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Bgayall @il ) Jgeaslly sSLadll Jeal EnergyPlus Ver—8.3

Al JS0 A0 Clasted o Jpnall )sS3al zaliydl Jaxind S8
LalggliSlly el Ao DU &tuil) dalai] 5,5 (gl Heating Capacity .1
LalgolsCIL el Ao DU Causall dalaif 5,3 ) Cooling Capacity .2

Jxie¥) bl 8 Ll dsgil g e alS alal Causally sl Lol 8L .3

Al delu 8760 3 auhall slSladll DA (e gl
Ala US b asally e liall 500 2D a4
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BSLaall ali (8 oyl (isall z 3508 Jia 5:1 JSAN puall z3geill Y Ll (<8 ming 5:2 <
Building Model-1: [ shape
paaig Heating Design &sll maai Jae &3 &) z3laill b nall ghall ol 4 )lad]

i b WS il alsy Cooling Design ol

JLuys 214 KW 45l 5yl — Heating designaiaxl) aveas -1

s shape Total Design Heating Capacity = 214.070 (kW)

s 470 kKW 4l 5553l — Cooling design il aveas =2

Totals 470.02

Simulation dalall ¢Plgiuls gyhal) ~Lay¥1 -3

83



Time (Hours)

Index

S OPIS T e ) ALalS A Baaly de b IS (4150 Jaras Aphall 3SLaal) dae

Jalae (1) 1ol WS disllaall il jial) ayans 25 388 il 43 )aaly - gl 9818 31 ng
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05 il o) ) (zero to +4.0) b disaull i (zero to — 4.0) 52yl sy

colid A0Lal) Zadll afy Ll 5agpull Jrarg Hiall (e Tan Lo Jalall (S 131 Tas Loy

i Tpmgall Al sty LS Ll 05

Dlginl Jams a5 Energy Consumption Intensity dalall «Dlgiul 285 (o) -4
aallall Dl gsane 29 (KW/M?) JalSll alall Jiall 8 aope e JSI 28U
Al il 5ea¥ly slall Gy 85UV wyilly 28l

Pk LaS i) Culs aqsal) JSAll

Jal€ alad olial JSaIL e b LS Zll) culS; Fanger PMV (ghall #la )Y -

TR v e e v o Y11 et B e
L = R V1 L WPV WA

ST B [ A= S R e Ka

1 7 1 t
2002 Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Jan 2002 Day

]
o o oo o

o

£ 0w b lio s o

BlSlaal) graling 8 gyl isall 7350 (oal) L) 5:3 Yl

aladl Jlsh 42l 5006.00 alls (gl L) ae Cilelu goana (S5 —

Comfort and Setpoint Not Met Summary

Facility [Hours]

Time Setpoint Not Met During Occupied Heating 1.00

Time Setpoint Not Met During Occupied Cooling 23.00

Time Not Comfortable Based on Simple ASHRAE 55-2004 5006.00

TT1.TTKW/M? oS aladl Jlsha d8lall &Dlgind Joes —
84



Site and Source Energy

Total Energy [kWwh] Energy Per Total Building Area [kWh/m2] Energy Per Conditioned Building Area [kWh/m2]

Total Site Energy 442697.55
Net Site Energy 442697.55
Total Source Energy 1113961.35
Net Source Energy 1113961.35

Total intensity (111.11kW/m?2)

Utility Use Per Total Floor Area

Electricity Intensity Natural Gas Intensity

[kwh/m2]

Lighting 25.29
HVAC 0.00
Other 13.78
Total 39.07

Cooling intensity 40.84, heating intensity 31.20, lighting 25.29

o Jganlly e sn LS pell (KN A glladl) ilil) poen il (Ko

[kwh/m2]
0.00
0.00
0.00
0.00

Additional Fuel Intensity
[kWh/m2]

0.00
0.00
0.00
0.00

AN Al ayal) JSAN il Jganil 5 Jgaad)

214.07

111.11 111.11
111.11 111.11
279.58 279.58
279.58 279.58

District Cooling Intensity  District Heating ity ity

[kWh/m2] [kWh/m2] [m3/m2]

0.00 0.00 0.00

40.84 31.20 0.26

0.00 0.00 0.00

40.84 31.20 0.26

470.02

111.11

31.20 40.84

25.29 5006.00

%57
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Building Model-1: ] shape

oatty Ahall BSlaally Cluall Gllee cupaly Bl aalia) & WS Judl Dle Jie &
Pl LS Aaeall Allall milinl) cul€y Aplud) A2 ylal)

Luys kw 103= Heating designaissll aaai—1

lsq shape Total Design Heating Capacity = 103.210 (kW) |

L@ kw 426= Cooling design il avaai =2

Totals 42616

SimulationLlall =3
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N NV AT |
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3 Sun, 21 Apr 2002- Start D$T Tue, 2@ Oct 2002- End DT
2002 Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec
Jan 2002 Day

I EWA|] cALl)J L_f @)A\ L;\.\.AS\ CA)A.\S Lﬁ)b;]\ C\,ﬁ)‘}“ 5:5 Jad

e Fanger PMV-Annual discomfort hours 2313.50hours

e Total intensity (97.94kW/m?2)

Comfort and Setpoint Not Met Summary

Facility [Hours]

Time Setpoint Not Met During Occupied Heating 0.00

Time Setpoint Not Met During Occupied Cooling 25.00

Time Not Comfortable Based on Simple ASHRAE 55-2004 2313.50

Site and Source Energy

Total Energy [kWh] Energy Per Total Building Area [kWh/m2] Energy Per Conditioned Building Area [kWh/m2]
Total Site Energy 386973.95 97.94 97.94
Net Site Energy 386973.95 97.94 97.94

Utility Use Per Total Floor Area

icity Intensity  Natural Gas Intensity  Additional Fuel Intensity  District Cooling Intensity  District Heating Intensity ~ Water Intensity

[kwh/m2] [kwh/m2] [kwh/m2] [kwh/m2] [kwh/m2] [m3/m2]

Lighting 25.29 0.00 0.00 0.00 0.00 0.00
HVAC 0.00 0.00 0.00 30.41 19.46 0.26
Other 13.78 0.00 0.00 0.00 0.00 0.00
Total 30.07 0.00 0.00 39.41 19.46 0.26

e Cooling intensity 39.41, heating intensity 19.46, lighting 25.29

KW/m2

87



tt LS aapal) JSAl i) addag

Al At/ aopal) IS i) Joani2 § Jgaad)

O Yes 103.21 426.16 97.94

19.46 39.41 25.29 2313.50 %26

“woun

(Al LN aaed Lgi ol el sae 8l (3 Laadl (pallall OIS 45 jlae
il (hall Jiad) sliely g8 Jomil) pmgl) 5K g 2L 2700 ol il

%26 N %57 e N ade A 4y Cuaddll N
Aall e zlaill g pmas 80 A Wbl Jojaall GO (63 ) slaiel 2 @lly

A

Lol Alal) pye JSEN 4jlad) Joan 13 5 Jgaadl

O Yes 103.21 426.16 97.94

O No 214.07 470.02 111.11
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19.46

39.41

25.29

2313.50

die s %26

31.20

40.84

25.29

5006.00

Jis Qsx %57
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Building Model-1: [ shape

g 2L H.uii ERLRY]

araat Jae o alas 3580) Aabiaal) cla oD &) eV 3 el (glall oY) A3l

fob WS i) culy Cooling Design ayill avaig Heating Design 4l

Luygs KW 98 dsdxill 45llaall 5)08l — Heating designaisl) aveai -1

lsq shape Total Design Heating Capacity = 97.630 (K'W)

