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ABSTRACT

KEYWORD

Purpose: This study aims to empirically analyze the energy consumption and photovoltaic (PV) generation
performance characteristics of a religious building, a building type that has received relatively limited attention
despite the growing demand for greenhouse gas reduction in response to climate change. Using measured
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energy-consumption data from 39 Catholic church building in Korea and PV generation data from one

representative building, actual energy consumption and PV generation data were analyzed to provide foundational
data for improving energy management in religious facilities and supporting the achievement of Zero Energy
Building (ZEB) targets. Method: Measured monthly energy consumption data (electricity and gas) from 39

Energy Consumption
Photovoltaic (PV) Generation
Religious Facilities

Zero Energy Building (ZEB)

Catholic church buildings (2019~2022) and hourly PV generation data from a representative building (2024) were
utilized. Energy consumption and PV generation were converted to primary energy values based on domestic ZEB A CCEPTANCE INFO

certification criteria, and energy consumption patterns, self-sufficiency rates, and economic benefits of surplus
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electricity sales were evaluated. Result: The religious buildings exhibited energy consumption patterns distinct ~ Final revision received Aug. 7, 2026

from those of typical buildings, with electricity consumption showing a double-peak pattern during both winter and
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summer, while gas consumption was concentrated in winter. The representative church building achieved an
estimated energy self-sufficiency rate of 52.8%, corresponding to ZEB Grade 4. Furthermore, surplus electricity
sales through the SMP and REC mechanisms were estimated to generate approximately KRW 2.92 million
annually, indicating a potential additional revenue stream from surplus electricity sales under the stated

assumptions of PV systems for religious buildings.
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Table 2. Summary of analysis data
Building energy
consumption
January 2019 ~
December 2022

kWh
Monthly

Category PV Generation

January 2024 ~
December 2024

kWh

Data period

Unit

Raw data interval Hourly

Fig. 1. Schematic diagram of the PV system string configuration
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Fig. 2. Monthly electricity EUI distribution of 39 buildings
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Fig. 3. Monthly gas EUI distribution of 39 buildings
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Fig. 4. Monthly average electricity EUI by year
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Fig. 5. Monthly average gas EUI by year
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Table 3. Primary energy consumption and production
(unit: kWh/m*month)

Electricity Gas AC power
Jan 112 6.1 291
Feb 10.5 5.4 331
Mar 7.7 4.0 5.80
Apr 6.1 2.6 6.29
May 4.7 1.3 8.12
Jun 49 0.6 7.65
Jul 6.1 0.5 5.06
Aug 7.6 0.6 6.41
Sep 6.5 0.6 5.50
Oct 4.9 0.9 4.03
Nov 52 2.1 2.03
Dec 8.0 43 2.28
WElectricity ™ Gas AC power
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Fig. 9. Monthly Primary energy consumption and production
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Table 4. AC power sales revenue based on SMP

Surplus power SMP SMP Revenue
(KWh/month) (KRW/kWh, W) | (KRW/month, W)
Jan - 138.06 -
Feb - 119.53 -
Mar - 134.47 -
Apr 4345 126.09 54,790
May 7,821.5 126.36 988,330
Jun 6,289.3 125.99 792,383
Jul - 132.49 -
Aug - 145.86 -
Sep - 138.85 -
Oct - 117.24 -
Nov - 112.22 -
Dec - 116.6 -
Table 5. AC power sales revenue based on REC
Surplus power REC REC Revenue
(MWh/month) (KRW/MWh, ¥) | (KRW/month, W)
Jan - 77,939 -
Feb - 79,323 -
Mar - 79,058 -
Apr 0.435 75,584 32,844
May 7.822 74,466 582,439
Jun 6.289 74,916 471,165
Jul - 75,801 -
Aug - 78,753 -
Sep - 79,282 -
Oct - 76,866 -
Nov - 75,010 -
Dec - 67,159 -
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