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Abstract

The escalating global demand for energy is an ongoing challenge, and a substan-
tial share of this demand is attributed to the building sector, contributing significantly to
worldwide energy consumption. Recent studies have shown that air-based heating system
can reduce not only initial but also running costs. Yet, research comparing the environ-
mental impact from the whole life cycle perspective seems to be missing using HVV
system in Denmark. This thesis is an comparative analysis between HVV and traditional
heating and ventilation methods. Study was performed for a critical apartment case in
GreenHUB House building case in Aalborg, Denmark. The paper aimed to investigate
in what extent heat valve ventilation compared to traditional heating and ventilation sys-
tems can help with reaching the goal of CO2 emission as low as 2.5kg CO2 -eq/m2 /year
and ensure comfortable indoor environment specially during heating season. The energy
performance of various scenarios including different set points, occupancy profiles and
air handling units was conducted. The Simulation was carried out in BSim, while LCA
was performed using LCAByg. The results showed that in case of higher set point and
choice of air handling unit with higher heat recovery, the HVV system has demonstrated
benefits in terms of energy efficiency and reduced environmental impact over traditional
system. This led to lower environmental impact using HVV system up to 15% over tra-
ditional systems and up to 7% annual energy savings with satisfying indoor environment.
The traditional system has showed advantages in energy consumption and environmental
impact in other scenarios analysed in the report.
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Chapter 1

Introduction

1.1 Background
In the European Union, the building stock represents 40% of the overall energy con-
sumption, establishing the building sector as the largest single consumer of energy. [7]
Therefore, the need for sustainable and energy-efficient building solutions has become
compulsory in the face of climate change and rising energy costs. Simultaneously, there
is significant emphasis on indoor climate and health conditions. These aspects, together
with the overall objective of achieving fossil fuel independence in Denmark are key fac-
tors behind quality building. [1] To achieve that and ensure occupants’ comfort and well-
being and minimize environmental impact innovative design principles and technologies
must be applied. Heating and ventilation systems play a major role in achieving these
goals. They have a direct influence on cost, energy performance, climate impact, and
CO2 emissions. The design of a building’s HVAC system is crucial as it directly influ-
ences carbon emissions during both the production and operational phases. Methods such
as such as radiators, boilers, etc. have been reliable for years. Although, these systems’
performance is not necessarily in line with ideas of modern sustainability. Air-based heat-
ing systems, on the other hand, have come to light as an alternative that shows promise
in terms of giving increased efficiency and decreased environmental effects. Therefore, is
crucial to critically assess the benefits and downsides of both conventional and air heat-
ing systems in modern building contexts as the focus of the globe shifts towards lowering
greenhouse gas emissions and energy consumption. To ensure, that new methods are more
sustainable than traditional methods, Life Cycle Analysis (LCA) is used for evaluating the
environmental impact of those systems.

1.2 Objectives
The choice of heating system in a modern building is a complex decision that must be
made carefully and consider factors such as initial costs to long-term, energy performance,
climate impact, and CO2 emissions. The following paper focuses on the implementation
of the newly developed heat valve ventilation system (HVV) that combines both heating
and ventilation systems into one unit.
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Chapter 2

Problem describtion

2.1 Problem definition
It has been highlighted in the previous chapter that the building sector plays a significant
role in global CO2 emissions. According to the National Strategy for Sustainable Con-
struction threshold requirement for new construction will be 7,5 kg CO2 -eq/m2 /year by
2029. [5] However, the ambitious goal for the GreenHUB House project is to reach the
CO2 emission of 2,5 kg CO2 -eq/m2 /year.

2.2 Research questions
Therefore, this project aims to investigate to what extent heat valve ventilation compared
to traditional heating and ventilation systems can help with reaching the goal of CO2
emission as low as 2.5 kg CO2 -eq/m2 /year and how it influences the thermal comfort
and indoor air quality? To help answer the problem statement this research will address
the following key research questions:

• What is the energy performance of air heating systems compared to traditional heat-
ing systems? How do they influence overall energy consumption over the year and
heating/cooling loads in modern buildings?

• Does the heat valve system ensure a comfortable Indoor Air Environment for occu-
pants?

• Can the adoption of Heat Valve Ventilation systems in modern buildings reduce CO2
emission, meet the goal of the limit of 2.5 kg CO2 -eq/m2 /year?

The paper analyses various scenarios, comparing conventional systems with newly
developed HVV system which aims to reduce CO2 emission and ensure comfortable in-
door quality. The objective of this research is to help stakeholders in the selection of the
systems for modern residential buildings by performing a comparative analysis.
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CHAPTER 2. PROBLEM DESCRIBTION

2.2.1 Delimitation
This research is focused on the comparative analysis of two systems, with a primary focus
on energy efficiency and environmental impact through the life cycle of the building. It is
essential to define the scope and limitations of this study to provide a better understand-
ing of the boundaries. The simulation is specifically limited to investigating and analyz-
ing dynamics related to energy consumption and indoor environmental factors during the
heating season. The study does not focus on selection of materials and construction. The
assumptions of that have been made and serve only as a baseline. This exclusion allows
the study to focus on the specific aspects of two systems, prioritizing energy efficiency
and CO2 emissions. Furthermore, systems are only variable in all scenarios, hence e.g.,
change of material will influence both scenarios in the same way. Some factors are solely
dependent on selected construction e.g., pollution from materials and it is not the scope
of this work. Moreover, this study is limited only to the critical apartment that has been
selected based on criteria described in Chapter 5.2 and not the whole building. The simu-
lation tool used in this study enables the analysis of CO2 levels and moisture levels within
indoor spaces. Nevertheless, it is important to note that some aspects, such as acoustic
performance or air filtration, are excluded due to the limitations of selected simulation
software. It should be noted that the findings are based on simulation which depends on
the simulated conditions and variables such as weather data.
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Chapter 3

Literature Review

The environmental impact of energy consumption and greenhouse gas emissions has be-
come a critical concern worldwide and has been well-researched. According to Energy
renovation of buildings [4] almost 40% of global energy consumption is assigned to the
building sector which makes them a crucial and encouraging center of attention in the
field of sustainable transition. [4]

The Danish government, in its comprehensive 2050 strategy to eliminate reliance on
fossil fuels in the energy sector, highlights the significance of enhancing the energy per-
formance of the building sector. The strategy emphasizes the implementation of cost-
effective measures to reduce energy consumption, aligning with the ambitious goals set
for 2050. [2] Residential and transport sectors stand out as the main contributors to the
total energy consumption by end-users in Denmark, with residential accounting for 33%
in 2019. Heating and ventilation systems in both residential and commercial buildings
contribute significantly to energy consumption and carbon dioxide production in Europe.
Therefore, promoting energy efficiency in buildings is essential to achieve these goals.[6]
Out of all building services, HVAC systems play a significant role in building energy con-
sumption. [9] [13] Moreover, around 25% of energy consumption is dedicated to space
heating and hot water production in buildings in Denmark. [4] Incorporating energy-
efficient HVAC solutions in buildings plays a crucial role in meeting both local and global
targets for reducing carbon dioxide emissions. [13]

Furthermore, research performed by Pérez-Lombard Et al. [13] investigated that with
the advancement of technology, heating, and ventilation can introduce significant im-
provements in energy efficiency. Innovations such as the usage of renewable energy
sources, relying on hybrid ventilation, or the development of control strategies that ef-
fectively ensure acceptable indoor climate quality while reducing energy consumption.

One specific area of focus in terms of energy-efficient solutions is air-based heating
systems. Studies have highlighted the efficiency benefits linked to these systems. These
recent studies have begun to provide insight into how air-based heating systems can re-
duce energy consumption and contribute to CO2 reduction.

While general studies have offered valuable insights into carbon dioxide problems in
the building sector, this research specifically focuses on a Heat Valve Ventilation system.
For example, in a study conducted by Rahnama, Samira Et al. [14] full-scale prototype
of this air-based heating novel system was evaluated. According to their findings, air as
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CHAPTER 3. LITERATURE REVIEW

a medium for heating spaces offers a range of benefits such as quick response time, and
increased control by adjusting air flow rate and temperature in individual rooms within
a dwelling. [14] Additionally, they emphasized that the integrated system eliminates the
need for separate heating and cooling systems, leading to a reduction in both investment
and operational costs.

According to studies performed by Polak, Joanna [12] where laboratory investiga-
tion of HVV was conducted, it was discovered that the system successfully maintained
comfortable indoor temperatures. In this work, it was suggested that the system is suit-
able for residential buildings with low heat demand, where heat losses can be effectively
compensated by solar and internal gains.

The existing research on air-based heating systems, particularly their application in
Denmark, is limited. There is a lack of comprehensive studies and available literature
on Heat Valve Ventilation systems. The available literature on HVV primarily consists of
laboratory experiments, especially on room-level and short-term applications. This means
that there is relatively little knowledge about how that system performs in the long term
on the apartment level.

In conclusion, this literature review provides an understanding of the environmental
impact of energy-efficient heating and ventilation systems in buildings. Previous research
indicates that HVV systems are promising in terms of efficiency and energy consumption,
but there is still room for more research with a life cycle perspective added.
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Chapter 4

Methology

This Master Thesis aims to design and evaluate two different systems’ solutions in the
context of CO2 emission, as well as their influence on the IAQ and thermal comfort in
the rooms. This chapter explains the decisions made and the method used to obtain the
necessary data.

The project was started with the analysis of the documentation that was received. First,
the Green Hub House Bygherreprogram from Himmerland Boligforening was analyzed.
This document provided information about the project, such as the size of apartments,
types of materials used for construction, or different systems solutions that are considered
to be implemented in this building case. Another relevant document was “Description
of the Heat Valve Ventilation (HVV) System in a Green Hub House” which helped with
a general understanding of the HVV system. The last document that was analyzed was
the Green Hub House Sketchbook from C.F Moller where the location of the apartments
concerning the world directions was graphically described.

After completing the examination of the provided documentation, the critical apart-
ment was selected. Then, a simple model was created in Revit to visualize its layout as
well as find the needed areas of different building components. Moreover, the precise
construction of each of those components was decided according to the project descrip-
tion. Additionally, based on the Revit model, the geometry of the apartment was created
in BSim. This model was later used for the evaluation of the systems.
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Figure 4.1: BSim Model

When all the relevant decisions were made, the traditional HVAC system was de-
signed. It started with designing a mechanical ventilation system. The airflow needed for
the apartment was determined following Building Regulations’ requirements to achieve
balanced ventilation. Then, the unit that matches the required airflow was selected and
the size of the pipes was calculated with the use of MagiCad software. Then the tradi-
tional radiator heating system was designed. First, the transmission heat loss for decided
before construction was calculated. Together with the ventilation losses and linear losses
the heat demand for each room was calculated. All of the heat losses were calculated for
the design temperatures set in DS418.

