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Abstract
This dissertation was written as a part of the MSc in Energy Systems at the International
Hellenic University. Here goes a summary of the dissertation.
The first part of the dissertation presents the literature review and the theoretical
background of the study. It includes the main aspects of indoor environment conditions
such as: indoor air quality, thermal comfort, acoustic comfort, visual conditions,
ventilation and Sick building syndrome. Also presents potential influence of those
indoor conditions on occupants’ productivity and performance. It includes a short
description of bioclimatic architecture and some of the main green building rating
systems (LEED and BREEAM).
The second part of the dissertation presents our survey (Post occupancy Evaluation)
which has been conducted in International Hellenic University’s building A, an
analytical study with aim to help us, improve indoor conditions while at the same time
provide critical data and information for future building design and operation
improvement. The second part includes a detailed presentation of many workplaces
(offices and one Lab) accompanying with data and results obtained from measurements
and questionnaires.
The third part presents our conclusions and some proposals for further improvement of
building’s indoor environment.
At this point, I would like to express by deepest gratitude to my advisor Dr. Isaac A.
Meir, Associate Professor at Ben-Gurion University of the Negev for his excellent
guidance, help, patience, and providing me with an excellent atmosphere for doing
research.
I express my warm thanks to Dr. Georgios Martinopoulos for his help and support.
Finally I would like to thank my family and my friends. They always support me with
their advices.

Ierodiakonou Ch. Stylianos
20/11/2014
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1. Introduction
From the ancient years buildings are used by humans as accommodation and for shelter.
Buildings have developed with time. During the Stone Age humans used caves or
temporary structures as residence due to the need for frequent relocation. In the
Neolithic period we can observe the first structures to be used as permanent residence
for humans. Since then many changes have occurred to reach today’s type of building.
In building’s history we will meet various types of buildings.
Ancient manuscripts present human needs for improvement of indoor conditions as well
as thoughts for the best exploitation of natural sources of energy to ameliorate the
building’s indoor environment. Socrates, the Athenian philosopher (470/469 BC – 399
BC) has defined as optimum residence that in which prevail warmth in winter and
coolth in summer. Olynthus, an ancient city in Chalcidice in Greece, and Priene, an
ancient Greek city in Asia Minor were among the first “solar cities”. These were
constructed aiming to increase solar gains in winter (south orientation on east-west
axis).
It is obvious that the conditions that prevail indoors, exploitation of natural energy
sources, and occupant comfort are not new problems. An additional problem that we
have in current years is the uncontrolled energy consumption. A major part of global
energy consumption comes from building sector. At the same time the demand for
comfortable indoor conditions has increased. However, this continuously increasing
need for more comfortable indoor conditions clashes with the need to reduce the energy
consumption.
Post Occupancy Evaluation (POE) is an analytical study that is conducted after a
project’s commissioning and can help to improve indoor conditions while at the same
time provide critical data and information for future building design and operation
improvement.
POE combines a variety of methods and tools like occupant satisfaction questionnaires,
measuring and monitoring indoor conditions, observational walk-through of the
building in order to identify design construction and operational problems, indoor air
quality and thermal performance. POE also investigates subjective and interactional
building aspects like construction details and the relation between building and
environment.
[6]

In this thesis we will try to answer the following research question: How construction
details (such as lack of insulation) and internal conditions of a conventional education
building affect its occupants and how such conditions are perceived by the occupants?
We shall carry out a post occupancy evaluation in Building A of the International
University of Thessaloniki. The POE will consist of:
 Questionnaires to be administered to occupants aiming to identify the
perception of the indoor.
 Observations of and walk-through indoor and outdoor spaces of the
building.
 Previous investigations of the building.
 Spot measurements and medium term monitoring in order accurately
determine

the

indoor

conditions

using

electronic

thermometers,

hygrometers, light meters and thermal cameras.
Based on the questionnaires, observations and measurements (spot and medium term)
we will try to determine the impact of the building’s indoor conditions on the occupants.
The results obtained from the above procedures may highlight mistakes in the
construction and/or operation of the building. For instance, errors in the orientation of
the building, the orientation of windows or even mistakes in building management and
operation, such as ventilation system , wrong workplace design and planning ,
problematic lighting or acoustic conditions etc. Objective measurements (electronic
equipment) will be compared with subjective results (questionnaires) to identify the
reasons for possible discrepancies between them.

[7]

2. Theoretical background of the study

2.1. Building and Energy Consumption
Increasing energy consumption is one of the most pressing problems of modern
societies. National ministries and international organizations make efforts to define a
reference frame for the informed consumption of energy.
Energy consumption from fossil sources affects climate change and global warming.
These can lead to irreversible changes to the planet and damage to the humans.
Estimations show that the primary energy consumption and CO2 emissions have
increased by about 49% and 43% respectively between 1984 and 2004 and this trend
will be continue [1].
Estimations of CO2 emissions from the building sector show that in 2035 these will
reach 42.4 billion tones globally [2]. In the effort to prevent decisive consequences an
action framework titled Kyoto Protocol was signed by 191 countries. The Kyoto
protocol commits participating countries to reduce energy consumption by 20% until
2020, among other.
Buildings (domestic and non-domestic) are one of the main consumers of energy
worldwide. It is estimated that approximately 31% of global energy demand, 20-40% of
primary energy consumption and 30% of CO2 emissions in developed countries are
connected to the building sector [3]. Among non-residential buildings, office and retail
buildings account for about 50% of the entire sector’s energy consumption. 50% of this
energy consumption is invested in heating, ventilation and air conditioning systems,
15% in artificial lighting needs and 10% in office appliances [1].
In European countries the percentage of the energy consumption by and in the building
sector accounts for about 40% of final energy consumption (in 2004 energy
consumption from building sector accounts for 37% of final energy consumption ,
higher than both industrial and transport sector) [1] and varies between countries. For
instance, in Portugal it was 20%, in Ireland 45% and in Greece 30% [4].
In the U.S. the energy consumed by the building sector accounts of 40% of the total
primary energy,22% for residential buildings and 18% for commercial buildings. The
[8]

most energy-intensive activities in residential buildings are: space heating 28%, space
cooling 15%, domestic hot water 13%, and lighting 10%, and for the commercial
buildings lighting 20%, space heating 16%, space cooling 14% and ventilation 9% [3].
Especially buildings which use mechanical heating, ventilation and air conditioning
systems (HVAC), such as office buildings, have a significant impact on increased
energy consumption and as a consequence on environment impacts (climatic change,
greenhouse effect and global warming). In developed countries HVAC systems are the
major energy consumer and account for of approximately 10 to 20% of the entire energy
consumption of those of building types [1]. This can be attributed to the increasing
demand for office buildings and to the longer time that people spend inside them.
To understand the energy expended due to the buildings it is not enough to measure or
calculate the amount of energy consumed in them. To correctly estimate the amount of
energy consumed by buildings a life cycle analysis (LCA) of them should be performed,
from the production of materials until demolition.
As mentioned above, the time that people spend indoors is significant (90% of their life
time), either in their homes or in work buildings. The increased time people spend
indoors has made the need for improvement of indoor environment quality (IEQ)
imperative. The IEQ can affect negatively or positively the occupants’ performance and
their health.
In order to reduce the building’s energy consumption without affecting the comfort of
occupants it is essential to make our buildings more efficient. Reducing energy
consumption isn’t feasible only by lowering energy expenditure of buildings or reducing
the quality of indoor environment. The basic idea in reducing the energy consumed in
buildings and improve IEQ is the “creation of Green Buildings” which is based on the
“sustainable architecture” and “bioclimatic design”.
The objective is to determine the relationships between the building and its
surroundings, the implementation of up to date knowledge, use of natural energy (solar,
wind etc.), while creating a comfortable indoor environment for the occupants.

[9]

2.2.

Bioclimatic architecture

Bioclimatic architecture or bioclimatic design is an approach that takes in to account the
interactions between the building and the environment. It is an interactive building
design which combines data related with the building such as location, usage,
orientation, and shape, with the use of natural resources, local climate and
environmental conditions, all aimed to achieve indoor comfort conditions. This is often
achieved at no extra construction or operation cost.
Bioclimatic architecture can be a feasible solution to the problem of increased energy
consumption of the building sector and for the improvement of IEQ. Some of the main
issues which bioclimatic architecture focuses on are: heat gains for the environment
(solar), natural lighting, wind use for comfort and structural cooling etc.
An essential part of the bioclimatic architecture is that it combines various building
aspects such local climate, local topography, building’s orientation, site location,
fenestration etc. The Technical Chamber of Greece (TCG) in their guidelines handbook
gives an extensive guide of which aspects of the building should be carefully considered
before and after the building's construction. The main objective is to adapt the building
construction to the local environment/ climate, to ensure that comfortable conditions
indoors buildings can be achieved with the use of natural resources. Four goals can be
achieved through bioclimatic architecture:
 Reduction of the dependence of fossil fuels
 Creation of financial savings
 Reduction of environmental pollution
 Improvement of IEQ and microclimate
Some parameters that should be taken into consideration by architects, civil engineers
and mechanical engineers that are responsible for building design and construction,
operation and maintenance are given by the TCG [5].

[10]

2.2.1. Local climate and local topography data
Local Climate: temperature, solar radiation, winds (winter and summer), and relative
humidity must be taken into account during the design and construction phase of a
building. Solar energy in winter, cool winds in summer are some ''economic free'' gains
that should be exploited in order to reduce the building's energy consumption and
improve indoor conditions.
Local Topography: the terrain of the area in which the building will be built may
adversely affect the operation of the building. Soil slope and anomalies, natural
obstacles like local vegetation and hills can create undesired shadings in winter and
consequently increased need for heating needs. Additionally, they may block needed
summer breezes thus causing auxiliary cooling demand.
There are four basic principles of bioclimatic design and sustainable architecture:
 Collect freely available energy (winter sun, cool summer breezes)
 Store it.
 Distribute it and use it when needed
 Minimize uncontrolled heat exchange with the environment through
radiation, conduction and convection control (shading, insulation, and airtightness).
General guidelines relevant with bioclimatic design are given by the TCG.
2.2.2. Building orientation
Building orientation can play a major role in energy efficiency and on the visual and
thermal conditions that prevail indoors. Carefully orientation can ensure the use of free
energy sources. In Greece the larger façade of the
building should be south oriented in order to take
advantage of winter solar energy and natural
lighting, and the ability to shade it easier from the
summer’s high sun (Figure 1). Potential shading
from obstacles should be prevented by carful
Figure 1:Building’s orientation [71]

calculations based on solar charts.
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2.2.3. Site location
For south facing buildings it is preferable to be located at the north part of the plot. In
that way the distance between buildings and south nearby obstacles increases so it is
easier to avoid undesired shading effects in winter.
2.2.4. Form & plan
In Greece the building should be designed
elongated on an eastwest axis in order to
increase solar gains during winter. A
complex building design should ensure
the sun can reach the building's depth in
winter (Figure 2) (especially if the
building it is established elongated on
north-south axis). In Thessaloniki where
we usually have hot and humid summers it

Figure 2: Building’s shape [5]

is advised to use buildings broken into small spaces in order to achieve improved
ventilation and to increase the buildings surface with aim to avoid overheating.
2.2.5. Fenestration
Openings in building facades are a crucial factor that can help in the improvement of
building energy efficiency, through solar gains, ventilation and natural lighting. For
Greece large south facing openings are preferable and small windows-openings north
facing. East and west facing windows should be small and with carefully shaded
certainly for the warmer and hotter parts of the country.
During summer unprotected openings can cause increased temperatures inside
buildings and consequently the reduction of thermal comfort. In order to prevent such
problems openings should be protected with shading devices. South facing windows
should be provided with horizontal shading devices, east and west oriented windows
with vertical shading devices and finally northeast and north west oriented windows
with a combination of horizontal and vertical shading devices. The shading devices
should be movable as there is plenty of diffuse and often reflected radiation which can
only be avoided by movable shading devices. Carefully located and designed openings
can provide occupants with natural ventilation and consequently improve IEQ. The
appropriate selection of location, size and type of openings and windows and by the
[12]

consistent use of those openings by building's occupants can result in improved
ventilation and consequently in improved IEQ. In general, the installation of windows
should help in order for cross ventilation to be achieved. It is essential to have fresh air
in uniform distribution in the building.
In order to achieve adequate ventilation, the direction, intensity of local winds
(especially during summer months for Greece) and the local vegetation, the proximity to
noise and pollution sources, in conjunction with the size, location and orientation of the
windows should be taken into consideration.
The size of the openings can be calculated form the following equation (Equation 1) [6]

Equation 1: Openings’ size calculation

Where:
W: volume of air [m3]
A: window area [m2] (when entrance and exit opening size is different A should be the
area of them smaller opening between the two)
V: wind velocity outside the building [m/sec]
C: efficiency coefficient of the window
Values for C: 0.5-0.65 – for wind perpendicular to the entrance opening and 0.25-0.35
for wind at an oblique angle to the entrance opening
2.2.6. Building’s wind protection
Building’s need to be protected for cold and strong winds especially in winter when
cold winds that sticks the buildings mass can results on high thermal losses and thermal
discomfort .Some commonly used methods for wind protection are the appropriate use
of wind break fences and of course the use of vegetation (evergreen vegetation or
undergrowth vegetation) that blocks wind and change its direction or reduce their
velocity.
2.2.7. Thermal insulation
The use of thermal insulation has been an obligatory requirement since the 1980s, this in
order to reduce thermal losses resulting in excess energy consumption. The use of
[13]

thermal insulation acts like resistance and helps to keep the indoor conditions at
comfortable level for the occupants.
All opaque and transparent elements of the building such as walls made of concrete
walls or brick, roofs and windows should be thermally insulated. Insulation should be
applied on the external surface of the building in order for the heat to be kept inside in
winter and the coolth in summer. The most commonly used materials for thermal
insulations are: extrude polystyrene, polyurethane and fiberglass and mineral wool.
Insulation (thermal break) is essential also in window frames in order to reduce the
thermal losses and heat flow between conductive materials and consequently the need
for high heating or cooling loads. For windows insulation, it is advised to use double
glazed windows which use panes of glass separated by air or other gases in order to
decrease window’s thermal transmittance and decrease the thermal losses (decrease
thermal conductivity).
A study conducted by Said (1987) in Dubai (hot and humid climate) comparing the
energy consumed in two buildings – with and without thermal insulation on opaque
building elements (walls, roof) - demonstrated that 54% of the electrical energy that is
used in building sector can be avoided with the use of the appropriate thermal insulation
(mainly through the reduction of air condition use). An amount of 59 million euro (277
million dirhams) annually can be saved from this electrical energy reduction [7].

[14]

2.2.8. Thermal mass
An important part of a building’s design is the selection of appropriate thermal mass
sizing. Thermal mass determines how easily the building can absorb and store energy in
its materials. At summer days materials with thermal mass absorb energy through solar
radiation during the day and store it (heat form) helping to keep indoor temperature at
comfortable levels. During summer night the heat that has been stored from thermal
mass during the day released back in
the building, with the appropriate night
ventilation this heat transferred out
from the building resulting lower
indoor temperature in the morning and
prevents

overheating

(Figure

3).

Except of preventing overheating, by
taking advantage of this daily heatingcooling cycle the cooling load can be
reduced or delayed.

Figure 3: The way that thermal mass works in
summer (up) and in winter (down) [71]

This natural behavior results in lower
need for heating during the night and lower need for cooling during day. Lack of the
appropriate thermal mass causes the indoor environment to interact with the ambient
environment with little or no time lag. This can result in high indoor temperatures
during day and low temperatures during night and consequently in uncomfortable
indoor conditions and high energy needs for cooling and heating. In winter high thermal
mass materials absorb solar energy, store it in the form of heat, release it when the
indoor temperature drops and heat the indoor spaces (Figure 3). It should be noted that
the selection of thermal mass strongly depends on local climatic conditions and building
use. Thermal mass must be appropriately sized for each and every building relative to its
use patterns.

[15]

2.3.

Green buildings

Recently approximately 50% of the Earth’s population has been concentrated in urban
areas. This increases the need for new buildings. A significant part of global energy
consumption comes from the building sector, as detailed above, and is estimated at
nearly 40% of the overall energy consumed in industrialized countries. In the U.S. 16%
of the entire water consumption, 30% of waste production and 38% of CO2 emissions
are building related [8] [9]. Furthermore, indoor environment influences the health and
productivity/performance of buildings’ occupants.
These serious negative effects of the building sector have been addressed by the
scientist community through the creation of the “green building” concept. This dictates
the creation of efficient ecological buildings that minimize the impact of the building
sector on human health, productivity and on the natural environment [10].
Green buildings are designed, constructed (or renovated) and operated with the
following aims [10]:

 Reduce energy consumption and water consumption, and use resources in a
more efficient way.
 Reduce the adverse impact of building on occupant satisfaction and
productivity by improving IEQ.
 Reduce the building’s overall negative impact on the environment.
 Protect occupant health.
 Improve the building’s return on investment (ROI) and minimize the costs
(capital and maintenance).
 Increase the effective use of land and building materials.
There is a connection between green buildings and occupants’ productivity
which is clarified and strengthened through ongoing research. After an analysis of many
studies Heerwager (2010) summarized the main conclusions on the relations between
green buildings and occupants’ productivity [11]. Workers’ performance and
productivity can be influenced either negatively or positively by the prevailing indoor
environment

conditions.

