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Abstract 

The building sector in Europe is the largest contributor to energy consumption. A significant 

share of energy demand is used by ventilation systems, which require energy for fan 

operation, airflow conditioning, and heating and cooling of the supplied air, thereby 

influencing overall energy consumption. Office buildings with high energy demand have 

strict requirements for indoor air quality and the environment for occupants. Because of these 

demands, various chilled beam ventilation strategies, such as constant air volume (CAV), 

variable air volume (VAV), and demand-controlled ventilation (DCV), have been investigated 

under varying indoor conditions. 

 

This study aims to evaluate the airflow patterns, energy consumption, and economic 

performance of the airflow control strategies in chilled beam ventilation systems. The 

methodology combines simulations from IDA ICE to present annual energy consumption and 

airflow patterns, and the cost evaluation focuses on the initial and additional investment costs 

associated with the differences in the ventilation systems, while excluding components shared 

by the systems. 

 

The main findings of the model are that, during operating hours and under varying outdoor 

temperatures, the airflow pattern of the CAV system remained constant. In contrast, the 

supply airflow rate varies when VAV and DCV systems are implemented. Zone conditions, 

such as floor area and occupancy level influence annual energy consumption. The CAV 

system presents the highest annual energy consumption across all evaluated zones, while the 

variable ventilation control strategies VAV and DCV demonstrate highly similar total energy 

consumption and conservation. 

 

The economic evaluation highlights that the DCV system demonstrates a more economical, 

practical alternative to VAV and CAV systems when the annual energy consumption, energy 

conservation, and payback period are considered. Finally, the study identifies that the 

economic feasibility of airflow-controlled chilled beam ventilation systems does not 

necessarily correspond to the annual energy consumption. 
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Sammanfattning  

Byggsektorn i Europa bidrar mest till energiförbrukningen. En betydande andel av 

energibehovet används av ventilationssystem eftersom systemen kräver energi för fläktdrift, 

luftflödes konditionering samt uppvärmning och kylning av den tillförda luften, vilket 

påverkar energiförbrukningen. Kontorsbyggnader har hög energibehov och strikta krav på 

inomhusluftkvalitet och miljö för de boende. På grund av dessa krav har olika strategier för 

kylbafflarnas ventilation: konstant luftvolym (CAV), variabel luftvolym (VAV) och 

behovsstyrd ventilation (DCV) undersökts under varierande inomhus förhållanden. 

 

Denna studie syftar till att utvärdera luftflödesmönster, energiförbrukning och ekonomisk 

prestanda för strategierna för luftflödeskontroll i kylbafflar. Metoden kombinerar 

simuleringar från IDA ICE för att presentera årlig energiförbrukning och luftflödesmönster 

och kostnadsutvärderingen fokuserar på de initiala och ytterligare investeringskostnaderna i 

samband med skillnaderna i ventilationssystemen, samtidigt som komponenter som delas av 

systemen exkluderas. 

 

De viktigaste resultaten av modellen är att luftflödesmönstret för CAV-systemet förblev 

konstant under driftstimmar och under varierande utomhustemperaturer. Däremot varierar 

tilluftsflödeshastigheten när VAV- och DCV-system implementeras. Zonförhållanden, såsom 

golvyta och användningsgrad, påverkar den årliga energiförbrukningen. CAV-systemet 

uppvisar den högsta årliga energiförbrukningen i alla utvärderade zoner, medan de variabla 

ventilationsstyrningsstrategierna VAV och DCV uppvisar mycket likartad total 

energiförbrukning och energibesparing. 

 

Den ekonomiska utvärderingen belyser att DCV-systemet visar ett mer ekonomiskt och 

praktiskt alternativ till VAV- och CAV-system när den årliga energiförbrukningen, 

energibesparingen och återbetalningstiden beaktas. Slutligen identifierar studien att den 

ekonomiska genomförbarheten för luftflödesstyrda kylbaffelventilationssystem inte 

nödvändigtvis motsvarar den årliga energiförbrukningen. 
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CHAPTER 1. INTRODUCTION  

Chapter 1 

Introduction  

1.1 Context   
The building sector in Europe is the largest contributor to energy consumption, consuming 

around 40% of the total energy, of which 80% of that energy is utilized for heating, cooling, 

and providing hot water. By 2025, the goal for the European Union is for all buildings to be 

carbon neutral, delivering zero emissions. To achieve this goal, the Energy Performance of 

Buildings Directive (EPBD) supports buildings in reducing energy consumption, thereby 

lowering grid investment costs (European Commission, 2026). 

 

Commercial buildings primarily contain conference rooms that range from compact to large. 

These facilities are used for conducting business activities, where occupants experience 

variable thermal and occupancy loads that affect indoor air quality and comfort. During 

business hours, office buildings require consistent lighting, equipment, appliances, ventilation 

systems, and cooling and heating. Therefore, commercial properties account for a high level 

of energy consumption (Chen et al., 2025). 

 

The primary function of building ventilation systems is to supply and distribute conditioned 

outdoor air properly and to extract exhaust indoor air, such as odors and pollutants. Moreover, 

they need to maintain acceptable indoor air quality and a comfortable indoor environment for 

occupants. An adequate level of indoor air quality and thermal comfort is important for 

productivity and physical well-being, as variations in airflow and temperature greatly affect 

energy consumption. Therefore, an efficiently operating ventilation system significantly 

affects energy consumption, operating costs, and occupants' well-being (Holopainen et al., 

2022). 
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Ventilation systems account for a portion of a building's energy consumption because they 

require energy for fan operation, airflow conditioning, and heating and cooling of the 

supplied air, all of which contribute to increased overall energy consumption. According to 

the European Commission (2026), 75% of buildings in Europe have poor energy 

performance, and one contributing factor in buildings is inefficient ventilation system 

operation. 

 

A poorly ventilated system leads to over-ventilation, which can result in unnecessary energy 

consumption, operational costs, and maintenance costs. It also limits the system’s capacity to 

control contaminated indoor air and maintain thermal comfort, affecting indoor air quality 

and the indoor environment. Therefore, one strategy to optimize a building’s energy 

performance is to implement an efficient operating ventilation system. 

 

Several researchers have investigated the energy performance of various ventilation control 

strategies, including constant air volume (CAV), variable air volume (VAV), and 

demand-controlled ventilation (DCV). However, a research gap exists regarding how these 

three ventilation systems operate at the room level in commercial buildings and the 

differences in their investment costs. 

 

Therefore, the purpose of this study is to focus solely on the energy performance and airflow 

patterns of the different ventilation systems: CAV, VAV, and DCV, at the room level in 

commercial buildings in Sweden. Moreover, this study investigates the investment and 

payback periods for the different ventilation systems. 
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1.2 Research Questions 

To better understand the different ventilation systems, this report examines how constant air 

volume (CAV), variable air volume (VAV), and demand-controlled ventilation (DCV) 

perform under different conditions. This study examines both practical and economic aspects 

of the ventilation systems in Swedish office buildings. The following questions guide the 

study: 

 

RQ1: How do different ventilation systems (CAV, VAV, and DCV) compare in 

regulating the airflow patterns of chilled beam ventilation systems within conference 

rooms that have varied floor areas and indoor demand? 

 

RQ2: How do chilled beam ventilation systems operating with CAV, VAV, and DCV 

airflow control strategies influence annual energy consumption and energy 

conservation under varying conditions? 

 

RQ3: How does the technical‑economic viability vary with annual energy 

consumption and conservation, airflow control capability, and investment costs for the 

different ventilation control strategies (CAV, VAV, and DCV)? 
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1.3 Delimitation 

For this study, an office building in Enköping, Sweden, has been investigated, with a total 

floor area of 5.139 m2. To study this building at the room level, three conference rooms (zone 

1, zone 2, and zone 3) were selected, with progressively increasing floor areas. For these 

three rooms, three ventilation control strategies (CAV, VAV, and DCV) with chilled beams 

were applied, resulting in nine cases. 

 

●​ Room type 1: Meeting room for 4 people, without glass/sun load. 

●​ Room type 2: Meeting room for 8 people, with glass/sun load. 

●​ Room type 3: Meeting room for 20 people, with glass/sun load. 

 

For the economic analysis, this study evaluates only the expenses associated with differences 

between the ventilation systems and excludes the components they share. Hence, the 

components that are examined are dampers, chilled beams, diffusers, electrical cables, and 

room controllers. 

1.4 Structure of Thesis 

The thesis is structured as follows: the second chapter provides background information, 

describing the requirements for office buildings in Sweden. Additionally, the three different 

ventilation control strategies (CAV, VAV, and DCV) and chilled beams are presented. The 

third chapter summarizes a literature review of the scientific research on the three ventilation 

systems evaluated in this study. The fourth chapter covers the method employed in this study, 

including data simulation and investment analysis. 

 

Chapter five presents the IDA ICE simulations, while chapter six provides an overview of the 

initial investment costs based on the ventilation schematics drawn for the nine cases. The 

results of the airflow rate patterns, energy, and economic evaluation are presented in chapter 

seven, and the discussion of the results is covered in chapter eight. Finally, in chapter nine, 

this study presents the study's conclusions. 
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Chapter 2 

Background 

This chapter provides a clear description of the requirements for commercial office buildings 

in Sweden and the occupants' viability in the meeting rooms. This chapter also covers three 

different airflow control strategies: constant air volume, variable air volume, and 

demand-controlled ventilation. This chapter also describes the function of chilled beams, 

their airflow control, and their limitations.  

 

2.1​ Introduction to Ventilation of Commercial Offices  

 

2.1.1​ Ventilation of Commercial Offices in Sweden 

The function of ventilation is to remove indoor pollutants by supplying a sufficient airflow 

rate to the zone, reducing odors in the zone that are spread through occupants, kitchen and 

bathroom activities, ensuring that the carbon dioxide concentration remains within an 

acceptable range in the zone, and to eliminate the emissions of formaldehyde from building 

materials and radon emission from the shallow ground crust, and minimizing the infiltration 

of water vapor (Awbi, 1998). 

 

The main objectives of ventilation in office buildings, according to Boverket (2024:8), are to 

supply air of adequate quality that meets regulatory criteria and to ensure that the supply air 

complies with indoor air quality standards. Another objective is to extract pollutants arising 

from occupant emissions and from building materials and systems, in order to prevent 

occupants from being exposed to health-related risks or odor nuisances. 
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To ensure that ventilation systems in Sweden's commercial offices achieve high indoor air 

quality and comply with the set requirements, in accordance with Arbetsmiljöverket (2025), 

two essential components must be considered: occupant-related airflow and building-related 

airflow. Occupants are the primary source that emits carbon dioxide in a zone. Therefore, a 

sensor is installed to indicate insufficient ventilation performance. For commercial offices, a 

carbon dioxide concentration below 1000 ppm is required. 

 

For the occupant-related airflow component, the purpose is to remove pollutants that are 

emitted from the occupants. Therefore, a minimum of 7 L/s of supply air per occupant in the 

zone is required. The second component aims to remove pollutants generated by building and 

interior materials; therefore, regardless of the zone's occupancy level, it is required to provide 

a minimum supply airflow rate of 0.35 L/s per m² of floor area. 
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2.1.2 Occupancy variability and distribution in Conference rooms  

Occupancy in conference rooms is unpredictable and inconsistent, suggesting that a 

predictable occupancy pattern cannot be identified during periods when the room is either 

occupied or unoccupied. Hence, it is not possible to predict and set a fixed time-based 

schedule for occupancy. An analysis by Liu et al. (2018) demonstrated that meeting rooms 

are often occupied from 10:00 to 16:00. During these periods, the designed capacity in the 

zones is typically higher than the number of attendees in the conference rooms. 

 

Unpredictable and inconsistent occupancy levels create design challenges, leading to 

incorrect design decisions. These decisions can lead to inefficient ventilation system 

operation, affecting energy consumption, indoor air quality, and thermal comfort. If the 

occupancy is estimated to be lower than the actual number of occupants, the ventilation 

system will not be able to provide sufficient airflow rate or heating or cooling for the zone. 

 

If the occupancy is estimated to be higher than the actual level, then the system will operate 

at a higher capacity when the zone is empty or experiences significantly lower demand 

(Duarte, Van Den Wymelenberg, and Rieger 2013, p. 588). Due to variations in conference 

room occupancy, it is important during the design phase to select an efficient airflow control 

strategy for the zones to ensure a well-ventilated system, reduced energy consumption, and a 

comfortable indoor environment. 
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2.2      Overview of Selected Airflow Control Strategies 

 

2.2.1   Constant Air Volume (CAV) 

The operating principle of constant air volume (CAV) is to supply a constant airflow rate to 

the designated zones. CAV is a simple design because the amount of air that is provided to 

each zone is determined by the ventilation specifications, cooling and heating loads, and 

temperature (Roosa, Doty, and Turner 2020, p. 485). In a CAV system, the airflow rate is 

determined by the peak load for the zone and is estimated during the design phase (Ardehali 

and Smith 1996, p. 1472). 

 

The airflow rate is constant throughout the operational phase to ensure thermal comfort for 

occupants and to achieve ventilation requirements by regulating the supplied air temperature 

to the specified zone. The air temperature is usually adjusted by a central heating coil to 

supply air at a higher temperature and a cooling coil to supply air at a lower temperature. The 

main control components of the CAV system, such as the blower fan, cooling and heating 

coil, outdoor air damper, and zone temperature, are being regulated by the thermostat (Integra 

Controls 2024). 

 

In the CAV system, if the exhaust airflow rate is constant and the supply airflow increases, it 

will enhance indoor air quality; however, with the increase in airflow rate, there will be an 

increase in air velocity (movement) and turbulence. That will result in drafts and air 

contaminants being more widely distributed within the zone (Cao et al. 2021).  

 

If the air supply remains constant and the exhaust air flow rate increases, it will result in 

higher fan energy consumption and higher operating costs. Conversely, a decrease in exhaust 

air can lead to contaminant spread within the zone, due to dust accumulation in the ducts, 

thereby reducing indoor air quality. 
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The advantages of CAV are that it maintains a constant airflow rate, reducing the complexity 

and installation time of the air control system while providing uniform, consistent ventilation. 

The system can operate in cooling mode in the zone. The main control components of the 

CAV system are regulated by the thermostat, which results in stable thermal regulation (Legg, 

2017). 

 

The limitations of CAV are that airflow rates do not regulate and are set to a fixed airflow rate 

for the desired period, regardless of occupancy levels, which results in higher energy 

consumption. Due to the system's configuration to continuously supply airflow rate into the 

zone and maintain the carbon dioxide concentration, the system operation is relatively stable. 

However, the indoor air quality can decrease during periods when the outdoor air contains 

high pollutant concentrations. 

 

According to Rashid et al. (2025), the CAV system limits the ability to control airborne 

particles when outdoor air quality is poor, because it lacks the capacity to vary airflow rate in 

response to outdoor or indoor air conditions. This indicates that although indoor carbon 

dioxide concentration remains relatively stable, it does not necessarily translate into good 

indoor air quality regarding pollutants. 
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2.2.2 Variable Air Volume (VAV)  

The fundamental principle of variable air volume (VAV) is that the system supplies variable 

airflow to the specified zone in response to real-time changes in ventilation demand. The 

VAV system is designed to meet ventilation standards and maintain an acceptable indoor 

environment for occupants through control devices within the ventilation system, maintaining 

a constant temperature while varying the distribution of airflow rates in the zone in response 

to real-time load changes (Okochi and Yao 2016, p. 785). 

