substantial difference
between them in terms of activities in the buildings, air
pollutant sources and occupants (e.g. children, healthy
adults, sick people). To ensure due consideration of
these differences, the studies were assessed individually
by building type.

Figure 1 Components of indoor environmental quality (IEQ)
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SCOPE OF THE STUDY

This study seeks to answer the following question:
What are the quantified benefits of people-centric
renovation of offices, schools and hospitals? This
research takes the first step in defining, measuring,
quantifying and monetising the impact of indoor air
quality, thermal comfort, acoustics and lighting on
students, office workers and patients across Europe.

Even though several components of IEQ have been
individually studied in different building types, a
common extrapolation methodology and metrics for
quantifying the effect of each parameter on human
outcomes (performance, absenteeism, health, etc)
has not to date been developed in the international
literature.



APPROACH

The principal interests in this study are the health, well-being and performance of students,
patients and office workers. We adopted a four-step approach, as outlined below.

SECTION 4-STEP APPROACH

METHODOLOGY FOR IMPACT
QUANTIFICATION: : IDENTIFYING AND LINKING BENEFICIAL
SCHOOLS, : IMPACTS OF IEQ ON PEOPLE

Broad literature review
OFFICES,

HOSPITALS

IOREES

ﬁ QUANTIFYING HEALTH, EDUCATIONAL AND
. PERFORMANCE BENEFITS

In-depth literature selection and calculation

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

41 EXTRAPOLATING QUANTIFIED BENEFITS
ke : TO EUROPE
: Calculating average impacts over a full year

°
© ©00000000000000000000000000000000000000000000000 $00000000000000000000000000000000000000000000000000000
.

MONETISATION @

PUTTING A MONETARY VALUE ON THE BENEFITS

Monetising and interpreting the benefits in terms of
time savings and improved performance
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This study considers performance impacts that are measured in various ways. Performance
is the ability of an individual to undertake physically and mentally demanding tasks.
Accuracy and speed are the principal aspects of human performance that are usually
considered when assessing the relationship between IEQ and performance [3]. It should be
emphasised that this study does not take into account discussions on proper measurement
of academic or work performance. Nevertheless, it considers educational achievement tests
and neuro-behavioural performance tests as relatively objective indicators of learning or
performance in schools and offices. Despite their limitations, these tests can be considered
more accurate than subjective assessments of performance [4].

Health in schools and offices is measured mainly
through the indicator of absenteeism. Some studies
differentiate  between illness-related and non-
illness-related absenteeism. For schools in particular,
absence is often used as an indicator of health effects
and may be related to asthma, allergies or respiratory
illnesses [3]. Absenteeism can have an impact on
educational attainment since reduced attendance
and missing key lessons may impair learning [4].

Well-being includes the satisfaction and comfort of
the people in a building, whether they are working,
studying or recuperating from illness. It is measured
through surveys and employee turnover rates. Well-
being is closely linked to health; the indicators for
sick building syndrome, for example, can also be
interpreted in the sense of well-being. In this research,
we accounted for sick building symptoms in the
assessment of health impacts.

To capture the measurement of I[EQ on the one hand
and its impact on people on the other, we explicitly
selected studies providing a quantification (or at
least a thorough qualitative association) of both the
indoor environment and its impact on people [4],
with respect to their health, comfort, performance
and absenteeism. Our approach has been to create
a robust methodology by collecting findings from
strongly designed studies (i.e. controlled, randomised)
with quantitative outputs, including meta-analytic
reviews. Aggregated results were selected based
on the size of the sample (ideally over 100 subjects),
the type of outputs (quantitative or qualitative) and

their methodology. We focused on the effects of
temperature, ventilation rates and CO,, light and
acoustics on performance and health.

The studies differed significantly in methodology
and the ways in which findings are expressed, both
in terms of human outcomes and environmental
factors. In order to synthesise the evidence extracted,
we homogenised the findings on the effect of certain
per unit changes (e.g. per decibel) in each of the IEQ
parameters.

