Review Article
Optimization of Building Energy Performance through Passive Design Strategies

ABSTRACT

Passive buildings are capable of achieving the $bvemergy requirements by optimizing heat losseab gains
through the building envelope. Therefore, the tteroomfort in winter and summer can be maintaineabtiy
without requiring the energy inputs and during pleak temperature periods with only minimum amouwftsnergy
inputs. Application of passive strategies in buifglisector can be a promising measure to enhancbuilding
energy efficiency. This paper is aimed at reviewahgdies utilized passive strategies to optimizéding energy
utilization. The findings demonstrate that, usagpassive strategies in the building sector enhsuscestainability
measures predominantly through mitigating buildéngégative environmental impacts besides optimiigggnergy
performance.

Keywords. Passive building, building energy performance, dinij environmental impacts, passive strategies

1.0 Introduction

Buildings account for approximately 40% of globakegy consumption and one-third of global GHG eioiss[1].

A significant proportion of the energy utilizatigmdue to the spread of the heating, ventilatimgl, @air conditioning
(HVAC) installations in response to the growing dewis for better thermal comfort within the builiveonment
[2]. The statistics reported byinternational Energy Agentyindicating an upward trend in global energy
consumption between the years of 1984 and 2004T[8% report claimed that, primary energy has grdoym9%
and CQ emissions by 43%, with an annual average incregse% and 1.8%, respectively.THe International
Energy Outlook 2013lso predicted that, energy consumption will bebglly increased from106 quadrillion Btu
between the years of 2010 and 2020 to 820 quanirillitu in 2040 [4]. This report stated that, 85%hi$ increase
will occur in developing countries due to pursugapnomic growth and responding to population ireeea

In order to tackle the issue of growing demandefoergy, many efforts have been made by differenhtr@s to
reduce the energy consumption and GHG. In US, Nta¢ional Global Change Research Plan of 2012- 202E
approved by US government in 2012 aiming to monitorestigate, and report the current status of €@issions
and energy consumption, and also providing solstion preventing the climate change [5]. Europeaiol (EU)
also adopted the first mandatory Directive on Epdtfficiency in Building in 2002 to curb the clim@athange [6].
One of the primary objective of this Directive @sreduce the energy consumption and, @@issions by 20% up to
2020 [7]. Moreover, China is set out an objectts ‘iTwelfth Five- Year Plan” (2012) to mitigate tleergy
consumption by 32% comparing to that defined in“lEteventh Five-Year Plan” [4]. Furthermore, in 20lthe
world leaders reached to an agreement in Cancurichbleat the 2010 United Nations Climate Changef@emce
to commit to a maximum temperature rise 6fQ above pre-industrial levels, and to consider kg this
temperature to maximum 1.5 degrees in the nearei8]. However, King, D., et al. [9] believed thabmmitments
made during this conference have a slim chanceatiize this goal. They stated that, the conceomaif CQ in the
atmosphere will exceed the critical level for @@ rise in temperature by 2035, and on current f@sliche
temperature will eventually reacA@ above the pre-industrial level.

Additionally, various strategies are globally deymdd to control the increase of energy consumpdioth GHG
emissions. Among them, Passive Building Design (PB& been widely identified as one of the mostaiie
strategies for decreasing the energy demand indlibgi[10-13]. A passive building is defined asbuilding which
is constructed to achieve a comfortable interiamalte without a separate active heating devijtd]. The passive
buildings are capable of achieving the lowest epesguirements through striking a balance betwéwn Heat
losses, and the heat gains with respect to thécplat climatic condition of building’s location 41. A proper
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practice of passive design involves various aspefckaiilding design [15], such as orientation of timain facades
and windows, wall thickness, thermal insulationhdow details, sunroom for passive solar heatingdisty
devices, etc. [16].

Several studies are carried out aiming to addiessmipacts of implementing passive strategies arinighing the
building energy use [13, 17-20]. For example, Ala@l, K.M., et al., [19] reviewed passive coolirghniques that
can be employed to regulate the indoor air quddityconsuming the minimum energy. They mainly focuse
adopting two passive roof types, the reflective eamtiative, and discussed about their capabilibeattenuate the
heat transmission between inside and outside obtligling. Pérez, G., et al., [20] conducted a crmehpnsive
literature review on the application of Verticalg@nery Systems (VGS) to be used as passive toatrfergy
savings in buildings. Sadineni, S.B., et al. [18pbarovided an exhaustive technical review ondiffferent building
envelope components and respective improvements &o energy efficiency perspective. The gap idietiby
this study is the lack of existing a structure@rktture review addressing the effects of most émftial passive
strategies on reducing the building energy consiompfThe main aim of this paper is to criticallyiew and
discuss the effects of eight factors of passiveagdestrategies, ‘thermal insulation’, ‘thermal masglazing’,
‘window’s size, shape, and position’, ‘color of extal surfaces’, ‘external shading devices’, ‘buitdorientation’,
and ‘building form’ on the building energy consuiopt These factors can be mainly taken into comaiitins at
the designing phase of the building constructiarcpss.

