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§of energy consumption is in the construction sector. The average energy consumption of
gbuildings in Iran is more than 2.5 times the world average, and big cities suffer from air
i pollution, which is often caused by fossil fuels. More than 98% of the energy in Iran is
i consumed as oil and gas products, which account for 26.4% of carbon dioxide emissions.
i The buildings are designed and built in such a way that they do not retain the cold and
heat that is provided with exorbitant costs. The heat exchange occurs quickly due to the
iun-insulated outer envelope (walls, roof, and floor) and un-insulated cooling and heating
ifacilities, which leads to an increase in energy consumption by heating and cooling
i systems. The energy consumption research in the recent decade comprises sustainable,
zero-energy, and zero-carbon buildings. The annual energy consumption of these buildings
iis nearly zero, and they do not produce carbon pollutants. Considering the non-use of
i carbon dioxide-producing energies and renewable energy supply, zero-carbon buildings
i can effectively reduce air pollution in big cities. This research aims to identify and explain
§the design principles of European zero-energy office building envelopes to reduce energy
iconsumption and carbon emissions. Then it will evaluate the feasibility of using the
i solutions above in cities with similar climates in Iran.

ETHODS: At first, the principles and solutions of reducing energy consumption,
H reducing carbon dioxide emissions, and using renewable energies that directly or
findirectly affect the design of the building envelope have been identified and specified.
éThen, to reduce energy consumption, carbon dioxide emission, and the use of renewable
i energy, 34 examples of office buildings in temperate European regions have been examined,
iand the most applied methods for designing their envelopes have been identified. Then,
ithe most widely used solutions identified for the feasibility of implementation for office
buildings in areas with similar climates in Iran have been weighted by the Shannon entropy
i method and ranked according to the combined weight of application, feasibility, or based
ion some parameters such as cost, ease of implementation during construction and after
i construction, the need for skilled labor and specialized equipment, execution time, the
produced energy and payback period of the investment.

INDINGS: The results of the research show that the most employed solutions are
:# related to the use of photovoltaic panels, thermal insulation of the walls, the use of
inatural ventilation, attention to the dimensions and position of the windows, the use of
i daylight, the use of materials with suitable thermal capacity, the use of greenhouse and
gatrium, and the use of green wall and roof.

ONCLUSION: The results of this article indicate the most effective principles and
common solutions for the envelope design of zero-energy buildings in Iran with
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?climates similar to the European climate. The combined use of these solutions in the
i design of envelopes can greatly reduce energy consumption and carbon dioxide emissions
{in the short term. Due to the novel nature of the construction and operation of zero
i energy buildings in Iran and the lack of experience in obtaining the productivity and
i energy efficiency of these buildings using various solutions so far, using the experiences
of advanced countries and the feasibility of implementing those solutions is indispensable
i to achieve an optimal and appropriate design and the highest energy efficiency of the
i buildings in Iran shortly. Therefore, the results of this research can effectively help
i designers in this field.

{ HIGHLIGHTS:

i - Identifying solutions for optimizing the office buildings envelope in temperate regions by
{ using examples of zero-energy buildings.

- Analyzing feasibility and prioritizing solutions based on parameters such as cost, ease of
i construction, need for skilled labor and specialized equipment, construction time, amount
i of energy production and payback period of the investment by using Shannon entropy.

i - 1dentifying the most used solutions with the priority of using photovoltaic panels, thermal
{insulation, natural ventilation, dimensions and position of windows, natural light, thermal
capacity materials, atrium, green wall and roof.
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Table 1. Examples of zero energy and zero carbon buildings