Lys KW 416 cansall 4 5lhaall 3503l — Cooling design ayill avaas =2

Totals

415.80

89



SimulationciLluall =3

. 22 | _Discomfort hrs (all clothing - _ ]I y R N

N M - n

A I 1 o A4 VA VYA A0 T DR

S e e ) AV AV LA T 1 Al A SR A IR R A1, Lo
;—F;FY . R L fw\-\/"\v/\ WY

1\,_\,_'/“ Y HN\\/\A\Anﬂ. \,-'\,\'\.,_r[\’\'\./\\

£ e VA VA I o A

Jan 2002 Day

sl C.ALU.\ “_?A e‘)d\ ‘;\.\A&\ CJ}A.\! Lﬁ)bﬁj\ Cl:fl)‘}“ 5:7 J<éd

e Fanger PMV - Annual discomfort hours 2143.0 hours

Comfort and Setpoint Not Met Summary

Facility [Hours]

Time Setpoint Not Met During Occupied Heating 0.00

Time Setpoint Not Met During Occupied Cooling 24.00

Time Not Comfortable Based on Simple ASHRAE 55-2004 2143.00

e Total intensity (98.33kW/m2)

Site and Source Energy

Total Energy [kWh] Energy Per Total Building Area [kWh/m2] Energy Per Conditioned Building Area [kWh/m2]
Total Site Energy 388524.21 98.33 98.33
Net Site Energy 388524.21 98.33 08.33

Utility Use Per Total Floor Area

Electricity Intensity  Matural Gas Intensity  Additional Fuel Intensity  District Cooling Intensity  District Heating Intensity ~ Water Intensity

[kWh/m2] [kWh/m2] [kWh/m2] [kWh/m2] [kWh/m2] [m3/m2]

Lighting 25.29 0.00 0.00 0.00 0.00 0.00
HVAC 0.00 0.00 0.00 35.02 20.35 0.26
Other 17.66 0.00 0.00 0.00 0.00 0.00
Total 42.96 0.00 0.00 35.02 20.35 0.26

e Cooling intensity 35.02, heating intensity 20.35, lighting 25.29
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O Yes 97.69 415.80 98.33

20.35 35.02 25.29 2143.00 %24

“woun
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LY D) aupall JSEU 5lal) Jgaa:5 5 Jgaad

No

103.21

426.16

97.94

97.69

415.80

98.33

19.46 39.41 25.29 2313.50 %26
20.35 35.02 25.29 2143.00 %24
2 dag)yl) Adlad)

sl gl gﬁ Jmdldy haal) QDS g& Jile 252 a2 O Js—i& Lo sl

BRGA] aall O gaag Azagid) uualy

& Ll A clalai¥) Lo Jledll s ae B8l maliyy (8 D) z3sed Jiay 5:8 2l
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b LS i) adlag
dagyl) Alad) apall JSEU militl) Jga9:6 5 Jgaad)

O/oo0 @ Yes 97.69 415.80 98.33
O/30 @ Yes 97.46 419.63 98.88
O /45 @ Yes 97.46 419.77 99.12
O /90 @ Yes 97.69 415.80 98.33
O/ 180 @ Yes 97.69 415.80 98.33
0/270 @ Yes 97.69 415.80 98.33

20.35 35.02 25.29 2143.00 %24
20.36 35.57 25.29 2147.50 %25
20.39 35.77 25.29 2155.00 %25
20.35 35.02 25.29 2142.50 %24
20.35 35.02 25.29 2142.00 %24
20.35 35.02 25.29 2142.50 %24
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Alall PUa ghall 7LV ase clelu sae 8 0 gopal) JSEI (i Lo 5 sy @
13 @)l dphad) dahll are Cun e @Sl G 1) CilSs 45/30 4l dlls b
& Sl (golual @llyy i lall 8l & ilil) gl Loy (2 Lo yY) aae (e Lt Aol
é}i&ﬂ &uﬁ:l Q99 edc Al L_f cdg.&.“
Al L) SlalatV L 320w dgag pae Alls 8 4ng Juadl (IS @
: dsaldd) s
laill god b mkly eaad) G L2 J5le dsay g O JS—i Lo sl

BRAN 2aaT 39299 Aaagid) aaady

tols LS ! dalal) iliil) cilS 324 Bae ) Avall vl da

Aacaldd) Allad) apal) JSEU i) Jgan:7 5 Jgaad

Y /00 @ Yes 97.29 412.72 94.23
Y /30 @ Yes 97.02 418.31 94.84
Y [ 45 @ Yes 97.02 418.98 95.12
Y /90 @ Yes 97.29 412.73 94.23
Y /180 @ Yes 97.29 412.72 94.23
Y [270 @ Yes 97.29 412.73 94.23
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20.82 34.33 25.29 2420.50 %28
20.85 34.92 25.29 2495.50 %28
20.91 35.14 25.29 2532.50 %29
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Building Model-2: O shape

Heating Design &l suasi Jae 3 Zindl z3lall 0 aall (gihall oY) 45l

t b WS il cul<y Cooling Design sl avaal

JLays 193 kKW 4l 5yl — Heating design dsxil) avaai—1

lo shape Total Design Heating Capacity = 193.130 (kW)

s 456 kKW Zasllad) 5yl — Cooling design ayill aveeai =2

Totals 456.13

Simulation 4l <Plginly gl ~ LY -3
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Jan 2002 Day

BSlaall zalipy 3 Ol z3sail (glall £ oY) ey 5:13 Y

Jal€ alad slial JSIL die b LS ) culS « Fanger PMV g all ~Lay1 -

(—;L’_“ d\}k iclu 4855.50 u—\-bdh Lf)‘)éj\ CLJEJY\ ads ale s t}m Q\Sj -

Comfort and Setpoint Not Met Summary

Facility [Hours]

Time Setpoint Not Met During Occupied Heating 1.00

Time Setpoint Not Met During Occupied Cooling 23.00

Time Not Comfortable Based on Simple ASHRAE 55-2004 4855.50

108.72kW/m* IS alall Jlsh dalall eDlgin) Jaea —
Site and Source Energy

Total Energy [kWh] Energy Per Total Building Area [kWh/m2] Energy Per Conditioned Building Area [kwh/m2]
Total Site Energy 428422.23 108.72 108.72
Net Site Energy 428422.23 108.72 108.72

Total intensity (108.72kW/m2)

Utility Use Per Total Floor Area

Electricity Intensity Natural Gas Intensity  Additional Fuel Intensity  District Cooling Intensity  District Heating Intensity Water Intensity

[kwh/m2] [kwh/m2] [kwh/m2] [kwh/m2] [kwh/m2] [m3/m2]

Lighting 25.29 0.00 0.00 0.00 0.00 0.00
HVAC 0.00 0.00 0.00 39.40 30.25 0.26
Other 13.78 0.00 0.00 0.00 0.00 0.00
Total 39.07 0.00 0.00 39.40 30.25 0.26

Cooling intensity 39.40, heating intensity 30.25, lighting 25.29
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Luys 95kw = Heating designaiisl) avesi -1

o shape Total Design Heating Capacity = 95.220 (kW) |

L@ kw 417.6= Cooling design sl awsi —2

Totals 417.59

SimulationLleall =3
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BSlaall zaliyy 3 Ol zasadl (ghall Z LoV Jia 5:15 Jeial

e Fanger PMV - Annual discomfort hours 2309.50 hours

Comfort and Setpoint Not Met Summary

Facility [Hours]

