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Abstract

This dissertation was written as a part of the MSc in Energy Building Design at the
International Hellenic Universitylhis study deals with the impact of varying enypelo
materials and consequentlyefc cupant 6s t her mal conditions.
is a single family apartment with three mensblrcated on two different cities:

Heraklion Crete and Florina. The scope of this research is to evaluate various wall
configurations, as well passive tedfues, which are described deeply in section 4.2.

Hence, the dynamic simulation tool, which is used is Energy Plus (version 8.8) taking

into account the following standardaSHRAE Standard 52013 , EN ISO 7730

Ergonomics of the thermal environmeatprEN 152511 Indoor environmental input

parameters for design and assessment of energy performance of buidcigdlenge

of the present study is that the apartment should cope with not only for Florina but also

for Crete, with respect to energy efficigrand thermal comfort criteria. Beyond that,

further investigation is carried out, based on the potential of using different thermostats,

as well as on extensive information concerning thermal conditions in each room of the

house. Thereaftesome inferenes of all examined scenari@se presentedyhich

makes appareith e i mpact of materi al 6s efthieect on
indoor condition of the apartmeand the most proper propodssed also on economic

factors,are depicted analytically in sections 6 and 7. Additionally, in last chapter is

pointed out the possibility of future work.
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1. Introduction

Nowadays where the demand of energy and electricity consumption is in high
levels people are used to mechanical techniques in order to reach their desired personal
thermal comforconditions Therefore, unluckily this can lead to a huge consumption
of fossil fuels which can have an impact on climate change, meaning different weather

conditions.

Although it is undoubteglimportant to provide a pleasant environmien& space,
is alsovital to move a step forward and so lean towards to a more sustainable way of
thinking. Thus this study aims to examimariouswall configurations, as well passive
techniques both for heating and coolimgdifferent locations in Greece with respect to

environment[2], [4]

1.1 Structure of the study

Thefirst chapterdraws attention téhe significance of thermal comfort and how it is
directly <connected to buildingbssheknergy e
Moreover some benefits of the energgturn of various envelope materiaksre

represented which can have an impact on interior ambient andtsthit®e o ccupant 0 ¢
thermic convenienceAlso, the global growing trends described as far as concerns

building energy consumptiomtending tothe attainment of a thermal condition for

building users. In the end of first chapseme mostisual building skins in Greece are

shown.

Thesecond chapteroncerns thgoalof this study, the challenges that sholaldeand

also the most apparent research questions that came into view.

In hindsight,a literature reviews analyzed in théhird section which focuses othe
main features and weak points of each paper and how it can be linked to the existing

study.
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The fourth chapterdescribes all the relevant and needed information regarding the
building, the location, the various materials used for the envelope construction as well

astheir properties.

In thenext sectionthe process of simulation using Energy Rtudepictedand cites all
the vital settingdor inputs as well as for outpyts section5, neededfor a correct

simulation

The sixth sectionconcerns theesults of simulation that came into view taking into
consideratin different building envelopeand later further analysis is carried out
related to the use of different thermostats and also use of various positions within the

thermal zone.

Thelatter chaptersummarizeshe outcomes of this study giving emphasis on the effect
of o0 c cup an nforeandtalscstatespotential future work.

1.2 General Background

Thermal comfort is one of the main issues of concern worldwide and during last decade
there have been many comfort assessments, indicating the research interest to this field.
This can bgustified by the influence ofanfort on health, productivity angell

being.

On practicapoint of view,thermal comfort can be described by means of the following
three approache&T]:

1 The physiological approach, which indicates thermal perceptiafmoiman due
to nervous sensors. When cold and warm sensors have equal magnitudes, the
human will feel thermally neutral.

1 Psyclological approach, which is stated ASHRAE Standard 55constitutes
the condition of mind which expresses satisfaction with #esting
environment.

1 Rational approach, which points out that therselsation relies on the heat

balance of the human body.

[9]



It goes without saying thatiihakes um considerably crucial ruef humanés dail y

both in outdoor environments as well as in indoor spaces.