Name of the Location Climate Function Foundation ~ Nameofthe  Location Climate Function Foundation
building (m?) building (m?)
SOM France moderate  administrative 7000 Lajon Italy moderate  administrative 755
Zeroenergy ~ Germany  Moderate  administrative 1335~ Benasco Spain moderate to  administrative 1800
administration to warm Scientific warm research
Center
Solar XXI Portugal  Moderate  administrative 1500 Thecentral ~ Germany moderateto  administrative 32715
building of warm
Solon
Company
Sirse Spain Moderate  administrative 1743 Selvis Germany  moderateto  administrative 4000
warm
Marche Switzerla  moderate  administrative 1550 ~ Acciona Spain Oceanic administrative 2591
Kempthall nd to warm temperate
Administrative ~ Austria  moderate  administrative 0 292 Mediterranean .~ Spain Mediterrane  administrative 1070
Villach, to warm Sizzle an temperate
Rainbow Italy moderate administrative 6000 PSA Spain Mediterrane  administrative 1114
office center an temperate
ASMA Solar ~ Germany  moderate  Administrative 1400 S. Choartez Spain Mediterrane  administrative 2566
Academy to warm - Research Hatmon an temperate
Eterium Germany  moderate administrative 3667 Isophoton Spain Mediterrane  administrative 2500
to warm headquarters an temperate
Ex-Post Italy Moderate  administrative 2857 Andalusian Spain Mediterrane  administrative 5800
Energy an temperate
Agency
Green Tower 8 Poland moderate administrative 11660 Regional Spain Continental 62976
to warm government Temperate
Island Central France Moderate  Administrative 4083 ED7 Saimet Spain Continental ~ administrative 2047
Office Temperate
Building
Inerpos France Moderate  Administrative 739 Sai M. Spain Continental ~ administrative 2727
Temperate
Elitis Tower France Moderate  Administrative 4567 Sener Spain Oceanic administrative 5620
temperate
Green office France Moderate  Administrative 21807 Berdo Spain Oceanic administrative 1405
building Foundation temperate
Kraftwerk B Switzerla ~ moderate  Administrative 1403 Federal Germany  moderate to  administrative 40,000
nd to warm warm
Energy Plus Germany  moderate  Administrative 7890 Federal Germany  moderateto  administrative 40,000
to warm Environmenta warm

| Agency
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Use of active and passive solar systems

Using natural ventilation

Use of solar water heater

| Use of geothermal energy |

Use of cooling system and solar collector

Using photovoltaic solar system to provide electrical
energy

Rainwater collection and use in the building

Use of renewable solar energy

Using solar cells as window glass

Using sunlight for lighting and heating

Building extension and orientation

The ratio of the roof area to the useful area of the building

Fig. 10. Methods of using the renewable energy of the
sun
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Suitable thermal inertia of building walls according to usage |

Two-layer facade of buildings |

| Thermal envelope insulation
| Optimizing the material and surface of the translucent wall

Use of intelligent building management system |

Optimal use of natural light and control of sunlight
penetration

Reducing the penetration of unwanted air by creating a front
space at the entrance and sealing the components used in the
building

Reducing energy consumption

Using the appropriate thickness and height of joists and roofs

Using the thermal capacity of the soil by taking a part of the
building underaround

Use of building materials with suitable heat capacity

Multi-glazed windows

Fig. 8. Methods of reducing energy consumption

| Use of green wall or green roof

Use of greenhouse or atrium

| Sealing building components |

Use of green and indigenous and recyclable materials

Use of cooling and heating systems and natural and
mechanical air conditionina

Green electricity production

Reducing CO2 emissions

Use of wind turbines and solar cells

Use of water, wind, sun, biogas and clean chemical
eneraies

Using carbon dioxide warning sensors

Fig. 9. Methods of reducing carbon dioxide emissions
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Fig. 11. Frequently distribution of energy consumption reduction solutions in envelope design
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Table 2. Ranking of solutions to reduce energy consumption in the envelope based on the feasibility

Solutions Multi-glazed Using Use of Optimizing Attention to Use of Thermal Sealing double-walled
windows intelligent canopy the material the building insulation building building
F building and surface dimensions materials with components
actors management of the and position  suitable heat
system (BMS) translucent of the capacity
wall windows
Cost(-) Low high Low Low Low Low Low Low Very high
Q) (©) @) @) Q) ) Q) Q) (1)
Ease of Very high (9) medium high high high high high high Very low
implementatio ®) M ) Q) @ @ @ )
n during
construction
)
Ease of high Low medium Very low Very low Very low Very low medium Very low
implementatio U] ® ® @) @) (@) o) ©®) )
n after
construction
)
Need for Low High Low Low Low Low Low Low Very high
skilled labor ) ® ) ) ) ] ) ) @
©)
Need for Very low High Very low Low Low Low Low Low High
specialized © ® © ) ) m U] M ®
equipment and
machinery
©)
execution time medium High medium medium medium High medium Low High
© ©) @ ©) ©) ©) ® ©) ™ ®)
The amount of - - - - - - - - -
energy (0) (0) (0) (0) (0) ) (0) (0) )
production
)
payback medium High Very low medium medium medium medium medium medium
period of the ® ® @ ® ® ©) ® ® ®
investment
) - F . i
The weight of 0.08003314 0.0782131 0.1208867 0.11487919 0.11487919 0.12610773 0.11487919 0.07327869 0.17684307
each index y | F. % 5
The assigned 0.2 0.17 0.15 0.13 0.11 0.11 0.09 0.03 0.01
weight based
on the
frequency of
approaches
usage
The combined 0.15512608 0.1288586 0.17573357 0.14473371 0.12246698 0.13443717 0.10020026 0.02130512 0.01713851
weight of each
index ¥ | e K L
The rank of 2 5 1 B 6 4 7 8 9
each index
based on the
combined
weighting
method
120 100
100
80
60 47.6
40 25 =
20 16.6
20 I 551 oy 11.9 o 9.5 5 oga
0 | [ '\.h - [ -
Green electricity  Greenhouse or = Using green and Green wallor roof ~ Cooling and Carbon dioxide

