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ABSTRACT

Aims: The construction sector accounts for a large portion of the world's energy
consumption; which in Iran, it’s more than 40% of energy consumption. Office buildings
have a relatively unfavorable energy consumption pattern due to impersonal ownership
and lack of supervision and needs improvement. The aim of this research is to improve
the energy performance of these buildings by using a dynamic double skin facade
Methods: In this research, first the dominant pattern of office buildings in Mashhad has
been studied. Since the design is done in Mashhad, which is one of the religious centers
of the country, and to create this feeling in users, the pattern used in its second skin is
inspired by Islamic patterns of tiles and decorations of the holy shrine of Imam Reza (AS).
After analyzing the energy performance of 5 selected patterns with Ladybug and
Honeybee plugins, the most optimal pattern is used.

Findings: Daylight is one of the most influential parameters in the design of energy
efficient buildings. To make the most of this parameter, it is necessary to create facades
with maximum transparency. But these facades face challenges such as overheating.
Therefore, it’s important to control the amount of daylight entering.

Conclusion: In this research, an optimal solution to improve the energy performance of a
5-storey office building in Mashhad by using a dynamic double skin facade with the ability
to control the daylight entrance is presented; which results reduction in building’s energy
consumption by approximately 130,000 kWh per year.

Keywords: Energy Consumption Optimization, Daylight Control, Double Skin Fagade,
Dynamic Shading Skin, Shading Skin, New Technologies, Persian Architecture
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Shading 1 Cooling Lead

Shading 1 Heating Load

Shading 1 ElectricLight Load
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Zhading 1 Solar Galn
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Energy (k¥Vh)
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Shading 1 Energy Performance

IZone Windows Total Transmitted Solar Radiation Energy

Zone Lights Electricity Energy

Zone Ideal Loads Supply Air Total Heating Energy

.Zone Ideal Loads Supply Air Total Cooling Energy

[o505] o) uostn b iy (5550 30 ol 4 oo

ar

Cooling Heating Total Thermal | Electric Light | Total Energy | Solar Gain
(kwh) (kwh) Load (kwWh) (kwh) Load (kwWh) (kwh)

October | 417.375223 | 74.581807 491.95703 112.660928 604.617958 | 958.790672
November | 6.790435 145.313598 152.104033 112.077593 264.181626 | 713.053085
December | 0.278326 380.177939 380.456265 109.208945 489.66521 707.578703
January 0.433583 480.805871 481.239454 116.8296 598.069054 726.680824
February 0.402483 205.063776 205.466259 102.573579 308.039838 729.655292
March 27.325185 80.616207 107.941392 113.377617 221.319009 | 826.388818
452.605235 | 1366.559198 1819.164433 666.728262 2485.892695 | 4662.147394
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Shading 2 Cooling Load

Shading 2 Heating Load

[0, 5] pos dwin b dtwgy (651 Jubowi Jloges 4 Jloges

Shading 2 ElectricLight Load L

LT
L]

Shading 2 Solar Gain e n L.
T T T ¥ T ' Shading 2 Energy Preformance
IZone Total Ti itted Solar ion Energy
Zone Lights Eleclricity Energy
Zone Ideal Loads Supply Air Total Heating Energy
Zone ldeal Loads Supply Air Total Cooling Energy
[055,)55] 9o awsin b atwg (65,1 LT s 5 Joso
Cooling Heating Total Thermal Electric Light | Total Energy | Solar Gain
(kwh) (kwh) Load (kWh) (kwh) Load (kwWh) (kwh)
October 414.901943 74.783893 489.685836 112.660928 602.346764 948.609272
November 6.783195 146.280437 153.063632 112.077593 265.141225 704.617394
December 0.276409 383.017287 383.293696 109.208945 492.502641 698.922888
January 0.430689 483.858704 484.289393 116.8296 601.118993 718.08324
February 0.397969 206.694061 207.09203 102.573579 309.665609 721.251032
March 27.270714 80.882152 108.152866 113.377617 221.530483 819.457508
450.060918 | 1375.516535 1825.577453 666.728262 2492.305715 | 4610.941334
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Shading 3 Cooling Load

Shading 3 Heating Load

Shading 3 ElectricLight Load

Shading 3 Solar Gain

[0, 5] pows dwrtin b dtwgy (5591 Julos o905 .5 3903

o 3
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Energy (kWh)

(]

