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ABSTRACT

Decreasing heating needed energy of building located

mountainous areas without any urban infrastructure of energ
supply andservices is one of the most important things to g
thermal comfort. Accordingly, using building conditions based 1
different types of applicability and passive design strategies sho
be considered. Therefore, the objective of this study was to ach
the proper heating needed energy for proposing functional moc
as a mountainous shelter located in Iran. Two influence factc
namely, number of people per area and different supportive sp:
were considered. The analysis has been performed by Hone
and Ladybug adebns in Rhino/Grasshopper software. Materi:
characteristic, zone load, location and climate data as su
parameter were calculated using ASHRAE Standard 92010.

The results indicated that regarding to timeise period of the
shelter that ismostly in warm months, the highest performance
the space, based on minimum heating needed energy
attributed to the maximum size of supportive space by 608 r
when the number of people was 0.26 per area. The reductior
heating needed energy was 17% cold month and 23% in warm
month.

Keywords:HeatingNeededEnergy, Number oPeoplePer Area, Supportiv&pace

1. Introduction

Decreasing the heating energy demgHE&D) parameters in material characteristlwv_e an
by the passive method is one of the most effecton the energy performance of buildings
important considerationsn early-stage design. such aexperimental and simulatiapproaches.

Previous studies have investigated building In addition, the stimation of HED without

envelops as thepassive element®

lose and considering the occupancy schedule cannot

gain the heating energy The use oflocal always causea decreasén the buildingenergy
materials in regionthat have ninfrastructure to ~ consumptionTable 1shows thaprevious works
meet the energy demand of buildings is the have mostly investigatedmasony materials,
solutionthathas been referred & ssim@lation” thermal resistanc¢R-values), the performance

in the initial stage. Accordingy,

several of insulated wallsthe insulation thicknessf the
building, thewindowwall ratio (WWR), andthe
glazing in residential commerciagl and office

* Corresponding author: Mohammad Hadi Kaboli buildings in different climate zones For
Address: Department of Architecture, Damavand science and example different variatios of heating and

Research Branch, Islamic Azad Universibamavand, Iran

E-mail addresshadikaboli@damavandiau.ac.i

cooling loadshave beermnvestigated in different
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changing climates based on differdmiilding
charateiistics [1+4]. Regarding thee it can be
observed thaheating and cooling loads were
decreased and increased respectivilydn the
other hand, by changing the simulation
parameters, the results can be reversed
different climats[3].

Moreover, some researchers hawegphasied
the effects of WWR, window materigl and
orientationon energy consumptiofp+7]. Yang
et al. [§ indicatedthatanincreag inthewindow
size is directly related tan increag in energy
consumption Lee et al. §] reported that the
north face of envelopes in Manila and Taipei,
with the lower WWR of 25% for an opaque
envelope producedadvantageousesults for the
tested evironments.A study by Goia et al[7]
focused orthe building offices in four locations
in Europe to findthe optimal WWR. Based on
this surveymost of the optimal WWR values are
found in apartly narrow rangeln Turkey, wall
materias and insulation typewereconsidered to
gain the optimuminsulation thicknesseg48+9].

In two simulations,the effect of degreeday
value was desired.In both studies energy
consumption decreased considerably.

HED is one of the most important parameters
in theevaluation of building energy consumption
in different ranges based oa variety of
occupancy schedulelleeste et al. [1(Q studied
the impacts of occupant behavior on residential
heating consumption. They found thdbe
number of inhabitast and their lifestyle can
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generally provides better resulisan the mere
adaptation of the occupation modeSome
previous paperhave investigated theffects of
the changes inthe occupant behavioon energy
saving. For examplen Wei et al: §11] study,
some factors such as active behavior and
window opening in residential buildingsyere
considered athe occuparg potential influence
on the heating behavior Its simulation is
developedn the ightweight example roorthat
contains one window and one daprwinter. A
significart contributionis made to theeduction
in energy demandvhen an active heating user
changes ta medium heating user anfiirther,
to apassive heating user.