Therefore,it also constitutesa subjective size of buildingshysics For this reason,
therehave beemnlevelopedomeevaluation mods| the adaptiveapproach conceppind

the PMV-PPD modeko that there will be attainment of the most optinzonditions

of thermal comfort.The first one which is appropriate for naturally ventilated
buildings attempts tananage a right combination between indoor design temperatures

or acceptale temperature rangesd outdoor meteorologicphrameters

30 86.0F

28 824F
26 78.8F

24 75.2F

22 T16F

90% acceptability limits
20 T

68.0F
i 80% acceélabiliti limits 64.4F

16 60.8F

=

S

indoor operative temperature ( °C )

5 10 15 20 25 30 35
prevailing mean outdoor air temperature (°C)

Graph 1: Determining the acceptable operative temperature ranges for naturally
conditioned spaceReference number ASHRAE Standard 52013

While PMV- PPDmethodwhich isestablished b¥anger, ionstituted by predicted
mean vote and predicted percentage of dissatisfiedd i ces and i s based ¢
t her mal bal ance. This can be affebhered by o
environmentaparameterggnoring though climatic factoré\nd so,PPM index can be

predicted by estimating the mentioned above factors.
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Graph2: Graphic ZonéVlethod:Determining thermal comfort conditions of 80% of the
occupants with the us# specifc deign complianceequirementsReference number

2 . (Taleghaniet al, 2013)

Consequently, are taken into account the following standards: Thermal Environmental
Conditions For Human Occupancy ASHRAE Standard2853 , EN ISO 7730
Ergonomics of the thermal environménfnalytical determination and interpretation

of thermal comfort using calculation of the PMV and PPD indices acal thermal
comfort criteria &rEN 15251 Indoor environmental input parameters for design and
assessment of energy performance of buildiagsiressing indoor air quality, thermal

environment , lightingnd acoustics.

Thefirst standarcconcernghe most optimum indoor thermalveronmental factors
which have to be iracceptable levels for the majority of occugabased on personal
preferences anduggests methods for determining thermal environmental conditions
such as adaptive model & PMWPD modelAlso, thetargetof prEN 15251standard
is to indicate some environmentahput parametersn order to make calculations
regarding building system design and energy performaaecerninghe 1SO 7730
international standarstateamore analytical ways to predict thermal comfby using

PMV'i PPD method and some other local thermal comfort requirements

So, it is obvious that thenm comfort @an @ntribue to a significant extent to
buil dingbds ener gy apropéropgratiamotiboth heatisgasveelh | e a d
cooling systemsHowever, there are some parameters which can influesgatively

this thermal condition, such as the indoortamperaturethe levels oindoorrelative

[11]



humidity, the airflow inside aspace,the average radim temperature, the clothing

insulation of the occupants and also inetabolic rate.

Hence, in the last decades, solutions for the decrease of this probleised more
intensively. These can beall and roofthermal insulationJow-e coatings, shading

devicespassive systems director even indirecsolar gain.

It is inferredthough that the right choice of measures should be basaidly on the
features of the buildingenvelope,the HVAC systemsand also the operational
characteristics of a buildingherefore, in theection4, possibé solutions for this study
aredescribed and alswecessary inforation regarding building strtireand climatic
data.[3], [10], [35], [36]

1.3 Social Background

Currently the worldwide acceptance ofiechanical systems for producing comfort
condition in a spackeadsto an enormous energy consumption of fossil fuktss fact

can drive not only to an exhaustion of energy resources but disgeenvironmental
impacts, like increase of G@missions. Many of the researchers unluckily indicate that
this problem will be continuingMoreover referring to the HVAC systems, there is a
rapidrise in the use of them with major feature to compromiseehgadds correlated

to a desired thermal temperature for building uSdregraphbelow shows a prediction
from the International Energy Outlook regarding th@spective building energy

consumptiorthroughout the next twelve yeaf28]
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Graph 3: Outlook of building energy consumptionReference number Ferez
Lombard2008
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1.4 Applications concerning present building
envelopes in Greece

This subsectiorexamines various and the most usual buildimglsthat are used in
different regions of Geece. According tf21] , many newly built residences mostly
in Athens follow the principles of bioclimatic design aiming at solar gains, natural
ventilation and undoubtedly at thermal comf@¢low are represented some

characteristic examples of Greelstwinabledesign:

Figurel:Nor t hwest ern f a- ad eAtherisbythe archieadtlceean c e i n

Matziou, Reference number Mantziou2002

This building intends to the most optimum orientation both of the overall residence as
well of the indoorspaces and placement of it on thetpRAs bioclimatic techniques,
thehouse provideanatrium,solarchimney, shadingevices and large southwestern

openings for the most optimum solar gains.

