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ABSTRACT 
 
The link between a good indoor climate and environmental impacts e.g. global warming 
and different pollution in the air is something that are important today and will certainly 
become more important in the future with increased energy prices and new laws. 
Too keep the indoor air quality within limits is it important to have a good and competitive 
ventilationsystem.  
The ventilations function is mainly to supply fresh air and to remove polluted air from 
the room. It’s important that the ventilation system works as it should so that the indoor 
air quality is as good as possible. The lack of good ventilation can create several 
symptoms such as headaches, nausea, fatigue, poor concentration etc.  
In Sweden are ventilation control mandatory for every newly produced building and this 
control are repetitive usually every 3-6 years for some types of buildings. 
 
The foundation of this thesis is from a previous degree project performed by a master’s 
student in 2013 named Ander Barroeta with supervision of Magnus Mattsson and Taghi 
Karimipanah.  
The thesis was to improve and design a ventilation system in two rooms at a training 
facility named Friskis & Svettis in Gävle so that the CO2 level did not exceed 1000 ppm.  
 
In this thesis was the main goal to do similar measurements as the previous thesis and 
compare the results to see what difference air balancing has done to the ventilation 
system. Field measurements were performed at the training facility were the focus was 
on carbon dioxide but also on other parameters such as temperature, humidity and air 
velocity so that air exchange rate could be calculated. With these parameters can 
evaluations be made to see if air balancing of the ventilation system made any difference 
in indoor air quality.     
 
During measurements in one of the training rooms where spinning is exercised was 
carbon dioxide levels up to 3300 ppm measured which is above the recommended indoor 
limit at 1000 ppm. If that room should be design to not exceed 1000 ppm must the air 
exchange rate increase from 6.3 h-1 to 35.1 h-1.  
 
 Keywords: Carbon dioxide, CO2, Indoor air quality, CO2 in a training facility  
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NOMENCLATURE 
Symbol Description Units 
Tc Operative temperature  [°C] 
Tout  Outdoor temperature  [°C] 

C¥ CO2 Concentration in steady state [mg/m3]  
Cs CO2 Concentration in supply air  ppm 
Cr Indoor air concentration [mg/m3] 
Cm Quantity of carbon dioxide [mg/m3] 
C Actual concentration ppm 
𝑀 Pollutant strength source [mg/h] 

𝑉 Air flow/ ventilation flow rate  [m3/h] 
S Pollutant emission rate [mg/h] 
qv Airflow  [m3/h] 
n Air exchange rate [h-1] 
v Air velocity [m/s] 
A Area [m2] 
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1. Introduction  
 

1.1 Background 
With increasing population and standard of living will the demand on energy keep 
increasing. The ongoing climate crisis is according to UN largely linked to human 
activities and behavior. There is only one way to go and it’s for more sustainable, 
innovative products and a different mindset from the population of Earth. Carbon dioxide 
emissions from the burning of fossil fuels and emissions of hazardous substances increase 
the greenhouse effect, which leads to higher temperatures on Earth. The increasing 
temperatures are melting glaciers and the permafrost where many different toxic gases 
are in hibernation. 
In 2013 was the energy supply to Sweden 565 TWh. From that was 189 TWh or 33% 
nuclear fuel, 167 TWh or 30% was from fossil fuel, 129 TWh or 23% from biofuel and 
80 TWh or 14% from renewable sources such as wind, water and solar power. The supply 
to the Swedish energy system has since the 1980´s remained at a level between 550-600 
TWh. It has barely been any decrease or increase in 30 years due to the buildings are more 
energy efficient, but the use of energy is increasing in step with population growth. At 
the same time as electricity prices are low so is it not profitable to do any energy efficiency 
of their homes if the repayment periods are too long [1]. 
 
Million programs which was built in Sweden during the 1960-70 's is now facing a major 
streamlining of Sweden to meet its energy targets set by the Government. The target is 
“To reduce greenhouse gas emissions by 20 percent compared to 1990 levels. To increase 
the share of renewable energy sources in final energy consumption to 20 percent and seek 
an increase in energy efficiency by 20 percent” [2]. The target from the Government 
means that new innovative products and methods must be applied to this type of buildings 
if Sweden is going to reach this goal.  
 
It is known that high levels of CO2 affect humans negatively with among other things, 
increased sense of fatigue, drowsiness, headache and general discomfort [3] so it feels 
that the study is very relevant, especially in a training facility where many people have 
high activity and produce larger amount of CO2 compared with e.g. classrooms where 
people have low activity [4].  
The indoor climate issue is very central and essential because people are indoor most of 
their waking time and people can be exposed to numerous pollutants indoor e.g. mold, 
pollen, tobacco smoke, household products, pesticides, radon, CO2 and building materials 
such as asbestos, formaldehyde and lead [5]. Commonly indoor air quality problems only 
cause discomfort and most people feel better as soon as they leave the building or remove 
the source of the pollution that causes discomfort. The link between a good indoor climate 
and environmental impacts e.g. global warming and different pollution in the air is 
something that are important today and will certainly become more important in the future 
with increased energy prices and new laws. 
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To have a competitive and a good ventilationsystem is therefore very important to keep a 
desirable indoor air quality. The PMV-model (predicted mean vote) by Fanger developed 
in the late 1960’s [6] is a predictive model for a general thermal comfort. Fangers method 
is based on a seven-point scale from cold (-3) to hot (+3) witch residents defines their 
experience to the thermal climate. Zero is the optimal value where maximal five percent 
of the people are dissatisfied with the thermal climate.  
Fangers equation present the largest possible percentage of a given group of people that 
experience thermal comfort. The method takes into count different variables i.e. any type 
of activity and clothing, air temperature, mean radiant temperature, air speed, metabolic 
rate and relative humidity [7]. 
 
The foundation of this thesis is from a previous degree project performed by a master’s 
student in 2013 named Ander Barroeta with supervision of Magnus Mattsson and Taghi 
Karimipanah.  
The thesis was to improve and design a ventilation system in two rooms at a training 
facility named Friskis & Svettis in Gävle so that the CO2 level did not exceed 1000 ppm. 
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1.2 Objectives 
In this thesis, the main objective is to measure and investigate the indoor air quality in a 
training facility located in Gävle and then compare the results to a similar thesis executed 
by a master’s student in the year 2013. The similar thesis did measurements in two rooms 
before the ventilation system was balanced. 
 

1.3 Object description  
There are three different rooms that are being measured and this is the designation for 
each room.  

• The dance room is referred to as alpha or a. 
• The yoga room is referred to as beta or b. 
• The spinning room is referred to as zeta or z. 

 

1.3.1 The Alpha room 
The alfa room is located on the second floor and is used for dancing, boxing and other 
forms of training. The room have a big volume and barely no equipment occupying the 
floor or room area.  This room has a volume of 660.5 m3 and uses mixing ventilation 
system. Figure 1 shows the room description. 

 
Figure 1: Room description for Alpha room 
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Figure 2 and 3 shows what the Alpha room looks like.  

 
Figure 2: Picture of the Alpha room 

 
 

 
Figure 3: Picture of the Alpha room 
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1.3.2 The Beta room 
The beta room are located at the basement of the building and is used for mostly yoga and 
meditation. This room is the old spinning room and has a volume of 365 m3 and uses 
impinging jet as a ventilation system.  
Figure 4 shows the room description for the Beta room.  

 
Figure 4: Room description for Beta room 

Figure 5 shows a picture of the Beta room.  
 

 
Figure 5: Picture of the Beta room 
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1.3.3 The Zeta room  
The zeta room is used for spinning (cycling) and it’s the new spinning room. This room 
has a volume of 420 m3 and uses impinging jet as a ventilation system.  
Figure 6 shows the room description of the Zeta room.  