The

major

parameters

that

can

influence

worker

performance/productivity are thermal comfort, indoor air quality (IAQ) and lighting
conditions, alongside psychological comfort which is often hard to define and prescribe.
[16]

Providing occupants with individual control of indoor conditions improves their
satisfaction and their performance/productivity on several tasks. In order to achieve an
efficient green building design it is essential to improve the indoor environment
conditions. This should be based on efficient HVAC systems, selection of emissionsfree construction and finish materials, frequent and adequate building maintenance and
cleaning procedures, careful selection of the building’s siting and location, and
construction details (orientation, thermal insulation and mass etc.), and implementation
of energy efficient new technologies. Providing the user with adequate information on
the proper building use and operation is also extremely important in order to allow
taking advantage of a green building’s potential.
2.3.1. Rating systems
Building rating systems are assessment tools that have been developed in order to
facilitate the production and evaluation of green buildings. The two most commonly
used - or referred to - rating systems are LEED (Leadership in Energy and
Environmental Design) [12] and BREEAM (Building Research Establishment
Environmental Assessment Methodology) [13].
LEED is an integrated tool that combines topics like sustainable siting, water efficiency,
energy and atmosphere, materials and recourses, indoor environmental conditions and
finally innovation and design process. LEED has been created by the US Green
Building Council (USBC) in order to provide general guidelines for sustainable building
design and construction. Its main purposes are to:
 Define the green building; provide standards and guidelines for green
building design.
 Make sure that customers are informed about the effects that a green
building has on their health and well-being.
 Finally, demonstrate the economic and environmental benefits of green
buildings.
BREEAM is the most commonly used environmental assessment method for buildings
[13]. BREEAM has been developed by the British Building Research Establishment
(BRE) in 1990. Since then, approximately 250.000 buildings globally have been
certificated by BREEAM, the majority of them in the UK. BREEAM is used in many
countries including Spain, Germany, Austria, Luxembourg and others. Some of these
[17]

countries have developed their own version of BREEAM which is adapted to their own
needs. BREEAM was developed by BRE with the aim to:
 Reduce impacts caused by buildings on the environment.
 Classify buildings according to benefits that they provide to the
environment.
 Raise public awareness and demand for green buildings.
 Establish a reliable-independent label for green buildings.
BREEAM can be implemented in any type of building and includes a variety of
building aspects that are evaluated in order to determine a building’s degree of
sustainability. These include: management (construction methods, post occupancy
evaluation), water (reduction of the building’s water consumption by using efficient
water systems, use of water recycling systems, detection and elimination of water leaks,
water quality), occupant health and welfare (improve occupant thermal comfort , visual
comfort, IAQ ,acoustic comfort, safety ), energy (reduce energy consumption and CO2
emissions, introduce energy efficient technologies), transport (easy access to public
transportation, easy access for bicycles, existence of parking lots for bikes), materials
(use of recyclable materials, use of materials without negative impact on occupants and
environment), waste (provisions for waste reduction, use of recyclable materials where
possible, space availability for recycling), land use (site selection, protection of local
environment ,minimize the ecological impact and increase the site’s ecological value),
pollution (reduction of light pollution, reduction of NOx emissions, use of renewable
energy systems).

[18]

2.4.

Indoor Environment Quality

Indoor environment quality is a central issue pertaining to the correct use of the building
and the effect that can have on the occupants. Extensive research undertaken to day has
dealt with the issue of Indoor Environment Quality (IEQ). According to the Board of
California Integrated Waste Management, IEQ is defined as: “any factor of the built
environment that impacts the health and/or the comfort of building occupants” [14].
It is obvious that poor IEQ can trigger many problems. Health and comfort of the
building occupants (universities, hospitals and office buildings among them) depend on
IEQ [15]. People spend a significant part of their time indoors, including sleeping,
resting, cooking or working.
Poor IEQ may have serious impact on office workers where a high level of
concentration is often needed in order to carry out different office tasks. Researches
involved with this issue have proved that in addition to decline in productivity, poor
IEQ can cause an increase in respiratory illness, appearance and/or exacerbation of
allergies and asthma among occupants. These effects of poor IEQ result in high costs for
workers’ medical treatment, workers’ compensation due to loss of productivity caused
by poor working performance or absenteeism [16].
Some of the major parameters that have been studied by researchers and can influence
IEQ are the following:

 Indoor Air Quality (IAQ)
 Sick Building Syndrome (SBS)
 Visual comfort (lighting quality)
 Noise levels
 Ventilation (including HVAC systems)
 Thermal comfort

[19]

2.4.1. Indoor Air Quality (IAQ)
As we have already mentioned, people spend a big part of their lives indoors. In order to
feel comfortable inside their residences and their work place, and to be able to
concentrate in their tasks it is essential to ensure sufficient IAQ. In simple words the
IAQ defines the air that the
occupants

of

a

building

breathe.

The quality of indoor air is an
important parameter that may
affect all the occupants of the
building. Poor IAQ may result
in serious health problems and
Figure 4: Number of IAQ problems in homes [71]

need for hospitalization. It can

also reduce the productivity of the people that work in the building. Some people are
more sensitive to poor IAQ and their need for high indoor air quality is higher: people
suffering of allergies, asthma, respiratory diseases, or even those wearing contact lens.
According to the United States Environmental Protection Agency (EPA), IAQ is an
indefeasible right that all people should take advantage of [17]. Problems associated
with IAQ increased as of the mid-1970s. New buildings start to become smaller and
without the appropriate renewal of indoor air. Modern buildings and especially those
with offices are based on mechanical heating, ventilation, and air conditioning (HVAC)
systems in order to control their indoor air.
Buildings that use mechanical HVAC systems have higher possibilities to presents poor
indoor air quality and higher indoor pollution levels compared to buildings which use
natural ventilation, among other reasons as a result of lower air exchange rate with the
outdoor environment [18].
IAQ can be influenced by a wide range of parameters [19]:

1. The way that a building is constructed: If it is possible for fresh air to enter the
building and if the building is sealed without operable windows.

[20]

2. The systems that are used in the building for ventilation, heating cooling: The
HVAC systems of the building should be provided with the appropriate
maintenance services in order to operate in the occupant’s advantage. A poor
HVAC system can easily create poor IAQ.
3. The climatic conditions prevailing outside the building: For example,
Construction sites near the building can influence IAQ through ventilation.
Workshops, factories, heavy traffic in the building’s proximity can influence
IAQ.
4. The building’s occupants and their indoor activities: Occupants may accidently
act contrary to their own wellbeing. Some ordinary human activities that take
place inside the building have an adverse influence on the IAQ. Smoking,
cooking without the appropriate air extractors, indoor pollutants like, CO and
hydrocarbons can affect the IAQ in combination with poor ventilation rates [20]
. Furthermore uncontrolled/ inappropriate use of wood fired ovens can produce
ultra-fine particles. Open fireplaces which are used as an alternative to modern
heating systems may also have highly undesirable effects on IAQ if used without
the appropriate caution [21].
5. Contaminants that exists indoor and outdoor [19]:
 Dust, dirt that origins from the HVAC systems
 Office equipment such as laser printers and copiers
 Smoking or cooking activities inside building
 Common chores inside the building, such as cleaning and dusting
 Maintenance activities, such as painting and furniture polishing
 Special-use areas such as print shops and laboratories
 Industrial processes such as dry cleaning
 Pollution from cars
 Pollen and dust that come from outdoors.
 Oxides of nitrogen (NOx) emitted from appliances that are used for
cooking, pilot lighting that mainly exists in heating boilers and sulfur (SOx)
emitted from heaters and combustors of fossil fuels. [22]
 Volatile organic compounds (VOCs): air pollutants that exist indoors
with vapor pressure between 13 to 130mPa .The main sources of VOCs are
wood furniture, cabinetry, carpets, wall coverings (vinyl, fiberglass), adhesive
[21]

,materials used for insulation ,cleaning chemicals, paints, equipment like
printers and photocopiers , rubber materials , window shades and upholstery.
[23] [22]
 Ozone concentration from indoor and outdoor sources. Some common
equipment used inside buildings (especially workplaces like offices) such as
printers, laser printers, photocopiers, electrostatic filters, and electrostatic
precipitators generate ozone. At high concentration or high temperature ozone
can decompose to oxygen resulting in poor IAQ [24] .
2.4.1.1.

Symptoms of poor indoor air quality

Following is a list with some of the most common symptoms related with poor IAQ. It
should be noted that many of the
following symptoms may not be
due to poor IAQ but rather to
other unrelated factors. [19]

1. Fatigue
2. Headache
3. Dizziness
4. Sneezing
5. Irritation of throat
6. Irritation of eyes
7. Irritation of skin
8. Nausea
9. Coughs
10. Breathing problems

Figure 5: Sources of indoor air pollutants [73]

11. Irritation of nose

[22]

2.4.1.2.

Improvement of indoor air quality

The improvement of IAQ is essential for the people that occupy buildings and is not a
single person task. Teamwork is needed to achieve high levels of IAQ, and it should
start from the building designers (architects, civil engineers, mechanical engineers), the
building owner and pass through building operator to the occupants (building users)
[19].
Building designers - architects and other engineers like civil engineers, mechanical
engineers that are involved in planning the construction and operation of buildings
should be sure that the building is built and operated in the best possible way which can
result in high level of IAQ. Architects are responsible for building’s location on the plot,
orientation, design, fenestration, orientation of windows, construction and insulation
materials and finish materials etc. Civil engineers are responsible for building site
topology, buildings’ structural details etc. Mechanical engineers are responsible for the
selection, operation and maintenance of building HVAC systems that are used in
building construction, building energy consumption etc.
The owner should ensure that the building is operated according to the appropriate
standards and that all the required maintenance takes place frequently. Contractors
should ensure that all buildings are constructed with the appropriate requirements that
can create a high level of IAQ. Engineers should ensure that all the systems of the
building are designed and operated correctly. Finally occupants should be informed as
to what activities must be avoided and what actions must be taken in order to maintain
an appropriate IAQ. [19]
The improvement of IAQ can be achieved both with measurements before and after
commissioning. The following rules can promote IAQ [22] [25] [26] [27] [28]
1. Materials used in the construction of a building must be such that do not emit
harmful substances.
2. Building design and construction must promote minimal and efficient use of HVAC.
3. HVAC must operate according to appropriate standards in order to ensure high IAQ.
4. IAQ audit is necessary during building operation in order to determine IAQ levels.
5. Maintenance of HVAC systems must be done by proficient staff and following the
manufacturer’s instructions and guidelines (maintenance program).
6. Some occupant activities, e.g., smoking, indoor cooking, use of fireplaces should be
eliminated or prohibited.
[23]

7. The source of indoor air pollutants must be identified and be treated in an
appropriate way.
8. Appropriate surface cleaning should be frequently undertaken to reduce indoor
pollutant concentration.
9. Finish materials used in buildings should be selected carefully in order to ensure that
they are free of pollutants. Building renovation and modification may help on IAQ
improvement.
10. Buildings should be appropriately ventilated. After renovation and material
installation the building should be ventilated at maximum level. Usage of movable
windows is essential to achieve an effective ventilation rate. Filters in ventilation
systems must be maintained frequently.
11. Rooms with potential high indoor pollution levels, like bathrooms, kitchens, toilets
should preferably be connected directly with the outdoor environment and include
an effective ventilation system.
12. Toxic and VOCs emitting products (cleaners, paints etc.) should be stored with the
appropriate carefulness, in special storage spaces, preferably rooms with low
occupancy.
2.4.1.3.

Office IAQ and productivity

As people spend a significant part of their time at work (around 25%) it is essential to
understand how the IAQ influences the worker’s performance and productivity. Many
researchers have tried to find the relation between IAQ and productivity, with poor IAQ
resulting in economic losses both for the public and private sector.
Fisk and Rosenfeld (1997) have indicated that potential gains from minimizing IAQrelated respiratory illnesses are approximately US$ 6-19 billion annually. Furthermore,
US$ 1-4 billion can be saved annually with a reduction of asthma and allergies [29]. Of
course, it is difficult to determine which percentage is associated only with IAQ and not
with other factors.
Wargocki, Wyon and Fanger in 2000 performed an analysis of three different studies in
which similar methods to improve IAQ were used (decreasing pollution load, increasing
ventilation rate with constant indoor conditions). The result of the analysis indicates that
improvement of IAQ results in an increase in office work performance.

Work

productivity was evaluated based on several tests that were made with 90 participants
[30].
[24]

Tests included text typing, mathematics (addition) and proof-reading, tasks which can
be considered typical samples of office-work tasks. It should be noted that in the survey
the IAQ quality increased in two ways. Firstly the indoor pollution load was decreased
by removing a pollution source with constant ventilation rate. Secondly the outdoor air
supply was increased from 3ltr/s to 10ltr/s while the pollution source remained constant.
From the above mentioned study Fanger, Wyon and Wargocki concluded that there is
an inversely proportional relationship between IAQ and productivity of office workers.
The performance of office workers increases by approximately 2% when doubling the
outdoor air supply or 50% decreasing of pollution load. The performance of officeworkers increases by 1.5% when the level of office-workers dissatisfaction due to poor
IAQ decreases by 10% [30].

[25]

2.4.2. Sick building syndrome
The syndrome of sick building is a common phenomenon in schools, public buildings,
sports facilities and not least in workspaces. It is defined as the conditions in which the
occupants of the building feel non-specific symptoms as a consequence of their
continuous presence in the building. When SBS appears in the workplace it can result in
reduced efficiency of workers which, in turn, results in a reduction of productivity [16].
EPA defines SBS as: ”the situation in which occupants experience acute health and
comfort effects that appear to be linked to the time spent in a building but no specific
illness can be identified” [31].
Surveys conducted in the US on 56 buildings showed that 23% of the people who work
in offices have reported they experience at least two symptoms associated with the SBS
[16].
2.4.2.1.

Effects of Sick building syndrome

Some of the effects of SBS are similar to those caused by poor IAQ. The most common
ones are listed below. It should be noted that the following symptoms can be caused
also from other factors irrelevant to SBS. Some indicators that help to identify if a
building is suffering of SBS are given by EPA [17]. Occupants complaining about
discomfort indoors with the symptoms seeming to be relieved shortly after they leave
the building indicate SBS. It should be noted that skin irritation may last a little longer
than the other symptoms (some days) [32] [33] [34].
1.

Irritation of eyes, nose and skin

2.

Headache

3.

Fatigue

4.

Dizziness

5.

Breathing difficulties

6.

Nausea

7.

Lethargy

When a considerable percentage (generally over 20%) of building's occupants
experience the above symptoms the condition is called Sick Building Syndrome

[26]

2.4.2.2.

Factors facilitating prevalence of Sick Building Syndrome

The factors that facilitate the prevalence of SBS have been examined by several studies
since 1984 [34]. According to those studies there are three main categories of such
factors: personal, individual/environmental and finally building factors. Burge (2004)
[33] and Gomzi (2009) [35] give an aggregated list for each category:
1. Personal Factors
1.1. Gender, Age
1.2. Health history of occupants (allergies)
1.3. Job dissatisfaction
2. Individual-Environmental Factors
2.1. Increased dust levels from papers
2.2. Smoke from cigarettes
2.3. Increased levels of personal computers working in the building
2.4. Indoor air pollutants
2.5. Volatile Organic Compounds(VOC)
3. Building Factors
3.1. Indoor temperature
3.2. Low ventilation rate (below 10 liter/sec/occupant)
3.3. Poor maintenance of building systems (HVAC etc.)
3.4. Poor cleaning
3.5. Water damage
3.6. Air conditioned building
The reduction of SBS can prove to be very beneficial for workers’ health, but
also from an economic point as we will see in detail below. Experiments have
indicated some ways of reducing SBS [29]:
1. Increase of ventilation rate (high rate of fresh air can result in a reduction of
SBS symptoms)
2. Adjustment of indoor temperature and relative humidity
3. Improved cleaning of the building (reduce the concentration level of dust,
etc.)
[27]

2.4.2.3.