Then, the number of radiators for each room was decided. Based on this decision
and the required heat demand for the rooms, the heating output of each radiator was
determined. To do it the data sheet of the producer was used. As a last step, the piping
was calculated with the use of MagiCAD

Next, the HVV system was designed. For this case, first, the design was done for the
same heat demand as the traditional heating system, so comparing of the systems for the
same conditions could be done. Morover, the heating coil was dimensioned for the needs
of the project.

When both of the systems were designed, the simulations in BSim were made. To
compare the traditional system and HVV the simulations were led for the same conditions
like people loads, equipment loads, moisture loads, etc. Also, the same ventilation unit
was used in both systems with adjustment of heat and moisture recovery for the actual air
flow rate.

An important aspect to evaluate was the influence of the systems on indoor climate.
To complete that the results from simulations done in BSim were used.

First, the systems were compared in energy performance which included energy use
for the heating and the ventilation fan power.

Next, thermal comfort was checked as it is important in the context of the heating
system. To determine the temperature range that is considered as comfortable the ISO
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7730 was used and then compared with BSim results.
Then, two aspects of Indoor Air Quality were evaluated, these were CO2 and moisture

level. This was done according to the requirements from DS 16798.
The main focus of this Thesis was the CO2 emission of the systems throughout their

life cycle. As mentioned in previous chapters, the goal for the GreenHUB project is to
reach the CO2 emission as low as 2.5 kg CO2 -eq/m2 /year. This project was checking
if the implementation of HVV instead of traditional HVAC can help with reducing emis-
sions. To evaluate this the LCA analysis for the compared systems was done with the use
of the LCAByg. As the main focus of the paper is systems it was decided to omit the
building construction in LCA calculations to receive clear results only for the systems.

Figure 4.2: LCAByg

As the last step, the results from performed BSim simulations and LCA calculations
were compared in the context of both CO2 emission and influance on the mentioned
aspects of energy and indoor climate.
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Chapter 5

Building Case Description

5.1 Building
The building for the study case is a multi-story residential building with a total area of
4057 m2. The building will have two to four stories with apartment units. Additionally, it
is planned that the ground floor will be used for common spaces, laundry rooms, shops,
restaurants, cultural institutions, etc. The building will be located at the Aalborg Univer-
sity Campus on Fredrik Bajers Vej. The building will be heated with district heating at a
low temperature (40 °C) through a mixing loop after the district heating connection.

The project is still in the early stages, so the final layout of apartments or construction
is not known yet. However, based on information provided by C.F Møler in their most
recent planning presentation some decision was made for use of this study case.

It is planned to design two different types of apartments. In both cases, it will consist
of a living room with an open-space kitchen, one bedroom, and a bathroom. The area of
the apartments will be approximately 57m2 for the first type and 65m2 for the second one.
As it was mentioned the apartments are not designed yet, however, in the documentation,
there is a reference apartment layer which is from the project called “Alfa by Living” from
Irmabyen in Rodorve.

When it comes to construction the initial idea is to use bio-based materials. For this
study case, it was decided to use wooden lightweight construction for the construction of
walls, story partitions, and roof. In the table below all mentioned constructions are listed.
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Building component Construction
Thickness U-value

W/m2K¿W/m2K

Roof

Gypsum board
Battens w/insulation
Rafters with insulation
Ventilated cavity
Playwood board
Waterproof covering

0.026
0.045
0.3
0.05
0.018
0.005

0.120

Wall

Gypsum board
Vapor control layer
Studs w/insulation
OSB board
Ventilated cavity
Brick

0.016
0.001
0.25
0.018
0.05
0.108

0.156

Storey partition

Gypsum board
Joints w/insulation
Playwood
Wooden flooring

0.026
0.3
0.018
0.015

Partition walls

Gypsum board
Studs/w insulation
Cavity
Studs w/insulation
Gypsum board

0.016
0.1
0.05
0.1
0.016

Windows

Energy class A
3 layers glass
Transmission coefficient (Uw) - 0.79 W/m2K
Solar transmittance (Gg) – 0.42
Glazing part (Ff) – 0.79
Light transmittance (Lt) - 0.

Table 5.1: Construction of building components

5.2 Choice of critical apartment
The selection of critical apartments within the building was selected based on factors like
orientation, sun exposure, orientation of windows, and floor level. The apartment was
selected as the one with the most heat losses. The selected apartment is facing northeast
with balconies and windows oriented in this direction; thus apartment has the smallest
solar gains. Moreover, the apartment is located on the top floor which generally expe-
riences more transmission loss through the roof construction and less heat coming from
neighboring apartments.
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Figure 5.1: Layout of Critical apartment
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Chapter 6

Project Input

In this chapter, the input of this project will be presented. As it was mentioned before the
project is in the early stage of design consequently the part of the project will be based on
assumptions.

6.1 Thermal Comfort
To assess the thermal comfort of the apartment it was necessary to assume and calculate
a few factors. First, the category of the building, for which the recommended values were
taken, was determined. According to ISO 15251, as shown in Figure 6.1 the apartment
building is Category II. In other standards, the naming of the categories might be different,
in ISO 7730 Category II will be corresponding to Category B.

Figure 6.1: Description of the applicability of the categories used
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Next, it was needed to determine the activity level and clothing level of the people
living in the apartment. It was done according to the ISO 7730. Occupants will have
different activities during the day, however, it was assumed that most of the time people
are relaxing or studying, which corresponds to an activity level between 1-1.2 met. For
this case, the activity level of 1.2 met will be used for further calculations. When it comes
to the clothing level, it was decided to divide it into two seasons – heating and cooling
and use the standard level which is 1.0 clo and 0.5 clo respectively.

Based on these decisions, the operative temperature for heating and cooling seasons
was determined with the use of diagrams of Optimum operative temperature as a function
of clothing and activity from ISO 7730. As visible in figure6.2 for the heating season
the optimal operative temperature is 22°C with range of +/-2°C and in figure 6.3 for the
cooling season it is 25°C with range of +/- 1.5°C.

Figure 6.2: Operative temperature for heating season
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Figure 6.3: Operative temperature for cooling season

Figure 6.4: Optimum operative temperatures as a function of clothing and activity
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6.2 Heat Demand Calculation
The first phase of the investigation involved calculating heat demand which consists of
linear losses, transmission losses, and ventilation losses. [3] The heat losses do not include
transmission losses from the floor construction since the apartment is located on the last
floor of the building and there is an apartment below. Table 6.1 shows the heat losses
from each zone of the apartment. Calculations were done according to DS 418:2011 +
Till.1:2020 for design temperature -12°C as a critical temperature during winter time. The
comprehensive calculations are available in the appendix A

Room
Transmission loss

[W]
Ventilation loss

[W]
Linear loss

[W]
Total
[W]

Living room / kitchen 608.6 63.6 0 672.3
Bedroom 231,6 18.45 0 250.1
Bathroom 33.4 0 0 33.4

948.34

Table 6.1: Heat losses within the apartment
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6.3 Internal Heat Gains
In the next phase of the investigation, heat gains from occupants and equipment were
added. This strategy takes into consideration different occupancy profiles and recognizes
the dynamic nature of the real-world scenarios, where additional factors contribute to the
heat balance within the apartment. The figures below are visual representations of the heat
gains over a day and a week from occupants and equipment. There are two scenarios: one
where an elderly couple spends most of the time at home, and another where a working
couple is mostly away from home. Profiles were created for both scenarios across two
apartment zones: the bedroom and the living area with the kitchen. Figure 6.5 showcases
internal heat loads for an elderly couple in the bedroom. The left axis and stacked column
chart represent the total heat gains over the day, while the linear chart and the right axis
represent the hourly heat gains.

Figure 6.5: Internal heat loads for elderly couple

In figure 6.6, it can be seen that in the scenario involving a working couple, the total
heat loads during the day are significantly lower compared to the case with an elderly
couple.
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Figure 6.6: Internal heat loads for elderly couple

Based on a weekly schedule, hourly average heat gains for each category over the en-
tire week were calculated. Subsequently, these values were input into the BSim software,
and a new schedule was generated to align with the occupancy schedule. Detailed hourly
schedules of heating gains for both scenarios can be found in Appendix B.
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6.4 Moisture Profile
In the investigation of the moisture profile within an apartment, it was found that four in-
dividuals, their activities, and the equipment used typically produce 10.43 kg of moisture
per day. [11] Figure 6.7 is reproduction of profile found in [11].

Figure 6.7: Standard moisture production for a family of four. Figure reproduction from soure:
[11]

To adjust this information to the specifics of this project, the total amount of daily
moisture production was divided between the individuals, resulting in an hourly produc-
tion per person. According to [18] occupants who remain indoors throughout the day,
such as retired couples, will generate higher levels of moisture compared to e.g., working
couples. Therefore, moisture profiles were calculated according to occupancy profiles and
figures profile elder and present the weekly profile. Complete calculations can be found
in the Appendix
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Figure 6.8: Weekly profile of moisture production for elderly couple

Figure 6.9: Weekly profile of moisture production for working couple
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6.5 Weather Data
The weather data employed in the simulation is the “2013 Design Reference Year” (2013DRY)”
while the simulation period corresponds to the year 2022. Utilizing weather data from the
year 2013 may not fully reflect current atmospheric conditions. Weather patterns and
climate conditions, change over time, leading to e.g., rising temperatures in Denmark,
due to the phenomenon of global warming.[10] It should be noted, that those limitations
should be considered when interpreting the simulated results. For more precise results
more recent weather data would be necessary, however, it is currently unavailable.

6.6 Simulation Input
The table below was created to illustrate the input data that was used in the simulation.
The first part of the table focuses on the essentials – the influence of people, equipment,
and moisture. These factors are not constant, and they change based on the occupancy
profiles. For each situation we simulate, the table details the varying loads and moisture
generated by residents. In the baseline there are no people present in the apartment, there-
fore there is no loads in that section. Next, some elements remain constant in all scenarios,
where the table presents input data for infiltration, lightning, and venting. Moving for-
ward, the table introduces two systems, each with its own set of variables. First, there is a
traditional system where input data is presented for classic heating systems and mechani-
cal ventilation systems. Then, there is the HVV system, heat is delivered by a ventilation
system produced by a manifold, and in the simulation input, this component is designated
as a heating coil. In both systems, there are two variants of the chosen air-handling ven-
tilation unit. The classic unit with relatively high heat recovery and the alternative unit
focuses on moisture recovery, while sacrificing some heat recovery efficiency.
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Figure 6.10: BSim simulation Systems input part 1
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Figure 6.11: BSim simulation Systems input part 2
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6.7 LCA Input
In this chapter, the LCAByg input will be discussed. The main focus of this paper is a
comparison of two systems Traditional heating and ventilation as one and a Heat Valve
Ventilation system in the context of CO2 emission. Therefore it was decided to omit the
building construction in the LCA calculations and include only the materials that are used
for the systems.