 
Figure 6: Room description of the Zeta room 

Figure 7 shows a picture of the Zeta room. 
 

 
Figure 7: Picture of the Zeta room 
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1.4 For who is the report interesting?  
This thesis is of interest to the company Friskis & Svettis and the occupants staying in the 
different training rooms listed in this thesis. The result will show how good the air quality 
is for the occupants to stay in. 
  

1.5 Limitations  
The training facility added a new room which they use for cycling (spinning) and in the 
old spinning room are now yoga performed. This meant that my calculations and 
measurements differed from the earlier thesis in the old cycling room.  
The measurements will be carried out in the same two training rooms plus one extra room. 
In the training rooms are exercises like cycling (spinning), boxing, body pump, yoga and 
dancing performed.  
In the rooms were temperature, humidity and air velocity measured for calculating 
airflow and air quality. Carbon dioxide was measured to evaluate the indoor air quality. 
 
The SWEMA FLOW meter was too small for the supply diffusers in alpha room so the 
diffusers were divided in to three section and the measured air flow for each section was 
added to get an air flow value.  
 
When measurements took place under activity in the three rooms was it hard to do the 
measurements without interact and disturb the practitioners. In the Zeta room was it 
impossible to measure carbon dioxide in every part of the room due to practitioners 
occupying all the room.  
In the Beta room was it impossible to measure supply airflow due to covered supply 
diffusers (see figure 8).  

 
Figure	8: Ventilation cover in the Beta room 
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2. Literature review 
A fitness room has several factors that contribute to high levels of carbon dioxide (CO2). 
Supply air that provides the building with air through the ventilation system is 
contributory, but the dominant factor is the people who are occupying the premises with 
the physical activity that is practiced. 
In a study where measurements of indoor pollutants as CO2 was carried out in 11 training 
facilities in Lisbon showed the result that CO2 levels up to 5900 mg/m3 was measured 
which is equivalent to 3045 ppm CO2, and it exceeds the maximum value that Portugal 
has put to 2250 mg/m3 which is equivalent to 1161 ppm CO2 [8], [9]. 
 
In one of these sports facilities was CO2 measured during three hours of training when 
two different types of workout were performed. The first workout was Body attack with 
20 participants which is a high-intensity exercise and the second workout was yoga with 
24 participants which is a low-intensity exercise. The workouts were of equal length but 
the levels of CO2 varied greatly. Body attack had a max CO2 level of 3200 ppm and yoga 
workout had a max CO2 level of 1800 ppm [10]. In all the training facilities that 
measurements took place was it concluded that it’s difficult to measure CO2 levels 
because it is associated with so many different factors such as the number of visitors, 
staff, and the number of practitioners with physical activity. Therefore, carbon dioxide 
has large variations in concentration [10]. 
The ventilation flows were also calculated in this study and the results showed that the 
air exchange rate ranged between 1.6-4.4 h-1. According to the European standard which 
says there should be at least an air exchange rate of 0.5 per hour did all the training 
facilities achieved this standard [11].  
According to Swedish standard can air quality be measured using the CO2 level. If the 
level exceeds 1000 ppm is it considers as poor air hygiene. To achieve this standard are 
there requirements and provisions to the basic air flow of at least 0.35 l/s and m2 as well 
as a proper air exchange rate of at least 0.5 that should be available in the occupied room 
[12], but it may require higher airflow rates than 0.35 l/s and m2 to not exceed 1000 ppm 
CO2. 
 

There is also a correlation between CO2 concentrations indoors and sick building 
syndrome (SBS). SBS is usually described as a situation in which people experience 
discomfort or comfort problems in the building without either disease or specific causes 
are defined. The symptoms can be e.g. dry skin, dry mucous membranes, mental fatigue, 
dizziness, etc. which is only experienced when the person staying in the building. In a 
study were CO2 levels was measured and examined the SBS symptoms on people in 400 
different buildings in the United States, Europe and Asia could they see a significantly 
greater presence of SBS symptoms in buildings with ventilation airflows lower than 10 
l/s and person compared to buildings that had airflows greater than 10 l/s and person [13]. 
When the ventilation flows are lower than 10 l/s per person it is also probably higher than 
normal concentrations of CO2 in the room. 
There are different types of ventilation system that can solve these problems, a ventilation 
type that works well when the premises have varied CO2 levels is Demand Controlled 
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Ventilation (DCV). DCV is designed so that it delivers a ventilation flow based on the 
human need. This can be achieved by introducing schedule management, person counters, 
CO2 sensors, temperature and humidity sensors and timers. The most common type of the 
DCV system is designed so that the ventilation flow is regulated depending on the amount 
of CO2 in the space and are used primarily in large rooms, fitness facilities, schools and 
others. One of the positive aspects of a CO2 powered DCV systems is that the ventilation 
flow rate drops to a basic flow when CO2 levels reached an acceptable level which means 
that energy use is lower for such systems compared to a normal system that runs 24 hours 
every day with the same flow. 
The potential for energy savings is dependent on how many people occupying the 
ventilated space but also of the laws, regulations and requirements of the ventilation flows 
in various types of premises. Which country the system is used in can also affect energy 
use because the ventilation requirements also variates from country to country [14].  
 
A study has been carried out in Denmark on efficient DCV system in a single-family 
house. The aim of the study was to reduce the energy use without major changes in air 
quality compared to a system that uses constant ventilation airflow. Ventilation airflow 
in this system is manage by CO2 levels and humidity sensors and it have two settings for 
the speed of the ventilation fan. Ventilation airflow is either high or low depending on 
how many people are in the building. A CO2 sensor and humidity sensor in the air 
handling unit detects concentration in the exhaust air and compares it against the outdoor 
air to either increase or decrease the speed of the ventilation fan. The low ventilation flow 
is only using 40% compared with the high flow and on average, the low ventilation flow 
was used 37% of the operating time which gave the system a reduction in electricity use 
at 35% compared to a system that has constant ventilation airflow around the clock [15].  
 
A DCV system can also be controlled with infra-red technology, which is a cheaper 
alternative compared to CO2 controlled system. The DCV system controlled with IR 
sensing motion starts the ventilation system when people is in the room and then reduce 
ventilation flow to a basic air flow when the space that should be ventilated are empty 
from people. A DCV-IR system have managed to reduce ventilation energy needs by 50% 
in Swedish schools. The downside of the DCV-IR system is that the room gets over 
ventilated when there are fewer people moving in the room than it is dimensioned for 
compared with a DCV system controlled with CO2 sensors. Over ventilated room can 
lead to discomfort, wind drafts and low temperatures. A solution to this is to integrate 
infrared sensors that can estimate the number of people in the room and adjust the flow 
after that [16].  
There are many factors that play a role when choosing a ventilation system e.g. CO2, 
humidity, emitting substances from material, number of users of the premises, etc. There 
are also many rules on air flows for different premises and areas that matter when the 
ventilation systems are being developed and designed. According to the literature review 
is it most efficient to use CO2 as an indication of how good the indoor climate is and 
ventilate with CO2 as the reference in large venues as a gym.  
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3. Carbon dioxide 
Carbon dioxide was first discovered by the Scottish chemist and physician Joseph Black 
in the 1750´s. CO2 is the chemical designation for carbon dioxide and it’s a necessary 
condition for life on planet Earth. CO2 is an invisible odorless gas in normal condition 
(273.15K, 1 Bar) composed with one atom of carbon (C) and two atoms of oxygen (O2). 
This gas is the main product from a combustion process and it’s a natural decay from 
living organisms. Carbon dioxide plays a big part in vital processes as photosynthesis and 
respiration. Green plants, algae and small living organisms like bacteria convert CO2 and 
water into glucose and oxygen which is called photosynthesis [17]. Animals and humans 
convert the food by combining it with oxygen to release energy and one of the rest product 
is CO2. The gas is also emitted from naturally sources such as volcanos, hot springs and 
decomposition from materials. The CO2 emissions from human sources have been 
growing since the industrial revolution started with the burning of fossils such as coal, oil 
and gas [18]. Carbon dioxide is a greenhouse gas which let thought the sun´s short-wave 
radiation but absorbs some of the Earth´s thermal radiation. Increasing levels of 
greenhouse gases therefore leads to higher temperature at Earth´s surface.  
 
