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ABSTRACT 

 

This project is mainly focused on the improving and design of the ventilation system of 

two rooms at different levels of a gym (Friskis and Svettis in Gävle, Sweden) to reduce 

the  concentration to never be higher than 1000 ppm.  

For this purpose, several field measurements were performed in different locations and 

situations. Two main measurements were necessary. On one hand, the  level in 

different parts of the rooms during different activities. On the other hand, the air flow 

through the inlet and outlet ducts of the ventilation system. It was also important to take 

into account the indoor temperature and humidity. These measurements were enough to 

analyze the failures of the system and to recognize the worst points of each room. 

Comparing both rooms, the necessity of changing the ventilation system in one of these 

rooms was much higher, due to there were measured  values up to 3000 ppm during 

a typical day in the gym. 

With this information the consequences of high CO2 levels in human people were 

analyzed. Among various ventilation systems, displacement ventilation system was 

proposed as the new design. Theoretical calculations were made to reach to the value of 

31.8  in the air change rate (ACH), which was the necessary value for the new 

design to keep the carbon dioxide level under 1000 ppm.  
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NOMENCLATURE 

Symbol Description Units 

Tc Operative temperature [˚C] 

Ta,out Outdoor temperature [˚C] 

C∞ CO2 concentration in steady state [mg/m
3
] 

Cs CO2 concentration of supply air [mg/m
3
] 

S Pollutants emission rate [mg/h] 

qv Airflow [m
3
/h] 

n Air change rate [h
-1

] 

τ Time [s] 

C CO2 actual concentration [mg/m
3
] 

v Air velocity [m/s] 

A Area [m
2
] 
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1. INTRODUCTION 

1.1 Background 
 

The concept of indoor air quality is used as a general denomination for the cleanliness of 

indoor air. It has for a long time been known that indoor air quality is really important 

for the well-being of human people, productivity and quality of life. As many studies 

show (e.g. Nero 1988, Brohus 1997), people are exposed to numerous indoor air 

pollutants (tobacco smoke, volatile organics, microbial organisms, chemical synthesis) 

as well as outdoor pollutants brought into buildings (radon, ozone, gaseous 

contaminants). An increased amount of polluting substances entails to the deterioration 

of the indoor air quality. The wide variety of indoor air pollutants cause different effects 

on comfort, health or both depending on the concentration and time interval which the 

exposure takes place.  

Because of this, a good design of a ventilation system is essential to keep a proper 

indoor air quality. Factors as air temperature, air humidity, air velocity, indoor air 

pollution and airflows affect in an important way to the indoor climate (e.g. Fanger 

1972, Wargocki 1998). Different airflow parameters affect in different ways to the 

contaminant spatial distribution and to the comfort of the occupants of a ventilated air 

space. Improper airflow patterns, air velocities and air temperatures frequently cause air 

drafts, insufficient ventilation, poor distribution, stuffiness and an uncomfortable indoor 

space because of all this.  

Location and design of the supply and exhaust terminal are essential for the 

determination of the airflow pattern in a room and thus affect the air quality and the 

thermal comfort. A proper ventilation system design means an appropriate air 

distribution. Despite of the efforts to improve indoor climate, a study carried out in 

office buildings in nine European countries reported that around 30% of the occupants 

indicated dissatisfaction with the indoor environment (Bluyssen et al. 1995). Parameters 

such as health, age, and emotional state influence the perception of the physical indoor 

climate. For example, persons with asthma problems are more likely to have higher 

demands regarding air quality, and older people usually prefer higher temperatures.  
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People tend to stay more and more of their time indoors. Many people spend more than 

90% of their time in artificial climates, such as homes, workplace, factories and 

transport vehicles (Awbi 1991). The main goal of building designs is to create an 

acceptable thermal comfort and indoor air quality environments rather than designing 

aesthetically attractive buildings. However, the fact of focusing in people firstly, 

requires deep knowledge and understanding about indoor air climates. It is important to 

understand temperature distributions, air movements and the distribution of air 

pollutants indoors for different conditions. For example, high airflow rates are 

preferable for good indoor air quality but may cause draft problems. 

 

1.2 Objectives 
 

The main objective of this thesis is to design a ventilation system in a poor quality 

indoor space (two gym rooms) to reduce the  concentration to never be higher than 

1000 ppm.  

For this purpose, two indoor spaces were analyzed. Temperature, air velocity and 

humidity measurements were taken for the airflow and air quality calculation. Carbon 

dioxide level was measured for the evaluation of the air quality indoor. Also, 

geometrical aspects of the room were taken into account, due to its influence in 

ventilation systems. 

Gathering all this information, different kind of ventilation systems were analyzed with 

the objective of choosing the most appropriate one that satisfied the main goal of this 

project.  
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1.3 Limitations 
 

The limitations developing this thesis were: 

- The measure of the carbon dioxide. 

The carbon dioxide measure was taken only in one height. It was checked 

that the difference between the carbon dioxide levels varied with the height 

in the room, although the difference of the value was negligible. Because of 

this, carbon dioxide level measures were taken only in one height, that was 

around 1.7 m.  

 

- The rooms were crowded and very equipped. Due to this, it was difficult to 

take carbon dioxide measures in a lot of different locations. Besides, the 

measures were not always taken exactly in the same points or locations of the 

room, due to people activities during physical exercises. The measures were 

taken in 13 different points in the spinning room and in 16 different points in 

the first floor room. 

 

- Accuracy of measurement instruments. The instrument for measuring air 

velocity, temperature and humidity, the TSI, was very sensitive. In the case 

of the air velocity, air flow had to be guided directly to the sensor, and a little 

movement of this relative position resulted in a significant variation in the 

results. Because of this, more than one value was taken to calculate 

afterwards the average.                 

In the case of the carbon dioxide measurement, different factors had 

influence in the measured value. First of all, the activity level of the people 

inside. In a little period of time, depending of people´s activity level, the 

results varied considerably. For example, when people stopped exercising, in 

few minutes the level of carbon dioxide could decrease by 200 ppm. Because 

of this, sometimes more than one measure was taken in a short period of time 

(15 minutes) when the activity level was supposed to be the maximum one. 

Secondly, depending of the amount of people inside, the carbon dioxide level 

changed a lot. Human activity is the main reason of carbon dioxide emissions 
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inside, so values were really different depending of the amount of people. 

Because of this, measures were taken in different classes and in different 

days. 

 

- When there was more than one class followed, because of the bad air quality, 

doors used to be opened for some minutes. Because of this, contradictions 

can be appreciated in the results. Sometimes carbon dioxide level was not 

higher in the beginning or middle of next classes than in the first class.  
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2. CARBON DIOXIDE 
 

2.1 Generation of the carbon dioxide 

 

Carbon dioxide is a natural chemical compound composed of two oxygen atoms 

covalently bonded to a single carbon atom. This chemical compound is a gas at standard 

temperature and pressure (273.15 K and 1 bar) and it exists in the Earth´s atmosphere in 

this state. Its concentration in atmosphere is around 0.039% by volume, that is the 

equivalent of 390 ppm (National Oceanic and Atmospheric administration, NOAA). 

In the nature, carbon dioxide is produced by many phenomena. As part of the carbon 

cycle, plants, algae, and cyanobacteria use light energy to photosynthesize carbohydrate 

from carbon dioxide and water, with oxygen produced as a waste product (G. Kaufman; 

M. Franz, 1996). However, photosynthesis cannot occur in darkness and at night some 

carbon dioxide is produced by plants during respiration (Food Factories, 2011). It is 

emitted from volcanoes, hot springs, geysers and other places where the earth's crust is 

thin and is freed from carbonate rocks by dissolution. CO2 is also found in lakes at depth 

under the sea, and commingled with oil and gas deposits.  Carbon dioxide is produced 

by combustion of coal or hydrocarbons, the fermentation of sugars in beer and 

winemaking and by respiration of all living organisms. It is exhaled in the breath of 

humans and land animals. (Energy institute, 2011). In this way, human people are an 

important part of carbon dioxide emissions. Emissions of CO2 by human activities are 

estimated to be 135 times greater than the quantity emitted by volcanoes (US Geological 

Survey, “Volcanic gases and climate change overview”, 2013).  

