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ABSTRACT

The rising energy prices and energy consumptiosazhthe interest about buildings
with low energy consumption such as passive ho&sethermore, due to the

decrease of fossil fuels, mainly energy consumptibthe building sector derives

from fossil fuel, and the residential buildings amnaking around 27% of the total
consumption in Europe (Eurostat, 2011). So thelesdial buildings in Europe need
energy savings. The realized passive house inréiffecountries are examples to
understand the reasons of this usage. Learningtiemase studies is significant for
the future development of passive house standarotii@r countries. Therefore, this
work analyzes comparison of passive houses inrdiffeEuropean countries, by
choosing several case studies of passive houséasthim hot and also cold climate
zones. Based on the analysis passive house istainside and suitable energy
saving concept, which can be utilized in the contéxEurope. Due to the examples
of passive house, it can save more than 62% ofgpyiranergy consumption in the
residential building for Europe, in addition to theint that the investigation showed
that passive house standard is climatically, teldgically and economically for the

selected European countries suitable.

KeyWords: Passive house, Passive House Standard, EneligieEdfy.



Oz

Enerji Gcretinin artmasi ve tuketimi, “Pasif Ev'rdien dguk enerji tiketen binalar
yapma ilgisini uyandirdi. Insaat sektorinin enerji tiketiminin @o fosil
kaynaklarindan okiugu ve fosil kaynaklarinin azalmasi nedeni ile Avrdpéi
toplam tuketimin %27 sini yenke binalari olgturmaktadir (Eurostat, 2011). Bu
yluzden, Avrupada’ki yerkke binalarinin enerji tasarrufuna ihtiyaclari vardharkl
Ulkelerdeki “Pasif Evler” ise buna bir ornektir. &tirmalardan ¢ikan sonuclar
dogrultusunda ilerde ger Ulkelerdeki “Pasif Evlerin” okmasina yol gosterir. Bu
baglamda, bu ardirma da Avrupa’daki farkli tlkelerdeki “Pasif Evié sicak ve
soguk iklimlere gore kaglastirip analiz etmektedir. Analizlerden yola c¢ikarak,
“Pasif Evlerin” Avrupa cercevesinde enerji tasaurugin uygun ve surdurulebilir
oldugu ortaya cikmgtir. “Pasif Ev” oOrneklerine gore, Avrupadaki yegte
binalarinda %62'ye kadar enerji tasarrufiglaenaktadir. Argtirma sonucuna gore
ise, iklim, teknoloji ve ekonomik acidan “Pasif Exh” Avrupa Ulkelerine uygun

oldugu ortaya ¢ikmytir.

Anahtar Kelimeler: Pasif Ev, Pasif Ev Standardi, Enerji Etk@nli
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Chapter 1

INTRODUCTION

1.1Research Problem

The growing energy prices, number of people andggneonsumption with limited

energy sources (fossil fuels) caused the interesttabuildings with low energy
consumption such as passive house. Energy demahduseholds accounts for
around one fourth of the final energy needs in Bueope (Eurostat, 2011), and
requires less energy consumption. At the same meyonment protection with a
reduction of CO2 emissions nowadays is becomingaauirement for new built

buildings.

1.2Research Aim and Questions

The aim of this study is to analyze and determingeitportant issues in the design
process of energy efficient residentials to achiegs energy consumption, as well
as to explore the passive house requirements, tatiek @ame time to evaluate the
suitability of passive house standard in diffefeatopean countries.
To achieve the objectives, the following questiaressimportant:

» What is a passive house?

» Is the passive house climatically, technologicalhd economically suitable

for European countries?
» How can passive house be implemented to improveggnefficiency of

buildings in different European countries?



1.3 Research Structure Methodology

The first chapter is the introduction.

The second chapters the literature review part: It includes essdlytia wide-range
literature review on books, scientific journal pegearticles, documents, thesis
(Master, PhD) and research projects in understgntiia passive house and other

energy-efficient buildings.

The third chapter is the analysis part about selected case studies different
European countries (Germany, Spain, Sweden) locetelaot and cold climate

Zones.

The fourth chapter is the analysis part about the results from thecsetl case
studies: It includes a comparison between passouesdr measurements and the
performance, which is needed to figure out theablyt of passive house for

different European countries.

The fifth chapter: This chapter includes the conclusions

1.4 Limitations and Scope

The limitation and scope of this study is to leabout passive house requirements
and it standards in hot and cold climate zones bgma of several case studies in
different European countries. The main focus ibédoome more competence about

energy-efficiency issues and especially about padsiuse.



1.5 Literature Review

After the realisation of the first passive house Darmstadt — Kranichstein
(Germany) in 1991, the ‘Passive House InstituiGermany published many articles

and research materials about the implementatidRasfsive House’.

Because of the 15th anniversary of the Darmstadtanichstein Passive House,
Feist (2006a) published information material abitig project. At the same time,
the same author published articles about the defmiof passive house standard
based on his realised first project in Darmstatanichstein (1991) (Feist, 2006).
Further publication is existing about another carted passive house project in
Hannover-Kronsberg (Germany), which is describimg tonstruction process and
measurements results (Feist, 2003). Special ptiolitsahave been done about the
use of thermal insulation materials for passive deoFeist, 2006b) and about
economical aspects of passive house in order tlysnthe economical advantages

and disadvantages (Feist, 2007).

The ‘Passive House Institut’ publications are edato German passive house

standards and its evaluations.

The use of ‘Passive House’ in other European casmwas enhanced by important
projects. For instance the PEP (Promotion of Euangeassive Houses) supported
the development of passive houses in many Europeantries (PEP, 2006). This
project includes only the European countries, wlanh located in the cold climate

zone of Europe. Informations about the Europeamit@s located in hot climate



zone of Europe are not available. This projectagially supported by the European

Commission under the Intelligent Energy Europe Raogne.

Another important research analysis is the comparigetween traditional building
construction and passive house construction exéetlior Sweden regarding the

building cost and construction efficiency (Bogwstal., 2012).

Furthermore, the increase of thermal mass to aehiegh thermal comfort of a
passive house was analysed in South-Western Swédfwe storey building was
used as case study to reduce its energy consun{ginaterson et al., 2012).

All this scientific publications are related to pa® house development in cold
climate zones, so there is a need to establispdbsive house in hot climate zones

with appropriate standards.



Chapter 2

ENERGY EFFICIENCY ISSUES

2.1 Energy Efficient Buildings

Achieving energy-efficiency in residential builds helps to decrease the overall
energy consumption. The aims of energy efficiencyesidential buildings are the
reduction of energy consumption for cooling, heatiand lighting, but also
improves the comfort-level for the occupants. Thae energy efficiency can be
defined as having minimusevel of energy inputs (Umar, 2013). In generakrgy
efficiency in buildings can be achieved by highfpening building envelopes such
as using high performance windows, increasing #&well of insulation, avoiding
thermal bridges, airtight construction and gettisg of bio-climatic architecture e.g.
choosing the optimal compactness and orientatibe. dbjectives for passive use of
solar energy and usage of renewable energy soalsescan be achieved by high
performance ventilation systems such as heat regeawed mechanical insulation

(Isover, 2013).

For improving energy efficiency in buildings, maagproaches and concepts have
emerged in the last decade, which include as pasgiuse, bio-climatic, and green
building design in the last decades. These appesactainly focus on climate types.
World-wide, there are different types of climates. ithere are different levels of

heating and cooling energy loads in the buildingdopting design strategies for



energy efficiency in a climate having hot humid soens and cold winters is

difficult as the building requires both heating ambling systems. (Evcil, 2012)
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Diagram 1: Residential space heating requirememhates for European countries
(Evcil, 2012)
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2.2 Energy Use in Buildings

Buildings are accountable for approximately 40% tloé total annual energy
consumption in the world. This energy is mainly duder provision of cooling,
heating and lighting (Eurostat, 2011). In the restthl sector, energy consumption
is one of the basic constituents of the total epemnsumption in European
countries by the percentage of 27% (Diagram 2).ofdiag to the International
EnergyAgency, annual energysage in the world has increased in residential

buildings from 1995 to 2005 by 2.4% (Eurostat, 2011
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Diagram 2: Europe energy consumption by sectorq&at, 2011)

Reduction of energy demand and energy consumgtibnildings is the key factors
in reducing the depletion of natural resourceslaniing emission pollutantsThe

following diagram shows European Union target fath&nd roof energy loss.
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Diagram 3: Energy loss through walls and roof imdpe (Evcil, 2012)

Energy loss (MJim?-year)

Turkey
Greece
Ireland
Austria
Switzerland
Finland
Norway
Denmark
Sweden
Germany
Netherland
Belgium
France
Spain et
Portugal

2.3 Energy Use and Environment

The buildings, which have excessive usage of enengythe main contributors to
the present environmental pollution problem. A @ty which gains electricity
energy by using fossfuels causes soil, water and air pollution, andnthe
responsible for global-warming. Another issue s dffect it has on climatehange:

it is estimated that during the period of 1990 0@, global average surface-
temperature will rise from 1.4 to 5.8°C (Diagram(@}tmar, 2012).
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The energy balance of the climagstem has been altered d@lyanges in
atmospheric concentration of greenhouse gases (§14Gar radiation, land cover
and aerosols. Global greenhouse gas emissionsabogg 70% and carbon dioxide

(COZ) increased by nearly 80% with an annual incredsé. 6 for residential

buildings from 1970 to 2004. In addition, Speciap@rt on Emissions Scenarios
(SRES) estimated an increase of 25% - 90% carbaxid#i in global greenhouse

gas emissions from 2000 to 2030.
2.4 Energy Use and Shortage Problem

The world is facing a big challenge because ofsti@rtage of energy, which is one
of the impacts of economic development. By econoda&eelopment, the need of
electrical power which depends on the fcésdls increases. Therefore, the
expectancy of fossiluel consumption will rise in the future, and thisll cause

upsurge in the price of energy sources such g®@pram 5).
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dollars (Tverberg, 2013)

According to the literature, nearly 86% of the gyeused in the world is supplied

from fossi!fuel sources, such as natural gas, coal and petro(@verberg, 2013).

Stated by Oettinger (2010), the fodsi€l reserves can probably provide energy for

the next one or two centuries, hence, more thantling of the European Union

(EV) electricity power generation capacity will best until 2020 because of the

limited life time of its installations, which depend on low-aarbenergy sources

(mainly hydropower and nuclear power).

In addition, population growth is another factardeng to energghortage. Diagram

6 shows the per-capita energy usage between 200Q@@0 in the last decade,

which is increasing rapidly (Tverberg, 2013).

Decade % Incr. in Energy vs Population Change

70%

Population

Energy Use

Diagram 6: The increase of energy use comparedalation growth
(Tverberg, 2013)
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2.5 The Use of Renewable Energy Sources

Power generated from renewable energy sources ealabeled as solar, wind,
biomass and geothermal energy. These natural @s©uran generate energy
through photovoltaic (solar cell) arrays, wind-poae turbines and other
byproducts, including municipal solid waste, digesgas and landfill gas. The
essence of using renewable energy world-wide ig s@nificant not only for its

effects on sustainable economic growth, but alsatopreventing global climate

change (Kemal, 2012).

Nowadays, there is a huge increase in the sharenswableenergy generators
worldwide; for example, in European Union countritise usage of renewable
energy has risen 10% in the total final energy aomn#ion in 2009, and at the same
time, the European union’s renewable energy souegsecially wind and solar,
have been accounted for 62% of recently installedtecity generation capacity
(Oettinger, 2010). Eurostat (2011) estimated tlhat $share of renewab&nergy
sources will be increased in the total energy conion around 20%.

2.6 Building Standards (Codes) and Regulations

According to the International Energy Agency (2Q0@0ilding energy standards
(codes) are verified ccsfffective means for improving energy efficiency naw
buildings. These standards differ along countmesame respects; such as specific
requirements, coverage level, enforcement systewh,campliance attaining mean

(IEA, 2007).
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Specific Requirements: Specific energy requiremdatsnew buildings vary in
different countries. It is difficult to compare egg requirements for the building
envelope due to the various climate conditions@ntstruction practices countries.
Even in the similar climate zones such as Indipadaand the United States, the
importance of specific requirements for buildingrqgmonents is different. For
example India has been particularly stringent fallsy while Japan has been
particularly stringent for windows, and the Unit8thtes have particular stringent-

requirements for roofs of single-family homes (IE808).

Coverage Level: Building energy standards at leaster insulation, solar and
thermal properties of the building-envelope, whisbludes windows, roofs, walls
and other areas. Mainly, the standards cover Igatair conditioning and
ventilation, hot-water supply systems, electriaalvpr, and lighting. Some standards
cover extra issues such as the use of renewablgyensatural ventilation, and

building maintenance (Evans, 2009).

Means of Attaining Compliance: Building energy stards typically provide
property owners with some flexibility in meeting eth energy-efficiency
requirements. This is noteworthy because the cadeébe more rigid, not impinging
too severely on the ability of property holders,tla¢ same time, to adapt the

buildings to their needs (Evans, 2009).

Enforcement Systems: Building energy standardspath are effective, but are not
mandatory in all the countries; for example, Indiad Japan have a voluntary

standard system while Canada, Australia and theéedrfstates all adopt building

11



standards at the local level. On the other handnaChas completely mandatory

national codes.

Some significant issues concerning enforcement iendssociated effects on the
energy usage standards include compliance des@joa@rstruction stages: in which
ways and by whom buildings are inspected. Disacged of compliance,
information and training in these standards arehsas compliance software,
equipment, inspection checklists, and materialrtgsind ratings (IEA, 2007).

2.7 The Importance of Building Energy Standards

Building energystandards are very important in improving enagfficiency in new
buildings. The United States (USA) saves more thae billion dollar yearly in

energy costs by using these energy standardsharfdjtire is on the rise.

Similarly, Diagram 7 shows highlights the amounteokrgy decrease through the
use of building code in different European coustrietThe average energy
consumption per dwelling has reduced by using mglcenergy standards. The
decline is around 50% for Germany and Slovakia, 3&f4-rance and Netherlands,

27% for Denmark, 16% for Sweden and 11% for Irel@idre, 2011).

B Total decrease W Decrease from new dwellings

: g 5 o
% = e @«
e £ g =
= a

herlands
enmark
Slovakia

Swi

= (&) (]
Diagram 7: Effects of using building standards (MwW@011)
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2.8 The European Passive House

There are many different types of energy efficibiouses, for example “low-
energy”, “zero-energy”, “energy-plus” houses, “aethouses” and “passive houses,
and many others. The concept of “Passive House” wiaely accepted as an
essential cause for enhancing energy efficien&uropean buildings.

Henceforth, more than 25.000 passive house dwsllvaye been built worldwide.
The passive house originates from the idea of Bandgbn and Wolfgang Feist.

