Tournal of Engineering and Applied Sciences 11 (6): 1317-1332, 2016

ISSN: 1816-949%
© Medwell Journals, 2016

The Effect of Urban Regulations and Codes on Energy Cycle in Residential
Apartment Buildings of Iran’s Cold Dry Climate of Tabriz

"Fariborz Mahdavi, 'Tabatabaei Fard and *Fagan Aliyev
"Faculty of Architecture, Azerbaijan University of Architecture and Construction, Baku, Azerbaijan
“Azerbaijan University of Architecture and Construction,
The president of the International Eco-Energy Academy, Baku, Azerbaijan

Abstract: The study’s aim 18 to study the effect of slight orientation deviations from the South in cold-dry
climate of Tabriz. Choosing Tabriz as the case of study create a better comparison possibility and more tangible

results. A hypothetical residential block based on contextual studies being modeled and simulated by the
climatic, BIM based software of ECOTECTTM and analysed for examining, the effect of optimum orientation

of residential building blocks on annual energy gains, losses and consumption versus prevalent common

orientation regulations. Results show that although the anmual temperature distribution or mterior felt
temperatures through a year are approximately the same but monthly degree days and passive gains breakdown

figures mdicate more energy loads and more energy consumption need to provide the human thermal comfort

conditions inside the determined zones.
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INTRODUCTION

Modelling being done in EcotectTM software with
Tabriz’s weather data file being mounted on software. For
the cases of study, hypothetical residential blocks which
it’s technical and design specifications being extracted
from local mumnicipality regulations and 1s now broadly
used in city-being chosen.

The orientation, total area of each floor, the
fenestration sizes and ratio to the total area of floor,
materials and etc. all being chosen and modelled
correspondent with the contextual studies of regulations
in Tran’s north west city planning and urban studies in
municipalities. Based on these studies in each residential
block five south faced and five north faced plots being
chosen for modelling, because it was aimed to see the
reciprocal shading effects of buildings which couldn’t be
seen in individual apartment blocks.

The hypothesis of this study 15 that the main
orientation of a building (or residential blocks in this case)
can substantially affect the total energy consumption of
buildings and the decisions and policies of city planners,
municipalities and governments directly affects the total
energy consumption of cities. Here’s what being done

through this research in three stages: First stage, testing
the influence of orientation on energy consumption,
secondly finding the optimum orientation for Tabriz and
lastly comparing the ratio and finding percentage of
fluctuations of energy consumption between current
situation and optimum orientation conditions.

Literature review: The energy sector worldwide faces
evidently significant challenges that everyday become
even more acute, energy efficiency measures are
nowadays well known and the main issue is to identify
those that will be proven to be the more effective and
reliable in the long term (Diakalki et al., 2008). In Iran, the
portion of residential sector in energy consumption is
37% having the most portion compare with other sectors
as shown in. On the other hand, in the recent years the
energy consumption in housing umit has increased in Iran
and it has been doubled during 1998-2008 as shown in
(Faiz1 et al, 2011), (Fig. 1).

Most  of and pepers related with
climatic designs being done based on specific or

studies

local climatic zones 1n different countries and
cities and each of them studied the effect of different
parameters on mterior conditions (Murgul ef al, 2015;
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Fig. 1: The proportion of housing and commercial sector
in total energy distribuition (Faizi ef al., 2011)

Perlova et al., 2015). Also researchers found some good
and helping studies related to Tran, in different subjects
and Iran’s different climatic zones (Bahadori, 1978,
Faizi et al., 2011; Foruzanmehr and Nicol, 2008; Heidari
and Sharples, 2002; Shirzadi and Nagashzadeghan, 2015)
but mostly the subject and approach of the Faizi et al.
(2011) helps the researchers m this study.