Time Setpoint Not Met During Occupied Heating 0.00

Time Setpoint Not Met During Occupied Cooling 24.50

Time Not Comfortable Based on Simple ASHRAE 55-2004 2309.50

e Total intensity (100.84 kW/m2)

Site and Source Energy

Total Energy [kWh] Energy Per Total Building Area [kWh/m2] Energy Per Conditioned Building Area [kWh/m2]
Total Site Energy 394401.40 100.84 100.84
Net Site Energy 394401.40 100.84 100.84

Utility Use Per Total Floor Area

Electricity Intensity Natural Gas Intensity  Additional Fuel Intensity  District Cooling Intensity  District Heating Intensity Water Intensity

[kwh/m2] [kwh/m2] [kwh/m2] [kwh/m2] [kwh/m2] [m3/m2]

Lighting 25.29 0.00 0.00 0.00 0.00 0.00
HVAC 0.00 0.00 0.00 38.83 19.05 0.26
Other 17.66 0.00 0.00 0.00 0.00 0.00
Total 42.96 0.00 0.00 38.83 19.05 0.26
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e Cooling intensity 38.83, heating intensity 19.05, lighting 25.29
KW/m?2

:@ LS (@) AUl Ay il paddag

400N Al O J<al) i) Jgan:9 5 Jaall

(o) Yes 95.22 417.59 100.84

19.05 38.83 25.29 2309.50 %26

Glis @hall 2 LY asad gl oLl axe 8 €l Gl Jaadls allal) S Al @
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Aol Al O J<al 4jlaal) Jgaa 1105 Jgaall

Yes

95.22

417.59

100.84

No

193.19

456.13

108.72

19.05

38.83

25.29

2309.50

Jde 1525 %26

30.25

39.40

25.29

4855.50

die 0% %55
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digly zlajd) gl gé Jmadd g edaall S gé Jils 3529 2w O gilal) daad)
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gy AL H.u.ﬁéi 099
Building Model-2: O shape
pranai Jae o Tasles 8)6S0al) aiaal) laladDl Ziad) eV 8 el yhal) olaY) 25l

fob WS il culSy Cooling Design aill aeaiy Heating Design déail)

Ly 90 kW asill 4gllaall 503l — Heating designaixll s —1

o shape Total Design Heating Capacity = 90.410 (kW)

Luyis KW 407 cansall 4 9lhadl) 533l — Cooling design il aveeas =2

Totals 40b.57
SimulationLluall =3
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- Fanger PMV -  Annual discomfort hours 2118.00 hours

Comfort and Setpoint Not Met Summary

Fadility [Hours]

Time Setpoint Mot Met During Occupied Heating 0.00

Time Setpoint Not Met During Occupied Cooling 23.50

Time Not Comfortable Based on Simple ASHRAE 55-2004 2118.00

104



— Total intensity (97.29kW/m2)

Site and Source Energy

Total Energy [kWh] Energy Per Total Building Area [kWh/m2] Energy Per Conditioned Building Area [kWh/m2]
Total Site Energy 380524.10 97.29 97.29
Net Site Energy 380524.10 97.29 97.29

Utility Use Per Total Floor Area

Electricity Intensity ~ Natural Gas Intensity  Additional Fuel Intensity  District Cooling Intensity  District Heating ity ~ Water ity

[kWh/m2] [kWh/m2] [kWh/m2] [kWh/m2] [kWh/m2] [m3/m2]

Lighting 25.29 0.00 0.00 0.00 0.00 0.00
HVAC 0.00 0.00 0.00 34.13 20.21 0.26
Other 17.66 0.00 0.00 0.00 0.00 0.00
Total 42.96 0.00 0.00 34.13 20.21 0.26

— Cooling intensity 34.13, heating intensity 20.21, lighting 25.29

:ﬁ LS i) (adlag

LU sl O il i) Jgani11 5 Jgaad)

(o) Yes 90.41 406.57 97.29

20.21 34.13 25.29 2118.00 %24
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Yes

No

95.22

417.59

100.84

90.41

406.57

97.29

19.05

38.83

25.29

2309.50

%26

20.21

34.13

25.29

2118.00

%24
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Heating Design ixll aa o oo o340l z3lail) 8 el (ghall o)) 45 )ladl
f b WS il culKy Cooling Design ayill avenalg

Loy 90 kW dzaasll 4glhall 328l — Heating designiassll s ai-1
o shape Total Design Heating Capacity = 90.370 (KW)

Lys KW 407 aanall 4 5lhaall 3503l — Cooling design ayill avaas =2

Totals 406.5b

SimulationLlall =3
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Fanger PMV — Annual discomfort hours 2118.50 hours

Comfort and Setpoint Not Met Summary

Facility [Hours]

Time Setpoint Not Met During Occupied Heating 0.00

Time Setpoint Not Met During Occupied Cooling 23.50

Time Not Comfortable Based on Simple ASHRAE 55-2004 2118.50

— Total intensity (97.30 kW/m2)

Site and Source Energy

Total Energy [kWh] Energy Per Total Building Area [kWh/m2] Energy Per Conditioned Building Area [kWh/m2]

Total Site Energy 380534.47 97.30 97.30
Net Site Energy 380534.47 97.30 97.30
Utility Use Per Total Floor Area

Electricity Intensity Natural Gas Intensity ~ Additional Fuel Intensity  District Cooling Intensity  District Heating Intensity Water Intensity
[kwh/m2] [kwh/m2] [kWh/m2] [kWh/m2] [kwh/m2] [m3/m2]
Lighting 25.29 0.00 0.00 0.00 0.00 0.00
HVAC 0.00 0.00 0.00 34.13 20.21 0.26
Other 17.66 0.00 0.00 0.00 0.00 0.00
Total 42.96 0.00 0.00 34.13 20.21 0.26

- Cooling intensity 34.13, heating intensity 20.21, lighting 25.29
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b LS i) adlag
dagl) Aal) O i) i) Jgan:13 5 Jgaad)

o Yes 90.37 406.56 97.29

20.21 34.13 25.29 2118.00 %24

da)l) Al O U<l 45jlaal) Jgan 114 5 Jgaal)

0/00 @ Yes 90.41 406.57 97.29
0/30 @ Yes 90.37 406.56 97.29
0 /45 @ Yes 90.37 406.56 97.29
0/90 @ Yes 90.41 406.57 97.29
0 /180 @ Yes 90.41 406.57 97.29
0/270 @ Yes 90.41 406.57 97.29
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20.21 34.13 25.29 2118.00 %24
20.21 34.13 25.29 2118.00 %24
20.21 34.13 25.29 2118.00 %24
20.21 34.13 25.29 2118.00 %24
20.21 34.13 25.29 2118.00 %24
20.21 34.13 25.29 2118.00 %24
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dalad) Aal) O i) gilial) Jgan:15 5 Jgaad)

0/00 @ Yes 89.84 403.74 93.20
0/30 @ Yes 89.76 404.23 93.21
0 /45 @ Yes 89.80 405.00 93.21
0/90 @ Yes 89.84 403.72 93.19
0 /180 @ Yes 89.84 403.74 93.20
0/270 @ Yes 89.84 403.72 93.19

