KIEAE Journal, Vol. 25, No. 4, Aug. 2025, pp.87-93. M) Check for updates

KIEAE Journal

Korea Institute of Ecological Architecture and Environment

H2of|Hz] 1T SSFH A2 S St o355t 7|8 o] 8T Ao

o

et A+
HVAC System Sizing by Case Studies of Zero-Energy-Certified Apartments

AR FF R

Chanhyung Shim* + Goopyo Hong**

* Main author, Ph.D Student, Dept. of Architectural Engineering, Kangwon National Univ., South Korea (sim9710@kangwon.ac.kr)
** Corresponding author, Professor, Dept. of Architectural Engineering, Kangwon National Univ., South Korea (goopyoh@kangwon.ac.kr)

ABSTRACT KEYWORD

Purpose: Current unit-area heating and cooling load criteria (KS C 9306, Korea District Heating Corporation ~ A20|H2| %=
Heat-Using Facilities Standards (KDHC)) were established decades ago and do not reflect improved building E\i%?l% j’l‘ia
envelope performance. While thermal transmittance standards have been updated, HVAC sizing guidelines remain ojmE —eee
outdated, causing potentially oversized systems in Zero-Energy Buildings (ZEBs). This study analyzes certified
ZEB apartment cases to establish unit-area HVAC loads and quantify oversizing relative to existing standards.  Zero Energy Buildings (ZEBs)
Method: A certified ZEB Grade 5 reference model—an 84m? apartment—was modeled as a 12-story building with ~ Unit-Area Heating and Cooling Loads
two units per floor, based on four certified apartments in Central Region II (Seoul, South Korea). Envelope i;z;cmilylzem Sizing
U-values and lighting power densities from Energy-Saving Design Standards (1987, 2013, 2017), the ZEB
Technology & Components guide (ZEB T&C), and Cases 1-4 were applied. Peak heating and cooling loads were A CCEPTANCE INFO
calculated using RTS-SAREK and compared across standards and cases. Additionally, effects of envelope  Received Jul. 29, 2025
improvements on load reduction were analyzed. Result: Compared to ZEB cases, KS C 9306 showed 199% higher ~ Final revision received Aug. 8, 2025
cooling and 696% higher heating loads, while KDHC Standards produced 46% higher heating loads. ~‘ccepted Aug. 14,2025
Energy-Saving Design Standards still resulted in up to 28% cooling and 159% heating oversizing. Envelope
improvements produced nonlinear heating load reductions with diminishing returns, while cooling load reduction
was more sensitive to internal loads. ZEB cases yielded unit loads of 52-55W/m? for cooling and 2834 W/m? for
heating, indicating the need to update unit-load criteria for ZEB-level performance.
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Table 1. Heating and cooling load per unit area

. . Cooling load Heating load
Standard Classification [Win] (W]
Highest 185 250
KS € 9306 Middle 145 220
KDHC 85m’~ 38.3~48.7
(Korea District 60m’~85m’ 39.2~50.0
Heati
. 0~60m? ; 41.0~52.0
Corporation)

Table 2. U-value standards for envelope components

Energy saving Zero Energy Building
C(;)Vn/ll;:::lle(x)lt design standards Technology & Component
1987 2013 2017 (ZEB T&C)
Wall 0.582 | 0.270 | 0.170 0.150
Roof 0.407 | 0.180 | 0.150 0.150
Floor 0.582 | 0.230 | 0.170 0.150
Window 3.376 | 1.500 | 1.000 (SHG()égo(;).400)

19709 A% o]F 19994 4w 71&-S A7HA] 285t e},
SRS 2AE, SUEFo R TR AAlsta, Wikiake] 7
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© 19929 A 5201297 2017¢ AR E Qo 9z 2
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FEFH (ottE) o] H-EEEKS C 93067 FAHA
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2 HA=at 7429 782} 250W/m?, 220W/m?
o}, GARSAIA7 | S A Y W SRS WA

ok A2 85m? 2191 - 38, 3W/m?~48.7W/m?
o Bxo|v], &2 ¢ 41.0W/m?] #-gH}.

oz Eers Qlof Tl dA 7| HEll
52 799 ERFERE At Qlot. FHA Y
< 7E B o] AYR-&-L2 19879 0.580W/m*KolA &A1 2
o7 ZsjElel 2013W 0.270W/m*K, @3 71%(017)94=
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7|84 AN (ZEBT&O) S FY £ ABFE&-20.150W/m”K
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Table 3. Envelope U-values and lighting power densities of
ZEB-certified apartment case studies

Components 7EB Case Case Case Case
mp T&C* 1 2 3 4
Completion year - 2024 2023 2025 2025
Wall
] 0.150 | 0.133 | 0136 | 0070 | 0.133
s 0.150 | 0133 | 0.120 | 0089 | 0.133
[W/m®K] ) ) ' ) ’
Floor
R 0.150 | 0230 | 0.138 | 0091 | 0.144
Window | Uvalue | 0800 [ (0.500) | 0860 | 0786 | (0.500)
MOV I"SHGC | 0400 | (0.400) | (0.400) | (0.400) | (0.400)
Lighting power
donsity [Wiac] 55 (5.5) 73 48 45

*ZEB T&C: Zero Energy Building Technology& Component
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a) 3D building model b) 84m’ unit floor plan

Fig. 1. Zero-energy residential building reference model

Table 4. Input parameters for peak heating and cooling load
calculation using RTS-SAREK

Heating Cooling
Indoor 20 2%
.. temperature [°C]
Conditions
Outdoor
-10.4 312
temperature [°C]
People [Number] 4
Air change per hour [ACH] 0.5
Equipment [W/m’] 2
Location Seoul (central region 2)
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Table 5. Heating and cooling loads per unit area by standard and floor level

Energy saving design standards
KS C 9306 KDHC 7ZEB T&C
1987 2013 2017

Cooling 145.0 65.0 583 56.6 53.5
Ground floor

Heating 220.0 42.1 70.9 38.8 30.8 28.1

Cooling 145.0 64.8 58.2 56.5 53.5
Middle floor

Heating 220.0 42.1 69.5 383 304 27.8

Cooling 185.0 67.5 59.2 57.4 54.3

Top floor
Heating 250.0 42.1 83.7 44.5 355 33.0

*KDHC: Korea District Heating Corporation
7 B291 gHe 7FA KS C 93069] 7%, whejm Ao wp
SF7} 145~185W/m?, WibEslr} 220~250W/m2 e & 744 =t
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Fig. 2. Calculated cooling load per unit areas for Zero energy buildings
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Fig. 3. Calculated heating load per unit areas for Zero energy buildings
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