At rest are human breathing approximately 0.14 l/s or 0.5 m3/h and the inhaled air contains 
about 20% oxygen and in exhale air about 16%. It means that 0.03 l/s supply air should 
cover the oxygen needs for one human. The inhale supply air contains approximately 400 
ppm carbon dioxides and after exhale about 40 000 ppm [19]. Humans generation of 
carbon dioxide and oxygen consumption rate depends on their size and activity level. (see 
table 1).  
If the room is bad ventilated isn’t oxygen deficiency the critical issue, it’s the increasing 
levels of carbon dioxide that are dangerous.  
High concentrations of carbon dioxide prevent the blood from extracting oxygen from the 
air and this can lead to different symptoms depending on how high the concentration is 
(see table 2) [19].  
  
Table 1: Generation of carbon dioxide by humans at different activity levels [50] 

Activity level  Carbon dioxide (l/h per person)  
Low activity 50 
Medium activity 100 
High activity 170 

 
 
 
Table	2: Effects from high concentrations of carbon dioxide [3] 

Effects from high concentrations of 
Carbon dioxide 

 

80.000 ppm  Seizures, paralyzed, death  
30.000 ppm Muscle pain, unconscious, risk of death  
15.000 ppm Trouble of breathing, increased heartrate  
5.000 ppm Hygienic limit value  
1.000 ppm  Recommended maximum indoor value  
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Researcher at the Department of Energy´s Lawrence Berkeley National Laboratory have 
found that even slightly high concentrations of carbon dioxides influence people´s 
decision-making performance. Figure 9 shows a nine scale of decision-making 
performance [20]. 
 

 
Figure 9: Carbon dioxide concentrations impact on human decision-making performance [20] 
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4. Ventilation 
The ventilations function is mainly to supply fresh air, remove polluted air, control 
temperature and humidity within limits to achieve thermal comfort and to keep 
contaminations from spreading in the building. 
The indoor air quality is affected by many factors e.g. carbon dioxide, dust, tobacco 
smoke, building materials, air born microbes, mold etc. [21]. A regular indicator for a 
poor indoor air quality is bad smell and its usual a sign that the ventilation system isn’t 
working as it should.  
If the contaminations mentioned above isn’t removed from the indoor air, a symptom 
called sick building syndrome (SBS) can be developed by people.  
The sick building symptoms can be:  

• Headaches and dizziness  
• Nausea  
• Aches and pains  
• Fatigue  
• Poor concentration  
• Eye and throat irritation and skin irritation  

The symptoms shown in figure 10 can occur on their own or in combinations and vary 
from day to day but usually disappear when the person leave the building and often returns 
when re-entering the building.  
   
 
 

 
Figure 10: Sick building syndrome and its symptoms [22] 
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4.1 Mandatory ventilation control 
The purpose with mandatory ventilation control is to investigate that the ventilation 
system works and to make sure that the indoor quality is good. This control isn’t 
mandatory for one or two family houses that use stack or mechanical ventilation without 
heat recovery. It is the owner of the building that shall ensure that the mandatory 
ventilation control is performed. Different type of buildings and operation have different 
demands on the interval but the span is usually every 3-6 years. The control includes 
various parameters to be checked i.e. make sure that no contaminations can spread via 
ventilation system, instructions and guidelines are available and make sure that the 
ventilation system works as it should.  The person who perform the control must be 
certified and should leave efficiency measures if there are any to the owner of the building 
[23]. 
 

4.2 Components affecting indoor air quality 
 

4.2.1 Temperature 
The sense of thermal comfort is an important factor for occupants to thrive and be 
satisfied. Temperature is the dominant variable which influence thermal comfort 
therefore ventilation is often used to control the indoor air temperature.   
According to the Swedish public health agency’s (FoHMFS 2014:17) general advice 
about temperature indoors, the operative temperature should be between 20-23°C [24] to 
not experience discomfort. Higher temperatures will also increase the risk of sick building 
syndrome [25]. Lower temperature than recommended will decrease the thermal comfort 
and occupants will be dissatisfied. 
 
Different people thrives in different temperatures and one of the current methods to 
determine temperature in air conditioned environments is the predicted mean vote model 
(PMV) developed by Fanger in the late 1960´s [26].  
Fangers method is based on a seven-point scale from cold (-3) to hot (+3) (see figure 11) 
witch residents defines their experience to the thermal climate. Zero is the optimal value 
where maximal five percent of the people are dissatisfied with the thermal climate.  
Fangers equation present the largest possible percentage of a given group of people that 
experience thermal comfort. The method takes into count different variables i.e. any type 
of activity and clothing, air temperature, mean radiant temperature, air speed, metabolic 
rate and relative humidity [26].  
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Figure 11: PPD (predicted percentage of dissatisfied) [27] 

 
 

4.2.2 Airflow rate 
Airflow rate is the amount of air that circulates in the building per unit of time and its 
usually expressed in m3/h (cubic meters per hour) or l/s (liters per second).  
To achieve a good indoor climate the air supply and extract devices needs to be balanced. 
If the airflow supply is greater than airflow extract the indoor area will be positive 
pressured. The main goal is to achieve a slight negative pressure, one of the reason is to 
keep moist air from staying in the walls.  
High airflow rates often mean high energy use and its necessary to have correct values to 
balance energy use versus good indoor climate.   
 
 

4.2.3 Air exchange rate or ACH 
Air exchange rate or ACH is the measure of how many times the air is replaced in the 
room.  
The air exchange rate standard in Sweden is 0.5 h-1, it means that all the indoor air needs 
to be replaced once every two hours. Higher ACH means faster replacement of the indoor 
air which can results in better indoor air quality, but it also means that the energy use will 
be higher. Therefore, its essential to find the most efficient air exchange rate for each 
case.  
To calculate ACH requires two parameters, airflow rate and room volume [28]. 
 

𝐴𝐶𝐻 =
𝐴𝑖𝑟𝑓𝑙𝑜𝑤	𝑟𝑎𝑡𝑒	
𝑟𝑜𝑜𝑚	𝑣𝑜𝑙𝑢𝑚𝑒 
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4.2.4 Air velocity 
It is important to sustain air velocity in all spaces of the room to combine or replace the 
supply air with the existing air. The air velocity should not exceed 0.15 m/s when the 
operative temperature is between 20-24 degrees Celsius or else occupants may experience 
drafts. Some other reasons for drafts experiences can be air jets from supply air devices, 
downdrafts from cold surfaces e.g. windows and leaks in the building envelope [29]. 
 

4.2.5 Air humidity 
Air humidity is an important parameter for indoor air quality and comfort. In many 
ventilation system, outdoor air is used without any treatment to supply indoor spaces. In 
the colder months when the relative air humidity is low < 20% can occupants experience 
symptoms as skin dryness and allergies problems.  
When the relative air humidity is high >70% increases the risk for mold and moisture 
damages and occupants may also experience discomfort from overheating.  
The optimal relative humidity is between 30-70% and target value could be 40% [30].  

