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ABSTRACT

PCM enhanced wallboards on internal surfaces of building spaces is an attractive solution for improvement of thermal
performance in buildings. This work deals with using a novel spackling compound as a primer coating material, from
Gyproc Saint-Gobain, Sweden AB, in the inner walls of building envelopes for passive cooling and thermal comfort
management. Experimental studies in an office cubicle showed the material to increase the thermal inertia of the
environment and cause for a reduction in the indoor air temperature development throughout the hot period of the day.
An office builing with multiple single celled cubicles was modelled to investigate the PCM spackle in a larger scale
environment with dynamic climate during the summer season in Oslo. A natural and a hybrid night night ventilation strategy
was designed and optimal air flow rates was determined to ensure good performance with the PCM spackle to provide
passive cooling. It was found that the night ventilation strategies were effective and the PCM spackle further improved the
thermal behaviour of the building to significantly reduce the cooling load and energy consumption needed for cooling to
meet thermal comfort criterias.
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Project description

Today, we are faced with an acute climate crisis due to global warming. Most
countries have committed to the Paris Agreement by UN to pursue e orts to limit
the extent of global average temperature rise.

Buildings and the building sector as a whole are today responsible for over 30% of
the worlds total energy demand, and 40% of direct and indirect CO2 emissions. The
International Energy Agency (IEA) describes this sector to be a source of enormous
untapped potential of energy e ciency. The energy demand of the building sector is
swiftly rising as growth in living standards around the world leads to an increase and
development of new and existing building mass. In buildings, heating and cooling
measures expends 60% of the total energy consumption, where energy usage for
cooling is the sole area of most rapid development as the demand increases. The
IEA concludes that"Growing demand for air conditioners is one of the most critical
blind spots in today's energy debate. Setting higher e ciency standards for cooling
is one of the easiest steps governments can take to reduce the need for new power
plants, cut emissions and reduce costs at the same time."

Gyproc Saint-Gobain, Sweden AB has developed a new building material in
which a spackle compound composed of di erent binding materials and microen-
capsulated PCM (phase changing materials) can increase the thermal inertia of a
building by a relatively substantial amount. By increasing the thermal inertia, the
building becomes more resistant to changes in indoor temperatures, which in turn
can reduce the need and energy required to cool the indoor environment for better
thermal comfort. Recent years advancements in material sciences have excited an
interest for further study and development of PCM applied in building materials, as
they can prove to be an auspicious contributor to the solutions needed to improve
energy e ency of buildings and reduce the worlds energy consumption.

Problem statement

In collaboration with Gyproc, OsloMet is supplied with the material which we are
to study and analyze. This thesis will explore the following research questions:

1. How does the PCM spackle a ect the indoor temperature in a realistic summer
environment?

2. What is the PCM spackles thermal conductivity, and are there issues in achiev-
ing full phase change cycles with the material?

3. How can the PCM spackle be most e ciently utilized in a large scale building,
and how much energy savings potential can be expected?



Summary

This study set out to investigate how a novel spackle material enhanced with mi-
croencapsulated PCM could improve thermal behaviour and cooling energy perfor-
mance in o ce buildings in Oslo during the summer season. This was analyzed
both experimentally and with numerical simulations. The studied application of
the material was in the range of 2 4 mm on walls and ceiling surfaces in o ce
cubicles. The results showed that although being applied only in thin layers it gave
a signi cant boost to the thermal inertia of the environment, slowing down and re-
ducing the indoor temperature development throughout the hot period of the day.
This leads to better thermal comfort of the occupants by reducing the operative
temperature, and also bene ts the cooling load and energy consumption needed to
maintain thermal comfort requirements.

In the experiment, the PCM spackle was applied at 2mm in an emulated o ce
cubicle. A peak air temperature reduction of 1L K, and a maximum reduction of
1:3 K occurring early afternoon was observed. It was observed that melting of the
PCM started at surface temperatures of 195 C and had a peak performance
between 23.5-24.5C.

