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ABSTRACT

This study examines the impact of double-skin facade materials on optimizing energy
consumption in solar residential buildings in cold mountainous climates. These regions face
challenges such as low temperatures and cold winds, making double-skin facades a sustainable
solution to reduce energy use and improve thermal comfort. The research explores how
material selection in double-skin facades can enhance energy efficiency and thermal
performance in such environments. The methodology integrates energy simulation and
empirical analysis, utilizing software like Energy Plus and Design Builder to model key
variables. These include the properties of double-skin facade materials (type, thickness,
structure, and thermal capabilities), building orientation, solar radiation, and climatic
conditions. The study evaluates their effects on energy consumption and indoor thermal
comfort. Findings reveal that optimized materials in double-skin facades significantly reduce
energy use in cold climates. Materials with high thermal insulation and effective solar
absorption minimize heat loss in winter and prevent overheating in summer. Proper building
orientation and natural ventilation further improve thermal performance. This research
underscores the importance of material selection in double-skin facades for achieving energy
efficiency and thermal comfort in solar residential buildings in cold mountainous regions. It
offers valuable insights for architects and designers aiming to create sustainable, energy-
efficient structures in similar climates.
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EnergyPlus Ouput

Comfort - Untitled, Building 1
1.Jan - 31 Dec, Monthly

Licensed

s
IS

Index

3 |
3 . .
3]

e

— ar apr nay Jun Jul sAug Sep Oct Now Dec
A Temperature (*C) [ 527 9.86 1536 2014 2452 2978 3262 3266 2865 2298 14.97 a53

Radiant Temperature ('C) | 569 1034 1577 2062 2496 3026 3302 3308 29.16 23.46 15.43 994
Operative Temperature (°C) | 5.48 10.10 1557 2038 2474 3002 3282 3288 28.90 2322 15.20 973
Outtside Dry-Bulb Temperature (*C) | -3.62 0.46 7.45 173 16.63 21568 2542 25.03 1063 14.03 590 001
Relative Humidity (%) | 39.49 35.06 27.35 29.90 27.06 2257 2162 1847 18.71 2428 35.97 39.17

Fanger FFD (%) | 94.39 8192 56.39 sT.77 3043 4599 7184 71.41 35.43 2554 57.50 84,66

Fanger PMV ()| -4.32 -3.25 -1.99 -2.02 -0.60 117 213 210 070 -0.19 -2.06 333
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Fabric and Ventilation - Untitled, Building 1
EnergyPius Output 148N - 31 Dec, Monthly Licensea

-1000 4

-1050

~1100 -

1150 -

Heat Balance (ki)

1200

1280 -

Total fresh air {ach)

2002
External Air (kWh) | -1302.28 123097 -1128.93 -1150.84 -110540 -110156 -09367 -105201 -121454 -1257.07 -1253.33 -1244.64
Mech Vent + Nat Vent « Infiltration (ach) | 082 082 0.81 082 082 082 082 082 082 082 0.82 081
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Comfort - Untitled, Building 1

EnergyPlus Output 1Jan - 31 Dec, Monthly Licensed
W A Temperaturs (') W Ragart Temparators (C) W Oparatis Temparators () M Oviade Dry-Bulh Temparaturs [C
30
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Index

Month 2992 Feb Mar Apr May Jun Jul Aug Sep Oet Nov Dec
Alr Temperature ("C) | 528 9.93 1548 2033 2476 30.04 3287 3287 2878 2306 15.00 954

Radiant Temperature (°C) | 571 10.42 15.89 2082 2522 3055 33.30 3333 2931 2354 15.46 995
Operative Temperature ("C) [ 548 1017 1569 2057 2499 3029 33.09 33.10 2004 2330 1523 974
Outside Dry-Bulb Temperature ("C) [ -362 046 745 173 1663 2158 2542 2503 1963 1403 590 091
Relative Humidity (%) | 39.45 3491 2715 2957 26.68 2224 21.32 18.26 1857 2417 35.90 39.14

Fanger PPD (%) | 9432 8145 55.39 5553 2936 4851 7489 7414 36.49 2578 57.04 84.41

Fanger PMV () | -4.32 -3.23 -1.97 -1.96 -0.53 1.25 221 2.17 0.74 -0.17 -2.05 -3.33
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Internal Gains + solar - Untitled, Building 1
EnergyPius Output 1Jan - 31 Dec, Monthly Licensed

jl TR TN TN TR T T PN PR FI RN P T

2 T

180

Latert load (KAh)