Some previous researches, studies the effect of
orientation on cooling and heating loads in residential
and non-residential m scale buildings (Agrawal, 1992,
Andersson et al, 1985, TFutrell et al, 2015
Gagliano et al., 2014; Han et al., 2015, Morrissey et al.,
2011; Pacheco et al., 2012, Singh et al., 2011) and
some of these studies are in bigger scales like urban
scales (Ali-Toudert and Mayer, 2006, Amado and Poggi,
2012). Also, it can be found studies that investigate the
effect of orientation on energy consumption in different
cities or different climatic regions (Tamimi et al., 2011;
Faizi et al., 2011; Haase and Amato, 2009, Koranteng and
Abaitey, 2010, Numan et al., 1999, Raychaudhuri et al.,
1965; Sedki et ai., 2013; Skibm and Noach, 1982; Yoharus
and Norton, 2002) or different faced surfaces with
different shading devices (Bekkouche et al., 2011; Felske,
1978, Garcia et al., 2002; Gopimathan, 1991 ; Hadavand and
Yaghoubi, 2008; Kontoleon and Bikas, 2002; Kontoleon
and Eumorfopoulow, 2008, 2010; Tzempelikos and
Athienitis, 2007) or different insulation methods and
optimum thicknesses (Al-Sanea and Zedan, 2002; Daouas,
2011, Ozel, 2011, 2013a, b). Within these papers, study of
Poel et al. (2007), “Energy performance assessment of
existing dwellings™ had a shared approach with analysis
and evaluation of existed dwellings in the first stage of
this study.

For analysing comfort and climatic conditions
simulation with BIM based software method being
chosen. BIM software analysis 1s one of the methods that
being used in so many research and development
projects, from small scale architectural projects to

large scale wban projects, with vast capabilities for
various conditions which can make complex analysis
(Cemesova ef al, 2011, Krygiel and Nies, 2008,
Moon et al, 2011, Motawa and Carter, 2013;
O’Brien ef al., 2008; Papadopoulos and Giama, 2007,
Yietal, 2015, Zeng, 2012).

Therefore, researchers based on researches m the
field of different BIM base software, selected Ecotect™
Software formodelling, simulating and analysis. The
advantage of Ecotect™ in this study was vast material
library for choosing right and accurate materials, easy
and accurate modelling capabilities, the ability to
mounting the correspondent city’s weather data file and
presenting graphical, illustrative and Comparable results.
The other reason for choosing software Simulation
method was the complexity of quantitative calculations
for total U-value of materials, thermal equations and not
availability of good and accurate devices for all the
analysis.

Ecotect™

, owned by Autodesk, Inc. 13 “a complete
building design and environmental analysis tool that
covers the full range of simulation and analysis functions
required to truly understand how a building design will
operate and perform™ The primary program analysis
capabilities include energy analysis, thermal analysis and
lighting/shading analyses. The energy and thermal
analysis features take mto account factors such as
resource management, heating and cooling loads and
ventilation and airflow. The lighting/shading analysis
tools allow for solar analysis, right-to-light analysis,
daylighting assessment, shading design and lighting
design.

Ecotect™ Software is an environmmental analysis
tool that allows designers to building

performance right in conceptual phase. Tt includes

simulate

a wide amray of detailed analysis functions with a
highly  visual and display that make
analytical results can be directly presented within the

interactive

context of the building model. Thus, complex concepts
and extensive datasets can be communicated in
surprisingly intuitive and effective ways (Yang et af.,

2014).
MATERIALS AND METHODS

Methodology of modelling and simulation

General information: Modelling and simulation being
done in Ecotect™ Scftware. Simulations were mostly
thermal simulations but a natural lighting analysis also
being instructed on final analysis stage. As choosing the
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right cases with right specifications has an crucial
importance in credibility of study, a vast literature
review m cold climate cities being done and also
local and contextual studies on Tabriz and general
climates of Iran mumcipal and regulations being done
to extract right and common specifications and

regulations for these type of cities in common
residential blocks buildings. In this stage collaborations
through interviewing and meetings with different
district mumcipalities and officials took place and based
on these data and also data from most residential
apartment projects which was currently under
construction, the exact specification and building
information codes being extracted for modelling and
simulation.

Extracted patterns and specification for buildings
both in large-city scale and small-free standing building
scale, mutually being studied and compared in order to
form simulation models correspondent and possibly most
close cases to more than seventy percent of what are
being built currently in these region cities and especially
mm Tabriz. Here researchers acknowledged all the
individuals and officials that help throughout the study

and interview process mn all stages of this study.

Residential building models data: At the stage of
literature review and comparing different districts” master
plan, it’s being concluded that linear pattern, in Tabriz and
most of adjacent cities 13 common and especially in latest
urban plans for residential blocks, it’s most common type.
Also, the orientation of buildings mostly are face to
South-North and circulations between buildings and
streets are Bastern-Western.