The numerical model was validated withCVguyse = 1:12%. An o ce building
with multiple single celled cubicles was simulated to analyze the PCM spackle in a
larger scale environment and dynamic climate conditions. A natural and a hybrid
night ventilation strategy was designed and optimized for energy savings potential.
The PCM spackle at 2 mm and 4 mm application in each cubicle could contribute
to 14% and 21% additional energy savings for local cooling, respectively. These
numbers were in addition to the very e ective night ventilation strategies which
boosted the total energy savings to 2595% at air ow rates during night ventilation
of 05 5 ACH. However, going beyond 3 ACH gave diminishing returns in energy
savings and it was determined to be the optimal air ow rate. Considering the
total change in delivered energy to the building, it was found that energy savings
started to decrease from 3 ACH and on wards for the hybrid night ventilation due
to increasing energy consumption by fans. Moreover, the PCM spackle could also
cause fora 1.1 1:9K reduction in the operative temperature, and 1 hour delay
of the peak temperature in comparison to the night ventilation alone. This e ect
showed potential for the PCM spackle to signi cantly reduce the cooling power
load needed to maintain thermal comfort criteria. Furthermore, by investigating
the solidi cation on a monthly average ratio it was found the PCM spackle spent
approximately the same amount of time solidied at 2 mm and 4 mm, indicating
that reaching solidi cation was not an issue at double the amount.

Overall, this study found that both PCM technology and night ventilation strate-
gies can contribute signi cantly to lessen the cooling demand for buildings with o ce
cubicles environments in Norway.
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Chapter 1

Introduction

1.1 Background

Today, we are faced with an acute climate crisis due to global warming. Most
countries have committed to the Paris Agreement by UN to pursue e orts to limit
the extent of global average temperature rise [1]. EU aims to achieve climate-
neutrality by 2050 and wants to lead global e orts to this way. A key part of
the strategy is to maximize the energy e ciency of its building mass [2]. This

is a colossal target and focus are directed towards increasing public research and
deployment of technologies which can immediately have an impact on emissions.
Research is advised to prioritize the reduction of energy demand and not only focus
on replacement of fossil fuels [3].

Buildings and the building sector as a whole are today responsible for over 30% of
the worlds total energy demand, and 40% of direct and indirect CO2 emissions. The
International Energy Agency (IEA) describes this sector to be a source of enormous
untapped potential of energy e ciency [4]. The energy demand of the building
sector is swiftly rising as growth in living standards around the world leads to an
increase and development of new and existing building mass. In buildings, heating
and cooling measures expends 60% of the total energy consumption, where energy
usage for cooling is the sole area of most rapid development as the demand increases
[5]. The IEA concludes that "Growing demand for air conditioners is one of the
most critical blind spots in today's energy debate. Setting higher e ciency standards
for cooling is one of the easiest steps governments can take to reduce the need for
new power plants, cut emissions and reduce costs at the same tifHé.

Gyproc Saint-Gobain, Sweden AB, is in the development of a novel building
material in which a spackle compound composed of di erent binding materials and
micro-encapsulated PCM (phase changing materials) can increase the thermal in-
ertia of a building by a relatively substantial amount. By increasing the thermal
inertia, the building becomes more resistant to changes in indoor temperatures,
which in turn reduces the need and energy required to cool the indoor environment
for better thermal comfort [7]. Recent years advancements in material sciences have
excited an interest for further study and development of PCM applied in building
materials, as they can prove to be an auspicious contributor to the solutions urgently
needed to reduce the worlds energy consumption [8].



1.2 Phase change materials

PCM's are a promising passive cooling technology which can increase a buildings
thermal mass in an e ective way [8]. Thermal mass in the context of building
applications normally means high density materials, like e.g. concrete and bricks in
which large amounts of heat (energy) is required to change the temperature. When
describing thermal properties of buildings, an often used categorization is based on
the buildings total mass ranging from light to heavy weight constructions. A light
weight building is usually of a wooden construction and low in thermal mass, and a
heavy weight building has extensive use of thermal mass in the building body, oor
separators, internal partioning walls and et cetera.