2.0 Principles of passive house design

The concept of PHD is based on achieving critidgjectives in buildings such as cost-effective, highality,
healthy and sustainable construction [21]. Thegeables can be obtained through following six basinciples:

e Superinsulation (depending on climate): application of thermal insulation in the buildingvelope is one
of the basic principle of designing a passive holUksing insulation in the building shell can retardblock
the heat transmission between inside and outsidelitifing. Moreover, the employment of insulaticanc
help the indoor air temperature to be remainedratadively constant level. Klingenberg [21] bekelthat,
the entire envelope of a passive house buildingilshbe well- insulated based on the particular atim
conditions of building’s location. The proper udetermal building insulation can directly determithe
level of building energy consumption and occupactshfort.

e Eliminating thermal bridges: Thermal bridge is defined as the thermally wealasiref the building
envelope, by which the heat penetrates into thexiortby passing through these areas and causnthgy
loss [22]. The chief reason for occurring thermadigpe is the thermal difference between two areahe
building envelope [21]. Generally, the heat tenolpass through an element that has a higher thermal
conductivity than the adjacent materials, and tesal happening the thermal bridge. The potentiahts
for this phenomenon to be happened are the edgesers, or connections in buildings, such as
connections of floors and internal walls with ertgrwalls, or cantilevered balcony slabs. Signiiioa of
thermal bridge has been widely studied in theditere [22-24]. Regarding to the passive buildingss
stated that, there should be few or no thermalgesdn passive houses [21]. The thermal bridgeficteit
for a passive house should be less than 0.01 pattmeter per Kelvin (W/mK) or 0.006 British Thedma
Units per hour foot and degree Fahrenheit (BTWR)ft [21].

e Airtight construction: Airtightness can associate to enhance the buildingrgy performance through
minimizing, or eliminating the hot or cold ingressafts, thereby decreasing the demands for space
conditioning. It is argued that, passive housesuhbe extremely air- tighten in order to prevemé t
penetration of warmth, moisture, or condensatida the house [21]. Airtight construction can belizeal
through employing a continuous layer of airtighttenels around the entire building envelope [21].
Different materials can be utilized to isolate thglding envelope, namely membranes, tapes, p&ster
glues, shields, and gaskets.

* Ventilation: Hermetically air- tighten building does not measatiiling the building to breath [21]. Passive
houses are able to breathe a controlled volumeirobya employing mechanical devices rather than
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breathing unmeasurable air volume through uncdettdeaks. The use of mechanical ventilation leads
consistently circulate a measured amount of frashthaoughout the passive house and help exhausting
measured quantities of stale air from the house.vAntilation of passive house is based on utitjzan
balanced mechanical ventilation system, in whidh fiystem must be extremely energy efficient. Prope
provision of air exchange by passive house carrassaintaining the indoor air quality for occupants

» High-performance windows: Windows are responsible for wasting a notable peage of total building
energy loss approximately by 20- 40% [25]. Designwvindow should be practiced based on the particula
climatic condition of buildings to reduce the enedgmand. Recently, several studies proposed eféect
solutions for increasing the energy performanceioflows by utilizing different types of glazingscéuas
aerogel glazing [26-28], vacuum glazing [29]; [36fnart glazing [31]; [32], and prismatic glazingB]3
[34].

* Optimization of passive- solar gains. One of the primary factor requiring to be considews the
designing stage is the building orientation [21&sBd on the climates, different building sides &hde
thoroughly orientated aiming to enhance the en&ffigiency of buildings. For example, south side of
building generally receives maximum solar radiagiowhile the north side receives minimum sunlight.
Therefore, fenestrations in the building envelopeutd be designed to allow passing specific raoliesti
into the interior space without compromising thecugmants’ comfort. Additionally, there are other
significant factors affecting the building energgigs such as, thermal mass [35]; [36], windows
specifications (windows’ shape, orientation, arze}ki[37]; [38], glazing [39-41], and color of extet
surfaces [42]; [43].

The core concept of these principles are based inimmation of the heat wastes, and maximizatiorthef heat
gains. Combination of these parameters can be pnagnio enhance the building energy efficiency. Therent
study aims to review the effects of eight factofgpassive design strategies, and discuss about éfffeicts on
diminishing the building energy consumption.

3.0 Impact of building parameterson energy efficiency

3.1 Thermal Insulation

Thermal insulation is known as a material or a cioaion of materials used in the building shelrétard the rate
of inward or outward heat flows through conductioonvection, and radiation [44]. This section igieeved studies
that addressed the impacts of employing thermalléti®ns on the improvement of environmental, andrgy

performances of building.