 

To maintain acceptable indoor air quality, ASHRAE Standard 62.1 establishes requirements 

for ventilation controls and system filtration. Hence, a sufficient airflow rate for ventilation 

must be provided for the occupants. Therefore, an accurate airflow rate control is necessary 

for the ventilation system to provide an acceptable indoor air quality and ventilation 

performance (ASHRAE, 2025). These standards are essential for the VAV system because the 

airflow rate modulates continuously in response to real-time temperature measurements and 

ventilation demand. 

 

The VAV system continuously regulates airflow rate by controlling fan speed and damper 

position to automatically adjust to real-time thermal load variations in the zone (Zhao et al., 

2023, p. 285). Due to the direct link between thermal load changes and damper position, the 

VAV system can provide sufficient indoor air quality and thermal comfort in accordance with 

ASHRAE Standard 62.1. 

 

The control logic typically used in VAV systems is the proportional-integral-derivative (PID) 

controller. This controller has the capability to regulate and adjust the supply airflow rate, fan 

power, and damper position. The PID controller regulates the airflow rate by accounting for 

the difference between the predefined set point for the zone and the measured temperature 

(Cao, Zhao, and Zhu, 2023). 

 

The central distinction between VAV and CAV is that, as analyzed by Yao et al. (2007), in 

CAV, the system provides a constant airflow rate regardless of occupancy level or heating and 

cooling demand. The VAV system adjusts the supply airflow rate based on the actual zone 

temperature recorded by the system's controller to maintain thermal comfort and high indoor 

air quality. 
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Aktacir, Büyükalaca and Yilmaz (2006) describe the main limitation of using the VAV 

system, the system has a high install and maintenance cost due to the system's components 

VAV systems operate by relying on control strategy which can be accurately calibrated, the 

control requirements are advanced and by inaccurate control it will result in poor indoor air 

quality and the energy consumption increases if the system provide excessive air in the zone. 

 

2.2.3 Demand-Controlled Ventilation (DCV) 

Demand-controlled ventilation is a subtype of the variable air volume system. DCV is a 

self-regulated ventilation system that uses sensors and control devices to automatically adjust 

the airflow supply in the zone to achieve efficient operation, reduced energy consumption, 

and a comfortable indoor environment for occupants. Therefore, depending on indoor 

environmental conditions and real-time demand in the zone, such as the number of occupants, 

carbon dioxide concentration, and temperature (Maripuu, 2009). 

 

The signals and parameters used to control DCV primarily include carbon dioxide 

concentration, which adjusts and regulates airflow rate measurements from indoor air quality 

sensors. To provide thermal comfort in the zone, measurements are obtained from the control 

parameter that records temperature. 

 

To ensure the system provides an accurate ventilation demand, control signals are used to 

record the occupancy level (Merema et al. 2018). The DCV system performs optimally 

because the supply airflow rate increases with increasing occupancy density or indoor 

demand. The supply airflow rate will decrease when cooling demand or occupancy level 

decreases. 

 

Kim, CaraDonna, and Parker (2024) describe how the DCV system reduces energy 

consumption while increasing energy efficiency by continuously varying the airflow rate 

based on actual occupancy levels. Based on indoor conditions, energy use for fans, heating, 

and cooling either increases or decreases, enhancing productivity and overall indoor comfort 

for occupants. 
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The DCV- and VAV systems are designed to vary the supply airflow rate, whereas the design 

of the CAV system maintains a constant airflow rate. Maripuu (2011) describes the main 

difference between the DCV and VAV systems as the fact that the VAV system varies the 

supply airflow rate depending on temperature, while the DCV system varies it based on 

temperature, carbon dioxide concentration, and occupancy level. Sensors are required at all 

times for the DCV system, whereas for the VAV system, they are not required to be used 

continuously. 

 

Fisk and De Almeida (1998) analyze the limitations of the DCV system, including high 

installation and maintenance costs, as it relies on sensors. The disadvantage is that there can 

be a delay, a technical error in recording the demand, or a calibration error, all of which can 

result in poor indoor air quality. The system lacks a sensor for air pollutants and often 

incorporates them with carbon dioxide concentration, which can result in insufficient 

ventilation. 
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2.3   Chilled Beam System

 
A chilled beam is commonly installed at the ceiling level of the zone. In this system, chilled 

water is circulated through the beams, where it contains a coil, which is a water-based heat 

exchanger. This serves as a thermal dissipation unit for the zone and is composed of copper 

pipes with aluminum heat-transfer fins. To secure the pipes, they are protected by a metal 

casting. 

 

It is essential that the chilled water is not above its dew point; otherwise, condensation will 

form on the pipes. The underlying explanation is that the chilled beams are installed at ceiling 

level and do not use drain pans for condensate collection (Vastyan 2011, p. 27). There are two 

primary chilled beam types: passive chilled beams and active chilled beams, as explained in 

sections 2.3.1 and 2.3.2. 

2.3.1 Passive Chilled Beam 

Passive chilled beams are designed to operate exclusively by natural convection; this 

configuration does not depend on mechanical airflow, such as fans, to operate (Nelson et al. 

2016, p. 189).  The air temperature in the zone is layered, meaning the air is not evenly mixed 

throughout the zone. This creates a buoyancy-driven thermal plume in the zone where the 

warm air rises towards the ceiling, and the cold air sinks towards the ground due to the 

gravitational force acting on the density difference. Warmer air has lower density; therefore, 

the gravitational force decreases, and the air rises, as shown in Figure 1. 
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​​ ​ ​ ​

Figure 1. Working principle of a passive beam (Latif et al., 2022, p. 2).  

 

The airflow rate pattern in the zone is determined by buoyancy-induced upward airflow, 

which is regulated by the temperature differences and heat load, such as occupants, lighting, 

and equipment within the zone. An increase in the heat source leads to a larger thermal 

plume, which is the vertical stream of warm air rising from the heat source. Because warm air 

has lower density than cold air, as a result, the warm air rises and creates a density difference 

between the surrounding air and the rising warm air (Jayakrishnan and Chakravarthy 2017, p. 

124). 

 

The magnitude of the buoyancy force is dependent on the level of density difference; 

therefore, if there is an increase in density difference, it will result in an amplification of the 

buoyancy force, which indicates an increase in thermal plume that rises faster upwards to the 

ceiling in the zone and reaches the chilled beams.  

 

It is at the chilled beam where heat exchange occurs; the chilled beam cools the warm air 

stream, which leads to an increase in the air density, causing the cold air to descend to the 

ground while the warm air flows upwards toward the ceiling due to density differences and 

buoyancy forces. This creates a self-sustaining convective cycle. 
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2.3.2 Active Chilled Beam 

The active chilled beam (ACB), also referred to as induction diffusers, this system features 

cooling and heating modes. In contrast to the passive chilled beam, the active chilled beam 

system contains a cooling coil, thereby enabling either heated or chilled water to pass through 

the beams, depending on the mode (Latif 2023, p. 31). 

 

Latif et al. (2022) provide an explanation of the cooling mode, heating mode, primary air 

supply mechanism, air supply and mixing process, and air distribution in the zone. The 

cooling mode is activated to extract heat from the zone, as chilled water circulates through 

the beams containing the cooling coil.  

 

The temperature of the water is generally set within 14 °C to 18 °C, thus the temperature is 

above the dew point, which prevents condensation on the pipes. The heating mode is engaged 

to supply heat in the zone and is determined by the magnitude of the water flow rate in the 

coil. The water flow rate increases when heat is supplied  to the zone. The typical water 

temperature that is being circulated through the coil falls within the range of 30 °C to 45 °C 

Latif et al. (2022). 

 

The primary supply is the air sent through the ducts by the air handling unit (AHU), which 

then passes through the chilled beam. Pressure is required for air to enter the chilled beams; it 

is typically 30–120 Pa, and the air flows through the beams and then through the nozzles, 

which are the narrow openings in the beams. When the speed of air passing through the 

nozzles increases, it will result in an increase in air velocity, thereby increasing the dynamic 

pressure in the beam while the static pressure decreases. 

 

When the static pressure decreases, it will lead to an induction; thereby, the secondary air, the 

zone's air, will be drawn into the beam due to air pressure differences between the zone and 

the beam (Wu, Cai, and Ji, 2018). The secondary air will mix with the primary air after 

passing through the coil, thereby decreasing the temperature. The blended airstream from the 

primary and secondary air will be supplied to the zone, as shown in Figure 2. 
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          ​            

Figure 2. Working principle of an active chilled beam (Latif et al., 2022, p. 3) 

 

The air distribution from the active cooling beam spreads evenly by the coandă effect. This is 

where the air is supplied into the zone in horizontal streams. Due to  the horizontal direction, 

the air does not initially flow downwards; rather, it flows up near the ceiling. Therefore, the 

air will be distributed evenly and help prevent drafts. The Coandă effect increases with lower 

temperature variation and greater pressure difference in the zone. This indicates that the 

Coandă effect is enhanced when temperature fluctuations are reduced. 
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2.3.3 Airflow Control Limitations 

As described in section 2.3.2, active chilled beams rely on induction, in which the air's 

acceleration determines its velocity. It is necessary for the air velocity that the airflow is 

regulated. A minimum primary airflow is required to generate induction; the induction ratio 

varies with the magnitude of the primary airflow and thereby affects the zone's cooling 

capacity (Wu, Cai and Ji 2018). 

 

If the primary airflow is low, the air velocity decreases, and the static pressure in the beam 

increases, resulting in an unstable induction ratio and reduced indoor comfort. However, the 

induction ratio will also be correspondingly unstable if the induced airflow increases at a 

lower rate than the primary airflow, indicating that a high primary air adversely affects the 

induction ratio. Therefore, the induction ratio achieves optimal performance at a moderate 

primary airflow (Filipsson et al. 2016). 

 

Ahmed, Kurnitski, and Sormunen (2015, p. 116) state that primary airflow cannot be reduced 

arbitrarily, because if it is, the secondary air that flows over the coil will be inadequate. 

Resulting in a limited heat transfer and cooling capacity due to the decrease in the induction 

process. As described in section 2.2.3, in demand-controlled ventilation (DCV), the supplied 

airflow rate depends on the occupancy level. Consequently, when occupancy levels decrease, 

the airflow rate decreases, thereby reducing the effectiveness of the induction process. 

Therefore, despite reduced ventilation demand, it is essential that the airflow rate remains at 

an acceptable level. 

 

As presented in section 2.2.2, variable air volume (VAV) systems adjust the supplied airflow 

rate in the zone based on the zone's temperature to ensure thermal comfort. Therefore, the 

VAV system's cooling operation depends on the zone temperature, as the airflow rate varies 

accordingly. When the temperature in the zone decreases, airflow and cooling capacity 

decrease; when the temperature rises, airflow and cooling capacity increase (Stein and Taylor, 

2013). 
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The primary advantage of using the VAV chilled beam system is that it optimizes energy 

efficiency and conservation by reducing fan energy consumption as cooling demand 

decreases, adjusting airflow rate as needed. The limitation is that the system depends on 

airflow rate; therefore, cooling capacity is highly affected when airflow decreases. 

 

As outlined in section 2.2.1, in constant air volume (CAV) mode, the supplied airflow 

remains constant during operation, independent of occupancy level or cooling demand in the 

zone. The primary airflow rate sent through the ducts by the air handling unit (AHU) and 

then passing through the chilled beam remains constant. The cooling of the supplied air is 

regulated and constrained by the chilled water temperature circulating through the beam 

during CAV system operation. 

 

Therefore, the cooling capacity is affected by the temperature difference between the adjusted 

chilled water and the zones (Filipsson et al. 2020). The main advantage of using the CAV 

chilled beam system is that it provides a stable, consistent airflow rate in the zone. A 

limitation is that the cooling capacity, controlled by the valve on the chilled beam circuit, is 

limited by the chilled water temperature. 

​
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Chapter 3 

Literature Review 
This chapter summarizes a literature review of scientific research on ventilation systems in 

office buildings, including the ventilation systems, constant air volume, variable air volume, 

and demand-controlled ventilation, which are essential to this study, and the various research 

methods used in similar studies. 

3.1​ Scientific Literature

 

Previous research has investigated the types and performance of ventilation systems in office 

buildings. In an investigation, the current condition of the ventilation system in Sweden is 

addressed in the REHVA Journal, performed by Olsson et al. (2022). The study was 

conducted through surveys/questionnaires to Swedish ventilation stakeholders. 

 

The authors' main finding is that technical faults, such as operational issues, are a persistent 

problem in ventilation systems. Operation issues are persistent problems. The report strongly 

emphasizes the critical need for regular maintenance and inspections of ventilation systems to 

ensure they operate within their designed airflow rates and expected performance. 

 

The study by Jaakkola and Miettinen (1995) investigates the different ventilation systems 

used in office buildings. The research aims to analyze the correlation between the ventilation 

system and occupants' perceived air quality and work-related symptoms. The authors used 

data collected from occupants as a research method to produce reliable results. 
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Various office buildings were evaluated in this study, and data were collected during site 

visits. 41 different builds were selected. The reason for evaluating a large number of 

buildings is that if only one were investigated, the result would be limited to a single case and 

could not be generalized. The conclusion presented that indoor air quality is affected by 

ventilation systems; therefore, the different types of ventilation affect the work-related 

symptoms of occupants. 

  

Dimitroulopoulou and Bartzis (2013) analyzed the ventilation rates in European office 

buildings. The review consisted of a dataset of recorded measurements from the ventilation 

systems, which can be used as input parameters for modeling studies. One of the limitations 

the authors identified was the limited recorded measurements of ventilation conditions across 

office buildings in Europe. 

 

Except for Nordic and Western European countries, where the measurements were provided 

without limitation. This restriction on recorded measurements leads to limiting the 

generalizability and reliability of the review across office buildings in Europe.  

 

The study by Persily (1989) investigates ventilation rates in office buildings and how the 

magnitude of the airflow rate from the ventilation design varies depending on the required 

zone condition. However, according to Persily, A., a discrepancy may occur between the 

designed airflow rate and the actual ventilation rate provided in the zone. To perform this 

experiment, the author uses field measurements across different office buildings to compare 

the ventilation rate in the actual building with the initial design parameters that are in line 

with the standards. 

 

The result concluded that indoor air quality, thermal comfort, and pollutant levels can deviate 

from initial design values in office buildings, leading to ventilation rates falling below 

guideline standards. The author highlights some of the underlying causes of the difference 

between actual performance and the designed value: installation, operation, and maintenance. 
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HVAC system’s primary function is to provide sufficient airflow rate and extract exhaust air 

in order to be able to generate acceptable indoor air quality and thermal comfort, and increase 

occupants’ comfort. Kalaiselvam et al. (2016) explore how energy consumption fluctuates 

with HVAC systems in buildings, because a significant portion of total energy consumption 

in buildings originates from ventilation systems. 

 

The author investigated energy consumption between VAV and CAV systems and concluded 

that the VAV system is an energy-efficient alternative to CAV, based on data analysis, 

particularly during the summer period when cooling demand increases, thereby improving the 

building's cost-effectiveness. 

 

The fact that a building implements variable ventilation control strategies does not 

necessarily guarantee lower energy consumption. Truninger (2013) investigates this aspect in 

a REHVA Journal article by applying comparative analysis, technical analysis, airflow 

behavior, and fan position. 