The use of thermal mass in the building envelope have been widely used his-
torically as a thermal energy storage system (TES), and when utilized correctly it
can reduce heating and cooling loads, shift peak load hours as well as dampen the
diurnal indoor temperature swings throughout the day [9]. This is no less true when
utilizing thermal mass potential of PCM's [10]. The indoor temperature is a ected
by the building envelope, climatic conditions, solar gain and internal heat loads.
During the summer when solar load and outdoor temperatures are at its highest,
rapid rise in the indoor temperatures bring needs for systems that can remove all
excess energy from the indoor environment to maintain thermal comfort. If outdoor
air temperatures are high, simple passive solutions like opening windows will be of
limited e ect. Removing energy solely by mechanical solutions leads to high energy
usage and oversized systems that can handle the short peak hours of intense cooling
load. Thermal mass can absorb and store high amounts of energy during the day
and slowly release it back to the space later, and is therefore an attractive passive
solution for energy savings and improvement of thermal comfort [9]. However, the
building industry have shifted focus towards lighter buildings and there is interest
in regaining the thermal bene ts traditionally found in heavy weight buildings.

The energy storage capabilities of ordinary materials used for TES like e.g. con-
crete is related to the sensible heat needed to change the materials temperature.
PCM's have a much higher potential for energy storage due to the latent heat
storage capabilities when the materials phase change is utilized [11]. PCM's for
building applications are designed to melt or solidify during temperatures that can
be expected in indoor environments. The chemical composition of the PCM can
be tailored to have melting temperatures suit a wide range of climates and environ-
ments, and this has been identi ed by numerous studies as the key design parameter
for successful application of the material [11],[12],[13],[14].

Although PCM's great potential for sustainable cooling is rmly entrenched in
literature, some signi cant downsides with the material pose challenges for employ-
ment in buildings. The major issue of risk is the inability to complete the solidi ca-
tion process. Often called to charge the PCM, meaning to build up the heat storage
potential by releasing stored heat. It is a vital process to make the material ready
for the next day when heat needs to be absorbed from the building spaces all over
again. The bene ts of heat storage in the PCM can be completely lost if incomplete
charging occurs repeatedly [11],[15]. The problem is mainly due to PCM's having
low thermal conductivity which cause heat to propagate slowly through the mate-
rial, and in turn serves for low rate of heat exchange with its environment [13]. This
makes exposure of the material, amount of PCM and convective heat transfer with



PCM surfaces some of the most important parameters in achieving complete phase
change cycles [16].

The solidifying process can be assisted with enhanced convection, and a com-
monly proposed strategy is night ventilation (NV) where air change rates are in-
creased during night time to remove heat from the building. There is great interest
in coupling NV with free cooling by letting cool ambient air into the building,
which can enhance the heat transfer with the PCM considerably [12],[13]. This is
dependent on climatic conditions, and works best in locations with diurnal temper-
ature variations of 12 - 1K [17]. NV strategies utilizing free cooling can consist
of mechanical solutions with the ventilation system, natural solutions with window
openings or hybrid systems which is a combination of both. While all variations can
be equally adequate in priming the PCM for good performance, the highest energy
savings benet can be achieved in the natural strategy as ventilation fans can be
shut o [16]. Of course, not all buildings are suited for a natural NV strategy where
just the means of window openings can provide su cient air ow rates. Mechanical
strategies involves letting the ventilation system of the building provide high air
ow rates during night with the cool outdoor air, but are known to quickly become
disadvantageous as the fans consume more energy with increasing air ow rates.
Hybrid systems are therefore an interesting alternative as it can reduce the energy
consumption by having only one of the fans run while air is either let in or expelled
through window openings. However, most studies indicate that the energy usage in
hybrid systems still becomes an issue if too large air ow rates are used [18].

Several experimental and numerical studies have investigated thermal comfort
and energy savings potential with PCM's. The results are most often positive, but
still wide ranging to every extent of the word. This is however not unexpected given
the number of parameters which in uence the e ectiveness of the material. Also,
PCM's are developed in numerous di erent con gurations, with di erent approaches
to building implementation. It's evident that results are reliant on the PCM material
in study, chosen design parameters for experiments and input data in the numerical
models.

1.3 A view on the material in study in light of
research

The PCM enhanced spackle material is a compound consisting of llers, microencap-
sulated PCM, rheological additives and binding agents. Microencapsulation of PCM
is one of the most promising ways of incorporating PCM into building elements [10].