production atrium

M Relative frequency

local recyclable
materials

heating systems  alarm sensors
and mechanical air

conditioning

M frequency percentage

Fig. 12. Frequently distribution of using solutions to reduce CO2 emissions in the envelope design
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Table 3. Ranking of solutions to reduce CO2 emissions in the building envelope based on their feasibility

Solutions Green Cooling and Using green Use of green Use of CO2 Alarm
electricity heating system and local wall or roof greenhouse or Sensors
Factors production and natural and recyclable atrium
mechanical air materials
conditioning
Cost(-) high Low medium high medium medium
®) Q) ) ®) 5 5
Ease of implementation during Low high high Low high high
construction(+) ©) ) ) ©) w W
Ease of implementation after Very low Low Low Low medium medium
construction(+) (1) 3) 3) 3) (5) (5)
Need for skilled labor(-) high Low medium high Low high
® ™) ®) ®) ()] ®)
Need for specialized equipment and Very high Low Very low medium Low medium
machinery(-) @) () ©) ®) ) ®)
Execution time(-) high medium medium high high medium
®) ) ®) ®) ®) ®)
The amount of energy production high - - - - -
™ Y O (9 (0) (0) (0)
payback period of the investment high medium Low Low Low -
S (M) ®) ®) ® ®) 0)
The weight of each index 0.15718253 0.13800218 0.1660124 0.12639434 0.15312575 0.25928279
The assigned weight based on the 0.48 0.17 0.12 0.09 0.07 0.07
frequency of approaches usage
The combined weight of each index 0.47429387 0.14748127 0.12523444 0.07151088 0.06738268 0.11409687
The rank of each index based on 1 2 3 5 6 4

the combined weighting method
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Fig. 13. Frequently distribution of renewable energy solutions in the envelope design
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Table 4. Ranking of solutions for the use of renewable energies in the building envelope based on feasibility

Solutions Using Using  Using Use of Use of Rainwa Use Reus  Use of Use Use Use of Useof  Use of Use of
photovolt  sunlig  sunlig solar geother ter of e of Trom of of biomass solar wind  windbrea

Factors aic htfor htfor systems mal collecti solar hot be mirro  solar technol chimn  turbin ker

panels heati lighti  connect  energy onfor  water and wall r tubes ogy eys es
ng ng ed to use in heate cold ducts
the the r air
grid buildin
g
(-) Cost Very high Low Low Very Very high high high mediu  mediu  mediu high high Very Low
® @ @  hion high ® @ © m m m ® @  high ()
@ @) (5) (5) (5) @

Ease of Low high high Low Low Low Low Low  mediu mediu mediu Low Low Low high
implementa (3, o o ® @ ®) ® @ m m m ® ® ® )
tion durin_g (5) 5) 5)
constructio

n)
Ease of Very low Low Low Very Very Very Very Very Very Very Very Very Very Very Low
implementa ) 3) 3) low low low low low low low low low low low )
tion after &) @ o o0 o o o o o W o
constructio
n(+)
Need for high Very Very Very Very high high high  mediu  mediu  mediu high high high Low
skilled 3) low low high high (3) 3) 3) m m m (3) 3) 3) )

fabor(-) © © (€] (€] OO

Need for Very high  Very Very Very high Low high high Low Low Low high high high Very low
specialized (1) low —low high ® m e e 0 o O O @ ® ©

equipment 9) 9) @)
and
machinery
)
execution high mediu  mediu Very high medium high  mediu  mediu  mediu  mediu Very high high Low
time(-) 3) m m high 3) (5) )} m m m m high 3 3) )
5) 5) (€] (5) (5) 5) (5) @
The Very high - - Very medium - - - - - - high - high -
amountof — (9) © @ Ohich ) © ®© © ©o ©o © © ©)
energy
production
) il e T,
payback Very high  Low Low Very medium Low mediu  mediu  mediu Low Low high mediu high medium
period of © @ @ O 5 @) y " mo®e e ) m ) ®)
| the ® 6 O ®)
investment
)
The weight 0.09326 0.060 0.060 0.13418 0.04843 0.07281 ~ 0.058  0.062  0.061 0.065 0.065 0.05462  0.0580 0.054 0.05006
of each 62 62 0 0 47 62 62 62
index
The 0.21 0.14 0.14 0.11 0.06 0.06 0.05 0.05 0.04 0.03 0.03 0.03 0.02 0.02 0.01
assigned