 

The human production of carbon dioxide and other bio-effluents has been found to vary 

approximately linearly with the level of physical activity (European Concerted Action 

1992). While exercising, cellular respiration involves the use of glucose and oxygen to 

form energy, and carbon dioxide is produced and then expired from respiration system 

as a waste product. The metabolic equivalent or MET, expresses the energy cost of 

https://en.wikipedia.org/wiki/Carbon_cycle
https://en.wikipedia.org/wiki/Carbon_cycle
https://en.wikipedia.org/wiki/Plant
https://en.wikipedia.org/wiki/Algae
https://en.wikipedia.org/wiki/Cyanobacteria
https://en.wikipedia.org/wiki/Light
https://en.wikipedia.org/wiki/Energy
https://en.wikipedia.org/wiki/Photosynthesis
https://en.wikipedia.org/wiki/Carbohydrate
https://en.wikipedia.org/wiki/Water
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Cellular_respiration
https://en.wikipedia.org/wiki/Volcano
https://en.wikipedia.org/wiki/Hot_spring
https://en.wikipedia.org/wiki/Geyser
https://en.wikipedia.org/wiki/Carbonate_rock
https://en.wikipedia.org/wiki/Dissolution_%28chemistry%29
https://en.wikipedia.org/wiki/Combustion
https://en.wikipedia.org/wiki/Hydrocarbon
https://en.wikipedia.org/wiki/Beer
https://en.wikipedia.org/wiki/Wine
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physical activities and it is defined as the equivalent of 1 Kcal/Kg *h or 4.184 KJ/Kg*h 

or 58.2 W/m
2 

 (ANSI/ASHRAE Standard 5). 

 

The carbon dioxide production can vary from one to other person depending on the 

weight, physical condition, gender or age. For adults the metabolic CO2 production 

varies from about 10 l/h per person when sleeping to about 170 l/h per person at high 

levels of physical activity (Nilsson, 2003). For people occupied with sedentary activities 

(1.0-1.2 met), such as office work, the CO2 production is about 19 l/h per person 

(European Concerted Action 1992). For children, the relationship between the CO2 

production and the metabolic rate is different form that for adults. An activity level of 

2.7 met, corresponding to a CO2 production of 18 l/h per person is a realistic assumption 

(European Concerted Action 1992). Figure 1 shows the relationship between the carbon 

dioxide production and human activity (European Concerted Action 1992): 

 

Activity Carbon dioxide (l/h per person) 

Adults, sedentary (1-1.2 met) 19 

Adults, low level of physical exercise (3 met) 50 

Adults, medium level of physical exercise (6 met) 100 

Adults, high level of physical exercise, athletes (10 met) 170 

Children in a kindergarten age, 3-6 years old (2.7 met) 18 

Children in a school age, 14-16 years old (1-1.2 met) 19 
Figure 1: Generation of carbon dioxide by humans at five activity levels (European Concerted Action 1992) 

 

Finally, well ventilated indoor environments imply proper air quality. The airflow rate 

of a balanced ventilated indoor space, is the amount of air per unit that flows from the 

supply or exhaust device. This means that pressure indoor and outdoor is equal. Each 

indoor space has its most efficient airflow rate value. Having high airflow rates, it is 

possible to achieve very low values of carbon dioxide. However, this does not mean to 

have an efficient ventilation system. Higher airflow rates entail higher energy 

consumption and because of that it is important to get a good balance between the 

airflow rate and carbon dioxide concentration. Figure 2 shows the relation between the 

airflow rate and carbon dioxide concentration. 



7 

 

 

Figure 2: Relationship between supply airflow rate and carbon dioxide concentration in an occupied room, under 
steady state conditions (Nilsson, 2003)  

 

 

 

 

 

 

2.2 Limit levels and risk of the carbon dioxide 

 

Every people are exposed to low levels of carbon dioxide by breathing indoor or outdoor 

air. The concentration of the carbon dioxide in the atmosphere of the Earth is around 

0.039% by volume, that is the equivalent of 390 ppm (National Oceanic and 

Atmospheric administration, NOAA). This value is low enough and it does not cause 

any effect in human people. Indoors, nevertheless, due to a poor ventilation system, 

carbon dioxide concentration can highly exceed this value because of the human activity 

or other factors. This may cause mild or severe effects on human people depending of its 
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concentration. This gaseous compound can generate from a slight drowsiness to severe 

effects as hyperventilation, vision damage, lung congestion, central nervous system 

injury, abrupt muscle contractions, elevated blood pressure, and shortness of breath, 

dizziness, headache, sweating, fatigue, numbness and tingling of extremities, memory 

loss, nausea, vomiting, depression, confusion, skin and eye burns, and ringing in the ears 

(US National library of medicine). The following figure shows the effects of carbon 

dioxide in human people. 

 

                   

Figure 3: Carbon dioxide health effects ( Australian Maritime Safety Authority. Davidson, 2003) 

 

The effects of increased CO2 levels on adults at good health can be summarized: 

 Normal outdoor level: 350 - 450 ppm 

 Acceptable levels: < 600 ppm 

 Complaints of stiffness and odors: 600 - 1000 ppm 

 ASHRAE and OSHA standards: 1000 ppm 

 General drowsiness: 1000 - 2500 ppm 

 Adverse health effects expected: 2500 - 5000 ppm 

 Maximum allowed concentration within a 8 hour working period: 5000 ppm  
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Extreme and dangerous CO2 levels can be summarized: 

 Slightly intoxicating, breathing and pulse rate increase, nausea: 30,000 ppm 

 Symptoms above plus headaches and sight impairment: 50,000 ppm 

 Unconscious, further exposure death: 100.000 ppm 

The following figure shows the different effects carbon dioxide exposure can cause in 

human people. Level less than 5000 ppm is not dangerous for human people, although 

ASHRAE recommends keeping values below 1000 ppm. Very high values can be fatal 

but it is very difficult to reach that values in common indoor spaces. 

 

 Figure 4: Effects of carbon dioxide depending on its level (www.analox.net) 

Otherwise, researchers at the Department of Energy’s Lawrence Berkeley National 

Laboratory (Berkeley Lab) have found that moderately high indoor concentrations of 

carbon dioxide can significantly impair people’s decision-making performance (US 

Department of Energy National Laboratory Operated by the University of California). In 

the following figure it is possible to see that low carbon dioxide concentrations have 

influence in nine scales of human decision-making performance. 
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Figure 5: Effects of carbon dioxide on nine scales of human decision-making performance (Berkeley Lab, 2012) 
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3. VENTILATION SYSTEMS 
 

Ventilation is mainly used to remove indoor generated pollutants and supply fresh air 

for human beings. For a good quality indoor air, it is necessary to remove pollutants 

from people who produce human effluents, as well as emissions from smoking, 

combustion, building materials, furniture, house hold and cleaning products. Ventilation 

is also needed to reduce the exposure from air borne microbes causing infectious 

diseases. Ventilation is also essential to control temperature and humidity and keep 

them within acceptable limits to ascertain thermal comfort. The contaminants mentioned 

above may evoke Sick Building Syndrome (SBS) symptoms. These are shown in figure 

6. 

 

                            
    

Figure 6: Symptoms of sick building syndrome (www.equinoxlab.com) 

 

 

Sick Building Syndrome symptoms can be described as: 

 Unpleasant, unidentified smell. 

 Irritated mucous membranes in eyes, nose and throat. 

 Itching and/or irritated skin (mainly in face and upper part of the body). 

