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Abstract ©: The purpose of this study is to analyse the effects of air conditioned room controlled by
PMV (Predicted Mean Vote) for energy consumption and human comfort in office building. The ‘EnergyPlus’
was used for the evaluation of indoor thermal environment and energy consumption by the controls of room
temperature and PMV. The result indicates that the PMV control could prove more profitable method for
improvement of indoor thermal environment and energy conservation. Consequently, PMV control has a distinct
advantage over most other control methods. An additional study is required to establish the various thermal
comfort control for rooms on the basis of this work.
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Table 1 Specifications of Building

Floor Plan e

1,225.0 m'
40 %
3.6 m
27 m

Floor Area
WWR

Floor Height
Ceiling Height
Use of Building Office
U-value of Wall 0.384
U-value of Window 2.371
SHGC of Window 0.569

32 AEHNA 4y =4

AlEeElold A& A% HVAC Al=Ele]
TL U Fig. 13 2k ¥ A 2d2 T
Gyl ARERIETE & VAV+ FCU
(gF5) HHew Yo, 49 7)7=
Ztar el s A7 E o] skl
Aotk VAV Hud whxo] 3 Aol
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Y5 935S ASHRAE Handbook Fundamentals
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HVAC Al2~8l& Table 3] e

A W 2o

Occupancy

Weekday: 08:00~21:00
1 Weekend: Off
|

o8 L f 7

----Lighting - Equipment

0.6

04 — ]

0.2

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Fig. 2 Occupancy, Light and Equipment Schedules

6) ASHRAE, ASHRAE Standard 90. 1, Energy Standard
for Buildings Except Low-Rise Residential Buildings,

ASHRAE. Inc, 1989.
7) ASHRAE, ASHRAE Handbook Fundamentals, ASHRAE.

Inc, 20009.
8) ASHRAE, ANSI/ASHRAE Standard 62.1 Ventilation

for Acceptable Indoor Air Quality, ASHRAE. Inc, 2007.
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Table 2 Simulation Conditions

Item Condition
Operation Weekday : 08:00~21:00
Time Weekend : Off
Metabolic 117 W/person Office Work
(Typing)
Light 12 W/m2 Office
enclosed
Equipment 10.8 W/m2 Off%ce
Medium
Occupant . .
Density 0.11 person/m2 Office Space
Min. Outdoor og oo C\H/person  Office Space
Air Rate
Infiltration 0.2 ACH

Weather Data Incheon, Korea (.epw)
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Table 3 Plant & AHU

Item Condition

Elec. Chiller, Water Cooled, 150kW

Cooling Plant CoP : 32

Gas Boiler, 250kW

Heating Plant Efficiency : 0.80

VAV / FCU(Perimeter)

AHU Max Flow Rate : 6.0 m’/s

Supply Fan : 2.5kW, 300Pa

Supply Fan Fan Efficiency : 0.7

Outdoor Air

System Economizer(Drybulb Temp.)

Table 4 Input Parameters of PMV Control

Parameters Value Remark
Air Velocity 0.1 m/s
. Dec.~Feb. : 1.0
C{?tllnng June~Aug. : 05 Scheduled
ale Others @ 0.75
Metabolic 1.1met Office Work
Rate (117W/Person) (Typing)

3.3 4 Case 74

Algd ol Case= UThs Table 59F 2t}
Case 1& oA dAdA7|Fol o A
<=5 AAF 450l 10 Case 2= <fH] Al

(e}
geold 245 Tl ALA EHA =Tt

|
AE A Aol 2% Ao 3L x4
A A gk(Dual Setpoint with
Deadband) 2.2 Wuhdbe] 4] &2 A
Aotk Case 32 &% £29 PMVE # 4
9ol 05 o] & Ao]3 ot}

10) T B3 1A Al 2013-149 , AZFE2] oY
A"k AA7E, 2013.

Table 5 Simulation Cases

Control

Case Variable Set Point

Case 1 Temperature Igzzﬁ;ﬁ 5(6)(())5
Case 2 Temperature Igzzﬁ;ﬁ ngg
Case 3 PMV Heating : PMV > -05