Sick Building Syndrome and productivity

As mentioned before, the prevalence of SBS may have an adverse influence on the
productivity of workers. Several studies have demonstrated that prevalence of SBS in
workspaces can result in absenteeism and sick leave.
Raw (1990) performed a study in the UK which included 4373 office workers. During
the study office workers were asked to evaluate their own productivity reduction. Office
workers that had reported higher SBS symptoms reported a reduction of their
productivity at an average of 4%. The data of the study indicated that the relationship
between SBS symptoms and reduction of productivity is linear. For each additional
symptom above two, productivity decreased by 2% [16].
A similar relationship was indicated in a study conducted by Nunes (1993). Workers
who experienced SBS symptoms needed more time (7%) in order to carry out some
neurobehavioral computer tests with no significant error rate difference. In addition, a
second test showed that workers that experienced SBS symptoms presented an increase
in error rate by 30% when they were asked to respond within the same time, compared
with workers who were not under SBS symptoms [16] [1].
Fisk has estimated that the reduction of productivity due to SBS is at an average of 2%
(due to that assessment the reported productivity reduction caused by SBS symptoms
may be overestimated by the workers), but with high uncertainty. Using the average
number of office workers in the USA he estimated that the average cost of SBS due to
the reduction of productivity can range between US$ 50-60 billion annually. The
economic calculations are based on data which indicate that the gross national income
from office workers in the USA is between US$ 2.5-2.8 trillion annually [29] [16].

1

We have not use as reference the Nunes paper but Fisk’s because we can’t find it. Nunes original paper is called
“The effect of varying levels of outside air supply on neurobehavioral performance function during a study of sick
building syndrome”.

[28]

2.4.3. Thermal Comfort
We have mentioned before that most people in industrialized countries spend about 90%
of their lives indoors [36]. Thus conditions prevailing indoors have a significant impact
on occupant health, psychology and on their sensation about how comfortable they feel
in relation to thermal conditions. Furthermore, the fact that many occupants do not feel
comfortable (thermally) in their workspace environment can reflect on their
productivity.
After many years of research it has been understood how important it is for building
design to take into consideration the thermal comfort parameter. Large organizations
involved in the design of new buildings (residential, offices etc.), or refurbishment of
existing ones, such as the American Society of Heating, Refrigerating, and AirConditioning Engineers (ASHRAE); the International Organization for Standardization
(ISO); and, of course, the Technical Chamber of Greece (TCG), have introduced in their
guidelines thermal comfort as an important factor that must be considered during
building design and operation.
During the 20th century, many researchers have dealt with thermal comfort in office
spaces. It has been shown that lack of thermal comfort in offices can result in a
reduction of performance-productivity in several office tasks. Worker performance can
decrease with continuous exposure to unpleasant thermal conditions.
2.4.3.1.

What is thermal comfort?

According to ASHRAE and ISO, “Thermal comfort is that condition of mind that
expresses satisfaction with the thermal environment” [22]. It is possible that in the same
thermal conditions a person will feel comfortable and another will experience
discomfort, or that both can fell thermally comfortable in different thermal conditions.
Thermal comfort is influenced by a set of parameters which can be classified in three
categories: environmental (air temperatures, air velocity, relative humidity, mean radiant
temperature); biological (gender, age); and personal (clothing preferences, activity
level). These parameters influence the thermal balance of the human body.

[29]

Two main conditions must be fulfilled in
order to achieve thermal comfort: “First the
actual combination of skin temperature and
body’s core temperature provide a sensation of
thermal neutrality. Second is the fulfillment of
the body’s energy balance: the heat produced by
the metabolism should be equal to the amount of
heat lost from the body” [37].
In order for the human body to keep its thermal
balance (internal temperature steady at 37oC) the
heat that is produced in the body should be
equal to with the amount of heat losses to the

Figure 6: Factors that influence thermal comfort
[72]

environment. The human body interacts with the environment, and loses or gains
thermal energy (heat) through four main mechanisms: conduction, convection,
radiation, evaporation:
1. Conduction: With items which have different temperature (cloths, walls,
other surfaces).
2. Convection: With the environmental air which surrounds the body.
3. Radiation: From other surfaces in the ambient space.
4. Evaporation: Through evaporation of sweat and respiration.
The thermal balance of a human’s body is the base for many researches that have been
made about thermal comfort. In order to have a thorough understanding of thermal
comfort we should first have a clear view of what is thermal balance and which are the
main parameters that thermal balance consists of.
The equation of thermal energy balance in the ASHRAE handbooks and which
is the basis for a major part of researches in the field of thermal comfort is the following
(Figure 7) [22]:

[30]

Figure 7: ASHRAE’s equation for body’s thermal balance [22]

Where:
M: metabolic heat production, [W/m2]
W: mechanical work accomplished, [W/m2]
Qres: heat loss due to respiration, [W/m2]
Qsk: heat loss from skin, [W/m2]
C res: convective heat loss due to respiration, [W/m2]
E res: evaporative heat loss due to respiration, [W/m2]
C + R: sensible heat loss through skin, [W/m2]
Esk: evaporative heat loss through skin, [W/m2]
Ser: heat storage in core compartment, [W/m2]
Ssk: heat storage in skin compartment, [W/m2]

[31]

2.4.3.2.

Predicted mean vote (PMV)- Fanger’s model

PMV is a steady state model that has been created and developed by Fanger (1972)
aiming to estimate thermal comfort for a given set of parameters and for a large group of
people [22]. The main pillars of Fanger’s model are three: (1) the body is in heat
balance,(2) the skin’s average temperature and the rate of sweat are between standard
limits, (3) there is no local discomfort. [38]
The PMV model combines six variables. Four physical variables: air temperature, air
velocity, mean radiant temperature and relative humidity; and two personal variables:
clothing insulation and activity level.
Fanger has combined those six variables with the heat balance equation and has created
an index-equation able to predict the thermal sensation/felling of a large group of
peoples (Equation 1) [37] .The persons that participated at Fanger’s survey were asked
to vote how warm or cold they feel according to ASHRAE’s sensation scale from -3
(cold) to 3 (hot) (Figure 8). The surveys were conducted in laboratories/climate
chambers where it was possible to keep the environmental conditions, clothing (clo) and
the activity level (met) of experiment subjects constant.

Figure 8: ASHRAE thermal sensation scale [22]

Equation 2: Predicted mean vote [37]

[32]

Where:
M: metabolic rate, [W/m2];
W: external mechanical work, [W/m2];
H: the sensitive heat losses;
Esk: heat exchange due to evaporation on the skin;
Cres: heat exchange due to convection during breathing;
E res: the evaporative heat exchange during breathing;
After the development of the PVM equation, Fanger developed the Predicted Percentage
of Dissatisfaction index (1982) (PPD) (Equation 2), an index that originates from PMV
and is used for the estimation of the percentage of people that will be dissatisfied in a
standardized thermal environment [22].

Equation 3: Predicted Percentage of Dissatisfaction [37]

The relationship between PPD and PMV we can be observed in Figure 9. As it is
obvious from the graph for values of PMV near neutrality (zero) we have the minimum
percentage of dissatisfaction which is approximately 5%. We cannot achieve zero
percentage of dissatisfaction and this is because as Fanger has observed that even in
optimal conditions there will always be some people that are dissatisfied and this
percentage will be at least 5%. At the endpoints near -2 and 2 we have the maximum
percentage of dissatisfaction (80%) [39].
Generally, values of PMV between -0.5 and 0.5 are considered acceptable. Fanger’s
model has been used as a requirement by many international standards such as
ASHRAE standards ISO standards and as a guideline. Today it is used by many
engineers and researchers as an indicator of thermal comfort.

[33]

Figure 9: Relation between PMV and PPD [22]

2.4.3.3.

Adaptive Thermal Model

Adaptive thermal model is a model that has been developed by Humphreys and Nicol
(1978) in order to serve as an indicator for indoor comfort temperature. The adaptive
model is different from physiological approach of thermal comfort used in Fanger’s
model. The main idea behind Humphrey and Nicol’s model is that “if a change occurs
such as to produce thermal discomfort, people react in ways which tent to restore their
comfort” [40].
One of the main differences of adaptive approaches compared with physiological
approaches is that they have developed from field studies and not by using data from
researches and experiments that have been conducted inside laboratories or climate
chambers. In field studies environmental conditions change with time and the
participants of the survey have the possibility to change both their clothing insulation
and their activity level. Of course due to the wide range of the environmental conditions
the results of field surveys need additional analysis.
Nicol and Humphreys have realized that “rational indices/indicators” like PMV and
PPD which are commonly used to predict thermal comfort, if used in field studies they
cannot result in a more reliable prediction than simpler indices like temperature [41].

[34]

The main reason for this phenomenon is the behavior of the occupants who respond to
changes in the environment by acting to adapt themselves to the environment or to adapt
the environment to their comfort needs.
In 2002 Humphreys used data from many surveys in order to connect indoor
temperature and mean outdoor temperature with the comfort vote of the occupants. He
concluded that in field conditions “the comfort temperature is closely related with the
mean indoor temperature measured, but the mean comfort vote changed less with the
indoor temperature than might be expected” [40].
The small rate of change is probably the result of the possibility which occupants have
to change-adapt their reactions-behavior according to the prevailing environmental
conditions. They can change their cloths, their activity level their posture or they can
use a device like fan with which they can change the air’s movement. In a survey in
Pakistan, Nicol (1999) [42] observed that when occupants have the possibility to adapt
to the environmental conditions there is a high percentage of satisfied occupants in a
relatively large range of indoor temperatures (Figure 10).

Figure 10: Relation between Mean indoor temperature and Proportion of subjects comfortable [40]

[35]

In 1978 Humphreys started to investigate the relationship between indoor comfort
temperature and the monthly average outdoor temperature. After he had collected data
about the indoor comfort temperature from many studies conducted around the world by
different researchers, and data from ASHRAE’s data base, Humphreys plotted them
against the monthly mean outdoor temperature and created the graph in Figure 11 [40].

Figure 11: Relationship between indoor comfort temperature and the monthly average outdoor temperature [40]

The white points represent results for buildings that are heated or cooled, black points
represent naturally ventilated buildings (without heating or cooling systems activated)
called free-running buildings (each point represents the mean value for one survey) .
Humphreys realized that for the free running buildings the relationship between the
comfort temperature and monthly mean outdoor temperature is almost linear. As the
monthly mean outdoor temperature increases the comfort temperature increases too. For
buildings that are heated or cooled the relationship was found to be more complex
(curve shape).
According to Humphreys [40] those differences between heated or cooled buildings
and free-running buildings come from the adaptive measures (change clothing, operate a
fan or open a window etc.) that occupants of the free-running buildings take in order to
fit (suit) their selves with the ambient conditions or to fit the ambient conditions to their
[36]

preferences in order to feel comfortable. Based on those results Humphreys and Nicol
created an equation for the free-running buildings that determines the indoor comfort
temperature by using the mean outdoor temperature as an input [40] [39] [43] (Equation
3)

Equation 4: Equation of comfortable temperature using the mean outdoor temperature [40]

Where:
Tc: Comfort Temperature
To: Mean Outdoor Temperature
Many researchers argued with Humphrey and Nicol’s equation based on the perception
that it does not take into account other important parameters for thermal comfort such as
clothing insulation or activity level. According to Humphreys and Nicol, their equation
can be used as an indicator for thermal comfort inside free-running buildings. Factors
like clothing insulation and activity level are taken into account in the equation as they
are affected by the outdoor temperature [40].
Regarding heated or cooled buildings (HVAC), the relationship between the comfort
temperature and monthly mean outdoor temperature has a complex curvilinear form.
After an extensive analysis in 2013 Humphreys, Nicol and Rijal present a new equation
(Equation 4) that can be used only as an illustrative indicator of thermal comfort for
HVAC buildings [44] .

Equation 5: Comfort temperature for HVAC buildings

[37]

Where:
Tn: Neutral-Comfort temperature
To: Mean Outdoor Temperature
The development of the equation is based mainly on meteorological data that were
available and on a function equation form of: F(x) = X*exp (-x2)
2.4.3.4.

Thermal comfort and productivity

It is a general belief that thermal comfort/discomfort can adversely affect worker
performance and productivity and that productivity and performance are higher within
comfort conditions. It is difficult to define a relationship between thermal comfort and
productivity with accuracy because thermal comfort depends on many different factors
some of which are subjective, and varies among different people.
Several researches have been conducted with a view to determine how thermal comfort
or thermal discomfort affects worker productivity/performance. In many of those studies
the temperature has been used as a substitute indicator of thermal comfort.
Seppanen (2006) analyzed twenty four studies which were conducted based on indoor
temperature and how it affects worker productivity on several tasks similar with office
tasks. Of those twenty four studies some were field studies that were conducted in real
offices and some were studies conducted in laboratories. The change in worker
productivity per degree of temperature change was calculated. Seppanen concluded that
worker productivity increased for indoor temperatures up to 21-22oC and decreased for
temperatures over 23-24oC. Tests used for productivity measurement were relevant to
office tasks, like text typing tests, mathematical tests including addition and
multiplication. The maximum productivity was observed

at 22oC. For temperatures

around 30oC the productivity decreased by 8.9% [45].
Lan and Wargocki (2011) conducted a study in which they compared workers’
productivity between two different thermal conditions - one at 220C and one at 300C.
Six female and six male volunteers participated. Participants were asked to perform tests
relevant to office tasks, like text typing tests, addition tests, grammar tests and other
calculation tests. It was observed that in all tests except text typing the performance of
participants decreased at 300C compared to 220C. Addition performance was decreased
by 11.7%, grammar performance by 25% and calculation by 4.6% [46].
[38]

A study conducted by Wyon (1996) demonstrated that performance in thinking tasks
was reduced by 30% at 270C indoor temperature when the neutral temperature was
210C. In typing tasks, performance decreased by 70% for 40C above neutral
temperature.
Jensen (2008) concluded in a relationship between thermal sensation and mental
performance. Jensen used data from several studies which have been conducted based
on laboratory surveys. The relationship between thermal sensation and temperature
change was investigated in those experiments. Jensen demonstrated that the maximum
performance for office tasks appears when workers fell slightly cool (thermal sensation 1) (Figure 12) [47].

Figure 12: Relation between thermal sensation vote and relative performance [47]

Finally Wyon (1996) demonstrated that worker performance in several tasks can be
increased if workers be provided with individual control of thermal environment. It has
been demonstrated that giving the workers ±3oC individual control on temperature can
result in a 3% increase of thinking task performance and 7% increase of typing
performance [29] [48].

[39]

2.4.4. Noise levels-Acoustic comfort
Undoubtedly, an essential factor that influences the occupants of a building and their
comfort sensation is the noise level and the acoustic conditions that prevail in the
building. Occupants should be comfortable inside all types of buildings, residential,
work places, public service buildings such as hospitals, schools, libraries etc. Acoustic
comfort is defined as “a state of contentment with acoustic conditions” [49]. In order for
the acoustic comfort to be achieved the level of noise inside buildings should be
carefully treated and regulated.
Noise is an issue which attracts many complaints, especially inside work environments
and is defined as the “unwanted sound” [50]. Open plan offices tend to be the most
commonly used type for offices and consequently the control of noise levels became a
necessity. European Union gives some general guidelines according to noise level
thresholds that should prevail inside office environments. The level of noise inside
offices should not be over 85 dB without giving prior notice to employees [51]. Decibel
is the unit which is used for measuring noise level and sound pressure. Some general
noise levels of common activities in office spaces are: whispering 34dB conversation
60dB, traffic noise 90dB.We can observe
some examples of decibel scale in Figure 13.
Noise is characterized by three important
parameters:
1.

Frequency

2.

Duration

3.

Intensity.

Sounds higher than 65dB are considered as
noise that is able to interrupt on office worker
and distract their attention away from their
task.

Studies

have

demonstrated

that

continuous exposure to inappropriate noise
levels can result in unpleasant conditions and
health complications such as high blood pressure,
increased stress and accidents [50].

[40]

Figure 13: Decibel scale examples [74]

Some of the major noise sources inside office buildings are:
1.

Common office equipment such as telephone ringing, personal

computers, fans, printers etc.
2.

The air handling parts of heating and air-conditioning systems.

3.

Conversations between workers.

4.

Outdoor noise sources such as traffic, construction, etc.

5.

Air flow over buildings.

6.

Lift equipment (elevators).

7.

Human activities such as footsteps, typing, door closing noises,

background noises.
A study conducted by Mark and Lui (2011) demonstrated that conversations between
office workers (conversational distractions), phone ringing and machines used inside
offices were the most annoying sources [52]. The study has been conducted through
self-questionnaires with the participation of 259 office workers from 38 air conditioned
offices in Hong Kong.
2.4.4.1.