(PHI, 2012).
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Figure 1: Map of Certified Passive House Buildings Europe
(http://www.passivehouse-international.org/indexpbage _id=288)

2.9 Definition of a European Passive House

A passive house or "Passivhaus" is one of the gredfigient classifications for new
constructions to reduce the amount of energy copiomin residential buildings.
Passive house has been defined by German Pdssuse Institute as “a building,

for which thermal comfort (ISO 7730) can be achdtewselely by post-heating or
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post-cooling of the fresh air mass, which is reegito fulfill sufficient indoor air

guality conditions (DIN 1946) - without a need fercirculated air” (Feist, 2006).

At first, in central Europe, the concept of passhause had been designed for
residential buildings. Though now, the concept banmplemented in allypes of
buildings, such as for schools, offices, and etad & suitable anywhere in the
world. In early times, although there were manyhspassive houses, and they had
serious problems; for example, the performanceasimfiows were ncsatisfying or
they were covered with temporary insulation anddinéightness was not permanent
(Feist, 2006a). The standard for passieeise was established in May 1988, by
Prof. Bo Adamson and Wolfgang Feist. The first fp@@n passivouse under
those standards was built in Darmstadt, Germany9B0, showing a reduction of
90% per year in space heating load compared talatdnbuildings at that time

(Elswijk, 2008).

Passive house is the worldesading standard in building energy efficient
constructions compared to conventional standand®ftal energy saving, the use of
passive house standards would be more than 75%ivPdmuses are cost efficient,
high quality, healthy and sustainable constructi®igson, 2013).

Therefore, the passive house is the main methodnfproving the efficiency of
energy in houses; and the aim of passive houses dseate a comfortable house

without excessive energy demand.
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Diagram 8: Comparison of energy consumption inedéht buildings (Wilson, 2013)

Originally, passive house standard was establishel@veloped for cold climates of
central and northern Europe. Hence, to developsaiya house concept in warmer
climates in southern Europe, in countries such @S Italy, Portugal, Malta and
Greece, new design guidelines were needed. As Wt rddediterranean passive
houses were settled in design guidelines and dpedlwithin a context of passive-

on project. (Passive-On, 2007a)

Passive-on is one of the projects sponsored biligiet Energy for Europe (SAVE
program): The European Community on encefficiency in buildings. Partners in
the project are public and private research insttdrom Germany, Spain, Portugal,
France, UK and lItaly. Passive-on project is aintedffer guidelines, specifically in
the way of applying passive house deangethods for buildings located in warmer

regions, especially southern Europe (Passive-Q0i/ &0
2.10 Passive House Standards

Passive house standard is necessary in buildingiremtion, and the standard can be
met by using some construction technologies, metlaodl design strategies, which

can be used in any type of building. Passive haiardard, although varies in
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different countries, but is typical in definitionhich is given by the "Passive House

Institute".

Passive house standard is a particular construstamdard for making buildings
comfortable and in good conditions for all seastwydjmiting or without traditional
active cooling and space heating approaches. Tipitlas includes optimized
insulation levels with minimal thermal bridges, ydow air-leakage through the
building, utilization of passive solar and intergains and good indoor air quality
maintained by a mechanical ventilation system withhly efficient heat recovery.
Renewable energy sources are used as much asledssieet the resulting energy

demand (PHI, 2012).

The basic criterions and features of this standamdinly covered by German

passive house standard, for central European cesiatre:

Annual energy demand for spaleeating should become less than 15 kWh/m?

- Having a super insulating for the building envelegthout thermal bridge, low
wall, floor U-values and roof about 0.15 W/m?2K.

- Passive use of solar energy is very essential & gassive house design;
decreasing heat loss and maximizing solar gainsbeamchieved by special
orientation, shape and suitable shading in a mgldi

- Proper airtight in the building envelope shouldrdese ventilation heat loss to
become less than 0.6 each -1 at 50Pa.

- Using heat pumps and solar collectors to get enferglyeating the water supply.

- Openings (glazing and frames) should have U-fackess than 0.80 W/m3K,

with coefficients of solar heat gain around 50%.
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Using renewable energy sources to decrease thendefoaprimary energy to
become less than 120 kWh/m? yearly, while redugmegnhouse gas.

- In winter, the room temperatures should be keptr @®C, using the above
mentioned criterion to satisfy the thermal comfrthe residents (PHI, 2008).

The following table shows the criterions of passieeise standard (PHI, 2008).

Ventilation with = 75 % heat recovery
Electricity demand max. 0.45 Whim®

Heat protection:
U < 0.15 Wi(m3K)
U, < 0.8 WI(m3K) N
thermal bridge free-=""

-

Outdoor air Il Exhaust air

u'l
; ”- Supply air

Extract air '

st

Triple-panes
U, < 0.8 WI(m*K)
g-value 50 - 55 %

A

Heating energy demand
or Building heating load
Useful cooling demand
Primary energy demand
Building airtightness
Excess temperature frequency

15 KWh/(m?a) |
<10 Wim? |

15 KWh/(m2a) ||
120 kWhi/(m?a) |
<0.6/h |
<10% |

Airtightness: (.
nNg<06/h .
Tt

<
<

Figure 2: Passive House criterions (PHI, Passivesdaequirements, 2012)

Table 1: Criterions for passive house (PHI, 2008)

Main Factor Factor Standard
Energy Heating Annual spacdeating < 15kWh/m?2a
energy requirement
requirement | Heating power (constant | <10W/m?
heatingload)
Heating power for one <1.600W
family house
Heating energy <2.000Wh/a
consumption for one family (200 I QOil)
house
Energy Total energy requirement | < 120kWh/m?2a
requirement | (for space heating, domestjc
hot water and household
appliances)
Window U-factor U-factor of glazing 0.6<Ug<
0.8W/m2K
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U-factor of window frame | 0.5<Uf<
0.9W/m2K
U-factor of windows Uw < 0.80W/m2K
(glazing and frames,
combined)
Solar Solar heagain coefficient | 50%<g
coefficient of windows
Door U-factor U-factor of external doors Ud 0.8W/ m2C°
Opaque Insulation U-factor of all opaque U <0.15W/m2K
thermal components of the thermal
envelope envelope
The thickness of insulation| 25 - 40cm
material
Thermal bridge hedbss <0.01W/mK
coefficient
Air change Air change rate at 50 Pa sod 0,6 /h
Ventilation | Grade Heatrecovery grade 75%<
system (efficiency) of ventilation
system
Electricity Electricity consumption of | < 0.4W/m3
consumption | ventilation system

In addition to the above mentioned criterions, p&ssouse institution has added
some extra standards for passive houses in warmapEan climates, especially

southern Europe, as follows:

- Cooling: Annual energy load for space cooling sbdé less than 15 kWh/m?

- Summer thermal-comfort: Room temperatures showdg atithin the comfort
range as defined in EN 15251. Moreover, room teatpess should be kept less
than 26°C if an active-cooling system is the maialing device.

- Air-tightness: In the case of proper thermal cornémd decent indoor air quality
being achieved by a mechanical ventilation systaim|eakage from unsealed

joints should also be less than 0.6 ach-1 at 5PBRssfve-On, 2007b).
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2.11 Energy Efficiency Requirements for Passive Hse

2.10.1 Super Insulation

Proper insulation is the main principle in passinises which reduces heat loss.
Therefore, a passive house does not need an dsateng in cold winters and the
internal surfaces' temperatures are kept nearbgoal to the indoor air temperature.
This helps to avoid damages caused by the hunmodlitydoor air, leading to have a
decent comfort quality indoors. There are variogees$ of insulation materials with
different properties. Usually, the main expresgveperty used for insulations is U-
value. Passive house insulation thickness diffgrditferences in climates, building
structures and insulation material types (TableF2dm environmental protection
(conservation) viewpoint, insulation material mbstgreen, i.e. recyclable, and do

not contain harmful substances that cause poll&dil, 2006 c).

Table 2: Insulatiorthickness and windows U-value for different passioeises in
different locations (Golunovs, 2009)
Mannheim | Kiruna | Helsinki | Almaty | Moscow

.EXtem?" wall 15 cm 60 cm 50 cm 50 cm 50 cm
insulation

_Slab to_ the ground 30 cm 100cm 60 cm 60 cm 80 cm
insulation

Roof insulation 20 cm 40 cm 40 cm 40 cm 40 cm
U-value of window

glazing (W/m2K) 0,72 0,36 0,72 0,72 0,72
U-value of window 07 0.35 0.49 07 0.7

frame (W/m2K)

Feist (2006 b) has presented an interesting daardmg the thermal insulation
of passive houses. Table 3 shows “the thicknesgataeef an exterior construction,
if that is only built from the given material, toet a typical passive house U-value

of 0, 13 W/ (m2K)” (Feist, 2006 b).
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Table 3: Building materiathickness with U-value 0.13W/m2K (Feist, 2006 b)

Nr | Material Thermal | Thickness to
conducti | meet U=0.13
vity W/(m2K)
W/mK m
1 | Concrete B50 2.1 158 m
2 | Solid brick 0.8 6.02m
3 Hollow brick 0.4 3.0lm
4 | Wood 0.13 0.98 m
5 Porous bricks, porous concr. | 0.11 0.83m
6 | Straw 0.055 0.41m
7 | Typical insulation material 0.04 0.3m
(Mineral wool, Polystyrene,
Cellulose)

8 Highly insulation material 0.025 0.188 m
(Heat conductivity 0.025
W/mK)

9 Nonporous "super insulation" | 0.015 0.113m
(normal pressure)

10 | Vacuum insulation (silica) 0.008 0.06 m

11 | Vacuum insulation (high 0.002 0.015m

vacuum)

Vacuum Insulation Panels (VIPs) offer higher parfance, when it's compared with
other insulation materials such as fiberglass, yrethhane and expanded polystyrene

(EPS).

Fiberglass

EPS

Polyurethane

Figure 3: Thickness comparison between severaldtisn-materials.
(http://www.sealedairspecialtymaterials.com)
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Because of the high-costs and thermal bridge pnobleaused by problematic
connections, the Vacuum Insulation Panels (VIP® aot preferred. Mainly,
renewable thermal insulation materials are used doperinsulation without
regarding to tinsulation thickness.

2.10.2 Thermal Bridges

Thermal bridge avoidance is very important in passiouse standards, so that heat

loss would be minimized and better thermal insatagfficiency would be gained.

According to PHI (2006b), “the larger heat transpoccurs where the thermal
resistance is lowest. Very often heat will ‘sharteit’ through an element, which
has a much higher thermal conductivity than theosunrding material”. Experts call
this case a “thermal bridge”. Thermal bridge haeat$ on decreasing interior
surface temperatures and considerably increasiag lbes and gain based on the
seasonal climate. Therefore, it causes the stri¢ttugain heat in a hot climate, and

that is why thermal bridges should be avoided.

Thermal bridge coefficient¥) is a pointer to show the additional heat lossaof
thermal bridge. If it is less than 0.01 W/MKk, thigre building envelope (detall) is

called “Thermal Bridge Free."

PHI (2006b) mentioned that thermal bridge can baided by the junction being
carefully designed between the wall and windowaordfloor and wall, or roof and
wall. Heat loss can be reduced through avoidingntaé bridging in a way, that
insulation envelope should not be cut and shoulglbeed at the end of building
components; the connection of insulation layer &hde overlapped and the edges
should be selected with obtuse angles. Figure 45asidow the design method for

avoiding thermal bridges.
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With a single-leaf external wall and a cellar floor
or sole plate insulated on its upper or under side

With an external cavity wall and a cellar floor or slab to
the ground insulated both on its upper and under side
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Figure 4: Thermabridge avoidance in passive hos8OVER, 2008)
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Figure 5: Thermabridge section in a passive house (PHI, 2006b)
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2.10.3 Airtight Construction

The house can lose its heat or coolness energgndem on the season, by air
penetration through the building envelope via windpwalls, floor, external doors,

roof, or envelope component's junctions. Therefexégrnal envelope of the passive
house must be airtight to achieve energy efficidmgyvoiding heat loss and mold
or moisture, reducing sound transmission, and impgpthe air quality (Figure 6)

(ISOVER, 2008).

Generally insulation materials are not airtightaept from foam glass), and also
well insulated construction is not certainly ainigSince some insulating materials,
such as glass wool or mineral, have excellent aigul properties but are not
airtight, air can easily pass through them. Coneetly, airtight envelope should be

separately designed and built (PHI, 2006 d).

An inside plastering continuation is sufficient farasonry construction and wood
composite boards can be used in the majority obedimconstructions. Hence,
airtight envelope should be continuous without rintgtions, especially at joints
(ISOVER, 2008). For a high quality building envedopboth air tightness and

insulation are essential characteristics.

“Further, achieving air tightness should not betakisn with the function of ‘vapor
barrier’. Conventional room plastering (gypsum iond plaster, cement plaster or
reinforced clay plaster) is sufficiently airtighiut allows vapor diffusion”. (PHI,

2006d)
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Figure 6: How to avoid hedbss and mold or moisture in passiveuses
(PHI, 2006 d)

Air tightness of a passive house should be measaftedbuilding by using “blower
door test” (Figure 7). Air change rate of the pasdiouse at a pressure of 50 Pa
must be less than or equal to n50=0. 6ac/h, antidbicountries it should be less

than 1 area changing per hour (PHI, 2006d).

Figure 7: Blower door test (ISOVER, 2008)
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2.10.4Windows and Doors

Passive houses get use of highly efficient windoWe U-factor of the glazing and
frame must be less than or equal to 0.8W/m2K &Du80W/m?2K). Window U-value
describes the heat loss taken place through thdowirframes and windows. In a
building, first the quality of windows increase®idly, then the other components.
Japan has already developed vacuum windows withvalle of 0.05 W/m2K

which is near to the mineral wool property of irsidn (ISOVER, 2008).

The type of glazing and frames used in the buildiifeers regarding the climate
differences. Hence, these three essential factwosld be considered (Figure 8)

(PHI, 2006¢):

1. Triple-glazing with two low-e coatings
2. Insulating “Warm Edge” — spacers
3. Super insulated frames, such as plastic or woodends, and components for

air tight windows and thermal bridge free.

Glazing
U-value Ug
—
glazing-edge
Y-value Yg

frame
U-value Us

|

Figure 8: Passive house window (PHI, 2006 e)

airtight tape
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According to PHI (2006 e), “in passive house, thairmpart of the windows is
oriented to south in order to gain more solar h&éap windows should be placed
southern, bottom windows - northern, as this dioecand position of the opening
allow to have more solar gains during winter anévoid them during the summer

in order to prevent over heating”.

Referring to Janson (2010), proper dimensioned owsd ovehangs are very
important in winter for penetration of solar ratat while shading devices in

summer should avoid ovegating.

The same attention must be paid on the doors iassiye house. According to
Janson (2010), the entry door with a 7cm thickregsU-value of 0.6 W/m2K used
in an apartment in Varnamo, Oxtorget is estimabteshive 200kWh per year.
2.10.5Ventilation Systems

There are various types of ventilation systems tiaat be used in a passive house
like natural ventilation systems (natural ventdatiwill be described in detail in the
passive cooling section). Although natural ventlatstrategy is suitable for hot
climate, but a passive house needs good indoayuaility, which is impossible to
achieve by using natural ventilation. Consequemtigchanical ventilation is needed
to achieve proper indoor air quality. Hence, meatansystem is said to be an

irreplaceable part of passive houses.