4.2.6 Pollutants	
Different sources of pollutions affect the indoor air quality, outside air contains varying 
amounts of pollutions which is both organic, inorganic gases and vapors and particles.  
A natural source of outdoor air pollution is pollen allergens that derives from e.g. grasses 
and trees. Pollen allergens affects many people in Sweden, especially in the south where 
humidity is higher and breaks pollen grains to sub-micron particles that can slip through 
ventilation filters and enter the building.  
In urban areas can emission from traffic occur which is highly toxic and can lead to 
different diseases such as asthma and cancer [31]. Some of the pollutants from traffic can 
be e.g. carbon dioxide (CO2), carbon monoxide (CO) and nitrogen oxides (NOX).  
The indoor air pollutants usually derive from e.g.  humans, tobacco smoking, building 
products and furniture, radioactive ground and building materials.  
Humans and their activity is often the source to many indoor pollutants, both particles 
and gases as CO2. Many pollutions cause discomfort for occupants and can be dangerous 
in high concentrations [32]. 
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4.3 Different ventilation systems 
There are mainly two types of ventilation systems: mechanical ventilation and natural 
ventilation.  
These two systems are often combined with different ventilation techniques so the system 
can be design and serve all types of needs and locations.  
 

4.3.1 Natural ventilation 
Natural ventilation supply the indoor space without mechanical ventilation systems. It 
uses external air flow, pressure and temperature differences to power the ventilation 
system.  
Natural ventilation has several advantages compared with mechanical ventilation 
systems. It can produce high ventilation rate to a low cost and be more energy efficient 
than mechanical ventilation if heating isn’t required.  
To achieve a competitive and working system of natural ventilation, accurate calculations 
and early collaboration with the architect is necessary.   
Natural ventilation uses small vents over windows and exhaust air vents in the building 
envelope. There are different types of natural ventilation: stack ventilation system and 
cross ventilation system. 

4.3.1.1  Stack ventilation system 
In modern houses are stack ventilation rare because it depends on leaks in building 
envelope, but the system is common in houses built before 1970. Stack ventilation 
systems is powered by thermal forces and wind pressure. Hot air rises in the building due 
to lower density compared to outside air and escapes usually through a chimney or 
ventilation pipe. This creates negative pressure in the building, and outdoor air is drawn 
in trough leaks and small openings in building envelope. Because stack ventilation system 
is dependent on temperature differences to work properly can the air exchange rate be 
lower in the summer.  
This system doesn’t use any electric due to no extract fan but the energy use is high 
anyway because the exhaust air can’t be reused and all supply air that’s drawn in to the 
building need to be heated [33]. Figure 12 and 13 shows the principle and the thermal 
effects for stack ventilation systems.  
 
 



 

 
18 

 
Figure 12: Air flow stack ventilation system [34] 

 
 

 
Figure 13: Thermal effects in a two-story building with stack ventilation [35] 
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4.3.1.2  Cross ventilation system 
This type of ventilation occurs when pressure differences appears on one side of the 
building and the other. The air is drawn in to the building on the high-pressure side and 
drawn out on low pressure side. Cross ventilation system is least effective on hot summer 
days when its needed as most to cool the building due to low pressure differences and 
temperature differences. Figure 14 shows the principle of cross ventilation systems.  
 
 
 

 
Figure 14: Cross ventilation system [36] 
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4.3.2 Mechanical ventilation 
This type of ventilation uses a fan or fans to help the laws of nature along the way to 
ventilate the building. The fans provide the building with supply air and exhaust air or 
both at the same time and can be combined with heat recovery. This type of system can 
be combined with different components to suit every situation and needs. Because the 
system uses fans for supply and exhaust air are they more independent of external forces 
like temperature and pressure differences.  
Mechanical ventilation with only exhaust air uses a fan in e.g. the chimney, ventilation 
pipe and/or a kitchen fan and creates negative pressure in the building. Supply air is drawn 
in through valves in the building envelope that usually are placed in bedrooms and living 
rooms [37]. Figure 15 shows the principle of exhaust ventilation.  
 

 
Figure 15: Exhaust ventilation [38] 

Mechanical ventilation with both supply and exhaust air can be more controlled than 
ventilation with only exhaust air. The system uses dual channel system and can have a 
supply channel to each room to spread the supply air better and the air supply volume is 
easy to control after demand. Figure 16 shows the principle of mechanical ventilation.  

 
Figure 16: Mechanical ventilation with supply and exhaust air [39] 
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Mechanical ventilation with both supply and exhaust air combined with heat recovery is 
the most efficient ventilation system compared with the other two mentioned.  
This system uses dual channels to extract and supply the building with fresh air and  
the air handling unit has a built-in heat exchanger to transfer residual heat from the 
exhaust air to the supply air. Figure 17 shows the principle of mechanical ventilation with 
supply and exhaust air with heat recovery.  
 

 
Figure 17: Mechanical ventilation with supply and exhaust air with heat recovery [40] 
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4.4 Ventilation principles 

4.4.1 Mixing	ventilation	
Supply air is distributed with different methods. Displacing and mixing ventilation is the 
most common methods used today but there are other ways to distribute air in the rooms 
e.g. with impinging jet (IJV).  
 
Mixing ventilation uses high velocity air to deliver fresh air to the occupied zone. The 
high velocity air jet will create excess pressure, resulting in an inflow of room air to the 
supply area. If the ventilation system is correct designed and dimensioned will the air 
flow in to the space in which all thermal condition and contaminant concentrations are 
equally spread in the occupied zone. This system usually has one or more of the four most 
common air supply methods. Figure 18 shows the principle of mixing ventilation and 
figure 19 shows the particle distribution with mixing ventilation.  
 
Trailing edge blowing 
The air diffusers are placed in the wall towards the room and the air jets is directed 
towards the target space. With high air velocity are the jet thrown so long that the air jet 
is bent and mixing fresh supply air with existing air. If windows and walls are poorly 
insulated can draft occur at floor levels.   
 
Front edge blowing 
The air diffusers are placed in the wall directed against the corridor wall. This type of 
supply method has lower risk of drafts compared to trailing edge blowing. To high jet 
thrown can possess a risk of supply air leaving the room through the door if it stands open 
and the ventilation rate will be lower than planned.  
 
Blowing in air under windows  
This method is like front edge blowing but the supply air is blown in from floor level and 
up. The air passes through the window and reduces the risk for cold radiation.  
 
Blowing under the roof 
The diffusers are placed under the ceiling and the air supply jet follows the roof surface 
and drops down when striking a wall or equipment. This method can create drafts in the 
occupied zone if two air jets collide [41]. 
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Figure 18: Air movement in mixing ventilation system [42] 

 
 
 

 
Figure 19: Particle distribution in mixing ventilation [43] 
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4.4.2 Displacing	ventilation		
Displacing ventilation distribute air at low velocity under 0.15 ms-1 [44]. The diffuser can 
be located almost anywhere but it´s usually placed at or near the floor level. The system 
utilizes buoyance forces in the room generated by heat sources such as people, electrical 
equipment, lights, computers etc. to remove heat and contaminations from the occupied 
zone. The heated and contaminated air rises and follows the air flow and is drawn out 
from exhaust vents located at ceiling height. Figure 20 shows the principle with displacing 
ventilation systems.  
 

 
Figure 20: Air movement in displacement ventilation [42] 

Displacement ventilation creates two zones, one upper zone which contains warm and 
contaminated air, the lower zone contains cooler and cleaner air. The zones perimeter is 
defined by the geometry of the room and type of activity from occupants. Rooms with 
very contaminated air require high ceiling height to prevent occupants from breathing in 
the upper contaminated zone. Figure 21 shows particle distribution with displacing 
ventilation systems.  
The energy savings potential with displacement ventilation present many opportunities. 
The lower pressure drop associated with DV exhaust diffusers lets the selection of smaller 
fan allow for an energy reduction in fan economy. The high ventilation effectiveness 
allows for smaller amount of outdoor air to be conditioned compared to a mixing 
ventilation systems. This is especially important when the system is in humid climates 
because dehumidification of outdoor air is a significant cost.  
 
