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Abstract

In this study, after applying passive and active remodeling technologies to firefighting facilities,
we analyzed their energy use characteristics by analyzing tenant satisfaction and energy use
patterns. According to the satisfaction survey, occupants were most satisfied with the use of new
and renewable energy-based hot water among the remodeling elements and the building
insulation performance. According to the seasonal energy use analysis, electricity use increased
in winter compared to that before remodeling owing to the use of air conditioning and heating,
and electricity use decreased in summer compared to that before remodeling owing to better
electric heat pump efficiency. By analyzing the 24 h energy use patterns, we found different
energy use patterns according to the characteristics of the space based on the daily schedule of
firefighters. Based on this, firefighting facilities are characterized by high energy use for
seasonal air conditioning and heating. Therefore, when remodeling firefighting facilities in the
future, designing them by prioritizing air conditioning efficiency, hot water supply, and
insulation performance is necessary.
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Target building name H Fire Station
Location Seodaemun-gu, Seoul
Year of completion 1992
Structure Reinforced concrete structure
Total floor area 662.67 m*
Number of floors B1F,3F
Air-conditioning and heating  Air conditioning, condensing boiler
Lighting LED
Window PVC and aluminum
Wall 0.58 W/m’K
SHGC / ACH 50 0.68/40.6
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Table 1 Comparison between the before and after the application of remodeling of H Fire Station

Before remodeling After remodeling
Wall 0.58 Wm'K 0.123 Wm’K
Window 0.68 W/m’K 0.989 W/m’K
Window ratio 12% 12%
ACHS50 None 0.21 m’/hm’
Vacuum insulation None 0.002 W/mK

Air-conditioning Convergence heat pump system based on renewable energy application

. Air conditioni . .
and heating conditioning (cooling COP 4.4, heating COP 5.55)
Floor heating Condensing boiler Electric heating, Condensing boiler
Ventilation system None IoT based total heat exchanger (cooling 59%, heating 70%)
Active
Convergence heat pump system
based on renewable enerzy
T appication oo
() Heat Pump System
Passive —® Apﬁ;:;;ua‘c

RC External Wall Dry External
Insulation System
High Performance Lightwsight
Aluminum Window

Hot water
Air-conditioning
and heating  }

Vacoum insulation

2) loT-based ventilation
=/ system

Fig. 2 Remodeling Technology Applied to H Fire Station
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Table 2 H Fire Station Main Space and Purpose of Use by Floor

Floor Main space Purpose of Use

Daily tasks and waiting for

IF Office, G i
ce, Garage emergency dispatch

Paramedic’s waiting room,

2F Fireman’s waiting room Rest and waiting for emergency dispatch
3F Center director’s office, cafeteria Daily duties of the head of the center and meals of firefighters
4F Roof Out door condenser
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Table 3 Results of work environment satisfaction analysis
Response Item Average Standard deviation
Working environment 4.52 0.77
Building Insulation Performance 4.26 0.89
Window performance 4.52 0.72
Solar-powered hot water supply 4.55 0.62
Indoor air quality 452 0.72
Floor electric heating 3.94 1.15
Improvement in energy use 4.13 0.81
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Table 4 Score Scale by Response Item

E
o FEER 7IEFA 24 E¥hs Table 59t 200 A7 4= F "Aed A2 7t eRdd] - &
‘I_

Response Item Ipoint 2point 3point 4point Spoint
Work comfort Very unpleasant A little unpleasant In general Pleasant Very pleasant
Winter sensible temperature Very cold A little cold In general A little warm Very warm
Noise A loud noise A bit of noise In general A little quiet Very quiet
Winter window-cooling Very cold A little cold In general Warm -
Table 5 Results of analysis of the degree of improvement before and after remodeling
Response Item Before remodeling After remodeling
Work comfort 2.94 3.74
Winter sensible temperature 2.97 429
Noise 2.94 4.16
Winter window-cooling 2.39 3.26
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Fig. 7 Electricity consumption in December Fig. 8 Gas consumption in December
Table 6 Electricity consumption in the winter season Table 7 Gas consumption in the winter season

Year December January Year December January
2017 2,508 kW/h - 2017 21,490 kW/h -

2018 2,762 kW/h 2,450 kW/h 2018 17,133 kW/h 24,507 kW/h
2019 2,431 kW/h 3,083 kW/h 2019 17,059 kW/h 15,476 kW/h
2020 3,683 kW/h 2,474 kW/h 2020 17,390 kW/h 17,185 kW/h
2021 3,641 kW/h 4,452 kW/h 2021 16,152 kW/h 24,328 kW/h
2022 6,739 kW/h 4,608 kW/h 2022 9,970 kW/h 14,611 kW/h
2023 - 6,733 kW/h 2023 - 9,305 kW/h

s187)9) 79 20231 7, 89 o1 7] AFGHE H SHI(2018 ~ 20224) Ui 7] ALt Basioict, 2w
92 5 5187] F 9z LB 4742 kKW/h, QBT 134 kW/he] AZS A1Ea1T 7has Uug 242
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Fig. 9 Electricity consumption in August Fig. 10 Gas consumption in August
Table 8 Electricity consumption in the summer season Table 9 Gas consumption in the summer season

Year July August Year July August
2018 7,294 kW/h 7,327 kW/h 2018 917 kW/h 464 kW/h
2019 5,543 kW/h 6,650 kW/h 2019 1,287 kW/h 1,097 kW/h
2020 3,999 kW/h 5,750 kW/h 2020 221 kW/h 253 kW/h
2021 6,531 kW/h 5,757 kW/h 2021 443 kW/h 411 kW/h
2022 6,352 kW/h 5,874 kW/h 2022 - -
2023 4,643 kW/h 4,842 kW/h 2023 264 kW/h 222 kW/h
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Table 10 A daily schedule for Firefighters

Time Work details Time Work details
08:40~09:00 Shift inspection 17:40~18:00 Equipment inspection
09: 00 ~ 10 : 00 Equipment operation training 18:00~19:00 Dinner
10:00~12:00 Daily work 19:00~21: 00 Eq“%ﬂgﬁ?ﬁ;’;::;‘;nnggi; F%rr;i‘iiztmg
12:00~13:00 Lunch 21:00~23:00 Daily work
13:00~14:00 Daily work 23:00~07:00 Patrol and dispatch preparedness at night
14:00~16:00 | irecontrol training, Lifesaving training. ;. _ g g Breakfast

First aid training

16:00~17:40 Daily work 08:00~08:40 Daily work
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Fig. 11 Energy consumption in winter season
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