Noise and productivity

Having considered the problems that noise creates inside offices, it is also reasonable to
look at the effect on worker productivity. Several studies have demonstrated that
uncontrolled\inappropriate level of noise inside work places results in reduction of
worker performance and productivity. Maintaining the level of noise at comfort level
could improve occupant well-being and worker productivity.
A study based on 400 business managers demonstrated that improvement of noise
conditions inside offices can increase productivity at an average of 26% [53].Studies
conducted by Lewis (2003), Evans (2000) and Sykes (2003) conclude that improved
noise conditions inside work spaces can result in [54]:
1.

Improvement of worker ability to focus on their tasks by 48%.

2.

Distractions by conversations decreased by 51%.

3.

Symptoms of physical stress decreased by 27%.

4.

Error rates in tests relevant with accuracy and short-term memory

improved by 10%.

[41]

2.4.4.2.

Noise conditions improvement

Following are some ways to improve the acoustic comfort and noise levels:
1.

Use of materials with high sound absorptivity.

2.

Use of enclosed office spaces.

3.

Use of more quiet HVAC systems.

4.

Acoustical enclosures of office equipment.

5.

Better sound insulation of noisy rooms.

6.

Use of lower height ceiling to reduce sounds reflection.

7.

Use of rubber or other absorbing materials under computers, printers,

typewriters.

[42]

2.4.5. Lighting conditions
Lighting is one of the main components of indoor environmental conditions which can
influence the occupants of a building both negatively and positively. Light allows
occupants to perform visual tasks and helps in the production of vitamin D [55].
Furthermore, it helps in the creation of a safe environment both in residential and
working buildings [56].
Poor indoor lighting conditions can adversely affect people’s health and in some cases
can cause eyestrain that leads to task performance difficulties, distractions and
perceptual confusion. Especially in environments where the use of computer monitors is
very common, phenomena such as glare, reflections, worker fatigue and undesired
shading effects can be observed resulting in worker discomfort and consequently
performance reduction. Romm (1994) has demonstrated that an improvement of 6% in
the productivity of postal workers is feasible by improving the lighting conditions.
Direct relationship between lighting conditions and worker productivity is generally
unproved but human sensation of satisfaction seems to be influenced by the lighting
conditions [29].
There are two main lighting sources. Natural lighting (daylight): the entire direct and
indirect visible portion of the electromagnetic radiation that originates from the sun.
Artificial lighting: light that is produced from artificial sources, e.g., lamps. Natural
light is preferable compared to artificial sources.
In order to be sure that the lighting conditions are the desirable ones, the following
parameters need to be taken into consideration:
 Lighting system design.
 The type of activities taking place inside a building.
 Parameters of individual occupants.
 Health aspects that can be influenced by lighting conditions.
 Building environment.
Exposure of workers to poor lighting conditions may create discomfort resulting in a
reduction of their performance.

[43]

2.4.5.1.

Natural lighting and productivity

Many studies have been conducted with a view to determine how the appropriate use of
natural lighting influences the performance/productivity of building occupants
compared to the use of artificial lighting.
Productivity in a new building for VeriFone Company increased by 5% due to the use of
natural lighting instead of artificial lighting that was used in the company’s previous
building [55] [57]. In West Bend Insurance Company’s new building artificial lighting
was used, but workstations were near windows, an increase of 16% in workers’
productivity was observed [58]. In a post office in Nevada where a renovation was
conducted (including improvement of lighting conditions) an improvement of mail
sorters’ productivity by 8% was observed [58]. In Lockheed Martin Company an
increase of productivity by 15% was observed when integrated lighting of offices was
introduced [58]. Brister (2014) noted that high exposure to daylight can improve worker
performance, physical activity, sleep quality and provide them with better life quality
compared with workers who experience lower exposure to daylight [59].
Absenteeism is another serious factor that can be increased due to poor lighting
conditions. In ING Bank a decrease of 15% in workers’ absenteeism was been reported
when a new building was constructed with the workstations near windows (not farther
than 7 m). An equal decrease of 15% was been observed when Lockheed Martin
Company moved its employees into a new day lit building [58].
Studies in education facilities have yielded similar results. Nicklas and Bailey (1997)
compared the scores of students from new day lit schools with the scores of students
from old artificially lit schools. The results showed that students from day lit schools
had higher scores in reading and math. [60]
2.4.5.2.

Ways

to

improve

lighting

conditions

in

workplace

environment
1. Careful selection of lighting sources and their location in order to create
comfortable lighting conditions (sensors for lighting control are advisable).
2. Careful selection of working areas location: glare and reflection usually are
related with the location of desks/work stations and the position of lighting
sources. Employers and employees should avoid well-polished surfaces to work
on in order to minimize undesirable reflection and glare effects.
[44]

3. A careful inspection of the contrast between the workstation (desk) and its
surroundings is essential. The contrast between workers’ task (the document)
and the workstation (desk) background should not be higher than 10 to 3 [2].
4. Workers should try to avoid lighting sources that create lighting directions
resulting in shading effects on their working surface thus disturbing them.
Individual control of lighting can improve lighting conditions and workers’
comfort sensation.
5. The intensity of lighting sources should be selected depending on the working
task: the optimum lighting conditions for typing on a computer is lower
compared to the optimum lighting for sewing. The optimum lighting for desk job
is between 300 and 500 lux.
6. The lighting equipment should be maintained properly in order for undesired
phenomena (like flickers) to be eliminated. Flickers can create fatigue and eye
irritation. The lighting equipment should be selected in order to meet the
acceptable standards and according to building design.

2

Is defined as the ratio of document’s luminance to desk’s luminance

[45]

2.4.6. Ventilation
Ventilation is the process by which outdoor air is intentionally introduced inside the
building in order to replace the indoor air with fresh air and provide high indoor air
quality. With appropriate ventilation moisture, odors, smoke, heat, dust, bacteria and
CO2 can be removed from indoors. High rates of outside air ventilation result in
concentration of indoor air pollutant reduction [29].

Ventilation and IAQ are

inseparable.
Several studies correlate ventilation efficiency and ventilation rate (the rate of outdoor
air that is introduced into a space per unit time). Poor ventilation can adversely
influence the IAQ and consequently occupant well-being and comfort sensation. IAQ
can be influenced by ventilation in several ways. Firstly, ventilation systems are
responsible for bringing outdoor air indoors and reducing the concentration of indoor air
pollutants. Secondly, filters used in ventilation systems can remove pollutants form
outdoor air. Thirdly, ventilation systems which are not maintained properly may
increase the indoor air pollution level.
Seppanen (1999) has conducted a post-analysis of several studies (for non-residential
buildings) of ventilation rates and their relationship with IAQ. He observed a connection
between ventilation rate and IAQ. Ventilation rates lower than 10L/s-person results in
worse occupant health conditions and lower perceived IAQ. Ventilation rates between
10L/s-person and 20L/s-person result in a reduction in the emergence of SBS symptoms
and in higher perceived IAQ [61].
Ventilation is divided into three general categories. [22]
 Natural Ventilation
 Mechanical/Forced Ventilation
 Hybrid ventilation
Natural ventilation is the intentional use of natural outdoor air in order to replace the
indoor air without using mechanical equipment. Natural air flows from outdoor to
indoor due to differences in pressure and temperature. It is preferable to use natural
ventilation instead of mechanical ventilation. The rate of natural ventilation depends on
weather conditions and especially on wind. Naturally ventilated buildings are about
60% less energy intensive than mechanically ventilated ones [62]. Some important
[46]

problems concerning natural ventilation are: no filtering system of outdoor air, lack of
indoor temperature control, increased level of outdoor noise, ventilation rate is strongly
dependent on weather conditions and building envelope. The main advantages of natural
ventilation are [63]:
 Providing occupants with high ventilation rate more economically
compared to mechanical ventilation systems. The capital, operating and
maintenance costs are minimized.
 Natural ventilation is more energy efficient as it needs no energy to operate
and consequently there are no negative impacts on the environment.
 Well design natural ventilation systems can be used to achieve higher levels
of day-lighting.
Mechanical ventilation is the supply of fresh air inside buildings and at the same time
the transfer of the existing indoor air outside with the use of mechanical systems, e.g.,
electric funs and air ducts. Problems concerning natural ventilation include poor
maintenance of ventilation systems which can result in higher indoor concentration of
pollutants and odors, poor control of indoor temperature if the ventilation system isn't
combined with cooling system, generation of unwanted noise from fans and air-duct
systems, drafts generated from air flow. Advantages of mechanical ventilation include:
 Significantly increasing building air quality by removing indoor pollutants,
contaminants, moisture etc.
 Providing building occupants with control over the ventilation system.
Occupants can adjust the operation of the ventilation system to their needs
in order to increase their comfort sensation.
 Adapting the system to building/space use, occupant activities, level of
building occupancy etc.
Hybrid ventilation facilitates the introduction of outdoor air using a mixture of natural
and mechanical ventilation. Hybrid ventilation takes advantage of natural ventilation
and of mechanical ventilation when natural ventilation isn’t effective enough.
Advantages of hybrid ventilation include [64]:

[47]

 Combining both mechanical and natural ventilation and providing
occupants with the opportunity of further improvement of indoor air
quality, thermal comfort, ventilation rate etc.
 Providing an effective and sustainable ventilation system for complex
buildings such as those constructed today.
 Resulting in higher user satisfaction and lower energy consumption and
environmental impact.
2.4.6.1.

Ventilation and productivity

Several studies state that ventilation rate has a significant impact on workers’
performance and productivity. By many studies have demonstrated that an average
increase of 1-3% in performance, can be achieved with an increase of 10L/s-person
outdoor air ventilation rate [65].
Wargocki (2000) estimated that every two-fold increase in ventilation rate above 3L/sperson results in an increase of text typing performance of 1.1% and at the same time an
increase of 2.1% in the performance of mathematics and proof reading tasks [66].
Federspiel (2004) conducted a study in which the relationship between employee
productivity and ventilation rate in a call center was evaluated. The study demonstrated
that low ventilation rates result in a decrease of about 2% in worker performance [67].
Baco-Biro (2009) conducted a study in which the relation between student
performance and ventilation rate was investigated. The study was based on data from
eight schools in the U.K. In order for student performance to be evaluated students were
asked to perform a set of tests relevant with concentration level, memory, addition,
reaction time. Students performed the tests two times, under low ventilation rate and
then under high ventilation rate. The results demonstrated that under high ventilation
rate vigilance and concentration level of students were increased. The same happened
with students’ reaction time and accuracy [68].

[48]

3. Case Study
In this survey we will deal with a Post-Occupancy Evaluation of the facilities of the
International Hellenic University (IHU). The survey took place in building A of IHU,
which houses offices and classrooms. IHU is located at the outskirts of Thessaloniki,
specifically in the municipality of Thermi which belongs to the third climatic zone [69]
and was constructed between 1970 and 1980. The location and orientation of the
building can be clearly seen in Picture 1. Table 1 shows the coordinates for the site.
Table 1: Geographic coordinates for municipal of Thermi

Coordinates of Thermi, Greece
Latitude: 40°32′49″ N
Longitude: 23°01′10″ E
Elevation above sea level: 56 m = 183 ft

Picture 1: Location of international Hellenic university, Thermi, Thessaloniki

[49]

The building consists of three floors - basement, ground floor and first floor. The
basement is used as laboratory; the ground floor has one classroom, six offices used for
academic and administrative assistance (A1-A6), two computer labs (LAB 1 and LAB
2), an amphitheater, two toilets and a reception. On the first floor there are four
classrooms, eight offices used for academic and administrative assistance (A7-A14) and
two toilets. All offices and classrooms are supplied at least with one air conditioning
unit. Regarding the lighting equipment, in the offices we have four to twelve lighting
fixtures with two fluorescent tubes each one. Each fluorescent tube has nominal power
36 watt. Concerning the transparent building elements, the windows (aluminum frame
without thermal break) and the building’s fixed glass facades are double glazed (the air
gap between the glass plates is 6mm). Regarding the opaque building elements, the
building’s frame is made of concrete and the internal walls are brick masonry. Concrete
and brick walls are without thermal insulation (the same for the roof and floors) and
they are coated with plaster [69] (Plans 1-2-3).

Plan 1: Plan of basement [69]

[50]

Plan 2: Plan of ground floor [69]

Plan 3: Plan of first floor [69]

[51]

3.1.

Survey Methodology

As have mentioned in the introduction, objective measurements (electronic equipment)
were compared with subjective results (questionnaires) to identify the reasons for
possible discrepancies between them.
The spot measurements took place in September 4th between 10:00 and 17:00. The
ambient temperature in that day was between 25.80C (10:18) and 30.30C (14:35) with an
average of 28.40C and the relative humidity was between 45.6% (13:35) and 68.9%
(10:19) with an average of 52.2% (data obtained from university’s meteorological
station). Except from the spot measurements we have performed also long term
measurements-monitoring (one week) in two offices (A11 and A13).
A POE of Building A of IHU was carried out as part of this study. To meet the survey’s
needs, we have chosen some of offices to perform the objective measurements. These
offices house about 22 employees, with the majority working on administrative tasks.
Five offices and one computer lab are located on the ground floor and five on the
building’s first floor.
In order to understand the employees’ perception of their working environment a
questionnaire was administered to them which included eleven questions. The first part
of the questionnaire consists of four questions regarding the employees’ personal
information like:
 Gender
 Age
 Working hours
 Type of work
The questionnaire’s second part contains seven questions related with:
 Employees’ perception of different IAQ aspects like ventilation, temperature,
noise, lighting and odor.
 Symptoms experienced by the employees that can be related to SBS such as
fatigue, eye irritation, headache, nose irritation, sore throat and sleepiness.
 Problems related with employees’ mental tasks and activities (concentration,
thinking, typing).
 Actions performed by the employees to adjust thermal comfort and IAQ (and
the results of those actions).
[52]

 Employees’ overall satisfaction level regarding their working environment.
The questionnaires were answered by each employee three times during their daily
working schedule (morning, midday, afternoon). The identification number of each
employee consists of the office mark (A1, A2, A3 etc) and one number for each
employee in each office (1, 2, 3 etc). The objective measurements and administering the
questionnaires were done simultaneously. A sample of the questionnaire used is
presented below.

[53]

Questionnaire No.
Temp:
RH:

Date:
Light Intensity:

Time:
Other observations:

Please answer the following questions about your perception in this building, in
relation to your workplace
1-Personal information:
 Male
 Female
2-Age:
 <25
 25-35
 35-45
 45-55
 55-65
 >65
3-Between which hours are you in this position?
07:00 08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00
4-Which one of the following options describes best your work in the
specific location you are at the time of this survey?
 Office - administrative
 Teaching small size group <10
 Teaching medium size group 10-20
 Teaching large size group 20-50
 Research – office
 Research – lab
 Attending lecture
 Care taker
 Maintenance
 Other - specify
5-In the following list mark any of the symptoms you experience after 4 hours of
work (you may mark more than one):
 Fatigue
 Sleepiness
 Eye irritation
 Headaches
 Nose irritation
 Dry skin
 Sore throat
6-Are the symptoms you marked generally relieved when you leave the building?
 Yes
 No

[54]

7-Please highlight your level of satisfaction in relation to the following items:
Ventilation:
 Very poor  Poor
 Indifferent  Good

 Indifferent  Good

Temperature:  Very poor  Poor
(1)
Noise:
 Very poor  Poor
 Indifferent  Good

Lighting:
 Very poor  Poor
 Indifferent  Good

(2)
Odors:
 Very poor  Poor
 Indifferent  Good

(1) It refers only to sounds from PC, fluorescent tubes or outside noises
(2) Odors from dust, mold, bathrooms or carpets

Excellent
Excellent
Excellent
Excellent
Excellent

8-Do you experience problems with any of the following functions?
 Thinking
 Typing
 Concentration
 Others- Specify……………….
9-Do you use one of the following options to adjust the thermal comfort and
air quality of the indoor environment?
 Open/close the window/s
 Open /close the door/s
 Turn on/off the air conditioner
 Others - Specify……………….
 You have no control
10-If you use one of the above options to adjust the thermal comfort and air quality
of the indoor environment – does it make any difference?
 Only to thermal comfort
 Only to air quality
 To both
 It makes no difference
11-Mark you overall satisfaction with the building:
Satisfaction:
 Very poor  Poor
 Indifferent 
State the reason/feature that influences your answer:

Good



Excellent

This questionnaire will be used for academic purposes, specifically for the development
of a postgraduate research.

Thank you for your time
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Spot Objective measurements (temperature, relative humidity and light intensity) were
performed with the digital environmental meter Extech EN300 supplied by IHU
(Picture 2).

Picture 2: Extech EN 300 with equipment information

The long term monitoring was performed with two different digital environmental
meters Extech RHT50 and SD800 (Picture 3 and Picture 4).