Most recentstudieshave measured HERr
residentialand office buildings [1+11]. In this
paper the HED was investigated for a
mountairous shelter buildingDue tothe limited
literature information about the effects of
supportive spacin sheltersthe mainaim of this
studywasto evaluatethe effectsof three size of
supportive spacelSS), as energwpacs, in the
building. To obtain a better understandingtioé
SS it should bementionedhatits function isnot
only to actas insulation but alsasa place tobe
usad whenmanyvisitors come to stayrom this
aspect, three types of number of peque area
(PPL), human behavigrand occupancy modes
were consideredin this simulation Finally, the
appropriatemodel of the lowestHED at peak
time useis suggestedHowever theinterpretation
of SSin building simulation maye considereds

reduce the heating loads of a detached house a subject of further research in the future

and an increase irthe insulation ofa house

Tablel. Literature review of previous stuayn HED

Author Method Location Major Conclusion
Prognosticationfrom GCMs(general circulation  Harbin
models)to gererate a newcombinatory climate  Beijing . ; :
\glla[]ﬁt multi-year building energy simulationorrelation  Shanghai ﬁ‘eggﬁr:ﬁf’j'rl%aoqﬂ Ir;g;?j:en%irl}%ge
: between simulated loadsregression model Kunming chan gin future gears were observed
evaluationthe estimatiorof the likelychanges in  Hong 9 y :
heating and cooling loads in office building Kong
Harbin The TMY (typical meteorological
The typical principal component yearsvere  Beijing Zgﬁ? o%g%t-rigr\b(oll(ot\)//v%gatlh ep%rg/g)éf
Yanget compared with the 30 individual years and tt Shanghai lon ?erm );neans uite  closel
al. [2 widely used typical meteorology in thespective Kunming Pre%-ictions from the 'IgPCY could bye'
year inpublic office buildings. Egrr:g within ~ 0.26+15% of energy
9 estimation.
Thesimulation of climatehange®n cooling and
heating energy consumptidoy residential and
Wang commercial buildings with different cooling United The energy simulation showed that th
etal. modes by Energilus. Future weather data wa States impact of climatechange variedreatly
[3] generated by the HadCM3 model for three CC among different types of buildings

scenarios and downscaled to hourly weather d

by the use of the Morphing method
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Table 1.Literature review of previous study on HED

Author  Method Location Major Conclusion
The simulation model to achieve a good -r[;ahdeuctoﬂ?:q%ulr(nv\ht/c():reya) ?r?ﬁr:gysev%?g]ggl((jj
Zhaoet balance between nvestment costs, ener . zore, 40kW h/(nfa) inthe hot summer and
consumption, and indoor environmen China ; ;
al. [4] . . : cold winter zones, 50 kW h/(a) in the hot
quality various parameterasto the design summer and warm winter zone, &8t kW
of high-rise residential buildings hi(nfa) in mild zone '
The impact of WWR and window material The results shoed that the total energy
Yang et kinds on the air-conditioing energy consumption increased when tWYWR
al. [5] consumption is analyzedby a typical China  was also increased. Itbecame more
residential building using the Desi g r obvious when the window orientatiavmas
Simulation Toolkit (DeST) software east or west.
Manila The relative window size or WWR in the
The evaluationof the relationship between Taipei building envelope must bedued. Except
Leeet thewindow properties anthe office module Shar? hai for the north face of envelopes in Manil:
al. [6] energyperformanceby numerical simulation Seo?,ll and Taipei, aproposed lowerWWR of
with a regression analysis. Sapporo 25% for an opaque envelopepresentsn
pp advantage for the tested environments.
Most of the optimalWWR values were
. found in a partly narrow range,0.30 <
ghﬁmrglemgo%lfgofgtreiatghd;femgn?ojt Oslo WWR < 0.45, even for buildings placed ir
Goia et oEientations of a single climatecededa Frankfurt very different climates. The south facad
al. [7] relatively high numbgr of simulations in Rome  showed a larger variability, as the optimal
office bL)J/”ding Athens  transparent percentage can be as high
& 0.60 in very cold climates and as low a
0.20in very warm climates.
The investigatiorof wall type and degreday EQEN eoepr?majg] (l:rrwsulgrt_:gn 1?'?”?:?(;95
values effects on optimum insulation : i © E %
(fiberglass extruded polystyrene, expande Antalya  savingswere different between 0.038 $,
Ekici et | giass d Ip yhty ' kp Istanbul  and 250.415 $/Mm and paybackperiods
al. [8] polystyreng and polyuret ane) thicknesse Elazzy vary between 0.714 an®.104 years
for different insulation materials in four K i depending on the citythe insulation
different climatic zones according to TS 825. ayse pending '
material, the type of walland the cost of
fuel.
Investigation of the southfacing wall.
Concrete, briquette, brickBlok Bims and The \ariation of the optimum insulation
autoclaved aerated concrete as the materi thicknessesvasbetween 2 and 8.2 cm, the
Meral and extruéd polystyrene and expandet energy savings vary between 2.78 ar
Ozel polystyrene as insulation material ar Elazy, 102.16 $/fy and therepaymentperiods
0] selected.Calculation of yearly cooling and Turkey vary between 1.32 and 10.33 year
heating transmission loads. Using an implic depending on five structure materials ar
finite difference methodn steady periodic two kinds of insulation by considering the
conditions. Economic modeincludes the degreedays method
consumption caveralifetime of 10 years.
Tatiana A detached house under the meteorologic :—ehdeugéwﬁgr ﬁ;;gng:za:'ég tg? |;I|f§:tt;/::ehe
de climate data in the northern part of Europ
Meester was simulated by TASwhich is a software  Belgium iiosﬁ:ti or?r:)?‘ mg h%rl:gzncg?;g}l Ol:‘(gl’\]gd e
etal package for thermal analysis and dynam bet its tharth 9 d yt Ff[ f
[10] energy simulations of buildings cter resutts tharine mere adaptation o
the occupation mode.
Active behavior and window openirzge
Shen considered asthe occupant s potential A significant reduction occurreich heating
; influence on the heating demand inthe ehavior when a active heating user
Wei et infl he heating d d inth UK behavi h i heati
al. [11] residential building. Its simulation occurrec changedto a medium heating user and