 

The author states that the fan pressure control must accurately match the actual indoor 

demand to prevent excessive energy consumption. Therefore, it is essential to properly 

control fan pressure to prevent unnecessary pressure losses, thereby minimizing excessive fan 

energy consumption; otherwise, energy consumption will increase. 

 

A report in the REHVA journal by Afshari et al., (2023) states that active chilled beams 

influence ventilation performance and air distribution and therefore investigates how 

ventilation precision and performance in open-plan office environments are influenced by 

variable airflow from active chilled beams with variable airflow jets. The study relied on 

experimental investigations and comparative analysis.  

 

The report demonstrates that variable airflow from active chilled beams affects airflow 

patterns and ventilation performance. For this reason, it is fundamental under system design 

to consider the jet behavior and a proper airflow design to ensure good indoor air quality and 

thermal comfort. 
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Anand et al. (2019) conducted a study to investigate the energy efficiency of VAV systems 

that vary the supply airflow rate based on occupant density in the zone. To present reliable 

results, the author uses two research methods: data collection and data analysis. 

 

The study revealed energy inefficiencies when the VAV system is employed for several zones 

in a building. The energy performance limitation is due to not properly adjusting to the actual 

occupancy density in the zone, leading to ventilation oversupply. However, if the VAV system 

accurately reflects occupancy density, it will enhance energy performance and ventilation 

efficiency. 

 

Mysen and Schild (2011) reported in the REHVA journal that they investigated the technical 

and operational requirements of demand-controlled ventilation systems to ensure a high 

energy-conservation potential. The study is based on technical analysis, comparative analysis, 

and an evaluation of prior studies on variable-ventilation control strategies. 

 

The main finding of this report is that the DCV system has a significantly higher energy 

conservation potential than the CAV system. However, to ensure the DCV system's expected 

performance, proper sensor accuracy, airflow balancing, commissioning, and pressure control 

are required. Otherwise, if the requirements aren't met, the theoretically expected energy 

performance will not correspond to the energy consumption performance in practice. 

 

In another REHVA Journal article, Zhao et al. (2022) investigate the actual energy 

consumption performance for eight buildings in Finland, compared with the theoretical 

expected energy performance when demand-controlled ventilation systems are implemented. 

The study is primarily based on site visits, recording actual airflow rate measurements, and 

then evaluating them against the design value. 

 

The report found that only one of the eight buildings met the designed value, while the other 

seven did not match the expected and designed potential for energy performance. This can be 

explained by either technical faults or incorrect airflow operation. This report demonstrates a 

finding similar to Mysen and Schild (2011): if systems lack proper sensor accuracy, airflow 

balancing, commissioning, and pressure control, they will result in excessive energy 

consumption and deviation from expected energy performance. 
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Jeong et al. (2010) investigated a strategy to improve ventilation by installing 

demand-controlled ventilation (DCV), which adjusts the flow rate based on a zone's indoor 

conditions or occupancy level. For this study, numerical simulation was used to investigate 

two types of DCV: the first, dependent on carbon dioxide concentration, and the second, 

occupancy-based. 

 

The results demonstrated that DCV systems improve operational efficiency by reducing fan 

energy consumption when the need for supply air rate reduces. When the DCV is controlled 

by carbon dioxide concentration, it can be unstable if it is exclusively controlled under certain 

standards. Further modifications to the standard are required for the system to operate 

efficiently and reduce fan energy consumption. 

 

Ventilation systems have been researched over the years, with investigations spanning various 

aspects; however, a gap remains in current research. This is to compare the three main 

ventilation types, CAV, VAV, and DCV, depending on carbon dioxide concentration by IDA 

ICE simulation based on three different zones under controlled conditions, and produce a full 

energy conservation comparison between the different systems and a capital cost analysis for 

Swedish office buildings.  
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Chapter 4 

Methodology 
This chapter includes a description of the reasons for selecting the methodological approach 

and the research approaches for this study. The research methodologies considerations were 

field measurement and analytical calculations. The research methods consist of data 

simulations and cost comparisons. 

4.1​ Research Approach

 

This master’s thesis aims to compare different air control strategies in commercial offices in 

Sweden with respect to occupancy, temperature, floor area, and indoor carbon dioxide 

concentration. To achieve this, the study employs the following approaches: 

●​ Simulation-based analysis 

●​ Comparative analysis 

●​ Economic evaluation 

 

To simulate the building's ventilation system's performance, the software IDA ICE has been 

used. The rationale for selecting IDA ICE is that this software is able to analyze the building's 

performance under controlled conditions and evaluate the different scenarios, such as varying 

occupancy, airflow rate, and indoor air temperature, without constructing physical systems to 

evaluate the scenarios. The simulations from the IDA ICE provide results on the building's 

total energy systems and airflow pattern for the corresponding systems.  

 

The results are used to create a comparative analysis by evaluating the different ventilation 

control strategies for the building. In addition to the comparative analysis, an economic 

evaluation is performed to assess the average annual cost of the different ventilation solutions 

for the building, including total energy use, energy costs, and initial and extra investment 

costs for each respective ventilation system.  
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4.2    Methodological Considerations

 

To examine and estimate various ventilation control strategies for an office building. Several 

research methodologies were recognized, including field measurements and analytical 

calculations.  

 

Using field measurements to evaluate building ventilation systems has several advantages 

and limitations. The advantage is that field measurements enable actual measurements of the 

ventilation performance in the physical building. In addition to providing the ability to 

directly measure the air change rate (ACH) without the necessity for simulations of the 

virtual building (Chen, 2009). However, according to Persily and Dols (1991), there are 

limitations to using field measurements, such as the possibility that measurements may 

fluctuate depending on the location in the building, and the results of direct measurements 

rely solely on the initial field conditions. 

 

Sereshki, Saffari, and Elahi (2016) describe the advantages and limitations of analytical 

calculations. The advantages are that mathematical calculations are more effective and useful 

for estimating complex ventilation systems; therefore, manual estimation is unnecessary. In 

addition to the simplified evaluation of the effect of fans in the ventilation system by either 

increasing or decreasing the number of fans. The limitations are that the results and 

calculations are based on initial assumptions and may not accurately reflect the actual 

measured airflow rates. 

 

The research methodologies, field measurements, and analytical calculations are well-suited 

for this study; however, field measurements are limited in their ability to estimate different 

scenarios for the specific building and can lead to inaccurate results. Analytical calculations 

were excluded due to their complexity, particularly those that included the ventilation 

performance under varying temperature, occupant, and carbon dioxide concentration 

conditions. Therefore, simulation using IDA ICE was employed because of its ability to 

assess complex system behavior, including occupancy variation, and to evaluate different 

scenarios under controlled conditions, thereby accurately investigating the differences 

between the three scenarios. 
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4.3    Research Method

 

4.3.1 Data Simulation 

The energy for heating, cooling, and fans was provided from the results of the IDA ICE 

simulations. Equation (1) was used to calculate the total energy consumption for the 

respective ventilation system. As a final step in comparing the different ventilation systems, 

equation (2) is used to determine how much energy each system conserves. A detailed 

calculation is provided in Appendix B. 

 

​ ​ ​ ​ ​ ​ (1) 𝐸
𝑡𝑜𝑡𝑎𝑙

= 𝐸
ℎ𝑒𝑎𝑡𝑖𝑛𝑔

+ 𝐸
𝑐𝑜𝑜𝑙𝑖𝑛𝑔

+ 𝐸
𝑓𝑎𝑛𝑠

 

​ ​ (2) 𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛 (%) =
𝐸

𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒
−𝐸

𝑠𝑦𝑠𝑡𝑒𝑚

𝐸
𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 

* 100

4.3.2 Total Cost Analysis 

To present the total and long-term cost analysis of the three ventilation systems (CAV, VAV, 

and DCV), simplified ventilation schemes have been developed to demonstrate the 

component costs across the systems with the Wilkes section data program, allowing this 

study to focus solely on the extra investment cost. The schemes and total investment cost for 

the different ventilation systems in the different zones are presented in Chapter 6. 

 

To begin the analysis, the energy cost (SEK/year) needs to be estimated. For this study, the 

price is based on Mälarenergi (2025). Given that the total floor area of the office is 5,139 m2, 

a Low-Voltage demand subscription was applied, including 25% VAT, with a fixed fee of 896 

SEK/month, a monthly power fee of 69.68 SEK/kW, and an electricity transfer fee of 0.9 

öre/kWh. 
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The first equation (3) is used to calculate the monthly demand charge, which equals the 

monthly power fee multiplied by the building’s peak power demand (kW). Then the energy 

transfer cost is obtained using equation (4), which is the product of the electricity transfer and 

the annual electricity consumption (kWh/year). Lastly, equation (5) calculates the total annual 

energy cost (SEK/year). A detailed calculation is provided in Appendix C. 

 

​ ​ ​ ​ ​ ​ ​ (3) 𝐶
𝑃𝑜𝑤𝑒𝑟

= 𝑝
𝑝𝑜𝑤𝑒𝑟

* 𝑃
𝑚𝑎𝑥

 

​ ​ ​ ​ ​ ​ (4) 𝐶
𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛

= 𝑝
𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛

* 𝐸
𝑦𝑒𝑎𝑟

 

​ ​ ​ ​ (5) 𝐶
𝑌𝑒𝑎𝑟

= 12×(𝐶
𝑓𝑖𝑥𝑒𝑑

+ 𝐶
𝑝𝑜𝑤𝑒𝑟

+ 𝐶
𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛

)

 

Based on the IDA ICE simulation results and investment costs, several equations have been 

applied to calculate the long-term cost for each system.  First equation (6) is used to calculate 

the energy cost (SEK/year). In this equation, the result from equation (1) is used in section 

4.3.1, which is the IDA ICE simulation results. To present the total cost of each system, 

equation (7) is used. To investigate further, equation (8) is used to calculate the total cost over 

30 years, providing a long-term perspective. A detailed calculation is provided in Appendix 

D. 

 

​ ​ ​ ​ ​ ​ ​ (6) 𝐶
𝑒𝑛𝑒𝑟𝑔𝑦 

= 𝐸
𝑡𝑜𝑡𝑎𝑙

* 𝑃
𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦

 

​ ​ ​ ​ ​ (7) 𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟

= 𝐶
𝑠𝑦𝑠𝑡𝑒𝑚, 𝑡𝑜𝑡𝑎𝑙

+ 𝐶
𝑒𝑛𝑒𝑟𝑔𝑦

 

​ ​ ​ ​ (8) 𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟

= 𝐶
𝑠𝑦𝑠𝑡𝑒𝑚, 𝑡𝑜𝑡𝑎𝑙

+ (𝐶
𝑒𝑛𝑒𝑟𝑔𝑦

* 30)
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4.3.3 Comparative Investment Analysis 

To present the comparative investment analysis and payback time, a base case must be 

selected among the three ventilation systems (CAV, VAV, and DCV). In this study, the CAV 

system is selected as the base-case/reference because, among the ventilation systems, CAV 

has the least complex ventilation control strategy and is the most fundamental compared to 

VAV and DCV. 

 

Therefore, equation (9) is used to calculate the total investment cost relative to the base case, 

showing the additional investments required for VAV and DCV compared to the CAV system, 

excluding common components. Then the cost for the first year is calculated by equation 

(10), and equation (11) was used to cover the long-term cost variation; a period of 30 years 

was selected as in section 4.3.2.  As a final step, the annual savings are calculated using 

equation (12) to determine the payback time between the ventilation systems, as shown in 

equation (13). A detailed calculation is provided in Appendix D. 

 

 ​ ​ ​ (9) 𝐶
𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡, 𝑡𝑜𝑡𝑎𝑙 

= 𝐶
𝑠𝑦𝑠𝑡𝑒𝑚, 𝑡𝑜𝑡𝑎𝑙

− 𝐶
 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡, 𝐶𝐴𝑉 

 

​​ ​ ​ (10) 𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟

= 𝐶
𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡, 𝑡𝑜𝑡𝑎𝑙

+ 𝐶
𝑒𝑛𝑒𝑟𝑔𝑦

 

​ ​ (11) 𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟

= 𝐶
𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡, 𝑡𝑜𝑡𝑎𝑙

+ (𝐶
𝑒𝑛𝑒𝑟𝑔𝑦

* 30)

 

      ​ ​ (12) 𝐶
𝐴𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑖𝑛𝑔

= 𝐶
𝑒𝑛𝑒𝑟𝑔𝑦, 𝐶𝐴𝑉

− 𝐶
𝑒𝑛𝑒𝑟𝑔𝑦, 𝑠𝑦𝑠𝑡𝑒𝑚

 

​ ​ ​ ​ ​ ​ (13) 𝑇
𝑝𝑎𝑦𝑏𝑎𝑐𝑘

=
𝐶

𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡, 𝑡𝑜𝑡𝑎𝑙

𝐶
𝑎𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑖𝑛𝑔 
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Chapter 5 

Simulation Model Configuration in IDA ICE 
This chapter includes the simulation setup in IDA ICE for the company’s building model. 

The model has been configured to simulate under control conditions to be able to investigate 

and employ the three different ventilation systems, CAV, VAV, and DCV, for three different 

zones with varied floor area, occupancy, and solar heat gain. 

5.1​ Room Descriptions

 

5.1.1 Model Description 

●​ Version: IDA ICE 5.1.1  

●​ The climate file: SWE_Enkopning_102606(SMHI-SVEBY) was selected.  

●​ Orientation: main reference axis facing north  

5.1.2 Geometry   

The conference building evaluated has a total floor area of 5,139 m2. For this study, only 

three zones (rooms) have been examined and simulated for the three different ventilation 

control strategies. Table 1 demonstrates the geometric layout of the selected zones. 

Zone Number of occupants Floor Area m² Room Height m Volume m³ 

Room 1 4 7.831 3.475 27.2 

Room 2 8 14.72 3.475 51,1 

Room 3 20 45.76 3.475 159 

Table 1. Presents the geometry for the evaluated rooms.  
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5.1.3 Building Envelope  

The components of the building's envelope that affected the simulations were the windows 

and external construction of walls and roofs. The window properties include the solar 

heat‑reducing glazing configuration with no external shading and an area of 4.03 m² which 

exhibit a total thermal transmittance of 0.7 W/m2*K.  

 

The external construction of the wall has a thickness of 0.045 m, and the layers consist of 

timber-framed studs and isolation which results in a thermal transmittance of 0.133 W/m2*K. 

The roof's external constructions thickness is 0.5675 m and consists of two layers insulation 

and concrete which has a total thermal transmittance of 0.08667 W/m2*K. 

 

5.2​ Internal Gain 

 

5.2.1 Thermal Comfort Parameters 

The thermal comfort parameters for the occupants are separated into two categories: 

metabolic rate (MET) and clothing insulation (CLO). MET with unit (w/m2) measures the 

metabolic rate of the body, which represents the amount of heat energy the body produces 

during various activities and is expressed in (W/m²). 