The research clearly demonstrates that poor indoor
environmental quality can affect students’ health,
attendance, concentration and learning performance.
Students spend a substantial amount of their day
indoors and a great amount of that time is spent in
school classrooms [5]. Children are highly vulnerable
to health effects and indoor air pollution, as they
breathe a greater volume of air relative to their
body weight compared to adults and their bodies
are still developing. In addition, the occupancy
density in classrooms is much higher (1.8-24 m?/
person) in comparison to offices (10m?/person).
Alongside homes, schools are the most crucial indoor
environments affecting children’s health, learning and
well-being [6].

BUILDING 4 PEOPLE: METHODOLOGY AND RESULTS 7



EFFECT OF TEMPERATURE

There is evidence that elevated indoor temperatures in
schools are associated with impaired performance. The
European standard for indoor design parameters, EN
15251:2007, recommends values of 20°C and 26°C for
winter and summer, respectively. However, individual
Member States have values ranging from 15°C to 21°C
(winter) and 25-28°C (summer) in their norms.

We identified six studies ( [3], [7], [8], [9], [10], [11]) that
provided a correlation between certain temperature
ranges and students’ performance. To synthesise
the evidence extracted from these studies, we
homogenised the findings on the effect of 1°C
decrease in overheating on student performance. To
come up with a standard metric from all studies, we
used the upper and lower limits across the reported
evidence in both temperature and performance. Our
synthesis of these studies reveals that:

Every 1°C reduction in overheating
increases students’ learning
performance by 2.3 %

EFFECT OF INDOOR AIR QUALITY?

é
In addition to excess temperature, the analysed studies
(131, [71, [9], [12], [13], [14], [15]) associate inadequate
ventilation rates with impaired performance. Due
to the difficulty and large cost of measuring specific
air pollutants, CO, concentrations are often used as
an indicator of indoor air quality?. Because available
results for other pollutants are limited, our analysis
is based largely on CO, concentrations. In addition,
the methodology and uncertainty of calculating
ventilation rates is not always clear. Certain studies
such as [7] and [12] refer to the performance increase
per litre per second per person (I/s/p) while others
give a range of performance impact across a range
of ventilation rates. (low: <6 I/s/p, moderate 6-10
I/s/p, medium 10-15 I/s/p, up to high: 15 I/s/p [16, p.
3)). To synthesise the evidence across these studies,
we homogenised the findings on the effect of 1 1/s/p
increase in ventilation rates in students’ performance.

Effect on performance

For every 1 litre per second per person

(I/s/p) increase in the ventilation rate

up to 15 l/s/p, academic performance
increases by 1%

()
Effect on absenteeism (‘6
Absenteeism is often used as an indicator of

students’ health condition, even though attendance
patterns result from a complex interaction of several
parameters [17]. Studies have shown that high CO,
concentrations corresponding to low ventilation rates
result in concentration loss, tiredness and decrease
in daily attendance rates. To synthesise the evidence
across these studies, we homogenised the findings on
the effect of a decrease in CO, concentrations of 100
parts per million (ppm) on student absenteeism.

Every 100ppm decrease in CO,
concentration is associated with
a 0.5% decrease in illness-related

absence from schools

EFFECT OF LIGHTING -,@\-

The benefits of various lighting strategies (active or
passive) have been corroborated in multiple studies
[18], [19], [20], [21], though only a small portion of the
literature aims to link lighting to quantifiable benefits.
Typically, studies tested how students performed under
different light settings. Performance was measured
through reading skills (speed/reading fluency) or a
test of their level of concentration. In order to compare
different studies with different results, we standardised
the performance improvement per 100 lux, as follows:

Every 100 lux in improved lighting
in schools is associated with
a 2.9% increase in educational
performance

! While this analysis looks at ventilation rate and CO, concentration, we recognise that indoor air quality covers other aspects beyond these.
2 People exhale CO, when breathing, so if the air exchange rate is insufficient, CO, concentrations rise, and the air gets stale. Opening windows can increase
the air exchange rate and reduce CO, concentrations, though potentially at the expense of raising other pollutant levels from outside, depending on the

location of the premises.

8 BUILDING 4 PEOPLE: METHODOLOGY AND RESULTS



On daylighting, studies ([22], [23], [24]) typically
compared memory tests at different daylight levels.
Daylight illumination, which clearly differs in the
course of a day and year, is typically measured at desk
level. The elimination of glare is essential to benefit
from daylight.