Heat Recovery Ventilator (HRV) and Energy Recovegntilator (ERV) are heat
and air-exchanger ventilation systems. HRV providesh air and improves climate
control, while saving energy by reducing coolingl d&reating requirements. ERV is
very similar to HRV, but it transfers the humidlgvel of the exhaust-air to the
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intake-air. Therefore, HRV is ideal for colder ctite conditions, and it keeps the
house supplied with a constant flow of freshdwar air, whereas ERV is used in
hot climates and humid environments. ERV also recupsrite energy trapped in
moisture, so it improves the overall recovery éfcy. ERV process is that, in
humid climates and air-conditioned houses, whemdensumidity is less than

outside, ERV limits the amount of moisture comingpithe house. In dry climates
and humidified houses, when the humidity levelegersed, ERV limits the amount

of moisture expelling from the house (Venmar, 2012)

Stale air
to outside
006000 / ‘
Excess moisture
exhausted to outside|

W Fresh air

to building

Fresh air 000600
from outside J ‘ Stale air
from building

Figure 9: HRV (Heat Recovery Ventilator)

Heating Season Cooling Season

e Supply to inside Exhaust to outside ST
pu 40 60000 00000 s PERD
outside B4 ‘ | 060 660 K ,‘ ¢ & inside

Moisture Moisture
4 returned inside returned outside
Supply from) 7 o ’ 4 ‘ Exhaust from

outside -
o Supply from 0 inside
00686 insido outside (0600
0000 60060

Figure 10: Energy Recovery Ventilator (ERV) (Venniz012)

A counter-flow heat exchanger works as follows: Waair or extracted air (red)
delivers heat to the plates and this air leavesiehanger cooled as the exhausted

air (orange). On the opposite side of the exchapes, fresh air (blue) flows in
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separate channels and this air absorbs the hedahandt leaves the exchanger with

a higher temperature as the supply air (green),(P®06 f).

In passive houses, heat recovery level in the hatioin system must be equal to or
more than 75% and the electricity must be low (Wwelo40 watt for cubic meter air-

flow).

Characteristics:

m  Centrally located
ventilation unit with
fans and heat recovery

®m  Supply and extract air
in separate ducts

T Main components :

“~._ s 1 Ventilation unit with

TEN fans, control, HR, filters
| Ducting with silencers

Supply air inlets

Extract air outlets

Directed flow through

the internal rooms,

transfer openings in

internal doors

6. Exhaust air outlet

7. Fresh air inlet

S i

.
|

Figure 11: System concept for supply and extracsysmtem with heatecovery (HRV)
(PHI, 2006f)

Directed air flow

=» Transferred air zone
=» Extract air zone

Supply Air Inlet Ductwork Extract Air Outlet

Openings for the transferred air

Figure 12: Cross-ventilation principle concept wstipply and extract a{PHI,
2006f)
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The aims of using a heat exchanger in passive Barge

1-

Removing air pollution, such as endotoxin, carbmxide and evaporation for
spaces such as kitchen, bathroom, and toilet.

Supplying enough fresh air for occupants to livanrnspaces such as bedroom,
living room, work room and study room.

Eliminating dust and controlling the incoming qucllen, odors, and pollution,
from entering the building.

Heatrecovery and consequently energy saving, with sgeall heat exchanger.

Earth buried ducts (Subsoil Heat Exchanger) islerobpportunity to improve the

efficiency of ventilation-systems. Ground, in sumrime, has a lower temperature

than the air outdoor, while in winter time, it hashigher temperature. Therefore,

there is potential to use ground for precool freghin summer and preheat in

winter, so to reduce the energy demand or needdwoling and heating (Figure 13).

Passive houses need a high quality ventilationesysand a high efficient heat-

recovery (PHI, 2006 f).

<M
i ; 1)
(2] 5 e B ™ ™ [:
T |- | l‘ |
Fresh 1 kitchen
wpply ot - lea)
Wing room b | |
“ L |
c s I !
L =
1 il Bes 5 taidh
rl = nvelof
T
Freth supply ai
il - gre i
heat regate A
LI he xchanger :-
Ll
( Earth heat exchanger

aluo as beine cit

Figure 13: The diagram of ventilation systéﬁatalealr(plnk) is removed permaner
from the rooms with the highest air pollution. Fresr (orange)s supplied to the livin

rooms” (PHI, 2006 f)
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2.10.6 Economical Aspect

According to Janson (2010), “passive house conisepbt an energy performance
standard, but a concept to achieve high indoomthecomfort conditions at low
building costs.” According to this viewpoint, ecanig justification should be for all
building elements and services, however, passivsd®need extra investment to
have a better construction quality by installinghiefficiency ventilation systems
and building envelope. Schnieders and Hermelink§2dhvestigated on 11 passive
house projects in Germany, Sweden, Switzerlandadérand Austria, with more
than 100 residence units. Results show that the ®ttra costs for engineering
system and construction investment is betweenI¥% and 91 EUR/m2 or 8% of
total building cost for specific extra investmenst Passive house can pay back the
additional costs through its providing annual egesgvings. It can save heat cost

around 6.2 cent/kWh in average (Passive-On, 2007).

Investigating on central and south (MediterraneBujope passive houses, they
figured out, that the extra investment costs rdoggveen 3% in Spain (Seville) to
9% in France. The payback period also ranges betwear years in Spain

(Granada) to 19 years in France and Germany. Rabsise lifecycle cost over 20
years was lower than the cost for standard houseé3pain that can be achieved
within 10 years. Generally, passive house paybacio@ depends on rises in energy

prices and technical economic issues (Table 4).
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Table 4: Lifecycle cost (Passive-On, 2007)

Extra Capital Costs (€/m?)

Extra Capital Costs (%)

Total Energy Savings (kWhim?/year)
Total Energy Savings (%)

Extra Costs per saved KWh/m?/year

LCC Standard

10 .
yearse  Passive

LCC Standard

20
yearse  Passive

Cost-Benefit Ratio, 10 years
Cost-Benefit Ratio, 20 years
Discounted Payback Period (years)

France

103

9%

55

45%
1,87
143.731
152.621
160.343
160.552
-0,72
0,02
195

Germany Italy

94 60
6,71% 5%
750 86,0
50,0% 65,4%
1,25 0,70

184.716 193.817
190.104 190437
204.942 221148
200.579 198.458

-048 039
039 263
19 8

Spain Spain

Granada Seville
241 205
3,35% 2,85%
65,5 36
57.3% 40,7%
0,37 0,55

101.828 98.385

95.676 96.100
117.928 108.689
103.647 102.290

213 093
494 2,60
4 5

UK

73
5,54%
39,7
26,4%
1,84
108.337
111.988
117.875
117.256

-0,65
01
19

Feist (2007) made a comparison between passiveelausual costs and the annual

costs of low energy houses. Diagram 9 shows 40syefatotal development costs

(operating and fixed costs). When the family pdys fixed costs, after 30 years,

they can enjoy the advantages of having a low gnaitbby energy costs reductions

they did.

Total Annwal Costs Development [ €]

6000

4000
3000 +—
2000 - -
1000

=}
&

10000 -
9000
aoo0o
7000 —

—#— finnual Costs Passive House |
—a— Annual Costy Low Energy H.

T
|

|
10 20
Year

==

S0 40

Diagram 9: Annual energy cost (Feist, 2007)
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2.11 Passive Solar Systems in Passive House

2.11.1 Solar Heating

According to Bainbridge and Haggard (2011), buiddoan be heated in three ways:
Using of active solar energy which means solarneldgy, passive solar energy
which means architectural planning and design, anlhst hybrid system. In this

regards, solar heating systems have four functions:

- Collection: Collection of the sun’s heat, which falls upoe thuilding’s surfaces
during winter days. The purpose is to allow suriligko the house for heating of

the interior space and if appropriate, to heastbeagemass.

- Storage Storage of this heat for sunless or night peridti® purpose is to store

the collected solar heat until it is needed bydbeupants in the house.

- Distribution : Distribution of the stored heat throughout theuge for human
comfort and then to reduce energy consumption.aBlgit heatistribution
throughout the building can be achieved by a coatlmn of convection and

radiation.

- Retention or Control: Retention of the heat in the building by reducor

eliminating usual sources of heat loss.

According to the Bainbridge and Haggard (2011)spa&ssolar system is “a system
that stores, collects and redistributes solarggnesithout the use of fan, pumps, or

complex controllers”. Hence, it is an architectuwsgstem, in which the material and
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house elements such as roof, window and wall agd t store, release, collect and
distribute heat in the house.

2.11.2 Use of Passive Solar Heating Systems in Passiveude

Passive solar heating systems utilize the heatedaby the sun to compensate
winter heatingneeds. There are three essential passive solansysiccording to
their heat gain: Direct, indirect and isolated @&uace) gain. Each of these essential
systems also has subsystems.

2.11.2.1Direct Gain

It is the most common passigelar heating system. Simply, it consists soutintac
glazing and uaccupied space behind it, where the function ofokardieating
system happens. Sunlight heats or warms the hopsmdssing through the large
south-facing window. When the solar energy penetréitrough the window, it is
absorbed by thermahass: Floors, furniture, walls and solar energyeotéd to
ceilings. This reflection and absorption converas energy to heat. Direct gain

systems utilize about 60-75% of the suafsergy striking the windows.

These systems have subsystems such as non-diffudifigsing, direct gain

sunspace, clerestory and roof pond (Table 5) (§hiz@02).

Table 5: Direct gain types and classificat{@ainbridge & Haggard, 2011) (Roaf.S,

2001)
Direct gain
South aperture Shaded roof aperture Roof aperture
Direct gain roof

Non-diffusing C’eresm

N
N
N
N
N
N
N
N
N
N
N
S

A “}\‘

DR

E
7

7 WAl AT AT A S
Crzrrr A
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Diffusing

Table below compares the advantages and disadesntaigvarious direct gain

systems:

Table 6: Directgain advantages and disadv

antages (Lapithis, 2004)

Advantages

Disadvantages

The large areas of south facing windows
only provide solar radiation for heating b
also natural day lighting and visu
conditions (outdoor views).

nobarge areas of south facing glass

utause glare problems in the dayti
ahnd privacy problems in th
nighttime.

can
mne

It provides direct heat to the space with
the need to transfer energy from space
area to another.

plihe thermal mass used for hg
gsiprage should not be blocked
furnishings or covered by carpet

pat
by

It can adjust the number and size
windows facing south, to suit the space
thermal mass. Clerestory windows ¢
allow direct sunlight to fall on the back pa
of the walls or floors using thermal mass.

&f can overheat, if the thermal ma
fand windows are not balanced.
an
rts

SS

Direct gain is the simplest solar-heati
system. It is relatively low in cost ar
easiest to build. The walls and floor can
used as storage mass and solar element
incorporated into the living space.

ngouth

facing windows nee
c¢ummer- shading and a nigime
besulative covering in winter. Night
stiame insulation can be provided I
shutters, exterior mounted pane
pop in panels, interior draperies,

other insulating window- treatments.

Dy
Is,
or

Fabrics and furnishings exposed

ultra-violet radiation from thg¢
sunlight can change color
degrade.
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2.11.2.2Indirect Gain Passive Systems

This system combines the storage, collecting astlilblition functions, inside a part
in the house envelope encompassing the living sgacgilizes a system to store
and collect sunlight in order to be used laterirgat gain systems contain a thermal
mass placed between the living space and the suhthey convert sunlight into

heat and transfer it to the living space. Indirgain passive systems utilize around
30-45% of the sun’s energy striking the glass aaljg thermal-mass (Bainbridge &

Haggard, 2011). Indirect gain systems have subsgstich as mass wall, trombe
wall, water wall, remote storage wall, thermo-siping wall, simple U-tube

collector, shaded storage wall, and roof pond (&&hi

Table 7: Indirecigain types and classification (Bainbridge & Hagg2@@{11)
(Roaf.S, 2001)

Indirect gain
Mass wall Trombe wall Water walll

South

aperture Remote storage wall Themosiphoning wall Simple U-tube collector
: E? L
=4
Shaded storage wall roof porjd

Shaded et '

roof
aperture

Roof
aperture
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Table below shows the advantages and disadvantdgedirect gain systems:

Table 8: Indirect gain advantages and disadvantdggsthis, 2004)
Advantages Disadvantages

The storage mass is located closer to|timethe heating season, discomfort ¢an
collection area or glass, which let fobe caused by overheated air from the
efficient collection of solar energy. trombe-wall in day time. Venting can
decrease this effect.

The heat storage capacity and thicknetke effective heating can be felt tg a
of the thermal mass heats pgdepth of about 1.5 times the height|of
progressively and distributes heat to thke wall, because of the limited depth
living area, when it is required. of natural convection air-currents and
reduce the flow of heat from the warfm
sun-facing wall.

Unnecessary sun shine does nohe south facing natural daylight and
penetrate into the house. Ultra-violetiew is lost. Therefore some trombe-
degradation of fabrics, glare and privaoyalls have been designed with

are not a problem. windows (glass) set into the wall to
compensate in order to function
effectively.

The wall and floor space of the livingin a smaller house, trombe-wall may
area can be used more flexibly, whilbe taken up too-much wall space.
the storage mass is located close to|the

south facing glass.

The indoor-temperatures are more stabh night, vented trombe-walls must be
than in most other passive-solar systepdosed to prevent reverse-cycling |of
heated air

Without sun-shine in the summer and
winter days. Trombe-wall acts very
poorly.

2.11.2.3lIsolated Gain Passive Systems

Isolated gain (sunspace or solarium) is the contiminaof direct and indirect gain
systems. Solar collection happens in a separateoparea than heated spaces. In
this space, large amount of the collected heat valkransferred into living spaces

by convection through the thermal mass as wellyasabiation in smaller amounts.
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The advantage of these systems is that they carsé@ as extra living spaces as
well. On the other hand, the disadvantage of isdlgain systems is, that it warms
up veryquickly; therefore, on hot summer days, the tentpeeacan increase to be
unbearable. In order to stabilize the temperatie®véen the sunspace and the
house, thermal mass in the forms of masonry-waliger containers or floors can
be used. At this time, movable-insulation helpgiaventing excessive hdatss at
night. Isolated gain systems have sub-systems ascbunspace, barra costantini,
isolated wall collector, black attic, thermo-siphoock bed, and thermo-siphon

storage wall (Table 9) (Bainbridge & Haggard, 2011)

Table 9: Sunspace gain types and classificdBambridge & Haggard, 2011)
(Roaf.S, 2001)

Isolated Gain
Barra Costantini Isolated wall collector
South Sunspace
aperture
Black attic
Shaded
roof
aperture
thermo-siphon storage
|
wall
Remote
aperture
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Table below shows the advantages and

disadvanthgesispace gain systems:

Table 10: Suspace gain advantages and disadvantages (Laifitg)

Advantages

Disadvantages

Sunspaces are easily adaptable
existing home.