 Allergy and hypersensitivity reactions. 

 Inexplicable tiredness, headache and difficulties to concentrate. 
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3.1 Factors affecting to the indoor air quality and comfort 

 

 

The indoor environment has to fulfill two basic requirements. On one hand, the health 

risk should be negligible. On the other hand, indoor environment should be comfortable 

and pleasant. There are many factors that affect to the perception of comfort in a space, 

such as the temperature, humidity or air velocity. These, have different effects 

depending on the occupants due to each person feels the comfort in a different way. That 

is why comfort is a statistic concept. Ventilation systems must keep the following 

factors into good conditions to create a comfortable indoor space with a proper air 

quality. 

 

 

3.1.1 Airflow rate 

 

The airflow rate is the amount of air that flows through a particular device per unit of 

time. The typical units to express the airflow rate are m
3
/h (cubic meters per hour) and 

l/s (liters per second).  

To keep a balanced indoor space, the airflow rate must be the same in both supply and 

exhaust devices. When the supply airflow rate is higher than the exhaust one, the indoor 

space will be positive pressured. When the exhaust airflow rate is higher than the supply 

one, it will be negative pressured.  

To remove all the pollutants indoor, it will be necessary to have a correct value of this 

parameter. Higher airflow rates involves higher energy consumption so it is important 

the choice of the most efficient point to maintain an adequate level of pollution. 
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3.1.2 ACH or air change rate 

 

The air change rate or air change per hour is a measure of how many times the air within 

an indoor room is replaced. It is calculated by dividing the airflow rate by the room 

volume. The unit is 1/h. 

 

Higher ACH value means higher indoor air quality, due to the air in the room is replaced 

more times by supply fresh air. However, it is important to take into account the energy 

consumption, so it is necessary to find the most efficient value for each case. This value 

can change from 5-7 in school rooms to 25-60 in glasshouses. More values are shown in 

the appendix. 

 

3.1.3 Temperature 

  

It is essential to keep the temperature of an indoor space between proper values to create 

a comfortable space with a good quality air. Because of that, ventilation is often used 

also to control indoor air temperature. High temperature values result in thermal 

discomfort and increase the likelihood of Sick Building Syndrome (ECA report 23, 

2003). Too low values, in the other hand, decrease occupants comfort. In this way, there 

is a strong relation between air temperature and occupants behavior. 

 

Current methods of determining the indoor temperature (Fanger, 1971), (ISO/CEN 

7730, 1994) have been found adequate for setting temperatures in air conditioned 

buildings, but have been less successful in the case of naturally ventilated building (de 

Dear and Brager, 2002). These methods predict an optimal indoor operative temperature 

( ) for a given outdoor temperature  given by the equation:  

 

     = 17.8 + 0.31  
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Studies have shown that warm and humid air is stuffy (Berg-Munch, 1980), and warm 

room air temperature in the winter causes a higher number of typical sick building 

symptoms than cooler air (Seppänen and Jaakkola, 1989) 

 

3.1.3 Humidity 

 

Ventilation also affects to humidity and it has great influence in comfort and indoor air 

quality. When outdoor air is used for ventilation in cold outdoor conditions, very low 

indoor relative humidity can result. This may lead to discomfort by dryness in the nasal 

and optical membranes and dissatisfaction with the indoor climate. High relative 

humidity in hot climates can increase discomfort from overheating. Furthermore, 

particularly when it is accompanied by warm temperatures, it can encourage the 

presence of dust mites. The faeces of the dust mites are a strong allergen and may cause 

asthma and other allergic diseases. High relative humidity is also a strong factor in the 

growth of mold that emits odor and irritating substances. Humidity control is also 

necessary to decrease emissions from materials, as is control of the pressure levels in 

buildings to prevent pollutants from spreading. 

It is preferable to keep the relative humidity value between 30-70%. The target value 

could be around 40%.  

 

3.1.4 Air velocity 

 

It is important to maintain an adequate air velocity in all supply and exhaust devices. In 

warm places, increasing air velocity can help to create a more comfortable space. Too 

high air velocities, however, may be unpleasant for the occupants. A ventilation system 

should never overpass the value of 2 m/s in the output or input of supply or exhaust 

devices (Spengler, J.D. and Chen, Q. 2000). In displacement ventilation systems, that 

are the most common ones, values around 0.2 m/s are very typical.  
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3.1.5 Pollutants 

 

An increased amount of polluting substances in the air leads to a deterioration of the 

indoor air quality. There is a wide variety of indoor air pollutants, with different 

potential effects on comfort and health. Some of the pollutants found indoors cause 

discomfort due to odors. Some compounds are allergenic, while others cause irritation 

of mucous membranes. Sometimes, there is even a question of toxic or carcinogenic 

substances. The severity of a pollutant in terms of its effect on comfort, health or both 

depends on the concentration and the time interval during which the exposure takes 

place (Nilsson, 2003). 

A particular pollutant associated to human activity is the carbon dioxide. For a 

comfortable indoor space and satisfaction of occupants, it is important to keep low 

levels of this substance. ASHRAE recommends keeping this value less than 1000 ppm. 

For the steady-state, the carbon dioxide concentration can be calculated by the following 

equation (Mattsson, 2013): 

 

Where  is the stabilized  concentration,  is the supply air  concentration, S 

is the emission rate of the pollutants and  is the airflow value. 

However, from the beginning of the pollutant emission to its stabilization, it goes 

through a step-up state, defined by the following equation (Mattsson, 2013): 

 

Where C is the  concentration at the time  and n is the ACH. 

When a gas is diluted from an original concentration  towards the supply 

concentration  it follows the equation below (Mattsson, 2013). 
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3.2 Classification of the ventilation systems 

 

There are two main types of ventilation systems: natural ventilation and mechanical 

ventilation. Both can be used for proper ventilation, but it is necessary to take into 

account some points.  

 

3.2.1 Natural ventilation 

 

Natural ventilation is the process of supplying and removing air through an indoor space 

without using mechanical systems. It refers to the flow of external air to an indoor space 

as a result of pressure or temperature differences. There are two types of natural 

ventilation occurring in buildings: wind driven ventilation and buoyancy-driven 

ventilation. While wind is the main mechanism of wind driven ventilation, buoyancy-

driven ventilation occurs as a result of the directional buoyancy force that results from 

temperature differences between the interior and exterior (Linden, P. F. 1999). The 

ventilation rate depends on the strength and direction of these forces and the resistance 

of the flow path.  

 

In naturally ventilated buildings the air enters into the building through building 

envelope and it is driven by natural forces. In that kind of system the building itself is a 

part of the ventilation system, and the design of ventilation has to be integrated in the 

building design from the early stages of design. To take maximum advantage of natural 

forces, it is important to realize that in the ordinary natural ventilation system outdoor 

air enters in the building without any conditioning in respect of pollutants, temperature 

and humidity, and may cause draft, high pollutant concentration and noise level due to 

noise from outdoors (ECA report 23, 2003).  

 

No specific devices or openings are provided for ventilation. Ventilation rates vary with 

weather conditions, mainly depending on the wind. Buildings have typically operable 

windows. Risks in the performance of ordinary natural ventilation include the following: 

http://en.wikipedia.org/wiki/Air
http://en.wikipedia.org/wiki/Ventilation_%28architecture%29
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no particle filtration, poor indoor temperature control, outdoor noise, inability to 

pressurize or depressurize buildings, low ventilation rates in some weather conditions 

and with tight building envelope (ECA report 23, 2003). 

 

Mainly, there are three different types of natural ventilation systems. 

 

3.2.1.1 Stack ventilation system 

 

Stack ventilation is where air is driven through the building by vertical pressure 

differences developed by thermal buoyancy. The warm air inside the building is less 

dense than cooler air outside, and thus will try to escape from openings high up in the 

building envelope; cooler denser air will enter openings lower down. The process will 

continue if the air entering the building is continuously heated, typically by casual or 

solar gains (RIBA 2013). 