Proper application of thermal insulation in builgienvelope can result in reducing the building gp&onsumption
as well as decreasing the amount of environmentpacts. Tingley, D.D., et al. [45] quantified ar@htpared the
environmental impacts of three insulation materigispanded polystyrene (EPS), phenolic foam an#éwool
insulation. Sixteen impact categories were examidadng 30 years in order to find out which one tbé
insulations could have the lowest environmentaltiioution. They stated that, EPS had the lowesirenmental
impacts in fourteen out of the sixteen impact exadi categories. This study also made a wider casgaiof
embodied carbon associated with PIR (polyisocyaeyrboards and woodfibre boards. Woodfibre board wa
conclusively identified to have the lowest embodoaabon which is capable of being utilized wheréuaion of
CGO, is the priority. Comakli & Yuksel [46] investigatethe environmental impact of heat insulation uk®dthe
reduction of heat losses in building. It was fothalt, the optimum thickness applied for the insatatan result in
reducing CQ emission by 27%. In another attempt, Dombayci (4] studied the environmental impact of
optimum insulation thickness in Denizli, Turkey. Heed coal as the fuel source and the expandedtpape as
the insulation material in the case study. It wasesl that, when the optimum insulation thickn@s895m Denizli)
was applied for the building, the emissions of,@@d SQ were decreased by 41.53%. Additionally, a reductib
46.6% in energy use was also reported when thenoptithickness was used in the building. Carreragt al. [48]
also presented a methodology to determine the aptimaulation thickness for external building seda. They used
a multi-objective model capable of simultaneousiyimizing the cost and environmental impacts asgedi with
both the energy consumption over the operationakgtof building life cycle, and production of thenstruction
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157 materials. Afterwards, this model was applied teeas a building’s performance located in Lleidaai®pThe
158 results of this study indicated a reduction of 4@%oth cost and environmental impacts.

159

160 Several endeavors are also made to investigatedhsibility for energy savings through utilizingettthermal
161 insulation in buildings. Fang, Z., et al. [49] irstigated the impacts of using external wall insataton energy
162 consumption, and the indoor thermal environmento Types of chambers were constructed in this stadyenergy
163 efficient chamber with thermal insulation used hie £xternal wall, and a basic chamber accordirthgaccommon
164 design principles for residential buildings in tt@80s and 1990s. The results showed that, the yrergsumption
165 of the energy efficient chamber was lower thanlibsic chamber, offering a savings up to 23.5% imsaming
166 energy during the summer. Moreover, Dongmei, P.alef50] carried out a research on the impactsvafl
167 insulation thickness on the annual cooling andihgagnergy uses under different Chinese climaté& dnnual
168 cooling and heating energy uses were simulatedherfour different exterior zones at different ertd wall
169 insulation thicknesses under three different clemain China, Guangzhou, Shanghai and Beijing. Tdwilts
170 reported that, a significant percentage of enemying was achieved by increasing the external wesllilation
171 thickness in exterior zones facing all orientatiomsler Beijing’s climate. In another attempt, tiile&s of using a
172 proper insulation on the energy saving in Iraniaitdings were studied [51]. An integrative modediimas used to
173 simulate the buildings’ energy consumption. Theiltef this study showed that, a reduction up8®% in energy
174 consumption per square meter of buildings can bézexl when the thermal insulation applied for &eernal
175  walls. Kolaitis, D. I., et al. [52] performed a cparative assessment of internal versus externaintdensulation
176  systems for energy efficient retrofitting of regitial buildings by means of detailed numerical dations. The
177 outcomes of this study indicated a significant et in the total energy requirements achieved assult of
178 utilizing both external and internal thermal ingida configurations. They also stated that, exteinaulation
179 generally outperforms the internal insulation cgufation by 8%.

180

181 Several researchers also proposed innovative spkifor using natural materials as the buildingliason [53-56].
182 Balo [53] produced insulation materials throughngsclay, fly ash, rice husk ash, and epoxidizetl d&l The
183 analysis showed that, the impacts of fly ash arokielzed tall oil was significant on the thermahduictivity. They
184  stated that, insulation materials produced by digyash, rice husk ash, and epoxidized tall oilE®an be used as
185 the insulation materials. Corscadden, K.W., et[®4] investigated the possibility of using sheepisol as a
186 building insulation. The results showed that, therrimsulation produced by wool is competitive wittther
187 insulation products in terms of thermal propertieatnaik, A., et al., [56] also produced differeamples out of
188  waste wool and recycled polyester fibers (RPETY, @malyzed their thermal, acoustic, moisture areldroperties.
189 The results indicated that, two layers comprisifigg@¥% waste wool and 50% RPET mat can provide t& b
190 performance in terms of thermal insulation, aceustid fire properties, and moisture absorption.