The sunspace glazed roof can
adequately cool at night time to cau
condensation on its inside (intern
surface).

be
se
al

Other passive solar systems can be ed
combined with sunspaces.

adilys relatively high in cost and the pad
back period of the investment in
building construction is longer compar
with other methods (direct gain).

y_
ts
ed

They buffer the main-spaces
extremes of exposure and thus redud
the possible temperature fluctuatic
glare and the fading of furniture ai
fabrics, (which may result from extren
indoor- sunlight).

frgnGrowing plants
ihgmidity and this may cause a discomfort

lead to increas
rand condensation in the house.
nd

ne

od

Sunspaces (winter garder
conservatories, sun  porches,
greenhouses) are intermediate usa
spaces between the interior and
exterior of the house. They can constit
an additional living space in winter af
in transitional seasons. With tf
provision of appropriate shading a
ventilation in summer, these spaces n
be pleasant environments throughout
year.

~

[

1Sunspaces have large fluctuations in
itdmperature, this makes it unfit for livir]
lde growing-plants unless some contro
thesed.

ute

nd

ne

nd

nay

the

the

g
is

The inside climate of the house can
highly improved through the addition
a thermal (buffer) between the outside
and living space. A sun-space can run
full width and height of the hous
reducing ventilation losses and fabric.

be
o
air
the

=y

D

Sunspace increases the possibility
collecting heat from a specific facad
through allowing a larger glass area tf
is desirable and practicable with dire
gain.

of
e,
1an

38



2.11.3Use of Passive Solar Cooling Systems in Passiveudes

2.11.3.1Natural Ventilation

Natural ventilation can be defined as using passivaegies to provide or supply
outdoor air in the building’s interior for coolingnd ventilation. It depends on
natural driving forces (climatic phenomena) suchwasd direction, wind velocity
and temperature differences between inside andideut&surrounding) of the

building, to make the flow of fresh air through thalding.

Natural ventilation happens through various architel elements, connecting
outside environments to inside, such as windowstsyevind towers, holes, pipes

(underground), and etc.

Natural ventilation has various cooling performansech as:

- Replacing inside hot air with outside cool air
- Decreasing air pollution and humidity

- Increasing evaporation, thus cooling the spaceefitthe, 2012)

Natural ventilation efficiency depends on the awagion of the opening, compiled
with the direction of the wind, the size, locatidarm and type of the outlet and

inlet opening, wind temperature and wind speediidepspace, and etc.

According to Reardon (2010), the common methodsatiiral ventilation are:

- Single sided ventilation:In single sided ventilation, odbor air enters the house
through openings on a wall and leaves out throhghsiame openings or another

opening on the wall. This type is economical anappr for small internal spaces
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and moderate climates. Usage of double opening vgawp to increase the

efficiency of this type.

Figure 14: Single sided ventilatigRoaf.S 2001)

Cross flow ventilation: In cross flow ventilation, outdoor air (fresh aggmes
inside the house from window openings on a walllevfoul and hot air moves
out of the house from window openings on otherppasite walls.

This technique can provide more air flow rates snefffective in larger internal

spaces.

Wm C;?‘:H

= i

Figure 15: Cross flow ventllatlon (Roaf S, 2001)

Stack ventilation: In this technique, hot (warm) air flows naturalipward by
stack effect and the house is vented through reygabot air by fresh air
entering from lower openings. Stack ventilation Haseloped by mixing stack

and cross ventilation with using double fagade.
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Fiqurel6: Stack ventilatio (Brown, 2001

2.11.3.2Thermal Mass

Thermal mass is a material with high thermal cagaevhich means the material
absorbs and stores thermal energy. Concrete biouksnasonry walls are examples
of thermal mass in the house. In fact, thermal nvagegks as a thermal battery,
therefore during winter (cool) period, it stores tieat by absorbing the solar energy
or heaters in daytime and releases it during rtigte, while in summer (hot) period
thermal mass can be cooled through the night \aiatil and being used to decrease

cooling needs for the next day (Heiselberg, 2006).

In addition, the combination of night ventilationdathermal mass is suitable for

climates with large fluctuations in ambient temperas.

ﬁ?
P -

Figure 17: Left: Cooling with thermal mass; RigNtght cooling with high thermal
mass (Brown, 2001)

2.11.3.3Solar Control
Solar control means to prevent rooms or spaces fyeenheating in hot months,

through blocking unwanted solar gains by shadingogs such as overhangs, vine,
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awnings, blinds, louver, vegetation and trees. & $ame time, it will reduce the
cooling energy consumption of a house. It will beglained more in detail in

passive house design.

A B
C D
Figure 18: Solar Control: a- Interior venetian Hlik- Exterior venetian blind,
c- Louvers and overhangs, d- Trees and vegetg@vawn, 2001)

2.11.3.4Evaporative Cooling

There are two types of evaporative cooling: Vegetaevaporating and evaporating
water. The cooling ability of evaporating water leen used for centuries in the
Middle East, in Southern Europe, and in Northewmhidrto cool hot air. In fact, hot
air is cooled by flowing-in contact with water, atrdnsferringits heat to water, by

evaporation.

Cooling efficiency of evaporative cooling systenmciases in humidonditions,
therefore, evaporative cooling is most efficientiy climates. Evaporative cooling
is used in the climates with humidity less than%0and in hot and dry regions,

which have high evaporation capacity.
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Furthermore, the combination of evaporative coolwagter ponds and vegetation)
with natural ventilation can be used to increagsenamvement and hence cooling
efficiency. To avoid over humidification and to sle a desirable performance,
evaporation rate and the amount of airflow throughtilation openings should be

controlled (Passive-On, 2007).

= |

Figure 19: Evaporative cooling and natural veritlat
(www.builditsolar.con)

2.11.3.5Indirect Evaporation

Indirect evaporation is suitable for hot and hurdlichates, because every gram of
water extracts around 2550 J of heat from its emvirent and this principle can be
used to provide cooling. Indirect evaporative carrdached through spraying water

over the roof surface, a roof pond or a roof gar@&menvidyakarn, 2007).

- Roof pond It collects water on the building roof and lets evaporate.
Evaporation cools the building roof, and then heps heat sink for inside the
building (interior).

- Roof Spray. When collecting water on the roof is not-possifie structural
reasons, for example water can be sprayed on tordbé surface as an

alternative to the roof-pond.
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2.11.3.6Green Roofs

Green roofs, in addition to having lots of ecol@ediadvantages, can be efficient in
cooling down the surrounding building environmentl @reventing solar radiation
(heat gain) by evaporation. Furthermore, they aaraa an insulation material and
decrease day and night roof temperature variatibhsy can be combined with
evaporative cooling and natural ventilation for téet cooling efficiency

(Chenvidyakarn, 2007).

| o

A_

Figure 20: Left: Green roof; Right: Green roof,urat ventilation and evaporative cooling
(www.builditsolar.com)

2.11.3.7Earth Cooling

It is obvious that ground temperature is less thmrtemperature in hot periods.
Therefore, when air naturally passes through tliergroundvents or pipes to enter
the house, its temperature cools down. Then eavthing has a high cooling

efficiency through natural ventilation. (Reardof10).

M——. =

Figure 21: Earth coollng with evaporative coolmrgjalatural ventilation

(www.builditsolar.com)
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2.11.3.8Hybrid Cooling
Hybrid or mixed-mode ventilation is the mixture oftural and mechanical
ventilation that natural ventilation should be ussdmuch as possible to minimize

the energy consumption (Reardon, 2010).

However, hybrid or mixed-mode ventilation systemero the possibility of
achieving energy savings in a greater number ofdimgis through combining

natural ventilation systems with mechanical equipime

Winter Summer

A

B

Figure 22: Hybrid cooling: A- Geothermal heat purBp;Subsoil heat exchanger (earth
cooling).(www.geothermalenergypump.com)

2.12 Use of the Passive Solar Design in Passive House

2.12.1 Typology/Shape (Compactness)

Building shape and typology extremely affect enedggnand in buildings. They are
important components in storage and absorption,tlaeyl let loose the heat during
night and day. Therefore, typology or shape isyafietor in changing heating and
cooling demands in the passive house buildingsgfam 10 shows how the

building classification, i.e. detached, semi-detat;hterraced and apartment, affects
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building heat loss. Compactness is a type of ugidypology which can be defined
as “the ratio between the building volumes to ateror wall area”; hence, higher
level of compactness leads to reduce in coolinghealing energy demands and as

a result, energy efficiency of the building (Ran2007).

250

2.00 A
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Diagram 10: Relationship between building form aedtloss
(Steemers, 2003)

The optimum form of building shape differs accoglio different climate regions.
Therefore, the optimum form which has a considenatfor maximum solar
radiation gain in winter and minimum solar radiatigain in summer (Figure 23)

(Gut, 1993).

Addition, width to length ratio and surface to wwle ratio are other factors in
achieving optimum building form. Karasu (2010), his study has examined the
effect of the buildings’ lengths to width ratios rurkey. The result shown in

Diagram 11.
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Diagram 11: Effect of the length/width ratio on &ng load (Karasu, 2010)

Table 11: Climate zone classification (Mathu, 2003)

Climatic Zone

Mean Monthly Maximum

Mean Monthly Relative

Temperature , C Humidity, %
Cool below 25 all values
Temperate between 25-30 below 75
Hot dry above 30 below 55
. above 30 above 55
ALt above 25 above 75
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Figure 24: The effect of envelope to volume raticemergy efficiency
(http://localimpactdesign.ca/?page_id=48)

The following issues explain the important consadiens in designing the form of

passive houses in different climates:

- Cold Climate: Slope roofs are appropriate for rain protectiod amow loads. A
minimized well insulated building component whickduces heat loss is
adequate (Rosenlund, 2000).

- Temperate Climate: Buildings are preferably compact because of incdibnlea
climatic conditions; several approaches can be wsgrending on functional
requirements and local topographical conditionst (&wal. 1993). For example,
one approach can be designing as an insulated eateéchcentral winter unit,
with open, shaded or glazed spaces around a codirfgs seasonal use
(Rosenlund, 2000). Building form should be somefahaw sun in the coldest
period and prevent it during the hottest periodspghoeventing wind and being

wide surfaced (Biket, 2006).
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- Hot Dry Climate: The building form and volume in hot dry climate altbbe
compact, as well as being elongated to some eateny the east-west axis, for
compact buildings gain less heat. An elongated figrbest for winter conditions
while a square form is better for summer conditiohiserefore, courtyard is
preferable (Gut et al. 1993).

- Hot Humid Climate: The optimum form in a hot humid climate is the open
elongated form to provide air movement, which is ttnly way to achieve
thermal comfort. Inclined roofs with verandas ceeshade or wide overhangs
and rain protection (Rosenlund, 2000). Considewirgl, long formed buildings
across the main wind direction is preferable (Gl €1993).

2.12.2 Orientation

Wimmers (2009) has mentioned, that the best buldimentation with respect to a

site’s geographical features and the earth’s axisimprove passive gains and thus

reduce the need for cooling systems or mechaneztinyg.

Al-Tamimi et al. (2010) have also claimed, thateatation is the main factor that
can influence the building thermal comfort by redgahe direct solar radiation into
the buildings through building envelopes, opaquésaa openings. For choosing a
suitable building orientation many factors shout donsidered, such as the sun's
movements according to latitude, the expected slgadipact, time of the day and

time of the year, and etc.

In fact, oriented buildings take benefit of preiwrailwind and solar radiation. Karasu
(2010) has mentioned, that the amount of solamatextis received by the building
depends on the building’s orientation, and thermaion, on the other hand, has an

important influence on the cooling load. The maagades are preferably north-
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south orientated, because in summer solar radigéretrates into openings and
facades are only slightly in these directions. Heasve in winter, there is a
possibility of having solar penetration because gshe path is lower (Rosenlund,

2000).

Buildings’ fagade orientation is a main issue iis@e design strategies. There are
many factors in fagade orientation that can aftbet comfort level and energy
consumption of the buildings, such as the windowétl area ratio, solar shading,

window performance and position, and choice of gotteolor.

Facades receive sun in various amounts in buildi@gath facade will capture solar
energy gains in winter when the path or angle ef shn is low, and then solar
energy gain can be used for passive solar heatimgnter. Conversely, in the west
and east building facades, a window should be @asiyy located to capture the
second highest radiation intensities. It shoulehdied, that too much solar heat gain
in the west direction can be also be mainly prolaliéetn because the maximum solar

radiation intensity coincides with the hottest pHrthe day (Wimmers, 2009).

The following issues explain the important consadiens of choosing orientation in

passive houses located in different climates:

- Cold Climate: Building orientation for solar access is essenpalticularly in
winter period. A building should be oriented toleot maximum amount of solar
radiation to use it for warming the building, arldlcato avoid the prevailing cold

winds. Therefore, the proper orientation would &e&rfg south (Nayak, 2006).
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Temperate Climate: In temperate climate, a building’s orientation 8fdegrees
east from south provides a balance in heat dispétggh building’s orientation
must be determined depending on the wind effeckgiBi2006). In summer,
building orientation must be arranged to benebirfrsummer winds, because
usually the weather is humid and suitable crosgileéions should be used for
cooling. Moreover, shelter must be protected fromtev winds (Gut et al.
1993).

Hot Dry Climate: Building orientation in accordance to the sun irt doy
climate is very significant. North-south orientatiof the main facades is proper
in this climate (Nayak, 2006). Buildings are bestaged in clusters for heat
absorption: Protecting from east and west exposamd having shading
opportunities. Generally, the optimum building atagion is north-south with a
25-degree to south-east direction. Orientation khallow maximum prevailing
cool winds to provide cross ventilation in the figiarea (Gut et al. 1993).

Hot Humid Climate: Building orientation in a hot humid climate shoddd in
accordance with the prevailing winds. Particularecshould be given to allow
preferred winds to enter and avoid cold winds inleoseasons (Nayak, 2006).
Shading west and east facade in accordance touth@rgeentation is difficult,
because the sun level is low and a special deveng lme required, while north
and south facade can be protected easily usinghamgmng roof. Wimmers
(2009) have stated that “ideal orientation southrAig windows allow for winter
heat while strategically placed deciduous treesaihangs will shade the hot

summer sun. Neighboring properties can affect smaess and wind pattern”.
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2.12.3Building Indoor Arrangement in the Northern Hemisphere

Building indoor arrangement is very important foaving energy efficiency.
According to Wimmers (2009), indoor arrangement dsmtome more energy
efficient, if it is designed or planned accordiongptrevailing wind direction and solar
orientation, and he specified the possibility oérgy saving through such planning.
Gut et al (1993) have claimed, that the indoor rayeanent of rooms depends on
many factors such as room function, time of the,dayd if they are in use.

Designing considerations for some spaces in thedate:

Kitchens: Kitchens should be placed in the building somehovavoid over-
heating. Proper kitchen location is on the north@rreastern elevation or in a
central space in the building.