on the lightweight example roomwhich
contains one window and one door in winter

further, to a passive heating user

' TAS is a software package for thermal analysis and dynamic energy simulations of buildings
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2. Methodology

In this study,the computer simulationof a
building wasusedto evaluatethe effect of the
SS and the PPL on the HED of a shelter
building. The analysis was conducted as
follows:
1 Modeling the case study wittthree
supportive spaseand defining thehree
PPL

1 Simulating the energyof the casestudy
based on the climate data.

1 Comparing theinfluences of supportive
space andthe PPL on the HED in two
periodsin a yearwarmandcold months.

1 Proposing thdunctionalmodel based on
the occupancy schedule amsdipportive
spacein peaktime use withan emphasis
onHED.

2.1.Modeling the case
2.1.1.SupportivespacgS9S

The methodvasapplied totestfour spacsin a
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five-story building to investigate the effect of
SSparameters with three different areastba
variatiors of HED in cold climate To minimize
the heat lossof energydue tothe shape ofthe
building, the cubic form was selected in
accordance with the best forim cold climate.
The shape factor hassignificantimpact on the
HED regardinghethermal envelope properties.
The rectangularform of buildings performs
betterin saving energy ira cold climate[12+
13). In the analysis the HED was achieved by
increasingthe SS area surrounding the core
space at three levels, 168 m 320 nj, and
608nf. Each area was determined according to
the maximumnumber ofpersons who can stay
together in a placén two positions standing
and lying down Fig. 1 depicts the embedded
persons ima defined buildingmodel regarding
two positionsin the place.Accordingdy, the
ratios of the surface area to the voluni@/V) of
the building are 36%, 32% and 28%
respectively.Based on the results of previou
studies, these ratiosare expected tocause
reducel heat loscompaedwith the corespace
with 49% A/V.

Core zone: a (in warm months), € (in cold months) d
Protective zone: b, ¢ and d Area = 608 m’
C Ara=320m’
27
=g 081
8

e 11 2

L - 17 | | 21 | 27

Typical Plan
T« 11 3 R 174 11 3"L '[ S 11 e} L

Ei% ==l

l

Section

| -
AR+

AR I

Fig. 1. Schematic of thresupportive space
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2.1.2.Number of people per area (PPL)

In this analysiswe consideredhree different
numbes of people which are high (0.5),

medium (0.26) and low (0.02) based on the

place capacityTherefore, inthe presentpaper
there are three alternativéae SS and three

modes of PPlareselected to represent a range

in the severity of theHED in warm and cold

seasonsSincethesekinds of places are used in

summermore thanin winter, two cass of the
number of people (0.26 and O&e considered
more

