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ABSTRACT

The effects of climate change are widespread globally, and emerging as a threat to vulnerable groups including the elderly, children,

and low-income households living in cities. In Korea, The Ministry of Environment has been carrying out a national project to support

climate-vulnerable groups by applying cooling systems like cool roofs, cool walls, and shading systems. Measuring the effectiveness

of these cooling projects through an appropriate monitoring methodology became more important, as cooling projects have gained huge

attention. This study examines the effectiveness of the cooling project applied in the residential area of Jinyeong-eup, Gimhae-si,

Gyeongsangnam-do, where most of the residents are elderly people who are vulnerable to heatwaves and intense heat. To measure

temperature changes, a data logger and self-developed IoT equipment were installed on the roofs and indoors. Also, a survey was

conducted to measure the resident satisfaction with the cooling project. The results are as follows. First, a significant temperature

reduction was found in housing where both cool roof and cool wall were applied compared with non-applied housing. The average

temperature difference between combined applied housing and non-applied housing was 3.42°C for the roof surfaces. Also, the survey

results suggested that most residents were satisfied with the cooling project itself and felt the changes in indoor temperature.
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Table 1. Vulnerable class supporting project monitoring

target
Cool wall and cool Cool wall painting Non applied
roof applied house applied house house

Jinyeongsanbok-ro 72beon-gil area

i \
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Table 2. A domestic study on the heat reduction effect of cool roof and cool wall

Title Author Contents
- Evaluation of the application of the indoor irradiation test
method and the effect of reducing the road surface
. . temperature of the thermal barrier pavement announced by
Reduction of the Urban Temperature using the . .
. . Huh JH the Japanese Society for Thermal Insulation Pavement
Pavement Material Lowering the Heat Island .
Effect (2013) Technology in 2005
ec
- Research on the production and study of three types of
common slabs, concrete slabs, and slabs with thermal
insulation coatings of the same size (30 x 30 x 5 cm)
. . - Suggested method for measuring the thermal characteristics
Comparison of Thermal Characteristics on Cool .
. . Park MY of the cool roof by measuring the flow rate and
Roof of Vacuum Ceramic Coatings and Rooftop . . .
. (2020) temperature using a data logger, and measuring it using a
Waterproofing Coatings
heat flow sensor and a temperature sensor
. - Analysis of the effect of reducing the temperature of the
Reduction in Indoor and Outdoor Temperature of . o
o . Song BG et al. (2016) roof according to the application of the cool roof to the
Office Building with Cool Roof . .
Changwon City Hall building
. . . - Using a UAV equipped with a thermal infrared camera,
Temperature analysis by roof material using Lee GS et al. .
. . measure the characteristics of summer temperature change
UAV-based thermal infrared image (2021) . . .
by roof material and provide basic data

http://www.ekscc.re.kr
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Table 3. Overseas study on heat reduction effect and research methodology of insulation paint

Title

Author

Contents

Which pavement structures are
best suited to limiting the UHI
effect? A laboratory-scale study of

Parisian pavement structures

Hendel M. et al.

(2018)

- Analysis of the temperature reduction effect of 5 types of packaging materials
under the same temperature condition

- As a method for temperature setting, a halogen light with a color temperature of
6500 K is used.

Before the full-scale experiment begins, each sample is stabilized in the chamber

after night for 24 hours

The experiment was conducted over a total of 3 days, and the temperature was

measured at 1-minute intervals.

Confirm that there is an effect of reducing the temperature by up to 5 degrees

depending on the material

Laboratorial investigation on
optional and thermal properties of
cool pavement nano-coatings for

urban heat island mitigation

Ning Xie et al.
(2019)

Compare the degree of heat island effect reduction according to reflectance by
analyzing the properties of the coating based on two criteria: optical properties

(spectral reflectance, brightness) and thermal properties (temperature)

For comparison of thermal properties, visible light and infrared photos were taken

during summer (July 2, 2018) when the surface temperature is the highest.

The device height is installed at a point 1m higher than the coding sample

Cool roofs and cool pavements

application in Acharnes, Greece

Kolokotsa D. et al.

(2018)

The effect of reducing the total annual energy for cooling by 17% was confirmed
by measuring the outdoor temperature, outdoor relative humidity, indoor
temperature, and indoor relative humidity using a data logger through the

application of thermal barrier paint on the roof of the building.