Also, most of the regular plots for each building have
an area around 200-350 m’ and an average width at
12-18 m m and 20-30 m of length. Lastly studies shows
that an average width of a crossing or alley in these cases
of block size 18 around 6-15 m. Therefore, based on these
studies, the block size was chosen 15%30 m and based on
the codes of municipality 60% of it from north can be
occupied and built which makes the building occupied
size 12x15 m. As the aim of the study was beyond the
study of a singular building, some alternative block
samples being modelled through the first sunulation
which led the to the final
alternative with specifications that cited below. Also 1t’s
important to mention that because the main cuestion of

sessions researchers

this study was the “amount of orientation effect in
residential apartment blocks in cold dry climate of
Tabriz”, all the modelling and simulation stages being

done on two blocks with all the same specifications with
just one difference which was the general orientations of
buildings type,
Southern-Northern what is common and used in most of

which m one orientation  was
the blocks which 1s and in other type, buildings’ general
orientation is faced to optimal orientation of Tabriz
extracted from Ecotect™ software based on Tabriz’s
climatic data which is slightly angled (16.5%) to the
North-Western to south eastern. Thus final specifications
models are as being cited below.

A small size neighbourhood being created with two
blocks of parallel buildings with a crossing alley between,
with width of 12 m. In each block five buildings being
modelled to examine the effect of shadowing and wind
close to the reality. As being mentioned based on the
contextual studies each building’s plot is 15>30 m and
occupied area 1s 1 5x18 m.

Based on municipalities’ codes in most of Iran’s
cities, northemn buildings can be build higher than the
southern ones due to overshadowing problem. Thus,
based on this code, northern buildings modelled in six
floors and Southern buildings modelled on four floors.
Also based on most of current residential building’s
height of each floor set to 3.20 (2.80 from floor to ceiling)
overall the whole block consist of 10 buildings which at
the end final height of northern buildings was 19.20 and
Southern buildings was 12.8° and are in two groups with
a crossing between.

Final mportant detail about modelling stage was
fenestration which was different in southern and northern
blocks .Based on codes 1 almost all cities of Iran, due to
limiting the visual communication between buildings,
northern buildings have windows in both facades, one
faced to the court and other to the alley but Southem
buildings have windows just to their cowrt which is in
their northemn part of plot. This i1s one of the main varants
of the experiment which is mostly because of the cultural
factors and urban codes. Windows OKB and height are
the same for all buildings and correspondent with actual
codes.

Human thermal comfort range was chosen between
18-26°C, people’s clothing level Chosen to light clothing
with mtensity index of 0.1-02 as the fimction was
Also the range of space occupation
chosen 7= 24 and Windows being chosen to airtight.

residential.

Method of analysis: The 5 Southern blocks with 4 floors
and 5 Northermn block with 6 floors being modelled which
each of these considered as one apartment unit and if all
of than being considered as thermal zones, we were
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Fig. 2: Optimum orientation for Tabriz extracted from

Ecotect™

Fig. 3: Two modelled block plan, Northern-Southern
orlented and optinum oriented

encountered with 100 thermal zones which leads to very
long calculation and run time for analysis and also makes
it hard to compare and analyse them. So it’s been decided
to consider some of them as samples in a way that at least
two sample from each of floor were available to compare
with each other and check that if everything and also
results are the same which it makes our thermal samples to
36 zones. Other zones remain non-thermal to show their
effect on other zones in one hand and on the other hand
didn’t overload calculation stage (Fig. 2- 4).

RESULTS AND DISCUSSION

Analysed results

Direct solar gains: As one of the main questions of this
paper was how much orientation can affect the thermal
conditions of interior, direct selar gain results can directly
being effected by orientation and finally these results
came out: Northern buildings gain more direct solar gain
than the southern buildings and higher floors get more
direct solar gamn. Also buildings that placed m two ends
of the rows have more fluctuations of internal temperature
and also in their annual energy gain and lose cycle much

Fig. 4: Two modelled blocks

more total energy transfer can be seen in most of the
results, especially on passive gain breakdown graphs.
This issue is valid also for the last floor of each apartment.
Last floors have less stable conditions, both m a singular
day and also in annual life cycle (Fig. 5a,b).