 
 
 
 
 
 
 
  

Figure	21:	Particle	distribution	in	displacement	ventilation 
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4.4.3 Impinging	jet	ventilation	
Impinging jet is an air distribution method where the air is supplied with lower air velocity 
then mixing ventilation but higher air velocity then displacement ventilation. This method 
combine both effects of mixing and displacement ventilation systems and it creates two 
separate zones like displacement ventilation where clean and fresh air stays in the 
occupied zone and warm contaminated air rises and is drawn out trough exhaust vents 
located in the ceiling. This type of ventilation has a higher air exchange efficiency then 
mixing ventilation systems. The air jets are discharged downwards and hits the floor and 
then floats along the floor in a very thin layer. Air distribution of this ventilation type lets 
it reach further regions and even warm air can be supplied for heating under winter 
months in contrast to displacement ventilation [45]. 
The ventilation diffuser is located at a certain height over the floor, usually a few 
decimeters so if the system is wrongly designed can occupants experience drafts.  
The extraction device is located at the ceiling to remove warm contaminated air [46]. 
Figure 22 shows the principle with impinging jet ventilation systems.  
 
 
 

 
Figure 22: Air movement in impinging jet ventilation [41] 
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5. Method 
In the intention to get a deeper understanding for the technique and how far the research 
is today on different ventilation system was the first step to do a literature review.   
Different articles, reports and course books have been the base to obtain this information. 
The articles and reports was found on databases such as “ScienceDirect” and google 
scholar. Different keywords such as “CO2”, “Indoor air quality” was used to find different 
articles.  
This thesis has several field measurements and analyzes so distribution of time and tasks 
was necessary. Firstly, the meeting with the facility manager for Friskis & Svettis to get 
drawings of the floor plans and rooms. Reading the previous thesis was necessary to 
visualize all the measure points for CO2, temperature and humidity so the comparing 
results will be as accurate as possible. The measurements and visualization took place in 
three different rooms spread over two floors under two weeks in early April. 
 
 

5.1 Measurements  
To be able to evaluate the indoor air quality carbon dioxide, temperature and humidity 
measurements should be performed in the three different rooms. The meters have been 
calibrated and set up to log the different parameters every fifteen minute for one week. 
 
This figure shows Rotronic CL11 meter which was used to measure the three parameters.  
The meter was easy to calibrate and set up, temperature was set to Celsius and is measured 
with a thermistor build in the equipment. The clock was set so all three meters takes 
measurements at the same time and last was the time frame for carbon dioxide set to log 
the concentration every 15 minute. Figure 23 shows the sensor that was used for 
measurements.  

 
Figure 23: Rotronic CL11 meter [47] 
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In every room are air velocity measurements taken from supply and exhaust devices to 
be able to calculate air exchange rate. This is done with the VelociCalc Plus TSI and 
SWEMA FLOW. The sensor that perceive changes in air velocity is attached to the 
instrument body and with five measure points in the air channel can the average air 
velocity be calculated.  
 
Some of the supply and exhaust devices where located in narrow places and made it 
hard to measure air flow with the SWEMA flow meter so in those cases was air velocity 
measured in five points in the circular channel so the average velocity could be 
calculated. Figure 24 shows the TSI meter that was used for measurements.  
 
 

 
Figure 24: Picture of the TSI meter that was used to measure air velocity 
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Figure 25: Picture of the SWEMA FLOW meter that was used to measure airflow 
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Figure 26: Picture of the extender for SWEMA FLOW meter  

 
  
 
 

 
Figure 27: Picture of the AccuBalance meter that was used to measure airflow 
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When air velocity is measured in circular channels is it important to do several 
measurements in different locations to get an average value of the air velocity. The 
number of measure points depends on the size of the channel. In this thesis was all the 
channels in the span of 200 millimeters to 315 millimeters so according to figure 28 below 
was five measure points necessary to get an accurate value on the air velocity.   
 
 

 
Figure 28: Measure points in circular channel [48] 
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5.1.1 The Alpha room 
In this room was Rotronic C11 meter placed under one week next to the exhaust device 
1 and 2 to register carbon dioxide, temperature and humidity. These values are only going 
to show average parameters in the air. To know what the parameters are in different parts 
of the room is it necessary to do field measurements under one or more training sessions 
in multiple points to see how these parameters change in different parts of the room.  
Measurements in this room was executed with SWEMA FLOW meter. The diffusers had 
to big area for SWEMA FLOW meter to cover the whole supply area of the diffuser at 
the same time so in this case was the diffuser divided in to three sections and the airflow 
was measured in each section and added together. 
The alpha room has three exhaust devices which is marked with number 1,2 and 11. 
Number 3, 4, 5, 6, 7, 8, 9 and 10 are supply diffusers (see figure 29).  
 

 
Figure 29: The numbers represent where supply and exhaust devices are located in the Alpha room  
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5.1.2 The Beta room 
In this room was Rotronic C11 meter placed under one week next to the exhaust device 
to register carbon dioxide, temperature and humidity. This value will also show average 
parameters in the air. Number 1 and 2 (see figure 30) are supply air diffusers and the 
dimension of the channel are 315 millimeters. Number three are exhaust device with a 
dimension of 315 millimeters. This room uses impinging jet ventilation so here was air 
velocity measured and then calculated to get the airflow.  
 
 

 
Figure 30: The numbers represent where supply and exhaust devices are located in the Beta room 
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Figure 31 shows the placement of the Rotronic meter in the Beta room.  
 

 
Figure 31: This picture shows exhaust pipe where measurements for carbon dioxide, temperature and humidity took 

place in the Beta room 
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5.1.3 The Zeta room 
In this room was Rotronic C11 meter placed under one week next to the exhaust device 
to register carbon dioxide, temperature and humidity. This value will also show average 
parameters in the air. Number 1, 2, 3 are supply air diffusers and the dimension of the 
channels are 200 millimeters. Number 4 are also supply air diffuser but with a dimension 
of 315 millimeters. Number 5 are exhaust device with a dimension of 315 millimeters 
(see figure 32). 
This room uses impinging jet ventilation so here was air velocity measured and then 
calculated to get the airflow. 
 

 
Figure 32: The numbers represent where supply and exhaust devices are located in the Zeta room 
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Figure 33 shows the placement of the Rotronic meter in the Zeta room.  
 

 
Figure 33: This picture shows the exhaust pipe where measurements for carbon dioxide, temperature and humidity 

took place in the Zeta room 
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6. Results 
 

6.1 Alpha room 
In the alpha room was this measurement taken. Table 3 and 4 shows exhaust and supply 
airflow compared with the earlier thesis.  
  
Table 3: Airflow from exhaust device [l/s] in Alpha room compared with the earlier thesis 

Exhaust points Earlier value [l/s] Current value [l/s] 
1 169 185 
2 235 160 
11 No recorded value 130 
å 404  475 

 
 

 Table 4: Airflow from supply devoice one in Alpha room compared with the earlier thesis 

Supply points Earlier value [l/s] Current value [l/s] 
3 27 123 
4 45 71 
5 28 138 
6 45 71 
7 31 124 
8 45 73 
9 30 103 
10 35 79 
å 286 782 

 
 

Table 5 shows a comparison between the earlier recorded humidity and current average 
humidity recorded over one week in the exhaust points. 
 