 

The effectiveness of the stack effect, i.e. the volume of air that it drives, is dependent 

upon the height of the stack, the difference between the average temperature of the stack 

and the outside, and the effective area of the openings (RIBA 2013).  

 

Stack ventilation occurs naturally whether we design it or not, and has been consciously 

used for centuries, in traditional and vernacular buildings ranging from Indian tepees to 

churches. However, modern analysis and design advice greatly extends its area of 

application to much larger buildings, with more exacting demands (RIBA 2013). The 

following figures show the airflow in a stack ventilation system. 
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Figure 7: Airflows in Stack ventilation system (Greenspec, 2013) 

 

 

   Figure 8: Stack effect in a two story house (www.cibse.org) 

 

   Figure 9: Airflow due to Stack effect (Roger Joyner, 2013) 
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3.2.1.2 Cross ventilation system 

 

This type of ventilation system uses pressures generated on the building by the wind, to 

drive air through openings in the building. Air enters on one side of the building, and 

leaves on the opposite side, creating an air flow from the positive pressure side to the 

negative pressure side due to wind effects. Figure 10 shows the airflow in a cross 

ventilation system. 

 

 

           Figure 10: Cross ventilation system airflow (University of Minesota, 2013) 

 

 

3.2.1.3 Single-sided ventilation system 

 

The temperature difference across the opening(s) between an indoor and outdoor space 

and the wind forces are the two major parameters affecting airflow in single-sided 

natural ventilation. Two parameters as the buoyancy driven flow and the wind driven 

flow create different types of single-sided ventilation. 

In the first case, temperature difference between the indoor space and the outdoor 

environment causes a density difference, where the warm air is less dense than the 

colder air. As a result, a pressure difference occurs between the inside and outside air. 

The higher internal pressure at the upper opening drives outflow and the lower internal 

pressure at the bottom opening drives inflow. This buoyancy-driven flow is also known 

as stack effect (Allocca, C., Chen, Q., and Glicksman, L.R. 2003). 
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In the second case, ventilation can also be created by the pressure differences across a 

space´s opening due to wind. This causes a positive and negative pressure that creates 

the air flow.  

However, due to the simultaneous influence of temperature and wind on the ventilation 

process at open window buoyancy driven and wind driven flows exist simultaneously. 

Airflow in a single sided ventilation system is showed in figure 11. 

 

  Figure 11: Single sided ventilation system airflow (Carbon trust, 2013) 

 

 

 

3.2.2 Mechanical ventilation 

 

In this kind of ventilation system, mechanical aid is needed to create the airflow, i.e. 

fans. The fans are either powering the exhaust air or both supply and exhaust air to and 

from the rooms. Because of supply and exhaust air fans the system is more flexible in 

respect of building design, and more energy efficient if heat recovery is used. These 

systems are common in countries with moderate or cold climate where air conditioning 

is not always needed to maintain thermal comfort most part of the year. 
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Risks in the performance of mechanical ventilation include the following: components 

may be dirty when installed or become dirty and release pollutants and odors, poor 

control of indoor temperature due to absence of cooling, low humidity in winter, noise 

generated by forced air flow and fans and draft caused by forced air flows. If the system 

has mechanical cooling the additional risk factors are introduced by cooing coils: 

condensed moisture in the system, potential microbial growth and biocides used to treat 

wet surfaces such as drain pans. In systems with air recirculation some additional risks 

are introduced: indoor-generated pollutants are spread throughout the section of building 

which air handling system serves, higher air velocities increase risk of draft and 

excessive noise (ECA report 23, 2003). 

 

In mechanical ventilation systems there are mainly two different types, mixing 

ventilation system and displacement ventilation system.  

 

3.2.2.1 Mixing ventilation system 

 

The target of mixing ventilation is to diffuse high velocity supply air into the space so 

that the thermal conditions and the contaminant concentrations are uniform in the 

occupied space.  

Mixing ventilation systems work with supply air diffusers that are usually installed in 

the ceiling of the room or at ceiling height. The incoming air is mixed as well as 

possible with the air in the room. The advantages of the mixing ventilation are easier 

installation, greater freedom with regard to interior decoration and equally good air 

quality in all places. The following figures show the air movement and particles 

distribution in the mixing ventilation system. 
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 Figure 12: Air distribution in mixing ventilation system (Michigan air products, 2013) 

    

  Figure 13: Particles distribution in mixing ventilation system (Michigan air products, 2013) 

 

ASHRAE states that the ventilation effectiveness for the mixing ventilation system is 1. 

The ventilation effectiveness is determined by the following formula: 

 

This means that in this type of ventilation system the contaminant concentration is the 

same in the extract air and in the occupied zone. 
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Ventilation efficiency is ensured by effective air diffusion throughout the occupied zone 

and avoiding undesired stagnant zones and flow of the supply air into the exhaust. In 

this way, some points must be taken into account: 

 The supply and exhaust airflow rate must be sufficient. 

 Diffusers must be adapted to the operation conditions. 

 The positioning of supply and exhaust devices must be adaptable. 

 

The diffuser type and number are selected to achieve good ventilation effectiveness, 

acceptable air velocity conditions and comfortable thermal conditions, with acoustic 

requirements respected. The air diffusion is dependent on several factors: 

 Air flow rate. 

 Temperature difference between supply air and room air. 

 Diffuser type, jet type and jet direction. 

 Diffuser locations. 

 

Figure 14 shows different diffuser types in mixing ventilation system. 

 

 

  Figure 14: Different difuser types of mixing ventilation system (Halton, 2013) 
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3.2.2.2 Displacement ventilation system 

 

Displacement ventilation is a means of providing cool supply air at very low velocity 

levels (around 0.2 m/s) directly to the occupants in a space. The fresh air, supplied near 

the floor, falls towards the floor due to gravity and spreads across the room. It comes 

into contact with heat sources as people or equipment, and the cool supply air slowly 

rises as is picks up heat from these sources. The warm air rises towards the ceiling 

where it is exhausted from the occupied zone. This vertical airflow pattern near each 

occupant makes it less likely that germs will spread. The air quality in the occupied zone 

tends to be somewhat better than in mixing ventilation systems. Figure 15 shows air 

distribution in displacement ventilation system. 

 

 

   Figure 15: Air movement in displacement ventilation system (Architectural energy corporation, 2013) 

 

 

ASHRAE states that the ventilation effectiveness for the mixing ventilation system is 

1.2. This means that in this type of ventilation systems particles concentration in the 

return air is 1.2 times higher than in the occupied or breathing zone. 
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Figure 16 shows the particles distribution in displacement ventilation system. 

 

Figure 16: Particles distribution in displacement ventilation system (Michigan air products, 2013) 

 

With the appropriate design and application, the benefits of this type of ventilation 

system are the improved indoor air quality, reduced used energy and the improved 

acoustic performance. Comparing with the mixing ventilation system, the advantages 

are the following ones: 

 Lower cooling energy and capacity demands to maintain equal thermal 

conditions in the occupied zone.  

 A longer period for the use of free cooling. 

 Better air quality in the occupied zone. 

Ventilation efficiency is typically between 0.5 and 0.8 with displacement ventilation, 

whereas a level between 0.3 and 0.45 can be reached by using mixing ventilation 

(Halton, 2013). 
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As shown in the following pictures, displacement diffusers are very variable depending 

on their use or necessities. 
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Figure 17: Different diffuser types in displacement ventilation system (Halton, 2013) 

 

 

 

 

 

 

 

 



28 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



29 

 

4. METHOD 
 

4.1 Work planning 

 

In order to accomplish the main objective of this thesis, an appropriate distribution of 

the tasks and time was required. Firstly, it was necessary the visualization of the indoor 

rooms that were going to be analyzed. In this point, ventilation problems were found. 