[13]



Figure22Resi dence and ar chi t ec théachited Elanx e

Stavropolou , Reference number SMantziou2002

The major bioclimatic features of this building complex are the low reflection glass
coatings, the southwest side sun protectio@naturalventilation and also the ceiling
skylights. Moreoverfor the construction of the external envelope is used exposed

concretered cedar wood amalsorusted steel which cover some external surfaces.

Figure 3:Multifamily building in Filothei Athens made by the architect Michalis

Souvatzidis Reference number 8Mantziou2002

[14]
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This dwelling has South orientation, systems for shading, natural lighting and natural
ventilation. Also, some methods that were useg#&ssive solar design are green

roof, greenhouse, trombe walls and proper materials in order to contribute to the
bioclimatic attitude of the house.

2. Aim and objective
statement

A vital scope of this study is firstly to test various materials which can be used for the
building envelope and how can they influence lmiuman thermal aaofort as well
onbui |l di ngos e nEhergal comfertrisfconsidarablydngortant asaib

not only regulate energy consumption and keep it in low levels, but also provide
thermally satisfactory spaces to the occupants. For thesmeds improvemertdanbe
achieved if occupants will take control over indoor environntieratugh a proper @s

of HVAC systems.

2.1 Research description

This studyconcentratesn the principles of sustainable design, the examined building
will be heated and cooled with passive systems. To be more spéudigresent
researchwill test, with the contribution oEnergy Plusoftware a single family house

in two differentregionswith various building skinspassive cooling techniques, like
coolroof & green rooffor Crete which is a southern island in Greece and also passive
heating techniques, such sdarwall and application of PClMin Florina, a northern

city in Greece.
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By comparing all the above solutions, from the simulation results, it will be transparent
which of all the scenarios will intend to the enhancement of ererigytas well as of

thermalcomfortwith respect to sustainability.

2.2 Problem Definition

The main challenge of this study is that the examined building should cope with the
energy efficiency demands and provide a thermally comfortable space for the
occupants, by means of passive teghes andof an advanced operation of the
thermostat, both for the city of Florina as well for Crétence the possible solutions
stated, regarding various building skins, will be examined analytically through dynamic
simulation and will be chosen thmost proper one with respect to environmental
performance oftte building

‘Florma JWesternsMacedonia

‘lrakhon Crete
- .

Figure 4:Google Earth

Figure 5:Building modelling
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2.3 Research questions

It is inferred that in order to achieve the research purpose, the following questions have

been raised:

T Q1 :Will the most optimum solutions be effective in a letirge period

and how can be achieved that ?

T Q2: Wi | | conscouspeasith réspect to operational schedule
of HVAC systems be a determinant

energyefficiency?

3. Literature Review

In this section is givenreini depthreview of what papers have been published which

are relevant to the existing study ahdir main featureare emphasized

1. Firstly, based othefollowing paper6 Ener gy B and Thermah&améort
of a High Efficiency House: RhOME for denCity, Winner of Solar Decathlon
Eur o p e is@Gidugitiiat aims to the design of a sustainable dwelling by taking
advantage of solar radiation to the full. Remarkable points ohthiseare that:
uses the right combination of technology and good quality materials so as less
impact from the building to the environment to lohiaved
consists of wood envelope with movable panels
the building envelope materials attain the best control of inside air temperature and
the reduction of fluctuations in exterriamperature
the external walls have thickness of 39.3with ventilated air cavity

uses passive techniques , like thermal mass

[17]
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Figure6: External wall stratigraphyReference number Battista2015

Withal, through summer period the/Panel shades the windoadecreasingvith this
way theundesirable solar gains and during winter the window is not shaded by the

movable panel sas to take advantage of solar radiation and heat up the space.

Figure7: External view of Rhome den Cihouse Reference number 8attista2015

Additionally, this study uses TRBYS andRETScreenn order to size the PV panels
and also an analysis difermal comfort has been carried out so as to evaluate the
ventilation and temperature raiaside the spaces of kitchen, living room and bedroom.
However, this project fails tachieve adequate levels of air veloditythe bedroomas

theinterior wall in the spaceacts as an obstacle.