Better daylight is associated
with a 9% to 18% increase in
educational performance

@

There has been a great deal of research into the
effects of noise/acoustics on children’s learning and
performance at school. Most of these studies focus
on how external noise affects children’s cognitive
development. In addition, several studies have
investigated how noise affects well-being in schools. It
has been concluded that "A major effect of noise in the
classroom is the reduction of speech intelligibility, and
the hearing and understanding of speech by children of
different ages, in various noise and acoustic conditions,
is a related important research field[25].

EFFECT OF ACOUSTICS

In investigating the effects of environmental noise on
children, awide range of attainments and performance
factors have been considered. Performance is
predominantly measured through reading/literacy,
concentration, mathematics and memory. Studies
conclude that the effects of ‘chronic noise exposure on
children are deficits in sustained attention and visual
attention; poorer auditory discrimination and speech
perception; poorer memory for tasks that require high
processing demands of semantic material; and poorer
reading ability and school performance on national
standardised tests"[25].

Noise in classrooms comprises both external noise
([26], [27], [28]) transmitted through the building
envelope, including windows and doors, as well as
noise generated within the school. A renovation can
almost fully shut out external noise and alleviate the
internal noise.

For every 1 dB decrease in excess
noise, academic performance
increases by 0.7%

OFFICE

A

Today, many Europeans working in offices suffer from
adverse health effects and lower performance due to
an inadequate indoor environment. Over 80 million
adults work in an office environment, meaning that
one in every six Europeans spends around eight
hours each weekday in an office. Improving office IEQ
would not just lead to healthier people and increased
well-being, but also boost overall performance. This
effect derives from better temperature and air quality,
light and noise, as well as the ability to control these
elements.

EFFECT OF TEMPERATURE

The literature review identified studies that measured
the performance of people under different
temperature conditions.? The studies differ in setting
the temperature (active or just measurement;
temperature range), in measuring the performance
(during everyday work or specific tests), and in the
comparison of the improved temperature with a
control setting (same group, different group, or a
random distribution of people). There were also
studies based on self-assessed performance; however,
these cannot be considered within our analysis as we
only take measured performance results into account.
All of these studies focused on overheating.

To compare the different studies, we derived the
performance increase per degree Celsius asa common
metric. The studies ([29], [30], [31], [32], [33], [34], [35])
were screened for the high and low temperatures
that were used or measured in the study. The total
performance increase measured in the study was then
divided by the difference between the high and low
temperature to obtain the performance increase per
degree Celsius.

Every 1°C reduction in
overheating increases a worker’s
performance by 3.6% [36]

3

Only studies that measured the temperature improvement and the performance change were considered.

BUILDING 4 PEOPLE: METHODOLOGY AND RESULTS 9



EFFECT OF INDOOR AIR QUALITY %

The ideal indoor air contains fresh air with low levels
of CO,, particulate matter, volatile organic compounds
and other pollutants from either outdoor or indoor
sources. Indoor sources may be from machines such
as printers and computers but also from carpets,
furnishings and exposed building materials. If the
source cannot be removed, one way to clean the air
is ventilation with a good filtration system. A common
ventilation rate in an office would be about 4 I/s/
person, up to a maximum of 15 I/s/p. [16, p. 3]. The
studies ([14], [37], [33], [38], [39], [40Q], [41], [42], [43],
[44], [45], [46]) showed:

Every 1 l/s/p increase in
ventilation increases a worker’s
performance by 0.8%

EFFECT OF LIGHTING ',9\'

The literature on lighting is substantial in scope;
however, only a small portion seeks to link lighting
to quantifiable benefits in health, comfort and
performance. The benefits of various lighting strategies
(active or passive) have been corroborated in multiple
studies. The reports considered in this section are a
small proportion of studies that present a significant
and quantified relationship between light and health/
well-being/performance. Typically, studies tested
different light settings and how employees performed
under different settings; for example, through how fast
workers conduct a certain task.

