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Abstract. The paper investigates the impact of the hygrothermal properties of building 
materials on the energy consumption of ventilation systems for summer humidity regulation in 
office spaces. Using EnergyPlus simulations, the study compares timber, reinforced concrete, 
and brick constructions under identical boundary conditions to ensure comparability, focusing 
on their hygroscopic properties and ability to buffer indoor humidity. Results show that timber 
construction reduces energy consumption by approximately 3 % compared to reinforced 
concrete, which has lower moisture absorption. The findings emphasize the potential of 
hygroscopic materials to passively regulate humidity, reducing the load on ventilation systems 
and enhancing energy efficiency. The study highlights the relevance of material selection in 
sustainable building design and higher humidity buffering materials could reveal even greater 
energy-saving potential. These insights contribute to the development of energy-efficient and 
climate-friendly construction practices and therefore help use resources more efficiently.  

Keywords: Hygrothermal Simulation, Moisture Buffering, Energy Efficiency, Humidity 
Regulation 

1. Introduction

The building sector takes a significant portion of global energy use and carbon emissions 
mainly due to the heating and cooling demand [1], [2]. Ventilation systems used for heating, 
cooling and air-conditioning and therefore dehumidification by heating and cooling of the fresh 
air during summer, contribute substantially to this energy demand [3]. The study aims to 
investigate whether the strategic selection of building materials can reduce this energy 
consumption. By focusing on the hygroscopic properties of materials, the research seeks to 
identify passive mechanisms for moisture regulation that can complement mechanical 
systems, thereby enhancing energy efficiency. The study examines the extent to which 
different construction materials impact the energy consumption of ventilation systems for 
summer humidity control. 

In the context of increasing demands for energy efficiency and sustainability, 
understanding the interaction between ventilation energy use and the hygroscopic properties 
of materials is highly relevant. The sorption behavior of materials plays a key role, as it enables 
the buffering of indoor air moisture. By absorbing and releasing moisture, hygroscopic 
materials may reduce the need for active dehumidification. This passive moisture buffering can 
support ventilation systems during peak load periods and contribute to lower overall energy 
demand [3]. 
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The research question therefore is: What influence do different construction methods and 
building materials have on the energy consumption of a ventilation system for summer humidity 
control in an office space? 

Rising temperatures as a result of climate change are making the efficient regulation of 
humidity and temperature increasingly important [1]. Since conventional cooling and ventilation 
systems often require a high amount of energy to dehumidify indoor air [4], passive humidity 
control using suitable building materials is becoming the focus of this research to contribute to 
the development of energy-efficient construction practices. Local and global climate change, 
population growth and economic development are expected to significantly increase the 
energy demand for cooling in buildings. While cooling accounted for about 4.4 % of the total 
cooling and heating demand in residential buildings in 2010, this share could rise up to 35 % 
by 2050 and 61 % by 2100. Although the heating demand may remain constant or slightly 
decrease, the total heating and cooling energy consumption of buildings could increase by up 
to 67 % in 2050 and 166 % by 2100, leading to higher peak electricity demand and increasing 
environmental impacts [2]. 

2. Methodology 

A combination of different methods is used to answer the research question. The study 
employs a hygrothermal simulation using EnergyPlus software, a widely recognized tool for 
building energy analysis. The simulation framework was designed to compare the three main 
construction types as used in central Europe - timber, reinforced concrete, and brick - under 
identical conditions [5]. A standardized office space with defined cooling and humidity loads 
was modeled to ensure consistency and comparability across the variants. The simulation 
focused on evaluating the energy required for dehumidifying supply air, with particular attention 
to the materials’ ability to absorb and release moisture. The EnergyPlus Effective Moisture 
Penetration Depth (EMPD) model was used to simulate the moisture-buffering effects of the 
materials [6]. While this model provides a simplified representation, it offers valuable insights 
into the proportion between material properties and energy consumption [6].  

