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Temperature and Heat Loss

EnergyPlus Output Licensad
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£
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%
s
Aif Temperature (°C) 20
Radiant Temperature (°C) 1839
Operative Temperature (°C) 204
wiside Dry-Bulb Temperature (C) 380
Glazing (kW) 805
Walls (kW) 412
Ceilings (int) (kW) 155
Floors (int) (k) 155
Ground Floors (kW) 032
Roofs (kW) a2
External Inflration (kW) 1558
External Vent. (kW) 6676
External Vent. (kW) -4090
Zone Sensible Hesting (ki) 13694
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Temperature and Heat Loss
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Temperature (C)
1

Heat Balance ()
o 8 8

Air Temperature (“C) 21.00
Radiant Temperature ("C) 18.61
Operative Temperature (*C) 19.81
iutside Dry-Bulb Temperature ("C) -3.60
Glazing (kW) 478

Walls (kW) 348

Ceilings (int) (kW) 118

Floors (int) (KW) 118

Ground Floars (KW) -0.28

Roofs (KW) -1.19

External Infiltration (kW) 1497
External Vent. (kW) -84.18

External Vent. (kW) -39.31

Zone SensibieHeating (kW) 12612
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Energy Per Total Building  Energy Per Conditioned

Total Energy [kKWh]

Area [KWh/m2] Building Area [kKWh/m2]
Total Site Energy 63522.08 81.15 81.15
Net Site Energy 63522.08 81.15 81.15
Total Source Energy 202523.58 258.73 258.73
Net Source Energy 202523.58 258.73 258.73
NBleys (28 ke Srodls b colus qipeio o lil 4 loidlo (55l Bpae jluide Y Jouo
Electricity Intensity District Cooling District Heating Water Intensity
[KWh/m2] Intensity [KWh/m2] Intensity [KWh/m2] [m3/m2]

Lighting 78.30 0.00 0.00 0.00

HVAC 0.00 108.28 3.56 0.05

Other 43.34 0.00 0.00 0.00

Total 121.64 108.28 3.56 0.05

3l 5 58 sbesls b lozslu atuus iU B yao Jis ¥ Jgio
Total Energy [KWH] Energy Per Total Building  Energy Per Conditioned

Area [kWh/m2] Building Area [kKWh/m2]
Total Site Energy 182762.53 233.48 233.48
Net Site Energy 182762.53 233.48 233.48
Total Source Energy 401096.12 512.41 512.41
Net Source Energy 401096.12 512.41 512.41

odls il sy Jloe! jlam lasd b dipu xS G pao e B Jod>

Electricity Intensity District Heating Intensity .

[kWh/m2] [kWh/m2] Water Intensity [m3/m2]
Lighting 33.95 0.00 0.00
HVAC 0.00 3.86 0.05
Other 43.34 0.00 0.00
Total 77.29 3.86 0.05
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Air Temperature (C)

Radiant Temperature ("C)
Operative Temperature
Quiside Dry-Bulb Temperafure
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028
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-64.16
2l 3931
Zone Sensible Heating (kW) 12814
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Materials Embodied Carbon and Inventory Area (m2) %};ri)g:zll)ed ﬁ%‘g‘g’zl)em €02 pass (kg)
cement silica fume 435.3 0.0 0.0 150598.6
Timber Flooring 200.0 1794.0 1833.0 3900.0
Limestone extra hard 435.3 4526.7 4526.7 226333.1
Floor/Roof Screed 200.0 2688.0 2688.0 16800.0
Plasterboard 200.0 2766.4 2912.0 7280.0
Gypsum Plastering 645.3 3187.6 3355.3 8388.3
Urea Formaldehyde Foam 200.0 473.5 510.7 266.0
MW Glass Wool (rolls) 200.0 532.4 584.6 348.0
XPS Extruded Polystyrene - CO2 Blowing 645.3 5192.8 17273.1 1803.0
Concrete Block (Medium) 210.0 2352.0 2352.0 29400.0
Cast Concrete 200.0 3200.0 3200.0 40000.0
Cast Concrete (Dense) 565.5 9500.8 9500.8 118760.5
Brickwork Outer 645.3 24132.6 25229.5 109693.5
Asphalt 1 200.0 210.0 210.0 4200.0
Sub Total 60556.7 74175.8 717771.1
ﬁ‘(‘)lr;?‘lt:)ur(;lions Embodied Carbon and Area (m2) Er:rk;&;tri]ied ﬁqgué\é)azl)enl co2