20.70 33.43 25.29 2417.50 %28
20.70 33.44 25.29 2494.50 %28
20.69 33.45 25.29 2531.50 %29
20.68 33.43 25.29 2408.00 %27
20.70 33.44 25.29 2418.00 %28
20.68 33.43 25.29 2408.00 %27
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Building Model-3: rectangle shape

pianais Heating Design dixill saai Jae o3 L) z3laill b nall ghall el 4 )ladl
t b LS il il Cooling Design ol

Irect shape Total Design Heating Capacity = 222.230 (k) |

g 222 KW 4l 5yl — Heating designaial)

L@ 499 KW duslhadl 5)xall — Cooling design aiyall asaas .2
Totals 498.95

Simulation 4l <Plginly gl ~ LY .3
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(—;L’_“ d\}k icle 5121.50 u-""“’SL’ q;)baj\ C‘:‘EJY\ (ﬂs ale s &)m Q\S} -

Comfort and Setpoint Not Met Summary

Facility [Hours]

Time Setpoint Not Met During Occupied Heating 1.00

Time Setpoint Not Met During Occupied Cooling 20.00

Time Not Comfortable Based on Simple ASHRAE 55-2004 5121.50

115.11 kW/m? oS alall Jlgha 48Ul &Dlgind Jaee —
Site and Source Energy
Total Energy [kWh] Energy Per Total Building Area [kWh/m2] Energy Per Conditioned Building Area [kWh/m2]

Total Site Energy 457057.90 115.11 115.11
Met Site Energy 457057.90 115.11 115.11

— Total intensity (115.11 kW/m2)

Utility Use Per Total Floor Area

Electricity ity 1 Gas ity Additional Fuel Intensity  District Cooling Intensity ~ District Heating Intensity ~ Water Intensity

[kWh/m2] [kWh/m2] [kWh/m2] [kWh/m2] [kWh/m2] [m3/m2]

Lighting 25.29 0.00 0.00 0.00 0.00 0.00
HVAC 0.00 0.00 0.00 44.21 31.83 0.26
Other 13.78 0.00 0.00 0.00 0.00 0.00
Total 39.07 0.00 0.00 44.21 31.83 0.26

— Cooling intensity 44.21, heating intensity 31.83, lighting 25.29
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— No 222.23 498.95 115.11

31.83 44.21 25.29 5121.50 %58
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rect shape Total Design Heating Capacity = 107 030 (K'W)

Luys 448 kw = Cooling design vyl awai -2

Totals 448.16

SimulationciLluall =3
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— Fanger PMV - Annual discomfort hours 2385.50 hours

Comfort and Setpoint Not Met Summary

Fadility [Hours]

Time Setpoint Not Met During Occupied Heating 0.00

Time Setpoint Not Met During Occupied Cooling 23.00

Time Not Comfortable Based on Simple ASHRAE 55-2004 2385.50

— Total intensity (101.14 kW/m2)

Site and Source Energy

Total Energy [kWh] Energy Per Total Building Area [kWh/m2] Energy Per Conditioned Building Area [kWh/m2]
Total Site Energy 398015.30 101.14 101.14
Net Site Energy 398015.30 101.14 101.14

utility Use Per Total Floor Area
Electricity Intensity ~ Natural Gas Intensity ~ Additional Fuel Intensity  District Cooling Intensity  District Heating Intensity  Water Intensity

[kWh/m2] [kWh/m2] [kWh/m2] [kWh/m2] [kWh/m2] [m3/m2]

Lighting 25.29 0.00 0.00 0.00 0.00 0.00
HVAC 0.00 0.00 0.00 42,63 19.44 0.26
Other 13.78 0.00 0.00 0.00 0.00 0.00
Total 39.07 0.00 0.00 42.63 19.44 0.26

— Cooling intensity 42.63, heating intensity 19.44, lighting 25.29

KW/m2
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Yes

107.03

448.16

101.14

1 [

No

22223

498.95

115.11

19.44

42.63

25.29

2385.50
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pranai Jae o Tasles 35S0l daiaal) laladDl diad) eV 8 el yhal) oo 5l

f b LS mitull ciilsy Cooling Design ol sy Heating Design il

Lyss 101 kWasaxnll 44kl 50l — Heating designasasl) a1

[rect shape Total Design Heating Capacity = 101.150 (kW) |

Luyss KW 425 Canall du5lladl) 5)53l) — Cooling design il aseai —2

Totals 42477 |

SimulationLluall =3
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— Fanger PMV-Annual discomfort hours 2178.50 hours

Comfort and Setpoint Not Met Summary

Facility [Hours]

Time Setpoint Not Met During Occupied Heating 0.00

Time Setpoint Not Met During Occupied Cooling 20.00

Time Not Comfortable Based on Simple ASHRAE 55-2004 2178.50

— Total intensity (96.50 kW/m?2)

Site and Source Energy

Total Energy [kWh] Energy Per Total Building Area [kWh/m2] Energy Per Conditioned Building Area [kWh/m2]
Total Site Energy 379755.16 96.50 96.50
MNet Site Energy 379755.16 96.50 96.50
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Utility Use Per Total Floor Area

Electricil ity Gas ity Additional Fuel Intensity  District Cooling Intensity  District Heating Intensity ~ Water Intensity

[kWh/m2] [kWh/m2] [kWh/m2] [kWh/m2] [kWh/m2] [m3/m2]

Lighting 25.29 0.00 0.00 0.00 0.00 0.00
HVAC 0.00 0.00 0.00 36.46 20.97 0.26
Other 13.78 0.00 0.00 0.00 0.00 0.00
Total 39.07 0.00 0.00 36.46 20.97 0.26

— Cooling intensity 36.46, heating intensity 20.97, lighting 25.29

oy LaS il Gadleg

AU Dla) Judatnal) Jal milial) J502:19 5 Jaadl

—i Yes 101.15 424.77 96.50

20.97 36.46 25.29 2178.50 %25
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AENE DY) Judatead) JSEN L jlaall Jgaa:20 5 Jgaad)

Yes No 107.03 448.16 101.14

Yes Yes 101.15 424.77 96.50

1 [

19.44 42.63 25.29 2385.50 %27
20.97 36.46 25.29 2178.50 %25
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Jpgar LAS@‘U.'\S\ il

dagl) Aad) Judaliens JSAN) @l Jgani21 5 Jgand

oo = ® Yes 101.15 424.77 96.50
30 [~ © Yes 100.81 424.34 96.36
45 = ® Yes 100.81 420.13 95.91
90 = © Yes 100.96 409.85 93.71
180 = Y Yes 101.15 424.77 96.50
270 = = Yes 100.96 409.85 93.71

20.97 36.46 25.29 2178.50 %25
21.07 36.22 25.29 2184.50 %25
21.16 35.68 25.29 2179.00 %25
21.15 33.49 25.29 2150.50 %25
20.97 36.46 25.29 2178.50 %25
21.15 33.49 25.29 2150.00 %25
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foh LS Sall dalal) Akl colS g2l sae ) Sl s da

Lsalil) ) Jadaiewal) JSEU ilisl] J9an:22 5 gaad

oo = ® Yes 100.86 427.16 96.58
30 = ® Yes 100.47 427.17 96.42
45 ® Yes 100.47 422.20 96.00
90 [ © Yes 100.64 406.76 93.76
180 = 2 Yes 100.86 427.16 96.58
270 = = Yes 100.64 406.76 93.76