weight

based on

the
frequency
of
approaches
usage
The 0.25981 0.112 0.112 0.19580 0.03855  0.05795 0.038 0.041 0.032 0.026  0.026  0.02173  0.0153 0.014 0.00664
combined 58 58 47 1 61 11 11 49
weight of
each index
The rank of 1 3 3 2 7 5 8 6 9 10 10 12 13 14 15
each index
based on
the
combined
weighting
method
1.2 1 1 1
! 0.75
0.8 0.6 0.65 0.65
0.6 0.5
0.35
0.4 14 15 0.25 15
0.2 : 07 .09 A1 : 05 .04 : 0.1 0.
0 | - - - | — — | - -
1/664 O\ ’é B @Q/ OQ* \&* ’be q}(\b ’5\94 \{g\o‘ B \g\oﬂ B
¥ &° ) & < & & S & &
N & & > Of & & & N N
\Q@o OQx\ &e eeo C Q/o‘x ) Q%e ) o%%
B\ [ K B 3 o

M relative frequency B frequency percentage
Fig. 14. Comparison of the frequently distribution of the most used solutions in the three categories of energy
consumption, carbon dioxide emissions, and use of renewable energies
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Table 5. Analysis of feasibility and weighting of the priorities of the solutions in the design of buildings envelope for
the simultaneous reduction of energy consumption and carbon dioxide emissions and the use of renewable energies

Solutions Using The use of Green Multi- Optimizing Use of Using Using Use of Use of
photovoltaic solar electricity glazed the material canopy sunlight for  sunlight for  cooling and green and
panels systems production windows and surface heating lighting heating native and
Factors connected of the systems and recyclable
to the translucent natural and materials
municipal wall mechanical
electricity air
network conditioning
Cost(-) Very high Very high high Low Low Low Low Low Low medium
@) 1) (3) (7) (7) (7) (7) (7) ) (5)
Ease of Low Low Low Very high high high high high high high

implementation ® ® ® ® ) 0] ) v] ) 0]

during

construction(+)

Ease of Very low Very low Very low high Very low medium Low Low Low Low
implementation (@) @) (@) ) ® ®) ® € ® ®
after

construction(+)

Need for skilled high Very high high Low Low Low Very low Very low Low medium
fabor(-) ®) € ®) 4 W) ) © © ™ ©)
Need for Very high Very high Very high Very low Low Very low Very low Very low Low Very low

specialized ® 6 (6 ©) ) © ©) © ™ ©
equipment and
machinery(-)
execution time(-) high Very high high medium medium medium medium medium medium medium
(3) 1) (3) (5) (5) (5) (5) (5) (5) ()
The amount of Very high Very high high - - - - - - -
energy ® ® Q] ©) ©) ©) ©) ©) ©) ©)
production(+)
payback period Very high Very high high medium medium Very low Low Low medium Low
of the investment 9 9) 7 (5) 5) 1) (3) @3) (5) 3)
)
The weight of 0.13589271 0.19551438  0.07958924  0.06548895 0.09400253 0.09891831  0.08832817  0.08832817 0.06987729 0.08406024
each index
The assigned 0.15 0.07 0.15 0.14 0.09 0.11 0.1 0.1 0.05 0.04
weight based on
the frequency of
approaches usage
The combined 0.20581508 0.1381868 0.12054117  0.09257333 0.08542242 0.10986496  0.08918443  0.08918443 0.03527734 0.03395005
weight of each
index
The rank of each 1 2 3 5 8 4 6 6 9 10

index based on
the combined
weighting method

=l g 009 La,Sl, Q] sl e Lls s"‘d“uls‘“
Polahb a5, 550 oS 0l o §ubiod ]
il a0l

. Zero Carbon Building

. EPBD (Energy Performance of Buildings Directive)
. DOE (Department of Energy)