In order to compare different studies with
different results, we standardised the performance
improvement per 100 lux, from different studies ([47],
[48], [49]), as follows:

Every 100 lux increase in lighting
level increases a worker’s
performance by 0.8%

On daylighting, studies typically compared call times
in call centres and memory tests at daylight levels. The
daylight component also potentially includes a view.
lllumination from daylight and electric light can be

10 BUILDING 4 PEOPLE: METHODOLOGY AND RESULTS

quantified separately but both contribute to internal
light levels. The elimination of glare is essential to profit
from daylight experience and the view. As daylight
measurement differs between the studies ([50], [51],
[52]), we averaged the performance improvement to
conclude that:

Better daylight is associated on
average with a 10 % increase in
performance

(p

Literature on acoustics was relatively poor by
comparison with other parameters, and frequently
focused on the acoustic disadvantages of open-
space offices. From the limited results available ([53],
[54], [55]), we conclude that:

EFFECT OF ACOUSTICS

For every 1 dB decrease in
the excess noise, performance
improved by 0.3%

HOSPITALS ‘

For hospitals, there was a lack of data connecting the
indoor environmental parameters with measurable
outcomes. Accordingly, the results presented here are
from individual studies.

Among the quantified benefits of improved indoor
environmental quality in hospitals, we found:

- Patients’length of stay can be reduced on aver-
age by 11% ([56], [57], [58], [59])

- Medication costs are reduced by up to 21% ([61])

- Reducing noise levels has positive effects on
heart-rate, pulse, respiration and sleep

- Mortality rate is reduced by up to 19% ( [57], [60])
- Employee turnover is reduced by up to 20% ([60])



This section describes how we took the average results presented above and modelled them
into achieved and achievable percentage improvements in performance/productivity. The
description relates to offices, though a similar calculation was undertaken for schools. As
noted earlier, the paucity of results for hospitals meant that it was not possible to carry out
the same exercise. Instead, the results for hospitals are based typically on a small number of

studies, and in some cases individual studies.

In the discussion below, the “‘improvement” relates
to a comparison between a building with a high IEQ
and a standard building. While a number of studies
compared “before and after” renovation impacts in
the same building, results have also been included
that compare the performance of an existing building
with that of a new construction, or a newly renovated
building. It was not possible to derive a correlation
between the level of renovation and the resulting
improvements.

Certain impacts are seasonal and geographically
specific - for example, overheating would only
normally occur in summer months; and full
daylighting for normal office hours would not be
available in the winter months, particularly in northern
latitudes. For such seasonal variables, we applied
an average monthly duration for the impact (eg.
reduction of overheating) and applied the percentage
improvements identified earlier on a pro rata basis to
give an average for the year.

TEMPERATURE

The average reduction in overheating across Europe is
assumed to be 6°C during the summer period which,
depending on location, varies from four to seven
months of a year. When averaged over a year, this
equates to 2-3°C. Based on the evidenced tests, each
degree-Celsius improvement is associated with a 3.6%
increase in performance (see section 3b), so the overall

performance increase is 7-12%.

The average indoor air quality improvement across
Europe is assumed to be an increased ventilation
rate of 4-7 litres per second per person throughout
the year. Based on the evidenced tests, each 1 I/s/p is

INDOOR AIR QUALITY

associated with a 0.8% increase in performance, so the
overall performance increase is 3-6%, depending on
location in Europe, with the higher values applicable to
buildings with high levels of pollutants, such as those
near busy roads or heavy industry, or with significant
internal sources of pollution.

LIGHT ’@‘

The average light improvement across Europe is
assumed to be in the range 800-1200 lux during the
winter months when there is inadequate daylight
throughout the normal working day. On average
across Europe, this equates to five months of the year.
The light improvement, when averaged over a year,
is then 333-800 lux. Based on the evidenced tests,
each 100 lux improvement is associated with a 0.8%
increase in performance, so the overall performance
increase is 3-6%, depending on location in Europe,
with the higher values applicable to northern parts of
Europe with longer winters and less solar influx.

(D

The average noise attenuation across Europe is
assumed to be 5-10db for offices throughout the
year. Based on the single evidenced test, each decibel
improvement is associated with a 0.3% increase in
performance, so the overall performance increase
is 1.7-3%. Please note that, while many research
papers ([62], [63], [64], [65], [66], [67]) argue that
noise has a significant impact on health, well-being
and performance, they do not quantify the different
acoustic environments and their impact and so have
not been included in our analysis.