It consists of packing the PCM in encapsulating organic or silica material, where
the size of the capsules are in the scale of micrometers. The capsules can then be
dispersed into various composite materials, as for this instance a spackling mixture.
Other bene ts include low risk of leakage and reactivity with other materials in the
compound due to the encapsulating shell and higher heat transfer rate with the
PCM as the surface area of each PCM capsule is large compared to its volume. A
disadvantage is that PCM's suited for microencapsulation is usually on the low-end
scale of thermal conductivity amongst di erent chemical categorizes of PCM [19].
The mentioned benet of each capsules large surface area for heat transfer does
entail high energy storage and release capacity of the PCM if the low thermal con-



ductivity characteristics can be combated. The ingenuity with the PCM spackling

in this study is it's aptness for thin layer applications in the range of 1 4 mm at
internal wall and ceiling surfaces. This makes it possible to expose a large surface
area of the material directly with the air inside the building spaces. The low con-
ductivity problems is an issue propagating with increasing layer thickness, so this
intended usage of the material might be suitable to combat the issue.

No tests have been done on the PCM spackling's thermal conductivity, all though
Gyproc expects the value to be around 0:1 W=(m K based on composition of the
compound. A di erential scanning calorimetry (DSC) test has been performed in
2019 for Gyproc by KTH labs in Sweden to determine the heat capacity of the ma-
terial during phase change. The test consists of heating a small sample of material,
and is a standard way of investigating energy storage and release characteristics.
Results from heating the sample is shown in gure 1.1.

Figure 1.1: Output curve of DSC for heating of PCM spackle.

The curve shows that the PCM spackle has high capacity to quickly store and
release large amounts of energy, illustrated by the high peak of heat capacity and
rapid increase and decrease of the curve over a short temperature range. The two
bumps in the curve are typical of microencapsulated PCM where the phase change
of the pure PCM would only have one peak, but when the PCM is encapsulated
and dispersed into a compound mixture the phase change is not occurring at a
single temperature but rather over a temperature range [20],[21]. The larger bump
represents the melting of the PCM, and KTH labs have provided 2C as the onset
melt temperature, a peak melt temperature of 24 and a latent heat of fusion of
88kJ=kg. The onset melt temperature is a reliable value for when melting starts to
occur in the PCM derived from the methodology in the DSC testing, but the peak
melt temperature is not a property inherent to the material itself but rather a ected
by sample size and heat rate of the test. The peak performance of the material can
in reality be slightly shifted from the peak at 24C seen in the curve. It can further
be seen in the gure that the phase change seems to be completed aroun@7 C.

Several studies mentioned the melting temperature to be the most signi cant
design parameter for PCM to function well, and the optimal melting temperature
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varies with the climate and application the PCM is intended for [13]. A good

measure is to have the melting temperature in between diurnal ambient temperature
variations and also close to the thermal comfort range. The PCM spackle ts both

criteria well, as the climate here in Oslo in which the material is to be studied

have high diurnal temperature variations during the summer with highs up to

25 30 C and the thermal comfort range posed by national standards is an operative
temperature between 19 26 C for light activity situations.

The novelty of the PCM spackle in study makes it so no other research have
been found of matching PCM's in a spackling compostion. Two studies on similar
materials in Germany have been found where microencapsulated PCM was rather
dispersed into plaster based compounds instead of spackle. Although other struc-
tural agents are used in the compound, the use of the material is similar to the PCM
spackle in that it's applied directly on to internal surfaces in thin layers. Schossig et
al. [22] investigated two di erent microencapsulated PCM's applied at 6 and 1Bm
at interior walls in small o ce rooms experimentally. A temperature reduction of
2K and 4K for the respective thicknesses was observed, when the temperature of
the reference experiment reached 28. Night ventilation of 4 ACH was insu cient
to consistently cool the material, and extra measures to improve ventilation was
needed. Voelker et. al [23] tested microencapsulated PCM applied to internal walls
at 3cm. It had a melting temperature of 28C, and the testing conditions were
extreme in comparison with realistic indoor environments for buildings in Norway.
The indoor air temperatures uctuated between 15 35 C when ambient diurnal
temperature uctuations were only that of 5 20 C at the same time. A tempera-
ture reduction due to the PCM was usually around B under those conditions while
a maximum of 38K was reported, but room temperatures were sometimes as high
as 45C.