Cool roofs: High tech low cost

solution for enery efficiency amd

thermal comfort in low rise low
income houses in high soalr

radiation countries

Kolokotroni M.
et al.
(2018)

Monitoring evaluation analysis before and after thermal insulation paint by
measuring the surface temperature of the roof, interior ceiling, and indoor space

and the temperature inside the building

Experimental and numerial
assessment of cool-roof impact on
thermal and enery performance of

a school building in Greece

Stavrkakis G.M.

et al.
(2016)

Analysis of the effect of the cool roof applied to the school building on the
thermal environment and energy performance
- Record indoor air, roof and ceiling surface temperatures in 10-minute increments

for approximately 1 month

To measure the thermal environment, take a photo of the roof with a thermal

camera and measure the reflectivity of the exterior surface of the building

The thermal effect of an

innovative cool roof on residental

Pisekkim Anna

Developed a prototype of cool tile and conducted monitoring for one year of

thermal performance when applied in practice

buildings in Italy: Results from Lau(rzaoitl.) al - Measure the heat flow from the roof, the effect on the indoor thermal
two years of continous monitoring environment on the roof, and the effect on the ceiling every 10 minutes
- Analysis of the ability to reduce the heat island effect of cooling packaging
Optimizing of mear infrared materials according to tile aggregates
region reflectance of mix-waste Nickholas - Experiment with samples of —150 mm x 150 mm and 3.0 mm in thickness
title aggregate as coating material Anting et al. - Install a 500 W iodine tungsten lamp 50 cm above the sample to simulate sunlight
for cool pavement with surface (2018) - The experiment was carried out for 6 days, the surface temperature was measured

temperature measurement

using a thermocouple connected to the data logger, and the ambient temperature

was measured 1.5 m above the ground.
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S: Sensible Temp.
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Formula 1. Formula for sensible temperature according to

the temperature and wind speed of the cool paint target area
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DI: Discomfort Index

T : Temperature (Celsius)

RH : relative humidity (%)

Formula 2. Formula for sensible temperature according

to the temperature and wind speed of the target site
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LST Time Series

+— LST_Day_tkm

12 May2021 17 June2021  July2021  August2021  September October 2021

Average air temperature of target site locations
(May to October 2021)

LST Time Series

+— LST_Day_tkm
+— LST_Night_tkm

LST Celsius

12 May2021 17 June2021  Juy2021  August2021  September October 2021
2021

Average day/night air temperature of target site locations
(May to October 2021)

Fig. 1. Average temperature in the area of Sanbok-ro,
Jinyeong-eup in 2021 analyzed by Google

Earth engine
(Source: Google Earth Engine)
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Table 4. 3 monitoring sites for the cool painting projects

Items Addreess Type Applied material Area applied Roof top material | Wall material
. . Cool roof &
Combined sitel o . Panel,
wall painting 111.9 n?, 82.9 m? Iron tile
(H2) X Concrete
applied
. Normal
Cool wall site2 Jinyeongsanbok-ro house Cool wall paining 2.9 | " Panel,
H3 72beon-gil area applied - ron tile Concrete
(H3) (1 story) pp
Non-applied site3
(H4) None - Cement Concrete
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Fig. 2. Location of monitoring target site and land
use plan for heat shielding project
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Fig. 3. Criteria for selecting a target site for monitoring
the cool painting project
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Table 5. Thermal insulation project monitoring plan
details

Section Detailed monitoring plan

* Measurement object and type (ceiling in
Monitoring target vulnerable households, indoor and

outdoor temperature, humidity, etc.)

Data collection Temperature, precipitation, humidity,

items weather data

Vulnerable household outdoor

Metrics temperature, indoor surface temperature
(ceiling, wall), etc.
* Measurement tool, measurement period,
Measurement .
measurement date and time, measurement
method

interval (cycle), etc.

. Survey, survey method, location (branch),
Survey Design

date and time, etc.
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Self-developed IoT

Cloud server block diagram for
hardware for temperature

real-time data storage

and humidity measurement

Fig. 4. Monitoring loT hardware and complete block
diagram
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Table 6. Comparison of loT devices and data loggers

HIG| Rl -

Qe -

Comparison IoT Device (GSES, SNU) Data logger (TR-71WF)
Wifi Real-time data transmission Yes No
Real-time transmission error check Yes No
Power SV 3A 3V / AA x 2 battery
Solar power Yes No