6.7.1 Traditional system
The materials and components used for the traditional system were found in the LCAByg
library, however, some ’amounts’ were adjusted according to data available in data sheets
for specific elements. The ventilation unit was the only element of the system for which
a new product was created in LCAByg with the use of EPD. The data for selected in the
project ventilation units was not available so a similar product was found and its EPD
certificate was used for input. Used EPD data can be found in Appendix E

6.7.2 Heat valve ventilation system
This system is newly developed and the EPD is not available for the main part of the
system which is manifold. Therefore, it was necessary to calculate the use of single
elements of the whole unit one by one. It was done based on the list and drawings provided
by Lindab and both can be found in Appendix E. The ventilation unit for the HVV system
was selected the same as for the traditional system.

The detailed list of materials and elements selected for systems in the LCAByg as
well as the used amount is presented in the same Apendix E.
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Heating and Ventilation Systems

7.1 Traditional Heating and Ventilation Systems

7.1.1 Mechanical Balanced Ventilation System

7.1.1.1 Introduction

This chapter explores the implementation of a traditional decentralized mechanical bal-
anced ventilation system with mixing ventilation on selected apartment levels. The core
principle behind the design is variable airflow. The design of the ventilation system fol-
lows the current Danish Building regulations [17] which describe the rules and parameters
that need to be achieved regarding ventilation in residential buildings.

The selected approach for ventilation distribution is the mixing ventilation system.
This system is designed to achieve the goal of diluting polluted air with clean supply air
at the desired temperature. The room is supplied with air at a high initial mean velocity,
which creates established velocity gradients, resulting in increased turbulence intensity.
This is done to facilitate effective mixing and ensure a uniform distribution of temperature
and pollutants throughout the occupied space. The system is utilizing a variable airflow
principle that enables it to dynamically adjust its volume flow and, consequently, its en-
ergy consumption when operating at partial loads. The mechanical ventilation system will
adopt a balanced ventilation approach, ensuring that the volumes of supply and extraction
air are always in a state of balance.

7.1.2 Ductwork and design
The positioning of diffusers and ventilation ducts adheres to the principle of simple design
and minimizes duct path lengths to the greatest extent possible. The air handling unit can
provide calculated air volume for each apartment and it is placed in the shaft which is
easily accessible from the bedroom. The figure below presents how ducts are distributed
in the apartment.

The duct network in the apartment is made of circular ducts, which offer the advan-
tage of lower pressure drops compared to rectangular ducts.[16] These ducts are hidden
above suspended ceilings, ensuring they do not disrupt the apartment’s architectural aes-
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thetics. The ducts are selected to be galvanized steel-sized in accordance with Lindab A/S
manufacture. Detailed sizing calculations can be found in Appendix C.

Following the Danish Building Regulations [17], bathroom evacuation requires a min-
imum airflow of 15 l/s, and kitchen evacuation requires a minimum airflow of 20l/s.

To maintain a balanced ventilation system, the air supply must be carefully designed.
As a result, the air supply is intentionally oversized to prevent any pressure imbalances
within the apartment. This approach ensures that the supply and extraction air flows
remain in equilibrium.

The 7.1 below outlines the required air supply and extraction rates for the apartment:

Room Area Supply Extract

[m2] [l/s/m2] [l/s] [m3/h] [l/s] [m3/h]
Living room/ kitchen&hallway 43.85 0.6 26.3 94.7

20 72
Bedroom 14 0.6 8.4 30.2
Bathroom 6.55 15 54
Total 65 34.7 124.9 35 126

Table 7.1: Required supply and extraction airflow

7.1.2.1 AHU selection

This section discusses the selection of the decentralized Air Handling Unit. Figure 7.1
shows VEX40T model from manufacturer Exhausto A/S which has been selected. It is
a classic decentralized AHU solution for residential applications, particularly in apart-
ment buildings. The VEX40T offers a compact and efficient solution that fulfills selected
apartment requirements. Due to its compact design, the unit can be easily in small spaces.
AHU is installed in the shaft which is accessible from the bedroom. The AHU incor-
porates a built-in bypass function to enhance energy efficiency and heat recovery. Its
maximum output is 330 m3/h at 200 Pa and its temperature efficiency of 92% at 126
m3/h.

Figure 7.1: Exhausto VEX40T Air Handling Unit

Additionally, it was decided to investigate if the use of a ventilation unit that has the
possibility of moisture recovery, can help with the maintenance of a satisfying level of
relative humidity in the apartment. For this purpose, the ECO360R ventilation unit from
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GENVEX was chosen. This system is characterized by lower heat recovery, up to 86%
however thanks to the special rotary heat exchanger that recovers moisture from the ex-
tracted air. The maximum air volume for the system is up to 410m3/h at 100Pa. For the
needs of the traditional system in this project, the temperature efficiency is 85%, and the
moisture recovery of 91%. Graphs that were used to select the proper temperature effi-
ciency for both units and moisture recovery for the second unit can be found in Appendix
C

7.1.3 Traditional Heating System
In this chapter, the traditional heating systems will be elaborated, and their design process
will be presented. Before the design of the system, some decisions about the system had
to be made. As it was known from the documentation the water-based heating system
will be used in the project. The building will be connected to district heating with as low
a supply temperature as 40°C. The common heating system used in apartment buildings
in Denmark is radiators therefore this type will also be used for this project. First, it was
decided that the heat distribution would be distributed by connecting the radiators with
the two-pipe system.

This is more energy-efficient and ensures even distribution of heat to each of the ra-
diators. The pipes will be mounted in the floor structure which will help to minimize the
use of the material by avoiding the need for leading extra pipes from the top of the room.
Moreover, this way of the placement of the pipes will not disturb the aesthetic aspect of
the apartment. Another important decision was the pipe material. It was decided to use
the copper piping.

Designing heating systems has to start with the calculation of heat demand for each
space in the apartment. To get that, first, the transmission loss had to be estimated.The
calculated heat demand for each room is presented in Table 7.2 below.

Heating demand

Trans. heat loss Vent. heat loss Total heat loss
[W] [W] [W]

Entrance/ Kitchen / Living area 608.6144 63.67 672.2856524
Bathroom 33.408 0.00 33.408
Bedroom 231.6672 18.45 250.120005

Table 7.2: Heat demand for radiators in rooms
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7.1.3.1 Radiators and pipe work

According to the presented above heat losses, the number of radiators for each of the
rooms and their sizes were selected. The detailed calculations can be found in Appendix
C. In the table 7.3, below, the final choice of radiators is introduced. All the radiators
were selected from the PURMO catalog. For rooms the model COMPACT was selected
and for the toilet model FLORES.

Living room/kitchen Bedrom Bathroom
Heating demand () [W] 672 250 33
Amount of radiators - 2 1 1
Heating demand per radiator () [W] 336 250 33
Model Name - C33 450 1400 C22 450 1400 FLO0505
Height [mm] 450 450 547
Width [mm] 1400 1400 500
Actual heating output [W] 352 255 34

Table 7.3: Selection of radiators

When it comes to pipework for the heating system based on MagiCAD calculation
the Ø15mm pipes were used in this project. The results of MagiCAD calculation can be
found in Appendix C
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Heat Valve System

8.1 Theory and Principle of Heat Valve Ventilation Sys-
tem

In this chapter, we delve into the design of heat valve ventilation systems. The chap-
ter describes the working principles of the system and the differences between typical
mechanical ventilation systems.

The HVV system represents a modern, integrated approach to delivering heat to indi-
vidual zones through the air. The system combines ventilation and heating solutions into
a single unit, the solution not only simplifies the overall system design but also enhances
its performance and energy efficiency.

Figure 8.1: Schematic design of HVV system

Figure 8.1 presents a simplified diagram of the heat ventilation system. The HVV
system includes the following key components: a decentralized Air Handling Unit with
filters, supply and extract ductwork, and a manifold with a heating coil and heat valve.
Two last components play a pivotal role in making sure the fresh ventilated air is heated
for the specific needs of each zone. The system can be designed to operate in both Variable
Air Volume (VAV) and Constant Air Volume (CAV) and it has been tested using CAV [15]
[8] [12] and VAV. [14]

The air supply process begins with drawing fresh air from the outside into the AHU
where it is warmed up by heat recovery and then passed to the manifold that distributes
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airflow rate into separate ducts and then to the rooms which is its main purpose. The
manifold consists of a heating coil that maintains the heating in the HVV system by
heating up the air to the temperature required in the individual rooms. Circular ducts used
in the system are similar to traditional ventilation systems.

As stated in Danish Building regulations, [17] in residential buildings there must at all
times be an outside air supply of at least 0.30 l/s per m² heated floor area. Extraction from
bathrooms and toilets in homes must be able to be increased to at least 15 l/s. In toilets
without a bath and in utility rooms, it must be possible to extract at least 10 l/s. HVV
system provides adequate airflow rates to deliver fresh air to spaces in the apartment and
meet the building regulations.

8.2 Manifold design
The core component of HVV is the manifold, which is an air distribution element that
manages the flow of heated air. A series of smaller ducts are connected to the manifold,
ensuring control over airflow distribution to individual rooms within the apartment. The
manifold consists of three layers that are visible on the cross-section of the manifold in
figure 8.2. Two parts which are situated on top and bottom of the manifold are isolated
to prevent heat transfer between the main central part where the heat coil is installed.
perforated plate This design allows for the flexible passage of air, either bypassing or
passing through a heating coil. The airflow pattern through the manifold is controlled by
the positioning of heat valves.

Figure 8.2: Manifold cross section

Figure 8.3 shows the heat valves which, consist of two blades that can be regulated.
The angle of these blades determines the proportion of air that either passes through or
bypasses the heating coil. Each valve has a regulation mechanism that allows for exact
control, ranging from 0 to 100%. When set to 0%, the total airflow bypasses the heating
coil. On the other hand, at 100% the total amount of air passes through the heating coil,
ensuring maximum heating output. When blades are positioned between the range 0 –
100% the air is split into two, partly bypassing the heating coil, and then is being mixed.
The positioning of each heat valve, and thereby the supply air temperature in each duct,
is controlled by the actuator. The actuator receives a signal from the room controller
which monitors the present air temperature and compares the measurement to defined
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temperature set points. This way the temperature of the conditioned air can be easily
controlled.