. Cardiff

. Predicted Mean Vote

Seal

. Sudaporn

. Bundit

.EMS

0. PCM

B ©O©WO~NO A WNE

S99 9 S

el oais (5,155 B ais g o gl (69,50

&Lw ()l

G2y ol ol o aS 0l pe Xl Bas
ol 303 0929 ol (gl m8lie o lss aigS e

S baanl

S Jgol LIS a5 wig b oo dpie (B sl
Zole, COPE 5351 Jgo! oluly |, sole i1 Ll

u.:).';o).:)lfj.: e ] 00y 4_4.>L>).: UT 6[.@4»—»-&9)
W,L,ls " QL&A‘ Cgz 00 ‘S’l_...:L.w LgLas)lS.(b‘)
o8l sl 3bls o g ol b laslw gl |2
Wi Gz =yl (bl o ol o alie
Ol (maass Sl g ole I (55, 4 LS
oolaiwl L slo js iS5l 9 (65,5 odgi ol e o 1=
S 5 039 > 2§ (B39 P (9] ]
el ool (gauad ) Lzl e bld 5 0,55 51 ol>

O ) p e oo s §dod 5| ol ol

i 51 oolit ol ay by s o i 4y La |Sal,
S oslai sl ol 5,1, (6 )5 Gmle (Sildggis
Loty Cadgo g olml an a>gi o and a g
Sdib Lo e Jlae sl eslinul g, 5 5l eslil
oola_ul 9 [aﬁ_u).'—‘ 9 asls )l oolai_wl gML;_,o tf’)‘)}
OP9= & A a2 gl o dbioe o el g )les )
i glalai sl 6l e s 5 il dl s
= Ol S A pae 5 Gl 5 (55,
S onli ol Ly Lo ezt b ol g5, 6y50 22 5
5 b 5 ay (b )5S daate Lo Sl
oS gl 5l 65,11 (5 90 e (ryminn S
Wig—d oo >l g >l 0l 0 S0 el jo
5 A,y loys—iS oylog lesla wl pili e

0"

LI BRaN |

C
];.>
G =
[y

D
[>
I’
G
I

\o
(73




‘A‘h.' ] PR
-7 C e
A}‘\r:"’&\ ’.2 X

99

s |l o 4 P
O g (S 3 et gl § (S gl

ol

s

IVO—130 wilio /¥ 0 o . ¥ 0,98 . 1F+) liano) 9 3wl

o

Ty 031 3300 4 cioseo )by a0blé

s 5 Dl gizms plod Codgis plyy joboay g a il

10.

11.

12.

..\._:)"')"gs“ ‘) Il 5 Uy dsaS

References

Abedi, Afshin; Ahmadi Nadushan, Afshin; Tale-
bi, Mansour. (2014). The role of different gov-
ernment departments, specialists and the general
public in reducing the energy consumption of
buildings, Danesh Nama Monthly, 23rd year, 3rd
period . [In Persian]

Aelenei, D. Aelenei, L. Musall3, E. Cubi, E.
Ayoub, J. Belleri, A. (2013). Design Strategies
for Non-Residential Zero-Energy Buildings Les-
sons Learned from Task40/Annex 52 Towards
Net Zero-Energy Solar Buildings. CONFER-
ENCE PAPER.

Aelenei, L. Lollini, R. Gongalves, H. Aelenei, D.
Noguchi, M. Donn5, M. Garde, F.(2011). Passive
Cooling Approaches In Net-Zero Energy Solar
Buildings: Lessons Learned From Demonstra-
tion Buildings. Conference paper.

Aelenei, Laura. Aelenei, Daniel. Goncalves, Hel-
der. Lollini, Roberto. Musall, Eike. Scognami-
glio, Alessandra. Cubi, Eduard. Noguchi, Massa.
(2012). DESIGN ISSUES FOR NET ZERO-EN-
ERGY BUILDINGS.

Aelenei, Laura. Gongalves, Helder. (2014).From
solar building design to Net Zero Energy Build-
ings: performance insights of an office building.
\Volume 48, Pages 1236-1243.

Akrami, Gholamreza. Alipour, Leila (2016). The
role of local materials in sustainable architecture
from an environmental point of view. Village
housing and environment magazine. No. 156,
29-48. [In Persian]

Alizadeh, Alireza (2012). Lighting and the ne-
cessity of its appropriateness with regard to the
principle of efficiency and optimization, Isfahan
University of Medical Sciences news site. [In
Persian]

Amani, Saeed; Bagheri, Mohammad; Tavakoli,
Ahmadreza; Ziyari, Mohammad Taghi; Miri,
Motalleb (2010). Management of energy con-
sumption in buildings, Energy Efficiency Orga-
nization of Iran (SABA). [In Persian]

Ching, Frank. (2012). A Visual Dictionary of Ar-
chitecture. 2nd ed. Hoboken, N.J.: Wiley.