3. Basic principles of air conditioning 

Thermal comfort is a key criterion in the design and assessment of ventilation systems and 
depends on several interrelated parameters, including the heat exchange between the 
occupant and the surrounding space, the thermal resistance of clothing, the activity level of the 
person, indoor air temperature, air velocity, relative humidity and visual room conditions [7, pp. 
2-5]. A person feels comfortable when the heat balance of the body is maintained, meaning 
that internal heat production equals heat transfer to the environment. This balance is strongly 
influenced by clothing insulation and metabolic rate, and both air and surface temperatures of 
the surrounding space [7, pp. 366-367]. In recent years, indoor air quality has gained 
increasing importance, as occupants are placing greater emphasis not only on thermal comfort 
but also on well-regulated indoor environments [8]. Air treatment processes in ventilation 
systems, such as heating, cooling, or humidification, change both the temperature and 
moisture content of air. These processes can be represented in the h-x diagram, which 
describes the relationship between temperature, enthalpy, and the absolute moisture content 
of air. Through cooling, dehumidification and subsequent reheating, indoor air conditions can 
be precisely controlled to achieve specific room climate requirements [7, pp. 429-436].  

Air-water systems are commonly used in buildings and combine ventilation systems with 
water-based heating and cooling technologies. In these systems, surface temperature control 
systems such as heating and cooling ceilings cover most of the thermal load, while the 
ventilation system mainly provides fresh air supply and air conditioning. This configuration 
ensures high thermal comfort with relatively low energy consumption, as water is a more 
efficient energy carrier than air. In office buildings, internal heat gains from occupants, 
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equipment and lighting often exceed heat losses through the building envelope, making cooling 
more relevant than heating. Using water as the primary transport medium for the heating and 
cooling system reduces the required air exchange rates and allows ventilation systems to 
operate mainly for hygienic air supply and moisture control. Because water has a higher 
density and heat capacity, circulation pumps require only a small fraction around 5 - 10 % of 
the energy needed by fans in air-based systems, making air-water system solutions 
significantly more energy efficient [7, pp. 393-400]. 

4. Basic principles of moisture buffering 

Building materials can absorb, store, and release moisture. At low moisture levels, the 
hygroscopic range is dominated by diffusion processes, while at higher moisture contents in 
the capillary range, water transport occurs through unsaturated pore flow influenced by 
capillary pressure. In the hygroscopic range, the moisture content of a material depends on 
the relative humidity, with the upper limit reached at about 95 % relative humidity when 
micropores become filled with water [9, pp. 214-220]. Since the relative humidity in an office 
space should be maintained between 25 - 60 % according to ÖNORM EN 16798-1, the 
relevant range for moisture buffering in the simulation is the hygroscopic range. Moisture-
related properties of building materials depend on characteristics such as porosity, density, 
vapor diffusion resistance, and sorption behavior. Porosity describes the amount of void space 
in a material and strongly influences its ability to absorb, store, and transport moisture [9, pp. 
231-235]. The vapor diffusion resistance factor (μ) describes how strongly a material resists 
water vapor diffusion compared to a layer of still air of the same thickness. The equivalent air 
layer thickness (sd-value) represents the thickness of a still air layer that provides the same 
diffusion resistance as the considered material layer [9, pp. 251-253]. The sorption isotherm 
describes the relationship between the moisture content of a material and the relative humidity 
of the surrounding air and is essential for understanding moisture storage and buffering 
capacity [9, pp. 220-221]. Dense materials such glass are nearly impermeable to water vapor 
and do not store moisture, while porous mineral materials like concrete, plaster, or brick can 
absorb and release moisture through capillary transport. Natural materials such as wood have 
a high moisture storage capacity due to their porous cellular structure but may experience 
swelling, shrinkage, or biological degradation under excessive moisture [9, pp. 231-235].  

4.1 Impact on indoor climate 

The relative humidity of air and the resulting moisture buffering of building materials influences 
the indoor comfort and the overall indoor climate [9, pp. 477-499], [10]. The moisture content 
of indoor air is affected by several factors, including indoor and outdoor temperatures, moisture 
sources such as occupants or activities, ventilation rates, and the moisture storage capacity of 
building surfaces and furnishings. Due to their hygroscopic and sorption properties, building 
materials can absorb and release moisture, thereby stabilizing indoor humidity and reducing 
short-term moisture peaks [11]. This passive effect of the hygroscopic material can therefore 
improve the thermal comfort and air quality in a room [12]. 