Some finalbutcomesconcerninghis study are that the best airflow rate is based on the
position of air ventvhich can considerably enhartbermal comfort in the roomAlso,

the large amounts of simulation peohow crucial is the role of walls for the proper
classification oftemperature by means of convection in the examined spaces.
Summarizing, is proposedrtuier investigation ofarious wal configurations as future

work.
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2. Focused o nEffechaddyramic characteristics@f building envelope on

thermalenergy pe f or manc e i

experimentand also aims to providan evaluatiorregardingdifferent envelope
constructions.This study includeswo full T scale buildings, locéed on the

Engineering Schodaf Universityof Perugia, ItalyThe exterior wall of the first one

n

Wi

n t eonstitutee® A dialdt i

ons 0,

consists of double brick and thermal insulation in the wall cavity, while the second

one has external wall and roof insulation.

NORTH FRONT EAST FRONT

WEST FRONT

215

TEST-ROOM 2

WEST FRONT

HORIZONTAL SECTION

HORIZONTAL SECTION

SOUTH FRONT ! NORTH FRONT EAST FRONT
S

215
uim])

3.02

.'r

3.02

EEEEEEEET

Figure8: Testi Room A & B, Reference number Pisello2014

The experimental research focasaainly on:

I.  the comparison between these two test buildimgth respect to indoor
conditions and energyemandor heating degree daysoi of them have

the samalesign but different envelope materials as well as technologies.

Il.  thermal parameters which can have impact on indoor environment condition

during winter period three month winter monitoring

Therefore, the analysis&v al uat i on

winter conditions.

So, takng into account the results, inferred that both of them have similar letggm
indoor air temperature, but have differences in the mean radiant tempeasatucily,

[19]
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therearesmall dsparitiesbetween the predicted andfield measurements regarding

thermal properties of walls and roof.

This hourly graph below demonstrates fluctuations in indoor surface temperature of
roof, north facing and soutfiacing wallsas well as of indoor relative humidity of the

two test buildings. The results clearly show the differsncevalues ofindoor RH
betweenthe two test rooms, as indoor RH of the second test room increases slowly
when the HVAC system is operated and witmgiderably fast rates when the
mechanical systems turn offhis can be justifiedy the high moisture content in the

overall envelope of the second one comparing with the theoretical values.

Surface temperature [°C|

Relative Humidity [%]

Time - November 13, - ru
TR-1 North-wall ~ sssses TR-1_South-wall TR-2_North-wall
wessssTR-2_South-wall — =TR-2 Roof TR-1_RH TR-2_RH

Graph 4: Indoor surface temperature & indoor RH in -IRand R-2, Reference
number 10Pisello2014

3. The article @Passive building energy savings: A review of building envelope
C 0 mp o nirwvestigated variouluilding envelope configurationgith respect to
energy efficiency and thermal storagemiscellanyof strategieare demonstrated
based on advanced technologies faalls, roofs, windows & doors, and also
thermal insulation materiglspointing outthe most recent developments. For
instance, as developed walésigns whichcan be applied in order to impmv
buil dingdbs energy performance, can be
concrete walls and walls with latent heat storage

[20]
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Also, the most important pioneer types of glazing are shown below:

1 aerogel glazing
1 vacuum glazing

1 switchable reflectivglazing
While the distinct roof constructions can be classified into:

masonry roofs
lightweight roofs

ventilated roofs

1

1

1

1 vaulted and domed roofs
1 cool roofs

1 green roofs

1

photovoltaic roofs

Additionally, thermal insulation consists a necessary component of building envelope,
as it can minimize sensibly tlemergy needs and so can lead to a significant increase
of bui |l di ng é6Forthesmeasory the choice®af iasglation shoulddapted

from specific criteriaBelowdiverse types of insulaticare shown

Cellular
materials
Fibrous
materials

Fibrous cellulose, cotton, sheep wool, wood, ’

calcium silicate, bonded perlite,
vermiculite, and ceramic products.

glass wool, rock wool, and slag wooI.J

materials pulp, cane, or synthetic fibers.