160
140
120
100
80
50
40
20

Montn 2002 Feb Mar May Jun Jul Aug Sep oct Nov Dec

General Lighting (k\Wh) | 45812 41630 45507 43986 46461 43986 46461 46020 44418 46461 44418 44732
Miscellaneous (kiWh) | 72.43 65.42 7243 70.09 7243 70.08 7243 7243 70.09 7243 70.09 7243

Computer + Equip (WWh) | 28442 25691 28425 27520 28458 27503 28458 28442 27520 28458 27520 28409
Occupancy (kWh) | 20323 17338 17154 14376 11483 6002 3366 3191 7147 12628 16837 19204

Solar Gains Exterior Windows (Wh) | 3659.95 377013 368179 345434 354277 348877 352814 364523 401371 406771 360548 352115
Zone Sensible Heating (KAh) | 0.04 0.07 021 0.24 111 071 187 136 047 012 008 023

Zone Sensible Cooling (kWh) | -168.36 -162.24 -15083 -15513 -15130 -150.18 -13927 -14662 -16523 -17081 -167.00 -16237

Total Latent Load (ksvh) | 10.38 19.66 4123 6271 9961 14562 18078 18170 13500  B8.16 3810 1990

Fofojlazgs oy ) ok slage 7SS

Fabric and Ventilation - Untitled, Building 1
EnergyPlus Output 1Jan - 31 Dec. Monthly Licensed

Heat Balance (#h)

0.62104
0.8205
0.8200
0.8195

£ 08190

8 oass-

2002 Mar Apr May Jun Jul Aug Sep oct Nav Dec

External Air (kiWh) [ 130377 -123821 -114316 -117358 -113571 -113303 -102400 107830 -122086 -126632 -125603 -124512
Mech Vent + Nat Vent « Infiltration (ach) | 082 0.82 082 082 082 082 082 082 082 082 082 0.81
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Comfort - Unitled, Buiding 1
EnergyPlus Output 1Jan - 31 Dee, Monthly Licensed

WM e My M My W W Ay S 04 N D

Month

ArTemperatwre (C)| 490 939 M3 971 UM 042 RV NA B WG UE 42
RaclantTemperatire (C)| 530 985 1530 2015 2459 W87 R61 NG 860 290 Wy 95
Operative Temperature (C)| 540 962 1811 1993 2430 2865 343 4T B4 n6 un 9w
Ouside Dry-Bulb Temperstwie (C) | -362 046 745 1170 1663 2158 2542 2503 1963 1403 580 09
RelafiveHumidty (%) | 4048 3643 2840 3068 2757 2302 2204 feed 1908 2501 36 4019
FangerPPD ()| 9523 8301 5765 5944 3204 4406 6730 6747 498 2643 5698 8573

FangerPIV()| 440 335 210 2 014 102 198 185 0B4 4R 26 A4
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Intemal Gains + solar - Untified, Buiding 1
EnergyPlus Ouiput 1Jan - 31 Dec, Monthly Licensed

g§8s

Heat Balance (WA
g 8

PO TSN PR PR TR RO O PO PO 1O PO 1

8

Latort load G
L

Morth ! Feb ] Aot My dn o Aug Sep oct New Dec

General Lighting (WM | 45812 41630 45507 43086 46461 43086 46451 46020 44418 4GBt 48 MR
Miscellanecus (kWh) | 7243 6542 7243 009 243 MO T4 T3 T8 T3 09 Tes3

Computer +Equip (Wh) | 28442 25691 28425 27520 28458 27503 28458 28442 21520 28458 2520 28409
Occupancy (KAM)| 20386 17477 17346 M634 11841 6465 384 3687 605 13051 M0 19338

Solar Gains Exterior Windows (KWh) | 305776 307022 204266 273519 279782 274310 276458 280270 323296 320810 297323 29723
ZoneSensibleHeating (kWh)| 003 007 010 021 107 087 210 150 05 016 006 015
Zone Sensible Cooling (kKWh) | -16045 15283  -14054 -14495 4211 -M4107 12056 43701 13524 45021 15785 15388
TotalLaentload(kWh)| 975 1827 3931 6043 9603 14099 17550 17673 13042 8393 3616 1856
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Fabric and Ventilation -
1Jan - 31 Dec., Manthly

