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ARTICLE INFO Extended ABSTRACT
Article History: . ACKGROUND AND OBIJECTIVES: Air pollution and excessive energy consumption
Received 2020/05/24 are two crises that seriously threaten metropolises today and endanger the health of
Revised 2020/08/29 i society and energy sources in the future. Nearly half of the world’s non-renewable energy
Accepted 2021/01/06 i resources have been consumed. An energy shortage is inevitable because more than 40%
Available Online  2022/12/31 i 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
Keywords: i pollution, which is often caused by fossil fuels. More than 98% of the energy in Iran is
Buildings Envelope i consumed as oil and gas products, which account for 26.4% of carbon dioxide emissions.
Energy Consumption i The buildings are designed and built in such a way that they do not retain the cold and
Carbon Dioxide Emission heat that is provided with exorbitant costs. The heat exchange occurs quickly due to the
Renewable Energy i un-insulated outer envelope (walls, roof, and floor) and un-insulated cooling and heating
Time and Cost i facilities, 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
e o 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
gthe design principles of European zero-energy office building envelopes to reduce energy
i consumption 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.
§Then, 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
69 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
S

Number of References

i construction, the need for skilled labor and specialized equipment, execution time, the

Number of Figures produced energy and payback period of the investment.

14 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
Number of Tables atrium, and the use of green wall and roof.

5

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 =~ Name of the Location Climate Function Foundation
building (m?) building (m?)
SOM France moderate administrative 7000 Lajon Italy moderate administrative 755
Zero energy Germany  Moderate administrative 1335 Benasco Spain moderate to  administrative 1800
administration to warm Scientific warm research
Center
Solar XXI Portugal Moderate administrative 1500 The central Germany  moderateto  administrative 32715
building of warm
Solon
Company
Sirse Spain Moderate administrative 1743 Selvis Germany  moderate to  administrative 4000
warm
Marche Switzerla ~ moderate administrative 1550 Acciona Spain Oceanic administrative 2591
Kempthall nd to warm temperate
Administrative Austria moderate administrative 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  moderate to  administrative 40,000
to warm Environmenta warm
1 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 underground

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

Sealing building components

| Use of greenhouse or atrium

Use of green and indigenous and recyclable materials

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

Green electricity production

Reducing CO2 emissions

Use of wind turbines and solar cells

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

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
building and surface dimensions materials with components
Factors 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
[©) 3) (7 (7 W) ()] (@] Q)] ]
Ease of Very high (9) medium high high high high high high Very low
implementatio ®) @) @) ™ @) @) ) )
n during
construction
()
Ease of high Low medium Very low Very low Very low Very low medium Very low
implementatio Q) ©) ®) M (O] ™ m ®) ™
n after
construction
)
Need for Low High Low Low Low Low Low Low Very high
skilled labor 7 (3) (@] (@] () ()] (7 (@] 1)
]
Need for Very low High Very low Low Low Low Low Low High
specialized ) 3) ) @) (7) (7) 7 @ (3)
equipment and
machinery
]
execution time medium High medium medium medium High medium Low High
© ®) ©) ®) ®) ©) ®) ®) ™ ®)
The amount of - - - - - - - - -
energy ©0) 0) ©) (O] 0) ©0) ©0) ©0) ©0)
production
)
payback medium High Very low medium medium medium medium medium medium
period of the ®) ® ™ ®) ®) ®) ®) ®) ®)
investment
)
The weight of 0.08003314 0.0782131 0.1208867 0.11487919 0.11487919 0.12610773 0.11487919 0.07327869 0.17684307
each index
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
The rank of 2 5 1 3 6 4 7 8 9
each index
based on the
combined
weighting
method
120 100
100
80
60 47.6
40 25 =
15 11.9 0 .. 166 15
20 7.1 . : . 7.1
Green electricity  Greenhouse or  Using green and Green wall or roof  Cooling and Carbon dioxide

atrium local recyclable alarm sensors

materials

heating systems
and mechanical air
conditioning

production

M Relative frequency 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
3) (@) () 3) ®) ®)
Ease of implementation during Low high high Low high high
construction(+) 3) (7) (7) 3) (7) (7)
Ease of implementation after Very low Low Low Low medium medium
construction(+) 0 3) 3) 3) 5) 5)
Need for skilled labor(-) high Low medium high Low high
©) () ©) ©)] Q) ©)
Need for specialized equipment and Very high Low Very low medium Low medium
machinery(-) M () ©) ®) 9 ®)
Execution time(-) high medium medium high high medium
©) (%) ) 3) ©)] ®)
The amount of energy production high - - - - -
™ (M 0) (0) 0) (0) (0)
payback period of the investment high medium Low Low Low -
S (M (%) 3) ©) ©) 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 Use of  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 on for 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
M @ (@  hieh high ® ORENO R m m ® (3)  hieh ©)
[©) (1) (5) (5) (5) @)
Ease of Low high high Low Low Low Low Low mediu  mediu  mediu Low Low Low high
implementa  (3) m 0 e ®) ® ® @ m m m ® ® 6 @)
tion during 5) 5) 5)
constructio
n(+)
Ease of Very low Low Low Very Very Very Very Very Very Very Very Very Very Very Low
implementa 1) 3) 3) low low low low low low low low low low low 3)
tion after ) ) M ) ©) ) M () () ) M
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) 7
labor(-) ©® O] O] OO NN
Need for Very high ~ Very Very Very high Low high high Low Low Low high high high Very low
specialized M low low  high ® Q) ®» e 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) 3) m m m m high 3) 3) (7
(5) (5) (1) (5 (5) (5) (5) [©)
The Very high - - Very medium - - - - - - high - high -
amount of © © @  Ohigh ) © ©  © © O O Q] (O] Q) (O]
energy
production
)
payback Very high  Low Low Very medium Low mediu  mediu  mediu Low Low high mediu high medium
% period of © G @ Ohich ®) m m m ORENC) ™ m ) ®)
_ the O OO ®)
*9] investment
9 ()
~
-1 ) 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
. o of each 62 62 0 0 47 62 62 62
- “l 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
qQ the
. ‘@ frequency
3 of
9 N approaches
usage
iy 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
9 9 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 .11 . 05 04 . 0.1 0.1
0 | - - - | — — | - -
& & s & & & & & o &
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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 (@) ) (5)
Ease of Low Low Low Very high high high high high high high
implementation ©) ®) ®) ©) ™ ™ ™ ™ @) ©)
during

construction(+)

Ease of Very low Very low Very low high Very low medium Low Low Low Low

implementation ) M) M) ™ M) ) 3 3 ® 6)

after

construction(+)

Need for skilled high Very high high Low Low Low Very low Very low Low medium
tabor(-) ©) (O] ©) Q) Q) Q) © © ™ ©)
Need for Very high Very high Very high Very low Low Very low Very low Very low Low Very low

specialized (O] (O] (O] ©) O] ©) ©) ©) Q) ©
equipment and
machinery(-)
execution time(-) high Very high high medium medium medium medium medium medium medium
3) [©) 3) (5) (5) (5) (5) (5) (5) (5)
The amount of Very high Very high high - - - - - - -
energy © ©) ™ ©0) ©) ©) ) ©) © ©
production(+)
payback period Very high Very high high medium medium Very low Low Low medium Low
of the investment [C)] ) ) 5) 5) 1) 3) 3) ) 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
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