- Living Spaces Living or dining rooms are frequently used roonms a
residential building. Therefore, they must be g#daon the southern elevation
where they can be warmed by sunlight during thetiaey Proper living or
dining room location is on south elevation.

- Bedrooms In general, bedrooms require less heat. Theitotaf the bedrooms
can be based mainly on designer preferences arttleties, in addition to
thermal comfort. Preferably, windows must be alldwer passive ventilation
and kept to a minimum. Then, bedrooms are locatedrding to comfort.

- Mechanical SystemsPlumbing and mechanical equipment must be gro(ped

in close proximity to each other). This reducestHeas or inefficiencies in

piping due to needlessly long lines, and economthes space devoted to
mechanical uses. Therefore, bathrooms, laundry kiistien must be located
above or close to each other so to reduce build pgtusing short pipe runs

(cold and hot water) and ventilation ducts.

52



2.12.4Landscaping

Landscaping is very important for achieving eneefficiency. Many researchers
have mentioned the useful effects of tree plamasioch as reduction of pollution
and noise, modification of relative humidity andhfeerature, psychological benefits
for humans, and saving energy in particular. Fetance M. Taheri (1999) did a
study on the optimum tree plantation for energyirgavHe stated that the amount
cooling loads of the building can be reduced byl@® by optimum tree plantation.
Moreover, he claimed, that tree is the best pasgwien for reducing summer loads
through blocking sunshine, especially in the magniand afternoon, and for
reducing an ambient air temperature, while havimgignificant effects in winter by
losing their leaves: it works complementary to vandoverhangs. Ram (2010) also
did a study on the effects of tree shades on mg&liHe indicated, that the annual
energy for cooling can be reduced by 10-50% by @rghades and lessen electrical

use about 23%.

Shading should to be provided in the way of landsgpand foliage. In summer,
deciduous trees are effective for blocking of sediation and during the winter
period, when it is not desired, they allow soladiaéion penetration to the room.
Fences are not climatically responsive, becausgliteek solar radiation and view
at all year long, so they do not change with clenethange (American Institute of

Architects, 2012).

Landscape designs and building must be closelgiated. If possible, wind-breaks

should be provided in cold winter while it should teasible for cooling breezes to
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access during summer. Proper wind-breaks will agttefit or advantage, regarding

low relative humidity, to the building through uginatural ai:ventilation systems.

n
o

Figure 26: Wind control by trees (Brown, 2001)

Temperature in summer period can be reduced by ysoper landscaping surface

materials, such as grass or bare ground.
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Figure 27:Absorption of heat by different surface materiédg:Paving; (b)
Grass; (c) Bare ground (American Institute of Atebis, 2012)
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2.12.5Passive House Building Envelope

The building envelope consists of all elementdhefdonstruction which separate the
indoor climate from the outdoor climate. The aim tbe passive house is to
construct a building envelope that will significgntinimize heat loss and optimize
solar energy gain to reduce the space heating aolthg requirement to 15 KWh/
(m2 year) (Wimmers, 2009).

2.12.6 Roof

Roof is an important component in design when mes to saving energy, because
this building element receives a lot of solar radrm Roof should insulate the
building from too much cold, heat and humidity tfis high. Roof also should
protect external walls from solar radiation by pdavg shading around the building

(Sergio, 2012).

Sloping or pitched roofs are recommended overtadiaf because of leaking danger
during heavy rains. The materials used in roofsughaot be metals such as zinc,
stainless steel, copper and aluminum, because ef thigh conductivity and
corrosion problem by sulfur-dioxide in the atmosghéSchuller, 2000). Roof design
principles are:

2.12.6.1Solar Shade

Proper external roof shading devices are very fggmt in controlling the amount
of solar radiations disclosed to the space, whiah cause huge reductions in
cooling loads and lead to achieve indoor thermahfodt. Overhangs should be
designed successfully to block solar radiationummer time and allow it to enter

the building in the winter period (Abdulsalam, 2D1Figures 28 shows, that

55



different solar radiation angles in winter and swenng significant while designing

permanent solar shading devices such as overhangs.

\’”’/
1

o
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L

Figure 28: Roof shading components in hot climaggans (Watson, 1983)

2.12.6.2Solar Reflection

Roof material and color impact a roof’'s ability teflect solar radiation (Marco,
2012). It is claimed that, if the external roof fages are coating with such colors
that reflect solar radiation, it minimizes absawpti However, if the long-wave is
emitted higher than heat, fluidity transmitted e tuilding gets much reduced. In
addition, in low solar-reflecting (highly absorpivroofs, the difference between
ambient air temperatures and surface may be asasgd0°F (50°C), but in high
solar-reflecting (less absorptive) roofs, the ddfece is just about 15°F (8°C).
Therefore, roofs which absorb little insolation aseful in reducing cooling energy
use. According to Suehrcke (2008) heat transmisa@ass a roof can be reduced

around 20—-70% by covering the rooftop with highdfiective coatings.

In order to control heat gain and loss from thef,ratis better to control heat

transfer from roof by Suehrcke (2008):
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- Covering the roof with reflective materials or gags
- Ventilating roof spaces

- Insulating roofs

Figure 29: Reflective foil under the roof sheeting
(www.townsville.gld.gov.au/resources)

2.12.6.3Thermal Insulation

Due to different angles of solar path in summer ander, roofs are more exposed
to solar radiation in summer (Figure 30). Not erfougof insulation leads to
increase in heat transfer from roof to indoor spae®d accordingly having

uncomfortable high indoor air temperature duringnser.

The Sun's Path {Summer
in the Sky. _ E

East
North AT
% Winter

West South

Figure 30: The arc of sun radiation in differeras@ns in northern latitudes
(www.tommorrowshomes.net)

According to Garde (2004), suitable insulation ratdpends on the insulation

material, color and thickness. Considering thatosof roof insulation, insulation
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for inclined and pitched roofs in hot climates ¢enplaced on top of the rafters and
below the tiles, or between roof rafters and fedatlimate at ceiling level or inside
surface of roof (Figure 31) (Passive-On, 2007). dlsamanaged and well-designed
green roof can be used as a high-quality insuladewice in summer, reducing the

heat-flux through the roof.
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drmin safely to guiter wnd thermal bridging
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Impermeable underisy raps
traps moisture in loft
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Figure 31: Different positions of roof thermal itestion (Passive-On, 2007)
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The best roof insulation thickness depends on ¢lgeon’s climate and the specific
requirements of the building. In a passive housgypecal U-value of the roof will
be below 0.3 W/m2K in Southern European climates, down to 0.1 W/m2K in
Central Europe (Passive-on, 2007hb).

2.12.6.4Summary

Thermal performance of a roof depends on the gagroéteiling, levels of thermal
mass, level of ventilation (attic), insulation, extal color and material reflection.
All these issues can have effects on reducing gnerguirements and amount of
discomfort hours in a building.

2.12.7 External Wall

In different climates, protection is necessary magfaioutdoor temperature and
humidity; therefore, wall is an extremely import@omponent in passive houses for

implementing low energy strategies.

Using external wall gives the possibility of haviagpassive control over building
indoor conditions by managing transference of exletemperature (K.S. Al-Jabri,
2005). Generally, building materials with high tmed mass, such as cement block
concretes, due to their properties, absorb heat golar radiation at a much slower
rate than light materials, such as timber or stedtls a low thermal mass. Hence,
light materials absorb heat quickly and respecyivld cool down quickly, too. On
the other hand, a composite construction wall nlag be a suitable approach for
local climatic conditions. Wall design principlesdifferent climates are as follows:
2.12.7.1Solar Shade

The effect of walls’ solar protection is less sigant than of windows. Walls’

orientation impact on the building’s indoor temgara is important: East and west
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wall surfaces received more solar radiation thamrs@nd north ones. Therefore,
shading should be provided on west walls by ovegimnroofs, trees or evergreen
vegetation (Garde, 2004).

2.12.7.2Solar Reflection

The effective way of improving room performanceasuse reflective surfaces and
insulations to avoid high levels of solar gain: @obf the wall surface impacts the
absorbability. In hot climates, white color is remnended much for a wall surface
because the reflection it provides has the besvpeance and as a result, it reduces
the need for insulation. On the other hand, in colonates dark color is
recommended (Al-Khishali, 2010).

2.12.7.3Insulation

Wall insulation can reduce heat transfers throlghwall construction. This leads to
reduce in cooling and heating energy demands wildibg. The effect is described
by U-value, which includes the level of heat transfthrough one square-meter of
the wall area at a constant temperature differeiceK=1°C (Passive-On, 2007).
Proper wall insulation reduces heat losses in wirtteus contributes to thermal
comfort and energy savings of the building. On diieer hand, in summer, wall
insulation decreases the heat flow from outsidéenside areas, reducing cooling

load demands in the building.

Al-Homoud (2005) defines the optimum economic thiegs of thermal insulation as
“the thickness of insulation for which the costlodé added increment of insulation is

just balanced by increased energy savings ovdif¢hef the project”.

If thermal conductivity of the insulation materialhigh, it means that the material

has low thermal resistance. Consequently, an aliirthi&ckness is necessary to
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obtain optimal thermal insulation. Then undenialogulation material thickness is
significant in the building’s design for thick irlation and reduces the building’s

space significantly.

Thermal insulation is the main contributor and itiigal practical and logical step in
achieving energy efficiency, particularly in thevelope load of the dominated

buildings located in regions with harsh climatiaddions.

Thermal performance of building envelope can beieagld by getting use of
materials’ thermal properties used in its consiomct Choosing these materials
should be based on their characteristics sucheasahility to emit or absorb solar
heat, and their overall U-value. Table 12 showscglpheat losses for different
external walls, their U-values are based on a &fdiuropean single family house

with an external wall area of 100m? in Central EagrdFeist, 2006b).

Table 12: Typical hedbsses for different external walls and the anmoats caused
by heatloss in externalvalls with areas of 100m2 (Feist 2006b)

Annual costs of
U-value Heat loss Annual Heat loss Annual heat loss of
external walls

Wim2K w kWh/(m2a) EUR/a

1,00 3300 78 429.-

0,80 2640 62 343.-

0,60 1980 47 257.-

0,40 1320 31 172.-

0,15 495 12 64.-

0,20 660 16 86.-

0,10 330 8 43.-
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The position of wall insulation can provide posgtivnpacts on thermal performance

of the building. Table 13 shows the consideratimnghe position of insulation.

Table 13: Different positions of walhsulations(Al-Homoud, 2005)

Insulation placement toward inside

Insulation placement toward
outside

Insulation placement in
the middle

- Protected by mass against outside
environment and damage. The
structure will be closer to the outdo
temperature.

- Expansion and contraction becom
more important.

- More thermal-bridges due to the
unavoidable crossings and

penetrations should be tightly seale
- Minimized potential heating
benefits from the mass of the
building structure.

penetrations. Therefore, all joints and

-Support for summer convective
cooling and winter passive-sola
prheating.

- Allows mass to store internal
egains and excess solar. Howev
less durability due to the
exposure to damage effects an
outside environmental.

d.

er,

i

- Provides even

r distribution of the
insulation in the
component.

Tnside plaster

je&—  (2vpsum board)

Metal lath
(support)

Thermal insulation

Conerete block

Outside plaster

_' Inside plaster
— Concrete block
+————  Thermal insulation

| Meallath

= Qutside plaster

Tnsde plastr

Metallah

Concrete block

ermal insulaton

Conerete block

T Ouside phster

The best wall insulation thickness depends on lingate and specific requirements

of the building. In a passive house, a typical Usgaof the wall would be above 0.3

W/m2K in Southern European climates such as sauthaly or Spain, while the

values of 0.15 W/m2K or below would be needed imn@ay and France (Passive-

on, 2007 b).

62



2.12.8Window

2.12.8.10rientation

Gut et al. (1993) noted that major area of windbwwsdd be orientate or faced to the
south. While small area of window should be orignta the north, east and west.
2.12.8.2Shading Device

Shading device is a significant feature of manyhipgrformance building design
strategies. Good designed shading devices candsyably reduce a building’s

energy consumption and cooling load while enhandangight utilization.

The essential principle in shading strategy isvimididirect solar radiation access to
the building through heat absorbing materials, esflg windows. This shading

strategy can be achieved by sun control and natienates (Ossen, 2005). Shading
devices (sun control devices) can be classifieceunslo categories of exterior and

interior device:

- Internal device: Internal shading devices can be classified into types. Solar
shading devices such as screens, blinds, drapdrikawvers, that shield against
sunlight (solar radiation) and special-glazing fiondows. According to Lam et
al (2005) study on energy use and cooling loadguirements, heat gain
happens through building envelopes. The study tigeges on the effect of
internal shading devices, e.g. Venetian blinds,etectricity use and cooling
loads. They concluded that energy can be reducddi¥yusing Venetian blinds.

- External device: External device is a very important element in caag
uncomfortable solar heat.

External device is more effective than internal idevfor its preventing solar

radiations before reaching the vertical surfacéhef house. Heat reduction can
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achieve its best results through preventing unsacgseat rather than blocking
(removing) it and dissipating in outside air. Exi@r device has three types:

horizontal, vertical and egg crate.

The performance of movable (operable) devices iebéhan fixed devices. They
can be adjusted by shading need and sun movementhé®other hand, fixed-
devices are maintenance-free while movable (opeyabines need frequent
maintenance to keep them in good conditions (Araeritnstitute of Architects,

2012).
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Figure 32: Efficiency of movable and fixathading devices (American Institute
of Architects, 2012)

However, shading device’s length depends on isntaition, height of the opening,

width of the opening, vertical shadow angle andzomtal shadow angle.

Ossen et al. (2005) evaluates the effect of hoté@hading devices in reducing the

unnecessary solar heat gain and energy use inrgsld

64



They used different ratios of horizontal shadingides. The main results of the
study are that horizontal shading device ratio4.6f 1.2, 0.8 and 0.6 had reduced
direct solar radiation on windows by over 80%. HHontal shading device ratios of
1.4 reduced transmitted heat gain in North and Isdyy 35.9% and 38%
respectively and in East and West by 48.9% and%4sdrrespondingly. Horizontal
shading device ratios of 1, 1.1, 1.2 and 1.3 fortiNoSouth East and West

orientations indicated optimum total energy saviofy§, 8, 11 and 14%.

The exposure of each fagade to the sunlight (seldiation) varies by building’'s
orientation. Hence, shading design requirementsliffiexrent for each orientation.
North elevation basically does not need shadingusz no sun penetration occurs,
except for early mornings and late evenings in semmmonths. North elevation has
high direct heat loss and very little solar heahghence, the best way is to limit the
openings on this elevation as much as possiblethSglavations can easily control
solar energy by horizontal projections above thenomys. Both east and west
elevations are difficult to shade (architecturglly@cause morning and afternoon sun
angles are low enough to prevent shading with aregh. Therefore, east and west
elevation windows can be limited in size and bequied by vertical overhangs or

trees (deciduous trees) (American Institute of Aechs, 2012).