Table 5: Relative humidity in exhaust devices compared with the earlier thesis 

Exhaust points Earlier Relative humidity [%] Current relative humidity [%] 
1 17.6 32.7 
2 18.9 32.7 
11 No recorded value 32.7 

 
 

Table 6 shows a comparison between the earlier recorded temperature and current 
average temperature recorded over one week in the exhaust points. 
Table 6: Temperature in exhaust devices compared with the earlier thesis 

Exhaust points Earlier Temperature [°C] Current temperature [°C] 
1 16.9 17.3 
2 16.9 17.3 
11 No recorded value 17.3 
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Table 7 shows the earlier recorded relative humidity compared with the current 
humidity in the supply points recorded over one week.  
 
Table 7: Relative humidity in supply devices compared with the earlier thesis 

Supply points Earlier relative humidity [%] Current relative humidity [%] 
3 17.7 32.7 
4 18.5 32.7 
5 17.4 32.7 
6 17.3 32.7 
7 17.4 32.7 
8 17.4 32.7 
9 17.2 32.7 
10 17.3 32.7 

 
 
 
Table 8 shows the earlier recorded temperature compared with the current temperature 
in the supply points recorded over one week.  
 
Table 8: Temperature in supply devices compared with the earlier thesis 

Supply points Earlier temperature [°C] Current temperature [°C] 
3 16.9 17.3 
4 16.8 17.3 
5 16.8 17.3 
6 16.8 17.3 
7 17 17.3 
8 16.9 17.3 
9 17 17.3 
10 17 17.3 

 
 

6.1.1 Calculations 
The following equation calculates air exchange rate.  
 
𝑆𝑢𝑝𝑝𝑙𝑦	𝑎𝑖𝑟𝑓𝑙𝑜𝑤 = 782	𝑙/𝑠 = 2815	𝑚>/ℎ 
 
𝑉 = 𝐴𝑖𝑟𝑓𝑙𝑜𝑤	𝑜𝑟	𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛	𝑟𝑎𝑡𝑒 

𝐴𝑖𝑟	𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒	𝑟𝑎𝑡𝑒	(𝐴𝐶𝐻) =
𝑉

𝑅𝑜𝑜𝑚	𝑣𝑜𝑙𝑢𝑚𝑒 
 

𝐴𝐶𝐻 =	
2815
660.5 = 4.26	ℎKL 
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Figure 34, 35 and 36 shows carbon dioxide measurements in the Alpha room. The 
measurements started Monday 13.00 and every 15 minutes was a value recorded. The 
sensors recorded carbon dioxide every 15 minutes over one week.  
 

 
Figure 34: This graph shows carbon dioxide values in the first 48 hours of measurements in Alpha room 

 
Figure 35: This graph shows carbon dioxide values in the time span 48-96 hours of measurements in Alpha room 
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.  

 
Figure 36: This graph shows carbon dioxide values in the time span 96–150 hours of measurements in Alpha room 
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6.1.2 Measurement and calculations under activity 
Table 9 shows supply air values without activity compared with activity.  
 
Table 9: Airflow from supply device one in Alpha room under activity compared without activity 

Supply points Value under activity [l/s] Value without activity [l/s] 
3 233 123 
4 147 71 
5 252 138 
6 146 71 
7 233 124 
8 151 73 
9 227 103 
10 155 79 
å 1544 782 

 
 
Table 10 shows airflow from exhaust points without activity compared to activity. 
 
Table 10: Airflow from exhaust device [l/s] in Alpha room under activity compared without activity  

Exhaust points Value under activity [l/s] Value without activity [l/s] 
1 327 185 
2 283 160 
11 222 130 
å 832  475 

 
Table 11 shows temperature under activity compared without activity.  
 
Table 11: Temperature and relative humidity in Alpha room under activity compared without 
activity 

 
Exhaust point 

Temperature under 
activity [°C] 

Relative humidity under 
activity [%] 

1 20 27.6 
 
The following equation calculates air exchange rate.  
 
𝑆𝑢𝑝𝑝𝑙𝑦	𝑎𝑖𝑟𝑓𝑙𝑜𝑤 = 1544𝑙/𝑠 = 5558	𝑚>/ℎ 
 
𝑉 = 𝐴𝑖𝑟𝑓𝑙𝑜𝑤	𝑜𝑟	𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛	𝑟𝑎𝑡𝑒 

𝐴𝑖𝑟	𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒	𝑟𝑎𝑡𝑒	(𝐴𝐶𝐻) =
𝑉

𝑅𝑜𝑜𝑚	𝑣𝑜𝑙𝑢𝑚𝑒 
 

𝐴𝐶𝐻 =	
5558
660.5 = 8.4	ℎKL 
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The following equation shows the necessary supply airflow for the ventilation system to 
not exceed 1000 ppm.  
 
𝑐M = 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛	𝑖𝑛	𝑠𝑢𝑝𝑝𝑙𝑦	𝑎𝑖𝑟	[𝑝𝑝𝑚] 
𝐶 = 𝐴𝑐𝑡𝑢𝑎𝑙	𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛	[𝑝𝑝𝑚] 
𝑉 = 𝐴𝑖𝑟𝑓𝑙𝑜𝑤	𝑜𝑟	𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛	𝑟𝑎𝑡𝑒	[𝑙/𝑠] 
 
𝑉 = PQRSTU	VW	XTUMVYM∗[\USVY	]^V_^]T	(`/a	XTU	XTUMVY)

>bcc∙ eK[f ∙Lcgh
= 𝑙/𝑠   

 
𝑉 = >i∗Lcc

>bcc(LcccKjcc)∙Lcgh
= 1620.4 𝑙/𝑠   

 
1620.4	𝑙/𝑠 = 5833	𝑚>/ℎ 
 

𝐴𝐶𝐻 =	
5833
660.5 = 8.8	ℎKL 

 
Figure 37 and 38 shows the different points and values where carbon dioxide 
measurements took place under activity 

 
Figure 37: This picture shows the different points where carbon dioxide measurements took place 

 

 
Figure 38: This graph shows carbon dioxide levels at different points in Alpha room 
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6.2 Beta room  
Table 12 shows air velocity values in five different points from supply device one and 
two. Average air velocity is also calculated. 
 
Table 12: This table shows air velocity at five different measure points in supply channel one and two 

Measure points in 
channel 

Air velocity [m/s] 
Supply device one 

Air velocity [m/s] 
Supply device two 

1 1.20 1.15 
2 0.90 0.85 
3 1.20 1.03 
4 1.29 1.06 
5 1.13 0.96 
Average air velocity [m/s] 1.14 1.01 

 
Table 13 shows air velocity in five different points in the exhaust device.  
 
Table 13: Air velocity at five different measure points in exhaust channel   

Measure points in 
channel 

Air velocity in exhaust device [m/s]  

1 1.96 
2 2.20 
3 1.72 
4 2.11 
5 1.80 
Average air velocity [m/s] 1.96 

6.2.1 Calculation  
The following equation calculates airflow in supply and exhaust devices.   
𝑉 = 𝐴𝑖𝑟𝑓𝑙𝑜𝑤 𝑙/𝑠  

𝑣 = 𝐴𝑖𝑟	𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑚/𝑠  
𝐴 = 𝐴𝑟𝑒𝑎	𝑜𝑓	𝑐ℎ𝑎𝑛𝑛𝑒𝑙 𝑚l  
𝑉 = 𝑣 ∙ 𝐴 = 𝑣 ∙ 𝜋 ∙ 𝑟l  
Supply device one 
𝑉L = 𝜋 ∙ 0.1575l ∙ 1.14 ∙ 1000 = 89	𝑙/𝑠 
 
Supply device two 
𝑉l = 𝜋 ∙ 0.1575l ∙ 1.01 ∙ 1000 = 79	𝑙/𝑠 
 
Exhaust device 
𝑉> = 𝜋 ∙ 0.1575l ∙ 1.96 ∙ 1000 = 153	𝑙/𝑠 
 
Total airflow supply in beta room = 168	𝑙/𝑠 
Total exhaust airflow in beta room = 153	𝑙/𝑠 
168	𝑙/𝑠 = 605	𝑚>/ℎ 
 

𝐴𝐶𝐻 =	
605
365 = 1.66	ℎKL 
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Figure 39, 40 and 41 shows carbon dioxide measurements in the Alpha room. The 
measurements started Monday 13.00 and every 15 minutes was a value recorded. The 
sensors recorded carbon dioxide every 15 minutes over one week. 
 