CLG, Building a greener future: policy state-
ment. The Stationery Office, London, 2007.
De Luca, Francesco. Kurnitski, Jarek. Dogan,
Timur. (2018, June). Methodology for Determin-
ing Fenestration Ranges for Daylight and Energy
Efficiency in Estonia, Conference Paper.

De Luca, Francesco. Thalfeldt, Martin. (2018).
Comparison of Static and Dynamic Shading Sys-
tems for Office Building Energy Consumption
and Cooling Load Assessment. Management of

3l s oles 31 SO e >l Sygo o g asles S
Bi> 5o adlae jlas! 5l e o B el

13.

14.

15.

16.

L

18.

19.

20.

21.

22.

23.

24,

D2 oo dde a1 050 (6, 5 adlis
beglos [ Jb gobe

Environmental Quality, Emerald, Volume 29 Is-
sue 5.

DOE to Pursue Zero-net Energy Commercial
Buildings. Am. Ceram. Soc. Bull., 87(10) (2008)
21-21.

EPBD Recast, DIRECTIVE 2010/31/EU of The
European Parliament and of The Council of 19
May 2010 on the energy performance of build-
ings (Recast), in 18/06/2010,0.J. E. U. (2010) L
153/13-L153/35.

F. Gardea*, A. Lenoira, A. Scognamigliob,
D. Aeleneic, D. Waldrend, H. N.Rostvike, J.
Ayoubf, L. Aeleneig, M. Donnh, M. Tardiff,
S. Coryh. (2014). Design of Net Zero Energy
Buildings: Feedback from international projects.
Energy Procedia 61, 995 — 998.

Fakhari, Maryam; Heydari, Shahin (2013). Op-
timizing the solar chimney and investigating its
effect on building ventilation, Journal of Fine
Arts-Architecture and Urban Development, \ol-
ume 18, Number 2. [In Persian]

Favoino, Fabio. Overend, Mauro. Jin, Qian.
(2015). The optimal thermo-optical properties
and energy saving potential of adaptive glazing
technologies, Applied Energy Volume 156, 15,
Pages 1-15.

Fayaz, Rima; Muntaser Kohsari, Aida. (2013).
Analysis of greenhouse use to save energy con-
sumption in residential buildings, the third inter-
national conference on new approaches in energy
conservation. [In Persian]

Fenga, Guohui. Chia, Dandan. Xua, Xiaolong.
Doua, Baoyue. Suna, Yixin and Fua, Yao. (2017).
Study on the Influence of Window-wall Ratio on
the Energy Consumption of Nearly Zero Energy
Buildings. Procedia Engineering 205,730-737.
Garde, Francois. Donn, Michael. (2014). Solu-
tion sets and Net Zero Energy Buildings: A re-
view of 30 Net ZEBs case studies worldwide. A
report of Subtask C, IEA Task 40/Annex 52 To-
wards Net Zero Energy Solar Buildings.
Ghiabaklou, Zohre. (2010). Fundamentals of
building Physics, Regulating environmental con-
ditions, Amir Kabir University of technology in
Iran (Tehran Polytechnic). [In Persian]

Gracia, Alvaro de. (2019). Dynamic building en-
velope with PCM for cooling purposes — Proof of
concept. Applied Energy 235, 1245-1253.

H. Poirazis, A. Blomsterberg, M. Wall. (2008).
Energy simulations for glazed office buildings
in Sweden, Energy and Buildings 40 (7), 1161-
1170.

Hadianpour, Mohammad; Zarkesh, Afsane;


mailto:ghiabaklou@ut.ac.ir

vee B0 33 (65181 Sl s loi b gy (5 Hlvkings (1o 51 5 3 0! stins s St

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Mahdavinejad, Mohammad Javad (2014). How
to use two-layer facades to the optimal use of en-
ergy in buildings, Danesh Nama monthly, twen-
ty-third year, number 227-229. [In Persian]
Heydari, Shahin; Mohammadkari, Behrouz;
Askari Anarki, Ahmed (2015). Combining ther-
mal solar collector with building facade, Nagsh
Jahan magazine, Tarbiat Modares University
Publications, Volume 5, number 2. [In Persian]
International Energy Agency (IEA). (2010). En-
ergy Technology Perspectives 2010: Scenarios &
Strategies to 2050; International Energy Agency:
Paris, France.

JASE-W Japanese Smart Energy Products &
Technologies,  www.jase-w.eccj.

K. Loukaidoua, A. Michopoulos, Th. Zacha-
riadis2017) .). Nearly-Zero Energy Buildings:
Cost-Optimal Analysis of Building Envelope
Characteristics, Procedia Environmental Scienc-
es 38, 20 - 27.