65



g:’:‘“':“’ Angles to correctly size overhangs
for shading
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Figure 33: Basic shading strategy for a south ¢ieva
(http://wvww.wbdg.org/references/fhpsb_guidance.php)

2.12.8.5ize

Window is a significant design element or comporfentallowing solar radiation

(daylight) and airflow, while providing cross vdation and views. A large area
window, in any facade of the house, can led toda$ot of heat in winter time and
overheating in summer time by getting a lot of hgaihs. Therefore, the optimum
window size, i.e. the window to wall ratio (WWR)eeds to reduce energy
consumption for cooling and heating firmly, andgain a maximum benefit from

solar radiation in winter and summer periods.

In passive houses, south facade is the main areasinafows; therefore, in this

facade, the window size and glass type is very mapbdto reduce heating demands.
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Influence of the Window Size Facing South
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Diagram 12: Effect of different glazingualities in the south-fagade of a passive
house(PHI, 2006e€)

2.12.8.4Ventilation (Air Movement)

Appropriate arrangement and organization of windoas be helpful in ventilation

of the space or room and increase of air flow theoroom for cooling. Air velocity

inside the room depends on wind speed, directionazaugle of the wind strike on the

window, and size and location of the window (Heiset), 2006).

Table 14 shows a wind velocity of 12 to 23% in amowith a single opening and
two openings in the same wall. Wind velocity canrbproved in the room with two
openings in adjacent walls, up to 51%, and in We dpenings in opposite walls, up

to 65% (Brown, 2001).
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Table 14: Average indoor air-velocity as a percgatto wind velocity
outdoor (Brown, 2001)

Opening height as a fraction of wall heig 1/3
Opening width as a fraction of wall width 1/3 2/3 /33
single opening 12-14%13-17%| 16-23%
two openings in same wall — 22% 23%
two openings in adjacent walls 37-45987-45% | 40-51%
two openings in opposite walls 35-42987-51%| 47-65%

Windows can be installed somehow in the wall toriowe airflow and cooling such

as in high openings, low openings, or both high lamdopenings.

Window design such as double-hung, jalousie, casementilation louver design
(projecting slabs) and wing wall (outward elemeextnto a window) greatly affect
the airflow and its direction.

2.12.8.5Daylighting

Letting daylight into the house is a significannhétion of windows. The careful
utilization of daylight technology can minimize thighting costs by reduction of

artificial lighting and at the same time it maximizcomfort in the house.

Many studies have been done for reducing energy lgelay lighting, but there are

all studies about office and commercial building.

For example (Bodart.M, 2002) in his study on thieafof daylighting on global
energy savings in the building offices has usedliAddool and TRNSYS software
for determining the simulation. He figured out tklatylighting can reduce atrtificial

lighting consumption from 50-80%.

68



2.12.8.6 Glazing
Passive house buildings need highly effective wivglodChoosing both glazing and
frame types depend on the local climate. Therenaary glazing technology types

with different properties. Glazing technology prdpes are:

- Visible transmittance: It is the percentage of visible light that cangptgsough
a glazing. Its advantage is providing sufficientyldgnting, clear glazing
appearance, and keeping views unchanged. Yet) itaase a glare problem.

- Visible reflectance:lt is the percentage of solar radiation strikingjaze, and its
reflectance. Visible reflectance glazing reducdarsadiation transmittance, so
that glazing appears unclear.

- Solar heat gain coefficient (SHGC)/G-valuelt is the pointer of solar heat
gain, ranging between 0.1 and 0.9; higher valuensibaggher solar gain.

- U-value: It measures the amount of heat transfer througlzirgy based on
different temperatures between outdoor and inde®fower value is better and
it means low heat flow through the glazing. U-valisevery important in

reducing of cooling load in hot climates.

Therefore, while there are many types of glazing gassive house, the proper
glazing is triple and double pane windows with lemmssivity coating. These
window glazings reduce not only heat loss and aehgassive solar energy gain,

but it increases thermal comfort as well (Table 15)
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Table 15: Window types and their characteristitidi( 2012)

Double Triple .
Glass type Single | Double low-E low-E E”zl(er Lci\(/)vn)
(Argon) (Argon) » (RIYP
U-value (W/mzK) 5.6 2.8 1.4 0.7 0.7
Internal surface (20
degreesinand -10 | -1.8C 9.1C 14.5.3C 17.3C 17.3C
degrees out)
Solar transmittance | 0.85 0.76 0.63 0.60 0.49
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Chapter 3

ANALYSIS OF PASSIVE HOUSE STANDARDS IN
DIFFERENT EUROPEAN COUNTRIES AND
CLIMATIC REGIONS

3.1 Case Studies

The basic selection of case studies is based oanlithate and location in different
European countries. Therefore, Granada (Spainglected as a case study from a
hot climate zone (Mediterranean climate), whiclogated in South West Europe. In
order to compare with a cool climate, Hannover (f&ery) is selected as a case

study, which is located in Middle Europe and Gotheg (Sweden), which is

located in North Europe.

Heating degree days in
| Morthern Europe (> 3400 Kd).

| Heating degree days in Central
and Eastern Europe (2000 Kd <
~ hdd = 3400 Kd) .
| Heating degree days in
| Southem Europe (< 2000 Kd) .

(Passive-On,2007).

Figure 34: Locations of the case studies (Passing2007)
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3.1.1Spain

3.1.1.1Granada’s Climate Conditions

Recently, Spain started to have passive houseibgilcertification. In 2009, the
first passive house was built in Llerida, SpainJogep Bunyesc. Generally Spain’s
climate is a typical Mediterranean climate with -dog summers and mild-rainy
winters (Assyce, 2010 ). Spain has three diffeciintate zones due to its large area.
Granada, which is located in teeuth within southerolimate zone (37°35'N North
Latitude, 05°00'W West Longitude), which has a lemperate Mediterranean
climate with hot dry summer and with wet moderatater. It has high solar
radiation (the summer solar radiation is 805.2 k\&//tme winter solar radiation is

239.3 kW/m2) with 11 hours of daily sunshine in suen and average humidity of
70%. The average air temperature iSC8vith the maximum temperature above

35C in July and August and a minimum temperature ‘@ it December and
January.The average wind speed is 3.5 to 4, which is mésnodirected from
the north. The average precipitation is 380 mm waifirobability of snow. Figure 36

shows the weather in Granada.
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Figure 35: Granada location (37°35'N latitude, @BMN)
longitude) (Google earth)
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Figure 36: Granada weather (http://www.weatherdhdate.com/aveagemonthly-
Rainfal-Temperatur-)

3.1.1.2Granada (Moraleda) Passive House

In 2009, this case study was constructed in Moeabkel Zafayona, Granada, Spain.
It was designed for the solar park. It became acgofor research of passive houses
in Spanishclimates, as well as being an interesting expeeiendhe passive house

community, due to being the only test for the gBmyesc, 2012).
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3.1.1.3Building Shape
The type of house is a detached single-family howgt an inhabitable net-area of
about 99m?2, including a ground, a first floor, wétlsurface area (A)/ volume (V)

ratio of 0, 85m-1 and length to the width rati®@i4.

= ==
'g.? . d i
== / South west vie' | D\E
| | | | I |
cll 1) 0
d -North elevation A- South

Figure 37: Granada passive house elevations: (@hS() East; (c) West; (d) North
(Assyce, 2010)

3.1.1.40rientation and Building Arrangement
The house has a floor area of about 100 m2 anesigled with two levels for three
residents. On the ground floor is the main entratwe bedrooms, two toilets, a

kitchen and a dining room. Upstairs there is a toiFgure 38).
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The building is oriented to the south and northe Tiiing areas, which are oriented
towards the south, consist of one bedroom withlatt@ kitchen and a dining room

with a living room, while north orientations cortsef one bedroom with a toilet,

stairs and an entrance (Assyce, 2010).

3|

18]

Ground floor plan
Figure 38: Granada passive house plans (Assycé, 201

First floor plan

3.1.1.5Exterior Wall

The standard wall for the Granada house consisésl& mm plasterboard, 40 mm
rock wool insulation, 35 kg/m3 steel plate ISO eamer, cement glue; 300mm
polystyrene expanded (Neopor type, 032) cemend&aead paint. The overall U-
value of this wall is estimated at 0.09W/m2K. A whcolor is used in all the

facades (Passive House Database, 2013).

: .o  Daily variation of surface temperature

5 36 —— Outside

o 34/“ — Inside
5

i . n L L 1 14 Phase shift: 11.7h
0 10 1 20 25 30 35 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2 3 4 5 6 7 8 9 10 11 12

Inside Outside Day time

Figure 39: Cross-section of exterior wall and dsagrof heat protection
(http://www.u-wert.net)
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3.1.1.6Roof

The roof type used is a flat roof and it is commgbeé 100 mm stabilizing layer of

concrete to cool heat loads in summer, 300 mm ealgrhipolystyrene insulation

(032) pending formation of concrete, geotextiletesaroofing bitumen and glass
fiber reinforcement, geotextile, specific protentiand clean gravel finish. The
overall U-value of this wall is estimated at 0.1082K (Passive House Database,

2013).

Dailv variation of surface temperature

Outside (cm)

an — Outside
34 — Inside
32
a0

24 ‘

0 4

N %

sid

Phase shif: 11.3h

14 ¥
12 13 14 15 16 17 18 19 20 21 22 23 24 1 2 3 4 & 6 7 8 9 10 11 12

0 5 1015 0%

Davtime

Heating protection

Inside (cm)
Figure 40: Roof section and diagram of heat praiadhttp://www.u-wert.net)

3.1.1.7Floor
The basement floor slab is insulated with the samselation like the walls. A
reinforced concrete slab between 160 mm - 200 mrnsslated with expanded

polystyrene neopor (032). The overall U-value ofsthwall is estimated at

0.185W/m2K.
Incide
o
*cl Dailv variation of surface temperature
36 o
34
32 _
30 3 e
o8 — Inside
26 ©
24
22 g
20
18 @
16 ]
14 Phasd shift: 9.2h 8
12 13 14 15 16 17 18 10 20 21 22 2324 1 2 3 4 5 6 7 8 @ 10 11 12
Davtime E]
Heating protection Nuitcide [em)

Figure 41: Floor section and diagram of heat ptaiachttp://www.u-wert.net)
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3.1.1.8 Glazing Fagade and Shading

The correct selection of the glazed opening dearghthe installation are among the
most critical components in creating a successfissjve solar house, because it is
the largest source of heat-loss in a house. Théheou fagade of the Granada
passive house has a large area of windows, whiebasit 35% WWR (16.4m2).
This high level of glazing increases the efficiersie of solar heat gains during
winter. While the east facade glazing is about WWR (4.5 m2), the north fagcade
glazing areas are smaller with about 8.5% (3.4@29, the west facade glazing has
the minimum area with about 1.5% (0.9m2). The sraall narrow windows are
used in the northern and western side of the mglih order to minimize heat loss
in winter and achieve day lighting requirementsl windows are prepared with
exterior venetian blinds. In summer through thealtastion of PV modules, which is
used as solar protection, are overhangs for sautfagade of the building. At the

same time it generates additional power energy.

IN4

-
Figure 42: Granada passive house shading deviags{@ible, 2010)

The Granada passive house has glazed windowshvéhl panes of (4 mm and 12

mm) space, filled with argon, (4/12/4/12/4 mm). Twerall U-value of this window
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is estimated at U g-value = 0.75 W/ (m2K) and duea 50 % (Passive House

Database, 2013).

The windows frames are composed of PVC (Gealan $88@d XL) and the frame
dimensions are 6 chamber, 83mm deep, 66 mm highhane a white core. The
overall U-value of this glass window is estimatét)av-value = 1.03 W/ (m2K).

The entrance door is made out of thick solid piB& fnm), lacquered with
polyurethane-lacquer exterior in the color of theod@ interior and white. The
overall U-value of this glass door is estimatetd at-value = 2.2 W/m2K.

3.1.1.9 Thermal Comfort: Thermal Bridge - Air Tightness

The building has the passive house standard valtke avthermal bridge of 0.01
W/m2k and an air tightness of n50=0.6/h. Analyzihg results obtained from the
monitoring of housing shows, how the applicationtleé criteria-based passive
house principles like insulation, air tightnesserthal bridge and renovation of
housing can create a high thermal comfort, heathyosphere and very low power

consumption. The inside temperature in summertiwden 25-27 C (Assyce, 2010).

Figure 43: Thermal Bridge testing in Granada paskmusgAssyce, 2010)
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3.1.1.10Heating & Ventilation

The Granada house has a controlled ventilationesyswith a Mechanical
Ventilation Heat Recovery unit (MVHR), high qualiginti-pollution filters, which
ensure excellent air quality, which are especiakgful in cases of allergies or
respiratory problems, and are also suitable fagegrublic buildings. The measures
taken in order to insulate housing also provideuatio comfort, and it saves and
reduces 90% of air conditioning. In summer, thedeooan be naturally ventilated
by opening windows (natural cross ventilation) anginall air-conditioning unit can

be used for cooling (Construible, 2010).
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Figure 44: Summer and winter strategy of Granadaipa house (Construible, 2010)

3.1.1.11Domestic Hot Water

The solar thermal installation is done in ordemteet more than
70% of the domestic hot-water requirements. Thegyerea of the
solar collector is 4.36 m2. The type and capacityhe storage is

300 | (MECALIA model DPAV/KEY 300) (Construible, 20).

Figure 45 Granada passive hou
DHW (Construible, 2010).
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3.1.1.12Energy Performance

The certified housing gets a considerable redudtioheating and cooling energy
consumption intended less than 15kWh per m2, whiel an annual heating
demand of 6 kWh / (m2a) and a load of 6 W/m2, amndrenual cooling demand of 9
kWh/m2a and load 15 W/m2 of living space. The glgisanary energy demand for
heating, hot water, ventilation and other electré=vices is less than 120 kwh m2,
which is 67kWh/m2 of the living space per year.sTlow power consumption saves
up to 90% of the energy used for air conditionihgating and cooling), and 80% of
global energy consumed by a home built under thanpeters of the Technical

Building Code (CTE) (Passive House Database, 2013).

Furthermore, it has a positive energy balance,usecé generates more energy than
it consumes, through the installation of PV modulex is used as an overhang for

the building.

Granada passive house

10 9

kwh/m2a
o N H [e)] (0]

cooling heating

Diagram 13: Performance of Granada passive howssi(ie House Database, 2013)

3.1.1.13Economy and Cost
The Granada passive house adds costs about 3-5% aghgared to conventional

housing, but it is an investment, that is recovereer a period not more than two

years (Construible, 2010).
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3.1.2Germany

The passive house in Hannover is selected as astadg because it is located in
Central Europe.