NOISE

BUILDING 4 PEOPLE: METHODOLOGY AND RESULTS
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Having identified the percentage improvements for temperature, indoor air quality, lighting
and noise, the next challenge was to extrapolate these results to the rest of Europe and,
where possible, derive a monetary value. This section describes the approach taken in the
three building types covered by this study. Unless otherwise stated, all data is taken from

Eurostat.

OFFICES ‘

In order to quantify the theoretical value, at a
European scale, of the benefits of performance
increase resulting from renovation of offices, the
following steps were taken:

1. Identify the performance improvement (% range)
resulting from improved indoor environmental
quality (see section 4 above).

2. Multiply this by the average value added per
person working in an office environment across
the EU to derive a “per person” value of the
performance improvement.

3. Multiply this by the number of people across the
EU workforce employed in offices.

4. From this figure, net off the proportion of offices
already renovated or recently built to high IEQ
standards.

Clearly, any attempt to extrapolate from a limited
number of case studies to the whole of Europe will
be subject to a significant degree of uncertainty. For
example, the available literature is only from a limited
number of Member States (mainly northern and
western countries),and one cannot necessarily assume
that the same results will, on average, be achieved in
all countries. Furthermore, while the performance
improvement may translate, at the level of an
individual enterprise, into more output and greater
profit, it cannot be assumed that the same impact will
be achieved across all enterprises throughout Europe.

Eurostat data was used to identify the value added
per person, expressed as gross value added (GVA)*.
This varies according to the type of employment.
Unfortunately, Eurostat does not identify a distinct
‘office” category. Instead, it was necessary to select
those employment sectors where employees are
largely office-based. The four sectors are: Information
& communication; Financial & insurance; Professional,
scientific, technical, administrative & support services;
and Public administration, defence, education, human
health & social work. Together, these account for 98.9
million EU citizens. The weighted average value added
per person equates to €52,000 p.a. The value of a 1%
improvement in productivity is then €51.5 billion per
year across the whole cohort of employees in these
four sectors.

However, as noted earlier, not all employees in these
sectors will be office-based. Another source, “Healthy
Homes Barometer 2018" published by Velux [19],
estimates that 36% of the European workforce is
deployed in offices, ie. 81 million. For the purposes
of the present study, we will use the lower figure and
scale back the gross performance improvements
accordingly. This gives €42 billion p.a. as the theoretical
value for every 1% improvement in performance in
offices. This is then reduced by 5% to recognise the
small proportion of buildings that are already optimal
in terms of IEQ. The figure then used in the results is
€40 billion p.a. per 1% improvement in performance.

4 Also known as real labour productivity.

12 BUILDING 4 PEOPLE: METHODOLOGY AND RESULTS



SCHOOLS

For schools, we gathered the number of schooldays
for the different European countries and found the
average to be 185 days per year. This means that each
day at school is approximately 0.5% of the school year.
Therefore, a performance improvement of 4-7% for
air quality, for example, is equivalent to approximately
8-13 school days saved. In other words, the same level
of learning could be achieved in an academic year that
is approximately two weeks shorter, freeing up time for
additional study, extra-curricular activities or holidays.

We considered various ways to monetise the
performance improvement, but could not pinpoint
sufficient evidence to quantify the school performance
benefits. Nor is there any evidence to suggest how the
saved time would be used in practice. Among the
options we considered were:

« The financial savings from having a school year
that is two weeks shorter

« The additional earning potential of students who
receive the equivalent of two weeks' additional
teaching per year

« The income generated by two weeks” worth of
extra-curricular activities such as sport, music/
dance lessons or learning a new skill

« The health and well-being benefits of teachers
and other staff in the school

We conclude that, while there is a range of potential
benefits from improved performance in schools, we
are unable to ascribe a financial value to them given
the current level of knowledge in this area.

‘ HOSPITALS?®

A

For the purposes of determining the value of the
benefits in hospitals, the key metric we have selected is
the average length of stay (ALOS). This is a recognised
parameter used by the sector, with good data over
many years covering most EU Member States. It is
also a parameter that has been measured within the
various studies into the impact of building renovation.

Calculating the theoretical value of the health benefits
in hospitals involves the following steps:

1.Quantify the average percentage reduction in
ALOS resulting from building renovation.

2.Compare this with current levels of ALOS to
determine the actual number of days' reduction
in ALOS.