191 Thermal insulation plays a significant role in opizing the building energy as well as mitigating thuilding

192 environmental impacts. The employment of thermallation should be coupled with other passive egjias to

193 realize further enhancements in building energigiefficy. Technical characteristics of building itaions, such as
194  thickness should be thoroughly designed with retsjpethie particular climate of building location.

195 3.2 Thermal mass

196  Thermal mass refers to the ability of materialabsorb (convectively and radiatively), and store hieat energy
197 during a warm period and release it during a ceoigal. This lag time can have three important ted35]:
198

199 « The slower response time tends to moderate theufitions of indoor temperature under outdoor
200 temperature swings.

201  In hot or cold climates, it reduces energy consimnptn comparison to that for a similar low-mass
202 building.

203 * It moves building energy demand to off-peak peribdsause energy storage is controlled through crre
204 sizing of the mass and interaction with the HVAGtsyn.

205

206  Thermal mass can be divided into two categoriek [pThe external thermal mass which are exposesttly to the
207 ambient and indoor temperature. Generally, thereatecomponents which are in connection with thédoar
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environment and inner spaces such as walls ang@ @ref belonged to this category. Il) the interhakmal mass
which are not connected to the outdoor environmearely furniture, or internal concrete partitions.

Working principle of thermal mass is based on abisgrthe heat from indoor air when the temperatirénermal

mass is lower than the indoor air temperature abelasing the absorbed heat into the indoor air whenits

temperature is higher than the indoor air tempeeafdi8]. Material mass of buildings can be desigteedtore the
internal solar heat gains in order to moderatadhgperature swings, and thereby reducing the engsgyor space
conditioning. The effectiveness of thermal masdindings depends on the interactions of severahmpaters
including climate, orientation, window area, ingida, ventilation, load profile and occupancy pattef buildings

[59]; [60]. Thermal mass is more effective to b@iemented, where the diurnal range of temperatuhigh.

Several studies addressed the effects of thermas ma the energy use of buildings [35, 36, 61, B2]Jogirou,
S.A,, et al. [35] conducted a study to investigdhie effects of thermal mass on the heating andirmpdbads of
buildings in Cyprus. It was found that, the usetltidrmal mass can considerably reduce the heatiags|and
slightly increase the cooling loads of building@vitver, Aste, N., et al. [36] explored the effamftshermal mass in
an ltalian building by analyzing the energy perfamoe of wall systems with the same U-values bueint
thermophysical properties including heat transienfaxe, specific heat capacity, thermal condugtiehd solar
control factor. They found that, the walls whichfpemed best in terms of energy had an effectivelmioation of
dynamic thermophysical properties, mainly greagathransfer surface, and not necessarily thetbeshophysical
properties. Thus, the heat transfer surface inflasrthe effectiveness of thermal mass for saviegggnand careful
design and control strategies are required forcgffe use of thermal mass. Gregory, K., et al. [@$p presented a
comparative analysis on the influence of thermasgsria simplified building modules in Australia. Thisund that,
thermal mass significantly reduced the space heatadds, particularly where the thermal mass waseglat the
interior side of the insulation.

3.3 Glazing types

Glazing plays an important role in building enengynagement due to their influences on allowing sbkar
radiations to pass through the inner spaces. L@&, &t al. [25] opined that, windows are respolesfbr 20- 40%
wasted energy in the building. Window is an indisgsble part of building configuration, which hasiaftuential
impacts on the overall building energy performaridee energy performance of a window depends othésmal
transmittance, the glazing solar transmittance, tiedair leakage due to the frame and installatintightness.
Among all these parameters, glazing system canobsidered as a major determinant in energy perfocmaf
window.

Visual transmittance of the glazing unit is impottaas it determines the amount of daylight passimgugh the
glazing unit. One of the basic characteristicsdiazings is to have a higher transmittance in ésgpectrum and
lower transmittance in infrared region. lhara, ét.al., [39] evaluated the energy performance obga granulate
glazing systems used in an office facade consigifng translucent aerogel granulate glazing sysiespandrels.
They concluded that, application of such glazingatte can achieve a lower energy demand comparadicable
glazing facade in cooling dominated climates, sashTokyo and Singapore. In heating dominated cémsaha
combination of aerogel and triple glazing systemas suggested as an energy efficient facade toioffezasing the
building energy optimization. De Forest, N., et[d0] also presented a simulation study of the gnemd CQ
benefits of a transparent, near- infrared switchetertrochromic (NEC) glazing for building applicats. NEC
glazings are an emerging dynamic window technolibgy can modulate the transmission of near-infrdh&R)
heat without affecting transmission of visible lighn this study, a hypothetical NEC glazing wasdated on clear
and tinted glass in six building models in 16 U$nelte regions using EnergyPlus. The total annuargn
consumption for lighting, heating, cooling, and tilation for the NEC glazings were compared withghi
performance static windows and conventional tungstele EC glazings. The results of this study réacdhat,
50% of the total energy savings can be realizeddptoying NEC glazings in only 18% of the total danw stock,
and 75% of the savings in only 39% of the stock.rek, M.E. et al., [41] also used building simudet to
examine the effect of the thermochromic transiioadient on the energy demand characteristicsnod@el system
in a variety of climates. The results were compaagdinst current industry standard glazing productey
suggested that, in a warm climate with a low trémsitemperature and sharp hysteresis gradientggrdemand
can be reduced by up to 51% compared to a convattitmuble glazing approach.
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Proper selection of the glazing is another measoreegulate the ingress solar radiation to thedg. The
significance of this strategy can be more sensé@revthe excessive demands for heating and coatm@xisted.
Therefore, the particular climates of building’sation should be taken into account in order tadiethe type of
glazings.