Then, different types of measures were taken in both rooms, enabling the analysis of the 

ventilation system. This information was necessary for new alternatives. All these ideas 

can be summarized in figure 18. Visualization and measures were performed in the gym 

of Gävle Friskis and Svettis. 

 

 

   

 

Figure 18: Work plan for the development of the Thesis 

 

 

4.2 Visualization 

 

The rooms that were going to be analyzed were located in different floors of the gym 

Friskis and Svettis. The spinning room was situated in the ground floor and the room for 

other activities in the first floor. The following figures show the plan for each floor. 

Systems 

visualization 

Temperature 

and humidity 

measurements 

Airflow 

measurements 

CO2 level 

measurements 
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Figure 19: Plan of the ground floor, where the spinning room is located 

 

Figure 20: Plan of the first floor, where the other exercising room is located 
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In the first picture it is possible to see the spinning room downstairs. In the second 

picture, the class that was analyzed is located in front of the gym.  

 

4.2.1 Spinning room 

 

The spinning room was the most active room. There, activities such as spin/medel, 

spin/bas, skivstang/spin or spin 60 were developed in exercise bikes. There were forty 

bikes one after the other for people and one more for the trainer.  The following figure 

shows the distribution of the room.  

 

Figure 21: View of the spinning room 

 

The ventilation system of this room is formed by two supply devices and one exhaust 

device. The exhaust device is connected to several diffusers in the ceiling. The 

following picture shows the location of these devices. As shown in figure 22, supply 



32 

 

devices are situated in the corners and the exhaust device is in the entrance of the room, 

connected to other openings in the ceiling.  

 

 

  Figure 22: Location of supply and exhaust devices in the spinning room 

In the next figures it is possible to see specific parts of the room and the supply and 

exhaust devices. 

 

 

 

 

 

 

 

 

 

 

 

 

      Figure 23: View of a supply device in the spinning room 



33 

 

 

Figure 24: View of the second supply device in the spinning room 

 

 

Figure 25: View of the entrance of the spinning room, the exhaust device is situated avobe the door in the ceiling 
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Figure 26: View of the exhaust device in the spinning room 

              

Figure 27: View of the ceiling from the exhaust device 
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4.2.2 First floor room 

 

Compared to the spinning room this was much more spacious and airy. It was not 

equipped at all and inside there was a lot of free space for the occupants. There, 

activities such as boxing, jympa soft or cirkelfys were carried out. The following figure 

shows a look of the room.  

 

Figure 28: View of the first floor room 
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The next figure shows the location of the different exhaust and supply devices. The 

exhaust was situated above the entrance of the room. Supply diffusers were situated in 

eight different points of the ceiling. 

 

    

Figure 29: Location of exhaust and supply devices in the first floor room 

 

The figure below shows two supply diffusers in the room. 

 

Figure 30: Supply diffusers in the first floor room 
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4.3 Measurements 

 

To analyze the indoor air quality of both spinning and first floor room different kind of 

measurements were taken. Firstly, temperature, humidity and airflow measurements 

were taken in both rooms. After that, carbon dioxide level was measured during 

different classes, in different days, in different points of each room and more than once 

during an activity class.  

 

4.3.1 Spinning room 

 

This room was located on the ground floor of the gym, down the stairs that were near 

the main entrance of the gym. In the following figure it is possible to see the plan of that 

floor.  

 

Figure 31: Location of the spinning room 
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4.3.1.1 Air velocity 

 

To calculate the airflow of the ventilation system, it was necessary to calculate the air 

velocity in each supply and exhaust devices. These supply and exhaust devices were 

situated in narrow areas, so it was impossible to use instruments to measure directly the 

airflow. Due to this, air velocity was measured in five different points of each circular 

supply and exhaust device. The following figure shows the profile of supply and exhaust 

devices and the points where this measure was taken. 

 

        Figure 32: Points of the ducts where measurements where taken 

 

The instrument that was used for this measure was the VelociCalc Plus TSI. The body 

of the instrument was connected to a bar that contained a sensor on the head. This 

sensor, positioned in a way that the air struck directly on it, was able to measure the air 

velocity in those points. See figure 33. 

 

Figure 33: Instrument for temperature, humidity and air velocity measurements; the VelociCalc Plus TSI 
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With all velocity data, supply and exhaust airflow was calculated by the following 

equation: 

 

Where V is the average velocity taken in five different points and A is the area of the 

circular profile of the exhaust and supply device. 

With this value it was possible to calculate the ACH by this equation: 

 

  

4.3.1.2 Temperature and humidity 

 

Temperature and humidity measures were taken in different points of the spinning room. 

It was used the same instrument as in velocity measures, the TSI. The procedure was the 

same, in different points the sensor in the head of the bar connected to the body of the 

TSI measured the different temperature and humidity values. These, were measured in 

the supply and exhaust devices and in the points of the room shown in the following 

figure. 

 

Figure 34: Location of the points where temperature and humidity were measured 
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4.3.1.3 Carbon dioxide level 

 

Different measures of carbon dioxide were taken in several points of the spinning room. 

Exactly, it was distributed in 13 different points and measures were taken in those points 

in different situations. Firstly, carbon dioxide level was measured in the empty room. 

After that, measures were taken in different activity classes, in different days and twice 

during each class. The following figure shows the 13 different measure points. 

 

 

Figure 35: Location of the points where carbon dioxide was measured 

The instrument that was used for the measurements was the Testo 435. The sensor in the 

head of the handle measured the level of carbon dioxide and the value was exposed in 

the display. See figure 36. 

 

Figure 36: Instrument for the measurements of carbon dioxide level, the TESTO 435 
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4.3.2 First floor room 

 

This room was located in the first floor of the gym. There, activities such as boxing or 

jympa soft were carried out. The following figure shows the location of this room in the 

first floor of the gym. 

 

Figure 37: Location of the first floor room 

4.3.2.1 Airflow 

 

The ventilation system of the room was consisted of two exhaust devices and eight 

supply devices. Next figure shows the location of these.  

      

Figure 38: Points of the first floor room where supply and exhaust airflow was measured 

Points 1 and 2 represent the exhaust devices and the rest of the points the supply 

devices. To calculate the airflow two different instruments were used. On one hand, the 
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SWEMA Flow 230 measured airflows lower than 60 l/s. Exhaust airflows were higher 

than this value so only supply airflows were measured with this instrument. The 

SWEMA Flow 230 is shown in figure 39. 

 

Figure 39: Instrument for the airflow measurements, the SwemaFlow 230 

On the other hand, the ACCUBALANCE measured airflows higher than 60 l/s. This 

instrument was used to measure the airflows of the two exhaust devices. See figure 40. 

 

Figure 40: Instrument for the airflow measurements, the AccuBalance 
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4.3.2.2 Temperature and humidity 

 

For temperature and humidity measures the TSI instrument was used as in the spinning 

room. These measures were taken with the same procedure as in the spinning room in 

all exhaust and supply devices and in nine different points of the room. These nine 

points are illustrated in the figure below. 

 

Figure 41: Points of the first floor room where temperature and humidity were measured 

 

4.3.2.3 Carbon dioxide level 

 

In order to measure the carbon dioxide level 16 different locations were taken as 

measure points in the room. The following figure shows these points.  

       

Figure 42: Points of the first floor room where carbon dioxide level was measured 
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Measurements were taken in different situations. Firstly, carbon dioxide was measure 

without any activity, in the empty room. Then, measures were taken during different 

classes and in different days. Measures were taken from a particular class to three 

consecutive classes and two times in each class. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



45 

 

5. RESULTS 
 

In this chapter all the results obtained during the measurements are indicated. First of all 

results of the spinning room are exposed and then the results of the first floor room. In 

each one, airflow, temperature and humidity and carbon dioxide level values are shown. 

