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Abstract

This study aims to investigate the possibility of expanding the support program for green remodeling of fire stations
and analyze the standard design guidelines. Green remodeling is essential for reducing greenhouse gas emissions and
promoting green buildings, but currently, it is only conducted for buildings with limited purposes. In this study, we
conduct green remodeling for fire stations with severe aging to demonstrate energy performance improvement and
investigate the potential for expanding the support program to other types of aging buildings. The research
methodology includes analysis of previous studies, preliminary investigation and alternative setting, energy analysis,
calculation of construction costs, evaluation of the possibility of introducing support programs, and examine of the
fire station standard design guidelines. The research results confirm that green remodeling can reduce energy
consumption in fire stations and present the possibility of including fire stations as targets in the support program
for green remodeling of public buildings.
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Fig. 1. Target model
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Table 1. Model information

Parameters Values
Location Seoul
Building type Public facilities

Main structure

Steel reinforced concrete structure

Construction year 1998
Area (nf) Total floor area 4,598.99
Building area 1,762.76
Heat transmission rate (u-value) Roof 0.332
Floor 0.468
Wall 0.48
Window 29
Door 42
Window to wall ratio (%) 17.67
Lighting power density (W/m?) 6.07
13 8 23 BUCE sk, Tuhe 1 Y BES 189 3 22 Tk BE 9 T
£ 199641 28990l AFH ALY AFE $9)9 ARFE EA21E BA)S Fustel Y.
W717), 297171, AW @271 A AR Aol Eh?} A2 A HYES AR 71E 2l
TAFsHc.

2.2 Case study =

Table 2. Case study information

Base model Casel(Green remodeling) Case2(Passive house)

ElementsElements
Values Criterion Values Criterion Values

Wall (u-value) 0.480 0.240 0.229 0.150 0.146
Floor (u-value) 0.468 0.290 0.280 0.150 0.147
Roof (u-value) 0.332 0.150 0.150 0.150 0.118
Door (u-value) 4.200 1.500 1.500 0.800 0.800
Window (g-value) 0.719 - 0.579 0.5(more than) 0.400
Window (u-value) 2.900 1.500 1.494 0.800 0.850
Energy recovery system - Installation Installation Installation Installation
Renewable energy supply - - 32 - 32
ratio (%)
Air conditioner Installation High-efficiency High-efficiency High-efficiency ~ High-efficiency
Boiler Installation High-efficiency High-efficiency High-efficiency ~ High-efficiency
Lighting Installation High-efficiency High-efficiency High-efficiency ~ High-efficiency
Automatic meter reading - Installation Installation - Installation
BEMS - Installation Installation - Installation
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Table 3. Annual energy requirement and consumption by case

Energy requirement (kWh/m)

Renewable Heating Cooling Hot water ~ Lighting  Ventilating Total
Base model 0.0 28.1 183 6.1 16.0 0.0 684
Green remodeling 0.0 13.1 20.2 6.1 16.0 0.0 554
Passive house 0.0 7.5 19.6 6.1 16.0 0.0 49.2
Energy consumption (kWh/ny)
Renewable  Heating Cooling Hot water  Lighting  Ventilating Total
Base model 0.0 315 15.8 6.1 16.0 6.7 76.1
Green remodeling -35.0 13.4 14.6 -04 0.3 0.1 28.0
Passive house -35.0 8.0 14.4 -0.6 -0.1 -0.1 21.6
Primary energy consumption (kWh/m)
Renewable  Heating Cooling Hot water ~ Lighting  Ventilating Total
Base model 0.0 444 21.6 18.1 439 184 146.5
Green remodeling -96.3 14.9 16.2 0.3 0.8 0.3 325
Passive house -96.3 8.8 15.3 -0.1 -0.3 -0.1 239

B4 ATE HFOR SUILA HEFE APl AN &S Fig 29 Bk 2T HhETF AY
& FAVFLEAE A AT AEAOS o5 1E Po] T mDY AHS A7HA )

£%F 84,6323 kgCO2eq, 70.5%2] 7% RS Uehych £, A B A HAGE LA wjEF
93,212.4 kgCO2eq, 77.6% 3% & TS Ureych.
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Fig. 2. Calculation of expected effect by case
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Table 4. Case 1 (Green remodeling) detailed construction cost details

Elemens Yo won . amout (won)  criers )
Architecture Roof 145.21 380,000 55,179,800 Roof
Direct Wall 117.29 380,000 44,570,200 Wall
Indirect Wall 22.72 380,000 8,633,600 Wall
Floor 229.5 227,000 52,096,500 Floor
Door 23.1 850,000 19,635,000 Door
Window 920.18 110,000 101,219,800 Window
Machinery Energy recovery system 3,861.82 36,000 139,025,520 Supply
Electricity Renewable energy (PV) 1,382.96 472,147 652,960,415 Module
BEMS 4,412.12 19,771 87,232,025 Total floor
Totals @ 1,160,552,860
Indirect labor + Other expenses + General 394,587,972
maintenance fee + Profit + VAT @
Total project cost D+Q® 1,555,140,831
Construction cost per 3.3m’ 1,115,889
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Table 5. Case 2 (Passive house) detailed construction cost details

Elements Yo ey amount twon) et (e
Architecture Roof 217.82 380,000 82,771,600 Roof
Direct Wall 246.31 380,000 93,597,800 Wall
Indirect Wall 113.63 380,000 43,179,400 Wall
Floor 596.7 227,000 135,450,900 Floor
Door 23.1 850,000 19,635,000 Door
Window 920.18 110,000 101,219,800 Window
Machinery Energy recovery system 3,861.82 36,000 139,025,520 Supply
Electricity Renewable energy (PV) 1,382.96 472,147 652,960,415 Module
BEMS 4.412.12 19,771 87,232,025 Total floor
Totals @ 1,355,072,460
Indirect labor + Other expenses + General 460,724,636
maintenance fee + Profit + VAT @
Total project cost D+@ 1,815,797,095
Construction cost per 3.3n’ 1,302,923
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Table 6. Specialized green remodeling technology for fire station

Elements Content Application effect
Planning Internal space Areas within the fire station are divided < Blocks the effects of cancer substances
partition into red zones (contaminated zones), * Reduces incidence of disease or cancer

yellow zones (conversion zones), green
zones (non-contaminated zones)

Environment ~ Smoke-emitting Remove diesel emissions from operation  « Blocks the effects of class 1 carcinogens

& Facility device and maintenance of fire-fighting vehicles < Helps reduce disease incidence
Air quality Introduction of air cleaning facilities and  * Improve concentration and work
control ventilation systems to maintain indoor efficiency
comfortable air quality * Reduced risk of respiratory disease
* Providing a safe and comfortable
environment
Wastewater Properly treat and discharge wastewater e+ Local environmental protection
treatment facility — generated during the cleaning process of ¢ Water pollution prevention
contaminants from firefighting » Strengthening social image
equipment
Material &  Fall prevention Design of sliding and falling of * Reduce slip and fall accidents
Construction firefighters due to the nature of the space  * Providing a safe working environment
where emergency dispatch takes place
Indoor color Applying colors to the rest area to * Relieves physical and psychological stress
induce emotional stability, which is * Increased work concentration

necessary for firefighters who frequently
experience traumatic incidents
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