20.83 36.68 25.29 2441.50 %28
20.93 36.42 25.29 2530.00 %29
21.06 35.87 25.29 2592.50 %30
21.12 33.57 25.29 2482.50 %28
20.83 36.68 25.29 2441.00 %28
21.12 33.57 25.29 2482.50 %28
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Heating Design sl aass Jae o5 &l z3laill b aall (gl olaY) &l

&-‘ LS bl culSy Cooling Design a,ill aveal

Auy@s 245 KW doslhdl) 5)xall — Heating designasasl) awess .1

~ shape Total Design Heating Capacity = 245.1b0 (kW)

s 494 KW 4l 5)al) — Cooling design il avess .2

| otals 494 48
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Comfort and Setpoint Not Met Summary

Facility [Hours]

Time Setpoint Not Met During Occupied Heating 0.00

Time Setpoint Not Met During Occupied Cooling 20.00

Time Not Comfortable Based on Simple ASHRAE 55-2004 5121.00

117.92kW/m? Jlall Jlghs d8Uall Dlginl Jane o8 —

Site and Source Energy

Total Energy [kWh] Energy Per Total Building Area [kWh/m2] Energy Per Conditioned Building Area [kWh/m2]

Total Site Energy 462410.30 117.92 117.92
Net Site Energy 462410.30 117.92 117.92
Total Source Energy 1169090.75 298.12 298.12
Net Source Energy 1169090.75 208.12 298.12

— Total intensity (117.92kW/m2)

Utility Use Per Total Floor Area

Electricity Intensity  Natural Gas Intensity  Additional Fuel Intensity  District Cooling Intensity  District Heating Intensity ~ Water Intensity

[kWh/m2] [kWh/m2] [kWh/m2] [kWh/m2] [kWh/m2] [m3/m2]

Lighting 25.29 0.00 0.00 0.00 0.00 0.00
HVAC 0.00 0.00 0.00 43.21 35.64 0.26
Other 13.78 0.00 0.00 0.00 0.00 0.00
Total 39.07 0.00 0.00 43.21 35.64 0.26

— Cooling intensity 43.21, heating intensity 35.64, lighting 25.29
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Building Model-4: X shape
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L& 119 kw = Heating designaixl) aveas .1

 shape Total Design Heating Capacity = 118.b80 (kW)
L)@ 444 kw = Cooling design ayill avaas .2

Totals 443.78
SimulationcLluall .3
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- Fanger PMV - Annual discomfort hours 2356.00 hours

Comfort and Setpoint Not Met Summary

Fadility [Hours]

Time Setpoint Not Met During Occupied Heating 0.00

Time Setpoint Not Met During Occupied Cooling 24.00

Time Not Comfortable Based on Simple ASHRAE 55-2004 2356.00

— Total intensity (101.60kW/m?2)

Site and Source Energy

Total Energy [kWh] Energy Per Total Building Area [kWh/m2] Energy Per Conditioned Building Area [kWh/m2]
Total Site Energy 394048.15 101.60 101.60
Net Site Energy 394048.15 101.60 101.60

Utility Use Per Total Floor Area

Electricity Intensity ~ Natural Gas Intensity  Additional Fuel Intensity  District Cooling Intensity  District Heating Intensity Water Intensity

[kwh/m2] [kwh/m2] [kWh/m2] [kwh/m2] [kWh/m2] [m3/m2]

Lighting 25.29 0.00 0.00 0.00 0.00 0.00
HVAC 0.00 0.00 0.00 41.99 20.54 0.26
Other 13.78 0.00 0.00 0.00 0.00 0.00
Total 39.07 0.00 0.00 41.99 20.54 0.26

— Cooling intensity 41.99, heating intensity 20.54, lighting 25.29

KW/m2
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Building Model-4: X shape

g AL Huii 099

paanai Jae o Taslas 8)6S0al) Aaidal) hlalad Al eV 6 Jiall (gyhal) olaY) 45l

t b WS il culsy Cooling Design il aeaiy Heating Design - 43l

Loys KW 112 sl 455a4) 5)5) — Heating designaissill s . 1

t>< shape Total Design Heating Capacity = 111.990 (kW)

Luyss KW 424 Cansall 4u5ladl) 5)03) — Cooling design wyill aveas .2

Totals 424.00 |
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Comfort and Setpoint Not Met Summary

Facility [Hours]

Time Setpoint Not Met During Occupied Heating 0.00

Time Setpoint Not Met During Occupied Cooling 21.50

Time Mot Comfortable Based on Simple ASHRAE 55-2004 2316.00

— Total intensity (97.38kW/m2)

Site and Source Energy

Total Energy [kWh] Energy Per Total Building Area [kWh/m2] Energy Per Conditioned Building Area [kWwh/m2]

Total Site Energy 377671.78 97.38 97.38

Net Site Energy 377671.78 97.38 97.38
utility Use Per Total Floor Area

‘Water

Electricity Intensity  Natural Gas Intensity  Additional Fuel Intensity  District Cooling Intensity  District Heating i ity

[kwh/m2] [kwh/m2] [kwh/m2] [kwh/m2] [kwh/m2] [m3/m2]

Lighting 25.29 0.00 0.00 0.00 0.00 0.00
HVAC 0.00 0.00 0.00 35.93 22.38 0.26
Other 13.78 0.00 0.00 0.00 0.00 0.00
Total 39.07 0.00 0.00 35.03 22.38 0.26

— Cooling intensity 35.93, heating intensity 22.38, lighting 25.29
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X /00 @ Yes 111.99 424.00 97.38
X /30 @ Yes 111.99 422.56 97.56
X/ 45 @ Yes 112.28 422.55 97.61
X/90 @ Yes 111.99 224.00 97.38
X /180 @ Yes 111.99 224.00 97.38
X[270 @ Yes 111.99 224.00 97.38

22.38 35.93 25.29 2316.00 %26
22.38 36.12 25.29 2300.50 %26
22.42 36.12 25.29 2299.00 %26
22.38 35.93 25.29 2316.00 %26
22.38 35.93 25.29 2316.00 %26
22.38 35.93 25.29 2315.50 %26
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00 /X @ Yes 112.27 425.64 97.70
30/ X @ Yes 112.27 424.75 97.93
45 | X @ Yes 112.56 424.28 98.04
90 / X @ Yes 112.27 425.64 97.70
180 / X @ Yes 112.27 425.64 97.70
270 [ X @ Yes 112.27 425.64 97.70

22.40 36.22 25.29 2654.50 %30
22.43 36.42 25.29 2735.00 %31
22.52 36.44 25.29 2779.50 %32
22.40 36.22 25.29 2655.00 %30
22.40 36.22 25.29 2655.00 %30
22.40 36.22 25.29 2654.50 %30
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Building Model-5: T shape
Jae & Tl 5)6S0al) dabial) claladl &3l VAl 8 all (gyhall claY) 45lad]

f b WS il culKy Cooling Design ayill asaaiy Heating Design 23l avaas

s 248 KW 4l 5yl — Heating designaiaxl) aveas .1

T shape Total Design Heating Capacity = £247.770 (kW)

L@ 479 KW duslhadl 5)xll — Cooling design aiyall aweai .2

| otals 478.9b
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Comfort and Setpoint Not Met Summary

Facility [Hours]