4.2 Impact on energy consumption of ventilation systems 

Hygroscopic building materials can improve indoor climate conditions and contribute to 
reducing the energy demand for dehumidification [13]. Globally, around 40 % of the annual 
energy use is attributed to the building sector, mainly due to heating, cooling, and domestic 
hot water preparation [14]. With increasing concern about summer overheating of buildings, 
strategies for climate adaptation emphasize the importance of energy-efficient construction 
methods, such as the use of wood and other climate-friendly materials [1]. However, 
maintaining comfortable indoor conditions in warmer climates may lead to increasing electricity 
demand for cooling, making energy-saving measures increasingly important [2]. Moisture 
buffering by hygroscopic materials represents an often underestimated factor in improving 

3



Blum et al. | Int Sustain Ener Conf Proc 2 (2026) "ISEC 2026 – 4th International Sustainable Energy Conference" 

building energy efficiency. Studies have shown that in moderate climates with strong daily 
humidity fluctuations, appropriate materials can reduce the overall energy consumption of 
buildings by up to 25 - 30 % [15]. Additional research indicates that hygroscopic materials can 
lower the energy demand for dehumidification by around 7 %, highlighting their potential to 
improve both indoor comfort and energy performance [13]. 

5. Simulation with EnergyPlus 

EnergyPlus is an open-source building simulation tool and simulates variables such as 
temperature and humidity and generates detailed output reports for further analysis. The 
simulations in this study were performed using EnergyPlus version 9.4.0. Inputs are provided 
through a text-based file in the IDF (input data file) format. Within this file, objects are defined 
in blocks and filled with specific input parameters. These objects describe the building 
geometry, materials, internal loads, selected systems and the control strategies for 
simulations. EnergyPlus uses weather data from EPW (Energy Plus Weather) files.  

5.1 Geometry of the simulation model 

The geometric dimensions of the office room are based on the Swiss standard SIA 2024, which 
provides simple reference values for geometry and building energy applications suitable for a 
simplified but realistic simulation model. For the simulation, an open-plan office according to 
the SIA standard with room dimensions of 12 m × 12 m × 3 m (length × depth × height) is used. 
Additionally, the facade is defined with a glazing ratio of 50 % oriented to the west.  

The airtightness of the office is described by the natural air exchange rate 𝑛𝑛𝑖𝑖𝑖𝑖𝑖𝑖, which is 
calculated from the air change rate at a pressure difference of 50 Pa (𝑛𝑛50). For office buildings 
with mechanically operated ventilation systems, the 𝑛𝑛50value must not exceed 1.5 1/h 
according to the OIB Guideline 6. Using the relation of these two values, a natural air exchange 
rate of 0.105 1/h is defined for the simulation of the investigated office room. 

5.2 Building constructions 

Statistics on building permits in central Europe in the commercial sector by building type and 
predominant construction material show that in 2024 about 41 % of new office and 
administrative buildings were approved in reinforced concrete construction. The second most 
significant and common construction type is brick construction, followed by timber construction 
with about 13 % of the permits [5]. Based on this distribution, this study examines 
representative wall constructions in reinforced concrete, brick and timber construction. Care is 
taken to ensure that the thermal mass of the structures under consideration is approximately 
the same. This allows the moisture-related properties to be considered in isolation, as the 
storage capacity of the mass is not a decisive factor in the investigation.  

For the simulation, only the wall construction differs depending on the variant. Therefore, 
to ensure comparability and reduce complexity, the roof and floor constructions remain the 
same in all variants. The following construction is selected for the roof assembly (figure 1). It 
represents a typical reinforced concrete flat roof with an additional installation or insulation 
layer added on the interior side. Most of the material properties in the database are taken from 
ÖNORM B 8110-7 for tabulated thermal insulation design values.  
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Figure 1. roof construction [16] 

1… gravel  
2… roof sealing 
3… mineral insulation 
4… vapor barrier 
5… reinforced concrete 
6… installation/insulation layer 
7… gypsum board 

5 cm 
0.2 cm 
30 cm 
0.1 cm 
20 cm 
8 cm 
1 cm 

For the floor construction, a reinforced concrete system with calcium sulfate panels as a 
raised floor and carpet finish is selected. Beneath the panels, an air cavity is provided for 
installations and service lines. 

