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ABSTRACT

KEYWORD

Purpose: In order to cope with the climate crisis caused by global warming, greenhouse gas reduction goals are
being proposed worldwide. The Korean government is setting goals for reducing greenhouse gas emissions by
sector through the 2030 National Greenhouse Gas Reduction Basic Roadmap. Among them, the construction sector
has set a goal of reducing greenhouse gas emissions by about 32.8% by 2030. To achieve this, zero-energy buildings
for new buildings and green remodeling projects for existing buildings are being promoted. Currently, in Korea, the
proportion of old buildings is expected to increase by about 21.9% after the next 10 years. Considering that the
importance of green remodeling is attracting more attention as the proportion of old buildings gradually increases,
this study intends to derive priorities for each elemental technology targeting daycare centers for efficient green
remodeling. Method: The data before and after green remodeling were checked for 69 daycare centers that have
been green remodeled. In order to build the base-model, the average value of all daycare centers was derived, and
the base-model was compared by green remodeling element technology. Result: As a result of comparing the
primary energy consumption reduction rate by green remodeling element technology, the total heat exchanger
saved the most at 15.57%, followed by high performance windows and doors, and high efficiency air conditioners.
By deriving these priorities, efficient green remodeling can be performed.
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Table 1. Green remodeling policy

Category Type
Green Remodeling Support Project for Public Buildings
Korea Green Remodeling Interest Support Project
for Private Buildings
PACE(Property Assessed Clean Energy)
USA Retrofit Chicago
SAVE
Germany KfW Efficiency House
France Eco-Loan
UK Green Deal

Table 2. Green remodeling support items

Category Details
Architec . Addmg 1nteg1al and exte@al insulation
elements * Floor insulation and heating
* High performance windows and doors
* Heat recovery ventilation
Required . H?gh efﬁc%ency co?ling and heating
Construction | fechanical. | High efficiency boiler
. |  High efficiency lighting (LED)
Electrical
elements * Renewable energy (Solar panel)
* BEMS (Building Energy Management
System)
* Cool Roof
* Landscaping

Selective Construction

Solar control device

Smart air shower

Instantaneous water heater
Water-saving device

« EPD (Environmental Product Declaration)
* Finishing material

(wallpaper, ceiling, flooring)
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Table 3. Green remodeling support items

Category

Features

Adding internal and external
insulation

Improve the performance of blocking
heat transfer from the outside by
adding insulation to the walls and

roof of the building

Adding floor insulation
and heating

Improve existing insulation
performance and indoor comfort by
adding floor insulation

High performance windows
and doors

Minimize indoor heat loss by
replacing high-performance windows
and prevent external heat inflow by

maximizing insulation effect

Heat recovery ventilation

Improved indoor ventilation
efficiency through indoor air heat
recovery and external air intake

High efficiency cooling and
heating

High efficiency boiler

Reduce energy consumption by
applying energy-efficient devices

High efficiency lighting
(LED)

Reduces power consumption and
improves energy efficiency compared
to fluorescent lights

Renewable energy
(Solar panel)

Generate electricity from the sun
and directly supply power to
buildings

BEMS
(Building Energy
Management System)

Manage your building’s energy use
by monitoring and analyzing your
building’s energy consumption

Prevent indoor temperature rise by
using materials with high solar

1 Roof
Cool Roo reflectance to block solar heat from
entering the roof
Regulates building temperature by
reducing heat island effect, managing
Landscaping stormwater, improving air quality

and providing natural cooling and
shade

Solar control device

Installed on windows or exterior
walls to control solar heat to
maintain indoor temperature and
prevent energy efficiency savings

Smart air shower

Blocks dust and viruses coming
from outside

Instantaneous water heater

Improves energy efficiency as hot
water can be used immediately

Water-saving device

Save water resources by reducing
water usage

EPD
(Environmental Product
Declaration)

Products with low carbon emissions
by quantitatively assessing the
environmental impact of the entire
product process from production to
disposal

Finishing material
(wallpaper, ceiling, flooring)

Improved energy efficiency and
indoor environment by using
finishing materials with insulation
performance

Table 4. Overview of the building

Category Content
Scale(number of floors) 2 floor
Building deterioration 26 years
Total floor area 527.43m’