Time Setpoint Not Met During Occupied Heating 0.00

Time Setpoint Not Met During Occupied Cooling 23.00

Time Not Comfortable Based on Simple ASHRAE 55-2004 5049.00

116.24kW/m? Jlall Jlghs d8Uall Dlginl Jane o8 —

Site and Source Energy

Total Energy [kWh] Energy Per Total Building Area [kWh/m2] Energy Per Conditioned Building Area [kWh/m2]

Total Site Energy 455835.85 116.24 116.24
Net Site Energy 455835.85 116.24 116.24
Total Source Energy 1155492.60 294.65 294.65
Net Source Energy 1155492.60 294.65 294,65

Utility Use Per Total Floor Area

Electricity Intensity ~ Natural Gas Intensity ~ Additional Fuel Intensity  District Cooling ity District Heati i Water ity

[kWh/m2] [kwh/m2] [kwh/m2] [kWh/m2] [kwh/m2] [m3/m2]

Lighting 25.29 0.00 0.00 0.00 0.00 0.00
HVAC 0.00 0.00 0.00 42.19 34.97 0.26
Other 13.78 0.00 0.00 0.00 0.00 0.00
Total 39.07 0.00 0.00 42.19 34.97 0.26

— Cooling intensity 42.19, heating intensity 34.97, lighting 25.29
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-

145



A Alal) T J<al milill) Jgan 130 5§ Jgaad

T No 247.77 478.96 116.24

34.97 42.19 25.29 5049.0 %58

: Al Al

BRG] psanll O gag (piual) DS w Jols asay e T JS& Ao Aaall

&

BSlaall el AT el z3sas Sinr 5:45 J<id)

Building Model-5: T shape
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T shape Total Design Heating Capacity = 119.680 (kW) |

L@ 433 kw = Cooling design xyall avaas .2

Totals 43311

SimulationcLlaall .3
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— Fanger PMV- Annual discomfort hours 2326.50 hours

Comfort and Setpoint Not Met Summary

Facility [Hours]

Time Setpoint Not Met During Occupied Heating 0.00

Time Setpoint Not Met During Occupied Cooling 24.50

Time Not Comfortable Based on Simple ASHRAE 55-2004 2326.50

— Total intensity (100.51 kW/m2)

Site and Source Energy

Total Energy [kWh] Energy Per Total Building Area [kWh/m2] Energy Per Conditioned Building Area [kWh/m2]
Total Site Energy 389811.42 100.51 100.51
Net Site Energy 389811.42 100.51 100.51

Utility Use Per Total Floor Area

Electricity Intensity Natural Gas Intensity ~ Additional Fuel Intensity  District Cooling Intensity  District Heating Intensity Water Intensity

[kwh/m2] [kwh/m2] [kWh/m2] [kwh/m2] [kwh/m2] [m3/m2]

Lighting 25.29 0.00 0.00 0.00 0.00 0.00
HVAC 0.00 0.00 0.00 41.12 20.31 0.26
Other 13.78 0.00 0.00 0.00 0.00 0.00
Total 39.07 0.00 0.00 41.12 20.31 0.26

— Cooling intensity 41.12, heating intensity 20.31, lighting 25.29
kKW/m?2
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T Yes 119.68 433.11 100.51

20.31 41.12 25.29 2326.50 %27
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T Yes 119.68 433.11 100.51

T No 247.77 478.96 116.24
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Building Model-5: T shape
Jae o0 Tl 5)sS0all dabiaall cilaladDI &1l el gl gyhall el &l

fob LS il culSy Cooling Design ayill avsiy Heating Design d3xil) avaas

Loya KW 113 sl 455040 5)5 — Heating designaisill s . 1

T shape Total Design Heating Capacity = 112.800 (kK'wW)

Luyss KW 418 Cansall duglladl) 5)58l) — Cooling design il aveas .2

Totals 417.83
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- Fanger PMV - Annual discomfort hours=2316.0 hours

Comfort and Setpoint Not Met Summary

Facility [Hours]

Time Setpoint Not Met During Occupied Heating

Time Setpoint Not Met During Occupied Cooling

Time Not Comfortable Based on Simple ASHRAE 55-2004

— Total intensity (96.61 kW/m2)

Site and Source Energy

0.00
21.50

2316.00

Total Energy [kWh] Energy Per Total Building Area [kWh/m2] Energy Per Conditioned Building Area [kWh/m2]

Total Site Energy

Met Site Energy

Utility Use Per Total Floor Area

Electricity Intensity

Lighting
HVAC
Other

Total

[kwh/m2]
25,29

0.00

13.78
39.07

374682.90
374682.90

Natural Gas Intensity
[kwh/m2]

0.00
0.00
0.00
0.00

Additional Fuel Intensity
[kWh/m2]

0.00
0.00
0.00
0.00

96.61
96.61

District Cooling Intensity
[kwh/m2]

0.00

3535

0.00

35.35

District Heating Intensity
[kwh/m2]

0.00

22.18

0.00

22.18

96.61
96.61

Water Intensity
[m3/m2]

0.00
0.26
0.00
0.26

- Cooling intensity 35.35, heating intensity 22.18, lighting 25.29

150



ok LS i) padlag

A D) T J<ill milisl) Jgaa:33 5 Jgand

T Yes 112.80 417.83 96.61

22.18 35.35 25.29 2256.50 %26

2 B G sl (Gske zlay sl gale zladr Jojaad) uall) ollad) NS A5lias
i) gl (55K Ligins Aol 70 sslan 53y cohad) 7LV axad dsgind) cile Ll
Dbl Grey ) Oske zlay I zladll gs8 uids el @hall Jiall olicl s
.( 6mm/13mm Air

Dbl Grey 6mm/13mm ) Gsball zlaslly Jgjeadl Gl (63 ) alael Ly elly
Al Al b adde aaagll juas kAl ((Ar

JEEN DY T J<al 4 jlaal) Jgaa:34 5 Jgaal)

T Yes No 119.68 433.11 100.51

T Yes Yes 112.80 417.83 96.61
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20.31 41.12 25.29 2326.50 %27

22.18 35.35 25.29 2256.50 %26

s dag)yl) Al

sady zlajd) gl gé Jmadd g pimad) AMS g.sl Jols g9 ae T JS& (Ao hawd)

GREN 23a3 O gaag dua il

—
—
—
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—
—

Sike o5 Gaula) Ay V1 Slalat¥) e Jladl) o5 aa 8ISIaall maling AT (inall 2 39a8 Jiay 5:49 (<4

Jledll pe dap2 30 dugly ke & Jlall e da) 45 dgly
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ok LS i) padlag

o)l sl T Sl iliil) Jg1a:35 5 Jgaal

T/00 @ Yes 112.80 417.83 96.61
T/30 @ Yes 112.56 424.74 97.56
T/45 @ Yes 112.56 428.28 98.07
T/90 @ Yes 112.92 431.73 98.87
T/180 @ Yes 112.79 418.31 96.71
T/270 @ Yes 112.92 432.15 98.96

22.18 35.35 25.29 2256.50 %26
22.14 36.34 25.29 2283.00 %26
22.11 36.90 25.29 2302.50 %26
21.91 37.88 25.29 2299.50 %26
22.08 35.56 25.29 2251.00 %26
22.20 37.69 25.29 2310.50 %26
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?L’J\ BYEN L..S_)bal\ CL.\S‘)\J\ pae Gale L JJ:@TJS&UA;Q@L?M)"MJ;& °

