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Abstract Degree-days are practically used as a tool to estimate energy consumption for heating and cooling. Degree-days
are calculated by summing differences of balance point temperature and outside temperature for the analyzed period.
Determining balance point temperature is a key point in calculating accurate degree-days. However, ASHRAE standards
are used for balance point temperature in Korea because balance point temperature considering climate conditions and
building thermal performance is not proposed in Korea. This study proposes the process to generate balance point
temperature for heating degree-days considering Korean climate and building conditions. Also, a new balance point
temperature for three regions in Korea will be suggested in this study. Balance point temperature of Seoul is approximately
15.0C, lower than the current standard of 18.3°C. Balance point temperature of Seoul considering climate conditions
and building performance can be different from the ASHRAE suggested value (18.37C). Results revealed the current
standard for balance point temperature should be changed considering climate and building conditions in Korea.

Key words Heating degree-days('+" =), Balance point temperature(7F 3 5-=), Climate conditions(7]7d371),
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Fig. 1 Flow chart of generating balance point temperature.
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Table 1 Methods of calculating internal heat gain

Method Equation Applied factors

Regulation for
Energy Efficiency (heat emission rate)(area)/24
Rating System

Heat emission rate[Wh/mz]
2
Area[m’]
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ASHRAE [(personxR1)+(lightxR2)+(equipmentxR3)] R : heat emission rate[W]
+(solar gain)

Occupant Density[W] = area[m?]
CIBSE q; X area+ solar gain q; : Total internal heat gain[sz]
4, =244.97 OD-0.7334 OD: occupant density[mz/person]XCIBSE Guide A
A, : area[m?]
Heat flow rate[W] = Ap : Occupancy(area per person)[mz/person]
1SO 13790 average internal heat gains @p : heat emission rate per person[W/person]
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@i *Af(A_"'quE) buildi
P uilding
qgp : electricity use per reference floor area[W/mz]
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Table 2 Applied input data

Input data
Building Property Weather data Others
Energy Saving d e§1gn Ave. outdoor 2010 Kore.an factors for CIBSE 2006
Total U-value standard for building Meteorological -
temperature utilization factor T™M41

(2017-71) administration

Regulation for
Energy efficiency
rating system

Ave. daily solar

Infiltration rate CIBSE Guide A . .
irradiance

Construction Criteria and
Area, Volume Performance code of Green
home(2015)
Thermal capacity CIBSE 2006 TM41
Regulation for Energy
efficiency rating system

Internal gain

Indoor set-point Regulation for Energy
temperature  efficiency rating system
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Table 3 Total Heat transmission through wall(Seoul, Busan, Jeju)

Seoul Busan Jeju
A U UA U UA U UA
wall width height Wall Win U-value U-value U-value
(m) (m) Area Area (W/ factor (WK) (W/ factor (W/K) (W/ factor (W/K)
m) m) mK) m’K) m’K)

W2 747 2.8 20.916 0.21 1 4392 0.26 1 5.4381 0.36 1 7.530
N1 311 2.8 871 5.14 0.21 1 1.080 0.26 1 1.3374  0.36 1 1.852
N2 51 28 1428 5.04 0.21 1 1.058 0.26 1 1.3104 0.36 1 1.814
Wall N3 399 28 11.17 8.97 0.21 1 1.884 0.26 1 2.3327  0.36 1 3.230
direct E2 46 2.8 12.88 0.21 1 2.705 0.26 1 3.3488 0.36 1 4.637
to E4 05 28 1.4 0.21 1 0.294  0.26 1 0.364 0.36 1 0.504
outside S2 85 2.8 23.8 9.94 0.21 1 2.087 0.26 1 2.5844 0.36 1 3.578
Win N2 42 22 9.24 1.2 1 11.09 1.4 1 12.936 2 1 18.48
S2 63 22 13.86 1.2 1 16.63 1.4 1 19.404 2 1 27.72
Door N1 1.62 22 3.57 1.2 1 4.277 1.4 1 4.9896 2 1 7.128
N3 1 22 2.2 1.4 1 3.08 1.6 1 3.52 2.2 1 4.84
Wall S3 5.6 2.8 1568 943 0.3 0.7 1.980 0.37 0.7 2.4419 0.52 0.7 3.432
indirect N4 441 28 1235 878 03 07 1845 037 07 22751 052 07  3.197
to . 24 22 5.28 1.6 0.8 6.758 1.8 0.8  7.6032 2.5 0.8 10.56
outside Win 83 0.81 1.2 0.97 1.6 0.8 1.244 1.8 0.8 13997 2.5 0.8 1.944
Door N4 1.62 22 3.56 1.6 0.8 4.562 1.8 0.8 5.1322 2.5 0.8 7.128

Total Heat transmission through wall(2UA) 64.97 76.42 107.57

Table 4 Building profile for residential building(m)