Khoshnoud Zargar, Saba; Fili, Lida; Ziran, Ha-
mid (2016). Investigating the design methods of
residential units based on zero-carbon architec-
ture, the third international research conference
in science and technology. [In Persian]

Mabna (2013). Introducing the design method of
Iran’s first zero energy building. [In Persian]
Mayhoub, Mohammad (2013). Dual HVAC and
Light Duct System: An innovative approach in-
creasing the daylight utilization in buildings,
Conference: Future Build 2013.

Ministry of Energy, energy balance sheet for
2015. [In Persian]

Mohammad, Shaghaig (2013). Studying the
thermal behavior of common materials in wall
construction, case study: residential buildings in
Tehran. Journal of Fine Arts, Architecture and
Urban Planning, Volume 18, Number 1, 69-78.
[In Persian]

Moosavi, Leila. Mahyuddin, Norhayati. Ab-
Ghafar, Norafida. Azzam Ismail, Muhammad.
(2014). Thermal performance of atria: An over-
view of natural ventilation effective designs”
Renewable and Sustainable Energy Reviews”, p
654-670.

Motalaie, Sanaz (2014). Examining the role of
front space at the entrance in order to reduce
the energy consumption of the building through
software simulation, National Conference on Ar-
chitecture and Sustainable Urban Landscape. [In
Persian]

Nasrollahi, Farshad. (2011). Architectural and
urban regulations that reduce the energy con-
sumption of buildings, National Energy Com-
mission of Iran. [In Persian]

National building regulations, topic 19. [In Per-
sian]

Nearly Zero-Energy Building (nZEB). (2016).
technology solutions, cost assessment and per-
formance, ZEBRA2020: NEARLY ZERO-EN-
ERGY BUILDING STRATEGY 2020, produced
in the context of the ZEBRA2020 IEE/13/675/

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

51.

52.

1YO—190 lovio /¥ 6o . ¥ 6,9 . 1Pl o g s

S12.675834 Project.

Osmani, Mohamed, O’Reilly, Alistair (2009).
Feasibility of zero carbon homes in England by
2016: a house builder’s perspective. Build. Envi-
ron. 44 (2009) 1917 1924.

Packmangroup. (2015). Retrieved from: http://
www.packmangroup.com/news_item/260, at
June 25, 2015.

Paoletti, Giulia. Pascuas, Ramon Pascual. Per-
netti, Roberta. Lollini, Roberto. (2017). Near-
ly Zero Energy Buildings: An Overview of the
Main Construction Features across Europe,
Buildings (Journal from MDPI), volume 3.
Perlova, Elena. , Platonova, Mariia. , Gorshkov,
Alexandr. , Rakova, Xenyiya*. (2015). Concept
Project of Zero Energy Building, Procedia Engi-
neering 100, 1505 - 1514.

Pikas, M. Thalfeldt, J. Kurnitski,J. (2014). Cost
optimal and nearly zero energy building solu-
tions for office buildings. Energy and Buildings
74, 30-42.

Razavian, Mohammad Taghi; Ghafouripour,
Amin; Razavian, Mahan (2010). Green roofs,
environment preparation, volume 3, number 1.
[In Persian]

Rezamanesh, Munire; Nazari Azar, Mohammad
(2014). Renewable energy and its application
in building (photovoltaic system), Daneshnama
No. 227-229. [In Persian]

S.C.M. Hui (2010). Zero energy and zero carbon
buildings: myths and facts. In Proceedings of the
International Conference on Intelligent Systems,
Structures and Facilities: Intelligent Infrastruc-
ture and Buildings, Hong Kong, 2010.

Sabori, Saber; Rajabian, Elham; Fahimi Escoli,
Zahra (2014). Examining the performance of
two-shell facades in order to provide thermal
comfort and energy storage in buildings, Iranian
National Electronic Conference on Environment
and Energy. [In Persian]

Sadeghi, Hossein; Kalantar, Valley (2016). Im-
proving the wind catcher performance using an
underground channel, Modarres Mechanical
Engineering Magazine, No. 13, Volume 16. [In
Persian]

Salehi, Majid (2011). Presenting an architectur-
al model and proposing climate-compatible en-
velopes with the approach of providing thermal
comfort in hot and dry climates, Master’s Thesis,
llam University. [In Persian]

Sanchez, Alberto. Salom, Jaume. Cubi, Eduard.

(2012). TOWARDS NET ZERO ENERGY

OFFICE BUILDINGS IN SPAIN: A REVIEW
OF 12 CASE STUDIES. Conference paper.
Scognamiglio, Alessandra. Musall, Eike, Reost-
vik, Harald N. (2012). Photovoltaics And (Near-
ly) Net Zero Energy Buildings: Architectural
Considerations. Conference Paper.