Lgin de L

el slad) e dayn 180 cnall s e sp J<all dsngi Judl (IS @

s A A Al
mlagd) £od L8 aaaly daad) WS L3 Jole dsag 2w T dija (€4 Lo Ll
TR 99 (2 sty (o= @2 GO 99 & ) @ (A

(BR&N 2380 39299 Azagid) aaady

:&M&Jhw\éM\uK@st\&A\*&q@

Ll Al T (il milisl] Jgan 1365 Jgaad

T/00 @ Yes 112.72 419.16 96.75
T/30 @ Yes 112.47 424.12 97.66
T/45 @ Yes 112.47 431.69 98.15
T/90 @ Yes 112.85 433.30 98.99
T /180 @ Yes 112.74 420.21 97.03
T/270 @ Yes 112.86 435.77 99.23
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22.13 35.54 25.29 2559.00 %29
22.07 36.52 25.29 2576.00 %29
22.02 37.06 25.29 2577.00 %29
21.87 38.05 25.29 2589.00 %30
22.21 35.75 25.29 2828.00 %32
22.22 37.94 25.29 2651.50 %30
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pladl Dla @l Z LY
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WY axe e %26 dus ) deall L bgin dels 70 o S
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180 el yusas oy Jadh gt delw 60 GHLA LS glyall 7LV
Y oda 8 dunag Juadl Jladll sladl (e da )
s Ll Ghall ZLa N are e delu 270 Bl sghs il s ey 4
Glelad sae Jly Lo Juadl Jloill olat) i el el g2y aagl
i are 50 %29 A T z3saill Jagl 1aa 2 La Y are
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Jimadly ¢8Il zlash) of paly S i o poaiod bl od ey
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st Gl LN axe e %29
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dclu (-2700)
27%-58%

4slu (-70)
26%-27%
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dclu (-60) il A g
dclu (+270)
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Annual discomfort hours
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BT zisdl
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SISladll galiys Y (isall ises Jis 5:52 JSAN Y gisal Y1 i) JS5 mang 5151 Jead
BRG] anudl O 9343 wiad) GME 8 Jole asag G Y dija (SE s dual)

Building Model-6: Y shape
Heating Design axll ave o oo a3 &1l z3laill & Jiall (gl olaY) d3)lad]
fob WS il culKy Cooling Design ayill avaal

JLuys 241 KW 4l 5yll — Heating designaiasl) awes -1

Y shape Total Design Heating Capacity = 241.190 (KW)

s 493 KW 4l 5y53l) — Cooling design il aveas =2

| Totals 493.49 |

Simulation 43l <Plginly gl # LY -3

S OPST e i) ALl A saalg Aol JST (4550 Jaray sl 3Saal) dee

abne (1) ol LS dglladd) clajiall paas o5 2 bl 4550y . Jol 0silS 31 (ng
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Index

By oSl (a9 # L)Y ds )y 2oay (53l alaall ga9 Fanger PMV DA e L )Y)
lax Laaye 05 Ll o) ) (zero to +4.0) il L33l i (zero to — 4.0) 53,
Dla 0sSog esli s A0l Zal) ol LelS 8395l Jrang il (e Tas Lo Jalall 1S 13

s doagal) daidll )y LS
Al Dlgs ) Jara 29 Energy Consumption Intensity dsUall «Blgs ) 436 (o)

2yilly A38lly B3UI) DUt g gana a9 (KW/M?) Jal€l) alall iiall 8 aope jie S
LA Al 5gaYly slall iy 5)EY

o LS i) culS Y g dgailt

Time (Hours)

T A roah ah A I

WL IRV N A .
LA A | VA O O AT Tl N RV TR AV A A M
o N 1" R T | FAY Y A Y W \II.JUU\
; r | U Vw Jvy I
T A e A AV LY

B S A A A YRR PW AW ALY A \AoA
AT AT ViV AN

:i [ Sun, 31 Apr 2002- Start D§T Tue, 2P Oct 2002- End DT

2002 Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Jan 2002 Day

Y J<al- sl cab_); L.é Lf'\..ml\ CJ_}A.\S L..S_)l)éj‘ C\:ﬁ_ﬂ“ 5:53 Jéd

JalS alad oLl (5:00) JSalL dine o LS miluill culSy Fanger PMV (g all ~LsyY)

Comfort and Setpoint Not Met Summary

Facility [Hours]

Time Setpoint Not Met During Occupied Heating 1.00

Time Setpoint Not Met During Occupied Cooling 24.00

Time Not Comfortable Based on Simple ASHRAE 55-2004 4922.50

Al Jlgha de b 4922.5 isalls hall iV axe el pana OIS -

159



Site and Source Energy

Total Energy [kWh] Energy Per Total Building Area [kWh/m2] Energy Per Conditioned Building Area [kWh/m2]
Total Site Energy 495210.25 126.18 126.18
Net Site Energy 4095210.25 126.18 126.18

126.18kW/m?* ,\<a alad) Jlgh daUal) eDlgin) Jana -
— Total intensity (126.18 kW/m?2)
— Cooling intensity 46.34, heating intensity 26.54, lighting 25.29

M Jpaalls Gaa 90 LS (1Y) Allall Aygllaal) quilis) gpas el sy

A Al Y il i) Jgaa:37 5 Jsaad)

Y No 241.19 493.49 126.18

26.54 46.34 25.29 4922.5 %56
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BRAN asuwdl O gag (oiuall DS e dile asag ae Y dija JS4 Lle Ldaald)

BISlaall galing (3 Y el z3gas Jiar 5:54 J<a)

Building Model-6: Y shape

sy Ahall slSlaally Gl clilee cualy Wl aslcad 25 LS udl e Jie &

ol LS dlaaall Ala geilial) il Lol il

Heating designaisll e -1

'Y shape Total Design Heating Capacity = 118.520 (KW) |

Cooling design vl aweai =2

[Totals 446.33 |

Simulation «llaall -3
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2 === Dscofort hrs (al ciothing
- M 1 )
% T B A A
. Al il TR IRV ANAT Y
ELl VO e ] VA U i
U-Mﬁ ! V —
| =
0 AAR A \j—/\_.-/\ DN
MV N M NN TN
£ ) /
Sun, 31 Apr 2002- Start D$T Tue, 2§ Oct 2002- End DT
2002 Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec
Jan 2002 Day

Y Sl —5lSlaall graliy b il = 3sad (gl £ Lo Y) 5:55 Y
Annual discomfort hours 2446.5 hours—-Fanger PMV

Comfort and Setpoint Not Met Summary

Facility [Hours]

Time Setpoint Not Met During Occupied Heating 0.00

Time Setpoint Not Met During Occupied Cooling 29.50

Time Not Comfortable Based on Simple ASHRAE 55-2004 2446.50

— Total intensity (116.50 kW/m?2)

Site and Source Energy

Total Energy [kWh] Energy Per Total Building Area [kWh/m2] Energy Per Conditioned Building Area [kWh/m2]
Total Site Energy 452240.97 116.50 116.50
Net Site Energy 452240.97 116.50 116.50

- Cooling intensity 45.62, heating intensity 17.59, lighting 25.29

kW/m2
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ok LS i) padlag

Al DY J<all miliil) J9an:38 5 Jgaad)

Y Yes 118.52 446.33 116.5

17.59 45.62 25.29 2446.5 %28

“womn

&u.wu
cL_.SJ\);j\ C\:ﬁj}[\ ("A"‘ 2\:\}.\“5\ Sle L) sae ‘?A SuSlh G)lall aadl sl NS Alaa