Figure 8.3: Manifold design

8.3 HVV system calculation
In this section, the airflow required for each room to maintain the heating of the space
will be calculated. For this purpose, the guideline from Polak, Joanna [12] was used.

The system must be able to compensate for the transmission, infiltration, and ventila-
tion losses for each of the rooms [12]. Detailed heat loss calculations are presented in the
Appendix A for this project were already calculated.

First, the heating power delivered to the rooms was calculated. As it is known from
the guideline, similar to the traditional ventilation system the air is supplied only in the
habitable areas which in this project are the bedroom and living room with kitchen. It
means the bathroom as it is directly connected to the living room area was included in
the heating power requirement of this space. In this case, the final heat demands for two
spaces is presented in Table 8.1

Trans. heat loss (t) Vent. heat loss (v) Total heat loss

[W] [W] [W]
Living room/bathroom 642.0 63.7 705.7
Bedroom 231.7 18.5 250.1

Table 8.1: Heat demand for heated spaces
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The supply air capacity was calculated with use of the following formula:

where Pi (W) is the heating power delivered to the room. qv,i (m3/s) is the airflow
rate supplied to the room and this is the value that will be calculated. pa,i (kg/m3) is the
supplied air density, which in this case will be 1.145 kg/m3 and the cp, a is 1007 J/(kgK).
These last two values were found for the supply air temperature Tsupplyair,i (K) which is
35°C = 308.15K. This is the maximum possible temperature for the airflow according to
DS469 [19]. The last needed number is the air temperature in the room, for needs of this
calculation, is 20°C which is the design indoor temperature.

The final results of the required airflow for the Heat Valve Ventilation system are
presented in Table 8.2 below. The detailed calculations can be found in the appendix C

Airflow rate supplied Heat demand Heat power delivered

[m3/h] [m3/s] [W] [W]
Living room 150 0.042 705.7 720.6
Bedroom 53 0.015 250.1 254.6
Total 203 0.056 955.8 975.3

Table 8.2: Heat valve ventilation system airflow requirement

Moreover, the Heat Coil was dimensioned with use of AIAcalc software and the final
results can be found also in Appendix C
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Strategies Simulations

The software tool BSim was used to conduct dynamic simulations of all scenarios and
explore the parameters of the individual apartment representing the whole building. For
the simulations, the weather data for the period from January to December 2022 was
used. The heating was operating from October to March. [20] The data was analyzed on
a monthly basis to capture seasonal variations and provide a comprehensive understanding
of the system’s performance.

This chapter is divided into 3 sections according to three scenarios. For all scenarios,
heat demand was calculated based on data presented in Chapter 7 without heat gains from
occupants or equipment. The total heat demand was determined to be 672.3W for the
living room, and kitchen with entrance, 250.5.00W for the bedroom, and 33.4W for the
bathroom. In the first scenario, the apartment was simulated with no additional heat gains.
It represents a baseline condition where no internal heat sources are contributing to the
indoor environment. The second scenario introduced heat gains from an elderly couple
residing in the apartment. This occupancy profile produces higher metabolic heat com-
pared to the last scenario since elderly people tend to spend more time at home. The third
scenario experiences heat gains generated by a working couple. For each of those scenar-
ios, simulations were conducted for temperature set points of 20°C and 22°C. According,
to DS418 [3] 20°C is a design indoor temperature. Additionally, it was important to keep
the temperature within the comfort range and it was found that 22°C is a comfortable
operative temperature while 20°C is a minimally comfortable operative temperature.

For each of the three scenarios, simulations were conducted with two variants of ven-
tilation units to assess the impact of moisture recovery on indoor air quality and moisture
levels within the apartment. The first variant was a ventilation unit without moisture re-
covery that allowed for efficient heat recovery at 90-92%. The other one was with lower
heat recovery at 85% however also with possibility of moisture recovery with efficiency
up to 92%.
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The table 9.1 illustrates various scenarios, variants, and the structure outlined in the
following chapter.

Variant Set point Heat recovery Moisture recovery

[C°] [-] [-]
Traditional without moisture recovery 20 0.92 X

22

with moisture recovery 20 0.85 0.91
22

HVV without moisture recovery 20 0.9 X
22

with moisture recovery 20 0.85 0.86
22

Table 9.1: Overview of simulated variants for both sytems

9.1 Simulation for design temperatures without occupants
or heat gains

The first scenario aimed to assess the energy consumption, efficiency and thermal comfort
of both systems in cases where no people or equipment are present in the apartment. This
setups, allowed for a focused evaluation of the core functionalities of the heating and
ventilation systems. The primary focus of those scenarios is to evaluate and compare
the energy performance, indoor temperatures and moisture levels in the rooms associated
with each strategy. Those parameters are crucial for understanding the overall energy
effectiveness and indoor environmental quality.

9.1.1 Energy consumption
In this section, the energy consumption of simulated systems is presented and analyzed.
Tables 9.2 and 9.3 shows the energy consumption for traditional systems and HVV system
respectively. The tables illustrate energy used for heating and the fan power. The data is
present for four different variants including different temperature set points and variants
of ventilation units with and without moisture recovery.

Set Point Temperature [°C] 20°C 22°C 20°C 22°C

Moisture Recovery X X
qHeating [kWh] 2571.43 3459.27 2694.75 3462.76
Fan Power [kWh] 203.52 203.52 101.76 101.76

Total [kWh] 2774.95 3662.79 2796.51 3564.52

Table 9.2: Energy consumption of traditional system with no heat loads
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Set Point Temperature [°C] 20°C 22°C 20°C 22°C

Moisture Recovery X X
qHtCoil [kWh] 2615.49 3086.88 3006.47 3523.15
Fan Power [kWh] 327.04 327.04 163.52 163.52

Total [kWh] 2942.53 3413.92 3169.99 3686.67

Table 9.3: Energy consumption of HVV system with no heat loads

In this scenario where the heat gains are not included, for both of the systems, it is
visible that when the ventilation unit with moisture recovery is used traditional system
has better energy performance than the Heat Valve Ventilation system. When it comes to
the ventilation unit without moisture recovery and with higher heat recovery the situation
is different. For the lower temperature set point traditional system also has lower energy
consumption than the HVV, however for the higher set point of 22°C the HVV system
performs better.

9.1.2 Thermal comfort
The next important aspect that has to be evaluated is thermal comfort. As mentioned ear-
lier, there were two temperature set points used for the systems which means that during
the heating season temperature always oscillates either around 20°C or 22°C depending
on the set point.

The figure9.1 presents the mean temperature and the number of hours below 20°C
in the apartment over the year for the Traditional system. The presented data is for a
temperature set point of 20°C and 22°C and variants with and without moisture recovery.
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Figure 9.1: Mean temperature and number of hours below 20°C throughout the year for Tradi-
tional system baseline

From January to April, the average temperature is at the set point range registering
a minimal amount of hours below 20°C in March and only for the set point of 20°C.
This temperature drop however is not sufficient and lasts just for a total number of 16
hours. In May, it can be seen that there is a drop to 17.6°C supported by slightly over
600 hours below 20°C. June sees a temperature rise, however, there are almost 400 hours
below 20°C registered. In July and August the temperature rises and remains above 21°C,
however respectively, around 30 and 70 hours below 20°C are recorded. It can be seen
that in September temperatures drop and there is a rise of hours to over 600 hours.

The second evaluated variant of mean temperatures and amounts of hours below 20°C
is for a set point of 22°C. From January to April, the average temperature is at 22°C. Sim-
ilar to the previous case of 20°C, in the heating season the temperature oscillates around
the set temperature of 22°C. Because of the higher set point, there are no hours below
20°C recorded for the heating season. For the cooling system, the mean temperatures and
recorded hours below 20°C are similar to the previous set point.
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The next figure 9.2presents the same set of data for the HVV system. As it is seen,
similar to traditional systems, during the heating season, the temperature oscillates around
the given temperature set points.

Figure 9.2: Mean temperature and number of hours below 20°C throughout the year for HVV
system baseline

Outside of the heating system in May and September, the temperature experiences a
drop to 17.4°C and 18.6°C, respectively. In terms of the number of hours below 20°C, the
highest numbers occur also in May and September where each month totals almost 650
hours. Also in June, July, and August the hours below 20°C were recorded but with lower
numbers of 430, 130, and 170 respectively. In August there is a peak in temperature to
over 21°C.

9.1.3 Moisture levels
In this section, the relative humidity in the apartment will be evaluated. As in previous
sections, there were 4 simulations conducted for each of the systems, two for the system
with moisture recovery and two without moisture recovery.

Figure 9.3 and Figure 9.4 present relative moisture in the apartments for set Traditional
and HVV systems respectively.
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Figure 9.3: Average relative humidity in traditional system baseline

Figure 9.4: Average relative humidity in HVV system baseline

As seen in both figures, the general tendency is that the warmer months are char-
acterized by higher humidity, while the colder months tend to be drier. It also can be
noticed that for higher set points the humidity level in the heating season remains lower
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than for the 20°C set point. From January to March, the apartment exhibits a relatively
low humidity that remains below the recommended range and in the most critical month,
March, drops as low as 20%. As April arrives, there is a notable pick in humidity in both
cases, May witnesses a substantial rise in relative moisture, indicative of a transition to
higher humidity levels commonly associated with the warmer spring season. The sum-
mer months exhibit the highest levels of relative moisture reaching 60% in both scenarios,
likely influenced by warmer temperatures and increased outdoor humidity. As summer
transitions to fall, October marks a shift with a decrease in relative humidity, suggesting a
decline in humidity as autumn progresses. November experiences a continued reduction
in moisture levels and by December, the trend continues. For both of the systems the hu-
midity level in the heating season, from January to March and in December stays below
the recommended humidity range for the apartments. The lowest drop is noticeable in
March. As visible in the figure above, which represents the moisture level through the
month, the Humidity stays below 25% for a significant period. It is also important to
mark that the low moisture level is directly connected to the outdoor temperature below
0°C. and what requires the higher heat output in the case of traditional system and higher
inlet temperature in the HVV systems. It is also visible that with the lower temperature
set point (20°C) the moisture is higher than in case of set point of 22°C. As it is also seen
in the figures in both systems, when there is no moisture gains the moisture recovery does
not influence the moisture level in any significant way.

9.1.4 CO2 level

For this scenario, the CO2 level remains at 350ppm because there are no CO2 sources
implemented into the simulation.
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9.2 Simulation with heat and moisture gains
In the next two sections, the scenarios which consist of added heat gains from people
and equipment as well as the moisture loads will be presented. First, the scenario will be
simulated for the apartment where the elderly couple lives and the second for the working
couple. The gains vary depending on the occupant’s daily scheduled and behaviors. The
detailed load calculations are presented and available in Appendix B.