lov

Shading 3 Energy Preformance

ec

Zone Windows Total Transmitted Solar Radiation Energy

Zone Lights Electricity Energy

Zone Ideal Loads Supply Air Total Heating Energy

IZone Ideal Loads Supply Air Total Cooling Energy

[o6,55] o ausia b dtiagy (550 301 b5 6 Jgue

el

lar

Cooling Heating Total Thermal Electric Light | Total Energy | Solar Gain

(kWh) (kWh) Load (kwh) (kwh) Load (kwh) (kWh)
October | 417.452859 74.55712 492.009979 112.660928 604.670907 959.248034
November 6.801567 145.290961 152.092528 112.077593 264.170121 713.410499
December 0.28033 380.226824 380.507154 109.208945 489.716099 707.958743
January 0.435546 480.825401 481.260947 116.8296 598.090547 727.000047
February 0.403972 205.026208 205.43018 102.573579 308.003759 730.067929
March 27.351622 80.532076 107.883698 113.377617 221.261315 827.062075
452.725896 | 1366.458589 | 1819.184486 666.728262 2485.912748 | 4664.747329
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Shading 4 Energy Preformance
Shading 4 Solar Gain
; . 'Zone Windows Total Transmitted Solar Radiation Energy
Zone Lights Electricity Energy
Zone Ideal Loads Supply Air Total Healing Energy
IZone Ideal Leads Supply Air Total Cooling Energy
o5 ol awsin b gy (5550 3000 ol 7 g
Cooling Heating Total Thermal | Electric Light | Total Energy | Solar Gain
(kwh) (kwh) Load (kWh) (kwh) Load (kwWh) (kwh)
October 417.255597 74.576421 491.832018 112.660928 604.492946 958.478707
November 6.794514 145.430956 152.22547 112.077593 264.303063 712.314561
December 0.280046 380.441084 380.72113 109.208945 489.930075 707.380436
January 0.435974 481.137816 481.57379 116.8296 598.40339 726.285243
February 0.402483 205.278993 205.681476 102.573579 308.255055 728.974232
March 27.359219 80.567563 107.926782 113.377617 221.304399 826.468719
452.527834 | 1367.432834 1819.960666 666.728262 2486.688928 | 4659.901898
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Shading 5 Cocling Load
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Shading 5 Heating Load

860
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Shading 5 ElectricLight Load : : |
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Shading 5 Energy Preformance
Shading 5 Solar Gain
IZone Windows Total Transmitled Solar Radiation Energy
Zone Lights Electricity Energy
Zone Ideal Loads Supply Air Total Heating Energy
IZone Ideal Loads Supply Air Total Cooling Energy
[0 )85 iy awssin b stogy (5550 5001 b5 8 Jgar
Cooling Heating Total Thermal Electric Light | Total Energy | Solar Gain
(kwh) (kwh) Load (kWh) (KWh) Load (kwWh) (kwWh)
October 416.429234 74.674068 491.103302 112.660928 603.76423 955.439129
November 6.775631 145.699443 152.475074 112.077593 264.552667 709.683818
December 0.27952 381.214038 381.493558 109.208945 490.702503 704.223527
January 0.432493 481.947764 482.380257 116.8296 599.209857 723.330107
February 0.401914 205.627039 206.028953 102.573579 308.602532 726.589907
March 27.287363 80.759023 108.046386 113.377617 221.424003 823.658242
451.606156 | 1369.921374 1821.52753 666.728262 2488.255792 | 4642.924731
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Open Mode Optimization
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Porosity Percentage
==@==Cooling Load (kWh) ==@==Heating Load (kWh)
==@==Total Energy Load (kWh) e=@==Solar Gain (kWh)
[o35,5] 5L sy calisce cla Jodss o yd b diwngy (650 U1 ol .9 Jouo

Porosity Percentage Cooling Load (kWh) Heating Load (kWh) Total Energy Load (kWh)

334.95665 1824.51288 2150.46953
365.103321 1673.916327 2039.019648
304.158753 1552.840537 1946.99929
422.965158 1452570332 1875.53549
451597709 1369.52144 1821119149
480.332547 1298.294568 1778.627115
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Close Mode Optimization
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==@==Cooling Load (kWh) ==@==Heating Load (kWh)
=== Total Energy Load (kWh) e=@==Solar Gain (kWh)
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. Cooling Load Heating Load Total Energy Load
Porosity Percentage (kvglh) (kvgh) (kwﬁ;/
Ty
".“ Vog g ‘e
. X 8o 6929.972898 75.225381 7005.198279
____10%
st easti
Wteeg g ?
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Cooling Load (kwh) | Heating Load (kwh) | Total Energy Load (kwh) SO('l"i‘\rN?]?'”
April 6936/450378 399/992461 7336/442839 11221/09539
May 22234/11424 0 22234/11424 13212/94779
June 32286/10652 0 32286/10652 13769/59187
July 39134/02032 0 39134/02032 14481/37258
August 32904/36509 0 32904/36509 14429/63028
September 20494/11445 0 20494/11445 12998/49381
Total 153989/171 399/992461 154389/1634 80113/13172
[0, 5] e s 5 gy b 039, 6550 56T Jlages .11 loges
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Cooling Load (kwWh) | Heating Load (kwh) | Total Energy Load (kWh) SO(IIE(‘\"N?]?'“
October 11151/85341 426/151782 11578/00519 19530/69295
November 1186/658743 305/809926 1492/468669 16578/43382
December 3/929614 1607/045224 1610/974838 16311/86395
January 6/546994 1853/352266 1859/89926 17376/71284
February 5/323234 344/873859 350/197093 16362/1561
March 1265/062517 185/360037 1450/422554 16270/8045
Total 13619/37451 4722/593094 18341/9676 102430/6642
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Cooling Load (kwh) | Heating Load (kwh) | Total Energy Load (kWh) So(ls\l;viz):un
January 10/460713 915/255702 925/716415 34008/47162
February 7/899668 47/241769 55/141437 32446/12977
March 2723/476015 148/684198 2872/160213 34886/15564
April 15187/86206 58/261564 15246/12362 35615/36117
May 39180/57782 0 39180/57782 37566/70781
June 52796/36365 0 52796/36365 36333/16802
July 63327/8235 0 63327/8235 39125/12731
August 59497/4449 0 59497/4449 44014/79846
September 44485/59074 0 44485/59074 45701/52221
October 20646/42272 182/347799 20828/77052 40727/45189
November 2446/630309 99/868272 2546/498581 32473/81667
December 6/999889 803/945687 810/945576 32184/2705
Total 300317/552 2255/604991 302573/157 445082/9811
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