2.2.Case study location

In this paper, thecaseis located ina very cold
climate in the latitude of 35.26391 and the
longitudeof 52.109230at an elevation o#184
metetr which is very close tothe highest

summit in Iran and even in tiMiddle East Mt.
Damavand Table 2 shows the climatic
characteristis of the location

2.3.Climate data

Climate data is one of thenost important
variables for compuing building energy

consumption. In the simulation process, the

input parametersare selected fromASHRAE

Standard 90-2010 [L4]. Using the parameters

described abovethe performance othe case
building was simulated by weather dafile
from the Meteonam 7 application which has
anEPW file as the climate inputd]. Figure 2
showsclimate data regding the study locatign
whichis shown in Fig 3.

Damavand mountain
35.926391, 52.109230

Fig. 3. Location of the case studph{otoby Google Map)

Table2. Annual daracteristis of climate region

Averagedry bulb temperature 1C
Averagedew pointtemperature -13.1C
Average relativédhumidity 40 %
Average windspeed 3.24 m/s
Average winddirection 233 degree
Average radiation 514.5 Wh/m
Average barometripressure 233 Pa

25
20
15
10

Temperature [°C]
=)

Jan Feb Mar Aor Mav Jun Jul Aua Seo Oct Nov Dec

25

i,

Jan Féb Mar Aor Mav Jun  Jul Auo Sen Oct Nov Dec

Temperature [*C]
=]

Fig. 2. Daily andmonthlytemperature
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2.4.Case study materials

The accuracy ofthe HED evaluation model
using the building-energy simulation tools
depends on different input parametdike
software engine, material characteristiand
climate data.Material characteristic is one of
the most important variables in roputing
building energy consumption. In this study, to
simulate building energy,the ASHRAE
Standard 90-P010wasused. This standard has
a variety of material recommendations for
different climates as shown in Table 3.
Commonmaterialsare selectedrom the table
with respect taheregion Theyarehighlighted
as shown inTable 3 Figure 4 shows the
materals used mostly inheregion

2.5. Simulation tools and details

The great complexity encountered in building
energy simulation by powerful new

optimization methods has motivated researchers

significantly to use new software like
Grasshopper. It has many adds in a variety
of fields for analysis and optimization. Firstly,
the geometric algorithm in Grasshopper

Azin Keshtkarbanaeemoghadam et al. / Energy Equip. Sys. / Vol. 5/No.4/Dec. 2017

parametric modeling for Rhidois used o®

define the building model [16]. Heating energy
simulation is one of the most common
simulations in architectural designing process.
Secondly, after the completion of the

parametric design model, the algorithm for

energy simulation is constructed using ttwo
plug-ins, Ladybug (LB) and Honeybee (HB).

&

-

isre

Fig. 4. Local material §hotoby author)

Table3. Characteristis of materials

Details of selected

Type Recommendations by ASHRAE standarc materiak Thicknesgm) UW/NY.K)
EXTWALL MASS CLIMATEZONE 7-8
EXTWALL MASS CLIMATEZONE ALT-
RES 67 1IN Stucco
EXTWALL METAL CLIMATEZONE 7-8 8IN CONCRETE HW 0.253 27.343
wall EXTWALL STEELFRAME Ref Bldg _ 0.2032 6.451
CLIMATEZONE 4-8 Mass Wall Insulation R 0.145 0.337
EXTWALL STEELFRAME 16.84 IP 0.127 12.598
CLIMATEZONE ALT-RES 7 1/2IN Gypsum
EXTWALL WOODFRAME
CLIMATEZONE 6-7
1/2IN Gypsum
Roof EXTROOF IEAD CLIMATEZONE 28 Attic Floor Insulation R %0310227 102'156918
EXTROOFMETAL CLIMATEZONE 6-7 35.07IP 0'127 12' 508
1/2IN Gypsum ' )
M11 100mm lightweight
concrete 0.101 5.216
Floor  ATTICFLOOR CLIMATEZONE 27 FO5 Ceiling air-space - 5.555
resistance 0.19 3.141
F16 Acoustic tile
Metal Roofing 0.0015 30004
Ceiling  INTERIOR CEILING Metal Roof Insulation R " 969 0.289
19.631P 0.0015 30004
Metal Decking '
EXTWINDOW METAL CLIMATEZONE
i 7-8
Window ey rvinDowW NONMETAL Metal - 2.555