Cooling : PMV < +0.5
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Table 6 Temperature Distribution of Each Zone 39] ¥ PMV #o] =& AL Yi £9 7
Zone  South Perimeter InteriorZone T dAboll o HAF 2o Wyt xﬂ]—ﬂ,
Seaon ™ 1 2 3 1 2 3 PMV Alols} Aggel 053 wEEW ex
Min. 200 225 184 200 225 211 248 W3y oz duHg
Max 260 254 242 260 244 254
Winter N
Avg. 223 230 217 240 237 240 Table 7 PMV Distribution of Each Zone
SD. 219 066 121 146 051 091 Zone South Perimeter InteriorZone
C
Min. 226 225 208 256 233 239 Season - 1 2 3 1 2 3
Max 262 240 252 276 261 265 Min. -1.03 -0.62 -0.85 -0.86 -0.43 -0.56
Summer
Avg. 255 236 233 261 240 258 Max 145 1.12 079 09 056 052
Winter
SD. 070 056 098 026 023 050 ve. -0.04 011 -013 024 022 025
Min. 200 225 184 200 225 211 SD. 061 041 037 037 019 021
Max 262 954 952 276 261 965 Min. -051 -0.67 -0.88 0.25 -0.33 -0.31
Annual M 116 058 060 157 099 106
Avg. 243 233 225 255 239 249 Summer e P00 B 00 B
Avg. 055 -0.05 -0.10 059 -0.05 041
SD. 164 067 126 105 038 0.90
SD. 039 032 029 019 017 017
Min. -1.24 -0.76 -0.88 -0.86 -0.50 -0.58
30.0
Max 1.8 127 079 157 099 1.06
8.0 Annual
’_|'_‘ Avg. 036 0.09 -0.09 055 014 0.36
26.0 = ‘ T
o #1255 ; SD. 058 040 036 031 021 0.20
= _L’ 55 T T LJ *l* ” F:‘za.g
g S i B 1
g 220 :
E HJ L 25
‘" M
B L Ava;.+5D ey =
Avg. 1.5 -
180 Avg.-S.D. 10 T |
16.0 Mm'- 0.5 —I | T r:‘raqq T -
Casel Case2  Case3  Casel  Case2  Case3 g B 035 oo g mo_lﬁ 036
(a) South Perimeter {b) Interior a %0 1 ' | e |0 ' T |
-0.5 J. L ==
Fig. 3 Annual Variation of Zone Air Temperature 1.0 - Max |
e Avg +5D
1.5 o -
-2.0 A\;.'g-‘SD .
4-2 Zﬂo-] HJ—%:' O“ E]’—E— PMV t&i]‘ 25 Min.
- - Casel Case 2 Case 3 Casel Casel Case3
Table 7‘8_‘ Lg : ]d'Hc}7] ‘;'l 032_1'9] 'Z"]Z17 = (a) South Perimeter (b) Interior
1 3 TZHIINE A 5
a8 33t PMVeF 259AbE A3 2o Fig. 4 Annual Variation of PMV
t}. Fig. 4= 7} Casedl A 5 PMV X%
el Aolt} Case 32 4% Case 1, Case Table 8 & 2% AIZF & PMV A %7}k
20] ¥]3) PMVe] FxEFo] 2, gkl 4 4 H el 05 o]l AZHS e F o]
= o #HA g 1L 0l 7 #s UEF o AW E 200T ~260C =2 Ao 3 Case

ok &, WER9 A9 Case 29 H]8l Case
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o] A F7to] EEAct PMV #H A H Table 9 Total Energy Consumption
'?'] 13—”;‘7]- %O}X]E% }\E]LH SEE 225C Month Case 1 Case 2 Case 3
— o = O - ==
24.0C= =43 Case 29 45+ 9+ Jamiary 16.86 19.36 18.24
= 83.6%, WF = 97.4%7F PMV £05 ©] February 13.13 1458 13.85
ol EE3A T PMV Alo] Alo= A A March 5.79 7.05 6.74
T2 AL F YFRE 858%, WTFHE April 397 5.10 466
98.3%7} PMV +0.5 ol & EA 5o Fx May 9.16 11.89 11.41
o] HAH HYoA HH3] AJHE Ao June 14.99 1950 17.82
2 eyttt TJuly 21.81 27.14 25.16
August 25.09 30.94 28.70
Table 8 Comfortable Time Ratio September 14.16 18.59 18.26
October 8.08 1141 10.83
Case Total Corpfort Ratio
Time November 5.84 7.87 7.31
1 1,457 43.1% December 13.31 15.15 14.68
South
Perimeter 2 3,380 2,827 83.6% Sum 152.19 188.56 177.68
Zone
3 2,899 85.8%
1 1y205 35.7% M Cooling M Heating M Other System ESUM
188.56
Interior 9 3380 3203 974%
Zone
3 3,324 98.3%

4.3 Alo] W wWE AR 4 F H

Table 9= 7} Cased] ¥R = - A}
|5 = oy A AFEES vlagk ot} Case
39 AZF b oA ARE S Case 19
Hlal A= 14.3% = YEbseu, PMV 34
T-3F vl &o] H] 23 Case 29 HdlA &= 6.1%
SHA YERETE o] PMV Al 7F 2% Ao
B o yA] ARE S A FEldk sAle A
o A v & = YElES BoFTh v
Fig. 55 7 Widd, g9, 7]ek(A,
AZF oA ARE-EFS LEF
SAH oA ARG HA
A&7 frAFeEAl Case 1>Case
3>Case 29| A= YERSTH

2 o

& oA

Energy Consumption (GJ)

Casel Case2 Case3
Fig. 5 Energy Consumption According to Devices
54 B
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