 
Figure 2. floor construction [16] 

1…carpet  
2… calcium sulfate board 
3… air layer 
4… reinforced concrete 
5… mineral insulation 
6… interior plaster 

1 cm 
4 cm 
8 cm 
20 cm 
20 cm 
2 cm 

For the wall constructions of the three variants, realistic example assemblies from the 
baubook database are used and slightly adapted. The selected wall assemblies follow a similar 
general construction in all variants but differ significantly in the choice of interior materials. 

5.2.1 Variant 1: timber construction 

The first wall construction variant represents a solid timber structure. The wall consists of a log 
construction, which is complemented on the interior side by a wood fiber board. This inner 
wood fiber layer provides most of the moisture buffering due to its porous structure and high 
sorption capacity, as will be explained in more detail in the material properties section.  

 
Figure 3. wall construction variant 1 [16] 

1…wood fibre board  
2… air layer 
3… timber 
4… fleece/adhesive 
5… mineral insulation 
6… exterior plaster 

1 cm 
10 cm 
10 cm 
0.5 cm 
16 cm 
0.5 cm 

Due to its high porosity, wood has a relatively low density while maintaining high structural 
strength, allowing for example spruce or fir to be lighter than concrete while achieving 
comparable compressive strength. As a renewable resource, wood stores atmospheric CO₂ 
during its growth and can contribute to climate change mitigation, with potential greenhouse 
gas reductions of up to 56 % compared to mineral building materials [17]. 
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5.2.2 Variant 2: reinforced concrete construction 

The second variant is based on a solid reinforced concrete wall, as commonly used in 
conventional office and administrative buildings. This variant represents one of the most 
frequently used construction methods and serves as a typical reference for office buildings. In 
contrast to the other variants, the interior lining is made of gypsum plasterboard. 

 
Figure 4. wall construction variant 2 [16] 

1…gypsum board  
2… air layer 
3… reinforced concrete 
4… fleece/adhesive 
5… mineral insulation 
6… exterior plaster 

2.5 cm 
10 cm 
18 cm 
0.5 cm 
24 cm 
0.5 cm 

Reinforced concrete construction is widely used. While it offers advantages such as high 
compressive strength and durability, which is further improved by steel reinforcement, the 
production of cement is highly energy intensive and generates about 800 kg CO₂-equivalents 
per ton of cement [18].  

5.2.3 Variant 3: brick construction 

The third variant is a brick wall construction, which is supplemented on the room side by clay 
building boards. 

 
Figure 5. wall construction variant 3 [16] 

1…clay building board  
2… air layer 
3… brick 
4… fleece/adhesive 
5… mineral insulation 
6… exterior plaster 

2 cm 
10 cm 
20 cm 
0.5 cm 
22 cm 
0.5 cm 

The production of clay bricks is energy intensive because raw materials such as clay and 
loam must be fired at high temperatures. During manufacturing, pore-forming additives are 
often used to improve the thermal insulation properties, while the final strength of the brick 
develops at firing temperatures between 950 °C and 1300 °C, with higher temperatures 
resulting in increased density and compressive strength [19]. 

5.3 Material properties 

For the calculations in EnergyPlus, several material properties such as density, heat capacity, 
and thermal conductivity are required. The general material data are taken from the tabulated 
thermal design values of ÖNORM B 8110-7, while the hygrothermal data originates from the 
material database of the Fraunhofer Institute for Building Physics [20]. The material properties 
used are listed in the table below, and the parameters of the interior materials in the three 
variants are based on manufacturer specifications from product data sheets, including a wood 
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fiber board Biofaser BF-STX by FunderMax, a gypsum plasterboard GKB K711B.at by Knauf, 
and a clay building board by Lemix. 