CLIMATEZONE 7-8
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These software help to explore and evaluate
environmental performance. Ladybug imports

climate data into Grasshopper and provides a

variety of graphics to support the decision
making process during the initial stages of
design. Because ofthe visual natte of
simulations, designers in thermal and energy
modeling progressnore commonly use these
software Honeybee connects the visual
programming environment of Grasshoper
validating building energy consumptioby a
simulation engine (EnergyPlugll7]. In the
previous studiesn HED, this visual software,
simulation enging and different validations
have also been used HB).

Two keys for choosing facademamely
glazing windows and WWQRare shown from
Ladybug visual graphs regardirte related
location in this paper. The WWR of southe
walls is 20% and eastern walls% Based on
Fig. 5, most ofthetotal radiation belong® the

Noow kWh/im2
1087.66<=
978.90
870.13
761,37

652.60

H 108.77
<=0.00

Total Radiation k'Nh/m2
1 APR 1:00 - 30 SEP 24:00
Latitude: 35.932
Longitude: 52,123
Elevation : 4184

Fig. 5. Radiation rose
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south orientation. Regarding that, WWR in this
orientation is more tharthat in the east.
Besides, there is no glazing in the north,
because there is no considerable radiation.
hasto be mentionedhat based on thhighest
wind speed on the western sideig. 6), the
installmentof glazing on that sidis avoided

In the simulation process, several factors can
affect buildingenergy demand, such as outdoor
temperature (C0), wind speed (m/s), building
form factor, and material properties. In this
simulation, the characteristics of spaces, such as
the infiltration rate per area, ventilation per
area, ventilation per person, lighg density per
area, and equipment load per area, are assumed
to be at a low level for calculating the

maximum heating needed based on the
ASHRAE standard, as shown in TableThe
flowchart of the methodology process is

depicted in Fig. 7.

H 1-40
==0.00

=5
SE |
5

Wind-Rose
1 APR 1:00 - 30 SEP 24:00

Latitude: 35.932

Longitude: 52.123

Elevation : 4184

Hourly Data: Wind Speed m/s

Calm for % 0.02 of the time = 1 hour

Each closed polyline shows frequency of % 1.7 = hours 76

Fig. 6.Wind rose

Table4. Characteristis of zone load

Min

Middle Max

Application

Equipment load per arésv/m) 2
Infiltration rate per areém’/s per M¥fagcade) 0.0002
Lighting density per are@/\/m?) 3
Ventilation per areém’/s per mvfloor) 0.0025
Ventilation per person (ifs per person’ 0.001
Number of people per arépeople/n) 0.02

For just a laptop or two in eacpace

For efficient LED bulbs

0.5 -




364

Azin Keshtkarbanaeemoghadam et al. / Energy Equip. Sys. / Vol. 5/No.4/Dec. 2017

START

I
! |

Geometrical Modeling Weather file
Grasshopper& Honeybee & Ladybug .epwfile
Case Model Simulation energy progran
idffile o o EnergyPlus

Output HED inCold months
.csvfile

PPL 0.02 PPL 0.26 PPL 0.5

Output HED inWarmmonths
.csvfile

PPL 0.02 PPL 0.26 PPLO.5

Simulating thecase study

SS 16817
SS 32017

SS 608

\ 4 l A

<
<&
<

Simulating thecase study

SS 16817
SS 32017

SS 60a?

|

Comparison of the results

Comparison of the results

Y

Find the solution based on
optimum PPL & SS

END

Fig. 7. Flowchart of the methodology process
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3. Results and discussions

As mentioned in the introduction, ast recent
studies have found that energy consumption
and building energy demand have beéected
by different thicknesgs of insulation and
protective shells.On the other handthe
consideration of effective parametsr like
occupancy scheduleas givendifferent results
in a variety of circumstances:ig. 8 shows the
average oHED of four kinds of spacs in the
shelter buildingOne corespacewithout SSand
three kind of SS with different area The
graph covers thiwo period between April and
Septemberas warm months and between
Octoberand March as cold months. According
to the simulation results, it is observed that the
averageof HED is very differentfor the warm
monthscomparedo the cold ones. Figs. 8to 10
providedetals about the effect of three typef
PPL on the average HED of the spacs
monthly.