9.2.1 Elderly couple
In this section simulation results for the apartment where the elderly couple is living
are presented. Similarly to the previous part of the chapter, there were four different
simulation runs for each of the systems. This part also evaluates energy consumption,
thermal comfort, CO2, and moisture levels.

9.2.1.1 Energy Use

Table 9.4 presents energy consumption under different set point temperatures, with a focus
on heating energy, fan power, and overall annual energy consumption. In table 9.5 the
same set of energy consumption results for the HVV system can be found.

Set Point Temperature [°C] 20°C 22°C 20°C 22°C

Moisture Recovery [-] X X
qHeating [kWh] 859.9 1549.6 954.1 1552.1
Fan Power [kWh] 203.5 203.5 101.8 101.8

Total [kWh] 1063.4 1753.1 1055.9 1653.9

Table 9.4: Energy consumption of traditional system with Elderly Couple

In the traditional system, the total energy consumption of the system is for the 20°C
set point for both variants with and without moisture recovery is comparable with slightly
better results for the simulation with moisture recovery. For 22°C the difference is bigger,
however, the system with moisture recovery still has a lower total energy consumption
than one without.

Set Point Temperature [°C] 20°C 22°C 20°C 22°C

Moisture Recovery [-] X X
HtCoil [kWh] 897.6 1339.4 1136.2 1645.8
Fan Power [kWh] 327.1 327.1 163.5 163.5

Total [kWh] 1224.7 1666.5 1299.7 1809.3

Table 9.5: Energy consumption of HVV system with Elderly Couple

For the HVV system, unlike the traditional system, for both temperature set points, the
system with a ventilation unit without moisture recovery has a better energy performance
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than the one with. Similar to the traditional system, the difference in energy consumption
for 20°C set point is smaller than in the case of 22°C

9.2.1.2 Thermal Comfort

In this section, the results for thermal comfort with the elderly couple living in the apart-
ment will be presented. Figure 9.5 presents the mean monthly temperature throughout the
year and the number of hours below 20°C for two temperature set points, 20°C and 22°C
for the traditional system. Figure 9.6 shows the same set of results for the HVV system.

As seen in the figure 9.5, below, the monthly average temperature for most of the
heating season follows the given temperature set point. In April and October, however,
the recorded average temperature is higher at around 1.5°C when the set point is 20°C and
around 0.5°C when the set point is 22°C. There are no recorded hours below 20°C for the
system.

Figure 9.5: Mean temperature and number of hours below 20°C throughout the year for Tradi-
tional system with ventilation unit without moisture recovery, for elderly couple

The next figure presents the same set of results as the previous one. Similar to the tra-
ditional system the mean temperature from January to March and November to December
follow the set point and in April and October the recorded mean temperature is slightly
higher than the set point. However, in this case, the difference is smaller, and for a set
point of 20°C it is around 0.7°C higher, and for 22°C around 0.2°C. Also unlike the tradi-
tional system, for the HVV system there are recorded hours below 20°C, for May it is 26
hours, for June 9, and for September 7. It is also visible that compared to the traditional
system the mean temperature outside of the heating system is lower for the HVV system.
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Figure 9.6: Mean temperature and number of hours below 20°C throughout the year for HVV
system with ventilation unit without moisture recovery, for elderly couple

Presented temperatures and hours below 20°C are the results of simulations for the
ventilation unit without the moisture recovery. The results of the simulation where the
ventilation unit has moisture recovery were not presented because it does not influence
any of the mentioned aspects in a significant way and are almost the same. The detailed
results can be found in Appendix D.
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9.2.1.3 Moisture levels

Moisture is the next aspect that was simulated for all scenarios. Figure 9.9 presents
moisture levels for cases with and without moisture recovery for set points 20°C (or-
ange shades) and 22°C (blue shades), respectively, throughout the year for the traditional
system. In all cases it is visible that the summer months of July and August show elevated
humidity levels, reaching almost 55%. in both cases. During winter months, the relative
moisture levels drop, with March recording the lowest numbers. However, for the tem-
perature set point of 20°C the average moisture level still stays within the recommended
moisture level while for higher temperatures from January to March stays slightly below
that range. Both figures illustrate that during the summer months, there is no significant
difference in relative humidity. Moreover, it can be seen that the presence of moisture
recovery effectively increases the moisture levels during colder months.

Figure 9.7: Relative humidity for a traditional system for elderly couple
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Figure 9.8, below, shows the influence of the presence of moisture recovery in March
for a set point of 22°C. This was the month when the simulated average relative humidity
was the lowest for the traditional system. It can be seen that the use of a ventilation unit
with moisture recovery significantly increases the level of moisture in the apartment and
the periods when the humidity level is below 25% are reduced to the minimum.

Figure 9.8: Relative humidity in March for a traditional system with a set point of 22°C

The next figure 9.9 also presents relative humidity for the HVV system, for both set
points and with and without the moisture recovery. As it is seen the pattern throughout the
year remains the same as for the traditional system, with higher moisture from April to
November and lower from January to March and in December. Moreover, in comparison
to the traditional system, it is noticeable that for HVV, the relative humidity is lower for
the same temperature set point and the recovery of the moisture is also smaller.
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Figure 9.9: Relative humidity for HVV system for elderly couple

The last figure 9.10 presents the relative humidity level with and without moisture
recovery for the temperature set point of 22°C. It is seen that even if the ventilation unit
has recovered the moisture the humidity level remains below the comfortable range for
longer periods than in a traditional system.

Figure 9.10: Relative humidity in March for an HVV system with a set point of 22°C
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9.2.2 CO2 level

For this scenario, the average monthly CO2 level remains between 430 and 477ppm for
traditional systems, and for HVV systems it is between 415 and 455ppm throughout the
year,
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9.2.3 Simulation for working couple
The following section involves a scenario in which the occupants are a working couple.
Human end equipment heat gains as well as moisture loads are incorporated into the sim-
ulation. Similar to previous sections, there are variants with an air handling unit equipped
with moisture recovery and without, and simulations are conducted for two set point tem-
peratures.

9.2.3.1 Energy Use

Table 9.6 displays energy consumption variations across different set point temperatures,
emphasizing heating energy, fan power, and overall annual energy consumption from the
traditional system when the apartment is occupied by a working couple. As it it can be
seen for the temperature set point of 20°C the difference in total consumption is minimal
and the system without moisture recovery performs slightly better. For 22°C, it is the
opposite, and better results are recorded for the system with moisture recovery.

Set Point Temperature [°C] 20°C 22°C 20°C 22°C

Moisture Recovery [-] X X
qHeating [kWh] 1099.9 1850.0 1223.2 1865.1
Fan Power [kWh] 203.5 203.5 101.8 101.8

Total [kWh] 1303.4 2053.5 1324.9 1966.9

Table 9.6: Energy consumption of traditional system for working couple

Table 9.7 presents the same results but for the HVV system. In this system, for both
temperatures, the system without the moisture recovery has better energy performance.

Set Point Temperature [°C] 20°C 22°C 20°C 22°C

Moisture Recovery [-] X X
qHtCoil [kWh] 1209.0 1663.1 1488.0 2006.5
Fan Power [kWh] 327.0 327.0 163.5 163.5

Total [kWh] 1537.0 1990.2 1561.5 2170.0

Table 9.7: Energy consumption of HVV system for working couple
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9.2.3.2 Thermal Comfort

Regarding thermal comfort, the figure 9.11 below illustrates the mean temperature in the
apartment for two set points, 20°C and 22°C for the Traditional system without mois-
ture recovery. It is visible that for a set point of 20°C it constantly stays slightly above
it with a margin of +0.1°C to +0.3°C. For higher set points for most of the months, the
mean temperature stays at 22°C with April and October rising 0.3°C above. From May
to September the average temperature for both set points remains the same. A peak in
temperature, reaching 24.4°C, occurs in July. When it comes to hours when the temper-
ature drops below 20°C, the problem occurs in May and June as well as September with
57 hours, 19 hours, and 14 hours respectively.

There was no significant difference in mean temperature when the ventilation unit with
moisture recovery was used or not. For the hours below 20°C in May it was registered 2
more hours which gives a total of 59 hours and in June 3 more hours which gives a total
of 22°C. In September, the same as before temperature below 20°C was present for 14
hours.

Figure 9.11: Mean temperature and number of hours below 20°C throughout the year for Tradi-
tional system with ventilation unit without moisture recovery for working couple

Next figure 9.12, presents the mean monthly temperature for the HVV system. The
temperature consistently remains around the given set points of 22°C during the heat-
ing season. A similar pattern can be seen for the set point of 20°C except in April and
September when the average temperature is slightly higher and it is 20.4°C. From May to
September the average temperature for both set points stays the same. A peak in tempera-
ture, reaching 23.7°C, occurs in July. When it comes to hours when the temperature drops
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below 20°C, the problem occurs in May and June with 215 hours and 54 hours respec-
tively for systems without moisture recovery. There was no significant difference in mean
temperature when the ventilation unit with moisture recovery was used or not. However,
when it comes to the hours below 20°C for May and June this amount is slightly higher
with 225 hours and 55 hours respectively. Additionally, the temperature drops below this
temperature also in September for a total of 35 hours.

Figure 9.12: Mean temperature and number of hours below 20°C throughout the year for Tradi-
tional system with ventilation unit without moisture recovery for working couple

54 of 149



CHAPTER 9. STRATEGIES SIMULATIONS

9.2.3.3 Moisture Levels

This section will introduce the results of simulations for the moisture level in the apart-
ment. Figure 9.13 illustrates the relative humidity for the traditional system for both
temperature set points 20°C (orange shades) and 22°C (blue shades).

The average relative humidity for a set point of 20°C for the whole year stays within
the recommended range of 25%-60% with the lowest value recorded in March with an
average of 25%. With the use of moisture recovery the humidity level is significantly
higher and for the lowest level in March stays on average at 38.9%. For 22°C, the average
humidity for January, February, and December remains slightly below the minimum of
the recommended range and for March it is below that level. When the ventilation unit
with moisture recovery was used the simulations recorded the rise of average RH to the
minimum level of 32%. The use of the ventilation unit with moisture recovery helps to
improve the relative humidity by up to 49% when the set point is 20°C. and up to 39% for
22°C.

Figure 9.13: Relative humidity for traditional system for working couple

The second Figure 9.14 illustrates the moisture level for the HVV system. The general
tendency remains the same as for traditional systems, however, the average humidity for
the heating season is lower for the HVV system and stays below the recommended range
for the temperature of 22°C. Also when it comes to the improvement of humidity level it
is lower than for the traditional systems, and for both set points can be improved by up to
33%.
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Figure 9.14: Relative humidity for the HVV system for working couple

Additionally, to the yearly results, it was decided to simulate the more detailed Hu-
midity level for a shorter period. In this case, March was selected, as it had the lowest
level. Figure Z presents the results of the mentioned simulation.