 
Figure 39: This graph shows carbon dioxide values in the first 48 hours of measurements in Beta room 

 
 
 

 
Figure 40: This graph shows carbon dioxide values in the time span 48–96 hours of measurements in Beta room 
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Figure 41: This graph shows carbon dioxide values in the time span 96-150 hours of measurements in Beta room 
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6.2.2 Measurement and calculations under activity 
Table 14 shows the difference in air velocity under activity compared without activity.  
 
Table 14: This table shows the difference in air velocity in air supply channel one and two with and 
without activity 

Supply channel Air velocity [m/s] 
with activity 

Air velocity [m/s] 
without activity 

1 0 1.14 
2 0 1.01 

 
 
Table 15 shows carbon dioxide, temperature and relative humidity under activity,  
 
Table 15: This table shows carbon dioxide, temperature and relative humidity levels under low yoga 
activity 

Carbon dioxide level 
under activity 

Temperature under 
activity [°C] 

Relative humidity under 
activity [%] 

1700 20.4 37 

 
 
The following equation shows the necessary supply airflow for the ventilation system to 
not exceed 1000 ppm.  
 
𝑐M = 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛	𝑖𝑛	𝑠𝑢𝑝𝑝𝑙𝑦	𝑎𝑖𝑟	[𝑝𝑝𝑚] 
𝐶 = 𝐴𝑐𝑡𝑢𝑎𝑙	𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛	[𝑝𝑝𝑚] 
𝑉 = 𝐴𝑖𝑟𝑓𝑙𝑜𝑤	𝑜𝑟	𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛	𝑟𝑎𝑡𝑒	[𝑙/𝑠] 
 
𝑉 = PQRSTU	VW	XTUMVYM∗[\USVY	]^V_^]T	(`/a	XTU	XTUMVY)

>bcc∙ eK[f ∙Lcgh
= 𝑙/𝑠   

 
𝑉 = lc∗ic

>bcc(LcccKjcc)∙Lcgh
= 463 𝑙/𝑠   

 
463	𝑙/𝑠 = 1666.7	𝑚>/ℎ 
 

𝐴𝐶𝐻 =	
1666.7
365 = 4.57	ℎKL 
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6.3 Zeta room 
 
Table 16 shows air velocity at five different measure points in supply channel one and 
two.  
Table 16: Air velocity at different measure points in supply channel one and two 

Measure points in 
channel 

Air velocity [m/s] 
Supply device one 

Air velocity [m/s] 
Supply device two 

1 1.79 1.70 
2 1.66 1.50 
3 1.57 1.65 
4 1.90 1.53 
5 1.61 1.56 
Average air velocity [m/s] 1.70 1.58 

 
Table 17 shows air velocity at five different measure points in supply channel three and 
four.  
Table 17: Air velocity at different measure points in supply channel three and four   

Measure points in 
channel 

Air velocity [m/s] 
Supply device three 

Air velocity [m/s] 
Supply device four 

1 1.55 1.26 
2 1.90 1.10 
3 1.46 1.09 
4 1.54 1.04 
5 1.58 1.07 
Average air velocity [m/s] 1.60 1.11 

 
Table 18 shows air velocity at five different measure points in the exhaust channel.  
 
Table 18: Air velocity at different measure points in exhaust channel 

Measure points in 
channel 

 
Air velocity in exhaust device [m/s]  

1 1.39 
2 0.84 
3 2.00 
4 0.64 
5 0.60 
Average air velocity [m/s] 1.09 
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6.3.1 Airflow calculations  
The following equation calculates airflow in supply and exhaust devices.  
𝑉 = 𝐴𝑖𝑟𝑓𝑙𝑜𝑤 𝑙/𝑠  

𝑣 = 𝐴𝑖𝑟	𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑚/𝑠  
𝐴 = 𝐴𝑟𝑒𝑎	𝑜𝑓	𝑐ℎ𝑎𝑛𝑛𝑒𝑙 𝑚l  
 
𝑉 = 𝑣 ∙ 𝐴 = 𝑣 ∙ 𝜋 ∙ 𝑟l  
 
Supply device one 
𝑉L = 𝜋 ∙ 0.1l ∙ 1.70 ∙ 1000 = 53	𝑙/𝑠 
 
Supply device two 
𝑉l = 𝜋 ∙ 0.1l ∙ 1.58 ∙ 1000 = 50	𝑙/𝑠 
 
Supply device three 
𝑉l = 𝜋 ∙ 0.1l ∙ 1.60 ∙ 1000 = 50	𝑙/𝑠 
 
Supply device four 
𝑉l = 𝜋 ∙ 0.1575l ∙ 1.11 ∙ 1000 = 86	𝑙/𝑠 
 
Exhaust device  
𝑉> = 𝜋 ∙ 0.1575l ∙ 1.09 ∙ 1000 = 85	𝑙/𝑠 
 
Total airflow supply in zeta room = 239	𝑙/𝑠 
Total exhaust airflow in zeta room = 85	𝑙/𝑠 
 
 
𝑆𝑢𝑝𝑝𝑙𝑦	𝑎𝑖𝑟𝑓𝑙𝑜𝑤 = 239	𝑙/𝑠 = 860.4𝑚>/ℎ 
 
𝑉 = 𝐴𝑖𝑟𝑓𝑙𝑜𝑤	𝑜𝑟	𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛	𝑟𝑎𝑡𝑒 

𝐴𝑖𝑟	𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒	𝑟𝑎𝑡𝑒	(𝐴𝐶𝐻) =
𝑉

𝑅𝑜𝑜𝑚	𝑣𝑜𝑙𝑢𝑚𝑒 
 

𝐴𝐶𝐻 =	
860.4
420 = 2.0	ℎKL 
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Figure 42, 43 and 44 shows carbon dioxide measurements in the Alpha room. The 
measurements started Monday 13.00 and every 15 minutes was a value recorded. The 
sensors recorded carbon dioxide every 15 minutes over one week. 
 

 
Figure 42: This graph shows carbon dioxide values in the first 48 hours of measurements in Zeta room 

 
Figure 43: This graph shows carbon dioxide values in the time span 48–96 hours of measurements in Zeta room 

0

500

1000

1500

2000

2500

3000

3500

4000

0 5 10 15 20 25 30 35 40 45

Carbon	dioxide	in	the	Zeta	room	under	the	first	
48	hours

CO2

Hours

0

500

1000

1500

2000

2500

3000

3500

4000

48 53 58 63 68 73 78 83 88 93

Carbon	dioxide	in	the	Zeta	room	under	time	span	
48-96	hours

CO2

Hours



 

 
50 

 

 
Figure 44: This graph shows carbon dioxide values in the time span 96–150 hours of measurements in Zeta room 
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6.3.2 Measurement and calculations under activity 
Table 19 shows airflow in supply channels under activity compared without activity.  
 
Table 19: Airflow in Zeta room under activity compared without activity 

Supply channels Value under activity [l/s] Value without activity [l/s] 
1 326 53 
2 143 50 
3 138 50 
4 131 86 
å 738 239 

 
 
Table 20 shows temperature and relative humidity under activity.  
 