3.4 Window size, shape, and position

Besides glazing systems, the size, shape andgositiwindows are considered as significant paramnsethich can
have an influential impact on the wasted energpuitdings. Therefore, an optimum design of a windmam be a
careful trade-off between all properties of windswomponents such as its particular characterjstigsntation,
shape, size, glazing, and external elements. Rerbkab., et al. [63] evaluated the influence ofesend orientation
of the triple glazed, low-e windows on the heatimgl cooling energy loads on a case study of 2@ded passive
houses built in Sweden. The results showed thatsite of triple glazed made a minor contributiorttte heating
loads due to the extremely well- insulated wallsl dgime efficient ventilation system. They proposedogtimal
design solution with smaller window area facing tepwand larger window area facing north comparioghe
already built houses. The outcomes of this studyvsld that, in passive houses, it was not necessatgcrease the
areas of window facing north.

Gasparella, A. et al. [37] studied the influendewandows type and size on the heating and cookngrgy
demands, and peak loads for a case study of aivgeilated house with two stories located in, Itdlgey reported
that, using the large glazings can enhance the omingerformance in terms of saving energy, but daigie

slightly the peak of winter loads. Moreover, theyrid that, the use of windows with low thermal smaittance is
useful, if accompanied by high solar transmittantt@ugh higher solar transmittance considerablydéiis the
summer performance. Jaber & Ajib [64] performedaaametric study using TRNSYS to determine the ¢ffet

the windows type, size and orientation on the ahhaating and cooling energy demands of a singlesdtouse
located in three different climate zones, Ammamddn and Germany. The results indicated that, #agimg load
was highly sensitive to windows type and size asmared with the cooling load. Furthermore, Acoktaf al. [38]

conducted a research to quantify the daylight fagbwoduced inside a room for different models afdews. They
stated that, the square windows produced daylightofs slightly higher than those obtained withizuntal

windows and noticeably higher than those measurégld vertical windows, considering the same surfade
openings. Furthermore, they found that the windowthe upper position allowed higher luminancehat back of
the room than those in centered locations.

Windows are an influential component of the buitdiconfiguration in determining the level of energy
consumption. They can be applied as a leveragedolate the indoor air quality by allowing, or peeting the
outdoor air and light to pass through, with resgedhe particular climates of building locatiorodiion, size, and
shape of the windows are needed to be considerepréaticing an energy efficient design, becausy tlargely
specify the amount of ingress radiations. It canremtioned that, the final volume of receiving satdiation is a
definite trade-off between four critical parametensndows’ size, shape, position, and proper silacof the
window glazing.

3.5 Color of external surfaces

Use of appropriate colors on the external surfa¢dsiildings can influence the receiving, or bloakirate of solar
radiations. Several researchers studied the rakdtip between covering the external surfaces witardnt types of
colors and changing the building energy consumpféh 43, 65-68]. Givoni & Hoffman [65] claimed thahe
unventilated small buildings with white-colored Vsain Israel were approximately’@ cooler in summer than the
same buildings painted with gray color. Saber, Hét.al. [42] also simulated the hygrothermal perfance of
roofing systems under different North American etes. They found that, black roofs always performét lower
moisture than white roofs. For a 5 years period white roofs could lead to long-term moisture-tedaproblems in
the cities with cold climate, where the moisturatent exceeded the acceptable limit of 19%. Sheittla, G.A., et
al. [43] investigated the effects of using a nepetyf painting on the reduction of energy consuamptin various
climates. The new used type of paintings was coathbf mineral micro particles in lieu of regulandic paint. It
was observed that, coatings containing mineral oniparticles act as thermal insulation and reducergsn
consumption by 20%. Moujares & Brickman [66] deysd a model using temperature nodes and energgdeala
equations to describe the roof heat transfer. A% Y#&duction in the daily heat transfer was achiewglden a
reflective paint to the roof was applied. FurthereydJemoto, K.L., et al. [68] analyzed the applmatof cool-



315 colored acrylic paints for roofs. When the coolrpsiwere exposed to infrared radiation, the surfacgperature
316 remained about 1€ lower than the conventional paints. With respgedhe untreated roof, the cool paints reduced
317  the heat flux between 26 and 37%.