9.2.4 CO2 level

For this scenario, the average monthly CO2 level remains between 430 and 477ppm for
traditional systems, and for HVV systems it is between 420 and 445ppm throughout the
year,
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Comperative analysis

Based on the findings presented in the previous chapter, this section will now undertake
a comparative analysis of both systems. The chapter is structured into two sections for
temperature set points of 20°C and 22°C. In the previous chapter, we introduced variants
with two different set point temperatures: 20°C and 22°C. For the comparative analysis
chapter, both set point will be utilized. Higher set of 22°C has been calculated to be
the optimal operative temperature for this environment and 20°C was calculated to be
minimum comfortable temperature. The presentation of the 20°C set point was included
to observe the indoor environment’s response to a lower temperature. Each section will
have three subsections: baseline, elderly couple, working couple. The design of this
chapter facilitates a comparative analysis between the traditional system and HVV System
within each specified scenario.

10.1 Set point: 20°C

10.1.1 Simulation for design temperatures without occupants or heat
gains

10.1.1.1 Energy performance

As seen in Figure 10.1 below, the energy used for both the fan and heating components
is compared for the two systems, with and without moisture recovery. It is evident that
when considering the total energy use the traditional system without moisture recovery is
the most efficient, while the HVV system with moisture recovery performs the worst in
this comparison.
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Figure 10.1: Energy performance of the traditional system and HVV at a set point of 20°C with
no heat gains
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10.1.1.2 Thermal Comfort

All scenarios experience similar temperature trends across different months. However, the
traditional system, both with and without moisture recovery, experiences higher tempera-
ture deviations. Notably, a larger dip in May and a higher peak in July. However, during
the heating season all scenarios maintain the set point of 20°C. The use of the ventilation
unit with moisture recovery and lower heat recovery does not show a significant impact
on thermal comfort across these scenarios.

Figure 10.2: Mean temperature for traditional and HVV system for 20°C with no heat gains

10.1.1.3 Moisture levels

Across all scenarios, the relative humidity drops below the comfortable range from Jan-
uary to March, with a small dip observed in March. During summer months, the HVV
systems, both with and without moisture recovery, show slightly elevated moisture lev-
els, slightly exceeding the comfort range and having marginally higher values than the
traditional system. However, these differences are minor and may not have a significant
impact on the indoor environment. The examination of moisture levels across different
scenarios shows that the presence of moisture recovery when there are no occupants or
any other moisture sources seems to have a limited impact on overall moisture levels.

59 of 149



CHAPTER 10. COMPERATIVE ANALYSIS

Figure 10.3: Moisture levels for traditional and HVV system for 20°C with no heat gains
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10.1.2 Simulation for elderly couple

10.1.2.1 Energy performance

In the context of an elderly couple occupying the space, the energy needed for heating the
spaces is smaller than in the baseline scenario, which is attributed to the heat produced
by the occupants and equipment. It can be observed that the traditional system without
moisture recovery performs as the most energy-efficient option. The presence of mois-
ture recovery shows increased energy consumption. The HVV systems, with or without
moisture recovery, consume more energy for heating compared to traditional systems.

Figure 10.4: Energy performance of the traditional system and HVV at 20°C for elderly couple
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10.1.2.2 Thermal Comfort

Across all scenarios, the mean temperature consistently stays above the set point temper-
ature of 20°C, when an elderly couple is occupying the apartment. All scenarios exhibit
a temperature rise in spring, reaching a peak in July, and a decrease in temperatures in
autumn, aligning with typical seasonal patterns. There are slightly higher temperatures
observed during non-heating periods when traditional systems are used. The difference
in the temperatures is caused by the higher supply of airflow. Notably, moisture recovery
does not have a significant influence on temperatures.

Figure 10.5: Mean temperature for traditional and HVV system for 20°C for elderly couple

10.1.2.3 Moisture levels

The analysis of moisture levels in the scenario with an elderly couple shows that all sys-
tems, except HVV without moisture recovery, remain within the comfort range. Tradi-
tional systems with moisture recovery demonstrate the best performance in terms of hu-
midity levels in this comparison. Overall, the presence of moisture recovery is beneficial
in achieving and maintaining comfortable humidity levels in the apartment. Because of
the different efficiency of moisture recovery for the traditional and HVV systems which
are respectively 0.91 and 0.86 the possibility of improvement is different. For the tradi-
tional system, the moisture was improved by up to 46% while in the HVV system, it was
by around 30%.
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Figure 10.6: Moisture levels for traditional and HVV system for 20°C for elderly couple
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10.1.2.4 CO2 Concentration

According to the figure below, CO2 concentrations remain consistent, and the levels are
within acceptable ranges, indicating that there is no significant issue with indoor air qual-
ity related to CO2 throughout the year. However, one can observe that the HVV system
has a better performance compared to the traditional system, likely due to its larger air-
flow, which contributes to better air quality.

Figure 10.7: CO2 concentration for traditional and HVV system for 20°C for working couple
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10.1.3 Simulation for working couple

10.1.3.1 Energy performance

When a working couple is occupying the apartment the total energy consumption is
slightly higher compared to the previous scenario with an elderly couple. This increase
is attributed to the fact that two working individuals spend less time at home, resulting in
smaller heat gains within the apartment. In general, the figure below reveals that systems
are performing almost identically as it was in the previous section with elderly couples.
The HVV system consumes more energy for heating and fan in both scenarios, making
the traditional system a more energy-efficient option.

Figure 10.8: Energy performance of traditional system and HVV at a set point of 20°C for work-
ing couple

10.1.3.2 Thermal Comfort

In the scenario with a working couple mean temperatures are consistently at least at the
set point. Similar to a scenario with elderly couples, there is a rise in temperatures during
spring with a peak in July and a decrease in autumn. Traditional systems generally expe-
rience higher temperatures compared to the HVV systems, especially outside the heating
season.
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Figure 10.9: Mean temperature for traditional and HVV system for 20°C for working couple

10.1.3.3 Moisture levels

Moisture levels for working and elderly couples are nearly the same. In the figure be-
low, presenting moisture levels thought the year it is evi all systems, except for air-based
systems without moisture recovery, stay within the comfort range. Lack of moisture re-
covery results in lower humidity, causing a dip below the comfort range in March. Tra-
ditional systems with moisture recovery perform the best, highlighting its overall benefits
for maintaining optimal indoor humidity.

66 of 149



CHAPTER 10. COMPERATIVE ANALYSIS

Figure 10.10: Moisture levels for traditional and HVV system for 20°C for working couple

10.1.3.4 CO2 Concentration

CO2 levels for working and elderly couples are similar and consistently within acceptable
ranges, suggesting no significant indoor air quality issues throughout the year. The HVV
system outperforms the traditional system, likely due to its higher airflow, contributing to
better air quality.
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Figure 10.11: CO2 Concentration for traditional and HVV system for 20°C for working couple
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10.2 Setpoint 22

10.2.1 Simulation for design temperatures without occupants or heat
gains

In this section, we present a comparative analysis between the traditional heating and
mechanical ventilation system and the HVV system with set point of 22°C. This section
aims to assess the yearly energy consumption, thermal comfort, CO2 and moisture levels
of both systems under a scenario with no people or equipment load.

10.2.1.1 Energy performance

One of the primary parameters evaluated was the energy consumption of each heating
system. The simulation tracked the energy usage patterns over the course of the year.

While there is an slight increase in fan power by Heat Valve Ventilation System, the
overall energy efficiency of the HVV system shows that total yearly energy consumption
is slightly lower when moisture recovery is not applied and insignificantly higher when
moisture recovery is present. Based on those findings it can be seen that both systems
perform almost identically and there is marginal difference in the total annual energy
consumption in case where there is no additional heat loads.

For better understanding of the comparative analysis, a side-by-side evaluation of the
energy consumption of both systems is presented in Figure 10.12:

Figure 10.12: Energy performance of traditional system and HVV at set point of 22°C with no
heat gains

10.2.1.2 Thermal comfort

This section focuses on evaluating the thermal comfort provided by both systems. Ther-
mal comfort is an important aspect of indoor environment, and this section evaluate how
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each system performs with no occupants present in the building across different months.
Hours below 20°C Celsius are omitted in the comparative analysis chapter, as the

recorded hours primarily occur during the summer, which is not the focus of this research.
To illustrate the results, the mean monthly temperatures for set point of 22 degrees

Celsius for both systems are presented in Figure 10.13 below:

Figure 10.13: Mean temperature of traditional system and HVV at set point of 22°C with no heat
gains

The figure illustrates that during the winter period, the temperature remains at the set
point. However, in May and September, the temperature in both systems drops below the
set point. It is noticeable that HVV System experiences a more significant dip than the
traditional system. Additionally, in July and August, the temperature in the traditional
system reaches above 22°C, while HVV System remains below that. The presence of
moisture recovery shows marginal differences in both systems, and it can be observed
that the mean temperature is minimally lower with moisture recovery.

10.2.1.3 Moisture Levels

In this section, moisture levels within the apartment for both the traditional heating and
mechanical ventilation system and the HVV system are compared. The comparison will
provide better understanding how each system manages moisture under conditions where
there is no occupants or additional gains. To provide a detailed comparison, the moisture
levels for each month are presented in Figure ?? below:
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Figure 10.14: Moisture levels of traditional system and HVV at set point of 22°C with no heat
gains

Both systems show similar levels throughout the year. However, specific variations
are noted during summer period. From June to September, the HVV system experiences
slightly higher moisture levels. The moisture levels fall below the comfortable range from
December to April. The is no significant difference when the ere is ventilation unit with
moisture recovery or without.

10.2.2 Simulation for elderly couple
This section focuses on comparing the traditional heating and mechanical ventilation sys-
tem with the HVV system in the context of an apartment occupied by an elderly couple.