 

CLO measures the thermal insulation provided by clothing and represents the level of 

resistance to heat transfer between the occupant and the surrounding environment in a zone 

through clothing, which is expressed in (m²k/W) (Choi et al. 2022, p. 1).  For this study, the 

MET was set to 1, indicating an activity level of 1, and the CLO ranged from 0.6 to 1.1. 
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5.2.2 Schedule when Occupants are Present  

For the zones, an occupancy schedule was established that represented the presence of 

occupants during a typical office workweek. For the simulation to reflect similar to the 

real-world occupancy activity level in office rooms, the maximal occupancy load varies in the 

range of 25% and 75%, as demonstrated in Table 2, this schedule is active from Monday to 

Friday over the time period of 07:00 to 18:00. The activity level is set at 0% during the 

weekends and beyond the time frame of 07:00 to 18:00. 
 

Time Period Activity Level (% of full load) 

08:00–10:00 25% 

10:00–11:00 75% 

11:00–11:30 25% 

11:30–12:30 0 % 

12:30–13:00 25% 

13:00–14:00 75% 

14:00–15:30 25% 

15:30–16:30 75% 

16:30–17:00 25% 

Table 2. Presents the activity level (% of full load) occupancy for the evaluated zones. 

5.2.3 Equipment  

For the simulation, a schedule for the equipment electricity for the zone was set, with the load 

varying between 10% to 70%. From Monday to Friday, the load was set to 70% when the 

office building was accessible, from 07:00 to 18:00; outside the selected period, at other 

times, such as weekends, the load was set to 10%. The emitted heat per unit is 75 W. The 

three zones had varied units, as presented in Table 3. 

 

Zone Unit 

Room 1 1.0441 

Room 2 1.9627 

Room 3 6.1013 

Table 3. Equipment unit per zone.  
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5.2.4 Lighting   

A Lighting schedule for the zones was set based on the occupancy and equipment schedules; 

the Lighting load ranged from 0% to 100%. From Monday to Friday, the load was set to 

100% when the office building was accessible, between 07:00 and 18:00; outside the selected 

period, at other times, the load was set to 0%. The rated input per unit was set to 100 W, the 

luminous efficiency was fixed at 12 Im/W, and the convective fraction was set to 0.3. Due to 

differences in floor area, the three zones had varying unit sizes, as shown in Table 4. 

 

Zone Unit 

Room 1 0,783 

Room 2 1,472 

Room 3 4,578 

Table 4. Lighting unit per zone. 

5.3   Ventilation and Control Set up

 

5.3.1 Room Controller Parameters 

To simulate the scenarios under controlled conditions, some room controller parameters, such 

as temperature, relative humidity, daylight at the workplace, and pressure difference across 

the building envelope, were set to constant values, as presented in Table 5. The parameters in 

the room control that vary are the supply airflow, return airflow, and carbon dioxide 

concentration, which depend on the ventilation system for the selected scenarios, as presented 

in Section 4.3.2. 

 

Room controller Min Max Unit 

Temperature 22 23 °C 

Relative humidity 70 90 % 

Daylight at the workplace 300 500 lux 

Pressure difference building envelope −5 0 Pa 

Table 5. Room controller values for the evaluated zones.  
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5.3.2 Ventilation System  

The three ventilation systems investigated in this study are CAV, VAV, and DCV, and three 

different zones will be simulated with each ventilation system, during the time it is turned on 

between 07:00 and 18:00. To determine the supply airflow rate, equation 11 was used. Table 

6 presents the supply airflow rates for the three zones. The carbon dioxide concentration 

affects only the DCV system; the minimum value was set to 450 ppm and the maximum to 

1000 ppm, according to Arbetsmiljöverket. A detailed calculation is provided in Appendix A.  

 

 ​  (14) 𝑇𝑜𝑡𝑎𝑙 𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛 𝑎𝑖𝑟𝑓𝑙𝑜𝑤 (𝐿/𝑠)  =  (𝑛 * 7 𝐿/𝑠) +  (𝐴 * 0. 35 𝐿/𝑠* 𝑚2)

 

Zone Supply airflow rate (L/s) 

Room 1 31 

Room 2 61 

Room 3 156 

Table 6. Supply airflow rate for each zone. 
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Chapter 6 

Ventilation System Schematics and 

Investment Analysis 
This chapter includes the ventilation schematics of the three ventilation systems: constant air 

volume, variable air volume, and demand-controlled for the different zones. Furthermore, this 

chapter presents a simplified investment cost that includes labor expenses for the ventilation 

systems, focusing solely on the components that differ and excluding the common 

components. 

6.1​ Ventilation System Schematics and Investment Costs for 

Zone 1

 

6.1.1 Ventilation System Schematics and Investment Costs for CAV 

system  

 

Figure 3. Ventilation system schematics of CAV system for zone 1.  
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Material Quantity Cost / SEK Installation time 

Chilled beam 1 8000 4 

Total  8000 4 

Table 7. Initial investment cost of CAV system in zone 1.  

 

6.1.2 Ventilation System Schematics and Investment Costs for VAV 

system  

 
Figure 4. Ventilation system schematics of VAV system for zone 1.  

 

Material Quantity Cost / SEK Installation time 

Chilled beam VAV 1 6000 6 

Systemair EC-Basic-T rumsregulator temp 1 1544 0,25 

Systemair OPTIMA-LV-R-125-MOD VAV-spjäll Modbus 2 13611 0,28 

Styrkabel Y-JZ 8G0,75 12 693 0,36 

Total  21848 6,89 

Table 8. Initial investment cost of VAV system in zone 1.  
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6.1.3 Ventilation System Schematics and Investment Costs for DCV 

system 

 
Figure 5. Ventilation system schematics of DCV system for zone 1.  
 

Material Quantity Cost / SEK Installation time 

Chilled beam CAV 1 8000 4 

Swegon EAGLE Single dysspridare 1 1543 0,15 

Swegon Alsd 125-160 ansl-låd 1 1772 0,96 

Systemair EC-Basic-CO2/T rumsregulator CO2/temp 1 4202 0,25 

Trox DRS-TM-125-LM-24A-F motorspjäll 2 2202 0,28 

Styrkabel YCY-JZ 7G0,75 8 653 0,24 

Total  18372 1,88 

Table 9. Initial investment cost of DCV system for zone 1.  
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6.2​ Ventilation System Schematics and Investment Costs for 

Zone 2

 

6.2.1 Ventilation System Schematics and Investment Costs for CAV 

system 

 
Figure 6. Ventilation system schematics of CAV system for zone 2.  
 

Material Quantity Cost / SEK Installation time 

Chilled beam 2 16000 8 

Total  16000 8 

Table 10. Initial investment cost of CAV system for zone 2.  
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6.2.2 Ventilation System Schematics and Investment Costs for VAV 

system 

 
Figure 7. Ventilation system schematics of VAV system for zone 2.  
 

Material Quantity Cost / SEK Installation time 

Chilled beam VAV 2 12000 12 

Systemair EC-Basic-T rumsregulator temp 1 1544 0,25 

Systemair OPTIMA-LV-R-160-MOD VAV-spjäll Modbus 2 13700 0,28 

Styrkabel Y-JZ 8G0,75 18 1039 0,54 

Total  28283 13,07 

Table 11. Initial investment cost of VAV system for zone 2.  
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6.2.3 Ventilation System Schematics and Investment Costs for DCV 

system 

 

 
Figure 8. Ventilation system schematics of DCV system for zone 2.  
 

Material Quantity Cost / SEK Installation time 

Chilled beam CAV 2 16000 8 

Systemair EC-Basic-CO2/T rumsregulator CO2/temp 1 4202 0,25 

Trox DRS-TM-160-LM-24A-F motorspjäll 2 2218 0,28 

Styrkabel YCY-JZ 7G0,75 12 979 0,36 

Total  23399 8,89 

Table 12. Initial investment cost of DCV system for zone 2.  
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6.3​ Ventilation System Schematics and Investment Costs for 

Zone 3

 

6.3.1 Ventilation System Schematics and Investment Costs for CAV 

system  

 
Figure 9. Ventilation system schematics of CAV system for zone 3.  
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Material Quantity Cost / SEK Installation time 

Chilled beam 5 40000 20 

Total  40000 20 

Table 13. Initial investment cost of CAV system for zone 3. 

 

6.3.2 Ventilation System Schematics and Investment Costs for VAV 

system  

​ ​ ​
Figure 10. Ventilation system schematics of VAV system for zone 3.  
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Material Quantity Cost / SEK Installation time 

Chilled beam VAV 5 30000 30 

Systemair EC-Basic-T rumsregulator temp 1 1544 0,25 

Systemair OPTIMA-LV-R-200-MOD VAV-spjäll Modbus 2 13881 0,28 

Styrkabel Y-JZ 8G0,75 45 2560 1,35 

Total  47985 31,88 

Table 14. Initial investment cost of VAV system in zone 3.  

 

6.3.3 Ventilation System Schematics and Investment Costs for DCV 

system  

​​ ​  
Figure 11. Ventilation system schematics of VAV system for zone 3.  
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Material Quantity Cost / SEK Installation time 

Chilled beam CAV 5 40000 20 

Systemair EC-Basic-CO2/T rumsregulator CO2/temp 1 4202 0,25 

Trox DRS-TM-200-LM-24A-F motorspjäll 2 2274 0,28 

Styrkabel YCY-JZ 7G0,75 25 2039 0,75 

Total  48515 21,28 

Table 15. Initial investment cost of DCV System in zone 3.  
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Chapter 7 

Result 
This chapter describes the simulations from the study, which are based on three different 

zones representing conference rooms with different prosperity setups for occupant load, solar 

load, and room area. For this zone, different ventilation solutions, CAV, VAV, and DCV are 

applied for each zone. Therefore, this chapter presents simulation results for supply airflow 

rate, total heating and cooling, total energy consumption per ventilation control system, and 

an economic comparison.  

7.1 The Airflow in the Air Handling System (AHU)

 

7.1.1 Supply airflow rate for zone 1  

Section 6.1.1.1- 6.1.1.3 presents the supply airflow rate L/s for a CAV, VAV and DCV system 

for a day in winter 2015-01-01 and a summer day 2015-07-01 while the ventilation system is 

turned on between 07:00- 18:00. 

7.1.1.1 Supply airflow rate for constant air volume (CAV) system 

 
Diagram 1. Presenting how supply airflow rate varies for the CAV system in zone 1. 
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7.1.1.2 Supply airflow rate for variable air volume (VAV) system 

​
Diagram 2. Presenting how supply airflow rate varies for the VAV system in zone 1. 
 
7.1.1.3 Supply airflow rate for demand-controlled ventilation (DCV) system 

​
Diagram 3. Presenting how supply airflow rate varies for the DCV system in zone 1. 
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7.1.2 Supply airflow rate for zone 2  

Section 6.1.2.1- 6.1.2.3 presents the supply airflow rate L/s for a CAV, VAV and DCV system 

for a day in winter 2015-01-01 and a summer day 2015-07-01 while the ventilation system is 

turned on between 07:00- 18:00. 

 

7.1.2.1 Supply airflow rate for constant air volume (CAV) system 

​
Diagram 4. Presenting how supply airflow rate varies for the CAV system in zone 2. 
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7.1.2.2 Supply airflow rate for variable air volume (VAV) system 

​
Diagram 5. Presenting how supply airflow rate varies for the VAV system in zone 2. 
 
 
7.1.2.3 Supply airflow rate for demand-controlled ventilation (DCV) system 

 
Diagram 6. Presenting how supply airflow rate varies for the DCV system in zone 2. 
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7.1.3 Supply Airflow Rate for Zone 3  

Section 6.1.3.1- 6.1.3.3 presents the supply airflow rate L/s for a CAV, VAV and DCV system 

for a day in winter 2015-01-01 and a summer day 2015-07-01 while the ventilation system is 

turned on between 07:00- 18:00. 

 

7.1.3.1 Supply Airflow Rate for Constant Air Volume (CAV) System 

​
Diagram 7. Presenting how supply airflow rate varies for the CAV system in zone 3. 
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7.1.3.2 Supply Airflow Rate for Variable Air Volume (VAV) System 

​
Diagram 8 Presenting how supply airflow rate varies for the VAV system in zone 3. 
 
7.1.3.3 Supply Airflow Rate for Demand-Controlled Ventilation (DCV) 

System 

​
Diagram 9. Presenting how supply airflow rate varies for the DCV system in zone 3. 
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7.2 Total Energy Consumption per Ventilation Control 

System

 

7.2.1 Total Energy Consumption per Ventilation Control System for zone 1 

 
System Heating (kWh) Cooling (kWh) Fans (kWh) Total Energy (kWh) 

CAV 56.79 69.1 27.66 153.55 

VAV 22.31 62.86 19.85 105.02 

DCV 22.6 63.01 19.94 105.55 

Table 16. Total energy consumption for the different ventilation strategies for zone 1.  

 

7.2.2 Total Energy Consumption per Ventilation Control System for zone 2 

 
System Heating (kWh) Cooling (kWh) Fans (kWh) Total Energy (kWh) 

CAV 130.8 136.6 55.67 323.07 

VAV 34.38 128.1 35.93 198.41 

DCV 34.78 128.3 36.07 199.15 

Table 17. Total energy consumption for the different ventilation strategies for zone 2. 

 

7.2.3 Total Energy Consumption per Ventilation Control System for zone 3 

 
System Heating (kWh) Cooling (kWh) Fans (kWh) Total Energy (kWh) 

CAV 335.2 349.7 151.8 836.7 

VAV 88.03 339.3 100.7 528.03 

DCV 89.24 339.8 101.1 530.14 

Table 18. Total energy consumption for the different ventilation strategies for zone 3. 

50 



CHAPTER 7. RESULT 

7.3 Total Energy Saving per Ventilation Control Strategies

 

7.3.1 ​Total Energy Conservation for Zone 1 

​
Diagram 10. Total energy saving per ventilation control system in zone1.  

7.3.2 ​Total Energy Conservation for Zone 2 

​
Diagram 11. Total energy saving per ventilation control system in zone 2.  
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7.3.3 ​Total Energy Conservation for Zone 3 

 
Diagram 12. Total energy saving per ventilation control system in zone 3.  
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7.4 Cost Analysis for Evaluated Ventilation Systems

 

7.4.1 Cost Analysis for Zone 1  

System 
Energy cost 
(SEK/year) 

Total system cost 
(SEK) 

Cost after 1 year 
(SEK) 

Cost after 30 year 
(SEK) 

CAV 270 8000 8270 16107 

VAV 184 29848 30032 35393 

DCV 185 18372 18557 23945 

Table 19. Initial investment cost for the different ventilation systems in zone 1.  

7.4.2 Cost Analysis for Zone 2 

System 
Energy cost 
(SEK/year) 

Total system cost 
(SEK) 

Cost after 1 year 
(SEK) 

Cost after 30 year 
(SEK) 

CAV 568 16000 16568 33058 

VAV 349 44283 44632 54759 

DCV 350 23399 23749 33914 

Table 20. Initial investment cost for the different ventilation system in zone 2.  

7.4.3 Cost Analysis for Zone 3 

System 
Energy cost 
(SEK/year) 

Total system cost 
(SEK) 

Cost after 1 year 
(SEK) 

Cost after 30 year 
(SEK) 

CAV 1472 40000 41472 84177 

VAV 929 87985 88914 115864 

DCV 933 48515 49448 76506 

Table 21. Initial investment cost for the different ventilation systems in zone 3.  
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7.5 Economic Comparison of the Evaluated Controlled 

Ventilation System

 

7.5.1 Extra Investment Cost Relative to the Constant Air Volume (CAV) 

Base Case for Zone 1  

System 
Energy cost 
(SEK/year) 

Total Extra investment 
cost (SEK) 

Cost after 1 year 
(SEK) 

Cost after 30 
year (SEK) 

Payback period 

CAV 270 0 270 8107 Refrence 

VAV 184 21848 22032 27393 255 

DCV 185 10372 10557 15945 123 

Table 22. Total capital comparison for the different ventilation strategies for zone 1. 