318

319 The results of reviewed studies indicating the iotpaf external colors on the building energy méition. This
320 influence can be delivered by using the light- cetbcoatings to reflect solar radiations, or apmythe black-
321 colored coatings to absorb the radiations. Decisiorselecting the suitable color for exposed sedashould be
322 made based on the climatic condition of buildin@embination of this factor with suitable thermasutation can
323 significantly decrease the volume of receiving atidns, where the cooling demands is prominence.éfficiency
324 of these strategies can be further increased hyghieiegrated with new technologies suchPa®tovoltaic (PV)
325 modules. The outcome of these strategies is toamapthe efficiency of building energy utilizations.

326 3.6 External shading devices

327  The main function of a shading system is to protieettransparent parts of building against entetirgunwanted
328  solar radiations. Various types of shading systeamsbe categorized into fixed shading systems, bievghading
329 systems, and other shading systeffig.1& 2). Shading device can influence the building enecgpsumption
330 through intercepting the incoming daylights. Paloabtarrero & Oliveira [69] studied the effects ofiug shading
331 devices on the building thermal performance inedléht cities with various latitudes and climatiaditions. It was
332 shown that, shading devices have a great impastwimg energy and improving thermal performancefiices in
333 different climatic conditions. Manzan [70] perforchgenetic optimization (GO) on an office room wéhsouth
334  facing window in order to design a fixed shadingide for two climates, Trieste and Rome. The penmmce of
335 shading device was investigated in winter and sumimyeconsidering the shades provided over the windo
336 reduce the cooling loads in summer, but also affetieat loads in winter by limiting the sun gaigeduction in
337 primary energy consumption up to 19% for Triested 80% for Rome were achieved compared to the aesha
338 window. Chou, DC., et al. [71] developed a protetyiptegrating horizontal louver shading deviceshwsblar
339 collectors, and evaluated its influences on enmanthe building energy efficiency. They stated thatder
340  sufficient solar radiation, this system can haveeanellent absorption performance without requirangiliary
341 heating equipment. It was concluded that, usingptioposed prototype can decrease the cooling loads.

342

343 The use of shading device in building envelope ftotqet the transparent components is a reliablesareato
344 mitigate the incoming solar radiations. This paduires to be carefully designed considering thetreoitable size,
345 position, and type for installation. Shading dev&ystems can be integrated with new technologies sis PV
346 panels to increase the energy efficiency. PV madoén be used as a shading device to simultanemsigept the
347 receiving radiations, and generate the electripityer.

348

349

350 Solar shadings

351

352

353 fixed movable (manual
tomatic)
354 or au

355

356 ) ,

357 external intermediate internal
358

359

360 Figure 1. Possible classification for solar shadipgtems [72]
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Figure 2. Main shading types [72]

3.7 Building Orientation

The effects of building orientation on the energe thas been frequently studied in the literatu@77]. The
amounts of direct radiation hitting the building#&ae depends on the azimuth in the wall, and mgldiangle [78].
The Southern side of a building generally recethesmaximum level of solar radiation, and Northgide receives
the minimum amounts of radiations. Based on thit, fa southern building orientation can be considesis an
optimal orientation for receiving the highest leeélsun’s rays in the winter, and controlling inggdights in the
summer.

Gupta & Ralegaonkar [79] proposed an equakqgn(1) to optimize building orientation for various shapetors.
Where A is the surface area; H is the monthly nasily global radiation on a horizontal surfaces the incidence
angle; dv is the hour angle at sunrise or sunggis the zenith angle or polar angle. The goal & #udy was to
diminish the ingress solar radiation in summer emedease sunlight in the winter. They successfaflyimized the
value of the solar radiation received during thenthe with the most extreme climate conditions (Jane
December). They used different shape values ariddvéine orientation angle froni b 180. This method can be
utilized to discover the optimal orientation andt@ receiving the minimum solar radiation in sumnsard
maximum in winter. It was concluded that, the ogptitouilding orientation can be achieved, when tregest wall
sections were oriented toward the north and south.