An interesting quality about the PCM spackle in study is its state of readiness
for direct applications in the market. It's apt for certain climatic conditions, and
the application solution certi es necessary standards for building materials. The
incorporation of microencapsulated PCM into a suitable spackling mixture is an
interesting cost e ective alternative to other alternatives of PCM enhanced mate-
rials, like MPCM incorporated gypsum boards which incurs high production costs.
Spackling can easily be retro tted into existing building mass as it can be applied to
gypsum boards, plaster boards, concrete or bricks. It will therefore be interesting to
research how the PCM spackle will behave in realistic environments and conditions.



1.4 Formulation of research questions

It has been found that the literature mainly focuses on issues in solidifying the

PCM, and analysis with this in regard can be valuable. Many studies also encourage
more research to investigate how PCM's can positively improve thermal behaviour

in buildings and benet in energy usage needed to be spent for cooling. There is
also interest in investigating ways to assist e ective utilization of PCM's with night

ventilation strategies.

Based on how the material is intended to be used by Gyproc and the available
opportunities in research facilities allocated by the faculty, the following questions

will be studied in this report:

1. How does the PCM spackle a ect the indoor temperature in a realistic summer
environment?

2. What is the PCM spackles thermal conductivity, and are there issues in achiev-
ing full phase change cycles with the material?

3. How can the PCM spackle be most e ciently utilized in a large scale building,
and how much energy savings potential can be expected?

1.5 Scope

In this study, a speci ¢ spackling material enhanced with microencapsulated PCM
will be studied under summer conditions in the climate of Oslo, Norway. The focus
will be realistic usage of the material in o0 ce environments, complying with the
current Norwegian building code, TEK-17.



Chapter 2
Methodology

To answer the research questions, both experimental and numerical approaches was
used. An experiment was set up to investigate the material under realistic condi-
tions. Experimental results are valuable as they can provide solid evidence to back
up claims about how the PCM spackle will function in real applications. It was also
chosen to use numerical simulations to investigate night ventilation strategies and
the use of the material in a larger scale environment. Measurements of the thermal
conductivity was performed as this property had never been tested in prior to this
research. This was implemented into the model which was later validated against
the experimental result to check its accuracy and predictive capabilities.

Figure 2.1: Chosen methods to answer research questions.



The tools that were used are summed up in table 2.1 along with the reasons and
purposes motivating each choice of tool.

Table 2.1: Choice of tools for methodology.

Method
Experimental approach: Experimental approach: Numerical approach
Climate room experiment Thermal conductivity measurement PP
Tools Climate room Guarded hot box IDA Indoor Climate and Energy 4.8

Advanced building
simulation tool
Validated by numerous studies
Standardized method to measure to be very precise
thermal conductivity Has mathematical PCM model
Advanced control over all
building parameters

Can design controlled
environment with heat loads
and ventilation system

Reason Experimental results are
of high value as e ect of
material can be directly

observed Can design custom NV controls
. To assist in evaluation of To analyze use of material
To analyze e ect of material . o . .
. - potential solidi cation issues in a larger environment
in real case scenario : S .
Purpose . in the other methods To optimize NV strategies for
To have results to validate - . . .
. Thermal conductivity data will e cient usage of material and
numerical model . . ; :
be applied to simulation model energy savings
Air and operative temperatures
Air temperature Di erent NV strategies
Parameters . )
. Surface temperature Surface temperatures Varying air ow rates
/ topics . S . .
. Phase change behaviour Thermal conductivity Varying amounts of material
of analysis . ) .
of material Energy usage w/ and without material
PCM e ciency




2.1 Climate room experiment

A laboratory experiment was conducted where the PCM spackle was tested in a
climate room. An o ce cubicle environment was built where typical summer con-
ditions in Oslo was emulated. The purpose of the experiment was to study the
material in an environment close to it's actual intended usage, and also to have the
measurements and results serve as a reference case to validate a numerical simulation
model.