3.1.2.1 Hannover’s Climate Condition

Germany has experience with passive house buildiagause Germany built the
first passive house in 1991, which is located innDsadt-Kranichstein. However,

the Hannover passive house is located in North @eyn{Longitude: 9° 44" and

Latitude: 52° 22' 90) (IEA, 2011a). It has a marimest coast climate, which is
moderate with no dry season, warm in summers arderate seasonality. It has a
low level of solar radiation (monthly average saladiation 0.71 kWh/m? d and

HDD: 3379, 8, CDD: 0.00) and 50 hours of yearly shine and an average
humidity of 80%. The summer average air temperatii°C with the maximum

temperature above 30 °C, and a winter average tatype of 2°C with a minimum

temperature below -8°C. The average wind speed-& /s daily, which is most

often directed from the west. The average predipitds 655 mm with snow. Figure

47 shows the weather data in Hannover.

Schleswig-

.
- Holstein

Ly by
Biemen

Niedersachsen

| Hannover Lot N

SWITZERLAND AUSTRIA

Figure 46: Hannover’s location (52° 22'N Latitu@é 44' "W Longitude)
(Google eartr
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Figure 47: Hannover weather data (http://www.weatral-climate.com/average-
monthly-Rainfall-Temperature-)

3.1.2.2Building Shape

The project includes 32 terraced houses, and theyamanged in four rows with

eight houses in each row. The houses are dividéd tinree types with an

inhabitable net-area of about 79, 97, and 120 w& fhrea, including a ground and
a first floor. The arrangement of houses offer @deantage of reduced A/V ratio,

which is about 0.61 m-1. The length to the widthoregs 1:2 (IEA, 2011a).
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Figure 48: Architectural concept, north and soudwIEA, 2011a)

3.1.2.30rientation and Building Arrangement

The house is designed with two levels. The buildsgriented towards the south
with a deviation of 15° to the west. The living arevhich is oriented to the south,
consists of two bedrooms and a living room, whiile horth orientation consists of
one bed room, a dining room and a storage roorthdmmiddle there is a toilet, a

bath, a kitchen and stairs (Figure 49) (Heiduk, 200
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Figure 49: Hannover passive house plans and sgtiieduk, 2009)

3.1.2.4Construction and Thermal Envelope

The house was built in 1998 and its constructigmetys a mixed construction
(timber and masonry). Roofs and walls are made asulight weight wooden
construction and the building core, the end watld aross walls are made out of

pre-fabricated concrete elements (IEA, 2011a).
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3.1.2.5Exterior Wall

The standard external wall for the south and ndéaifades (with prefabricated
lightweight wood elements) consists of a 12.5 mnasg@r board, 16 mm
particleboard, 300mm box beam truss in-between maineool insulation, 16 mm
particleboard and ventilated board casing. ThealvErvalue is 0,126 W/m2K.
While the external wall (gable side) consists af&b mm prefabricated concrete
element, 400 mm EPS polystyrene hard foam themsailation compound system
and 8 mm plastered on the outside. The overall ldeves 0,097 W/m2K. This is

illustrated in the Figure 50. A blue color is ugedthe south facade (Feist, 2003).
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Figure 50: Hannover passive house exterior waxsection (Heiduk, 2009)

3.1.2.6Floor Slab

The floor slab is composed of 20 mm wood flooring,
5 mm tread absorbing insulation (PE-foam),150 mmdZete slab, and 300
mm/420 mm insulation (final houses). The overalivdue is 0,125 W/(m2K)

(middle houses) and U=0,091 W/(m2K) (end of rongi§, 2003).
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Figure 51: Hannover passive house floor slab csesson (Heiduk, 2009)

3.1.2.7Roof
The roof slope is 35 degree and is composed of d#hb plaster board, 19 mm
particle board, 400 mm I- truss in-between minarmabl, 25 mm particle board, roof

sealing green roof system. The overall U-valug@®9 W/m2K (Feist, 2003).

400

16

12

Figure 52: Hannover passive house roof cross se(tieiduk, 2009)

3.1.2.8 Glazing Facade: Shading, Type and Frame

The southern fagade of the Hannover passive hoaseHarge area of windows,
which is about 36% WWR,; this high level of glazimgreases the efficient use of
solar heat gains during winter. The northern fagadglazed about 19.4% WWR.
While east and west facades do not have a glass(@%). In summer, a manual
driven shading system protects the rooms from teatpees that are too high. In
winter, solar gains through windows cover around-tinrd of space heating energy
requirements.
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The house has glazed windows as triple glazing&2tin) with argon gas filling,
and a wood frame construction with a core of payluane foam or other insulating
material. The wood is painted white, with an extedovered white aluminum. The
overall U-value is 0,083 W/m2K and g is 60%.

3.1.2.9 Thermal Comfort: Thermal Bridge - Air Tightness

The buildings have very high value in terms of thairbridge with 0.01 WMK(mK)

and air tightness with n50 = 0.3/h.
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Figure 53: Details and cross-section of Hannovearittal-bridge (IEA, 2011a)

The large internal-masses (concrete) function wile high quality thermal-
insulation in combination with the support to keébp temperatures in summer on a
moderate-level, if cross-ventilation in the nigbktapplied. In summer the inside
temperature is between 23-25°C and in winter, ibetween 20-23°C (Heiduk,

2009).
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Figure54: Hannover "hermalPerformanc (Heiduk, 2009

3.1.2.10Domestic Hot Water (DHW)
The water heating is performed by district heafnogn a gas-fired CHP plant. The
fresh air is a hot-water coil, which is fed frone thot-water tank, which is reheated.

Flat plate solar collectors are about 3.8 m2 gawsas. The capacities of the storage

is 300 | (Heiduk, 2009).

Figure 55: Hannover domestic hot water (DHW), sblatrwater
storage and supply-air heater (SAH) (Heiduk, 2009)

3.1.2.1Ventilation

The house has a controlled ventilation system aitimechanical ventilation heat

recovery, which is located in the attic. The e#fiaty of heat recovery is about 78%
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with a minimal electricity consumption less thar8 XWh/m2a. In summer, the

house can be naturally ventilated by opening wirgl@vatural cross ventilation).
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Figure 56: Diagram ventilation system in Hannovasgive house
(Heiduk, 2009)

3.1.2.1ZEnergy Performance

The certified housing gets a considerable redudtioneating energy consumption
with an annual heating demand of 15 kWh/m2a. Thises saves energy use up to
about 90% when compared with the stock building almout 86% for new terraced
housing. And the annual primary energy demand lfasaairces; heating, hot water,
ventilation and other electrical devices is 82.6 H{N2a. This value is
approximately 66% less than similar new houses @mn@@ny. The final energy
consumption or the district heating system is 3&Wh/ (m2a) that save

approximately 75% more than German new buildingsdbk, 2009).
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3.1.2.13Economy and Cost

Hannover passive house, adds costs up to 12.4%) wadmpared to the German
ordinance 1995, which includes total extra investimefficient appliances (1022

EUR). The total costs of construction per m2 livarga 119.53 m2 is about 871.57
EUR/m2, but it is an investment that is recovergdraa period of 25 years. The

costs of kWh have saved 6.2 Cent/kWh.

Passive house settlement (Hannover-Kronsberg)
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Diagram 15: Additional investment of Hannover passiouse (Heiduk, 2009)
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3.1.3Sweden

The passive house in Gothenburg was selected as ssttabefrom a cold climate
zone, which is located in North Europe.

3.1.3.1Gothenburg Climate Conditions

In 2001, Sweden started with passive house buildergfication. The first passive
house was built in Bildal Gothenburg (Sweden). HaevelLindas is located 20km
south of Gothenburg in South Sweden (Latitude: 3N4 Longitude: 11°59'E)
(Janson, 2009)Gothenburg enjoys a mostly temperate climate with dry
season,warm in summer and very cold in winter. djogs global horizontal
irradiation (900 KWh/m2) with an annual sunshinel®28 h. The summer average
air temperature is 20 with the maxima above 27°C and winter average &atpre
-4°C with a minimum below -13°C. The average wipdex is 4 -5 m/s daily, which
is most often directed from south-west. The averhgmidity is 80% and the
average precipitation is 670 mm with snow. Figu& $hows the weather in

Gothenburg.

u_r;-_-.- a Bard ] TRy ;. 1 ” —j
othenburg location (Latitude: 57°43:Hngitu 59'E) (IEA, 2011)
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Figure 58: Gothenburg weather dai#p{//www.weather-and-climate.com/)

3.1.3.2Building Shape

The project includes 20 units of terraced housed, they are arranged in 4 rows.
The houses are divided into two types, with an litiable net-area of about 120m2
and a 124m2 floor area including a ground floor arfitst floor. The arrangement

of houses offers the advantage of reduced A/V ratfich is about 0.60 m-1. The

length to the width ratio is 1:2.

Figure 59: Architectural concept, north and sougw(Janson, 2009)
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3.1.3.30rientation and Building Arrangement

The house is designed in two levels with an aftlee building is oriented to the
south-north. The living area is oriented towards south, and there are two
bedrooms and a living room, while the north oriéintaconsists of one bedroom, a
bath, a kitchen, an entrance and a storage roorthelrmiddle, there is a toilet, a

bath, a dining room and the stairs (Figure 60) (IE&11).

Attic
First floor

Ground floor ¢
X >

LY >
-~ » ! ¥ i

283 4 AR

Figure 60: Gothenburg passive house plans (IEA1R01

3.1.3.4Exterior Wall

The standard external wall (outside) consists @anm wooden battens, an air
gap, 120 mm polystyrene, 13 mm plasterboard plat@,mm vertical wooden bars,
600 mm rockwool insulation, an air tightness laleapor barrier (PE foil) 200 mm

polystyrene, 45 mm timber frame with mineral wootlagyypsum board. The overall
U-value is 0.09 W/m2K with a thickness of 51.3 aowhich is colored in black

(IEA, 2011).
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3.1.3.5Basement Floor / Floor Slab

The floor slab is composed of a 300 mm washed §ra®® mm polystyrene, 100
mm concrete, porous polyethylene film, and 22 mmypet. The overall U-value is
0.09 W /m2 K with a thickness of 68 cm (IEA, 2011).

3.1.3.6Roof

The roof is composed of tiles with furring stri@&) mm polystyrene, 19 mm solid
wood, 50 mm air gap, masonite 1200 mm with 45 cmenal wool, an airtightness
layer / vapor barrier (PE foil), 45 mm timber framéh mineral wool, gypsum
board. The overall U-value is 0.08 W/m2K with ackmess of 67 cm which is
coloured in red (IEA, 2011).

3.1.3.7 Glazing Facade: Shading, Type and Frame

The southern facade of the Gothenburg passive hmasa large area of windows,
which is about 45% WWR. This high level of glazimgreases the efficient use of
solar heat gain during the winter season. The mpaf the northern fagade is about
20% of the WWR, while eastern and western facattheskuilding at the end of the

row) have 8% WWR (Constructing-Excellence, 2007).

Figure 61: North and south facade windows (Janz009)
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In summer, the roof overhang and balconies proprd¢ection against overheating
of interior space. In winter, passive solar enaggin is achieved through windows,
which covers around one-third of the space heasingrgy demand. The roof-
windows are above the staircase, which providesralktaylight for the building
core. Itis also utilized for effective ventilatialuring the summer.

The windows of the house are glazed by triple gigzavith two metallic-coats and
krypton gas filling, a wood frame construction wétcore of polyurethane foam or
other insulating material, wood painted white andeaterior aluminum cover which
is yellow. The overall U-value is 0.08 W/m2K ane tght transmittance is g=68%
and the energy transmittance is 50% (Figure 62).

3.1.3.8Domestic Hot Water (DHW)

For the hot water supply, a flat plate solar aithe of 5m2 gross area is used to
cover about 40-50% of the hot water demand. Thaagpof the storage tank is

500 I (Janson, 2009).

Figure 63 Gothenburg passive house s Figure 62: Window frame
collectoil (Janson. 200! (Janson, 2009)
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3.1.3.9Ventilation

The house uses mechanical ventilation heat recowdrigh is located in the attic.
The efficiency of heat recovery is about 80% with/@ W. In summer, there is a
probability to turn off (automatic bypass) the heathanger, and the house can be
naturally ventilated by opening the windows fromthoosides (natural cross
ventilation) and roof windows. The space heatingnaed can be covered partly by
heat gains from the lighting and energy-efficieppleances (2900 kWh/year), and
from the occupants (circa 1200kWh/year). The redidpace heating demand can
be covered through electric-resistance heating (@Q0(heating coil to prevent

freezing in the heat exchanger) (Constructing-Hgoek, 2007).

“aruaght ond well insulaced
eternal walls, oof and fioor

Figure 64: Ventilation system in Gothenburg passive house.
(Constructing-Excellence, 2007).

3.1.3.10Thermal Comfort: Thermal Bridge - Air Tightness
The buildings have very good value in terms of riredrbridge with 0.01 W/m2K

and an air tightness with n50 = 0.3/h (Construetixgellence, 2007).
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3.1.3.11Energy Performance

The houses' energy performance has been calculEtedannual heating demand is
14 kWh/m2a. This value saves energy use up to a®®Ut in comparison to the

existing building. Heating, hot water, ventilatiand other electrical devices varies
between 45 and 97 kWh/m?a. This value is approx@m&i0 — 75% less than similar
new houses in Sweden. The final energy consumptidhe district heating system

is 29.5 kWh/m?2a, which saves nearly 76% more thaeden’s existing buildings

(Janson, 2010).

Table 16: Energy performance for
Gothenburg passive house (Janson, 2010)

g 7 Heating of space and| 14.3
2 s ventilation air kWh/m?
2w 5 % T (electrical)
§ 100 g e | DOMestic hot water | 15.2
% 80 . FarisEpumi (E|EC) kWh/m?2
L 143 m household electres Fans and pumps 6.7 kWh/m?2
g« e e Lighting and 31.8
2 s ’32‘ appliances kWh/m?2
0 il = Delivered energy 68.0
Gonpbunpihitione  wislnehidig demand kWh/m2
Diagram 16: Gothenburg passive house | Domestic hot water | 8.9 kwWh/m
energy performance (Janson, 2010) (solar energy)
Total monitored 76.9
energy demand kWh/m?

3.1.3.12Economy

According to the CEPHEUS projects, the additiorgats or additional investments

of the Gothenburg passive house use about 2% fewable energy compared to

Sweden's ordinance. The costs of kWh save 4.4 Ic&ht/ The extra cost for both

windows and insulation is about 15,000-20,000 S&#d the extra cost for the heat

exchanger is about 10,000 SEK, the total additionat is 40-50.000 SEK (3,000£-

3,800£) (IEA, 2011).
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Chapter 4

ANALYSIS AND RESULTS

4.1Main Learnings from the Investigation and Analysis of Three
Existing Passive House Buildings in Different Europan
Countries and Climates

In this chapter, the results of the analysis fréma tase studies will be explained
based on the main criterias of the passive hoaselatds and finally summarised.
4.1.1Climate

Passive House constructions used in Central Eucapaot be assumed to work
unconditionally in other parts of the world. Itimportant to develop passive house
solutions for each location, suitable for the actlisnate and geographic conditions.
Local building traditions as well as national/lotalilding regulations must also be
considered.