Direct solar gamns on buildings of optunum
oriented buildings are not much different than current
Northern-Southern buildings, neither indirect solar gains
are not much different but analysing and comparing fabric
gains figures and data which have a substantial effect on
stabilizing and improvement of interior conditions
shows that in optimum oriented buildings 1s much
more and shows its effect on other parameters of comfort
(Fig. 6 and 7).

The last important result which is related to Right to
Light, shows that the ground floor of northern apartments
almost gam no direct sunlight which 1s a direct result of
buildings height regulations (Fig. 8).

Monthly degree days and discomfort degree hours:
These series of analyses shows that with optimum
orientation, up to 15% less heating load especially in peak
months of energy needs, December and January i1s
needed which 1s a big difference for residential uses
(Fig. 9a, b).

Passive gains breakdown analysis: As a result of
frequent windy days and Due to Tabriz’s cold dry climate
with severe wind blows a substantial amount of energy
losses happens from mfiltration of cold air from outside
and ventilation, mostly because of poor airtight windows
which indicates urgent need for regulations in this field
(Initial studies showed that in <50% of current
constructions are double glazed windows).

Southern apartments have more energy gains and
losses which lead to more fluctuations of energy and
ultimately less Stable interior thermal conditions
compared to northern apartments. This part is valid for
both optimum  oriented and cwrent oriented blocks
(Fig. 10a, b).
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Fig. 5. a) Three left figures show direct solar gain in northern buildings in ground floor (top), second floor (middle) and
last floor (dowmn); b) other three right figures show the direct solar gains of southern correspondent blocks in the
same order
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Fig. 6 a) Left figures are direct solar gains in 2nd floors of northern buildings, and right figures are direct solar gains
of 2nd floors of southern buildings. Top figures are for current oriented blocks and bottom figures are for
optimum oriented blocks
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Fig. 7: Continue
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Fig. 7: a) Left figures are Fabric gains in 2nd floors of northern buildings and right figures are fabric gains of 2nd floors

of southemn buildings. Top figures are for normal oriented blocks and bottom figures are for optimum oriented
blocks

Fig. 8: Ground floor of Northern
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Fig. 9: Continue
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Fig. 9: a) Left figures are m order from top to bottom, monthly degree day graphs of ground and last floor (3rd floor) of
southern and ground and last floor (5th floor) of Northern buildings with normal orientation; b) right graphs are

in order, the correspondent figures for monthly degree days of optimum oriented floors of same floors. As
horizontal row indicates the energy demands, less deviation from vertical angle means less energy loads in

buildings

1327



J. Eng. Applied Sci., 11 (6): 1317-1332, 2016

@)

i S AlS BRE hamk sfe shom ali mamuli kensr JgtJanuary - 312t Decem) - %

™Y
th  Zeth 14t 28th 14
Jan Feb Mar Ao May Jun Y] Aug MNow Dec
Condugion LA Direct Solar ctilation Iemal
ihim SN BRE taba MALIE T amuli kenar 18 January - 214 Dacar)
i
1
&4
128
i
320 rady il
14 zath  14h 20h 14 Z6th  1dh 28h 14th 2dh 14 2ath  A4th i4h  zh  id4h 2h  14h on  oversl Ganslesses
Jan Feb War e Jun o fug Now Dec
Conduction Sol-Air Direct Solar Nertilation Irternal
i A Lamkais. Jiksnar et annay - s Dacar
i
1
&4
L]
1281
18
320 e e u T el o
i4h  2eth  4th  28h  14h  28th  4h  20h 4h  28th d4th 28h f4h 28th  d4th 28th 14h  28h  14h  23h 14h  h 14h 2o Wversl Ganslosses
Jan Feb Mar Ao May Jun Tl A MNow Dec
Conduction Sol-Air Direct Solar Nertilation Irternal
EREAKD 1o, JUNUBIE i 42t Janusn: - st Dece o,
i
P
B4
120
182 v
320 vl eoshes ik ki ks v
4h 23 Adih 2dh  14h 28th A4 2dh  1#h 28h  1ath 28h | 1Mh  28th | A4th  28th 1% 28h A4 28th  1dh  ZRh  1ap  pan  oversl Gainslosses
Jan Feb Mar Ao May Jun o Aug MNow Dec
Conduction AL Direct Soler ertiation Iniemal