Picture 3: Extech RHT 50 with equipment information
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Picture 4: Extech SD 800 with equipment information
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3.2.

Office A1

Office A1 is located on the ground floor to the right of the building’s entrance. In office
A1 there is one female employee (A1.1) whose work is characterized as officeadministrative work. We can observe a plan of the office and its orientation in Plan 4.
Next to office A1 there is another office (A2) with four employees. The two rooms are
separated with a brick wall and a wooden door. Office A1 has two big windows which
are exposed to the corridor (the corridor’s windows are facing west). The windows are
double glazed with aluminum frame without any blinds.

Plan 4: Plan of the office A1

Table 2 shows the personal data for A1.1 employee collected by the questionnaire.
Table 2: Personal information about employee A1.1

Office
Num

Q. Num

Gender

Age

Working
hours

Type
Work

A1

A1.1

Female

45-55

8:00-16:00

Office

of

The employee is a female in age group 45-55. The work schedule of the employee is
from 9:00-16:00. In order to understand the conditions prevailing in that office it is
essential to investigate how the employee feels about her working environment
regarding ventilation, temperature, noise, lighting conditions and odors. Graph 1.1a and
Graph 1.1b present those data.
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Graph 1.1a: Employees’ perception regarding ventilation, temperature, noise, lighting and odors in the morning
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Graph 1.1b: Employees’ perception regarding ventilation, temperature, noise, lighting and odors in midday

Graphs 1.1 show conditions regarding ventilation, temperature, noise, lighting and odor
have been characterized by A1.1 employee as “good”(at midday odor conditions were
characterized as “excellent”). Ventilation of the office can be managed by opening the
windows that are facing the corridor and by opening the door that is near the building’s
entrance which is frequently supplied with fresh air. The temperature values at A1.1
employee’s working station in the morning and midday were 27.6 0C and 270C
respectively (Graph 1.2).
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Graph 1.2: Temperature and relative humidity values in office A1 in the morning and midday

The values are higher than those recommended by the Hellenic Institute for
Occupational Health and Safety (ELINYAE) (250C for summer months) [70]. The
values of relative humidity are 60% in the morning and 53.8% in midday. According to
ELINYAE relative humidity for office work should be between 40%-60%. The fact that
the values of temperature and relative humidity are higher than the recommendation
seems not to affect the employee’s perception (according to the questionnaire replies).
Regarding lighting, which has been characterized as “good”, there is a notable
observation. We can see in Graph 1.3 that the light intensity at the work station was
1070 lux in the morning and 940 lux in midday, significantly higher that the
recommended values by ELINYAE (300-500 lux for working in office on a PC
monitor) [70].
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Graph 1.3: Light Intensity values in office A6 in the morning (left) and midday (right)

The fact that light intensity is higher that the recommended, seems not to affect the
employee’s perception about lighting conditions, but as we can see in Graph 1.4 the
same employee reported that she is suffering from eye irritation. Eye irritation could be
the result of high light intensity in combination with the long working time in front of a
computer monitor. It is observed that during the measurements five lighting fixtures
were turned on, so it may be essential for the employee to adjust lighting accordingly.
The lighting devices give to the user the option to turn on a part of the lamps but the fact
that the windows are not equipped with any blinds does not allow the employee to fully
control the lighting conditions. The employee reported that eye irritation is relieved
when she leaves the building.
1

1
0,5
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0

0

0

0

0

A1.1
Graph 1.4: Symptoms experienced by A1 office employee both in the morning and midday
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Graph 1.5 indicates that eye irritation does not create significant problems with the
employee’s mental and functional activities like concentration, typing and thinking or
the employee is not aware of such problems.
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Graph 1.5: Problems with mental activities of A1 office employee in the Morning-Midday

Graph 1.6 demonstrates the employee’s options in order to adjust thermal comfort and
IAQ in her working environment. According to that graph, in order to adapt indoor
conditions to her preferences employee A1.1 opens /closes the windows and turns
on/off the air conditioning unit. Those actions result in an improvement of both thermal
comfort and IAQ. So we can assume that the A/C unit and natural ventilation from
windows and door meet the needs of the employee.
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Graph 1.6: Actions to adjust thermal comfort and indoor air quality
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Finally, Graph 1.7 presents the overall level of satisfaction of employee A1.1 regarding
the working environment. As we can observe from the graph employee A1.1 finds the
working environment “good”, something which seems to agree with the above data.
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Graph 1.7: Overall satisfaction for office A1 employee in the Morning-Midday (1).
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3.3.

Office A2

Office A2 is located on the university’s ground floor next to office A1, to the right of
the building’s entrance. The only way to enter office A2 is through office A1. The two
offices (A1, A2) are separated by a brick wall and they communicate through a wooden
door. The eastern surface of the office consists of two fixed glass facades with a glazed
door (aluminum frame) facing a transition space. It should be noted that the glazed
elements are not equipped with blinds and it is only vegetation and the transition space
provides shade. Inside office A2 there are six lighting fixtures, three personal computers
(one for each employee) and one printer. A plan of A2 office it is presented below (Plan
5).

Plan 5: Plan of the office A2

Table 3 sums personal data of office A2 employees that we have gathered from the
questionnaires.
Table 3: Personal information about employees of office A2

Office
Num
A2
A2
A2

Q. Num
A2.1
A2.3
A2.4

Gender
Female
Female
Female

Age
25-35
25-35
25-35

Working
hours
9:00-17:00
9:00-17:00
9:00-17:00

Type
Work
Office
Office
Office

of
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As we can observe in the table there are three employees in office A2, all of them
women of the same age group 25-35 years old. One employee was absent the day of the
measurements. The working schedule is the same for all employees - 9:00-17:00 - and
their work can be characterized as office work (secretarial support).
Graphs 2.1a and 2.1b illustrate how employees feel in their working environment
regarding some major IAQ aspects such ventilation, temperature, noise, lighting, odors
during the day.
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Graph 2.1a: Employee’s perception regarding ventilation, temperature, noise, lighting and odors in the morning (up)
and in the midday (down)
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Graph 2.1b: Employee’s perception regarding ventilation, temperature, noise, lighting and odors in the afternoon

We can observe that ventilation is characterized by two employees as “good” in the
morning and midday and by one as “poor”. In the afternoon ventilation is characterized
by one employee as “good” by one as “indifferent” and by the remaining one as “poor”.
Regarding temperature we can see that it is characterized by two employees as “good”
and as “poor” by one employee in the morning. In midday and afternoon the perception
of temperature presents a small differentiation as it is characterized by one employee as
“good” by one as “indifferent” and by the remaining one as “poor”. In order to
understand the ventilation and temperature condition we should have a closer look at
temperature and relative humidity values during measurements (Graph 2.2).
60
50

52,3

49,4 49,5

52

51,6
48,6 50,7
48,2 49,1

40
30

27,1 27,5

28

27,2 27,6

28

27

ELINYAE
recommended RH
sumemr thresholds

27,5 27,9

20

Temperature

10

Relative Humidity

0
ELINYAE
recommended
temperature
summer

Graph 2.2: Temperature and relative humidity values in office A2 in morning -midday-afternoon.
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The temperature values during the entire day are two to three degrees higher that the
recommended (250C for summer months), probably due to lack of thermal insulation on
the building’s envelope. The outdoor temperature during measurements it was 26.70C in
the morning, 29.70C in midday and 27.80C in the afternoon, those facts seem not to
affect the employees’ majority. The employee who has characterized the temperature as
“poor” during the entire day is the A2.3 (Plan 2.1) the same employee who has
characterized the ventilation “poor” during entire day. The use of A/C unit and the door
(open/close the glazed door facing outdoors) may improve the temperature and
ventilation of the office. As we have observed during measurements the A/C unit was
turned off and the glazed door was closed. The values of relative humidity in office A2
are in the acceptable range (40-60%). The only way to ventilate the office is by open the
glazed door facing outdoors and it seems that is enough to satisfy two of the employees
in the morning and midday.
The opinions regarding the noise conditions are divided one employee finds noise
conditions “good”, one “indifferent” and the rest one “poor”. It should be noted that all
work stations are too close to each other, so conversations and phone ringing could
negatively influence acoustic comfort.
The majority of the employees (two of three) find lighting “good” and the rest one
“poor”. We can see in Graph 2.3 the values of light intensity of each work station
during morning- midday and afternoon.
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Graph 2.3: Light intensity values in office A2

It is notable that all the values are significantly higher that the recommended by
ELINYAE (300-500 lux for office work), however, two of the three employees are
completely satisfied with the lighting conditions during their working time. Odors in the
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morning and in the afternoon are characterized by two of the employees as “indifferent”
and from the rest one as “good”. In midday two of the employees find odors “good” and
the rest one “indifferent”. The employees’ perception regarding odors is influenced by
smells from the toilets.
The next graph (Graph 2.4) shows the symptoms that employees experience during their
working hours.
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Graph 2.4: Symptoms that employees experience during their working hours.

As we can see in Graph 2.4, the most common symptom in office A2 is eye irritation
(two employees), followed by fatigue (one employee), headache (one employee), and
nose irritation (one employee). The existence of eye irritation can be explained by the
high values of light intensity during the employees’ working schedule and by the long
working hours in front of a computer monitor. Of course, eye irritation can be a result of
airborne office dust, but as we have observed the office was clean enough and the
printer which can be considered as a source of paper dust and ozone was inactive.
Headache and fatigue seem to be a result of the acoustic conditions in combination with
the significantly high light intensity (experienced by the same employee who has
characterized noise as “indifferent”). Nose irritation can be caused by inadequate
ventilation if the glazed door remains closed for long.
The majority of the employees (two of three) have reported that the symptoms are not
relieved after they leave the building (Graph 2.5).
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Graph 2.5: Are the symptoms relieved when you leave the building?

The following graph (Graph 2.6) demonstrates if the employees feel that the prevailing
conditions in their working environment influence their performance in mental activities
such as concentration, thinking, typing, etc. Two of the three employees have reported
that they work under lack of concentration during the entire day. The third employee
does not experience any problem with mental activities. Problems with mental activities
can cause a reduction of employees’ performance and productivity as mentioned in the
theoretical background chapter.

100%
80%
2
60%

1
2
1

40%
20%

1

1

1

0%
Morning

Midday
Afternoon

No problem

Concentration

Thinking

Typing

Thinking and Concentration

Graph 2.6: Problems with mental activities of A2 office employees during working hours (3)

It is important that the employees have the possibility to control-adjust the thermal
comfort and IAQ. As it is demonstrated by Graph 2.7 all employees use the A/C unit,
two of them use the window and the glazed door in order to control-adjust the thermal
comfort and IAQ. Furthermore it seems that the actions taken by the employees result in
improvement of both thermal comfort and IAQ during their working time (Graph 2.8).
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Graph 2.7: Actions by employees to adjust thermal comfort and IAQ (3)
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Graph 2.8: Result of adjusting thermal comfort and IAQ during working time (3)

Finally Graph 2.9 shows the employees’ level of overall satisfaction regarding their
working environment. We can observe that during morning and afternoon two of the
employees consider their working environment as “good” and the rest one as “poor”.
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Graph 2.9: Overall satisfaction for office A2 employees during working hours (3)

It should be noted that the employee who characterized the entire working environment
as “poor” is the same who has characterized as “poor” the ventilation, temperature,
lighting, noise conditions and the odors as “indifferent” (employee A2.3). The main
reasons that influence the employee’s perception are (reported by the employees’’): the
fact that there is not any other way to ventilate the office except the glazed door, the
lack of control that employees have on corridor’s windows, the lack of thermal
insulation on building’s envelope, the smells that originate sometimes from the toilets
and the existence of black worms in the office when the humidity is high.
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3.4.

Office A3

Office A3 is the university’s career office that is located on the building’s ground floor
facing the corridor. Behind office A3 we have a similar office facing east (A4). In office
A3 there is only one female employee (A3.1) whose work is characterized as officeadministrative. In office A3 there is one window (facing west) which is exposed to the
corridor (the corridor’s windows are facing outdoors). The window is not supplied with
blinds. In the office there are two personal computers. Plan 6 is a plan of office A3.

Plan 6: Plan of the office A3

Personal data for A3.1 employee are shown in the Table 4.
Table 4: Personal information of office A3 employee

Office
Num

Q. Num

Gender

Age

Working
hours

A3

A3.1

Female

25-35

8:00-16:00

Type of Work
Office
Administrative
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The employee is a female in group age of 25-35 years old. The work schedule of the
employee is 8:00 to 16:00. In order to have a deeper understanding of the prevailing
conditions it is important to see how the employee feels about her working environment
regarding ventilation, temperature, noise, lighting conditions and odors. Graph 3.1
presents the above data. We can observe that the employee rates ventilation as “very
poor”, temperature as “poor” (in the morning, temperature is rated as indifferent), noise
as “poor”, lighting as “very poor” and odors as “poor”.
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Graph 3.1a: Employee’s perception regarding ventilation, temperature, noise, lighting and odors in the morning
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Graph 3.1b: Employee’s perception regarding ventilation, temperature, noise, lighting and odors in midday and
afternoon

The reason that ventilation has been characterized as “very poor” is that the only means
to ventilate the office is through a window facing the corridor, but it seems that is not
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sufficient. During measurements both window and door were closed in order to avoid
undesired noises from the corridor and from the lab which is located next to the office.
Regarding temperature which is characterized as “poor” we can observe in Graph 3.2
that the temperature values during the working schedule are higher (27.2-27.5-25.10C)
than the recommended by the ELINYAE (250C for summer months). Those high values
of temperature, caused by the lack of thermal insulation among other, can be the reason
for the employee’s temperature perception. The relative humidity is marginally higher
than the recommended (40%-60%) in the afternoon (62.3%) but in the morning and
midday is in the recommended range (56.3% and 54.1%).
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Graph 3.2: Temperature and relative humidity values in office A3 during working hours

Regarding noise conditions the main reason which seems to influence the employee’s
perception are the noises that come for the corridor and from the PC lab which is
located next to the A3 office. Inside the lab there are often several students resulting in
the creation of annoying noise.
Graph 3.3 shows values of light intensity at work stations. Values in the morning and
midday are in the acceptable range for office work (300-500lux). In midday light
intensity is a bit lower (242 lux).
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Graph 3.3: Light Intensity values in office A3

Lighting conditions have been characterized as “very poor”. During measurements we
have observed that the fluorescent lamp next to the workstation flickers. Flickering can
be very annoying, resulting in visual discomfort and even eye fatigue, headache and in
some cases in accidents and reduced performance and productivity. Flickering should
be avoided in order to achieve visual comfort.
The fact that the office is located near the building’s toilets (approximately 10 meters)
and the inadequate ventilation seem to be the reasons for which the odor conditions
have been characterized as “poor”.
The next graph (Graph 3.4) deals with the symptoms experienced by A3.1 employee
inside her working environment. The employee has reported that she experiences
sleepiness, eye irritation and headache the whole day. In addition to these, by midday
the employee feels fatigue and in the afternoon feels her throat sore.
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Graph 3.4: Symptoms experienced by A3 office employee during entire day

The fact that the A3.1 employee feels sleepiness from the morning and during entire day
can be caused by many factors such: inefficient resting hours, lack of sleep. Eye
irritation might appear as a consequence of the poor ventilation and long working time
in front of a computer monitor. The main reason for fatigue and headache are the poor
acoustic and lighting conditions mentioned above, and could also be a result of poor
ventilation and relatively high temperatures. Sore throat is a result of poor IAQ. It is
notable that the symptoms are relieved when the employee leaves the building. As we
can observe in Graph 3.5 the above symptoms negatively influence employee’s mental
activities during her working time. Such problems might reduce the employee’s
performance and productivity.
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Graph 3.5: Problems with mental activities of A3 office employees during working hours

According to the data acquired by the questionnaire in order to adjust thermal comfort
and indoor air quality, the employee can turn on/off the air A/C unit, open/close the
door and window. These actions result in an improvement only of thermal comfort. The
above actions do not have any influence on IAQ.
Finally, Graph 3.6 shows the employee’s overall level of satisfaction regarding her
working environment. This is characterized as “very poor”, which is reasonable
considering the above data about the conditions in that workplace.
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Graph 3.6: Overall satisfaction for office A3 employee during working hours
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3.5.

Office A5

Office A5 is an office (administrative assistance-information office) with two
employees that is located on building’s ground floor. A similar office (A6) is located
next to A5 (to the east). An aluminum-glass door and a brick wall separate the two
offices. At the right side of the employees there is a glazed door and a fixed glass facade
without blinds that are exposed to a transition space (facing south), another window is
located on the wall facing north, exposed to a corridor. To have a better understanding
of the conditions prevailing in the office it is important to have a look at the office plan
(Plan 7).