EnergyPlus Output

Untitled, Building 1

Licensed

-850
1000 -

-1050 4

1100+

1150 -

Heat Batance (k)

1200 -

-1260

0.8195 -
0.8180 -
0.8185-
0.8180
08175
08170
0.8165

08160
0.8155
0.8150
08145
0.8140
0.81385

Total fresh ar (ach)

2002 Feb Mar

Apr

Month

May Jun Jul Sen Oct Nov Dec

-1167.08
0.8z

~1063.89
0.81

-1089.27
082

External Air (kWh)
Mech Vent + Nat Vent + Infiltration (ach)

~1246.56
081

~1056.06

-1052.09
0.82

-940.70
0.82

-997.26
0.82

=115257 -1181.93

=1180.80 -1184.14
0.82 0.82

0.82 0.82 081
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Comfort -
EnergyPlus Output

Untitled,
1.Jan - 31 Dec, Monthly
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Building 1

Licensed

[ A Ter

Temperature (*C)
3 B8 8

o

-

(W Retative Hamidity (%)

Percent (%)
8

8 & 8

. o — —
E
£,
.
—— Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec
Air Temperature ('C) | 5.1 974 1531 2018 2480 30.09 3284 3273 2849 22,69 1473 931
Radiant Temperature ('C) | 554 1022 1572 2066 2526 3059 3326 3317 2900 2316 1518 971
Operative Temperature ('C)| 533 9.98 1551 2042 25.03 3034 33.05 3295 2874 2293 1495 951
Quitside Dry-Bulb Temperature ("C) | -3.62 046 745 173 16.63 2158 2542 2503 19.63 14.03 5.90 091
Relalive Humidity (%) | 3978 3528 2743 2981 2662 2220 2133 1841 1890 2467 3648 3962
FangerPPD (%) | 9489 81.69 5544 5559 3045 4922 7382 7250 36.67 26.05 57.72 8497
FangerPMV ()| -435 -3.27 201 -2.02 -053 125 2.18 210 064 -0.26 211 -338
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Internal Gains + solar - Untitled, Building 1
EnergyPlus Output 1 Jan - 31 Dec, Monthly Licensed

a1erior Windows (KW

L. L L L L,

Latent load (WAM)

Month 2002 Fed Mar Apr May Jun Jul Aug Sep Oct Nov Dec

General Lighting (kWh) | 45812 41630 45597 43086 46461 43986 46461 46020 44418 46461 44418 44732
Miscellaneous (kWh) | 7243 65.42 7243 70.09 7243 70.09 7243 7243 70.09 7243 70.09 7243

Computer + Equip (kWh) | 28442 25691 28425 27520 28458 27503 28458 28442 27520 28458 27520 28409
Occupancy (kWh) | 20355  174.11 17229 14433 11472 6017 3519 3429 7454 12046 16973  193.01

Solar Gains Exterior Windows (kWh) | 345019 356844 355565 346435 369427 370456 368473 368942 384696 383473 338309 3313.01
Zone Sensible Heating (kWh) |  0.01 004 0.05 013 079 050 144 107 043 0.12 0.05 013

Zone Sensibie Cooling (kWh) | -162.49 -156.25 -14472 -15031 -14969 -14892 -13628 -14161 -15769 -16123 -15956 -15529

Total Latent Load (kWh) |  10.06 18.93 4048 6214 99.71 14547 17924 17931 13193 8497 3674 18.93

ax LSS ozt (il slayl jlogei-V Y Ss

Fabric and Ventilation - Untitled, Building 1
EnergyPlus Output 1.Jan - 31 Dec, Monthly Licensed

Sl Al R

I Wiech Vert + Nat Vent = Infltration (2c/

-1050

-1100 {

-1150

Heat Balance ()

Tatal fresh air (aci)
oc
2
3
a
I

2002 Fen Mar Apr May Jun Jul Aug Sep Oct Nov Dec

External Air (kWh) | -1277.67 -1211.67 -1117.68 -1152.27 -1140.04 -1138.47 -1019.47 -1057.17 -1190.16 -1213.82 -1216.91 -1210.32
Mech Vent + Nat Vent + Infiliration (ach) 0.82 0.82 081 0.82 0.82 0.82 082 0.82 0.82 082 082 081
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