7.5.2 Extra Investment Cost Relative to the Constant Air Volume (CAV) 

Base Case for Zone 2 

System 
Energy cost 
(SEK/year) 

Total extra investment 
cost (SEK) 

Cost after 1 year 
(SEK) 

Cost after 30 
year (SEK) 

Payback period 

CAV 568 0 568 17058 Refrence 

VAV 349 28283 28632 38759 129 

DCV 350 7399 7749 17914 34 

Table 23. Total capital comparison for the different ventilation strategies for zone 2. 

7.5.3 Extra Investment Cost Relative to the Constant Air Volume (CAV) 

Base Case for Zone 3 

System 
Energy cost 
(SEK/year) 

Total extra  investment 
cost (SEK) 

Cost after 1 year 
(SEK) 

Cost after 30 
year (SEK) 

Payback period 

CAV 1472 0 1472 44177 Refrence 

VAV 929 47985 48914 75864 88 

DCV 933 8515 9448 36506 15 

Table 24. Total capital comparison for the different ventilation strategies for zone 3. 
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Chapter 8 

Discussion 
This chapter discusses the interpretation of the results of this study, presented in Chapter 7. It 

covers the assessment of three chilled-beam ventilation strategies: constant air volume 

(CAV), variable air volume (VAV), and demand-controlled ventilation (DCV). This chapter 

will focus on the following aspects: airflow patterns for the respective system and zone, and 

an economic evaluation to determine which ventilation strategy is most efficient and 

cost-effective.  

8.1 Airflow rate pattern in the Different Ventilation Systems 

Energy Performance Analysis 

   

For the CAV system, the airflow pattern remains constant throughout the operating hours in 

all three zones. Diagrams 1, 2, and 7 show that the airflow performance remains uniform: 

zone 1 at approximately 31 L/s, zone 2 at approximately 61 L/s, and zone 3 at approximately 

155 L/s. During the occupied period, the pattern does not exhibit airflow variations. This is 

by design, as the CAV system supplies a fixed airflow rate to each zone and does not adjust 

the airflow rate, because the system is not affected by indoor demand or occupancy levels. 

 

​The Diagrams 1, 4, and 7 further demonstrate that the airflow rate for both the summer and 

winter seasons does not exhibit dynamic changes and follows the same pattern, leading to 

energy inefficiency and overconsumption. The overlap occurs because the CAV system does 

not vary with outdoor or indoor temperature. Instead, it only supplies the required airflow rate 

for each zone. Across the three zones from 1 to 3, the system progressively increases the 

supply airflow rate because the floor area and level of occupancy increase per zone. 
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Compared to the CAV system, the VAV system airflow pattern fluctuates during operating 

hours. Diagrams 2, 5, and 8 illustrate how the airflow performance of the VAV system varies 

between approximately 4–27 L/s for zone 1, around 11–52 L/s for zone 2, and around 45–153 

L/s for zone 3. The variations in airflow performance indicate that the system responds to 

indoor thermal demand through its control strategy, which continuously increases or 

decreases the airflow rate. 

 

The DCV airflow rate pattern is similar to that of a VAV system, in which the supply airflow 

rate varies during operating hours, as illustrated in Diagrams 3, 6, and 9. The airflow rate 

varies between approximately 18–31 L/s for zone 1, around 27–61 L/s for zone 2, and around 

70–155 L/s for zone 3. However, in contrast to the VAV system, the DCV system adjusts the 

airflow rate according to internal temperature, carbon dioxide concentration, and occupancy 

level to maintain thermal comfort and good indoor air quality. 

 

Additionally, Diagrams 2, 3, 5, 6, 8, and 9 compare how the flow rate varies during the 

summer and winter seasons. The airflow rate is higher during the summer season, this is 

because during the summer period, cooling demand increases due to solar heat gain, internal 

thermal loads, and higher outdoor temperatures. 

 

Hence, the VAV and DCV systems must supply a higher airflow rate to extract the additional 

heat in the zone, thereby maintaining good indoor air quality and thermal comfort for 

occupants (Johansson, 2003). In the winter season, the heating demand in buildings increases. 

However, the required airflow rate remains lower than the heat-extraction rate during the 

summer season. 

 

This indicates that during seasons with higher outdoor temperatures, the VAV and DCV 

systems need to increase airflow rates, thereby resulting in higher energy consumption. In 

contrast, during seasons with lower outdoor temperatures, airflow rates can be reduced while 

maintaining acceptable indoor air quality and thermal comfort. 
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8.2 Energy Performance Analysis

 

The overall energy consumption trends for the three ventilation systems: constant air volume 

(CAV), variable air volume (VAV), and demand-controlled ventilation (DCV), demonstrate a 

significant difference. The most pronounced difference is shown in Tables 14, 15, and 16, 

where the CAV system has the highest total energy consumption across all three evaluated 

zones. Additionally, the diagrams show that both VAV and DCV systems consume less total 

energy than the CAV system. 

 

This indicates that CAV systems have higher total energy performance than ventilation 

systems with variable airflow control strategies, such as VAV and DCV. The increased total 

energy consumption in the CAV system occurs because it constantly supplies a fixed airflow 

rate to the zone, regardless of indoor thermal conditions or occupancy load. This leads to 

over-ventilation in the zone during periods of low indoor demand, resulting in higher energy 

consumption for fans, heating, and cooling. 

 

The studies reported by Wang and Xu (2004) and Ardehali and Smith (1996) present similar 

findings, indicating that both DCV and VAV systems with adaptive ventilation control 

strategies achieve improved energy performance compared with CAV systems. Systems with 

variable airflow control strategies adjust the supplied airflow rate based on thermal load, 

occupancy level, or both simultaneously. As a result, the ventilation systems avoid 

over-ventilation during part-load conditions; hence, the fan, heating, and cooling energy 

consumption decrease. 

 

The Diagrams 10, 11, and 12 show that the VAV and DCV systems reduce total energy 

consumption compared to the CAV system. In zone 1, the VAV system achieved 

approximately 47% energy conservation, while the DCV system achieved approximately 

47% energy conservation, as shown in diagram 10. In zone 2, the VAV and DCV systems 

achieved approximately 58% and 59% energy conservation, respectively, in diagram 11. In 

diagram 12, the VAV and DCV systems in zone 3 achieved approximately 63% and 62 % 

energy conservation, respectively. 
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Variable ventilation control strategies achieve greater energy conservation as shown in 

Diagrams 10, 11, and 12. These systems adjust airflow according to indoor demand, therefore 

reducing inefficient airflow operation during periods of low demand. This is due to lower 

requirements for fan energy and for heating/cooling of the supply air, where variable 

ventilation control strategies are achieved through proper pressure and fan control (Sørensen, 

2003). 

 

Moreover, Diagrams 10, 11, and 12 show that the VAV and DCV systems exhibit highly 

similar total energy consumption across the three evaluated zones. This similarity is because 

the VAV and DCV systems use variable airflow control strategies. The DCV system varies 

the flow rate based on indoor demand, and the maximum allowed carbon dioxide 

concentration for the office buildings is 1000 ppm, which is quite a high value that the VAV 

system can manage, similarly to the DCV system, without affecting indoor air quality and 

comfort. 

 

The total energy consumption increases as room size and occupancy level increase, as 

presented in Tables 14, 15, and 16 and Diagrams 10, 11, and 12. These results reveal that both 

the floor area and occupancy level influence total energy consumption and energy 

conservation. The total energy consumption progressively increases from zone 1 to zone 3. 

Additionally, the most significant difference among the three ventilation systems is observed 

in the floor area-to-ventilation demand ratio, due to increased airflow requirements. 

 

However, a crucial consideration is that a building implementing variable ventilation control 

strategies does not necessarily guarantee lower energy consumption. Energy consumption can 

be higher for the VAV and DCV systems when technical faults or incorrect airflow operation 

occur. Therefore, variable ventilation control strategies require accurate sensors, airflow 

balancing, proper commissioning, and pressure control. These are requirements for lower 

energy consumption; otherwise, the system results in excessive energy consumption and a 

deviation from the expected energy performance. 
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8.3 Economic Analysis  

 

8.3.1 ​Total Investment Cost Analysis 

The overall economic analysis of the three ventilation systems, CAV, VAV, and DCV, is 

presented in Tables 16, 17, and 18, which demonstrates that the CAV system has the lowest 

initial investment compared to VAV and DCV across all the evaluated zones. This is 

primarily because the CAV system is the least complex ventilation system among VAV and 

DCV and does not require additional investment in control components or airflow‑regulation 

equipment. 

 

In contrast to CAV, the VAV system has the highest initial investment cost among the 

ventilation systems in all the zones. This result indicates that the initial investment cost of the 

VAV system is approximately 3.7, 2.8, and 2.2 times higher than that of the CAV system in 

Zones 1, 2, and 3, respectively. The main component responsible for this significant cost 

difference is the chilled beam, a critical component associated with airflow control strategies 

that provide good indoor air quality and thermal comfort in office buildings (REHVA, 2018). 

 

Compared to the CAV system, the VAV system is more complex and requires additional 

components that are necessary for the VAV system's operation. The additional components 

include the room control unit, VAV dampers, and the electrical wiring associated with them. 

Consequently, these components incur additional costs. A similar observation has been 

reported in a study by Aktacir et al. (2006), who demonstrated that the VAV system has a 

higher system cost than the CAV system due to the additional components required. 

 

The initial investment cost for the DCV system falls between the CAV and VAV systems, 

with a cost higher than CAV and lower than VAV in all the evaluated zones. As presented in 

Figures 5, 8, and 11, the CAV and DCV systems use the same chilled beam type, resulting in 

lower investment costs than the VAV system. However, similar to the VAV system, the DCV 

system requires additional components to deliver varying airflow rates in response to indoor 

demand. Therefore, the DCV system has a higher total cost than the CAV system, despite 

both systems using the same type of chilled beams. 
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The DCV system has a lower initial investment cost than the VAV system, as shown in Tables 

19, 20, and 21. The main component responsible for the significant cost difference is the 

different types of dampers used in the respective systems, as demonstrated in Tables 8, 9, 11, 

14, and 15. The DCV uses a damper whose blade position switches between open and closed 

states. The VAV system uses a damper that continuously adjusts the damper blade position. 

The damper used in the VAV system costs approximately six times as much as the one used in 

the DCV system. 

 

Table 19 presents the results for zone 1, showing that the CAV system has the lowest initial 

investment cost and the lowest total cost over 1 and 30 years. The tables further show that the 

CAV system has a higher energy cost (SEK/year) than the VAV and DCV systems. They also 

demonstrate that the energy costs of the variable‑airflow systems are closely aligned, as both 

VAV and DCV have similar total energy consumption, which is discussed in Section 7.2. 

 

​Zone 1 is a conference room with a small floor area and a small occupancy of 4 occupants; 

therefore, the ventilation results in reduced total energy consumption. This indicates that the 

actual energy conservation potential is low due to the zone's characteristics. As a result, the 

ability of the VAV and DCV systems to conserve energy is limited. Hence, these systems are 

not economically justified compared to the potential reduction in energy consumption for 

small conference rooms. 

 

In contrast to zone 1, the potential for energy conservation from both variable airflow control 

strategies (VAV and DCV) becomes more pronounced in zone 2, as presented in Diagram 11. 

Despite potential energy savings, the total system cost of the VAV system remains 

significantly higher at 44,283 SEK, compared to 23,399 SEK for the DCV system. This 

highlights that the DCV system has greater energy efficiency than the CAV system and is 

more economically advantageous than the VAV system, both in initial investment and 

long-term cost perspectives. 

 

Zone 3 has the highest energy consumption due to increased occupancy levels and floor area; 

therefore, the total energy conservation achieved by the VAV and DCV systems is more 

evident than in zones 1 and 2. This confirms that variable ventilation control strategies 

become increasingly advantageous when considering energy conservation and long‑term 

operating costs, as presented in Diagram 12. 
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Similar to zone 2, the initial and long‑term costs of the DCV system are significantly lower 

than those of the VAV system. Compared to the CAV system, the initial investment cost and 

the cost after 1 year of operation are lower for the DCV system; however, after 30 years, the 

DCV system's cost is lower than both the VAV and CAV systems. This implies that the DCV 

system becomes more economically sustainable as occupancy levels and floor area increase. 
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8.3.2 ​Techno-economic Analysis  

The evaluated results for the two variable ventilation control strategies, VAV and DCV, 

presented in Diagrams 10, 11, and 12 demonstrate that, across all evaluated zones, the VAV 

system has the greatest potential for energy conservation. However, there is no significant 

difference in total energy conservation when utilizing the DCV system due to the highly 

similar airflow pattern. 

 

Despite the similar results in Tables 22, 23, and 24, there are considerable differences in 

economic viability between the VAV and DCV systems. This indicates that the total energy 

conservation difference is not proportional to the significant extra investment costs associated 

with the dampers, chilled beams, and electrical wiring implemented in the VAV system. 

 

In all the evaluated zones, the VAV system demonstrates the longest payback period 

compared to the DCV system. This is due to the additional investment costs associated with 

implementing the VAV system. As the extra investment cost increases, the payback becomes 

longer; therefore, the recovery period for the VAV system is noticeably longer than that for 

DCV. 

 

The initial investment cost of the DCV system is lower than that of the VAV system because 

different components are used. For example, the DCV utilizes the same chilled beam as the 

CAV system, which has a moderate degree of airflow control complexity. Therefore, the extra 

investment cost is lower than that of the VAV system when both systems are compared to the 

CAV system. This leads the DCV system to have a shorter recovery period in contrast to the 

VAV system, as presented in the Tables 22, 23, and 24 for zone 1 DCV’s payback period time 

is shortened by approximately 52%, zone 2 by around 73%, and zone 3 by 83 % compared to 

the VAV system. 

 

Based on the results presented in Tables 19, 20, 21, 22, 23, and 24, the economic advantages 

of the VAV and DCV systems become more pronounced as the floor area increases from 

Zone 1 to Zone 3. Moreover, the payback period substantially shortens as the floor size 

increases. This is because energy consumption progressively increases with floor area, 

thereby increasing the potential for energy conservation achievable with airflow-controlled 

ventilation systems. 
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This trend highlights that variable ventilation control strategies become more economically 

advantageous as the payback period shortens, particularly as room size, indoor demand, 

occupancy level, and ventilation requirements increase. Consequently, in larger conference 

offices, the DCV system provides a more practical alternative because it offers a more 

balanced relationship between the additional investment cost and the total energy savings. 

 

This indicates that the total energy conservation achieved by the VAV system is insufficient to 

offset the additional investment cost within a short period of time, thereby reducing its 

economic attractiveness across the evaluated zones. In contrast, the DCV system 

demonstrates a more proportional relationship between total energy conservation and the 

payback period, thereby enhancing economic viability. 