Plan 7: Plan of the office A5

This office is used by two employees, both male, whose working hours are 9:00-17:00.
The type of their work is office-administrative. Both employees are in the age group of
25-35 years old. Table 5 shows the personal information of employees in office A5.
During the academic year there are three employees in the office, however during the
survey one employee was on summer vacation.
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Table 5: Personal information about employees in office A5

Q.
Num

Office Num

Gender

Working
hours

Age

Type of Work
OfficeA5
A5.WL Male
35-45
9:00-17:00 administrative
OfficeA5
A5.WR Male
35-45
9:00-17:00 administrative
It is important to note the employees’ perception of the conditions prevailing in their
working environment. The data are presented at Graph 5.1.
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Graph 5.1: Employees’ perception regarding ventilation, temperature, noise, lighting and odor in the morning and in
midday

According to the questionnaires in the morning and midday, both employees find
ventilation and temperature “good”. Employee A5.WL has rated noise as “good” and
employee A5.WR as “indifferent”. Regarding lighting conditions both employees find
them “good”. Finally, odors level has been characterized as “excellent” by employee
A6.WL and as “good” by employee A5.WR. In the afternoon employee A5.WR finds
ventilation and temperature “excellent”.
We can see in Graph 5.2 that the temperature in the morning is around 260C, in midday
around 270C and finally in the afternoon around 280C. The values are higher compared
to ELINYAE (250C for summer months), but this fact seems not to affect employees’
sensation.
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Graph 5.2: Temperature and relative humidity values in office A5.

Relative humidity values are higher than the recommended in the morning and within
the acceptable range (40%-60%) in midday and afternoon.
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Graph 5.3: Light intensity values in office Α5 in morning -midday-afternoon

Graph 5.3 shows measured values of light intensity. These are within the acceptable
range in the morning according to ELINYAE (300-500lux for office work). In midday
and afternoon they are lower than the recommendation, which contradicts the
satisfaction expressed by employees.
The graph below (Graph 5.4) indicates the symptoms that employees experience in their
working environment. We can observe that employee A5.WL suffers from eye irritation
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the whole day. According to the data acquired by the questionnaires the symptom is not
relieved when the employee leaves the building. Eye irritation can be caused by the long
working time in front of a computer monitor.
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Graph 5.4: Symptoms that employees experience during their working hours.

The next graph (Graph 5.5) shows problems experienced by the employees with mental
activities. In office A5 we can observe that one of the employees (A5.WR) encounters
problem with concentration especially in the morning and in midday.
Both employees have the possibility to control-adjust thermal comfort and IAQ. As
demonstrated by Graph 5.5, both employees use the A/C the whole day, and one of
them uses the window as an additional means to control-adjust thermal comfort and
IAQ. As reported by the employees, the above actions result only in improvement on
thermal comfort, whereas the IAQ is not affected. It seems that the window, which is
the only way to ventilate the office, is not enough.
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Graph 5.5: Actions by employees to adjust thermal comfort and IAQ

Graph 5.6 shows the level of employees’ overall satisfaction regarding their working
environment.
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Graph 5.6: Employees overall satisfaction regarding their working environment.

Both employees find the work environment "good". A positive view considering firstly
the high temperature in midday and afternoon, secondly the noises created by the
increased movement of students in the office, and the finally the low light intensity
especially in the afternoon.
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3.6.

Office A6

Office A6 is an office with two employees (academic assistance) and is located on the
building’s ground floor. A similar office (A5) is located next to A6. An aluminum
frame glass door separates the two offices. On the right side of the employees there is a
window without blinds that is exposed to outside (facing to the south). In order to have
a better understanding of the conditions prevailing in the specific office it is necessary
to have a look at its plan (Plan 8).

Plan 8: Plan of the office A6

In this office there are two employees, both male, and their working hours are from 9
o’clock at the morning to 5 o’clock at the afternoon. The type of their work is
characterized as office-research. Both employees are in the same age group 35-45 years
old. Table 6 sums the above facts.
Table 6: Personal information about employees in office A6

Q. Num

Gender

Age

Working
hours

Type of work

A6.WL

male

35-45

9:00-17:00

OfficeResearch

A6.WR

male

35-45

9:00-17:00

OfficeResearch
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In Graph 6.1 we can observe the workers’ perception of different IAQ aspects like:
ventilation, temperature, noise, lighting, odors.
100%
80%

1

1

1

1

60%
40%
20%

1

2
1

0%

Very Poor

Poor

1

Indifferent

1

Good

Excellent

Graph 6.1: Employees’ perception regarding ventilation, temperature, noise, lighting and odors in the morning and
midday

According to the data from the questionnaires in the morning, midday and afternoon,
one of the employees (A6.WL) finds the ventilation “good” and the other one (A6.WR)
“indifferent”; the same for the temperature. As we can see in Graph 6.2 the temperature
value for both employees is around 250C in the morning ,260C in midday and around
280C in the afternoon .The values of relative humidity are around 64%,58%,54%
respectively. Temperature values are within the acceptable range only in the morning.
The values of relative humidity in the morning are a bit higher that the ELINYAE
recommendation .The higher percentage of the relative humidity in combination with
high temperature can result in thermal discomfort.
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Graph 6.2: Temperature and relative humidity values in office A6

Noise conditions have been characterized by the first employee (A6.WL) as “poor” and
by the second (A6.WR) as “good”. The perception of the first employee may be
influenced by noises (conversation, open/close door) that originate from the office A5,
an office which is used by students frequently throughout the day to seek information
and ask questions .Another factor that might influence the employee’s perception about
noise is the A/C external units which are located in the transition space to the south.
Lighting conditions are characterized by the first employee (A6.WL) as “indifferent”
and by the second (A6.WR) as “poor”. As we can observe in Graph 6.3, the measured
light intensity for both workers is within acceptable range for office work. The reason
that the employee A6.WR is not satisfied with the lighting conditions may be attributed
to the fact that employee A6.WR works on a small screen with software that requires
greater accuracy than usual, thus higher light intensity may be needed. Another reason
that may influence the level of satisfaction is the absence of blinds on the windows in
combination with the position of the sun during measurements. The sun during the time
of measurements was located south-east and the office is south facing, so employee
A6.WR’s work station is facing the sun during morning and midday.
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Graph 6.3: Light Intensity values in office A6

Finally both employees find the odors conditions of their office environment “good”
because the space seems to be physically clean during the entire day. (A6.WR employee
finds odor conditions “indifferent” in the afternoon)
The next graph (Graph 6.4) deals with the symptoms experienced by the employees
inside their working environment. As we can see employee A6.WL reported that during
the entire day experiences fatigue. The fact employee A6.WL feels fatigue from the
morning and during entire day can be caused by many factors such: long hours of
working, inefficient resting hours, lack of sleep etc.
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Graph 6.4: Symptoms experienced by A6 office employee during entire day
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In the following graph (Graph 6.5) we can see that according to the employees’ answers
the above symptoms are relieved when the employees leave the building.
1

1

50,00%
40,00%
30,00%
20,00%
10,00%
0

0,00%
YES

NO
No symptoms

Graph 6.5: Are the symptoms relieved when you leave the building?

Graph 6.6 presents problems of the employees relevant to mental activities like
concentration, typing, thinking and others. As we can observe in the graph both
employees have reported concentration problems during the entire day. This can be
explained by their perception of noise and lighting conditions which we have mentioned
above.
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Graph 6.6: Problems with mental activities of A6 office employees during working hours

The following graphs present actions taken by employees in order to the control-adjust
thermal comfort and IAQ inside their working environment in the morning, midday and
afternoon (Graph 6.7a and Graph 6.7b). In Graph 6.8 we can observe the results of
those actions and if employees feel an improvement in thermal comfort and IAQ.
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Graph 6.7a: Actions to adjust thermal comfort and indoor air quality (morning and afternoon)
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Graph 6.7b: Actions to adjust thermal comfort and indoor air quality (midday)

We can understand by the above graphs that employees have a high level of control on
thermal comfort and IAQ by open/close windows, turn on/off the air conditioning unit
and open/close the door. This high level of control is essential as it helps the employees
to adapt themselves to the conditions prevailing in their working environment and vice
versa. As we can see in Graph 6.8 both the thermal comfort and IAQ conditions have
been improved by the above actions during day.

88

100%
80%
60%

2

40%

2

2

20%
0%
Morning

Midday

Afternoon

To both

Only to thermal comfort

Only to IAQ

It makes no difference

Graph 6.8: Result of adjusting thermal comfort and IAQ

Finally, in Graph 6.9 we can observe the overall satisfaction level of the employees
regarding their working environment. We can see that employee A6.WR finds the
building “poor”, contrary to employee A6.WL who finds the building “good”.
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Graph 6.9: Overall satisfaction for office A6 employees during working hours

It should be noted that the employee considering the building “poor” is the one that does
not experience any specific symptom that can be related with SBS. It seems that the
reason that influences his perception of the building conditions is the problems with
lighting conditions. As we have mentioned above the origin of those problems is the
location of his working station-desk (facing the sun during morning and midday) and
the type of his work.
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3.7.

Office A10

The A10 is an administrative office located on the east side of the building on the first
floor. The office’s western and southern surface are attached to other offices, the
northern surface is attached to a classroom. At the eastern surface of office there two
sliding windows and four fixed glass facades .The windows are equipped with blinds
for shading. In the office there is one air conditioning unit positioned in the northeast
corner of the office. For better understanding of the prevailing conditions it is important
to have a look at office’s plan (Plan 9).

Plan 9: Plan of the office A10

In this office we have one female employee whose daily working schedule is 9:0017:00.The type of employee’s work can be characterized as office work and she belongs
to the age group of 35-45 years old. Table 7 sums employee’s personal information.
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Table 7: Personal information of office A10 employee

Office
Num
A10

Q. Num
A10.1

Gender
Female

Age
35-45

Working
hours
9:00-17:00

Type of Work
Office work

In order to have a better understanding about the prevailing conditions in this particular
working space it is important to observe the employee’s perception about some major
IAQ aspects of their working environment (Graph 10.1a-Graph 10.1c).
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Graph 10.1a: Employee’s perception regarding ventilation, temperature, noise, lighting and odors in the morning
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Graph 10.1b: Employee’s perception regarding ventilation, temperature, noise, lighting and odors in midday
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Graph 10.1c: Employee’s perception regarding ventilation, temperature, noise, lighting and odors in afternoon

As it is shown in the diagrams above, the ventilation has been identified by the
employee as "good" in the morning and afternoon, and as "indifferent" midday.
Temperature is characterized as “indifferent” in the morning and midday, and as “good”
in the afternoon. Noise is identified as “poor” in the morning and midday and as
“indifferent” in the afternoon. Finally the lighting and odor conditions have been
identified as "good" in the morning and in the afternoon and as “indifferent” in midday.
The temperature values during the measurements are, 26.70C ,27.70C and 280C in the
morning, midday and afternoon (Graph 10.2). The temperature values are higher
compared with the ELINYAE recommendation. This fact can be explained by the lack
of thermal insulation in building’s envelope and by the absence of thermal break in
window’s frame. During the morning and midday measurements the air condition unit
was turned on, but it seems that is not enough to keep the temperature in comfort level.
The relative humidity values are in acceptable range (Graph 10.2).
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Graph 10.2: Temperature and relative humidity values in office A10

In the following graph (Graph 10.3) we can see the values of light intensity, as we can
observe the measured light intensity is significantly higher compared to the acceptable
range for office tasks, however no problems were reported by the employee. All the
transparent office elements were covered with blinds during the measurements. The
high light intensity is a result of the six lighting fixtures which were turned on during
the entire day.
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Graph 10.3: Light intensity values in office A10
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The following graphs (Graph 10.4a, Graph 10.4b) deal with the symptoms experienced
by the employee in their own working environment. As we can observe that employee
has reported that during their entire working schedule feels fatigue and eye irritation.
Fatigue something that can be caused by the long time of working, inefficient resting
hours and lack of sleep (lack of sleep can be the reason for the existence of sleepiness in
the afternoon)
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Graph 10.4a: Symptoms experienced by A10 office employee in the morning and midday
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Graph 10.4b: Symptoms experienced by A10 office employee in the afternoon
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Another factor that may be responsible for the existence of fatigue is the increased noise
level. The noise is characterized as “poor” in the morning and midday and as
“indifferent” in the afternoon. The main sources of noise inside the office are common
office equipment like telephone, personal computer, air condition unit and of course
human activities such as footsteps, door closing noise etc. Eye irritation is probably a
result of the unacceptable lighting conditions that we have already mentioned. It should
be noted that all the symptoms are relieved when the employee leaves from the
building.
The employee understands that these symptoms affect to a degree their mental
activities; as it is mentioned they experience problems with thinking in the morning and
midday and with concentration in the afternoon. Several studies have demonstrated that
problematic mental activities result in reduction of worker performance and
productivity.
The next graph (Graph 10.5) shows how employee tries to adapt itself in the prevailing
conditions and vise a versa. It is notable that the employee has the possibility to
open/close both doors and windows and to turn on/off the air condition unit. In the
morning and in midday the employee uses the A/C unit and the window to control
thermal comfort and IAQ (Graph 10.5a), in the afternoon the employee uses only the
A/C unit (Graph 10.5b).
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Graph 10.5a: Actions to adjust thermal comfort and indoor air quality in the morning and midday
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Graph 10.5b: Actions to adjust thermal comfort and indoor air quality in the afternoon

From Graph 10.6 we can imagine that in the morning when the employee opens and
closes the windows and the air conditioner there is an improvement both to thermal
comfort and to IAQ, when the employee uses only air conditioner the IAQ conditions
are not affected.
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Graph 10.6: Result of adjusting thermal comfort and IAQ

Finally at Graph 10.7 we can observe the level of employee’s overall satisfaction
regarding their working environment. In general seems that the employee is satisfied, an
optimistic view considering the facts and the observations mentioned above.
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Graph 10.7: Level of employee’s overall satisfaction
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3.8.

Office A11

Office A11 is located on the first floor of the building‘s northern wing (Plan 10). Next
to it there is another administrative office (A12) with five employees. In office A11
there is one big window which is exposed to the north and it is not supplied with any
shading device (blinds, internal or external shading devices).

Plan 10: Plan of the office A11

The A11 employees one male and one female (A11.R and A11.L), whose work is
characterized as office-administrative work, their working hours are 9:00-17:00. Table 8
sums basic personal information on office A11 employees.
Table 8: Personal information about employees in office A11

Q. Num

Gender

Age

Working
hours

Type of work

A11.L

female

25-35

9:00-17:00

OfficeAdministrative

A11.R

male

35-45

9:00-17:00

OfficeAdministrative
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Graphs 11.1a, 11.1b, 11.1c illustrate the employees’ perception of different IAQ aspects
such as ventilation, temperature, noise, lighting, odors.
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Graph 11.1a: Employees’ perception regarding ventilation, temperature, noise, lighting and odors in the morning
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Graph 11.1b: Employees’ perception regarding ventilation, temperature, noise, lighting and odors in the midday

100%
1

1

50%

2
1

2

1

2

0%

Very Poor

Poor

Indifferent

Good

Excellent

Graph 11.1c: Employees’ perception regarding ventilation, temperature, noise, lighting and odors in the morning
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We can see in the above graphs that the temperature during working hours has been
characterized as “poor” by employee A6.L and as “good by A6.R employee (in the
afternoon is characterized as “indifferent” by A6.R employee). From Graph 11.2 we can
see that the temperature values are higher compared to the ELINYAE recommendation
for office work. Apart from the lack of thermal insulation of building’s envelope and the
absence of thermal brake on window frames, a factor that influences the sensation of the
female employee regarding temperature is her attire. During the measurements she wore
jeans and a long shirt. This type of attire increases the insulating value of clothing and
can cause thermal discomfort.
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Graph 11.2: Temperature and relative humidity values in office A11

The high values of relative humidity (Graph 11.2) are in or close to the acceptable
range. The window was closed or only slightly open. This fact might be also the reason
for the “poor” ventilation as characterized by A6.L employee.
Regarding lighting conditions, the values of light intensity are significantly higher
(Graph 11.3) than the recommended values by ELINYAE, but this seems not to affect
the employee’s perception at least according to the questionnaires. It should be noted
that during measurements the electrical lights were turned off and the only source of
light it was the natural light through the window. In order to reduce the light intensity it
is advised to equip the window with blinds or other shading devices.
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Graph 11.3: Light intensity values in office A11

Noise conditions have been rated by both employees as “good” during the whole day.
Regarding odor sensation, employee A6.L finds odor “poor” in the morning,
“indifferent” in the midday and “good” in the afternoon. Contrary to A11.L employee’s
sensation, A11.W finds odor conditions “good” during their working hours. The main
source of odors is the toilet that is located close to the office. At high temperatures the
smell from the toilet travels faster and the effect might be amplified. All the above
become worse in combination with poor ventilation.
Graphs 11.4a, 11.4b and 11.4c illustrate the symptoms experienced by office A11
employees’ during their working schedule. As we can see, both employees feel eye
irritation at least during two of the three measurements. As already mentioned, eye
irritation might be a result of long working hours in front of a computer monitor in
combination with the high light intensity prevailing in the office. Nose irritation in the
morning (reported by A11.L employee who has characterized odor as “poor” in the
morning) might be caused by inadequate ventilation and by odor conditions. Sore throat
might be a result of sudden temperature changes from lower temperatures inside office
to higher temperatures during breaks and vice versa, inadequate ventilation and air
circulation3.