05S %28 N %56 (1o 7o) axe daus Caaddl) a3 Ligin delu 2500 cula il
cshall (Gl Jiall slaiels sa Juadl auasgll
Al 3 oade 2ol ggi s 80 Auhal Jojeall G (63 il olaiel 2y el

Al

AN D) Y JSal miliil) Jg2a:39 5 Jgaad)

Y Yes 118.52 446.33 116.5

Y No 241.19 493.49 126.18
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17.59 45.62 25.29 2446.5 Jis s %28
26.54 46.34 25.29 4922.5 Jis Oy %56
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Building Model-6: Y shape
Jee 3 Taslas 8)sS0al) Zahaall laladU L) eV & ]l (gl el &5l
P b LS il cilSy Cooling Design wyall avai g Heating Design 23l aueas

Lys 112 kW asll 45Uad) 5)5) — Heating designaissll aves -1

¥ shape Total Design Heating Capacity = 111.760 (k) |

Loys KW 427 Caaall 4 glhaall 3503l — Cooling design ajill avaas =2

Totals (427_40 |
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i A LRIV LRV VAT DY
El LML AL ML Y W )
o o L i : L UV
y NP a5 & s W N
g PATTANTY A Mg b,
Ly Y N
3 / un, 31 Apr 2002- Stan DST Tue 2P Oct 2002- End DT
2002 Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Jan 2002 Day

Y Sl —5lSlaall grali b il 2 3sad (gl £ Ls Y1 5:57 Yl

Site and Source Energy

Total Energy [kWh] Energy Per Total Building Area [kWh/m2] Energy Per Conditioned Building Area [kWh/m2]
Total Site Energy 428223.04 110.31 110.31
Net Site Energy 428223.04 110.31 110.31

Simulation «Llaall -3

Comfort and Setpoint Not Met Summary

Facility [Hours]

Time Setpoint Not Met During Occupied Heating 0.00

Time Setpoint Not Met During Occupied Cooling 28.00

Time Not Comfortable Based on Simple ASHRAE 55-2004 2230.50

- Fanger PMV - Annual discomfort hours 2230.5 hours
— Total intensity (110.31kW/m2)
— Cooling intensity 38.96, heating intensity 18.06, lighting 25.29
ol LS il alag

AUEY DAl Y J<il) pilial) Jgaa:40 5 Jsaadl

Y Yes 111.76 427.40 110.31
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18.06

38.96

25.29

2230.5

G LDl (ske zlay ol sale zlage dgyaall Jlaad) 53 adll) allall SIS 45 )lka
e L Apasd Cauabil 38 (el 200 a3 (Hhall £ 1Y) aaad Lgiad) Gleludl e b
Ghall Jial) alaiely sa JuailY) gl (58 %25 ) %2805 hall i) axe
.( Dbl Grey 6mm/13mm Air ) (s zla) Mzl g juasg Sl

Dbl Grey 6mm/13mm ) Gskall zlaslly Jgiaadl Call (63 ) alaie) L elly
Al Al b adde gl e 8l 2 (Ar

A DAY Y J<ad dgylaall Jgan:41 5 Jgaad)

No

118.52

446.33

116.5

111.76

427.40

110.31

17.59

45.62

27.16

2446.5

%28

18.06

38.96

27.16

2230.5

%25
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s dagd) Al

zlaol) goi 2 Umaily Al DS L3 JOle agag ae Y dipa JSE Ll iual)

&5 Al A V1 laladV) e Jletll ot pe BSLaall el B Y el z35at Sin 5:58 (<l
Jleall e da)2 30 Lghy Mike & Jladdl (e day0 45 gl Sk
BRG] pandl O gaag A gil) juaidsg
Heating Design sl s o oo o3 &3l 23l 8 all (gal) ol &3ladl

&4 LS atul) culsy Cooling Design wyall ava

daagill uat Al A Y JSEN 4 jldall Jgan:42 5§ Jgaal)

Y /00 @ Yes 111.76 427.40 110.31
Y /30 @ Yes 111.61 428.93 110.34
Y [ 45 @ Yes 111.5 428.56 110.38
Y /90 @ Yes 111.61 428.76 110.49
Y /180 @ Yes 111.64 428.40 110.29
Y [270 @ Yes 111.61 428.93 110.34

167



18.06 38.96 25.29 2230.5 %25
18.08 38.97 25.29 2233.00 %25
18.07 39.01 25.29 2232.00 %25
18.04 39.15 25.29 2233.50 %25
18.06 38.93 25.29 2233.00 %25
18.08 38.97 25.29 2233.00 %25

Slelu 4 G 3 aly alall P Gal V) ase clelu 3o Gu i Byl clla o

LGAAD 33a3 (e Y USE ey Lad ey g Unsews dungill s 5l e L
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mlad) ggd LB aaady Huad) WS LA Jole dsag ae Y dipa G e Luad)
TR E8° (2 s2aray (o @2 Ol 9 & B @ (A

B&N 2aaT 39299 Aaagid) aardy

tob LS el dalal) i) cuilS (324 Bae ) aal) ased 3ay

Ll Alali- Y (Sl milisl) Jgan 1435 Jgaad

Y /00 @ Yes 111.77 427.57 110.61
Y /30 @ Yes 111.61 432.17 110.63
Y [ 45 @ Yes 111.49 431.40 110.66
Y [90 @ Yes 111.61 429.56 110.77
Y /180 @ Yes 111.64 430.02 110.62
Y [270 @ Yes 111.61 432.17 110.63

18.04 39.27 25.29 2508.50 %29
18.07 39.27 25.29 2528.00 %29
18.07 39.30 25.29 2519.00 %29
18.04 39.44 25.29 2497.00 %29
18.05 39.27 25.29 2489.00 %28
18.07 39.27 25.29 2528.00 %29
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140.00
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100.00
80.00
60.00
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Abstract

Housing is one of the most important sectors of interest to users as it is the
space where people spend most of their time. Today, we can notice a
remarkable development in methods of construction, used materials and
even the shape and geometry of those buildings.

The main idea of this research is dealing with the housing sector (residential)
in the semi moderate climate as the case of Palestine. Since the objective of
this study is to investigate the relationship between residential building
geometry and envelope construction methods (materials, insulation,
windows percentage, glass type, orientation, etc.) on thermal performance
and users' comfort.

In this thesis, we adopted the analytical approach by identifying the common
features used in the design of residential buildings in Hebron City. These
features include: geometry of horizontal plan, number of floors, number of
apartments per floor, the windows to wall ratio (WWR) and glass type.
Based on the obtained features, different six geometric models; circle,
square, rectangular, 'T', "Y' and 'X' were prepared. These models were

analyzed and simulated in several stages based on modifications on different



variables such as envelope details, proportion and type of glass, and building
orientation. We used the simulation software "DesignBuilder ver. 4.7 &
EnergyPlus Ver. 83" for identification of indicators and general
recommendations for each model, and its thermal performance. These
recommendations will help architects identify the impact of these variables
on improving the thermal performance of the designed residential building
and comfort of their users.

The results showed a clear effect of building envelope elements on thermal
comfort in all six models, and their ability to decrease number of discomfort
hours by 27 to 30% after making various improvements on these elements.
The impact of building geometry on thermal comfort was limited between 2
and 5%. We found that the best performing shape was the circular followed
by the square shape, while the worst in thermal performance was the (T)
shape when rotated by 180° from North preceded by (X) shape when rotated
by 45° from North.