Qrganie cork, foamed rubber,polystyrene,
Cellular
ataals polyethylene, polyurethane,
polyisocyanurate, and other polymers.
Y: po
Metallic/Metalized

reflective
membranes

Advanced
material

Thermal
Insulation

rolled foil (usually aluminum), reflective
paint, reflective metal shingles, or foil-
faced plywood sheathing

transparent materials (Aerogel),
phase change materials

Diagram 1 : Different thermal insulation materials Reference number 11:
Sadineni2011

Furthermorethis papeindicateghat these terms can be achieved by means of passive
energy efficiency strategsgeanda crucial parametdor theachievemenof themis the

climate Fa this reason, is stated that equivalent researches should emphasize to a very

[21]



significant extent on location of each case and also to energy modellingusofiwas

to take the most accurate results as posdtaleinstance, application of thermal mass

as an energy saving proposal would be much more efficient in climates where there will
be high fluctuations in temperature between the days and nights.

Taking into account aetailed source of bibliography, thigiale defines as necessary

the followingrequirements:

1 proper orientation

1 energy auditing and periodic maintenance if it is needed
in order to enhance the energy performance of the building envelope

However,is sane to turn to easier amdrecost effective solutions of building envelope
constructions but alsintegrating these strategies into the given climate, as each

situation requires different energy saving methods.

4. The mentioned below studgExperimental research of thermal comfort conditions
i n smal.l test buil di ng $asvigét to incestijateenr e n t
detaildata concerning thelimconvenienceondition and energy efficiency of five
testbuildings, equivalent one to each other, with different heating sydteaied

in Riga, Latviataking into account local thermal discomfort factors.

Figure9: Five test buildingsReference number 125endelis2015

[22]
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Asismentionedair to air heat pumpsereinstalled in each test buildiremnd therother
heating systems so as to evaluate the fluctuations regarding the levels of thermal
comfort.Graph 5shows a comparison of PPD indicdésab heating systems, wheig
obvious that atside temperature does not have an impad¢hermal comfort except

from the test building which is equipped with air to water heat pump.

*PLY w®AER ACER
oEXP +LOG

PPD, %

Tout, *C

Graph 5: PPD indices based on the outdoor temperature for all the examined heating

systemsReference number 135endelis2015

By and large, this kind of research enables the monitoring of thermal comfort conditions

by anal yzing the i nprbpargesane itsoperatiordhéstfactng sy st
can contribute tdhe investigation of potential causes of locslcdmfort and so can

minimize them.Moreover, as future research is proposed an analysis with different

heating systems but also with various settings.

5. The objective of theexperimental research: Opt i mi zati on of buil d
design for nZEBs irMediterranean climate: Performance analysis of residential
c a s e isto poidtyud the best envelopelutions radiative features of th@of,
thermal masand also the most optimized measures for the minimization of heating
and cooling load®f a bulding which is located infour different cities of the
Mediterranean climateMadrid (Spain), Nice (France), Naples (ltaly) and Athens
(Greece) The results will lead to a proper selection of tfestpossible measures
and even to an experimental resear@hcentrating on soluins exclusively for hot
climate Moreover, this approach attend the followstgps:
1 define aim and objectives

1 define problem constraints

(23]



1 selection of design variables , simulation software and proper weather
files
1 run simulationsgevaluate the results and select the best fitted design

variables in terms of lower heating and cooling loads.

The following figure indicates the layers of the examiweadls, showing its thickness,
thermal conductivity as well as specific heat and demsitgach wallWall 1 is based

on interlocking brick with holes which are filled with reakool insulation. Wall 2 is
made of autoclaved cellular concrete likewise Wall 5. Also, Wall 3 is made of cross
laminated panels suitable for earthquake zones afidi\gaalso based on interlocking
brick with holes which are filled with EPS. The last one alkll 6) is a traditional
brick.

Figure 10. Description of layers of the testedalls, Reference number 14:
Ascione2016

Regarding the building descriptioig a single family house with surface 148. It

consists of two bedrooms and bathrooms and a living room with an open kitchen.
Moreover, in ordefor the thermal loads to be more reliable, this case study divides the
building into four thermalzones; bahroom, kitchen, bedroom, dining room.
Summarizingjn Mediterranean cities the attainment of decreased cooling loads can be
utilized throughcool and highly insulated roofs, windows with triple selective systems
and also shading systen@ther intriguing aalysis of this case study referring to the
integration of phase change materials. The estimated results propose that the adaption
of melting temperature of 2% on the internal side allows the reduction of cooling

demandBy integratingthoughthis solutionwith the application of another PCM layer

[24]


























































































































































