(kgCO2)
Reference Below grade wall Medium weight 210.0 12926.3 17252.8
Project ground floor 200.0 8155.5 8231.7
Project flat roof 200.0 3508.8 3706.6
Project wall 435.3 26465.3 35483.8
Project internal floor_Reversed 382.8 6430.4 6430.4
Project internal floor 182.8 3070.4 3070.4
Sub Total 1610.8 60556.72 74175.83
Glazing Embodied Carbon and Inventory Area (m2) E:ﬁ:ﬁ'ed :Ekqgucivoazl)ent Co2

(kgCO2)
elcterocoromic 186.5 3488.3 3488.3
Local shading 0.0 0.0
Window shading 0.0 0.0
Sub Total 186.5 3488.3 3488.3
Building Total 1797.3 64045.0 77664.1
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Structure Costs

Sub Total

HVAC Costs

Sub Total

Lighting Costs

Sub Total

Sub-Structure Costs

Sub Total

Super Structure Cost

Reference Below grade wall Medium weight
Project ground floor

Project flat roof

Project wall

Project internal floor_Reversed

Project internal floor

Sub Total

Glazing Cost

elcterocoromic
Local shading
Blinds and internal shades

Sub Total

Renewables Cost

PV Panels

Solar Hot Water Panels
Wind Turbines

PV Electrical

Wind Turbine Electrical

Sub Total

Surface Finish Costs

Floor Area (m2)

782.8

Floor Area (m2)

782.8

Floor Area (m2)

782.8

Floor Area (m2)

200.0

Construction
Area (m2)

210.0
200.0
200.0
435.3
382.8
182.8

1610.8

Surface Area
(m2)

186.5

Area (m2)
0.00
0.00

0.00

Surface Area
(m2)

iy goabd b leidls bpas cladnin Ve ol

Cost (GBP)

164,380.23

Cost (GBP)

313,105.20

Cost (GBP)

78,276.30

Cost (GBP)

22,000.00

Cost (GBP)

27,300.00
67,800.00
15,000.00
145,810.76
80,380.23
38,380.23

374,671.22

Cost (GBP)

18,654.00
0.00
0.00

18,654.00

Cost (GBP)
0.00

0.00

0.00
600.00
0.00

600.00

Cost (GBP)

Bodly s il A yloid b (B pas sladinse NY Joio

Wind Turbines
PV Electrical
Wind Turbine Electrical

Sub Total

Surface Finish Costs

Walls
Floors
Ceiling

Sub Total

Building Total Cost (GBP)

0.00

Surface Area
(m2)

645.3
765.5

765.5

0.00
600.00
0.00

600.00

Cost (GBP)

25,810.24
34,448.67
31,448.67

91,707.58

1,063,394.53
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Abstract

Nowadays, buildings exhibit high energy wastage, and due to their heavy reliance on fossil fuels, the adoption of
intelligent management systems presents a viable solution. These systems can not only reduce energy
consumption but also mitigate the waste of fossil fuels. Therefore, the aim of this study is to investigate the impact
of a Building Management System (BMS) utilizing an energy consumption simulator to enhance the energy
efficiency of buildings. This research employs an experimental simulation method using the DesignBuilder
software. In this study, a three-story building with one basement floor was initially designed in DesignBuilder,
located in the Mehrabad Airport area of Tehran. The energy loss through the building’s external walls was then
examined based on the software's default data. The results indicated that modifications in the wall design,
consisting of five layers from outside to inside: 20 cm thick travertine stone, 20 cm thick Silicafom cement, 10
cm thick brick blocks, 8 cm thick polystyrene insulation, and 1.3 cm thick plaster layer, reduced the energy loss
from the walls by 46.3 kW. Additionally, the use of electrochromic smart glass reduced energy loss from 8.5 kW
to 4.76 kW compared to conventional glass. Therefore, it can be concluded that by utilizing smart materials in a
three-story building, the total energy loss in the studied building decreased from 233.48 kwWh to 81.15 kWh.

Keywords: BMS, Smart Glass, Smart Materials, Silicafom Cement, Electrochromic Smart Glass
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