Table 5. Energy performance before and after green remodeling

Category Average
Before 93.6kWh/m?yr
Energy Demand
After 77.5kWh/m?yr
Before 99.1kWh/m’yr
Site Energy Use 2
After 79.4kWh/m’yr
Before 157.6kWh/m’yr
Primary Energy Use After 133.2kWh/m’yr
Savings rate (%) 15.57%
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Table 6. Number of applications by green remodeling elements Table 8. Performance analysis by component technology before
technology green remodeling
Number of applications Category Content
Category (Rate)
- - Adding external wall 0.50
High performance windows and doors 58 (84.1%) P insulation 5
. q . o o a
High efficiency cooling and heating 43 (62.3%) : Adding roof s Ui s
High efficiency boiler 26 (37.7%) i insulation (Wm’K) ’
v
Adding external wall insulation 24 (34.8%) e High performance 340
Heat recovery ventilation 20 (29.0%) windows and doors '
High efficiency lighting (LED) 14 (20.3%) Heat recovery Heat Cooling 0.00
Adding roof insulation 7 (10.1%) b recovery (%) | Heating 0.00
Renewable energy (Solar panel) 3 (43%) o C"“‘f“g 3.13
High efficiency Heating 3.30
Table 7. Overview of the base-model cooling and heating Capacity Cooling 59.34
A 3
Category Content ¢ (kW) Heating 62.59
t
Scale (number of floors) 2 floor i High effic Heat source Natural gas
v efficiency X
Floor height 3m e boiler Efficiency (%) 83.30
Ceiling height 2.5m Capacity (kW/m’) 0.20
Total floor area 523.47m’ High efficiency Lighting power (kYY) 3.12
Floor area / Roof area 263.71m’ lighting(LED) Lighting density (W/m’) 5.92
Floor average U-value 0.58W/m’K Renewable energy Capacity (KW) _
; (Solar panel)
East 104.29m
2
Exterior wall area et 99.02m Table 9. Energy performance before green remodeling
South 110.90m’
. Category Average
North 115.16
o m Energy Need 95.9kWh/m’yr
Window to Wall ratio 18.80% Energy Use 96. IKWh/mlyr
East 20m’ Primary Energy Use 162.0kWh/m’yr
West 20m’ Building Energy Efficiency Rating 1+
Window area 2
South 30m
North 20m? Table 10. Existing and remodeling U-value of passive elements
West 3.94m’ U-Value
Door area South 3.60m* Addi High
. Category extemd(:;n%v - Adding roof performance
B 1.89m . . insulation windows and
insulation
doors
- Existin; 0.50W/m’K | 0.43W/m’K 3.40W/m’K
4.1. Base—Model = e
Remodeling 0.24W/m’K 0.15W/n’K 1.00W/n’K
Base-Model 9] 7125 25H7] 93] 69714 A=) A4, 9 Tmprovement rate |  52.00% 65.10% 70.60%
B WA 5 P S Aol o, Table 7.7 2ok, Teh I9ie]n
g3 A QA7)EH A5L Table 8.7 2t vHietEAF UHlo] 49 200 S8% Savings 36% Savings
12.8% Savings
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_ S 150 1413
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Table 11. Overview of heat recovery ventilation

Category Content
Supply-Exhaust air volume (CMH) 500
Supply-Exhaust static pressure (Pa) 100

Supply-Exhaust fan power (kW) 0.02
Heating heat recovery rate (%) 72
Cooling heat recovery rate (%) 66

Table 12. Existing and remodeling heating and cooling and boiler

High efficiency cooling High
Category and heating efficiency
Cooling Heating boiler
cop 3.13 3.30 -
Existing Capacity 59.34kW 62.59kW 0.20kW/m’
Efficiency - - 83.30%
cop 4.9 45 -
Remodeling Capacity 65.33kW 60.48kW 0.10kW/m?
Efficiency - - 91.80%

Table 13. Existing and remodeling lighting

High efficiency lighting(LED)
Category Type Lighting Lighting dzensity
power (kW) (W)
Existing Fluorescent lamp 3.12 5.92
Remodeling LED 2.33 4.42

200

8.8% Savings 3.5% Savings 5.4% Savings

15.7% Savings ‘ ‘

156.3

162
- 478 1532
1365

0

Existing Heat recovery High efficiency High efficiency High efficiency
ventilation cooling and heating boiler lighting(LED)

@
S
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5

7
S

Fig. 2. Energy performance changes after changing active elements
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Table 14. Deriving priorities by technology elements of green
remodeling

Pri Energy Use
Priority Content s;n;'n};s mg%)
1 Heat recovery ventilation 15.74%
: sindows and doos 1278%
: coling and hsig 877%
4 Adding external wall insulation 5.80%
5 High efficiency lighting (LED) 5.43%
6 Adding roof insulation 3.64%
7 High efficiency boiler 3.52%

Heat recovery ventilation
High performance windows and doors
High efficiency cooling and heating

Existing
162

External insulation reinforcement
High efficiency lighting(LED)

External insulation reinforcement

High efficiency boiler

50 100
Primary Energy Use

(KWh/m?yr)

150 200

Fig. 3. Energy performance changes after changing green remodeling
elements technology
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