 

However, it is important not to neglect that the VAV system offers a more advanced and 

complex ventilation system designed to improve airflow control capability and enhance 

energy performance. The VAV system utilizes continuously modulating chilled beams; 

additionally, its damper system uses an automatic control method in which the blade position 

adjusts continuously. Therefore, the damper system is capable of providing a high airflow 

accuracy regardless of the zone's air velocity. This enables a consistently adjustable airflow 

rate to ensure good indoor air quality and thermal comfort. 

 

While the evaluated DCV system uses dampers with a simple motorized control, in which the 

blade position switches between open and closed states. Hence, the dampers system cannot 

provide as high airflow accuracy as the VAV system. However, the dampers are controlled by 

a room controller connected to carbon dioxide and temperature sensors. Whereas the VAV 

damper system is controlled by a room controller connected only to temperature sensors. 

 

The results indicate that a system with high economic feasibility does not necessarily result in 

the lowest total energy consumption. This is highlighted by the VAV system, which has the 

lowest annual energy consumption but the highest initial investment cost and the longest 

payback period. For the evaluated conference rooms, the VAV system is not a more 

economical or practical alternative when annual energy consumption, conservation, and 

payback period are considered. However, the VAV system is a practical alternative if the 

focus is on its technical advantages, which can also enhance occupant productivity and 

comfort. 
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Chapter 9 

Conclusion 
In this study, three different chilled beam ventilation strategies, constant air volume (CAV), 

variable air volume (VAV), and demand-controlled ventilation (DCV), have been investigated 

for three different conference rooms with varying floor areas and indoor demand levels. This 

study aimed to evaluate the airflow patterns of different ventilation systems, their influence 

on annual energy consumption, and their technical‑economic viability. 

 

The results demonstrated that the airflow pattern varies between variable and constant 

ventilation control strategies. The CAV system maintains a constant airflow rate throughout 

the operating hours regardless of indoor demand or outdoor temperature. In comparison, the 

airflow rate in VAV and DCV systems is continuously adjusted during operating hours in 

response to indoor demand and outdoor conditions. This is important for energy 

consumption, occupant productivity, and physical well-being, as variations in airflow and 

temperature can significantly influence these aspects.  

 

Overall, CAV had the highest energy consumption, indicating higher inefficiency and energy 

overconsumption. Both VAV and DCV systems showed similar results and overall energy 

consumption rates. However, the DCV system presented lower implementation and 

operational costs, specifically noted in its material (e.g., more cost-effective dampers) and 

shorter implementation time, compared with the VAV system. 

 

The economic evaluation demonstrated that the DCV system has the strongest proportional 

relationship between total energy conservation and the payback period. The VAV system 

demonstrated the highest initial and additional investment costs and therefore had a higher 

payback period. It is essential to recognize that the main cost is associated with the system's 

advanced and complex ventilation capabilities.  
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For smaller zones, the CAV system is more cost-effective because its energy consumption 

does not vary significantly compared to that of the VAV and DCV systems. For larger zones 

and indoor demand, the DCV system is the best-performing solution because it has the 

optimal trade-off between economic viability and energy performance. However, if these 

aspects are overlooked, the VAV system provides a better ventilation solution in terms of 

energy consumption and responds to varying airflow rates. 

 

The results confirmed that the ratio of energy consumption to floor area and occupancy has a 

high correlation. The larger the room, the higher the occupancy level, the higher the energy 

demand. Furthermore, the findings of this study indicate that a system with high economic 

feasibility does not necessarily result in ventilation systems with low total energy 

consumption. 

 

This is demonstrated in the results of the VAVs: it has the lowest annual energy consumption 

and the highest energy conservation, but the highest initial investment cost and the longest 

payback period. Finally, the findings emphasize that variable ventilation control strategies 

require proper installation, commissioning, and operation to achieve the expected energy 

performance. Without these requirements, the anticipated energy performance will not be as 

designed or expected. 
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Chapter 10 

Future Research 
The following topics represent several opportunities for future research that have emerged 
from the limitations of this study: 

 
●​ To evaluate a broader range of office buildings in Sweden with the same floor area 

and occupancy level in order to observe the similarities and differences in ventilation 
system behavior, economic feasibility, and energy consumption. The next step is to 
estimate performance for varying floor areas and occupancy levels. 
 

●​ Investigation of similar conditions in other categories of buildings, to determine if the 
different ventilation systems behave similarly. This makes it possible to understand 
and estimate optimal ventilation control strategies for the different building 
categories.   

 

●​ Further research to investigate the full life-cycle assessment (LCA) and the long-term 
environmental impacts of the different ventilation control strategies. This provides the 
opportunity to completely cover the effect of implementing the ventilation control 
strategies.  

 

●​ To evaluate an economic analysis of maintenance cost, by first assessing the full risk 
percentage of technical failure of the different variable ventilation control strategies. 
Then to conduct a comparative analysis of the different systems to assess total 
maintenance costs and the risk of system failure. 

 
●​ In future climate scenarios, global average temperatures increase hence, it is essential 

to investigate and evaluate the performance of energy consumption and occupant 
comfort in these scenarios. In order to ensure long-term good air quality and comfort 
in the long term. 

 
 

 
 
 

66 



REFERENCE LIST  

Reference List  
 

Ahmed, K., Kurnitski, J. and Sormunen, P. (2015)​

‘Demand controlled ventilation indoor climate and energy performance in a high performance 

building with air flow rate controlled chilled beams’,​

Energy and Buildings, 109, pp. 115–126.​

https://doi.org/10.1016/j.enbuild.2015.09.052  

Aktacir, M.A., Büyükalaca, O. and Yilmaz, T. (2006) ‘Life-cycle cost analysis for 

constant-air-volume and variable-air-volume air-conditioning systems’, Applied Energy, 

83(6), pp. 606–627. https://doi.org/10.1016/j.apenergy.2005.06.002  

Anand, P., Sekhar, C., Cheong, D., Santamouris, M. and Kondepudi, S. (2019).​

Occupancy-based zone-level VAV system control implications on thermal comfort, 

ventilation, indoor air quality and building energy efficiency. Energy and Buildings, 204, 

109473. https://doi.org/10.1016/j.enbuild.2019.109473  

Arbetsmiljöverket (2025). Allmänventilation och luftkvalitet. Available at: 

https://www.av.se/inomhusmiljo/ventilation-och-luftkvalitet/allmanventilation-och-luftkvalite

t/ (Accessed: 22 February 2026). 

Ardehali, M.M. and Smith, T.F. (1996) ‘Evaluation of variable volume and temperature 

HVAC system for commercial and residential buildings’, Energy Conversion and 

Management, 37(9), pp. 1469–1479. https://doi.org/10.1016/0196-8904(95)00219-7  

ASHRAE (2025). ANSI/ASHRAE Standard 62.1-2025: Ventilation and Acceptable Indoor 

Air Quality. Atlanta, GA: ASHRAE. 

 

Awbi, H.B. (1998) ‘Ventilation’, Renewable and Sustainable Energy Reviews, 2(1–2), pp. 

157–188. https://doi.org/10.1016/S1364-0321(98)00015-X  

 

BFS 2024:8. Boverkets föreskrifter om skydd med hänsyn till hygien, hälsa och miljö samt 

hushållning med vatten och avfall. 

67 

https://doi.org/10.1016/j.enbuild.2015.09.052
https://doi.org/10.1016/j.apenergy.2005.06.002
https://doi.org/10.1016/j.enbuild.2019.109473
https://www.av.se/inomhusmiljo/ventilation-och-luftkvalitet/allmanventilation-och-luftkvalitet/
https://www.av.se/inomhusmiljo/ventilation-och-luftkvalitet/allmanventilation-och-luftkvalitet/
https://www.av.se/inomhusmiljo/ventilation-och-luftkvalitet/allmanventilation-och-luftkvalitet/
https://doi.org/10.1016/0196-8904(95)00219-7
https://doi.org/10.1016/S1364-0321(98)00015-X


REFERENCE LIST  

 

Cao, Z., Zhou, Y., Cao, S. and Wang, Y. (2021) ‘Local ventilation’, in Cao, Z., Zhou, Y., Cao, 

S. and Wang, Y. (eds.) Industrial ventilation design guidebook (Second Edition), Volume 2: 

Engineering design and applications. Academic Press, pp. 7–108. 

https://doi.org/10.1016/B978-0-12-816673-4.00006-7  

 

Cao, S., Zhao, W. and Zhu, A. (2023) ‘Research on intervention PID control of VAV terminal 

based on LabVIEW’, Case Studies in Thermal Engineering, 45, 103002. 

https://doi.org/10.1016/j.csite.2023.103002  

 

Chen, Q. (2009). Ventilation performance prediction for buildings: A method overview and 

recent applications. Building and Environment, 44(4), s. 848–858. 

https://doi.org/10.1016/j.buildenv.2008.05.025   

 

Chen, G., Lu, S., Zhou, S., Tian, Z., Kim, M.K., Liu, J. and Liu, X. (2025). A systematic 

review of building energy consumption prediction: From perspectives of load classification, 

data-driven frameworks, and future directions. Applied Sciences, 15(6), 3086. 

https://doi.org/10.3390/app15063086  

 

Choi, H., Jeong, B., Lee, J., Na, H., Kang, K. and Kim, T. (2022) ‘Deep-vision-based 

metabolic rate and clothing insulation estimation for occupant-centric control’,Building and 

Environment, 221, 109345. https://doi.org/10.1016/j.buildenv.2022.109345  

 

Dimitroulopoulou, C. and Bartzis, J. (2013) ‘Ventilation rates in European office buildings: A 

review’, Building Services Engineering Research and Technology, 23(1), pp. 1–25. 

https://doi.org/10.1177/1420326X13481786  

Duarte, C., Van Den Wymelenberg, K. and Rieger, C. (2013)​

‘Revealing occupancy patterns in an office building through the use of occupancy sensor 

data’, Energy and Buildings, 67, pp. 587–595. https://doi.org/10.1016/j.enbuild.2013.08.062  

European Commission (2026). Energy Performance of Buildings Directive. Available at: 

European Commission EPBD page. [Accessed 7 May 2026]. 

 

68 

https://doi.org/10.1016/B978-0-12-816673-4.00006-7
https://doi.org/10.1016/j.csite.2023.103002
https://doi.org/10.1016/j.buildenv.2008.05.025
https://doi.org/10.3390/app15063086
https://doi.org/10.1016/j.buildenv.2022.109345
https://doi.org/10.1177/1420326X13481786
https://doi.org/10.1016/j.enbuild.2013.08.062


REFERENCE LIST  

Filipsson, P., Trüschel, A., Gräslund, J. and Dalenbäck, J.-O. (2016) ‘Induction ratio of active 

chilled beams – Measurement methods and influencing parameters’, Energy and Buildings, 

129, pp. 445–451. https://doi.org/10.1016/j.enbuild.2016.08.024  

 

Filipsson, P., Trüschel, A., Gräslund, J. and Dalenbäck, J.-O. (2020) ‘Performance evaluation 

of a direct ground-coupled self-regulating active chilled beam system’, Energy and Buildings, 

209, 109691. https://doi.org/10.1016/j.enbuild.2019.109691  

 

Fisk, W.J. and De Almeida, A.T. (1998) ‘Sensor-based demand-controlled ventilation: a 

review’, Energy and Buildings, 29(1), pp. 35–45. 

https://doi.org/10.1016/S0378-7788(98)00029-2  

 

Holopainen, R., Seppänen, O., Lonnqvist, S., Ahola, M., Könkö, S. and Asteiri, J. (2022). 

‘Principles of new Finnish ventilation inspections’, REHVA European HVAC Journal, April 

2022, pp. 46–50.  

 

Integra Controls (2024) What is a single zone variable air volume (VAV) system? Available 

at: https://integracontrols.com/single-zone-vav/ (Accessed: 22 February 2026). 

 

Jaakkola, J.J.K. and Miettinen, P. (1995) ‘Type of ventilation system in office buildings and 

sick building syndrome’, American Journal of Epidemiology, 141(8), pp. 755–765. 

https://doi.org/10.1093/oxfordjournals.aje.a117498  

 

Jayakrishnan, S. and Chakravarthy, P. (2017) ‘Flux bounded tungsten inert gas welding for 

enhanced weld performance—A review’, Journal of Manufacturing Processes, 28(Part 1), 

pp. 116–130. https://doi.org/10.1016/j.jmapro.2017.05.023  

 

Jeong, J.-W., Choi, A. and No, S.-T. (2010). Improvement in demand-controlled ventilation 

simulation on multi-purposed facilities under an occupant-based ventilation standard. 

Simulation Modelling Practice and Theory, 18(1), pp. 51–62. 

https://doi.org/10.1016/j.simpat.2009.09.009  

 

69 

https://doi.org/10.1016/j.enbuild.2016.08.024
https://doi.org/10.1016/j.enbuild.2019.109691
https://doi.org/10.1016/S0378-7788(98)00029-2
https://integracontrols.com/single-zone-vav/
https://doi.org/10.1093/oxfordjournals.aje.a117498
https://doi.org/10.1016/j.jmapro.2017.05.023
https://doi.org/10.1016/j.simpat.2009.09.009


REFERENCE LIST  

Johansson, D. (2003). ‘Optimal supply air temperature with respect to energy use in a 

constant air volume system’, in Research in Building Physics. 1st edn. Boca Raton: CRC 

Press  

 

Kalaiselvam, S., Velichet Vidhya, S., Iniyan, S. and Samuel, A.A. (2016). Comparative 

energy analysis of a constant air volume (CAV) system and a variable air volume (VAV) 

system for a software laboratory. HVAC&R Research, pp. 229–237. 

https://doi.org/10.1080/14733315.2006.11683740  

 

Afshari, A., Hultmark, G., Latif, H., Maccarini, A. and Rahnama, S. (2023). Precision 

Ventilation in Open Plan Offices – A Study of Variable Jet Interaction between Active Chilled 

Beams. REHVA Journal, October 2023, pp. 39–43. Available at: 

https://www.rehva.eu/rehva-journal/chapter/precision-ventilation-in-open-plan-offices-a-stud

y-of-variable-jet-interaction-between-active-chilled-beams  

 

Latif, H. (2023). Precision Ventilation in Open-Plan Offices: A Study of Variable Jet 

Interaction Between Active Chilled Beams. Aalborg Universitetsforlag. 

https://doi.org/10.54337/aau603192374  

 

Latif, H., Hultmark, G., Rahnama, S., Maccarini, A. and Afshari, A. (2022) ‘Performance 

evaluation of active chilled beam systems for office buildings – A literature review’, 

Sustainable Energy Technologies and Assessments, 52, 101999. 

https://doi.org/10.1016/j.seta.2022.101999  

 

Legg, R. (2017) ‘Room heat gains, air diffusion, and air flow rates’, in Air conditioning 

system design. Butterworth-Heinemann, pp. 81–102. 

https://doi.org/10.1016/B978-0-08-101123-2.00005-4  

 

Liu, K.S., Munir, S., Lin, S. and Shelton, C. (2018) ‘Understanding occupancy patterns in a 

commercial space’, IEEE Technical Committee on Cyber-Physical Systems Newsletter, 1(3). 