10.2.2.1 Energy performance

As seen in Figure 10.15, in the case of the system with a ventilation unit without moisture
recovery the Heat valve ventilation system has a better performance than traditional in
context of total energy consumption as well as the energy used for heating. When a unit
with moisture recovery is used and the temperature efficiency of the unit is lower the
traditional system has a better performance.
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Figure 10.15: Energy performance of traditional system and HVV at set point of 22°C for elderly
couple

10.2.2.2 Thermal comfort

When considering the mean temperatures over the year, no difference is evident in choice
of ventilation unit, whether equipped with or without moisture recovery. Both systems
experience similar patterns throughout the year. However, the traditional system con-
sistently maintains temperatures above the set point throughout the year, whereas HVV
remains at the set point during the heating season. Additionally, the traditional system
shows slightly higher temperatures during the summer months.
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Figure 10.16: Mean temperature of traditional system and HVV at set point of 22°C for elderly
couple

10.2.2.3 Moisture Levels

The figure below shows moisture levels throughout the year for various scenarios when
working couple is occupying the apartment. As visible, in all cases, the patterns are
similar, with higher relative humidity in summer months and lower in winter. During the
winter period, differences between scenarios are notably more visible than in the summer
months. The absence of moisture recovery in both systems results in recorded values
falling below the comfortable range during winter. In terms of comparison, when moisture
recovery is applied, the traditional system experience approximately 5% higher relative
humidity than HVV system during the winter.
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Figure 10.17: Moisture levels of traditional system and HVV at set point of 22°C for elderly
couple

10.2.2.4 CO2 Concentration

When evaluating a elderly couple and a set point of 22°C, there are no concerns regarding
CO2 concentration within the apartment compared to traditional systems. Consistent with
earlier scenarios, HVV appears to handle CO2 concentration slightly more effectively
than its traditional systems.
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Figure 10.18: CO2 concentration of traditional system and HVV at set point of 22°C for elderly
couple

10.2.3 Simulation for working couple
This section, like the previous one, will analyze and compare simulation results but when
the apartment is occupied by a working couple.

10.2.3.1 Energy performance

The figure below illustrates that the total energy consumption in the traditional system
with moisture recovery is lower than in the case where the unit is not equipped with
moisture recovery. On the other hand, in HVV system, the situation is opposite, with the
system utilizing moisture recovery consuming more energy. In both scenarios, the fan
in HVV system consumes more energy than in the traditional system. The total energy
consumed by HVV system is slightly higher without moisture recovery and significantly
higher when the system uses a ventilation unit with moisture recovery but lower heat
recovery.

75 of 149



CHAPTER 10. COMPERATIVE ANALYSIS

Figure 10.19: Energy performance of traditional system and HVV at set point of 22°C for working
couple

10.2.3.2 Thermal comfort

When a working couple occupies the apartment, the scenario with the traditional system
experiences higher temperature deviations from the set point. The traditional system ex-
hibits a dip below the 22 °C in May and peaks in July and August, while HVV system
remains more stable. Apart from May, in the case of the traditional system, temperatures
remain above the set point for the entire year. There is no noticeable difference whether a
unit with moisture recovery is present or not.
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Figure 10.20: Mean temperature of traditional system and HVV at set point of 22°C for working
couple

10.2.3.3 Moisture Levels

Regarding moisture levels, it is evident that both systems behave almost identically to
the scenario with an elderly couple. Similar to the previous scenario, the traditional sys-
tem records higher values during winter period. However in this case we can observe
slightly higher moisture levels during summer when using HVV system. Additionally, it
is observed that scenarios with units lacking moisture recovery fall below the comfortable
range.
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Figure 10.21: Moisture levels of the traditional system and HVV at set point of 22°C for working
couple

10.2.3.4 CO2 concentration

As illustrated in the figure below, when considering a working couple and a set point of
22°C, there are no issues concerning CO2 concentration within the apartment in compar-
ison to traditional systems. Similar to previous scenarios, HVV seems to manage CO2

concentration slighty better comparing to traditional system.
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Figure 10.22: CO2 concentration of traditional system and HVV at set point of 22°C for working
couple

10.3 Summary
To conclude, a comprehensive analysis of two systems across different scenarios within
an apartment, considering two set points of 20°C and 22°C, occupancy profiles of elderly,
working couples, and no occupants, has analyzed systems performance in terms of energy
efficiency, thermal comfort, moisture levels, and CO2 concentration during the year. The
analysis considered two ventilation units: a classic with higher heat recovery one with
moisture recovery and a smaller heat recovery.

In terms of energy consumption, the HVV system generally performed worse when
the set point was set to 20°C as evident in the figure below. However, for the higher set
point of 22°C, the HVV system presented lower energy consumption in scenarios with
no occupants. Also, results show that with units with lower heat recovery and moisture
recovery, the traditional system turned out to be better in terms of energy consumption.
The findings suggest that when the set point is increased to 22°C and a unit with higher
heat recovery capabilities is used, the HVV system demonstrates better performance than
a traditional system, enabling annual energy savings ranging from 3% to 7%.
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Figure 10.23: Annual Energy Consumption Comparison

Regarding thermal comfort, both systems consistently maintained comfortable tem-
peratures across all scenarios. Notably, the traditional system exhibited higher temper-
atures outside the heating season in both set points. When it comes to moisture levels,
both systems demonstrated similar results, staying within comfortable humidity levels for
the majority of the time. The HVV, however, showed slightly lower humidity levels dur-
ing the heating season. In terms of CO2 levels, both systems maintained a comfortable
range, however, the HVV system seemed to handle CO2 concentration slightly better than
a traditional system.

In summary, while both systems demonstrated satisfactory performance in thermal
comfort, moisture levels, and CO2 levels, noticeable differences were observed in energy
consumption. The HVV system showed advantages in energy efficiency, only in scenarios
with higher heat recovery and higher temperature set points.
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Chapter 11

Life Cycle Assessment

11.1 Introduction
In this chapter, a Life Cycle Assessment was conducted to compare the environmental im-
pact of two systems: A traditional Heating and ventilation system and a combined HVV
system. The analysis is focused solely on the systems and installations, excluding other
construction elements that would be identical in both cases. The operational energy use
data was collected from results from BSim simulation results in each scenario, consider-
ing specific heat use and electricity consumption by fans in both systems. The scenarios
considered for LCA include different set points of 20°C and 22°C and two AHU con-
figurations: one without moisture recovery and higher heat recovery, and another with
moisture recovery and lower heat recovery. The LCA was performed using the LCAbyg,
and the life cycle of the building was considered over a 50 year period. The chapter is
divided into three sections, where systems are compared with no occupants and with 2
occupancy profiles where elderly and working couple is occupying the apartment.

11.2 Results
The Global Warming Potential (GWP) was assessed for both systems, taking into account
their respective operational energy use and system components. Results will be presented
for each scenario and two set points of 20°C and 22°C. The LCA results for the traditional
system and the HVVC system are presented below. The values represent the environmen-
tal impact for each system in CO2 emissions for Operation and Elements.

11.2.1 Baseline with 20°C set point
The LCA results for different configurations of both systems are presented below. The
table below presents environmental impact scores for different configurations of tradi-
tional and HvV systems for set point of 20°C. The Operation column represents the total
CO2 equivalent emissions associated with the operational phase of each HVAC system
variation.
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Figure 11.1: LCA results for baseline for set point of 20°C

Notably, the HVV system with moisture recovery has the highest operational impact at
3.55 CO2eq/m2 per year. Operational impacts vary, with HVV systems generally having
higher values. Moisture recovery influences both operational and life cycle impacts in
HVV systems. Traditional system without moisture recovery has the lowest total impact
at 3.33 CO2eq/m2 per year. HVV system with moisture recovery has the highest total
impact at 3.71 CO2eq/m2 per year.

11.2.2 Baseline with 22°C set point
The figure below shows the environmental impact for different configurations of tradi-
tional and HVV systems, emphasizing a higher temperature set point of 22°C.
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Figure 11.2: LCA results for baseline for set point of 22°C

It can be seen that Operational impacts increase across all systems at the higher set
point. Moisture recovery has a consistent influence on both operational and life cycle
impacts in both traditional and HVV systems. Notably, the temperature set point sig-
nificantly affects operational and life cycle impacts. HVV systems, especially without
moisture recovery, offer environmental advantages over traditional systems with set point
of 22°C.

11.2.3 Elderly Couple with 20°C set point
The LCA results for system variations in a scenario where an elderly couple occupies
the building at a set point of 20°C, shows that operational impact is significantly lower
comparing to baseline due to heat produced by occupants. The traditional systems, both
with and without moisture recovery, show slightly lower operational impacts, while hav-
ing higher impact from elements. The analysis suggests that the HVV without Moisture
Recovery option is relatively more energy-efficient compared to other system variations.
This system demonstrates a lower operational impact of 1.24 CO2eq/m2 per year, indi-
cating more efficient energy use during the operational phase. The total environmental
impact is 1.40 CO2eq/m2 per year, which is lower compared to other options, considering
both operational and life cycle impacts.
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H

Figure 11.3: LCA results for elderly couple for set point of 20°C

11.2.4 Elderly Couple with 22°C set point
In the scenario where an elderly couple occupies the building with a higher set point
of 22°C, operational impacts increase across all system variations due to the higher set
point temperature. Moisture recovery, when present, introduces slight variations in both
operational and life cycle impacts. The ”Air-Based without Moisture Recovery” option
exhibits the lowest operational impact at 1.72 CO2eq/m2 per year, indicating more effi-
cient energy use in maintaining the higher set point. This system also demonstrates the
lowest total impact. Moisture recovery, while beneficial for indoor air quality and com-
fort, has a noticeable impact on energy efficiency. The HVV with Moisture Recovery
option shows a higher total impact due to the additional energy requirements associated
with moisture recovery processes and lower heat recovery capabilities.
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Figure 11.4: LCA results for elderly couple for set point of 22°C

11.2.5 Working Couple with 20°C set point
In the scenario where a working couple occupies the building with a set point of 20°C.
The Traditional without Moisture Recovery option exhibits the lowest total impact and
the lowest operational impact at 1.36 CO2eq/m2 per year, indicating more efficient energy
use in maintaining the set point of 20°C. It can be seen that HVV system demonstrates
relatively more operational impact in both cases.
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Figure 11.5: LCA results for working couple for set point of 20°C

11.2.6 Working Couple with 22°C set point
In the scenario where a working couple occupies the building with a set point of 22°C,
operational impacts increase even more across all system variations due to the higher set
point of 22°C. The figure shows that, HVV system without Moisture Recovery option
exhibits the lowest total impact.
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Figure 11.6: LCA results for working couple for set point of 22°C

11.3 Conclusion
The LCA analysis of two system and different variations across scenarios provides valu-
able insights into their environmental impacts, particularly concerning operational energy
use and life cycle considerations. In general, when set point is set to 20°C all systems
demonstrated relatively low operational impacts at this set point. However, when set
point is set to 22°C operational impacts increased across all systems due to the higher set
point. Scenario with HVV without moisture recovery proved to be more energy-efficient,
exhibiting lower operational and total environmental impacts. One can note that in a tra-
ditional system, replacing the AHU with one without moisture recovery cause a slight
difference in operational impact. However, the difference becomes more evident in sce-
narios involving HVV systems. While moisture recovery contributes to enhanced IAQ
and comfort, its presence introduces additional energy demands. Also, it should be noted
that ventilation unit without moisture recovery has higher heat recovery.