3

Causing the system to stagnate in certain areas and potentially brew infection
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Graph 11.4a: Symptoms experienced by A11 office employees in the morning
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Graph 11.4b: Symptoms experienced by A11 office employees in midday
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Graph 11.4c: Symptoms experienced by A11 office employees in the afternoon
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According to the data acquired from the questionnaires there are no reported problems
with employees' mental activities, or at least, not perceived by the employees
themselves.
Graphs 11.5a - 11.5b illustrate how employees try to adjust-control thermal comfort and
IAQ. As we can see both employees use all the available methods in the morning
(open/close window, open/close door, and turn on /off the A/C unit). The only
differentiation during the daily working schedule is that employee A11.R avoids the use
the A/C unit in midday and afternoon, something strange, we would expect him to
operate the A/C especially in midday and in the afternoon when the temperature is
usually high.
1

1

1
0,8
0,6
0,4
0,2
0

1

1

Open/Close
Windows Turn ON/Off
A/C
A11.L (morning)

1

1

Open/Close
doors

A11.R (morning)

Graph 11.5a: Actions by employees to adjust thermal comfort and IAQ in the morning
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Graph 11.5b: Actions by employees to adjust thermal comfort and IAQ in midday and afternoon

Furthermore, it is reported by both employees that the actions taken result in an
improvement both in thermal comfort and IAQ conditions (Graph 11.6).
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Graph 11.6: Result of adjusting thermal comfort and IAQ during working time

Graph 11.7 shows the employees’ overall level of satisfaction regarding their working
environment. Based on the above data and observations, one of the employees (A11.L)
finds the working environment “poor” and the other one (A11.R) finds it “indifferent”.
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Graph 11.7: Employees’ overall level of satisfaction regarding their working environment
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3.9.

Office A12

Office A12 is located on the first floor’s north-east side of the building. We can observe
a plan of the office and its orientation in Plan 11. Office A12 is an administrative office
(information and communication technologies) with five employees. The western wall
of the office is separating it from office A11 (marketing office with two employees).
The southern wall adjoining the PhD office A13 (two PhD students). Finally, the eastern
wall is equipped with two windows and with two fixed glass facades. Another small
window exists in the northern wall (without blinds or any other shading device). The
windows facing east are supplied with shading devices (internal blinds). In office A12
there are approximately six personal computers, one A/C unit and one large printer.

Plan 11: Plan of the office A12

In this office there are five employees, three male and two female, their working hours
are from 9:00-17:00. The type of their work is identified as office-administrative. Table
9 sums personal information about employees.
Table 9: Personal information about employees in office A12

Q.
Num Gender Age
A12.1 female 35-45

Working
hours
9:00-17:00

Type of work
Office105

A12.2 female

25-35

9:00-17:00

A12.3

male

45-55

9:00-17:00

A12.4

male

25-35

9:00-17:00

A12.5

male

35-45

9:00-17:00

Administrative
OfficeAdministrative
OfficeAdministrative
OfficeAdministrative
OfficeAdministrative

Graphs 12.1a- 12.1c show the results acquired by the questionnaires regarding
employees’ perception of their working environment.
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Graph 12.1a: Employees’ perception regarding ventilation, temperature, noise, lighting and odors in the morning
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Graph 12.1b: Employees’ perception regarding ventilation, temperature, noise, lighting and odors in midday
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Graph 12.1c: Employees’ perception regarding ventilation, temperature, noise, lighting and odors in the afternoon

In the morning most employees (3) are satisfied with office ventilation, one employee
finds ventilation “indifferent” and the other one finds it “poor”. In midday we have a
small differentiation; three employees have characterized ventilation as “indifferent”
and two as “good”. Finally, in the afternoon, three employees have rated ventilation as
“good” and two as “indifferent”. The employee who finds ventilation “poor” (A12.1) is
the one whose workstation is located far away from both windows. The windows are the
only means of communication between the office’s internal environment and ambient
fresh air. This may be the reason for employee’s dissatisfaction. The employees whose
workstations are quite close to the windows (A12.2 and A12.5) seem to be satisfied
with office’s ventilation.
All employees seem to be satisfied with the temperature and they have rated it as
“good” during their working schedule. Graph 12.2 shows

measured temperature and

relative humidity values for all office A12 employees. All the temperature values are
higher (25.90C-27.40C) than the ELINYAE recommendations for office work in
summer months (250C). It seems that the high temperatures do not cause thermal
discomfort to the employees. The measured values of relative humidity are within
acceptable range according to ELINYAE.
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Graph 12.2: Temperature and relative humidity values in office A12

Lighting conditions have been characterized as “good” by the employees’ majority
during working schedule (three in the morning and all of them both in midday and
afternoon). Only in the morning employees A12.2 and A12.3 find lighting “indifferent”.
We can see from Graph 12.3 that the measured light intensity for all employees except
from A12.2 are extremely lower (34-152 lux) than the recommended by ELINYAE.
This is probably the reason for which employee A12.3 finds lighting in the morning
“indifferent”. It should be noted that the light intensity values for employees’’ majority
are very low (34-84lux), in that cases the employees’ perception cannot be “indifferent
or “good”, those answers are very optimistic considering that in some cases the light
intensity values are extremely low.
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Graph 12.3: Light Intensity values in office A12
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The values of light intensity for A12.2 employee are within the recommended range for
office work (300-500lux). It is notable that the work station of employee A12.2 is
located close to the window which is not protected by the blinds; maybe the fact that
she has the sun on her back (potential undesired shading) is the reason that leads her to
rate lighting conditions “indifferent” in the morning.
Regarding noise, it is characterized as “good” by three of the employees, as
“indifferent” by one employee and as “poor” by the remaining one. Employees who
have rated noise as “poor” and “indifferent” are A12.1 and A12.3. Their sensation can
be influenced by many factors. The office space is small to meet the needs of five
workers, conversations, ringing phones, noise from the electronic computers’ cooling
systems, sounds from the printer and even the movement of the employees themselves
in the office can cause annoying noises.
Considering odor conditions, in the morning two of the employees find odors
“indifferent”, two “poor” and the one “good”. In midday three of the employees find
odors “indifferent”, one “poor” and the rest one “good”. In the afternoon two of the
employees find odors “indifferent”, one “poor” and two “good”. Employees’ perception
about odors might be influenced by the existence of dust and smells inside the space.
We have noticed during the measurements that there are many useless items scattered in
the office which can be sources of dust and unpleasant smell items like, boxes, cables,
old computer boxes, food, used coffee cups etc.
Graph 12.4 presents the symptoms which are experienced by the employees in office
A12. As we can see, employee A12.1 suffers from fatigue and eye irritation; A12.2
from headache; A12.3 from fatigue, sleepiness and headache; A12.4 only from fatigue;
and finally A12.5 does not experience any symptoms. In Graph 12.5 we can see that
two of the employees report that symptoms are relieved when they leave the building,
but for the remaining two the symptoms remain (one employee does not experience any
symptom).
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Graph 12.5: Are the symptoms relieved when you leave the building?

Graph 12.6 shows problems of the employees relevant to mental activities. As we can
observe in the graph, four of the employees in the morning and midday and three in the
afternoon have reported no problems during the entire day. One employee has reported
thinking and concentration problems in the morning and midday. Finally, in the
afternoon one employee has reported concentration problems and one problem with
thinking tasks.
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Graph 12.6: Problems with mental activities of A12 office employees during working hours

Graph 12.7 demonstrates how employees adjust-control thermal comfort and IAQ. So
we can observe that all employees use the A/C unit and window and three of them use
the door as an extra means. Two of the employees have reported they feel difference
into both thermal comfort and IAQ, two feel difference only in thermal comfort and one
feels no difference.
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Graph12.7: Actions to adjust thermal comfort and indoor air quality

Graph 12.8 represents the overall satisfaction of the employees according to their
working environment. As is clearly seen, three of the employees find their working
environment “good” and two “indifferent” in the morning and midday. In the afternoon
four of the employees find their working environment “good” and one “indifferent”.
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Graph 12.8: Overall satisfaction for office A12 employee during working hours
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3.10. Office A13
Office A13 is located on the first floor’s north-east side of the building. We can observe
a plan of the office and its orientation in Plan 12. Office A13 is a research office used
by two PhD students. The western wall of the office is facing a small enclosed corridor.
The southern wall is adjoining toilets used by the academic staff. The eastern wall has
one window and two fixed glass facades. The windows facing east are supplied with
shading devices (internal blinds). The office’s electronic equipments consist of one A/C
and two personal computers.

Plan 12: Plan of the office A13

Table 10 sums PhD students’ personal information.
Table 10: Personal information about employees in office A13

Q. Num

Gender

Age

Working
hours

A13.1

female

25-35

9:00-17:00

PhD student

A13.2

male

25-35

9:00-17:00

PhD student

Type of work

In order to have a deeper understanding of the conditions prevailing during their
working schedule, it is essential to see how PhD students feel regarding some of the
major IAQ aspects like ventilation, temperature, noise ,lighting and odors. The graphs
below present those data (Graphs 13.1a- 13.1b).
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Graph 13.1a: Students’ perception regarding ventilation, temperature, noise, lighting and odors in the morning and
midday
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Graph 13.1b: Students’ perception regarding ventilation, temperature, noise, lighting and odors in the afternoon

Ventilation of the office can be managed by opening the window facing outdoors (east)
and by opening the door facing an enclosed small corridor. Ventilation is characterized
during the whole day as “poor” by A13.1 student and as “indifferent” by A13.2 student.
The reason for this differentiation is the fact that the student’s A13.2 workstation is
located close to the window (easier fresh air supply). In general, office ventilation
through the window seems to be inadequate. It would be highly beneficial if there were
more openable windows in the office.
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Concerning temperature, it should be noted that A13.1 student finds temperature “poor”
and at the same time A13.2 student finds it “excellent”. In Graph 13.2 we can observe
that the measured temperature values in morning and midday (when the A/C was turned
off) are higher (27.70C-280C) compared to ELINYAE recommendations. In the midday
(when the A/C was turned on) the temperatures are close (24.70C-25.40C) to acceptable
value. The high temperature might be the reason for the students A13.1 perception
regarding temperature.
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Graph 13.2: Temperature and relative humidity values in office A13

Graph 13.3 shows measured light intensity values for both students are higher (8391108 lux) than the appropriate for office work (300-500 lux). Both students are satisfied
with the lighting conditions or at least they do not see any influence by the high light
intensity.
Both PhD students’ finds noise conditions “indifferent”, though it seems that potential
noises from the corridor, toilets and from the building adjacent open spaces might
influence students’ acoustic comfort.
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Graph 13.3: Light Intensity values in office A13

Odors have been characterized as “indifferent” by A13.1 student (the same student that
finds ventilation poor); the more logical explanation is that it is influenced by the
inadequate ventilation and by potential odors from the toilets.
As it is reported, both students suffer from fatigue and eye irritation during their daily
schedule and by sleepiness in the afternoon. Fatigue and sleepiness can be caused by
long time of working, inefficient resting hours, lack of sleep. Eye irritation may be a
result of the high light intensity mentioned above. In addition to the above symptoms
A13.2 students suffers from headache in the morning. Headache can be caused by the
inappropriate light intensity and from unwanted noises. Symptoms of both students
disappear when they leave the building.
Graph 13.4 shows if the students experience problems with their mental activities. As
we can observe in the graph both employees have reported concentration problems in
the morning and midday. In the afternoon, A13.1 student has reported problems with
thinking and concentration and A13.2 with thinking and typing.
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Graph 13.4: Problems with mental activities of A13 office PhD students during working hours

Graph 13.5a and 13.5b show actions taken by students in order to adjust-control the
thermal comfort and IAQ.
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Graph 13.5a: Actions to adjust thermal comfort and indoor air quality in the morning and in midday

117

1

1

1

1

1

0,8
0,6
0,4
0,2

0

0

0
Open/Close
Windows

Turn ON/Off A/C

A13.1

Open/Close
doors

A13.2

Graph 13.5b: Actions to adjust thermal comfort and indoor air quality in the afternoon

The above actions help in the improvement of both thermal comfort and IAQ, as
reported by both students. Graph 13.6 shows the students’ overall level of satisfaction
about their office. A13.1 student finds the office conditions “indifferent” and A13.2
student “good”. A13.1 student’s perception is mainly influenced by the poor ventilation
conditions in combination with the high temperatures.
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Graph 13.6: Overall satisfaction for office A13 employee during working hours
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3.11. Office A14
Office A14 is an administrative office with only one employee, located on the building's
first floor. Another office is adjacent to the northern wall. A wooden door separates the
two offices. At the employee's right side we have two windows supplied with blinds and
two fixed glass facades that are exposed to outdoors (east), the western wall facing to a
corridor. There are two air conditioning units that are located in the north-east and
south-west office corners (Plan 13)

Plan 13: Plan of the office A14

Working hours are 9:00-17:00. The type of employee’s work is administrative and he
belongs to the age group of 35-45 years old. Table 11 sums the personal information of
office employee A14.
Table 11: Personal information about employee A14.1

Office
Num
A14

Q. Num
A14.1

Gender
Male

Age
35-45

Working
hours
9:00-17:00

Type of Work
Administrative

Graph 14.1 illustrates how employee feels about some of the major aspects of IAQ.
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Graph: 14.1a: Employee’s perception regarding ventilation, temperature, noise, lighting and odors in the morning
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Graph: 14.1b: Employee’s perception regarding ventilation, temperature, noise, lighting and odors in midday and
afternoon

As we can see in Graph 14.1a and Graph 14.1b, conditions regarding ventilation and
temperature have been characterized by employee A14.1 as “good” (in the morning
ventilation was characterized as “indifferent”). Noise, lighting and odor are
characterized as “excellent”. Ventilation of the office can be managed by opening the
windows that are facing outdoors and by opening the door facing the corridor which is
frequently supplied with fresh air. The temperature values at A14.1 employee’s work
station in the morning, midday and afternoon are 27.60C, 270C and 27.80C .The values
are higher that the recommended by the ELINYAE (250C in summer months for office
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work). Those high levels of the temperature are probably a result of lack of thermal
insulation in building’s envelope. The values of relative humidity are within the
recommended range during the whole day (40%-60%).We can observe those data in
Graph 14.2.
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Graph 14.2: Temperature and relative humidity values in office A14

Regarding visual conditions it is notable that the values of light intensity the whole day
are above the recommended, however no visual discomfort was reported. The high
value of light intensity in the morning (1712lux) might caused by the twelve lighting
fixtures which were turned on during the measurements in the morning. During the
measurements in the midday and in the afternoon three lighting fixures were turned on.
1800

1712

1600
1400

Lux

1200
1000
800

770

748

A14.1 (midday)

A14.1 (afternoon)

600
400
200
0
A14.1 (morning)

Graph 14.3: Light intensity values in office Α14
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It should be noted that no symptoms or problems with any mental activity were reported
by office A14 employee.

Employee has a sufficient rate of control over thermal

comfort and IAQ. As it is reported the employee in order to control-adjust the thermal
comfort and IAQ uses the A/C unit, the window and the wooden door. Furthermore it
seems that after the above actions the employee feels difference both in thermal comfort
and IAQ.
The last graph (graph 14.4) is also important as it demonstrates employee’s overall level
of satisfaction regarding their own working environment. The data above, reasonably
lead to the conclusion that the employee is quite satisfied with their working
environment. That fact can be indicated in Graph 14.4.

100%
80%
60%

1

1

40%

1

20%
0%
Morning

Midday
Afternoon

Very Poor

Poor

Indifferent

Good

Excellent

Graph 14.4: Overall satisfaction for office A14 employee during working hours (1)
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3.12. LAB 1
Lab 1 is a computer lab located in university’s ground floor. The lab’s eastern surface is
equipped with two double glazed windows (aluminum frame) and with six closed glass
facades facing outdoors (to the east). Both windows and glass facades are equipped with
blinds and with fixed external shading .The lab’s western wall is facing university’s
corridor (west). The northern wall is adjoining the toilets and the southern wall
separates Lab 1 from a similar lab. The two labs are separated by a wooden partition
(with sound insulation). We can observe a plan of the office and its orientation in Plan
14. Inside the lab there is one air conditioning unit, approximately twenty personal
computers and eight lighting fixtures (16 fluorescent tubes-576 watts).

