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ABSTRACT KEYWORD
Purpose: To create a comfortable indoor thermal environment, actual occupants’ thermal comfort should be used =2t
.. . . . . SFTES
=
as a control parameter. However, determining a representative thermal comfort value in spaces with multiple o g%ﬁ 2ozt

occupants has been challenging because each individual’s thermal comfort may vary. Therefore, this research aims Ch 2 *';f
2

to propose methods for estimating a representative thermal comfort value to achieve more effective thermal control
in multi-occupant environments. To evaluate the proposed methods, the effectiveness of the proposed group PMV  Thermal Environment

methods in building thermal control is analyzed. Method: The statistical inference methods were proposed
including median value (PMVuepian), exponentially weighted average (PMVEwa), and mean absolute deviation

Thermal Comfort
Predicted Mean Vote
Multi-Occupant

(PMVuap), to estimate representative group PMV values. For evaluation, various occupant scenarios with diverse

personal variables were simulated using EnergyPlus in conjunction with Python-based co-simulation, considering

both heating and cooling seasons. Result: Simulation results showed that the PMVygpian method provided stable A CCEPTANCE INFO
group PMV values due to its low sensitivity to indoor environmental variations during control. Conversely, the  Received Mar. 20, 2025

PMVuap method exhibited high sensitivity, resulting in significant fluctuations in response to changes in setpoint  Final revision received Mar 31, 2025

temperature. The PMVEwa method effectively reflected individual occupants’ thermal comfort characteristics,

Accepted Apr. 4, 2025

achieving the highest percentage of occupants within the range of —1 < PMV < +1. Consequently, the PMVgwa
approach showed better performance in reflecting the various thermal comfort of multi-occupant.The findings
provide foundational knowledge for developing intelligent HVAC control systems that accurately reflect individual

thermal comfort variations in multi-occupant building environments.
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MAD = — Zyx —m(X)| (Eq. 4)
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s [PMViw = MAD. if PMV,,,, >0

MAD ™\ PMV,,,,, — MAD, if PMV,,,,, <0

(Eq. 5)
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Table 1. Estimation methods for group PMV

Methods Statistical inference
1 PMVMEDIAN
2 PMVEgwa
3 PMVwmap
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Fig. 1. Co-simulation and group PMV-based control process

Actuator values:

End of Timestep Setpoint temperature

& EnergyPusz 3 Sojol, 270 A4 AAHL $ATHE A0
2 Aol 4aat}, o), £ AT ALT A4 o} IS
Akel e ARATE 23804 AR sHsict

A& o] dl-e ASHRAE Standard 90.19] A& T2 EEF]
Z-8o12.0H[30], A Y AR E BAE Qo AR
D SHE AFAES o2 Aot A& FRof wE Al
K AFeRE Table 2.0 A A E]o] Qlet, &R AFAIE-E & AHA
511.16m%0] ©= AZo|H, AU L= 18.58m?%/person 2
A AL LL oF 270l TR AFAEE T AWz
4,982.19m?%9] 32xte] Ago|th, AU E AFH JRA
FYotr, gt Fofl oF 899 o] AFtth £ AE BEF 7| T = A
(4A, mixed—humid) 2 4745}%.2H, 4A 7] st HE 9|
Aol gt BE B S8tk HVAC AIAH2 A& 2o
O] AA| 717 Hlolel & 7|Wr e 2 Kof 22 Aok, ALY 8
o] 2tF 0 & AP E & A5kl HVAC *VEé!f AR R
A ] 7S 17149 S|EF ol FFR PFAIEL VAV A
g0 g2 LAtk QA HAATHE @A XK E 9 SA =
Fot], WRTd 94 W AAH AAELS Table 2.914 €<l 7}

st

We, mlo

Ky

e
o & orlo

il

O
e

[>

olr

2.3, AAA A AuEle

oh7t A%t B2kl A AR daAL AR (@S

i)

(©2025. Korea Institute of Ecological Architecture and Environment all rights reserved. 75



s AURte] PMV A1 ¥

Table 2. Building modeling information

S Modeling Information
Small office | Medium office
Building
Shape
Floors 1 3
WWR 21.2% 33.0%
Total area 511.16m° 4,982.19m’
HVAC system
Cooling Direct expansion Direct expansion
I8t Electric heat pump Gas centra'l heating and
electric reheat
Fan control Constant volume VAV
Internal loads
Lighting power 10.67W/m? 11.03W/m?
density
Design
occupancy 18.58m*/person 18.58m*/person
density
Electri
ecte 6.78W/m 8.07W/m’
equipment
Schedules
Occupancy 9AM to SPM 9AM to 5SPM
10 1.0
0.8 0.8
2 06 2 06
Lighting 20 ) 2 |
sl =l L.
1357 911131517192123 1357 911131517192123
Time Time
1.0 1.0
0.8 0.8
2 06 2 0.6
Equipment = 04 ||| | = 04
) e |2 AL
1357 911131517192123 1357 9111315171921123
Time Time
1.0 1.0
0.8 0.8
206 o 06
HVAC 2 04 2 04
0.2 0.2
o0 1357 911131517192123 1357 911131517192123
Time Time
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% truncnorm -5 o]-§of) £4 F7+0] Aol A HlolHE A
E95t9oH, MERY 7ol B Bot(mean, p)dt EFHEAL
(standard deviation, ¢ )= &5k} Z-oj=F Z Ao w2t A4 =] Qe
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(a) Scenario 1: Small office (b) Scenario 2: Medium office
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(c) Scenario 1: Small office (summer) (d) Scenario 2: Medium office (summer)
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Fig. 2. Probability density distribution of personal variables by
scenario
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Fig. 3. Comparison of group PMV variations
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Fig. 4. Group PMV values for small office
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Fig. 5. Group PMV values for medium office

717kl A8 A7 2= 0] W Q)= Table 3.0 A 2lstich.
WA, Fig. 4.9} Fig. 5.9 272 BA, A2 F2of Aglo]
PMVuepiane Hl A AASHA JF PMVE 4HEshHe HHH, 4
e MBS PMVyapoll A 718 2] gl sl glek, 2 o]
Wio] 430 o]sol = A shA o] M3kt 3] ¢ vl A <
27k 24 5)7] o], A1) PMV Zhe 4] WstahA] ¢

52 oxl ){E HHN'

(©2025. Korea Institute of Ecological Architecture and Environment all rights reserved. 77



2

R-E LS

Table 3. Setpoint temperature range based on group PMV

Type Season PMVyigpian PMViwa PMVyap
Small Heating 25°C 25~26°C 23~26°C
office Cooling 25~26°C 25°C 24-27°C
Medium Heating 24°C 25~26°C 23~26°C
office Cooling 25°C 25~26°C 24-27°C
Table 4. Analysis of occupant actual thermal comfort
Comfort range Comfort range
Type Methods | -0.5 < PMV < +0.5 -1 < PMV < +1
Heating | Cooling | Heating Cooling
PMVyepian | 68.3% 54.3% 91.8% 89.3%
if“gaclel PMViwa | 728% | 593% | 95.9% 93.4%
PMVmap 70.4% 53.1% 93.4% 89.7%
) PMVuepian 64.4% 41.1% 89.4% 86.3%
Nf)ef‘;::;“ PMVewa | 61.5% | 447% | 93.0% 89.8%
PMVmap 61.9% 45.7% 90.8% 85.1%
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