4.1.1.1 Heating (Winter)

In winter, Granada compared with Hannover and Gudiheg has much more solar
radiation. The solar radiation can be effectivedgd for heating the passive houses

in Granada.

Hannover and Gothenburg have less solar radiatiomgl the winter season in
comparison to Granada. Consequently, the passiusehm Granada requires less
thermal insulation in comparison to the passive sksuin Hannover and

Gothenburg.
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4.1.1.2Cooling (Summer)

Granada is warmer than Hannover and Gothenburgnnmer. The passive house of

Hannover and Gothenburg cannot be applied dirdotleranada, because of the

overheating of indoor spaces in summer.

Granada passive house needs cooling in summer adwxerheating of interior

spaces in summer. Consequently, passive housetgyeneoling load must be

reduced with passive solar strategies.

Granada has higher solar radiation in comparisadh Wannover and Gothenburg
during the summer season. It should be controledugh shading devices, which

should be very effective for cooling of passive $®in Granada during the summer

months.

Table 17: A climate comparison between passive dnexamples

Climate Granada | Hannover | Gothenburg

Latitude (°) 37°35'N 52°22'N 57°43'N

Longitude (°) 05°00"E 9°44'"E 11°59'E

Humidity 70% 80% 80%

Global horizontal irradiation 1800 1100 900
Outside design

Winter temperature(°C) -1 8 13

design Wind speed

weather (m/s) 2.5 5 5

data

Surr_lmer Outside deS|g:1 36.5 29 o5

design temperature (°C

weather Wind speed

data (m/s) 4-4.5 3.5 3

Seasons Warm season 17.06.-09.09| 27.05-5.09. 05.06-08.09.
Cold season 13.11.-06.03.| 30.11.-27.02.| 18.11.-20.03.

Solar Winter 2.4 1.7 1.2

radiation Summer

KWh/m?2 8 59 i
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4.1.2Building Shape

The optimum building shape for European passiveséas different due to the
different climate, but commonly rectangular withcampact design (long axis
running from east to west and minimized east anskt wrposures). This shape has

the minimum thermal loss in winter and in summer.

Due to the examples, the suitable length to widtiorfor the passive house is 2:1.
The compactness in all passive house exampleghs hi

4.1.30rientation

Due to the passive house examples the optimumibgilarientation is south—north
orientation. Granada and Gothenburg are facingths while Hannover is facing
to south-west.

4.1.4Building Arrangement

The building arrangement is different in the seddgbassive house examples due to
the solar orientation and prevailing wind directiggenerally, figure 65 shows a

conceptual zoning about the spaces in a passiv&ehou

Maorth

Private and secondary rooms

West East

Common rooms

South
Figure 65: Functional organization of the passivade
http://vbn.aau.dk/files/60383597/2011 02_02_Sarafbiandling_Camilla_Brunsga
ard.pdf
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4.1.5Ro0f

Due to the example of passive house, the roof rbastightly fixed, sloped or
pitched recommended for the cold climate zone. Tae roof is not desirable
because of the danger of leaking during heavy ram$ snow. While Granada
passive house uses flat roof, which is coveredlbgncgravel as finishing material
to reduce heating transmission of solar radiatromfthe roof. The roof should be
insulated the building from too much heat, cool andidity. The position of roof
insulation for inclined and pitched roofs in hoihthtes can be placed on top of the
rafters and below the tiles, or between roof raftéhe position of roof insulation in
cold climate zone can be placed at ceiling leveinside of the roof surface. It
should protect the house from solar radiation. fidwé thermal insulation becomes
thinner by moving passive houses from a colder ati@o a hotter climate like
Granada, because the difference between outdoopetature and indoor
temperature is decreasing (Table 18).

4.1.6Wall

The east and west wall surface should be reducedrtonum due to receive more
solar radiation from the south. Therefore shadingukl be provided to the west
exterior walls by overhangs, deciduous trees amggegen vegetation. The passive
house in Granada uses white colour for the extesiall to achieve high solar
reflection to reduce the cooling load. On the otmand, Hannover and Gothenburg
use mid-dark and dark colours to absorb solar tadiato reduce the heating
demand. To avoid thermal loss in winter and in semrthe placement of thermal
insulation for the hot climate zone, according e {Granada passive house, is
preferred to the outside wall surface, while theecatudies for the cold climate

zone, Hannover and Gothenburg passive houses, hesferred the thermal
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insulation layer as cavity material. The wall thatrmsulation thickness decreases
by moving the passive houses from a colder clinf@athenburg, Hannover) to a
hotter climate (Granada) (Table 18).

4.1.7Window and Shading

According to the passive house case studies, mawimundows are oriented
towards the south, to increase the effectiveneds benefit from solar radiation in
winter season to achieve passive solar energy §démle no windows (Hannover)
or minimum windows (Gothenburg and Granada) aréeged to the east side, west
and north side windows have to decrease the thdomsalof interior spaces. The
window size of the southern facade decreases fraolder climate (Gothenburg =

45%) to a hotter climate (Granada=35%) due to tgle solar radiation (Table 18).

Small glass area

2 1
1
W < - »E
Small glas N Small lass
area / AN area
. 30° 30° %\
v P
S

Major glass area
Figure 66: Best orientation and major glass ara#h@r)

All passive house examples are using triple glazing to high energy efficiency to
reduce the heating demand in winter and the coalgmgand (hot climate zone in
summer). The control of solar radiation (to avdid bverheating of interior spaces
in summer) by shading devices is more required ran@da than in Hannover and

Gothenburg due to the high solar radiation. Theeeféranada passive house uses
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exterior Venetian blinds and PV louvers, while Hawer passive house uses
moveable shading system, and Gothenburg passiveehwmes roof overhangs and
balconies to avoid overheating of interior spacesummer (Table 18).
4.1.8Domestic Hot Water Supply (DHW)

When the heat loss through external walls is mipgdj the domestic hot water
requires the highest energy demand. For domestiwaier supply, solar energy use
is recommended for passive house. The efficiendyobfwater supply increases by
moving the passive houses from a colder climatei{@&@uburg, Hannover) to a hotter
climate (Granada), due to the high level of scdaliation.

4.1.9Thermal Comfort: Thermal Mass

Thermal comfort in all passive house examples gh.hThe indoor temperature in
Hannover is in summer between 23-25 C, and in winééween 20-23 C, while the
indoor temperature in Granada is in summer betv2geR7 C. It can be concluded
that in different climate zones passive house carese high thermal comfort.

Due to the examples of passive house, the pas®usehin hot climate zone
(Granada) uses heavy construction, while the padsuse in Hannover uses mixed
construction (light, heavy), and the passive houseGothenburg uses light
construction as thermal mass. Due to the caseestuthe heavy thermal mass is
more suitable for hot climate, and the mid andtligfermal mass is more suitable
for cold climate to achieve thermal comfort (Tab®.

4.1.10Ventilation

Mechanical ventilation is an irreplaceable partpaksive house because of many
reasons. It is not possible to use efficiently ggesource with random window

openings as well as good indoor air quality. Alaeyles of passive house use heat
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recovery with high efficiency and low power supphable 18). In summer, natural
ventilation (single and cross) can be used to &ehtieermal comfort.

4.1.11 Airtightness

The effect of airtightness is significant to reduseergy consumption. The air
tightness is lower in a cold climate than in a ¢tlohate, because heating demand is
more sensitive to the air tightness than the cgatiemand. Granada passive house
need n50=0.6/h while Hannover and Gothenburg padsouses need n50=0.3/h
(Table 18).

4.1.12 Passive Solar Heating and Cooling

Due to the passive houses examples, shading ofisehs an important principle in
passive solar cooling, because more windows hawn hbestalled, while the
improvement of shading is required as well, esplgciae shading by window
reveals needs to be considered especially from $wfdr radiation in summer. The

direct gain is an important principle in the pasessolar heating system in winter.

Table 18: Building constructions and componentspaned between passive house
examples (Author)

Sl EERE I 2o Granada Hannover | Gothenburg
component
Detached Terraced
Building type single family | Terraced house h
ouse
house
Mixed
Construction tvpe Insulated construction Timber
yp concrete forms| (timber and | construction
masonry)
_— 79, 97, and
Building area 100 m2 120 m?2 120-124 m2
Surface/Volume - Length/Width | 0,85(m-1) -2:1| 0.61 (m-1) -1:p 0'621(_;“'1) -
: U-value W/(ntK) 0.09 0,097 0.09
S Insulation
Wall ; 30cm 40 cm 43cm
thickness
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U-value W/(rﬁK) 0.1 0,095 0.08
Roof .
Insulatlon 30 cm 40 cm 48cm
thickness
Basement | U-value W/(nfK) 0.185 0,125-0,091 0.09
floor / floor :
Insulation
slab thickness 20cm 30-42cm 30cm
Frame W/mK 1.03
Windows Glazing W/nK 0,083 (60%) 0.08 (68%
0.75 (50%)
(factor)
South — East (end o 100 o (0 45%-0%
Wall - row) 35% - 10% 36% - 0% (8%)

i — 04-00
Wmc_iow North —West (end 8.5% - 1.5% 19.4% - 0% 20%-0%
ratio row) (8%)

Average 13.75% 13.85% 16%
Air tightness n50 = 0.6/h n50 = 0.3/h n50 = 0.3/h
Heat Recovery Efficiency 90% 78% 80%
Solar Area and storage 4.36m2-3001| 3.8m2-3001 | 5m2-500 |
Collector Efficiency 70% 55% 40-50%
Table 19: Strategies compared between passive lecaseples (Author)
Strategies Granada Hannover Gothenburg
Ventilation Mechanical ventilation | Mechanical ventilation | Mechanical ventilation
(heat recovery), natural| (heat recovery), natural (heat recovery), natural
cross ventilation in cross ventilation in cross ventilation in
summer summer summer
Glazing High level in south and | High level in south and| High level in south and

minimum glazing in
north and triple glazing
is used with argon gas
filling

minimum glazing in
north and triple glazing
is used with argon gas
filling

minimum glazing in

north and triple glazing
is used with krypton gasg
filling

Thermal mass,

Heavy construction,

Mixed (light, heavy)

Light construction,

insulation 30cm thermal insulation construction, 40cm 43cm insulation for wall
for wall and roof thermal insulation for | and 48cm insulation for
wall and roof roof
Shading Exterior Venetian blindg§ Moveable shading Roof overhangs and
system balconies
Passive heating Direct gain Direct gain Direct gain
Renewable energy | Solar collector with PV | Solar collector Solar cotier
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4.1.13 Energy Performance and Economical Aspect
* Energy performance in all examples is high which save over 62% of primary
energy and more than 85% of the heating demanda@eapassive house has an
extra measurement, which is the cooling demandtazah save about 90% of the
cooling demand.
* The total additional cost investment is differenedo economic and technological
factors. Due to the examples of passive househitfjeer total additional cost

investment is about 12% (Table 20).

Table 20: An energy performance comparison betywassive house examples (Author)

Energy performance Granada | Hannover | Gothenburg
Primary energy kWh/m2 a (save) 67 (80%) | 82.6 (66%) 76 (62%)
Annual heating demand kWh /m2 a 6 (90%) 15 (93%) 14.3(85%)
(save)

Annual cooling demand kWh /m2 a 9 (90%) - -

(save)

Total additional cost investment 3-5% 12% 2%

4.1.14 Summary

Passive house in different European countries déinthi® zones is not an energy
performance standard, but a concept to achieve mgdbor thermal comfort

condition at low building costs. The basic idegaésive house is a well-insulated,
airtight construction with mechanical ventilatiohighly efficient heat recovery),

avoiding of thermal bridge in the building envelpp#ilization of passive solar

energy and internal gains. Building componentsnaeessary in all situations. The

building envelope (roof, wall and windows) and viatibn system, which should be
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optimized to reduce the energy demand for spacénigeand cooling as low as

possible. Renewable energy sources should be gseaieh as possible to meet the

required energy demand inclusive the domestic lavemsupply (DHW).

Table 21: The characteristic features of passives@@Author)

Factor Characteristic features
Building Shape A compadtuilding with minimal surface area
Orientation Southern orientation
Building Well insulated opaquenvelope without thermal bridges
Envelope Tight building envelope
Optimum opaqu&nvelope (wall and roof )
Insulation Huge thermahass and thick insulation
Apertures Passivase of solar energy (high solar energy gains thro
openings)
Large south facing windows plus small windows am th
north side of the house
Shaded aperturdshade considerations)
Triple glazed windows
Well insulated window frames
Less externatioors if possible
Ventilation Heat recovery systems
System
High efficient hearecovery from exhaudir (using an air-
to-air heatexchanger)
Heating System No conventional fossil fuel centiedting
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Chapter 5

CONCLUSION

Due to the lack of existing resources for fossiéléy the increase of the world
population, and the constant increase of energis aeng with the fossil energy
consumption problems, the consuming of fossil fredources must be reduced
worldwide. Therefore, the passive house should @ept@d to reduce energy
consumption and to decrease the environmental inEac that the users are
independent from energy price increase. Nowadagssipe house is used in many

European countries.

This research concluded that passive house isbéevéad sustainable energy saving

concept which can be used in different Europeamicimas.

The result from the passive house examples showas ttie passive house is
climatically suitable for different European couesr and climate due to the high
reduction of energy consumption for heating demanalinter for cold climate zone
and cooling demand in summer for hot climate zdoe,nstance annual cooling
demand in summer is up to 90% in Granada, annugingedemand in winter is
more than 85% (Gothenburg, Hannover) and primaeygnuse compared with the

existing building in the same countries is morent62a%.
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The conducted investigation demonstrated that passouse is technologically
suitable for different Europe countries, becausssipa houses can be built by

conventional building materials, such as brick @netc.

According to the case studies, the passive housEasomically suitable, which

have only 2% to 12% additional cost investments.

This research further concluded that the codesdsrals) are different in each
country, because of their different climate. Staddahave a great impact in

reducing of energy consumption in Europe up to 50%.

The adaptation of a passive house is based onettiermed analysis of a passive
house considering the technical performance of dingl elements, weather
characterizations, resource availability and otbpecial conditions in different
countries. The implementation of a passive houskfierent countries also includes
the different boundary conditions expressed innaneiased value for solar gain, air
change rate for ventilation and different buildirggructures, using suitable

techniques and energy supply availability.

The compactness (A/V- ratio) is significant ford¢alimate zone to avoid heat loss,
while appropriate openings and shading devicesigreficant for hot climate zone
to avoid overheating of interior spaces in summeriogol. The cooling load for

climate zone is very high in hot climate zones.

Passive house in different countries should hawgh level of thermal comfort.

The solution should be affordable, or it will no¢ lattractive with conventional
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technology. Insulation should be applied in alh@dies. Shading is also needed
especially in the climates with high solar radiatio summer time. Heat recovery is

necessary in all cold and in all hot climates, véithentilation system.
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