Plan 14: Lab 1 plan

On the day of the survey there were two students working in this lab. Personal
information appears in Table 12.
Table 12: Personal information about the students

Office
Num
A2
A2

Q. Num
A2.1
A2.2

Gender
Male
Male

Age
>25
25-35

Working
hours
9:00-17:00
9:00-17:00

Type
of
Work
PC work
PC work

Graphs 15.1a-15.1c illustrate students’ perception of some IAQ aspects of their working
space.
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Graph 15.1a: Employee’s perception regarding ventilation, temperature, noise, lighting and odors in the morning
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Graph 15.1b: Employee’s perception regarding ventilation, temperature, noise, lighting and odors in midday
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Graph 15.1c: Employee’s perception regarding ventilation, temperature, noise, lighting and odors in the afternoon
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Both students find space ventilation “indifferent”. The measured temperature values are
clearly seen in Graph 15.2. All values (except from LAB1.1 in midday) are higher that
the recommendation for office work by ELINYAE. It seems that the student LAB1.2 is
not affected by the high temperature, but student LAB 1.1 finds temperature “poor” in
the morning and afternoon and “very poor” in midday. The temperature on student’s
LAB1.1 workstation in midday was 23.60C. The low temperature value in conjunction
with the location of the A/C unit in relation to their work station (the A/C unit is just
across from his office to the right) are the main reasons that force the student to rate
temperature conditions as “poor” and “very poor”. The values of relative humidity are
within acceptable range (from 44.3% to 55.7%) for both students.
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Graph 15.2: Temperature and relative humidity values in the Lab 1

As we can observe in Graph 15.3, the measured light intensity for LAB1.1 student is
above the acceptable range the whole day. As for the LAB1.2 student, the light intensity
is not acceptable in the morning and midday and becomes acceptable during the
afternoon. The lighting conditions have been rated by both students as “poor” or “very
poor”.
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Graph 15.3: Light Intensity values in lab 1 A6

The main reason that both students are dissatisfied with the lighting conditions are
phenomena like glare and reflections on computer monitors due to the shading blinds
being open which admitted direct solar radiation through the transparent windows.
Concerning odors, both students believe that conditions are unacceptable. The key
factor is the short distance that separates the laboratory from the ground floor toilets.
The toilet smell becomes worse in the summer high temperatures.
Graph 15.4 deals with the symptoms reported by the students inside the lab. As we can
see, both students feel eye irritation during the whole day. Eye irritation can be a result
of the poor lighting conditions mentioned above, and also due to the A/C drying the air
and blowing chilled air towards LAB 1.1 student’s face.. The sore throat experienced by
LAB1.1 student may be due to the extensive use of air conditioning in combination with
inadequate ventilation. As it is reported, the mentioned symptoms are relieved when
students leave the building.
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Graph 15.4: Symptoms reported by the students inside the lab

126

It should be noted that there are problems reported by the students regarding
concentration, something reasonable considering the poor lighting and odor conditions
in conjunction with the indifferent ventilation. At this point we should point that the
only action taken by the students in order to adjust thermal comfort and IAQ is to turn
on/off the A/C unit. The windows and doors, which are instruments that can improve
ventilation, odors conditions and generally IAQ, are not used by the students. The use of
A/C unit improves only the thermal comfort but it has no effect on the IAQ (Graph
15.5).
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Graph 15.5: Result of adjusting thermal comfort and IAQ
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Graph 15.6 shows the students’ overall level of satisfaction regarding the lab. We can
observe that both students find the environment “indifferent”.
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Graph 15.6: Student’s overall satisfaction regarding the lab 1
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4. Discussion and Conclusions
The main goal of this thesis was to understand how the indoor environment conditions
prevailing in an office and educational building of the International Hellenic University
(building A) influence its occupants and how these conditions are perceived by them?
We have tried to identify the sources of potentially negative effects on occupants’
comfort sensation and to suggest some measures to improve the IEQ, and as a
consequence the occupants’ comfort sensation. It should be noted that our
measurements and our analysis have taken place under strict time constraints and for a
better understanding of the building’s IEQ more research is necessary. The conclusions
we have obtain from our research are presented:
As already mentioned, the objective measurements and subjective assessment were
registered three times during one day (morning, midday and afternoon). The survey
included twenty-two building occupants, twelve males and ten females. One of them did
not participate in the afternoon survey and measurements. In the morning the majority
of the employees finds ventilation, temperature, noise and lighting conditions “good”
(11-14 employees or 50-63.6%). Odor conditions have been characterized by the eleven
employees (11 or 50%) as “good” or “excellent”, by five (5 or 22.7%) employees as
“indifferent” and by the rest as “poor” (six employees or 27.2%). Of course, there are
cases in which the above mentioned IEQ aspects (ventilation, temperature, noise,
lighting, odors) have been characterized as “poor” or “very poor” (four cases or 18.2%
for ventilation and temperature, five or 22.7% for noise and lighting, and six or 27.2%
for odors). According to the data acquired from measurements, most of the temperature
values (17-20) inside the offices are higher than those recommended by ELINYAE.
Regarding relative humidity the majority (15 or 68.2%) of the measured values are in
the acceptable range (in seven cases or 32.8% the measured relative humidity was
higher).
The most common symptom among the occupants in the morning is eye irritation (13
cases or 59%) and then fatigue (8, 36.3%) and headaches (5, 22.7%). It is observed that
eighteen (18, 81.8%) of twenty-two occupants suffer from at least one symptom and
nine (9, 40.9%) of them were experienced at least by two. Thirteen of the occupants (13
cases or 72.2%) who suffer at least from one symptom, state that the symptoms are
relieved when they leave the building. The same happens for seven (7, 77.7%) of those
who suffer from at least two symptoms. According to the obtained data twelve (12,
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54.5%) of twenty-two occupants experience no problem with their mental tasks and
activities. In eight (8, 36.4%) cases concentration problems were reported. Regarding
actions made by occupants in order to adjust TC and IAQ , nine (9, 40.9%) occupants
use all the available means (A/C, windows, doors) and nine (9, 40.9%) use only the A/C
unit and the window. The majority of occupants (14,63.6%) report that the above
actions result in an improvement of both TC and IAQ in contrast with the rest of the
employees(7,31.8%) that feel difference only in TC (one employee feels no
difference,4.5%). Finally, eleven (11, 50%) of the twenty-two employees find that their
working environment is “good”, seven (7, 31.8%) “indifferent” and four (4, 18.2%)
“poor or very poor”.
In midday the occupants’ perception of ventilation, temperature, noise, lighting and
odors remains more or less the same (the majority finds ventilation, temperature, noise
and lighting conditions “good” - 10-15 employees,45.4-68.1%). Odors conditions have
been characterized by twelve (11, 50%) employees as “good” or “excellent”, by seven
(7, 31.8%) as “indifferent” and by four (4, 18.2%) as “poor”. In addition, there are cases
in which the above mentioned IEQ aspects (ventilation, temperature, noise, lighting,
odors) have been characterized as “poor” or “very poor” (four cases or 18.2% for
ventilation, five or 22.7% for temperature, five or 22.7% for noise and lighting, and four
or 18.2% for odors). All relative humidity values are in the acceptable range. Regarding
temperature values, the majority of them are above the value recommended by
ELINYAE and in four cases the values are in or close to the acceptable value. The
values of light intensity in the majority of occupants’ workstations are either above (11
cases or 50%) or below (9 cases or 40.1%) the acceptable range.
Among the occupants the most commonly mentioned symptom in midday is eye
irritation (12 cases or 54.5%) followed by fatigue (9 cases or 40.9%) and headache (4
cases or 18.2%). In general, eighteen (18 or 81.8%) of the twenty-two occupants have
reported that they suffer of at least one symptom, nine (9, 40.1%) of those employees
suffer from at least two symptoms. Fourteen (14, 77.7%) of the occupants who suffer at
least from one symptom and seven (7, 77.7%) of those who suffer at least from two
symptoms, reported that the symptoms are relieved when they leave f the building.
Eleven (11, 50%) of the employees did not experience any problem with mental
activities. The most commonly reported problem is with concentration, reported by
eight (8, 36.4%) occupants. Seven (7, 31.8%) of the occupants use the A/C unit,
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windows and doors in order to adjust TC and IAQ, seven (7, 31.8%) use only the A/C
unit and the window, four (4, 18.2%) use only the A/C unit, two (2, 9.1%) use the doors
and windows and the remaining two (2, 9.1%) occupants use only doors and windows.
As a result of the above mentioned actions, fourteen (14, 63.6%) occupants have
reported improved TC and IAQ and seven occupants (7, 31.8%) have reported
difference only in TC. Regarding the occupants’ overall level of satisfaction, eleven (11
or 50%) occupants find their working environment “good”, seven (7, 31.8%)
“indifferent” and four (4, 18.2%) “poor or very poor”.
In the afternoon, ten (10, 47.6%) of the occupants find ventilation “good or excellent (1,
4.7%)”, five (5, 22.7%) find it “indifferent” and six (6, 27.3%) “poor or very poor”.
Temperature has been characterized by thirteen (13, 62%) occupants as “good or
excellent”, by four (4, 19%) occupants as “indifferent” and by the rest (19%) as “poor”.
Noise is characterized by eleven (11, 52.4%) occupants as “good or excellent”, by six
(6, 28.6%) as “indifferent” and by the rest (4 or 19%) as “poor”. The occupants’
majority (15, 71.5%) find lighting conditions “good or excellent”, one employee (4.7%)
finds it “indifferent” and five (5, 23.8%) occupants find lighting conditions “poor or
very poor”. Odors have been characterized by eleven (11, 52.4%) occupants as “good or
excellent”, by six (6, 28.6%) occupants as “indifferent” and by four (4 or 19%)
occupants as “poor”. Temperature values at all occupants’ workstations are higher
compared to ELINYAE’s recommendation (except one). Relative humidity values are
in acceptable range (except one). Light intensity values in the occupants’ workstations
majority are above (10 cases or 47.6%) or below (8 cases or 38%) the recommended
range.
Most commonly mentioned symptoms are eye irritation (11, 52.4%), fatigue (1047.6%), sleepiness (5-23.8%) and headache (4 or 19%). Four (4 or 19%) occupants have
reported no symptoms. Seventeen (17-81%) occupants reported they suffer at least from
one symptom, ten (10-47.6%) of employees suffer from at least two symptoms.
Fourteen (14, 82.3%) of the occupants who suffer at least from one symptom and eight
(8 or 80%) of those who suffer at least from two symptoms, mentioned that the
symptoms are relieved when they leave the building. Ten (10, 47.6%) of the occupants
have reported no problem with any of their mental tasks and activities; five (5, 23.8%)
occupants have reported concentration problems only, and four (4 or 19%) both
problematic in thinking and concentration. To adjust TC and IAQ eight (8 or 38%)
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occupants use all the available means (A/C, windows, doors), five (5, 23.8%) use the
A/C unit and the window, five (5, 23.8%) use only the A/C unit, two (2, 9.5%) use only
windows and doors, and one uses the A/C unit and the door. Twelve (12, 57.2%)
occupants reported improved TC and IAQ, eight (8, 38.1%) occupants reported only
improvement in TC and one (1, 4.7%) occupant feels no difference. Twelve (12, 57.1%)
of the employees find their own working environment “good”, five (5, 23.8%)
“Indifferent” and four (4, 19.1%) “Poor or very poor”.
The temperature values inside the building are higher than the recommended ones for
office work, mainly due to the lack of thermal insulation on building’s envelope in
combination with the lack of thermal breaks on transparent elements (low thermal
resistance) and due to the lack of night ventilation which could cool the building’s
thermal mass. In some cases (office A14 and LAB1) condensation inside the cavity of
double glazed windows was observed (probably a result of poor workmanship or
manufacturing quality) resulting in a reduction of the windows’ thermal resistance and
as a consequence reduced insulation properties. Implementation of thermal insulation on
the building's envelope (possibly as part of a larger retrofit project) could reduce the
amount of thermal losses and help to keep temperature within comfort levels. The
replacement of the windows, or at least a part of them (the more problematic ones),
would be extremely beneficial in terms of thermal insulation and energy consumption,
and is worth a cost-benefit analysis within the assessment of a larger retrofit project.
The A/C units’ location should be carefully selected in order to avoid workstations
opposite A/C units experiencing discomfort due to temperatures and wind velocity.
Ventilation and odors can be improved by increased natural ventilation rates, by
opening the glazed doors facing outdoors, or by opening the windows (all the offices are
equipped at least with one window). Of course, the introduction of a mechanical
ventilation system can prove beneficial. If this is not possible due to construction details
and due to high costs, then it could be essential to use electrical equipment like an air
exchanger, or an exhaust fan in order to improve IEQ. In offices without direct
communication with the outdoor environment (such as office A3) the introduction of
mechanical-electrical ventilation system is inevitable. The location of A/C external units
should be carefully selected in order to avoid the existence of hot air near the windows
used for ventilation. In some offices (such as A11, A12 and A13) the windows are not
fully operable (can be opened only partially by tilting them) and as a consequence the
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ventilation rate is inadequate. In the above cases the installation of an extra window or
the replacement of the existing one can be useful.
Regarding noise conditions, it would be essential, if possible, to reduce the number of
occupants in some specific offices (like A2 and A12). Introduction of a sound insulating
wall layer or sound insulation wall panels, especially on the walls adjoining noisy
spaces like labs, classrooms, offices with high occupants’ density, could be beneficial.
A sound insulating case could be used in order to reduce noise from A/C compressor
units located outside the offices. Noise levels could be improved by introducing rubber
or other sound absorbing materials under noisy office equipment such as computer
mouse, keyboards, phones, printers, personal computers, laptops etc. The offices’
decongestion by useless items would make the movement of employees inside the
office easier and less noisy (mainly for office A12). Of course, the creation of enclosed
offices (spaces with fewer employees) can result in an improvement of noise problems,
but it is difficult due to the lack of free space in the building.
In order for visual comfort to be achieved, flickering sources should be removed
immediately (for office A3). The location of all the work stations in relation with light
sources should be carefully inspected in order to avoid glare, undesired shading and
reflection effects that can prove very annoying for the occupants. Reconsideration of
some workstations’ position (A6.WR) might be useful. A combination of natural
lighting with artificial lighting, the latter with separate circuits controls (giving the user
the ability to operate only part of the lamps) can improve the occupants’ visual comfort
in some offices (A12). It is advised to install shading devices on all the transparent
building’s elements in order to avoid visual comfort problems (A1, A2, A3, A4, A5, and
A6). If we have the option to install only one type o shading devices (external or
internal) we should select external operable devices. The best option is to install both
internal and external shading devices. It is advised to install reflective coating on the
transparent elements of office A5 and A6. The installation of lighting sensors-dimmers
in combination with regular cleaning of lighting devices (and windows) can prove an
asset for the occupants towards improving the visual comfort conditions inside the
building.
In order for the odor conditions to be improved better, more frequent cleaning of the
toilets located near to the offices is essential. Occupants’ habits like drinking coffee and
eating in the working environment should be avoided. Useless items which can become
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sources of dust, like boxes, cables, inactive computer units, chairs, should be removed
from the offices. Naturally, improvement of ventilation conditions mentioned above
would help in the improvement of the odor conditions.
The improvement of lighting and noise conditions could help in the relief from
symptoms, like eye irritation, fatigue and headaches. The intensity of symptoms like eye
irritation, headaches and fatigue can be reduced by improving the ventilation. The
improvement of indoor conditions will result in happier, healthier and more productive
employees, and students with higher achievements.
It should be noted that the occupants’ percentage suffering at least for one symptom
relevant with SBS is at an average 81% (73% of those occupants have reported that the
symptoms relieved when they leave from the building) and the occupants’ percentage
suffering at least for two symptoms is 43% (78.6% of those occupants have reported
that the symptoms relieved when they leave from the building).We can say for sure that
the building “suffers” from Sick Building Syndrome.
In conclusion, buildings should be insulated, they should have the ability to be
efficiently ventilated both for comfort during all hours, and for thermal mass cooling at
night. Internal and primarily external shading devices are imperative. The interior
design in offices and work stations must take into account the relative position of
working plane and monitors vis-à-vis fixed and openable fenestration as well as
artificial light and ventilation systems. Personal control of the IEQ at working stations
has been shown to have significant importance in workers'/students' performance,
productivity and achievements. These have been shown to have a positive balance in a
cost-benefit analysis of retrofit and green buildings.
The above data are presented in the graphs below.
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