@3

E=A><.[(O.834><H)x(cos i)dw Eq. (1)

cos 6,

@

In another study, Faizi, F., et al. [74] investeghthe effects of building orientation on the eyereduction for four
different types of residential buildings locatingTehran, Iran. They used Ecotect software to aeatlge building
behaviors in four major fields; shadows and ovetskang, solar radiation, lighting access and thérsiaulation.
It was concluded that, building orientation is oofethe most important factor in determining the urok of
receiving solar energy. They also stated thatpts building orientation is where, the buildinguldbbe orientated
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with having § angle between the main axis of building and thetfNdrhe optimal selection of building orientation
should be performed at the designing stage withe@tgo the particular climatic condition of buidi

Huang, J., et al. [80] highlighted the importandehouse orientation, windows-to-wall ratio, typelimsulation
materials and windows in renovating the buildingedape. They proposed a mathematical model to ohiterthe
economical thickness of thermal insulation, andmoige the thermal properties of building envelopthwespect to
the aforementioned criteria. It was concluded ttia, optimization design project for envelope reatmn can be
determined by the technical and economic analysasidering the impact of house orientation, windadavsvall

ratio, types of insulation materials and windows.

3.8 Building form

Practicing an energy efficient design to minimibe tuilding energy use requires thorough articotatdf the

building’s form. Building geometry is considered as significant factor influencing the building eggr

consumption [81-83]. Hemsath & Bandhosseini [84¢sented a methodology to evaluate the building faym
compare the energy consumption of geometric vanatand material considerations through condudtiegtypes

of sensitivity analyses. They stated that, the lvetttical and horizontal geometric proportion isialy as sensitive
as certain material aspects related to buildinggnese.

When a building is designed, the ratio betweewnuter surface and the total constructed volume ldho®i as small
as possible, tending towards the ideal case ofraidmhere [85]. There are different variables paintaj to the
building shape which can affect the heating andicgaemands [86]. These factors are briefly expdias follow:

e Compactness indexefines as ‘the ratio between the volume of ading (V) and its the outer surface of
the building facade (&)’ [86]. This ratio represents the building’s cajpg to store the heat and prevent
the heat loss through its facade. A building whb high compactness index is the one which hagla hi
volume/ surface ratio, where the surface exposéisetpossible heat losses or gains is as smabsshte.

The relative compactness of a building is definsdtle ratio between its compactness index and the
compactness index of a reference building as shiowg. (2). The effect of compactness on energy
savings varies depending on climate [84]. In onmlwt the analysis conducted by Gratia & Herde [87]
showed that, a 18.6% heating loads difference exibetween the highest and lowest compactness ratio
(1.24- 0.84) of the targeted case study. BekkouBh, A., et al. [88] studied the impact of compass
index on the building’s thermal behavior in a hoy dlimate. They also highlighted the importance of
considering the geometry parameters at the degjgstiage of construction due to their significanae i
minimizing the energy consumption and improving itgoor temperature. Simulated results of this ywtud
indicated that, the higher compactness in buildiag result in comforting the indoor temperature.

RC=(V/ Aex)Building
(V/Aext) ref

Eq. (2

» Shape factordefines as ‘the proportion of a building’s lengthits width’ [15]; [86]. The importance of
this criterion has been always considered alonguiiile the building orientation. There can be found
several studies in the literature that addresseskthwo factors to optimize the energy usage irbtlileing
[78]; [15]; [89]. For example, Aksoy & Inalli [15tated that, an energy saving by 36% in heatingsl@an
be achieved as a result of optimizing the buildimggntation and shape. Mingfang [78] also studies t
impact of building shape parameters such buildamgth, depth, and width on receiving the solaratain
by a parallelepiped-shaped building. They concluthed, the most optimum orientation is the soushthe
building receives maximum radiation in the wintedacontrolling the heat in the summer. Mingfangrals
presented an equatiokd. (3)) to calculate the optimal building proportions,es &, Oy, Gs, Qw, Oy are
the solar radiation receive by the walls locatedhi@ South, North, East, West, and Roof, respdgtive
Moreover i is the building length anfl is the height. By applying this method, the tatallar radiation on
the building will decrease as much as 4% in comsparivith radiation on a cubic building.

Q  @+an’VAB+(ge+aw) x /A 2B+ qu x /2B
Qo Gs +qn +qe+ qw +dn Eq. (3)
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e Climate; the building shape should be responsive to theicpdat climatic conditions of building’s
location. This is the main reason to explain whye @articular building shape has been more pergasiv
than other probable forms in particular regions:. &mample, in the regions where the average of @nnu
rains is high, buildings’ form are different fromydand hot regions. Additionally, building shapeshl be
designed in a way to be also responsive towardpréneention of energy loss through the envelopé [86