 

Maripuu, M.-L. (2009) Demand controlled ventilation (DCV) systems in commercial 

buildings: Functional requirements on systems and components. PhD thesis. Chalmers 

University of Technology 

70 

https://doi.org/10.1080/14733315.2006.11683740
https://www.rehva.eu/rehva-journal/chapter/precision-ventilation-in-open-plan-offices-a-study-of-variable-jet-interaction-between-active-chilled-beams
https://www.rehva.eu/rehva-journal/chapter/precision-ventilation-in-open-plan-offices-a-study-of-variable-jet-interaction-between-active-chilled-beams
https://doi.org/10.54337/aau603192374
https://doi.org/10.1016/j.seta.2022.101999
https://doi.org/10.1016/B978-0-08-101123-2.00005-4


REFERENCE LIST  

Maripuu, M.-L. (2011). Demand controlled ventilation (DCV) for better IAQ and energy 

efficiency. REHVA Journal, March 2011, pp. 26–30. Available at: 

https://www.rehva.eu/fileadmin/hvac-dictio/02-2011/Demand_controlled_ventilation__DCV

__for_better_IAQ_and_Energy_Efficiency.pdf 

Merema, B., Delwati, M., Sourbron, M. and Breesch, H. (2018) ‘Demand controlled 

ventilation (DCV) in school and office buildings: Lessons learnt from case studies’, Energy 

and Buildings, 172, pp. 349–360. https://doi.org/10.1016/j.enbuild.2018.04.065  

 

Mysen, M. and Schild, P.G. (2011) Requirements for well functioning Demand Controlled 

Ventilation. REHVA Journal, 48(5), pp. 14–19. Available at: 

https://www.rehva.eu/rehva-journal/chapter/requirements-for-well-functioning-demand-contr

olled-ventilation  

Mälarenergi (2025). Elnät Företag 2025. Available at: https://www.malarenergi.se. [Accessed 

13 May 2026]. 

Nelson, I.C., Culp, C.H., Rimmer, J. and Tully, B. (2016) ‘The effect of thermal load 

configuration on the performance of passive chilled beams’, Building and Environment, 96, 

pp. 188–197. https://doi.org/10.1016/j.buildenv.2015.11.017  

 

Okochi, G.S. and Yao, Y. (2016) ‘A review of recent developments and technological 

advancements of variable-air-volume (VAV) air-conditioning systems’, Renewable and 

Sustainable Energy Reviews, 59, pp. 784–817. https://doi.org/10.1016/j.rser.2015.12.328  

 

Olsson, D., Ekberg, L. and Persson, M. (2022) ‘Status of Ventilation in Sweden’, REHVA 

Journal, 59(2), pp. 52–55.  Available at: 

https://www.rehva.eu/rehva-journal/chapter/status-of-ventilation-in-sweden  

 

Persily, A. (1989).Ventilation rates in office buildings. Air Infiltration and Ventilation Centre 

(AIVC). Available at: https://www.aivc.org/sites/default/files/airbase_4213.pdf. 

 

Persily, A.K. and Dols, W.S. (1991) ‘Field measurements of ventilation and ventilation 

effectiveness in an office/library building’,Indoor Air, 1(3), pp. 370–381. 

https://doi.org/10.1111/j.1600-0668.1991.03-13.x  

71 

https://www.rehva.eu/fileadmin/hvac-dictio/02-2011/Demand_controlled_ventilation__DCV__for_better_IAQ_and_Energy_Efficiency.pdf
https://www.rehva.eu/fileadmin/hvac-dictio/02-2011/Demand_controlled_ventilation__DCV__for_better_IAQ_and_Energy_Efficiency.pdf
https://www.rehva.eu/fileadmin/hvac-dictio/02-2011/Demand_controlled_ventilation__DCV__for_better_IAQ_and_Energy_Efficiency.pdf
https://doi.org/10.1016/j.enbuild.2018.04.065
https://www.rehva.eu/fileadmin/hvac-dictio/02-2011/Demand_controlled_ventilation__DCV__for_better_IAQ_and_Energy_Efficiency.pdf
https://www.rehva.eu/rehva-journal/chapter/requirements-for-well-functioning-demand-controlled-ventilation
https://www.rehva.eu/rehva-journal/chapter/requirements-for-well-functioning-demand-controlled-ventilation
https://www.malarenergi.se
https://doi.org/10.1016/j.buildenv.2015.11.017
https://doi.org/10.1016/j.rser.2015.12.328
https://www.rehva.eu/rehva-journal/chapter/status-of-ventilation-in-sweden
https://www.aivc.org/sites/default/files/airbase_4213.pdf
https://doi.org/10.1111/j.1600-0668.1991.03-13.x


REFERENCE LIST  

 

Rashid, F.L., Al-Obaidi, M.A., Al Maimuri, N.M., Ameer, A., Agyekum, E.B., Chibani, A. 

and Kezzar, M. (2025). Mechanical ventilation strategies in buildings: A comprehensive 

review of climate management, indoor air quality, and energy efficiency. Buildings, 15(14), 

2579.​

 https://doi.org/10.3390/buildings15142579 

 

Roosa, S.A., Doty, S. and Turner, W.C. (2020). Energy management handbook. 10th edn. 

Boca Raton: Routledge 

 

REHVA. (2018). Chilled Beam Application Guidebook. Federation of European Heating, 

Ventilation and Air Conditioning Associations (REHVA). Available at: 

https://finvac.org/wp-content/uploads/2020/06/REHVA_guidebooks_brochure_web2018-1.pd

f (Accessed: 24 May 2026). 

 

Sereshki, F., Saffari, A. and Elahi, E. (2016) ‘Comparison of mathematical approximation 

methods for mine ventilation network analysis’, International Journal of Mining Science 

(IJMS), 2(1), pp. 1–14. 

Sørensen, B.R. (2003).Demand Controlled Ventilation: A Detailed Study of Energy Usage by 

Simulation.Narvik University College, Building Science, Narvik, Norway. 

Stein, J. and Taylor, S. (2013)​

VAV reheat versus active chilled beams and DOAS.​

UC Berkeley. Available at: https://escholarship.org/uc/item/1jh193x3 

 

Truninger, K. (2013) VAV system with genuinely demand-controlled fans. REHVA Journal, 

50(4), pp. 15–18. Available at: 

https://www.rehva.eu/rehva-journal/chapter/vav-system-with-genuinely-demand-controlled-f

ans  

 

Kim, J., CaraDonna, C. and Parker, A. (2024) End-Use Savings Shapes Measure 

Documentation: Economizers. Technical Report NREL/TP-5500-86105. Golden, CO: 

72 

https://doi.org/10.3390/buildings15142579
https://finvac.org/wp-content/uploads/2020/06/REHVA_guidebooks_brochure_web2018-1.pdf
https://finvac.org/wp-content/uploads/2020/06/REHVA_guidebooks_brochure_web2018-1.pdf
https://escholarship.org/uc/item/1jh193x3
https://www.rehva.eu/rehva-journal/chapter/vav-system-with-genuinely-demand-controlled-fans
https://www.rehva.eu/rehva-journal/chapter/vav-system-with-genuinely-demand-controlled-fans


REFERENCE LIST  

National Renewable Energy Laboratory (NREL).  Available at: 

https://docs.nlr.gov/docs/fy24osti/86105.pdf  

 

Vastyan, J. (2011) ‘Chilled-beam basics’, HPAC Engineering, July. Available at: 

https://www.tacocomfort.com/documents/FileLibrary/ChilledBeamBasics_HPAC_Engineerin

g_2011-7.pdf (Accessed: 13 February 2026). 

 

Wang, S. and Xu, X. (2004). ‘Optimal and robust control of outdoor ventilation airflow rate 

for improving energy efficiency and IAQ’, Building and Environment, 39(7), pp. 763–773. 

https://doi.org/10.1016/j.buildenv.2004.01.033  

Wu, B., Cai, W. and Ji, K. (2018)​

‘Heat source effects on thermal comfort for active chilled beam systems’,​

Building and Environment, 141, pp. 91–102.​

https://doi.org/10.1016/j.buildenv.2018.05.045  

Yao, Y., Lian, Z., Liu, W., Hou, Z. and Wu, M. (2007) ‘Evaluation program for the 

energy-saving of variable-air-volume systems’, Energy and Buildings, 39(5), pp. 558–568. 

https://doi.org/10.1016/j.enbuild.2006.09.010  

 

Zhao, W., Kilpeläinen, S., Lestinen, S. and Kosonen, R. (2022). Operational challenges of 

modern demand control ventilation systems – a case study. REHVA Journal, April 2022, pp. 

8–13. Available at: 

https://www.rehva.eu/rehva-journal/chapter/operational-challenges-of-modern-demand-contr

ol-ventilation-systems-a-case-study  

 

Zhao, T., Qu, Z. and Li, X. (2023). Optimal control of critical fresh air volume based on 

sectional adjustment of fresh air and return air dampers. Building Services Engineering 

Research & Technology, 44(3), pp. 285–308. https://doi.org/10.1177/01436244231161949  

 
 

73 

https://docs.nlr.gov/docs/fy24osti/86105.pdf
https://www.tacocomfort.com/documents/FileLibrary/ChilledBeamBasics_HPAC_Engineering_2011-7.pdf
https://www.tacocomfort.com/documents/FileLibrary/ChilledBeamBasics_HPAC_Engineering_2011-7.pdf
https://www.tacocomfort.com/documents/FileLibrary/ChilledBeamBasics_HPAC_Engineering_2011-7.pdf
https://doi.org/10.1016/j.buildenv.2004.01.033
https://doi.org/10.1016/j.buildenv.2018.05.045
https://doi.org/10.1016/j.enbuild.2006.09.010
https://www.rehva.eu/rehva-journal/chapter/operational-challenges-of-modern-demand-control-ventilation-systems-a-case-study
https://www.rehva.eu/rehva-journal/chapter/operational-challenges-of-modern-demand-control-ventilation-systems-a-case-study
https://doi.org/10.1177/01436244231161949


APPENDIX 
 

Appendix  

Appendix A – Minimum Required Airflow 

Calculation

 
The ventilation requirement for Office buildings in Sweden is to provide a minimum of 7 L/s 
of supply air flow rate per occupant in the zone and to provide a minimum of 0.35 L/s per m² 
floor area of supply air flow rate in the zone, regardless of occupancy in the zone.  

 

A.1 Minimum Required Airflow for Zone 1  
 

Defined Variable for zone 1: 

●​ Floor area: 7.831 m2 

●​ Occupancy: 4 st  

 

 𝑞
𝑡𝑜𝑡

= (7×4) + (0, 35×7, 831)

 31 L/s 𝑞
𝑡𝑜𝑡

=

 

A.2 Minimum Required Airflow for Zone 2  
 

Defined Variable for zone 2: 

●​ Floor area: 14.72 m2 

●​ Occupancy: 8 st  

 

 𝑞
𝑡𝑜𝑡

= (7×8) + (0, 35×14, 72)

 61 L/s 𝑞
𝑡𝑜𝑡

=
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A.3 Minimum Required Airflow for Zone 3  
 

Defined Variable for zone 3: 

●​ Floor area: 45.76 st 

●​ Occupancy: 20 st 

 

 𝑞
𝑡𝑜𝑡

= (7×20) + (0, 35×45, 76)

 156 L/s 𝑞
𝑡𝑜𝑡

=
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Appendix B – Energy Calculation 

 

B.1 Total Energy and Energy Conservation for Zone 1 
 

For constant air volume (CAV) system:  

 

 𝐸
𝑡𝑜𝑡𝑎𝑙, 𝐶𝐴𝑉

= 56, 79 + 69, 1 + 27, 66

 𝐸
𝑡𝑜𝑡𝑎𝑙, 𝐶𝐴𝑉

= 153, 55 𝑘𝑊ℎ

 

For variable air volume (VAV) system: 

 

 𝐸
𝑡𝑜𝑡𝑎𝑙, 𝑉𝐴𝑉

= 22, 31 + 62, 86 + 19, 85

 𝐸
𝑡𝑜𝑡𝑎𝑙, 𝑉𝐴𝑉

= 105, 02 𝑘𝑊ℎ

 𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛
𝑉𝐴𝑉

= 15,55−105,02
153,55 * 100

 𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛
𝑉𝐴𝑉

= 46, 2%

 

For demand-controlled ventilation (DCV) system: 

 

 𝐸
𝑡𝑜𝑡𝑎𝑙, 𝐷𝐶𝑉

= 22, 6 + 62, 86 + 19, 94

 𝐸
𝑡𝑜𝑡𝑎𝑙, 𝐷𝐶𝑉

= 105, 55 𝑘𝑊ℎ

 𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛
𝑉𝐴𝑉

= 15,55−105,55
153,55 * 100

 𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛
𝑉𝐴𝑉

= 45, 7%
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B.2 Total Energy and Energy Conservation for Zone 2 

 

For constant air volume (CAV) system:  

 

 𝐸
𝑡𝑜𝑡𝑎𝑙, 𝐶𝐴𝑉

= 130, 8 + 136, 6 + 55, 67

 𝐸
𝑡𝑜𝑡𝑎𝑙, 𝐶𝐴𝑉

= 323, 07 𝑘𝑊ℎ

 

For variable air volume (VAV) system: 

 

 𝐸
𝑡𝑜𝑡𝑎𝑙, 𝑉𝐴𝑉

= 34, 38 + 128, 1 + 35, 93

 𝐸
𝑡𝑜𝑡𝑎𝑙, 𝑉𝐴𝑉

= 198, 41 𝑘𝑊ℎ

 𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛
𝑉𝐴𝑉

= 323,07−198,41
323,07 * 100

 𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛
𝑉𝐴𝑉

= 63%

 

For demand-controlled ventilation (DCV) system: 

 

 𝐸
𝑡𝑜𝑡𝑎𝑙, 𝐷𝐶𝑉

= 34, 78 + 128. 3 + 36, 07

 𝐸
𝑡𝑜𝑡𝑎𝑙, 𝐷𝐶𝑉

= 199, 15 𝑘𝑊ℎ

 𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛
𝑉𝐴𝑉

= 323,07−199,15
323,07 * 100

 𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛
𝑉𝐴𝑉

= 62%
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B.3 Total Energy and Energy Conservation for Zone 3 

 

For constant air volume (CAV) system:  

 

 𝐸
𝑡𝑜𝑡𝑎𝑙, 𝐶𝐴𝑉

= 335, 2 + 349, 7 + 151, 8

 𝐸
𝑡𝑜𝑡𝑎𝑙, 𝐶𝐴𝑉

= 836, 7 𝑘𝑊ℎ

 

For variable air volume (VAV) system: 

 

 𝐸
𝑡𝑜𝑡𝑎𝑙, 𝑉𝐴𝑉

= 88, 03 + 339, 3 + 100, 7

 𝐸
𝑡𝑜𝑡𝑎𝑙, 𝑉𝐴𝑉

= 528, 03 𝑘𝑊ℎ

 𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛
𝑉𝐴𝑉

= 836,7−528,03
836,7 * 100

 𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛
𝑉𝐴𝑉

= 59%

 

For demand-controlled ventilation (DCV) system: 

 

 𝐸
𝑡𝑜𝑡𝑎𝑙, 𝐷𝐶𝑉

= 88, 03 + 339, 3 + 101, 1

 𝐸
𝑡𝑜𝑡𝑎𝑙, 𝐷𝐶𝑉

= 530, 14 𝑘𝑊ℎ

 𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛
𝑉𝐴𝑉

= 323,07−530,14
836,7 * 100

 𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛
𝑉𝐴𝑉

= 58%
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Appendix C – Total Annual Energy Cost 

(SEK/year)

 