(Unit) (Residential building)
Heat emission
People Wh/m'd 53
Equipment Wh/m'd 52
Indoor temperature
Set point temp(Heating) T 20
AV GHEF WA DAEFS AHT AUALEET AFAEY] FEIZD J|F(Table 4 F2)E

&3} t}. o] &< (utilization factor)l| /‘}QLE]L SiE=Rdgs]]
vehE 74]# Abgaf oFstAI vt g-2juete] 49 A 7=
EA BF 15} 158 21 Agas, E COE Qe A re ARSI S a%el S4e
}afol 5]_‘;]_ Ao Hes Fro] Ao LA o] et EA o) .guwla} #AZ CIBSE®S] €& #d
dlo]EQl 19.61S #8313t}
TPHZE AEoA dAF ASFS A9 A HEF tolHE o] &gth H5E UAaEsET
Aol = A H=E A HO%MPJﬁ e E Ayt ddabEe] AAE o) *‘141 dH5ZF] o
=
= X

<)
AT apt o= A ARl whet 7“454%
gj\ ¥

e Q) AR S YREAAAEE 2 o] Astach AU FlAEe G
e} 2FFe] Firoll e AALH S A9 (solar gain factor)E 2]-8-3Fe] Albeit) B AA A= BE S
o|Ffal 2 7AEA T e U clear AElEta 7F4 3], CIBSE Guide A” )01] A A gx}ﬁ—:—ﬁmwm
gain factor) 0.625 2-8-351T} 1SO 137909] DH 5% AXF whilol] whe} vl Qg 2191 wgithe] AL SHSFS

1 = AHASHS ARt FE W s AFBUAEEET JdFAEY BT V)E 1A

(© SAREK 491



A 318 MAZ BN g HES
WER TA A2017-7189] S5, G
dlolE], 1o W9 A &

A pel] tisle] Fdd HWS H-8351907]
2le] g dolH = BT Fd3)
B
o

9 Al 2o e W, AFAe] 7322 Table 63 2t Table 691 # 9

> e
e G EelE o A Aol Adess A%, AFST At ddE £ Frlesith
2 A7E Fel Abmd ddHEEE Awe] B, 150, FARS 1538°C, Al 16.60C 2= LERT
FAel = 7IEAE FEEHUE 183T Bk B w2 Aot} = S 7R 54 R T ETE e G
aste] #PALES AET A, 72 s 2Ebd  ASS AL Qlnh ofeE] A ER gE
#FHTEE AEEE & 5 Uk olA2 A9 VFEAd "/ A9E A5Ee d¥RE VTl v
wolt} Aot AlFo] W #FHLETF e 52 A2 v Ak} A5 ALH 97|25t

o
Agrt #7)5 sHANE s A HE 7ol ARt g3ty o] Qo] FAta}h AlFo] A&7}
MRt 7] W7ol Ao AT Table 69 AE2AFE AU S22 183 2]ujd] o3 &2
o2, AFe] dEAAGTIE AR 22 AS & & JkFig 3 #x).

i to,
+ e,

T ZlE2rEo)7] = sHARE s A oA FEA R FH e AFEY E5
o]l g e et @ ¢ vk S B AT ATl AlFAGe] W @A ETE AEAY
o e A2 AFAGAA Wido] MERT 2 972 =ol A AlAtEoloF Fhth= Zloft)

Table 5 Regional input data
Ave. Temp : Total U-Value *Ave. daily solar irradiance : W  *Ave. daily solar irradiance : E
Jan(C) W-m” - K" (W - m”) (W - m”)
Seoul -4.50 64.97 (52/24)x0.62 (46.6/24)x0.62
Busan 2.90 76.42 (40.6/24)x0.62 (94.8/24)x0.62
Jeju 5.20 107.57 (32.1/24)x0.62 (63.1/24)x0.62

"Solar gain factors for double glazed window (0.62) were applied to heat gains by solar irradiance.

Table 6 Revised balance point temperature

Seoul Busan Jeju

Ave. monthly outdoor temp(C) -4.5 2.9 5.2

. Total U-value(W/K) 64.97 76.42 107.57
Regional Input data - - - =)

Ave. daily solar irradiance-West(W * m ) 1.34 1.05 0.83

Ave. daily solar irradiance-East(W - m'z) 1.20 2.45 1.63

Heat loss coefticient(kW/K) 0.088 0.0996 0.1308

Total heat gain(kW) 0.451 0.478 0.457

Utilization factor(-) 0.978 0.961 0.972

Casual gain(kW) 0.441 0.460 0.444

Balance Point Temperature(C) 15.0 15.38 16.60
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Table 7 Comparison of heating degree-days

Seoul Busan Juju
"HDD(before) 3024.1 2052.9 1817.6
"HDD(after) 2304.8 1461.54 1464.9

“HDD(before) : HDD based on the current Balance Point Temp, “HDD(after) : HDD based on the proposed Balance Point Temp.

0.1308
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0.1
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Heat loss coefficient

BSeoul BBusan OlJeju
Fig. 3 Regional heat loss coefficient.
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