Table 1. material properties of the used materials 

material density thermal 
conductivity 

heat 
capacity 

porosity water vapor 
diffusion 

resistance 
factor 

 ρ [kg/m³] λ [W/mK] c [J/kgK] Φ [m³/m³] μ [-] 

wood fibre board 920 0.10 1700 0.80 12.5 
timber 665 0.16 1600 0.72  140 / 8* 

gypsum board 680 0.21 1000 0.65 10 
reinforced concrete 2325 2.3 1000 0.18 180 

brick 925 0.32 1000 0.41 10 
clay building board 1450 0.56 1100 0.42 10 
mineral insulation 112 0.044 1000 0.95 3 

carpet 200 0.06 1300 0.89 2.6 
calcium silicate board 1800 0.93 1000 0.35 182.5 

vapor barrier 980 0.5 1260 0.0002 15000 
air layer 1.2 0.556 1008 0.999 0.15 
gravel 1800 0.7 1000 0.30 1 
plaster 1800 0.8 840 0.65 10 

*depending on fiber direction longitudinal/transvers   

Four material coefficients are required in EnergyPlus to describe the sorptive moisture 
storage function of building materials. These coefficients are determined by curve fitting using 
the Excel Solver, based on moisture storage data from the Fraunhofer Institute for Building 
Physics [20]. The real curve data are graphically represented and approximated with the 
EnergyPlus function form to achieve the best possible fit. Using this method, moisture storage 
curves are obtained for the respective building materials used in the simulation. Materials 
located behind the sealing layer do not influence indoor moisture buffering and are therefore 
not used, as they are not considered in the calculations. With this data, EnergyPlus can apply 
the EMPD algorithm (Effective Moisture Penetration Depth) to simulate moisture buffering in 
building materials. This model represents adsorption and desorption processes using two 
fictitious material layers: a surface layer responsible for short-term moisture buffering and a 
deeper layer representing slower moisture response. The algorithm calculates moisture 
transfer between indoor air and the surface layer as well as between the surface and deep 
layer, which affects indoor relative humidity and the conversion of latent to sensible heat in the 
office zone. This moisture transfer affects the relative humidity in the office room and influences 
the conversion of latent heat into sensible heat [6].  

Figure 6 shows the moisture storage curve of the three main material layers that interact 
with the indoor humidity.  

7



Blum et al. | Int Sustain Ener Conf Proc 2 (2026) "ISEC 2026 – 4th International Sustainable Energy Conference" 

Figure 6. moisture storage curve of all variants 

For the modelling of the windows in the office space the “SimpleGlazingSystem” object is 
used. This simplified model enables the energy calculation of windows with three main 
parameters: the overall heat transfer coefficient (U-value), the overall energy transmittance (g-
value), and the light transmittance (𝑇𝑇𝑉𝑉). It is not necessary to specify a detailed layer structure 
for the glazing, as this is not required for the purposes of the simulation. The window glazing 
is assumed to be triple glazing with argon filling (80 %). According to ÖNORM B 8110-8, this 
glazing type has a U-value of 0.65 W/m²K and a solar heat gain coefficient (g-value) of 0.47. 
Additionally, a light transmittance of 0.67 is applied based on ÖNORM B 8110-6-1. 

5.4 Comfort zone  

The design parameters for the indoor thermal climate follow the comfort criteria of ÖNORM EN 
16798-1. For office use and comfort category II, the operative temperature should be between 
20 °C and 26 °C and the relative humidity between 25 % and 60 %. If these limits are exceeded, 
active heating, cooling, humidification, or dehumidification is required. The following h-x 
diagram illustrates the comfort limits in relation to relative and absolute humidity as well as 
temperature (figure 7). 

Figure 7. h-x-diagram showing the comfort zone  
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Additionally, a minimum supply air flow rate of 35 m³/h per person is defined to ensure 
adequate fresh air quality in the investigated office room. This value serves as a guideline to 
keep the CO₂ concentration below 1000 ppm in office environments according to ÖNORM H 
6038. 

5.5 Internal loads  

Time schedules for occupancy, equipment use, and lighting are required for the simulation and 
represent typical usage patterns in open-plan offices according to the Swiss SIA building usage 
data. The equipment and lighting schedules follow the occupancy pattern, with devices being 
inactive during nighttime but still releasing a small amount of heat in standby mode. Indoor 
moisture loads are mainly caused by occupants, whose moisture emission represents the 
dominant source in office environments. 