Fig. 10: Continue

1328



J. Eng. Applied Sci., 11 (6): 1317-1332, 2016

bz, SANS BREAD VN - amkat nibie cpt vasa(1) 45t Jaruary - 312 December %
25600
1@(5
1280
1220,
LE-!
8D,
3200 -
T T M TP o Emarrar s s
Jan Feb Mar Apr May
Conduaion Sol-Air Direct Solar
iz SAINS BREAKDOWWH - tabaghe 3 shomali opt vasst 42t Jaryary - 31 December %
2560
1820,
1280
L]
1280
1gm
2560, 1
i
S "‘Fﬂ.‘!&# R i R I e i T e
th th th F il
Jan Feb Mar " May jun Jul Sep Ot MNow Des
Condudtion Sol-Air Direct Solar “weerti|ation Irtema Irter-Zonal
ntuimzo SANS BREAKD OV - hamk sfe shomi opt vasa1) 42t Jarary - 312 December %
2860
1820,
1280
12604
—_— ¥
1820
2560,
3200 2
B P e T R T T o T i 1 ==
an Fab War Apr Way Jun dul A Sep Ca How Dec
Conduation Sol-Air Direct Solar Wartilation Intema Irer-Zonal
Vit 2-CENS BRE AKDOWM tabaghe 5 junubi opt wesst 12t January - 31st Decamber %
25601
1920
1280
840, Lt
B40,
1260
¥
1920,
2560
2200
Jan Feb War Apr Way Jun du Aog Sep == Hay Dec
Condudion Sdl-Air Direct Solar ‘ertiltion Irtema Inter-Zonal

Fig. 10: a) Left figures are in order from top to bottom, passive breakdown graphs of ground and last floor (3rd floor) of
southern and ground and last floor (5th floor) of northern buildings with current orientation; b) right graphs are
1n order, the correspondent graphs for passive breakdown of optimum oriented floors. Less deviation from the
middle line m right graphs indicates less fluctuations of energy losses in optimum oriented buildings
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CONCLUSION

The main hypothesis of this research was that
large-scale regulations and urban decisions can directly
affect total energy need and consumption of a city and as
a more specific subject, orientation taken as the main
criteria for this approach.

Although, direct solar gams and especially fabric
gains indicates small differences in a positive way for
optimization and enhancing more energy gams and less
energy losses in optimized emended blocks but the best
indicators was ‘monthly discomfort degree hours’ and
‘monthly degree days’™ results which showed that with
small orientation changes based on the specific cities
geographical and climatic information, large amounts of
energy conservation would be made. In this case, n
Tabriz with a change of 16.5 in orientation of residential
blocks and circulation streets and alleys between them,
=>15% of energy conservations would be made, especially
in peak cold months of this city, December and JTanuary.
This amount in a single unit of apartment with about 100
m’ area is about 10000 W m less energy consumption,
in just January which if we calculate this for whole block
and through all year, very large scale energy consumption
conservation would be made. Further experimental studies
with more accurate tools and also more comprehensive
software modelling and simulation method with more
applicable urban planning will be useful for more accurate
and calculable results.

Other important side result of this study which meets
the initial proposal of authors about the need for more
specific and local, regional regulations m Iran’s cities
based on their climate and geographical characteristics,
came out from passive gains breakdown results. Based on
these analysis as the most of energy tosses and gams
happen in two ways, one through the conduction method
and mostly from the windows’ glazed areas and two from
the mnfiltrations of outdoor air through the windows, we
may conclude that in most of Tranians cold cities, some
regulations for windows sizes are needed which limit their
sizes or their percentage area in proportion of whole
exposed wall First imtial contextual studies and surveys
shows that similar to other cities of Tran-and mostly based
on merely cultural factors, the current ratio of window to
wall is about 30-40% which needs to be adjusted and
refine for at least extreme climates of Iran’s cities like very
cold and dry cities of northwest of lran like Tabriz, Ardabil
and etc. or very hot arid cities of central parts at Iran like
Yazd, Isfahan and etc. First Findings of this study,
correspondent with other studies before this proposes
small windows for cold climates, especially when severe
winds are prevalent m that region. More accurate,
numerical and specific studies are needed in this field,

both experimental and numerical method and also
software based simulation methods.
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