 

5.1 Spinning room 

 

5.1.1 Airflow 

 

In the following tables measured values are shown. It was necessary the correction of 

the final value with a correction factor of 0.02 m/s for the exhaust and 0.03 m/s for the 

supplies. 

 

 

  Exhaust (m/s) 
Average 

(m/s) 

1 2,42 2,81 2,67 2,71 2,66 2,65 

2 1,89 2,2 2,12 2,02 2,11 2,07 

3 1,66 1,7 1,66 1,78 1,83 1,73 

4 2,22 2,47 2,58 2,42 2,78 2,49 

5 2,21 2,06 2,12 2,14 2,07 2,12 

Average velocity (m/s) 2,21+0.03 
Table 1: Air velocity measurements in the exhaust device of the spinning room 

 

 

  Supply 1 (m/s) 
Average 

(m/s) 

1 1,42 1,46 1,43 1,45 1,43 1,44 

2 1,21 1,28 1,16 1,22 1,18 1,21 

3 1,25 1,21 1,28 1,31 1,27 1,26 

4 1,39 1,42 1,46 1,44 1,4 1,42 

5 1,29 1,34 1,22 1,28 1,17 1,26 

Average velocity (m/s) 1,32+0.03 
Table 2: Air velocity measurements in the first supply device of the spinning room 
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  Supply 2 (m/s) 
Average 

(m/s) 

1 1,03 0,98 1,01 1,05 1,02 1,02 

2 1 0,96 0,98 1,02 0,99 0,99 

3 1,01 0,97 1,02 1,08 1,06 1,03 

4 1,08 1,1 1,14 1,12 1,15 1,12 

5 1,05 1,03 1,06 1,13 1,1 1,07 

Average velocity (m/s) 1,05+0.03 
Table 3: Air velocity measurements in the second supply device of the spinning room 

 

5.1.2 Temperature and humidity 

 

Firstly, temperature and humidity values were taken in the exhaust and supply devices 

until they converged in one value. These are shown in the following tables. 

 

 

 

 

 

Table 4: Temperature and humidity values in the exhaust device of the spinning room 

 

Supply 1 

Temperature (ºC) Relative humidity (%rh) 

16,7 16,3 

16,4 16,2 

16,1 16,1 

16 16 

15,5 16 

 
Table 5: Temperature and humidity values in the first supply device of the spinning room 

 

 

Exhaust 

Temperature 

(ºC) 

Relative humidity 

(%rh) 

18,6 20,3 

18,5 20,2 

18,4 20,1 

18,3 20 

18,2 20 
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Supply 2 

Temperature (ºC) Relative humidity (%rh) 

16,9 15,4 

16,8 15,3 

16,7 15,2 

16,6 15,2 

16,4 15,2 
Table 6: Temperature and humidity values in the second supply device of the spinning room 

 

Finally, temperature and humidity values were taken in the points indicated in the figure 

below. These values are shown in the next table. 

 

  Figure 43: Numerated points where temperature and humidity were measured in the spinning room 

 

  Temperature (ºC) Relative humidity (%rh) 

1 19 17,8 

2 18,9 17,8 

3 18,8 19 

4 18,8 18,6 

5 18,7 18,8 
Table 7: Temperature and humidity values in the spinning room 
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5.1.3 Carbon dioxide level 

 

First of all, carbon dioxide level was measured when the room was empty and without 

any activity. The difference between these values and supply carbon dioxide 

concentration may be because of the human activity before the measurement of these 

values in the empty room. More inactivity time should be necessary to decrease these 

values. These values are shown in the table below.  

 

  

CARBON DIOXIDE LEVEL 
WITHOUT ACTIVITY 

(PPM) 

1 700 

2 701 

3 692 

4 699 

5 697 

6 707 

7 730 

8 736 

9 742 

10 756 

11 761 

12 770 

13 774 
Table 8: Carbon dioxide level in the spinning room without activity 
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Afterwards, carbon dioxide level was measured during different activity classes and in 

different days. The following tables show carbon dioxide level for each day. During the 

day, different values were measured in different activity classes.  

 
CARBON DIOXIDE LEVEL (PPM)  03/04/2013 

  SPIN/MEDEL SPIN/INTERVALL 

1 2522 1113 2625 2070 1274 

2 2448 1111 2642 2030 1269 

3 2300 1113 2670 2130 1281 

4 2534 1117 2544 2178 1242 

5 2656 1110 2686 2202 1229 

6 2823 1089 2745 2207 1206 

7 2933 1076 2691 2184 1192 

8 3020 1046 2770 2162 1168 

9 3049 1028 2762 2147 1154 

10 3183 1019 2813 2126 1138 

11 3306 995 2853 2100 1128 

12 3261 962 2858 2042 1113 

13 3179 956 2802 2002 1094 

Time 17:00 17:35 19:00 19:25 19:35 
Table 9: Carbon dioxide level in two activity classes in the spinning room 

 

The maximum value of carbon dioxide level was measured in the first class, as it can be 

seen in table 9. This was because of the fact that the class was full of people and the 

activity level was the highest one of all the classe 

 

In the table 10 different values are shown. The activity level of these classes was 

medium/high and it was not fully crowded. This is because values are lower than the 

maximum measured. In the third class values were measured once because the class was 

interrupted. That is why values are lower. 
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CARBON DIOXIDE LEVEL (PPM) 04/04/2013 

  SPIN/MEDEL SPIN/BASS 
SKIVSTANG/SPI

N SPIN 60 

1 2082 2332 1809 2194 1493 2046 2026 

2 2016 2296 1802 2181 1507 1956 2005 

3 1915 2171 1755 2133 1457 1932 2004 

4 2091 2351 1836 2186 1528 2024 2035 

5 2126 2344 1865 2166 1542 2030 2035 

6 2219 2319 1917 2187 1560 2075 2116 

7 2277 2285 1941 2200 1564 2267 2331 

8 2400 2279 2017 2263 1713 6345 2346 

9 2455 2266 2040 2282 1773 2330 2360 

10 2561 2232 2077 2290 1734 2289 2321 

11 2591 2203 2111 2275 1722 2296 2306 

12 2640 2150 2157 2283 1717 2285 2294 

13 2682 2129 2229 2265 1706 2327 2365 

Time 16:50 17:20 17:50 18:10 19:00 19:50 20:20 
Table 10: Carbon dioxide values in four activity classes in the spinning room 

 
CARBON DIOXIDE LEVEL (PPM) 07/04/2013 

  SPIN/MEDEL SPN/BAS 

1 2671 2826 1601 2072 

2 2648 2746 1575 2047 

3 2638 2728 1509 2004 

4 2691 2842 1599 2101 

5 2701 2838 1588 2096 

6 2773 2836 1720 2088 

7 2766 2835 1746 2107 

8 2931 2855 1814 2125 

9 2926 2853 1845 2149 

10 2969 2815 1929 2209 

11 2972 2802 1984 2256 

12 2940 2784 2083 2251 

13 2903 2777 2076 2243 

Time 15:50 16:15 16:45 17:00 
Table 11: Carbon dioxide level in two activity classes in the spinning room 
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5.1.4 Results for the new ventilation system 

 

The limit is 1000 ppm and the following equation calculates the quantity of carbon dioxide in 

milligrams per cubic meter.  

 

 

 

 

In this equation it has been used the equivalence between 44 g/mol and 24.1  

at 20 ºC and 1 atm. 

The ventilation rate not to pass this limit will be calculated by the following equation. 

 

Where  is the ventilation rate,  is the supply air concentration (mg/ ),  is the 

indoor air concentration (mg/ ) and  is the pollutant source strength (mg/h). 

 =  = 1826  

The supply air concentration will be similar than the atmospheric carbon dioxide 

concentration. 

 = 400 ppm = 731  

It will be considered that the class is full of people (41 people) and they all are doing 

high level activity.  

The carbon dioxide emission of a person exercising high level activity will be 170 l/h.  