In the cold period from October to
December, there is significant rise inthe
average HNE ofpacs. It can be seethatthe
indicated slope on the grapidicates anodest
rise, regardinggpace®a i n col d
a2¢ and a3c), which meanthat SS$ have
influences on decreasing averagdED. The

000 -
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slope of risingHED in the building withoutSS
is more tharthat of theothers.Additionally, it
showsthat the effect ofSSis significant when
the weatheris colder. Thisis followed by a
modest increaseabout 500 kWh between
Decemberand January. Over the next two
months a decrease is observed.

Two kinds of trends showhat all effects of
SShave thesane trend, just irthe cold period
This means a similar patteris repeated in
different conditions © PPL identically. By
comparing these three graphs, the only
difference is about the influence of an
enhancement of PPL oma decrease inthe
averageHED. The simulationresult indicates
that the highest avera¢tED is related tespace
®a 6641 ( k Whand 5654 (kwh3 ( k Wh)
for PPL 0.02, 0.26and 0.5 respectivelyThe
averageHED in each step has decreasey
around7%. This showsthat thetotal decreas
in HED is almost 14% regardintpe maximum
size ofthe SS In addition toan increase in the
SSareas®&,( ®aAnd ®gs 8)to 10 as
show there is no significaht different effect
bet ween ®b a decrdase Grthe
averageHED in space® a [n addition the most
cdecresdthg &verdg@EDCIn cold weather is
achievednspace®a b aspaee®l o n

on

cold

Nay Dee Jan Feb Mar

1 PPL 0.02
=]
- 4000
<
E Core zone without P2
=
E 000
=
Ve
=
|79
=
4000
E warm
=
i - A
so00 | & 8
Y
W E
“::\‘\.
2000 ‘J.i_: \\
%
BN
1 KN A
A
1000 “.\\‘1—"" -l’//
Y
., -
‘_u-
0 , : . .
Apr May Jun Jul Aug Sep Qe
Manth
1 adw

s~aldbw egdcw Eaddw =adc madbe = wdce ~adde

Fig. 8. HED in four spacs (PPL = 0.02)
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TG00 4
2 PPL 0.26
-
E OO0 4
a
'G- »
ﬁ Caorc vonc withoui PPZ H j;{ \\
Z 5000 - / /r’
o /
2 !/
=
= 7 N
'-:'é 4000 - ]
)
WM
3000
2000 cold
W
1000 L
0
Apr May Jun Jul Aug Sen et Nov Dec Jan Feb Mar
Month
=a2w =aZbw ealew ®aldw —a2c =albe =alce —alde
Fig. 9. HED in four spacs (PPL = 0.26)
_ 7000
a |
= PPL 0.5
=
=
= om -
-
@]
=
=
= .
5 5000 - b
z s
= Core zone without PZ »— w*
= 7
T 2000 !f /
| i -
m
1 |
0N

Warm

cold
1000
e
“C::;-_«,___- -
LY L '
Apr May Jun Jul Aug Sep Ot Mo ec Jan Feh Mlar

Month

Sal-w =alb-w ealc-w mald-w =al-c salb-¢ =ale-c —ald-¢

Fig. 10. HED in four spacs (PPL = 0.5)
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3.1.Warm months

Figure 11 shows that by enhamg PPL from
0.02 to 0.5 inthe warm months the average
HNE decreases the sameimshecold months.
The difference between the treswf warm and
cold months is due to theffectsof SS( ® b
®c ®d space® a thd diminution of
averageHED. As Fig 11 shows the most
interesting findingis that evenan increase in
the SS from ®a  t with tB& minimum
number of people (0.02)oes not bring about a
decrease irthe averageHED, indicating that

367

in warm monthsthe decrease in thlED of
buildings based on théPL and SSscan be a
suitable solution to achieve a decisiontie

initial stage of design Therefore the best
alternativeSS as a design ispace®d  wh e n
the PPL is 0.26. The averagelED of space