3. Extract data on number of hospital beds and
expenditure on hospitals. From this, derive an
average cost per bed per day.

4. Extract data on number of in-patients treated
annually.

5. Multiply the number of patients by the number of
days saved and the daily cost per bed to give the
gross value.

The theoretical value of the benefit of improved
daylighting, which reduces ALOS by 11%, is €42 billion
annually across the EU® The equivalent value for the
10% ALOS reduction from improved indoor air quality
is €38 billion.

These theoretical savings assume that the number of
hospital beds and the corresponding expenditure are
reduced in line with improvements in [EQ. In reality,
the benefit is likely to be used at least partially by
treating more patients, treating patients more quickly
than would otherwise be the case, or enabling greater
efficiency in hospital operation. These benefits should
also be considered against the backdrop of EU trends
that show increasing expenditure on hospitals even
though the number of hospital beds and average
length of stay are decreasing.

5 The results presented here refer to hospitals where patients are kept in overnight. They do not include day clinics or other types of healthcare facilities.
6 Please note that Eurostat did not provide data for Greece, Malta and The Netherlands, so the figures represent the total for 25 EU Member States

BUILDING 4 PEOPLE: METHODOLOGY AND RESULTS
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GAPS AND AREAS OF FURTHER
RESEARCH

Over the course of this project, our research has
identified several gaps in the current state of people-
centric building research, summarised below:

1. There is a lack of holistic, longitudinal studies
set in real environments that measure all
indoor environmental parameters and their
impact on people, while excluding other
influences.” While a number of studies focus on
single technology aspects (e.g. acoustics), few
explore the interaction between technologies
and their combined impact on people’s health,
well-being and performance. We have the single
technology results but no study that makes sense
of how they compare or interact.

2. People’s performance/productivity is defined
andmeasuredverydifferently. The measurement
methods include tests ranging from cognitive
performance or ability to memorise, to standardised
tests in schools. Cognitive performance tests in real
work environments were performed mainly in call
centres, where the tasks were relatively standard and
less challenging to measure. Moreover, our research
identifies only one study [73] set in real work
environments, in 10 buildings across 5 cities. Such
studies are expensive and resource intensive. Lastly,
very little evidence exists for measuring productivity
of people engaged in creative tasks such as writing
or developing and implementing ideas. Overall,
while there are numerous studies quantifying the
impact of temperature, indoor air quality and light
on workers'and students'performance, the method
of measuring and defining performance differ
significantly.

3.The duration of studies varies which results

in a lack of consistency when it comes to
methodology and impact. Very few studies
quantify the impact over one year to account for
seasonal changes.

4. A large set of evidence comes from outside the

EU, covering a variety of climate zones and building
types.

5.Technologies and building types are not

evenly represented in the research. Numerous
studies have quantified the impact of temperature,
indoor air quality and light on workers'and students’
performance. Thereis significant evidence that noise
impairs student learning and work, but the impact is
more difficult to evaluate, as the variation in noise is
higher (@and combines internal and external factors).
Furthermore, the impact on patients and personnel
in hospitals remains under-represented within the
literature found.

According to a comprehensive
book on sick building
syndrome [72], there are few
experimental or longitudinal
studies on health effects of

the school environment. In

one four-year longitudinal
study, it was found that the
school environment had an
influence on the development of
asthma [69]. Meanwhile, two
intervention studies in schools
have shown the beneficial effect
of increasing ventilation ([70];

[71]).

7 Other factors may be a change in management, varying personal performance
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CONCLUSION

This study is an important milestone in the monetisation of the sectoral and economic
impact ofimprovementsinindoorenvironmental quality in European publicand commercial
buildings. A significant body of evidence points to clear, quantifiable benefits in terms of
health, well-being and performance resulting from improving the indoor environmental
quality of schools, offices, and to a lesser extent, hospitals. Policy makers and professionals
in the building sector, from real estate owners to building managers, are advised to factor
in these benefits when appraising energy renovations or commissioning new buildings.

There remain significant gaps in the knowledge base, while the extrapolation and
monetisation of the impacts is still a new area which requires more research and evidence
gathering. We acknowledge the limitations of the results and call for increasing efforts to
address the data and knowledge gaps in people-centric buildings research.
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