Table 20: Temperature and relative humidity in Zeta room under activity 

Exhaust point Temperature under 
activity [°C] 

Relative humidity under activity 
[%] 

1 20.1 47 
 
 
The following equation calculates air exchange rate.  
 
𝑆𝑢𝑝𝑝𝑙𝑦	𝑎𝑖𝑟𝑓𝑙𝑜𝑤 = 738	𝑙/𝑠 = 2656.8	𝑚>/ℎ 

𝐴𝑖𝑟	𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒	𝑟𝑎𝑡𝑒	(𝐴𝐶𝐻) =
𝑉

𝑅𝑜𝑜𝑚	𝑣𝑜𝑙𝑢𝑚𝑒 
 

𝐴𝐶𝐻 =	
2656.8
420 = 6.3	ℎKL 

 
 
The following equation shows the necessary supply airflow for the ventilation system to 
not exceed 1000 ppm.  
 
𝑐M = 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛	𝑖𝑛	𝑠𝑢𝑝𝑝𝑙𝑦	𝑎𝑖𝑟	[𝑝𝑝𝑚] 
𝐶 = 𝐴𝑐𝑡𝑢𝑎𝑙	𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛	[𝑝𝑝𝑚] 
𝑉 = 𝐴𝑖𝑟𝑓𝑙𝑜𝑤	𝑜𝑟	𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛	𝑟𝑎𝑡𝑒	[𝑙/𝑠] 
 
 
𝑉 = PQRSTU	VW	XTUMVYM∗[\USVY	]^V_^]T	(`/a	XTU	XTUMVY)

>bcc∙ eK[f ∙Lcgh
= 𝑙/𝑠   

 
𝑉 = il∗Loc

>bcc(LcccKjcc)∙Lcgh
= 4093 𝑙/𝑠   

 
4093	𝑙/𝑠 = 14733	𝑚>/ℎ 
 

𝐴𝐶𝐻 =	
14733
420 = 35.1	ℎKL 
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Figure 45 and 46 shows 11 different measure points values recorded under activity.  
 

 
Figure 45: This picture shows the different points where carbon dioxide measurements took place 

 

 
Figure 46: Carbon dioxide in Zeta room at 11 different points 
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7. Discussion 
The comparing thesis did measurements in two rooms at the training facility Friskis & 
Svettis. After air balancing of their ventilation system did they move the spinning room 
to a new location that had larger area and started yoga class in the old spinning room. 
This means that my measurements in old spinning room will have lower carbon dioxide 
values because yoga have a lower activity level than spinning and therefor can’t be 
compared.  
 
The calculations to not exceed carbon dioxide levels over 1000 ppm is used because that’s 
the recommended maximum indoor value to keep a comfortable indoor air quality.  
However, values in a range of 1000 – 5000 ppm is not uncommon and can be acceptable 
because those values do not possess any health risk for the human being. The effect will 
probably only cause strong odors and discomfort for the participants in the training rooms.    
 
When I was visualizing all the components in the ventilation system did I see that the 
earlier thesis only had measurements on two exhaust devices in alpha room even though 
there are three exhaust diffusers in that room. This is going to make a large difference in 
airflow results for that room.  
 
The diffusers in alpha room had too big area for the SWEMA FLOW meter to cover the 
whole supply area of the diffuser at the same time so in this case was the diffuser divided 
in to three sections and the airflow was measured in each section and added together. This 
can give a small margin of false readings of the supply air in that room.  
When measurements under activity took place was I using a meter called AccuBalance. 
This meter can cover a larger area.  
The supply airflow measurements in Alpha room resulted in 782 l/s when there was no 
activity in the room. When compared to the earlier thesis that had 286 l/s supply air to the 
room with no activity have the airflow increased with 496 l/s. This have also resulted in 
an increased air exchange rate from 2.2 h-1 to 4.26h-1.   
During field measurements on carbon dioxide under one week was the highest peak 1432 
ppm which is 432 ppm over the limit. If the system is design to not exceed 1000 ppm 
must the airflow be 1620 l/s which responds to an air exchange rate at 8.8h-1.  
Overall is the ventilationsystem in the Alpha room working properly and the levels of 
carbon dioxide is within reasonable limits.  
 
The Beta room have had some complains about the low temperature and the cold feeling 
from the participants. One solution to that problem is to install radiators or install a heat 
battery in the air handling unit. 
In the Beta room was it impossible to do an equitable comparison to the earlier thesis due 
to the gym have changed the spinning equipment from the Beta room to the Zeta room. 
The difference in activity level from spinning to yoga is too big to be compared.  
In the Beta room was the supply airflow 168 l/s when there was no activity in the room 
and the air exchange rate was 1.68 h-1. During field measurements under one week was 
the highest peak 1232 ppm which is 232 ppm over the limit.  
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When measurements were made during activity, airflow could not be measured because 
the supply diffusers were clogged. This leads to under pressure in the room and high 
levels of air contaminations. Under activity did the carbon dioxide meter show 1700 ppm 
with the training class only half full and I think it would be much higher if the training 
room would have been full.  
If the system is design to not exceed 1000 ppm must the airflow be 463 l/s which responds 
to an air exchange rate at 4.57 h-1.  
 
The earlier thesis has no former recorded measurements in the Zeta room to compare 
with. When measurement took place without activity was the supply airflow 239 l/s which 
responds to 2.0 h-1. During field measurements under one week was the highest peak 3307 
ppm which is 2307 ppm over the limit. That high level of carbon dioxide is close to the 
hygienic limit of 5000 ppm.  
During activity was the supply airflow 738 l/s which responds to 6.3 h-1. The relative 
humidity level was close to 70% when I entered the room in the end of the training 
session.  
If the system is design to not exceed 1000 ppm must the airflow be 4093 l/s which 
responds to 35.1 h-1. This amount of supply air will cause drafts and participants would 
probably complain. One solution to lower the carbon dioxide level is to install more grid 
plates in the ceiling around the room so the air can be transported to the exhaust device 
more efficient.  
For the room to have 4093 l/s supply airflow without drafts must the area on the air 
diffusers be a lot bigger to be able to handle bigger air volumes.  
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7.1 Conclusion 
This training facility seems to be very attractive and popular because it is crowded from 
opening hours to closing. The overall aim of this thesis was to measure and compare the 
results with the earlier thesis and see what difference air balancing have made to the 
ventilation system. The results in Alpha room showed an increase in air exchange rate 
from 2.2 h-1 to 4.26 h-1 when there was no activity but it was difficult to evaluate exactly 
how much better it has become though the earlier thesis didn’t measure all the exhaust 
devices.  
 
The Beta rooms air quality has improved a lot but keep in mind that the training form that 
now is exercised in Beta room has a lower activity rate compared when the earlier thesis 
did measurements on that room. 
The worrying thing in the Beta room is the covers on the supply diffusers that has been 
installed which can lead to strong odors and high contaminations in the air. 
 
The Zeta room has no earlier recorded measurements to compare with but something must 
be changed in that room to lower the carbon dioxide levels and relative humidity. 
According to the calculations must the air exchange rate increase from 6.3 h-1 to 35.1 h-1 
to keep the carbon dioxide levels under 1000 ppm which will need a new design of the 
ventilation system. 
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8. Future work   
Future work for this thesis can be to design and install a ventilation system for the Zeta 
room to keep the carbon dioxide levels under 1000 ppm. It would be interesting to see the 
airflow pattern in that room with trace gas and evaluate if there are any other way to 
effectively extract and change the air.   
The air temperature and the cold feeling in the Beta room have had some complains and 
is something that also can be checked. 
The clogged ducts in the Beta room must be removed to improve and achieve a good 
indoor air quality.  
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