Measurements from IDA ICE:  

●​ Annual energy: 65,7909 kWh/year 

●​ Maximum power demand: 90,88 kW 

Measurements from Mälarenergi: 

●​ Fixed fee: 896 SEK/month 

●​ Demand charge: 69.68 SEK/kW, month 

●​ Electricity transmission: 0.09 SEK/kWh 

 

Monthly demand charge: 

 

​  𝐶
𝑃𝑜𝑤𝑒𝑟

= 90, 88×69, 68

​  𝐶
𝑃𝑜𝑤𝑒𝑟

= 6 333 (𝑘𝑟/𝑚𝑜𝑛𝑡ℎ) 

​ ​ ​ ​ ​  

Energy transfer cost: 

 

 𝐶
𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛

= 0, 09 * ( 65790,9
12 )

​  𝐶
𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛

= 493 (𝑘𝑟/𝑚𝑜𝑛𝑡ℎ) 

 

Total Annual Energy Cost (SEK/year): 

 
 𝐶

𝑌𝑒𝑎𝑟
= 12×(896 + 6 333 + 493 )

 𝐶
𝑌𝑒𝑎𝑟

=  92 664 (𝑆𝐸𝐾/𝑦𝑒𝑎𝑟) 

 

Energy Cost (SEK/month) including 25 % VAT: 

 

 𝑃
𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦

= 92 664 
65 790,9 ×1, 25

 𝑃
𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦

= 1, 76 𝑘𝑟/𝑘𝑊ℎ 

79 



APPENDIX 
 

Appendix D – Total Cost Calculation 

 

 

D.1 Total Cost for Zone 1 

 
For constant air volume (CAV) system:  

 𝐶
𝑒𝑛𝑒𝑟𝑔𝑦, 𝐶𝐴𝑉 

= 153, 55 * 1, 76
(SEK/year)​ ​ ​ ​ ​  𝐶

𝑒𝑛𝑒𝑟𝑔𝑦, 𝐶𝐴𝑉 
= 270, 248

​ 𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟, 𝐶𝐴𝑉

= 8000 + 270, 248  

​  𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟, 𝐶𝐴𝑉

= 8270, 248 𝑆𝐸𝐾 

 𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟, 𝐶𝐴𝑉

= 8000 + (270, 248 * 30)

​  𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟, 𝐶𝐴𝑉

= 16107, 44 𝑆𝐸𝐾

​ ​  
For variable air volume (VAV) system: 

 
 𝐶

𝑒𝑛𝑒𝑟𝑔𝑦, 𝑉𝐴𝑉
= 105, 02 * 1, 76

(SEK/year)​​ ​ ​  𝐶
𝑒𝑛𝑒𝑟𝑔𝑦, 𝑉𝐴𝑉 

= 184, 8352

​  𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟, 𝑉𝐴𝑉

= 29848 + 184, 8352  

​  𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟, 𝑉𝐴𝑉

= 30032, 8352 𝑆𝐸𝐾 

 𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟, 𝑉𝐴𝑉

= 29848 + (184, 8352 * 30)

​  𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟, 𝑉𝐴𝑉

= 35393, 056 𝑆𝐸𝐾

 

 

 

 

 

​  
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For demand-controlled ventilation (DCV) system: 

 𝐶
𝑒𝑛𝑒𝑟𝑔𝑦, 𝐷𝐶𝑉 

= 105, 55 * 1, 76

(SEK/year)​ ​ ​ ​ ​  𝐶
𝑒𝑛𝑒𝑟𝑔𝑦, 𝐷𝐶𝑉 

= 185, 768

​  𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟, 𝐷𝐶𝑉

= 18372 + 185, 768  

​  𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟, 𝐷𝐶𝑉

= 18557, 768  𝑆𝐸𝐾 

 𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟, 𝐷𝐶𝑉

= 18372 + (185, 768 * 30)

​ ​  𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟, 𝐷𝐶𝑉

= 123945, 04  𝑆𝐸𝐾

 

D.2 Total Cost for Zone 2 

 
For constant air volume (CAV) system:  

 𝐶
𝑒𝑛𝑒𝑟𝑔𝑦, 𝐶𝐴𝑉 

= 323, 07 * 1, 76
(SEK/year)​ ​ ​ ​  𝐶

𝑒𝑛𝑒𝑟𝑔𝑦, 𝐶𝐴𝑉 
= 568, 6032 

​  𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟, 𝐶𝐴𝑉

= 16000 + 270, 248  

​  𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟, 𝐶𝐴𝑉

= 16568, 6032 𝑆𝐸𝐾 

 𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟, 𝐶𝐴𝑉

= 16000 + (568, 6032 * 30)

​  𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟, 𝐶𝐴𝑉

= 33058, 096  𝑆𝐸𝐾

​ ​  
For variable air volume (VAV) system: 

 𝐶
𝑒𝑛𝑒𝑟𝑔𝑦, 𝑉𝐴𝑉

= 198, 41 * 1, 76
(SEK/year)​ ​ ​ ​  𝐶

𝑒𝑛𝑒𝑟𝑔𝑦, 𝑉𝐴𝑉 
= 349, 2016 

​  𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟, 𝑉𝐴𝑉

= 44283 + 184, 8352  

​ 𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟, 𝑉𝐴𝑉

= 44632, 2016  𝑆𝐸𝐾 

 𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟, 𝑉𝐴𝑉

= 44283 + (349, 2016 * 30)

​  𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟, 𝑉𝐴𝑉

= 54759, 048  𝑆𝐸𝐾

​  
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For demand-controlled ventilation (DCV) system: 

 𝐶
𝑒𝑛𝑒𝑟𝑔𝑦, 𝐷𝐶𝑉 

= 199, 15 * 1, 76

(SEK/year)​ ​ ​ ​ ​  𝐶
𝑒𝑛𝑒𝑟𝑔𝑦, 𝐷𝐶𝑉 

= 350, 504 

​  𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟, 𝐷𝐶𝑉

= 23399  + 350, 504   

​  𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟, 𝐷𝐶𝑉

= 23749, 504   𝑆𝐸𝐾 

 𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟, 𝐷𝐶𝑉

= 23399  + (350, 504 * 30)

​  𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟, 𝐷𝐶𝑉

= 33914, 12   𝑆𝐸𝐾

 

D.3 Total Cost for Zone 3 

 
For constant air volume (CAV) system:  

 𝐶
𝑒𝑛𝑒𝑟𝑔𝑦, 𝐶𝐴𝑉 

= 836, 7 * 1, 76
(SEK/year)​ ​ ​ ​𝐶

𝑒𝑛𝑒𝑟𝑔𝑦, 𝐶𝐴𝑉 
= 1472, 592  

​ ​  𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟, 𝐶𝐴𝑉

= 40000  + 1472, 592   

​  𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟, 𝐶𝐴𝑉

= 41472, 592  𝑆𝐸𝐾 

 𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟, 𝐶𝐴𝑉

= 40000  + (1472, 592  * 30)

​  𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟, 𝐶𝐴𝑉

= 84177, 76   𝑆𝐸𝐾

​ ​  
For variable air volume (VAV) system: 

 𝐶
𝑒𝑛𝑒𝑟𝑔𝑦, 𝑉𝐴𝑉

= 528, 03 * 1, 76
(SEK/year)​ ​ ​ ​  𝐶

𝑒𝑛𝑒𝑟𝑔𝑦, 𝑉𝐴𝑉 
= 929, 3328  

​  𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟, 𝑉𝐴𝑉

= 87985  + 929, 3328  

​ 𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟, 𝑉𝐴𝑉

= 88914, 3328   𝑆𝐸𝐾 

 𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟, 𝑉𝐴𝑉

= 87985  + (929, 3328  * 30)

​  𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟, 𝑉𝐴𝑉

= 115864, 984   𝑆𝐸𝐾

​  
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For demand-controlled ventilation (DCV) system: 

 𝐶
𝑒𝑛𝑒𝑟𝑔𝑦, 𝐷𝐶𝑉 

= 530, 14 * 1, 76

(SEK/year)​ ​ ​ ​  𝐶
𝑒𝑛𝑒𝑟𝑔𝑦, 𝐷𝐶𝑉 

= 933, 0464  

​  𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟, 𝐷𝐶𝑉

= 48515   + 933, 0464  

​  𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟, 𝐷𝐶𝑉

= 49448, 0464    𝑆𝐸𝐾 

 𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟, 𝐷𝐶𝑉

= 48515  + (933, 0464  * 30)

​ ​  𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟, 𝐷𝐶𝑉

= 76506, 392   𝑆𝐸𝐾

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

83 



APPENDIX 
 

Appendix E – Extra Investment Calculation 

 

E.1 Extra Investment for Zone 1 
 

For variable air volume (VAV) system: 

 

Material Quantity Cost / SEK 

Chilled beam VAV 1 14000 

Chilled beam CAV −1 -8000 

Systemair EC-Basic-T rumsregulator temp 1 1544 

Systemair OPTIMA-LV-R-125-MOD VAV-spjäll Modbus 2 13611 

Styrkabel Y-JZ 8G0,75 12 693 

Total  21848 

 

​ ​  𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟

= 21848 + 184, 8352 
​ ​ ​  𝐶

𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟
= 22032, 8352 

​ ​ ​  𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟

= 21848 + (184, 8352 * 30)

     𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟

= 27393, 056 

 ​ ​  𝐶
𝐴𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑛𝑖𝑛𝑔

= 270, 248 − 184, 8352 

 𝐶
𝐴𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑛𝑖𝑛𝑔

= 85, 4128  

 𝑇
𝑝𝑎𝑦𝑏𝑎𝑐𝑘

= 21848 
85,4128 

 𝑇
𝑝𝑎𝑦𝑏𝑎𝑐𝑘

= 255
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For demand-controlled ventilation (DCV) system: 

 
Material Quantity Cost / SEK 

Chilled beam CAV 1 8000 

Chilled beam CAV −1 −8000 

Swegon EAGLE Single dysspridare 1 1543 

Swegon Alsd 125-160 ansl-låd 1 1772 

Systemair EC-Basic-CO2/T rumsregulator CO2/temp 1 4202 

Trox DRS-TM-125-LM-24A-F motorspjäll 2 2202 

Styrkabel YCY-JZ 7G0,75 8 653 

Total  10372 

 
 

​ ​  𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟

= 10372 + 185, 768  

​ ​ ​  𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟

= 10557, 768  

​ ​ ​  𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟

= 10372 + (185, 768 * 30)

     𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟

= 15945, 04 

 ​ ​  𝐶
𝐴𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑛𝑖𝑛𝑔

= 270, 248 − 185, 768  

 𝐶
𝐴𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑛𝑖𝑛𝑔

= 84, 48   

 𝑇
𝑝𝑎𝑦𝑏𝑎𝑐𝑘

= 10372 
84,48  

 𝑇
𝑝𝑎𝑦𝑏𝑎𝑐𝑘

= 122, 7746212 
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E.2 Extra Investment for Zone 2 
 

For variable air volume (VAV) system: 

 

Material Quantity Cost / SEK 

Chilled beam VAV 2 28000 

Chilled beam CAV −2 -16000 

Systemair EC-Basic-T rumsregulator temp 1 1544 

Systemair OPTIMA-LV-R-160-MOD VAV-spjäll Modbus 2 13700 

Styrkabel Y-JZ 8G0,75 18 1039 

Total  28283 

 
​​  𝐶

𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟
= 28283  + 349, 2016  

​ ​ ​  𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟

= 28632, 2016  

​ ​ ​  𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟

= 28283 + (349, 2016 * 30)

     𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟

= 38759, 048  

 ​ ​  𝐶
𝐴𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑛𝑖𝑛𝑔

= 568, 6032 − 349, 2016  

 𝐶
𝐴𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑛𝑖𝑛𝑔

= 219, 4016   

 𝑇
𝑝𝑎𝑦𝑏𝑎𝑐𝑘

= 28283 
219,4016  

 𝑇
𝑝𝑎𝑦𝑏𝑎𝑐𝑘

= 128, 9097254 
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For demand-controlled ventilation (DCV) system: 

 
Material Quantity Cost / SEK 

Chilled beam CAV 2 16000 

Chilled beam CAV −2 −16000 

Systemair EC-Basic-CO2/T rumsregulator CO2/temp 1 4202 

Trox DRS-TM-160-LM-24A-F motorspjäll 2 2218 

Styrkabel YCY-JZ 7G0,75 12 979 

Total  7399 

 
 

​ ​  𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟

= 7399  + 350, 504  

​ ​ ​  𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟

= 7749, 504  

​ ​ ​  𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟

= 7399 + (350, 504 * 30)

     𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟

= 17914, 12  

 ​​  𝐶
𝐴𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑛𝑖𝑛𝑔

= 568, 6032  − 350, 504  

 𝐶
𝐴𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑛𝑖𝑛𝑔

= 218, 0992  

 𝑇
𝑝𝑎𝑦𝑏𝑎𝑐𝑘

= 7399 
218,0992 

 𝑇
𝑝𝑎𝑦𝑏𝑎𝑐𝑘

= 33, 92492957 
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E.1 Extra Investment for Zone 3 
 

For variable air volume (VAV) system: 

 

Material Quantity Cost / SEK 

Chilled beam VAV 5 70000 

Chilled beam CAV −5 −40000 

Systemair EC-Basic-T rumsregulator temp 1 1544 

Systemair OPTIMA-LV-R-200-MOD VAV-spjäll Modbus 2 13881 

Styrkabel Y-JZ 8G0,75 45 2560 

Total  47985 

 
​ ​  𝐶

𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟
= 47985  + 929, 3328 

​ ​ ​  𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟

= 48914, 3328  

​​ ​  𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟

= 47985 + (929, 3328 * 30)

     𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟

= 75864, 984  

 ​ ​  𝐶
𝐴𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑛𝑖𝑛𝑔

= 1472, 592  − 929, 3328  

 𝐶
𝐴𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑛𝑖𝑛𝑔

= 543, 2592   

 𝑇
𝑝𝑎𝑦𝑏𝑎𝑐𝑘

= 47985  
543,2592  

 𝑇
𝑝𝑎𝑦𝑏𝑎𝑐𝑘

= 88, 32800254 
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For demand-controlled ventilation (DCV) system: 

 
Material Quantity Cost / SEK 

Chilled beam CAV 5 40000 

Chilled beam CAV −5 −40000 

Systemair EC-Basic-CO2/T rumsregulator CO2/temp 1 4202 

Trox DRS-TM-200-LM-24A-F motorspjäll 2 2274 

Styrkabel YCY-JZ 7G0,75 25 2039 

Total  8515 

 
​ ​  𝐶

𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟
= 8515  + 933, 0464 

​ ​ ​  𝐶
𝑓𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟

= 9448, 0464  

​ ​ ​  𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟

= 8515 + (933, 0464 * 30)

     𝐶
𝑡ℎ𝑖𝑟𝑡𝑦 𝑦𝑒𝑎𝑟

= 36506, 392  

 ​ ​  𝐶
𝐴𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑛𝑖𝑛𝑔

= 1472, 592  − 933, 0464  

 𝐶
𝐴𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑛𝑖𝑛𝑔

= 539, 5456   

 𝑇
𝑝𝑎𝑦𝑏𝑎𝑐𝑘

= 8515  
539,5456  

 𝑇
𝑝𝑎𝑦𝑏𝑎𝑐𝑘

= 15, 78179861 
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