Sharifian Ghazi Jahani, Helen (2015). Studying
the effect of thermal mass of common materials
in the construction of building external walls in
energy consumption reduction: a case study of

0"

LI BRaN |

C
];.>
G =
[y

D
[>
I’
G
I

\o
(73




‘A‘h.' ] PR
-7 C e
A}‘\r:"’&\ ’.2 X

99

s |l o 4 P
O g (S 3 et gl § (S gl

ol

s

IVO—130 wilio /¥ 0 o . ¥ 0,98 . 1F+) liano) 9 3wl

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Ty 031 3300 4 cioseo )by a0blé

Tabriz buildings, the international conference on
construction architecture and urban planning at
the beginning of the third millennium. [In Per-
sian]

Sharqi, Ali; Mohtashami, Mohammad Hossein.
(2007). Green spaces in tall buildings with a
new approach to nature, Environmental Science
and Technology Quarterly, Article 5, Volume 9,
Number 4. [In Persian]

Shiravi Khozani, Taheri Asl, Sadeghi. (2013).
Change in the lighting system design pattern and
optimal use of natural light in the building, the
second national climate, building and energy
consumption optimization conference. [In Per-
sian]

Sudaporn, Chungloo, Bundit, Limmeechokchai.
(2009). Utilization of cool ceiling with roof so-
lar chimney in Thailand: The experimental and
numerical analysis, Renewable Energy, 34, pp
623_633.

The principles of optimal use of natural and ar-
tificial lighting, taken from Appendix 15 of the
19th topic guide (Energy saving). [In Persian]
Troi, Alexandra. Tribus, Michael. Costa, Andrea.
Haberer, Walter. Parisi, Davide. Sparber, Wol-
fram. (2008, October). Towards Zero Energy
Renovation: Ex-Post Building in Bolzano/Italy.
International Conference on Passive and Low
Energy Architecture, Dublin, 22nd - 24th.
Turkjezi, Milad (2014). New technologies to op-
timize energy consumption. [In Persian]
Turkjezi, Milad; Tagavi, Hamidreza (2013).
New technologies to optimize energy consump-
tion, the second national conference on climate,
building and energy consumption optimization.
[In Persian]

UK Building Regulations and EU Directives.
(2014). Zero carbon homes and nearly zero ener-
gy buildings, Zero Carbon Hub, London.
Vernos, Achaemenid (2015). Ground Cover
Plants and its impact on air pollution, interna-
tional conference on new researches in agricul-
tural and environmental sciences. [In Persian]
Wali Allahi, Jalal; Mati Birjandi, Ali Akbar
(2010). A look at clean energy and environmen-
tally friendly structures in the design of cities, the
fourth Iranian fuel cell conference. [In Persian]
Wang, L.P. Gwilliam, J. Jones, P. (2009). Case
study of zero energy house design in UK. Energy
Buildings 41(11) 1215-1222.

Waulfinghoff, Donald R. (1999). Energy Efficien-
cy Manual, Wheaton, Maryland USA, Energy
Institute Press.

Yildiz, Yusuf. Durmas, Arsan, (2011). Identifi-
cation of the building parameters that influence
cooling and heating energy loads for apartment
building in hot-humid climates. Energy 36,
4287-4296.

Zarghami, Ismaeil; Adibi, Elahe (2016). Evalu-
ation of thermal performance of the green roof
in sustainability and optimization of energy con-
sumption of residential buildings in the hot and

67.

68.

69.

dry climate of Iran, Journal of Architecture and
Sustainable Urban Development, 4th year, Ist
issue. [In Persian]

Zeller, Achim. Thiemann, Ansgar. Reeth, Bart
Van. (2010). Net Zero Energy Office Building
Germany, Ruhr region.

Zhang, Tiantian.Yang,Hongxing. (2018, Octoa
ber). Optimal thickness determination of insu-
lating air layers in building envelopes. Energy
Procedia, Volume 152, Pages 444-449.
Zulfigari, Alireza; Saadati Nesab, Mchran; Mos-
lehi, Hamed; Nowrozi Jajarm, Elahe (2014).
Analysis of the effects of using double-layered
facade as a solution for energy conservation in
Iranian residential buildings using Design Build-
er software, the third international conference
on new approaches in energy conservation. [In
Persian]



Y -
B}hﬂl .\f 0499 . ‘f" ijj‘}‘b

L M

\

R
S 6 bl ey (Y || )
Yy T

of