In EnergyPlus, this moisture generation is converted into a latent heat load to account for 
its impact on the indoor energy balance. For the cooling load calculation, internal heat gains 
from occupants, lighting, and equipment are considered and combined with the corresponding 
time schedules. Typical comfort-related parameters are also included in the simulation, with a 
clothing insulation of 0.5 clo and a metabolic activity level of 1.2 met representing seated office 
work according to the ÖNORM EN ISO 7730. 

5.6 Weather data 

For the simulation, a weather file from the weather station “Vienna - Innere Stadt” is used, 
containing real measurement data from 2023 in the standardized EPW (EnergyPlus Weather) 
format. The file provides hourly weather parameters such as outdoor air temperature, relative 
humidity, dew point temperature, wind speed, and solar radiation. The EPW dataset is based 
on climate data from 2009 to 2023 and represents realistic local climate conditions for the 
Vienna Innere Stadt location [21]. For the simulation setup, the weather data set is slightly 
adjusted in EnergyPlus, as it assumes that the outside air conditions for the warm-up days 
remain constant at 20 °C and 45 % relative humidity. The warm-up days in EnergyPlus are 25 
days and are intended to allow the simulation to stabilize before the period under consideration 
begins. This slight adaptation helps to not overload the materials with moisture in the warm-up 
days of the simulation. Additionally, ground temperatures are required as boundary conditions 
for building components in contact with the soil. Since no direct soil temperature 
measurements are available for Vienna Innere Stadt, the dataset from the nearby weather 
station in Litschau is used, with the most recent available data from 2024 [22].  

5.7 HVAC system 

For the simulation, a combined heating, ventilation, and air-conditioning system is used, 
consisting of a mechanical ventilation system for air treatment and a chilled ceiling to cover the 
majority of the sensible cooling loads. The system represents a typical air-water configuration 
commonly applied in office buildings, where surface cooling handles most of the sensible loads 
while the ventilation system ensures the hygienic air exchange and regulates indoor humidity. 
The cooling of the supply air also contributes partially to the sensible cooling demand. The 
chilled ceiling operates with a water-based cooling system supplied by a chiller or heat pump 
with an assumed energy efficiency ratio (EER) of 3. The ventilation system includes supply 
and exhaust air streams with fans and a cooling coil for dehumidification of the outdoor air. 
During this process, the air is cooled below the dew point to remove moisture and subsequently 
reheated to a supply air temperature of approximately 20 °C. 

In EnergyPlus, setpoint managers such as “SetpointManager:Scheduled” are used to 
control the system and define the required supply air and water temperatures. The system 
maintains a supply air temperature of 20 °C and limits the indoor relative humidity to a 
maximum of 60 %, activating dehumidification when this threshold is exceeded. The system 
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configuration and parameters remain identical for all variants to allow a direct comparison of 
the moisture buffering effects of the wall constructions.  

6. Results 

In this chapter, the simulation results from EnergyPlus are analysed for the period from 01 July 
to 31 July to evaluate the influence of hygrothermal material properties on the energy demand 
for summer humidity control. The indoor temperature remains within the comfort range of 20 - 
26 °C for all variants, indicating stable conditions maintained by the air-water system. The 
results show that the timber construction has the highest moisture buffering capacity, with the 
surface layer storing up to about 85 ml of water per m³ of material. The brick variant with clay 
building boards shows moderate moisture storage of just over 20 ml per m³, while the 
reinforced concrete variant stores almost no moisture, reaching only about 4.5 ml per m³. 
These differences reflect the hygroscopic properties of the materials, with wood showing the 
strongest ability to absorb, store, and release moisture. 

Improved moisture buffering has a measurable influence on indoor air conditions, 
particularly during periods of high outdoor humidity. Overall, indoor humidity follows the 
outdoor moisture trend, increasing during humid periods and decreasing during drier 
conditions, as shown in figure 8.  