170 l/h = 170 /h   = 310 g/h = 310∙  mg/h 
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Taking into account all the people in the class: 

 310∙  mg/h ∙ 41 people = 1271∙  mg/h 

Now it is possible to calculate the ventilation rate or airflow rate . 

 

 

 = 11607  

Room volume = 364.62  

 

 

 

5.1.5 Transient state of actual ventilation system 

 

The transient state will be calculated during a class of one hour. This hour will be 

divided in 5 parts: 

 

1. 10 minutes of low activity. 

2. 10 minutes of medium activity. 

3. 20 minutes of high activity. 

4. 10 minutes of medium activity. 

5. 10 minutes of low activity. 
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will be carbon dioxide concentration in steady state and C will be carbon dioxide 

concentration in each moment. These values will be calculated by the following 

equations: 

 

 

 

 Low activity: 

= 50 l/h ∙ 41 people = 374.33∙  mg/h 

 

 Medium activity: 

= 100 l/h ∙ 41 people = 748.54∙  mg/h 

 

 High activity: 

= 170 l/h ∙ 41 people = 1271∙  mg/h 
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To calculate the ACH the following the following calculations are necessary: 

 

Exhaust average velocity = 2.24 m/s 

Exhaust airflow = v ∙ A = v ∙ (π ∙ ) 

Exhaust airflow = 2.24 m/s ∙ (π ∙ )  = 0.63  = 2282  

Supply average velocity = 1.35 m/s + 1.08 m/s = 2.43 m/s 

Supply airflow = v ∙ A = v ∙ (π ∙ ) 

Supply airflow = 2.43 m/s ∙ (π ∙ )  = 0.69  = 2475  

 

Where v is the average velocity, A is the area and r is the radio of the exhaust device. 

 

Exhaust = 2282  

Supply = 2475   
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In the following table data is exposed during a period of one hour every two minutes. 

The table shows the carbon dioxide concentration in every moment. 

τ C∞ Cs C 

0 1229 400 400,00 

2 1229 400 567,69 

4 1229 400 701,46 

6 1229 400 808,17 

8 1229 400 893,30 

10 1229 400 961,21 

12 2057 400 1411,29 

14 2057 400 1541,91 

16 2057 400 1646,10 

18 2057 400 1729,22 

20 2057 400 1795,52 

22 3213 400 2748,58 

24 3213 400 2842,52 

26 3213 400 2917,47 

28 3213 400 2977,25 

30 3213 400 3024,94 

32 3213 400 3062,98 

34 3213 400 3093,32 

36 3213 400 3117,53 

38 3213 400 3136,84 

40 3213 400 3152,25 

42 2057 400 2066,51 

44 2057 400 2045,52 

46 2057 400 2047,84 

48 2057 400 2049,69 

50 2057 400 2051,17 

52 1229 400 1231,31 

54 1229 400 1229,01 

56 1229 400 1229,00 

58 1229 400 1229,00 

60 1229 400 1229,00 
Table 12: Carbon dioxide values for the transient state 
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The following figure shows carbon dioxide distribution in a period of one hour. 

 

Figure 44: Carbon dioxide level in the transient state 
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5.2 First floor room 

 

5.2.1 Airflow 

 

The values showed in the tables below were measured and corrected with the 

corresponding correction factor. The exhaust airflow was 404 l/s and the supply airflow 

was 286 l/s. 

 

 
ACCUBALANCE (l/s) 

  Read value Correction factor True value 

1 163 6 169 

2 225 10 235 
Table 13: Airflow values in the exhaust devices of the first floor room 

 

 
SWEMA FLOW 230 (l/s) 

  Read value Correction factor True value 

3 28 -1 27 

4 45 0 45 

5 29 -1 28 

6 45 0 45 

7 32 -1 31 

8 45 0 45 

9 31 -1 30 

10 36 -1 35 
Table 14: Airflow values in the supply devices in the first floor room 
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5.2.2 Temperature and humidity 

 

First of all, temperature and humidity values were measured in the exhaust and supply 

devices in the points indicated in the figure above. These values are shown in the next 

table. 

TSI 

Supply/Exhaus Temperature (ºC) Relative humidity (%rh) 

1 16,9 17,6 

2 16,9 18,9 

3 16,9 17,7 

4 16,8 18,5 

5 16,8 17,4 

6 16,8 17,3 

7 17 17,4 

8 16,9 17,4 

9 17 17,2 

10 17 17,3 
Table 15: Temperature and humidity values in the exhaust and supply devices in the first floor room 

 

After that, temperature and humidity values were taken in the empty room. See values in 

table 16. 

 

TSI 

Empty room Temperature (ºC) Relative humidity (%rh) 

1 17 17,1 

2 16,9 17,1 

3 17 17,2 

4 16,9 17,2 

5 17 17,2 

6 17 17,2 

7 17,1 17,2 

8 17,2 17,2 

9 17,2 17,1 
Table 16: Temperature and humidity values in the first floor room  
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5.2.3 Carbon dioxide level 

 

Firstly, it was measured when the room was empty and without activity. These values 

are shown in the table below. These values are close to the supply carbon dioxide 

concentration (400 ppm). 

 

  
CARBON DIOXIDE LEVEL 

WITHOUT ACTIVITY (PPM) 

1 550 

2 545 

3 541 

4 552 

5 553 

6 547 

7 562 

8 555 

9 565 

10 560 

11 561 

12 564 

13 563 

14 557 

15 550 

16 556 
Table 17: Carbon dioxide values in the first floor room without activity 
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After that, values were measured in different days and in different activity classes. Each 

table shows a day and there values of different classes are indicated. The activity level 

of these classes was not very high and the class was not very crowded. Because of that 

the following values are not so high. 

 
CARBON DIOXIDE LEVEL (PPM) 03/04/2013 

 
JYMPA SOFT CIRKELFYS BOX 

1 1172 1275 1393 1748 1150 1029 

2 1091 1257 1389 1539 1145 1024 

3 1054 1200 1370 1530 1141 1016 

4 1095 1188 1362 1504 1137 1006 

5 1112 1140 1371 1479 1136 983 

6 1120 1079 1392 1470 1122 981 

7 1115 1046 1411 1443 1111 994 

8 1131 1010 1427 1437 1114 990 

9 1162 1001 1431 1416 1133 964 

10 1209 984 1441 1405 1111 944 

11 1178 970 1449 1403 1103 928 

12 1164 944 1442 1442 1096 924 

13 1160 927 1471 1413 1071 911 

14 1196 921 1461 1421 1061 898 

15 1193 907 1424 1443 1056 895 

16 1200 890 1393 1439 1059 897 

Time 16:30 17:00 18:25 18:50 19:25 19:50 
Table 18: Carbon dioxide level values in three activity classes in the spinning room 
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CARBON DIOXIDE LEVEL (PPM) 04/04/2013 

  BOX 55 SKIVSTANG INTERVAL 75 CIRKELFYS 

1 1183 1223 1070 1021 1258 1043 

2 1174 1228 1064 1014 1248 1045 

3 1159 1212 1060 1010 1240 1051 

4 1139 1179 1058 1002 1214 1062 

5 1112 1141 1107 1001 1215 1082 

6 1087 1113 1104 1005 1209 1074 

7 1074 1096 1102 1014 1210 1076 

8 1055 1087 1106 1021 1205 1101 

9 1044 1064 1102 1012 1202 1117 

10 1040 1060 1108 1013 1200 1124 

11 1036 1056 1140 1023 1187 1142 

12 1035 1055 1150 1044 1172 1147 

13 1006 1050 1108 1048 1150 1130 

14 997 1047 1113 1055 1141 1128 

15 991 1042 1124 1071 1139 1121 

16 990 1047 1123 1093 1128 1102 

Time 17:50 18:20 18:55 19:20 20:00 20:25 
Table 19: Carbon dioxide level values in three activity classes in the first floor room 

 
CARBON DIOXIDE LEVEL (PPM) 06/04/2013 

  MEDEL SKIVSTANG 

1 915 964 784 855 

2 903 971 778 852 

3 901 966 776 848 

4 904 963 781 844 

5 952 984 783 848 

6 963 981 788 857 

7 968 977 799 861 

8 979 978 805 862 

9 985 1012 808 875 

10 998 1036 817 912 

11 1021 1051 819 940 

12 1027 1068 824 932 

13 1034 1070 832 918 

14 1046 1068 835 934 

15 1058 1063 846 946 

16 1075 1067 850 941 

Time 14:20 14:40 15:20 15:40 
Table 20: Carbon dioxide level values in two activity classes in the first floor room 
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5.2.4 Results for the new ventilation system 

 

The limit is 1000 ppm and the following equation calculates the quantity of carbon dioxide in 

milligrams per cubic meter.  