Time interval

1 sec ~ 1 hour / variable

1 min, 5 min, 10 min fixed

Cloud Server Yes No
CSV format Yes Yes
. Temp. Humi. Fine dust, CO, and etc.
Multi sensors K . Temp only
Time scaled multi input
. . 0~200 cm
Mesuring height . Attachable
(flexible stand)
Simultaneous Temp channel Max 5 Max 2
Waterproof Yes No
Big Data Cloud server Max 1 year Max 3 months
storage sustainability (from 3 sec interval) (10 min interval)
Mobile App / (monitoring schedule) Yes / (day, week, month) No
Artificial intelligence data correlation analysis Yes No
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Items Measurements Objective Measure period Equipment
Measurements to determine
the durability of the cool .
e . 3 reps / min
Indoor ceiling roof material
. (every 20 seconds, ¢ Self-developed
Measurement for analysis of
. Late August 2021 ~ IoT sensor
temperature indoor and outdoor
. January 2022
temperature reduction effects
of buildings
Temperature
measurement Atmospheric temperature
above 1.5m rooftop 1 time / 10 minutes
Outdoor (10 minute intervals,
24 hours in total) ¢ Data logger
temperature Roof surf Late August 2021 ~
t 1!
oof surface temperature October 2021
Measurement to analyze the
Rooftop . . .
Thermal effect of temperature Maximum temperature | * Thermal imaging
imaging reduction on the roof surface time (12pm to 14pm) camera
surface o
of a building
Fig. 5. Site monitoring methods

—

Cool roof & Cool wall

NP S S

house

Combined painting

Cool Wall painted

house

Non applied house

Cool wall painting applied house

Non applied house

Fig. 6. Installation of external data logger equipment
in combined application, cool wall application,

and non-applied household

——Coolwall_Roof Air

--Non applied_Roof Air

——cool Roof&Wall combined Roof air

Fig. 7. Combined painting, cool wall painting, non
applied house — indoor loT equipment installation

Roof top temp trend of the Applied vs. Non applied site

——Coolwall_Roof surface

Non applied_Roof surface

——cool Roof&Wall combined Roof surface

Fig. 8. Overall temperature trend on the roof
(applied and non-applied site)
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Table 7. August 26th ~ October 11th rooftop temperature trends (applied and non-applied site)

(unit C)
Cool wall roof top cool wall roof Non applied_roof | Non applied roof | combined paint roof combined
air (1.5m) surface top air (1.5m) surface top air (1.5m) paint_roof surface
Max temp 404 41.2 40.7 42.5 422 39.4
Min temp 14.7 14.8 14.7 15.0 16.2 16.3
Avg temp 24.0 23.6 24.1 24.0 24.3 24.1
3.3 ELEE s I Aat 2Y Q) 2 2UHY 24 23
F7t 2% BUEY 47 717 89 268 ~319 A
3.3.1 BELHY +¥ & 21t &4 HolE A8 W HAL SAHHO &% ZAHZLC Fig 10
(1) A7\ =UEe 24 A o Zor SAHY] 229 2k S Fig. 113 L

TUHY 7171 89 2695H 10 1147H4] 717H9] b
OB Z=AE B ST 28 HEE tIAY & 2
Zo0]E AW EH(Fig. 8, Table 7), 1 5= 425C, HA
21 15.0CoH, Hier= 29 2 B3 A8 V&
o= 2’“’&‘:’40] 24.1T, tj7] &= 243Co|t} & H3g}
] A7t o ® Wstsl] Wgoll, S #HO 2%
ok AAE 7o g 24 77 1 257 7B
3t QA7ES 7o g A=ZQ BAS Agsiyth

Flg. 9oA ZUEY 7|7} 59t gloJE|2AE EFA]
HSe 4G vAE PR S LT Folg 4w
B, H|ZE HYH 7|F 1 2% 425C, HALE 22
orolr, YRert 29 =X B HgrlT |Fow
SAFEHO] 31.8C, W7] 2&+= 344Co|t} ol HA =
BEANA, =7 AlY w2 FF (8€268 ~319)
U=} 8¢ 28U SAFRHY HI2EE 7|E0E 45HQ

rAag AT,

Max temp of the Roof Surface. of Applied vs. Non applied site

— Roof surface max temp. of non appliued
Roof surface max temp. of cool wall & roof

Roof surface max temp. of cool wall

Fig. 9. Maximum temperature trend for rooftop
surface during monitoring periods (applied

and non-applied site)
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Applied vs. Non-applied site Roof surface temp. 26~31 Aug

0
2021-08-260:00 2021-08-270:00 2021-08-280:00 2021-08-290:00 2021-08-300:00 2021-08-310:00 2021-09-010:00 2021-03-020:00

« Cool wall_Roof Surface Non applied_Roof Surface  « Cool wall&roof_Roof Surface

Fig. 10. Aug. 26 ~ 31 rooftop surface temperature
trends (applied and non-applied site)