In general, scenario with HVV without Moisture Recovery option demonstrated higher
energy efficiency across various scenarios, particularly at higher temperature set points.
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Figure 11.7: LCA Comparison between scenarios

88 of 149



Chapter 12

Discussion

The primary objective of this study was to investigate to what extent the choice of heat
valve ventilation system compared to traditional heating and mechanical ventilation sys-
tems can help with reaching CO2 emissions as low as 2.5 kg CO2 -eq/m2 /year. The focus
was on optimizing the choice of heating and ventilation system without influencing the
thermal comfort and indoor air quality. The paper explored various scenarios involving
different temperature set points, occupancy profiles, and the use of air handling units with
and without moisture recovery with different heat recovery capabilities. The overarching
goal was to minimize CO2 emissions while maintaining indoor environmental quality.

The life cycle analysis revealed that, in general, scenarios involving HVV systems
without moisture and with higher heat recovery demonstrated higher energy efficiency
across various conditions, particularly at higher temperature set points. Notably, higher
heat recovery played a crucial role in the performance of HVV systems, especially at a set
point of 22°C. In scenarios with lower set points or units incorporating moisture recovery
and lower heat recovery, traditional systems outperformed HVV systems in terms of CO2

emission. The results indicate that with increased heat recovery (0.92 for the traditional
system and 0.9 for the HVV system), the CO2 emissions show a 0.5% to 3% improvement
for a 20°C set point in the HVV system compared to the traditional system. Additionally,
for a higher temperature set point of 22°C, the emissions are notably reduced, ranging
from 11% to 15% when utilizing the HVV system as opposed to conventional heating
and ventilation systems. Nevertheless, employing a unit with lower heat recovery (0.85)
resulted in CO2 emissions per year being 4-7% higher when utilizing the HVV system
compared to traditional systems. However, when the set point was adjusted to 22°C,
there was either no significant difference or, in some instances, the HVV system emitted
2.5% less CO2 -eq/m2 /year. The study demonstrates a correlation between higher heat
recovery and CO2 emissions. The data indicates that the HVV system performs better
when equipped with an AHU unit featuring higher heat recovery, regardless of the set
point. Nevertheless, the performance difference becomes more visible when the set point
is higher. This analysis supports the theory that HVV systems require fewer materials
for installation, and findings from life cycle analysis indicate that the CO2 emission from
elements are up to 50% lower compared to traditional heating and ventilation systems.
In the context of our research, which specifically focuses on the heating season, the find-
ings indicate that both systems maintain desired set points. The examination of moisture
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levels showed that in both systems, moisture levels remain generally low during colder
months. Nevertheless, in the HVV system, particularly in March, if moisture recovery
is not implemented, the relative moisture falls below the comfortable level of 25% for a
long period of time.

The findings aligned with previous research indicating the impact of heat demand on
the efficiency of HVV systems in buildings. It is demonstrated that when the building is
occupied by elderly individuals, characterized by higher heat loads, the system demon-
strates improved energy efficiency and reduced CO2 -eq/m2 /year. The results support
the claims of Polak, Joanna [12] that HVV systems are more effective in terms of en-
ergy efficiency when employed in buildings with low heat demand. While earlier studies
primarily assessed the performance of HVV systems at the room level, these results illus-
trate that the innovative air-based system is also more energy-efficient and can contribute
to achieving lower CO2 emissions under specific conditions. The paper’s findings suggest
that the performance of HVV systems is multifaceted, and factors such as heat recov-
ery, temperature set points, and occupancy profiles must be considered. The LCA and
simulation provide new insight into the relationship between these factors and the ad-
vantages of implementing HVV systems. These implications have practical relevance for
decision-makers and stakeholders seeking to implement sustainable heating and ventila-
tion systems in residential buildings.

Acknowledging the limitations of this study is crucial. Factors such as variations in
building design or weather data could impact the findings. Furthermore, the investigation
focused on a specific critical apartment, and applying the results to types of apartments
may require additional investigation. However, the chosen apartment was critical in terms
of heat losses. The paper’s findings suggest that HVV systems should show similar or
improved performance in the case of other apartments in the Green HUB House building.
The reliability of LCA analysis was impacted by the limited EPD documentation available
for HVV systems. The LCA conducted for the traditional system was more precise due to
widely accessible data. However, for HVV systems, particularly the manifold component,
data had to be estimated based on material take-off from the producer Therefore, more
accurate LCA analysis for HVV systems should be compared with EPD documentation,
which is currently unavailable.
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Conclusion

This research aimed to identify to what extend the choice of heat valve ventilation sys-
tem compared to traditional heating and mechanical ventilation systems can help with
reaching CO2 emissions as low as 2.5 kg CO2 -eq/m2 /year. The primary objective was
to reduce CO2 emissions and ensure a comfortable indoor environment. By testing both
systems among different scenarios, this study established that when heat recovery was
higher (0.9 and 0.92) HVV system produced up to 15% less CO2 -eq/m2 /year than tradi-
tional in case of 22°C set point temperature. However, in the case of lower heat recovery
(0.85) traditional system was a more sustainable option when the set point was at 20°C.
Adjusting the set point to 22°C showed either no significant difference or, in some cases,
the HVV system emitted 2.5% less CO2 -eq/m2 /year. Simulations of various scenarios
indicate that thermal comfort is maintained during the heating season in all cases. In
terms of energy efficiency, HVV proves to be more effective than a traditional system
when the temperature set point is higher. Additionally, CO2 concentration is lower in the
case of the HVV system. Regarding moisture levels, traditional systems appear to man-
age them more effectively. Nevertheless, in both scenarios, the moisture levels remain
within the comfortable range. Generally, both systems can maintain a comfortable in-
door environment under various conditions, including different set points and occupancy
profiles. Based on the findings, it is recommended that future studies explore focus on
periods outside the heating season. While this paper is focused on the heating season, the
results reveal a significant number of recorded hours below 20°C outside this period. To
improve thermal comfort, it is recommended to reduce airflow during these times. The
HVV system, characterized by larger airflow, contributes to increased ventilation losses
in during those months.

Based on life cycle analyses and simulations of the indoor environment, it can be
concluded that the adoption of air heating systems in modern buildings can reduce CO2

emission and maintain a comfortable indoor environment.
The scope of this paper is limited to a single apartment rather than the entire building.

It’s important to highlight that the analyzed apartment is critical and the performance of
other apartments within the building is expected to be even better. As a result, achieving
the goal of 2.5 kg CO2 -eq/m2 /year is promising.

Overall, choice of heat valve ventilation system over to traditional heating and me-
chanical ventilation system can help with reducing CO2 emissions of 11% - 15% when a
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unit with higher heat recovery is applied in the system and the set point temperature is set
to 22°C.
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Appendix A

Appendix A

Appendix A includes calculations regarding U-Values, transmission, linear and ventila-
tion losses for the analysed apartment.
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Figure A.1: U-value Calculation of Roof Construction
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Figure A.2: U-value Calculation of Wall Construction
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Figure A.3: Linear and Transmission Losses Calculation
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Figure A.4: Heat Loss calculation from the Kitchen and Living area
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Figure A.5: Heat Loss calculation from the Bedroom
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Figure A.6: Heat Loss calculation from the Bathroom

101 of 149



Appendix B

Appendix B

Appendix B contains calculations and data related to project input.
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Figure B.1: Internal heat loads from people for elderly couple
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Figure B.2: Internal heat loads from equipment for elderly couple
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Figure B.3: Internal heat loads from people for working couple
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Figure B.4: nternal heat loads from equipment for working couple

106 of 149



APPENDIX B. APPENDIX B

Figure B.5: Hourly schedule of internal heat loads from the bedroom for elderly couple

Figure B.6: Hourly schedule of internal heat loads from the Kitchen and Living area for elderly
couple

107 of 149



APPENDIX B. APPENDIX B

Figure B.7: Hourly schedule of internal heat loads from the bedroom for working couple

Figure B.8: Hourly schedule of internal heat loads from the Kitchen and Living area for working
couple
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Figure B.9: Heat loads from for various activities and equipment used in the calculation

Figure B.10: Moisture production by elderly couple

Figure B.11: Moisture production by working couple
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Figure B.12: Moisture production data from occupants and various sources
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Appendix C

This Appendix contain calculations of designing heating and ventilation systems.

Figure C.1: Ventilation unit ECO360R temperature and moisture efficiency
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Figure C.2: Ventilation unit VEX40T temperature efficiency

Figure C.3: Render of Traditional Systems

Figure C.4: Render of HVV System
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Figure C.5: Plan of traditional Ventilation System

113 of 149



APPENDIX C. APPENDIX C

Figure C.6: Plan of HVV System

114 of 149



APPENDIX C. APPENDIX C

Figure C.7: Heat loss calculations
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Figure C.8: Heating Demand

Figure C.9: Radiators calculations

Figure C.10: Ventilation Calculations
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Figure C.11: Duct material take off - Traditional Ventilation System
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Figure C.12: Piping material take off - Traditional Heating Sysytem
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Figure C.13: Duct material take off - HVV System
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Figure C.14: Pressure Loss of traditional ventilation system calculated by MagiCAD

Figure C.15: Pressure Loss of traditional ventilation system calculated by MagiCAD

Figure C.22: Pressure Loss of HVV system calculated by MagiCAD
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Figure C.16: Pressure Loss of heating system calculated by MagiCAD
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Figure C.17: Pressure Loss of heating system calculated by MagiCAD

122 of 149



APPENDIX C. APPENDIX C

Figure C.18: Pressure Loss of heating system calculated by MagiCAD
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Figure C.19: Pressure Loss of heating system calculated by MagiCAD
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Figure C.20: Pressure Loss of heating system calculated by MagiCAD
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Figure C.21: Pressure Loss of HVV system calculated by MagiCAD
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Appendix D

This appendix includes all simulation results conducted in BSIM, providing an overview
of the outcomes from various scenarios.
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Appendix E

This appendix include data related do LCA.
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Figure E.1: Manifold Calculation from AIACalc Software
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Figure E.2: Manifold Calculation from AIACalc Software
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Figure E.3: LCA input table for Traditional System
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Figure E.4: LCA input table for HVV System

144 of 149



APPENDIX E. APPENDIX E

Figure E.5: List of materials used for HVV manifold
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Figure E.6: Drawing of elements used for HVV manifold
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Figure E.7: List of materials with calculated weight per unit
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Figure E.8: EDP of Ventilation Unit
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Figure E.9: EDP of Ventilation Unit
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