To have the PCM spackle operate to its full potential, it was decided to enhance
the night time ventilation rate. The reason for this was to ensure that the latent
heat stored in the PCM spackle during day time could be fully released by night
time, i.e. to achieve full solidi cation of the PCM spackle. A common problem
reported in experimental studies of PCM is to underestimate the amount of cooling
needed to reach solidi cation, and the results can consequently turn out di cult to
analyze and draw conclusions from. It was therefore decided to be on the safe side
in regards to the cooling load applied during night time. Apart from this, having
realistic values and design of heat gains and day time ventilation representative for
normal o ce cubicle situations was the main priority.

Figure 2.2: 3D rendering of the climate room where the experiment was conducted.



Experimental design
Description of the climate room:
Building body

The climate room is an insulated cubicle situated in a normal indoor environment in
OsloMet faculty. The ventilation system works independently from the rest of the
building. It has a oor area of 14n? and room height of 234m, with the layout and
composition of the building body shown in gure 2.3. The orientation denoted in
the gure does not represent true compass directions, but is a local system to easier
refer to the di erent parts of the room. This will be consistent for the rest of the
report. On the south wall there is a (2 2)m? window and a (1 2)m? door facing
the surrounding laberatory room.

A di erence between the oor plan and the 3D rendered model in gure 2.2 is
the exclusion of a cooling chamber used for special purposes adjacent to the west
wall of the climate room. This chamber is not included in the de nition of the
climate room, as its not in use during the experiment. The door of the cooling
chamber was held opened at all times to obtain room conditions similar to that of
the surroundings. The partition wall between the two rooms are of the same kind
as the rest of the walls in the climate room.

The room height is lower than that of a normal o ce cubicle in Norway which
is often 27m. This can lead to a slightly di erent strati cation pro le of the air
temperature compared to a real cubicle.

Figure 2.3: Floor plan of the climate room

The di erent components of the building body are described in table 2.2. The
U-values are based on initial hand calculations from the construction layers, and
was later ne tuned through validation of the climate room model in IDA-ICE to
compensate for unknown faults in the construction and thermal bridges.
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Table 2.2: Components of the building body.

Surface area U-value

Component [m?] [W=r2K |
Walls 28.7 0.22
Ceiling 14.1 0.22
Floor 14.1 0.24
Window 4 0.78
Door 2.1 0.64

Ventilation system

A dedicated air handling unit (AHU) placed outside of the climate room on the east
side supplies the room with fresh air. Air ow rates and supply air temperature
can be scheduled by user inputs on the AHU. The AHU is equipped with a rotary
heat exchanger and heating and cooling batteries. The AHU's intake and exhaust
is connected to the outdoor through the building complex facade. The ventilation
is set up as a mechanically balanced constant air volume (CAV) system.

Figure 2.4: Ventilation layout in the climate room.

The air enters the climate room through an insulated duct and a centrally placed
circular di user, as shown in gure 2.4. The di user has a perforated face plate and
spreads the air horizontally in 360 approximately 3@cm from the ceiling. The air
is extracted from the room through an outlet in the top S.E. corner.
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Design of o ce cubicle conditions

Even though the climate room is situated indoors and the heat exchanged with
its environment will di er by some degree from a building exposed to the outside
climate, a realistic indoor temperature development is still possible to achieve with
use of the ventilation system and arti cial heat gains.

The goal was to emulate a situation which produced a realistic day-by-day in-
door air temperature development for a typical summer situation in Oslo climate,
without needing to resort to unrealistic sizing of the heat gains and the ventilation
parameters. This was achieved in situ by simulating a simplistic model of the climate
room in IDA-ICE. Simulated results were continuously compared to live tempera-
ture measurements from the climate room. Heat gains and ventilation parameters
in the climate room were changed on site to correspond with simulation input.

The resulting decision was to emulate an o ce cubicle environment for two per-
sons with a south facing window with external venetian blinds for solar shading.
The Norwegian building code (TEK-17) requirements were followed in regards to
ventilation rates.

Figure 2.5: Simple IDA-ICE model used to determine a suitable scenario.
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