® g based ortheinfluencesof space®d  wi t h
0.26 PPL, is 1052 kW in warm months.
Besides, the reduction of HED is 17%
compaedto the corespacewithout anySS

3.2 Cold months Fig. 12 shows that an
increase in the number of people has a
significant effect on a decrease in the heating

space ®b = a rhave n@gative effects on  energy demand. By comparing tleéfects of

space ®a .  Consaqmpossible! ydi f ferent spaces on ®a |,
explanation for this is that thiess of energy that ®b~ and ®c~ have abol
will increase when their roof surfacesre ®a . By enhancing the are
vaster. By increasing the area in the n8& can be seen that in this condition, the decrease

(d), this loss of energy ieecoveredThus the in the HED of ®a  is sighn
supportive spase compensatdor the energy effects rel ated to space ®d
loss by the vaster area as a protection. 8m di stance fr omPBlpsace ®a’
Therefore, we can conclude thdig. 11 0.5 in the cold months. Since the number of

indicates thaspace® , evenwith anareafive people who visit the shelter in the cold months

times largerthan space® a does nothave a is not significant, this result will not be a

significant effect on decreasinglED with functional decision in this pape8o, based on

PPL=0.02 and 0.5 during the warm months. the results in the warm months with PPL=0.26
However, the observed differercéetween  for design suggestion, the best recommended

the variations oHED betweenspace® b angls in cold months is spac
®c i nmomtsrimthis studyare not 0.26 too. Moreover, the average HED of space
significant Space®l w Plt=26 Ras the @®a based on the effects

best performanceompaed to the others in
warm seasons. It should be noted timathis
case as a shelter in whicheople use it mostly

Rrrated)

o
2
e

Imiby

Distance of protective zone from the core

H
=

10352 kWh

0.26 PPL, is 3893 kWhn the cold months.
Finally, the reduction of HED is 23%
compared to the core space without any SS.
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IIEATING ENERGY DEMAND (kWh)
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Fig. 11 Average heating energiemandn warm months
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Fig. 12 AverageHED in cold months

Based orFig. 13, by increasing PPL in the

same circumstances different SS areas, the

HED decreasessignificantly in the warm
months However as it is evident fromFig. 14,
an increag in the SS areas has fluctuiaiy

effectson adecreas in theHED in each of PPL

conditions Contrary to expectationsHED
cannot bedecreasedy an increag in the SS

areas Thus, with an enhancement ofS areas
from 168 m (b) to 320 M (c), in each

circumstances of PPlthere is no substantial

difference between ther@ontinuous expansion

of the SSarea t0608 nf (d) in accordancevith
PPL=0.5, there is no declinean HED compare
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Fig. 13.Average HED in warm months

to PPL=0.02 and 0.26 which meansthe
enhancement o8S area in each condition of
PPL has different effects Consequently, to
increaseSSs it is recommendethat the shelter
in themedium size of PPbe usd (0.26).

4, Conclusion

The study followed a parametric approach to
create an innovation for building energy
simulation. The significance of the occupancy
schedule on HED was investigated using a
computer simulation. The study focused on the
impact of thiee different supportive spaces on
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the HED of a mountainous shelter building in
cold climate conditioslocated inlran.

The following conclusiongould be drawn
from the study:

i The numberof people per areahas
significant effects on the performance of
core space regarding the supportive
space By increasing the number of
people in the shelter, tH¢ED deaeased.

1 According to the timaise of the
mountainous shelter building in warm
months, we canmostly count on the
number of people in the space as an
effective parameter to decrease the
heating energy demand. Therefore, in this
study, warm months will beloseto real
performanceri earlystage design.

1 When the number of people per areafis
a medium size, we can conclude that the
considerable size of th®upportive space
has the best performancé&his shows
that theintegrated simulation modeling
by consi@ring the timeuse of building
in reality provides precise outputs for
functional design.

9 This research emphasizixat the number
of people and theupportive spaci the
peaktime use of the mountainous shelter
building can be applied as effective
functional parametert decreas HED in
early-stage design.

In this studythe use oBome passive design
strategies was investigated. Since these
mountainous shelter buildings were maite
places withno infrastructure to supply their
energy demandsa further study with more
focus on the combination of PPL ai8E by
consideringhe application ofenewable energy
like solar energys suggested.
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AppendixA. Heatingenergy demanth warm months