 

 

 

 

In this equation it has been used the equivalence between 44 g/mol and 24.1  

at 20 ºC and 1 atm. 

The ventilation rate not to pass this limit will be calculated by the following equation. 

 

Where  is the ventilation rate,  is the supply air concentration (mg/ ),  is the 

indoor air concentration (mg/ ) and  is the pollutant source strength (mg/h). 

 =  = 1826  

The supply air concentration will be similar than the atmospheric carbon dioxide 

concentration. 

 = 400 ppm = 731  

It will be considered that the class is full of people (30 people) and they all are doing 

high level activity.  

The carbon dioxide emission of a person exercising high level activity will be 170 l/h.  

170 l/h = 170 /h   = 310 g/mol = 310∙  mg/h 
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Taking into account all the people in the class: 

 310∙  mg/h ∙ 30 people = 930∙  mg/h 

Now it is possible to calculate the ventilation rate or airflow rate . 

 

 

 = 8493.15  

Room volume = 660.5  

 

 

 

 

 

5.2.5 Transient state of the actual ventilation system 

 

The transient state will be calculated during a class of one hour. This hour will be 

divided in 2 parts: 

1. 20 minutes of low activity. 

2. 40 minutes of medium activity. 

This is to have a case where people were exercising during all the time without 

stopping. With this case maximum values will be reached. 

 



64 

 

will be carbon dioxide concentration in steady state and C will be carbon dioxide 

concentration in each moment. These values will be calculated by the following 

equations: 

 

 

 

 

 Low activity: 

= 30 l/h ∙ 30 people = 164 ∙  mg/h 

 

 Medium activity: 

= 55 l/h ∙ 30 people = 301∙  mg/h 

 

 

ACH value of the actual system is needed and calculated in the way below. 

Exhaust = 404 l/s = 1454.4  

Supply = 286 l/s = 1029.6   
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The table below shows the time history of carbon dioxide concentration for one hour at 

two minutes interval.  

τ C∞ Cs C 

0 1018 400 400,00 

2 1018 400 443,70 

4 1018 400 484,31 

6 1018 400 522,04 

8 1018 400 557,11 

10 1018 400 589,70 

12 1018 400 619,99 

14 1018 400 648,13 

16 1534 400 903,29 

18 1534 400 947,89 

20 1534 400 989,33 

22 1534 400 1027,85 

24 1534 400 1063,64 

26 1534 400 1096,90 

28 1534 400 1127,80 

30 1534 400 1156,52 

32 1534 400 1183,22 

34 1534 400 1208,02 

36 1534 400 1231,07 

38 1534 400 1252,49 

40 1534 400 1272,39 

42 1534 400 1290,89 

44 1534 400 1308,08 

46 1534 400 1324,06 

48 1534 400 1338,90 

50 1534 400 1352,70 

52 1534 400 1365,52 

54 1534 400 1377,43 

56 1534 400 1388,50 

58 1534 400 1398,79 

60 1534 400 1408,35 

 

Table 21: Carbon dioxide level values of the transient state in the first floor room 
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The following figure shows carbon dioxide distribution in a period of one hour. 

 

Figure 45: Carbon dioxide level of the transient state in the first floor room 
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6. DISCUSSION 
 

Taking into account all the results, it is necessary to install a new ventilation system to 

improve indoor air quality and make the indoor space more comfortable. In this way, 

displacement ventilation system could satisfy these necessities in a proper and efficient 

way. With this type of ventilation system it seems that good results can be obtained in 

many indoor spaces. 

It is also interesting the comparison between measured carbon dioxide values and the 

curve obtained with the equation for the transient state. This curve represents the 

changes of carbon dioxide level assuming no steady state has been reached. In the 

spinning room, it starts from a value of 400 ppm (that corresponds to the empty room) 

and reaches a maximum value on the point of 3152.25 ppm. This value is similar to the 

maximum value measured in the spinning room (3306 ppm) so the metabolic rate 

supposed for the calculation of the curve could be comparable to the real metabolic rate 

of the occupants in this room. This means that carbon dioxide emissions of the people 

exercising in the spinning room are probably similar to the values used to calculate the 

transient state. In the first floor room the transient curve reaches a maximum value of 

1408.35 ppm, which also is close to the value measured in this room (1748 ppm). 

However, the transient state was calculated for a different situation, where people were 

exercising during all the time at medium activity level. If real values are higher than the 

values got in the transient state, this means that the metabolic rate of people was higher 

than the supposed one. The maximum real value of carbon dioxide measured was 

around 1700 ppm, so the metabolic rate of these people should be higher than the 

supposed value. Decreasing the values of metabolic rate human carbon dioxide 

emissions will be lower and the necessary and lower ACH value will be necessary. 

Opposite happens if increasing metabolic rate values.  

 This Thesis is focused on decreasing carbon dioxide levels below 1000 ppm. This is the 

value that ASHRAE imposed to keep a comfortable indoor space and a proper indoor air 

quality. However, it is important to know that in several indoor spaces this value is 

exceeded. Carbon dioxide level up to 5000 ppm may be acceptable due to it does not 
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involve any risk for human people in most of the cases. At any rate these values can 

cause strong odors and a discomfortable indoor space for the occupants.  

 

With the actual ventilation system, carbon dioxide level values of 3306 ppm in the 

spinning room and of 1748 ppm in the first floor room were reached. Moreover, ACH 

values of 6.78  and 2.2  were calculated in the spinning room and in the first 

floor room respectively. This means that the actual airflow is insufficient to keep carbon 

dioxide values under 1000 ppm. For this reason it is necessary to improve the airflow 

and decrease carbon dioxide values, and installation of a displacement ventilation 

system would probably yield better ventilation efficiency. New ACH values would be 

31.8  for the spinning room and 12.85  for the first floor room. These values 

keep carbon dioxide level less than 1000 ppm in every moment. 

For the new design, the diffusers of the displacement ventilation system should 

preferably be installed in the corners of the room in the floor level. Two or three 

diffusers can be enough and the airflow must be adequate to achieve the calculated ACH 

value. In the ceiling, an extract line of some meters should be installed. Both supply and 

exhaust devices are shown in the figures below.  

 

 

 

    Figure 46: Diffuser of the displacement ventilation system 
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Figure 47: Exhaust device of the displacement ventilation system 
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7. CONCLUSIONS 
 

The main aim of this Thesis was to improve indoor air quality of two gym rooms by 

keeping carbon dioxide level less than 1000 ppm in every moment. Due to the high 

values of carbon dioxide level that were measured in both rooms (3306 ppm in the 

spinning room and 1748 ppm in the first floor room) increased ventilation rate and a 

displacement ventilation system was proposed as a new design.  

To keep the necessary carbon dioxide level, ACH values of 31.8  and 12.85  are 

needed in the spinning room and in the first floor room respectively.  

This type of ventilation system is likely to create a comfortable indoor space for gym 

activities in the studied rooms and the indoor air quality will be maintained between the 

parameters established.  
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