Figure 8. moisture content in the office space over the period of July 

A detailed analysis of the short time period marked in figure 8 from July 6 To July 7 shows 
differences in indoor humidity between the three variants, particularly when outdoor air 
humidity is high and active dehumidification of the supply air is required. Hygroscopic materials 
absorb part of this moisture through sorption, reducing humidity peaks in the indoor air, with 
the strongest buffering effect observed in the timber construction, followed by the brick variant. 
In contrast, the reinforced concrete variant shows almost no moisture buffering, leading to 
higher indoor humidity levels. When dehumidification is no longer required, the stored moisture 
is gradually released back into the indoor air, smoothing humidity fluctuations over time.  
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Figure 9. moisture content of the indoor air from july 6 to july 7 

The results confirm the effectiveness of the simulation and show that different hygroscopic 
material properties directly influence the indoor climate. Moisture buffering acts as a short-term 
relief by reducing the dehumidification demand of the cooling and reheating coils. The energy 
demand also differs in all three variants. The hourly cooling coil loads show similar peak values 
for all variants. The maximum cooling capacity reaches 4.2 kW and occurs during the most 
humid day when the outdoor air humidity reaches 16.87 g/kg. A closer analysis of the same 
time period as looked at before, from July 6 to July 7, shows that the timber and brick variants 
require less combined cooling and reheating energy than the reinforced concrete variant. Due 
to the limited hygroscopic properties of the materials, the reinforced concrete variant shows 
the highest energy demand, while the timber and brick constructions require less energy over 
the same period. 

 

Figure 10. cooling and heating coil power from july 6 to july 7 

In summary, a comparison of the energy consumption of the cooling and heating coils for 
indoor climate conditioning shows that the choice of construction type and the associated 
building materials influence the total energy demand for summer humidity control. The timber 
construction shows the lowest total energy consumption with 1949.7 kWh, followed by the brick 
construction with 1958.6 kWh, while the reinforced concrete variant results in the highest 
energy consumption at 2008.8 kWh. Compared to the reinforced concrete variant, this 
corresponds to an energy reduction of 3.028 % for the timber construction with interior wood 
fiber boards and 2.561 % for the brick construction with clay building boards.  

0

1

2

3

4

5

6

 07/06
13:00:00

 07/06
21:00:00

 07/07
05:00:00

 07/07
13:00:00

 07/07
21:00:00

co
ol

in
g 

an
d 

he
at

in
g 

co
il 

po
w

er
 

[k
W

]

brick construction concrete construction timber construction

 

0,008

0,009

0,01

0,011

0,012

 07/06
13:00:00

 07/06
21:00:00

 07/07
05:00:00

 07/07
13:00:00

 07/07
21:00:00

m
oi

st
ur

e 
co

nt
en

t a
ir 

[k
g/

kg
] brick construction concrete construction timber construction

11



Blum et al. | Int Sustain Ener Conf Proc 2 (2026) "ISEC 2026 – 4th International Sustainable Energy Conference" 

7. Conclusion 

In summary, the interaction between moisture buffering and the energy demand for indoor air 
conditioning should not be neglected. The simulation shows that in an office building with an 
air-water system, energy savings of more than 3% can be achieved when hygroscopic 
materials such as wood fiber or clay boards are used instead of reinforced concrete walls. The 
results are based on the simplified EMPD model, while more advanced HAMT (Heat and 
Moisture Transfer) simulations can predict significantly higher energy savings by modeling 
coupled heat and moisture transport more accurately [15]. 

Further improvements could be achieved by integrating hygroscopic materials not only in 
the walls but also in ceilings, floors, and interior elements such as wooden furniture. Increasing 
the moisture buffering capacity of interior surfaces could further stabilize indoor humidity and 
reduce the energy demand for air conditioning. Passive mechanisms such as moisture 
buffering should therefore be integrated into future building concepts to fully exploit available 
energy-saving potentials. In conclusion, the thesis underscores the importance of material 
selection in optimizing the energy efficiency of ventilation systems. By leveraging the moisture-
buffering capabilities of materials like timber, buildings can achieve significant energy savings 
while maintaining indoor comfort. The study highlights the need for further research using 
advanced simulation models to refine these findings and explore additional opportunities for 
energy-efficient building design. The insights gained from this research contribute to the 
development of sustainable construction practices and support the transition toward a more 
energy-efficient built environment.  

Data availability statement 
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