4.0 Futuredirection for adopting passive building

One of potential direction for the future developmef passive building is to improve the disintégthprocess of
building design existing in current practice of hitectural mindset. Butera [90] believed that, exmmn of a
building is based on a linear path consisting oé¢hsteps; architectural design, mechanical systirsign, and the
construction Fig. 3). The architects —due to their training — ususifve a limited knowledge about the building
physics. Consequently, the choices made by art¢bitesgarding to the building’s envelope for optimg the
energy usage often have a negative impact on tidirnmis energy performance. For instance, in oredesign a
building in the cold climates, the primary choieeimprove the building energy performance is toréase the
insulation thickness, or improving the performanéavindows’ glasses. Although these measures ansidered as
the part of passive strategies, improper employmétihese measures can associate with increasengast, and
environmental issues related to production of iasoih materials. Therefore, it is necessary tor dlie mindset of
building design through making use of the integtatesign model by introducing new professional etigein the
cycle of building design, namely the energy, oriemmental experts [90]; [91]. New areas of expertcan be
introduced in building science to meticulously akdr the two long-standing issues (energy and enwieotal
performances) concerning to building sector. Thesysts can directly contribute to the procedsuilfling design
alongside with the other experts involved in dessigmprocedure such as architects, mechanical redacengineers,
and so on.

e ™ - = 7 Y
Vi 5 4
/

A
/ . A .-"l \ Fr»’ \\
[ Archstelctural | - I: HVAC S.YStem - ( constricean #
\ Design / | design ';\
. / \ \\_,_//

Figure 3. Usual design process[92]

The integration of new technologies with buildingse reported to be successful in reducing the @nerg
consumption, cost, as well as mitigating the emuimental impacts [93-95]. However, integration of, RW other
similar technologies with buildings still has a ¢pway to go to fully guarantee the reduction ofiding energy and
environmental issues [96]. The future of passivilding can be intertwined with the upsurge in thesgnce of new
technological advancements such as PV, or glaaagnblogies to increase the building energy efficye These
technologies should possess the capability to bi#ydategrated with the new buildings as well astng building
stocks.

Various policies are established in different coestto augment the building energy efficiency bporting the
implementation of PBD. Several researches alsowtrd to review and highlight the importance ofsthefforts
[97-101]. One of the future-oriented trend for passbuildings is to support this concept by the Iding
regulations. The importance of PBD can be refledtedhational building regulations in order to olalig the
practitioners to consider passive strategies iir ttesigns. Additionally, the use of PBD can bendigghlighted by
globally well-recognized building rating systemsisias LEED, or BREEAM. Moreover, various mandatang
incentive schemes can be introduced by the govertsra@ming to ameliorate the awareness about thenpal
benefits delivering through practicing the passirategies.

5.0 Conclusion

Building sector is one of the major determinantsansuming energy worldwide. Regarding to the uphvtegnd of
world population and the extreme needs for increpbuilding construction, it can be expected thatlding sector
will be one of the most significant energy consunmethe near future. In recent decades, differehitons have
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been proposed in order to tackle this issue. Sevmrhcies are established alongside with advanaieyy
technologies to control the increasing trend ofrgmeonsumption in building sector. Adopting passstrategies
for designing the energy efficient buildings hasief one these solutions. This paper attempteg@w the
recent studies utilized the passive strategiespiimize the building energy consumption. Accordingéight
important criteria were identified and their resultere discussed.

Application of passive strategies in the constarctindustry enhances sustainability measures pridorthy
through mitigating building’s negative environmdni@pacts, besides optimizing its energy perforneanthis
statement can be confirmed by the outcomes of wedestudies indicating reductions in the energy and
environmental impacts that were achieved as atresulsing passive strategies. The primary intentd passive
building is to realize the comfortability withoutnploying a separate active heating device. Passidings are
capable of achieving the lowest energy requiremiémtsigh striking a balance between the heat lpssebsthe heat
gains with respect to the climatic condition. Propeactice of designing a passive building showddirbvolved in
adopting various aspects of building design, suctharmal insulation, thermal mass, glazing, windasize, shape,
and position, color of external surfaces, extesmalding devices, building orientation, and buildiogn.

To further increase the application of passive dings in the construction industry, alteration irchatectural
mindset is demanded. New areas of expertise nedols introduced to meticulously address the twg-standing
issues (energy and environmental performances)ecoimg to the building sector. Energy and environtake
analysts can directly contribute to the procesbuilding design alongside with the other expertsider to assess
the energy, and environmental impacts of buildiAdditionally, the concept of passive building regsi to be
supported by the building regulations. Differerténtive-based programs and mandatory schemes ciitibd
by governments in order to obligate and encourageptactitioners for using passive strategy. Theoirrance of
using PBD can be also highlighted by the most revelvsustainable building rating systems such asO, ki
BREEAM. In their scoring systems, credits can becalted to the buildings utilized passive techngteeoptimize
the energy use, and diminish the environmental atgpdoreover, the future of passive building cerriertwined
with the upsurge in the presence of new technoldgdvancements. Integration of technological adearents
with passive buildings will further enhance thelthmg energy efficiency, and reduce the buildingissnmental
effects. These technologies should have the capatul be readily integrated with the new buildings well as
existing building stocks.
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