Applied vs. Non-applied site Roof Air temp. 26~31 Aug
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2021-08-260:00 2021-08-270:00 2021-08-280:00 2021-08290:00 2021-08-300:00 2021-08-310:00 2021-09-010:00 2021-09-020:00

« Cool wall_Roof Air Non applied_Roof Air » Cool wall&roof_Roof Air

Fig. 11. Aug. 26th ~ 31st rooftop air temperature
change (applied and non—applied site)
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Table 8. Aug. 26th ~ 31st measure temperature difference (applied and non-applied site)
(unit C)
Cool wall Non applied . Combined Combined | Combined / | Combined / non
. Cool wall . Non applied . . . .
roof top air roof top air paint_roof top | paint roof | non applied | applied surface
roof surface roof surface K .
(1.5 m) (1.5 m) air (1.5 M) surface air temp gap temp gap
Max temp 40.4 41.2 40.7 4.5 422 394 1.5 3.1
Min temp 20.3 20.5 20.4 20.7 21.5 21.7 1.1 1.0
Avg temp 27.8 27.4 27.8 27.9 27.5 27.3 -0.3 -0.6
1) 8¢ 28U Z4 AIHAHY 7]2) 249 AEA] 41.2C 2 v]HEGA| %} EolAEA 0] A=
SA71Z W FaL 2&=do] sigshs 8 289U 9] A9 —3.1C0|aL, ¥AgA| e} S GA 2=As ~1.3C=
7]1L0] gt B4 Ay Table 93 ol HH 24 UERTH

FA FHU2L vd_A 425C, 2 2844 39.4C,

Table 9. Aug. 28th Cool paint application and non-application, temperature change comparison and

temperature difference

Cool wall Non applied . Combined Combined | Combined / | Combined / non
. Cool wall . Non applied . . . .
roof top air roof top air paint_roof top | paint roof | non applied | applied surface
roof surface roof surface . .
(1.5 m) (1.5 m) air (1.5 M) surface air temp gap temp gap
Max temp 40.4 41.2 40.7 42.5 422 394 1.5 -3.1
Min temp 31.8 30.1 33.6 33.6 29.3 239 -4.3 -9.7
Avg temp 37.6 37.0 37.9 389 35.5 31.8 2.4 -7.2
FEARA 0 104~ 25 44 A8 R g thg A9, B A8 )2 ge] A HY LEAE Hil 52T
A Aol that BAATHE Table 103 e AL o ofnl, SUHE w489 Aol ~14CR AW} Lhepck

Table 10. Aug. 28th, 10:00am to 4:00pm indoor high
non-applied site)

est,

lowest, average temperature difference (applied and

(unit T)
Cool roof | Cool Non Cool roof | Cool Non Comb_Non Comb_Non | Cool wall Non [ Cool wall Non
& wall wall applied & wall wall applied | applied ceiling | applied indoor | applied ceilin | applied_indoor
_ceiling | _ceiling | _ceiling | _indoor | _indoor | _indoor _ temp gap _temp gap | g temp gap | _ temp gap
Max temp 31.9 35.7 37.1 30.6 28.3 31.0 -5.2 -0.4 -14 2.7
Min temp 29.3 342 352 27.7 26.3 28.0 -5.9 -0.3 -1.0 -1.7
Avg. temp 30.6 349 36.0 29.2 273 29.4 -5.4 -0.2 -1.1 -2.0
2) 9% 8 £4 Azt o} 99 8 O 104] ~ 2F 44 AYLEo B3 28
SA712F Wl F3 2= sfidshs 9¥ 89 24 10 oF H|AG ti A9 A 2=Ae FHAL 52004, 3¢

BAAT}= Table 113 2

48 GRS v 4 e Al Hol

-1.4CoJt}.
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Table 11. Sep 8th 10:00am to 4:00pm indoor highest, lowest, average temperature difference (applied and
non-applied site)
(unit C)
Cool wall
Cool roof| Cool Non Cool roof Cool Non Comb_Non Comb_Non | Cool wall Non N
on
& wall wall applied & wall wall applied | applied ceiling | applied_indo | applied ceiling lied ind
applied_indo
ceiling ceiling | ceiling | _indoor | _indoor | _indoor | _ temp gap |or_ temp gap temp gap PPHEC.
or_ temp gap
Max temp 29.6 334 34.8 28.0 26.0 29.2 -5.2 -1.2 -14 3.2
Min temp 27.2 31.8 32.0 25.3 23.7 24.8 -4.8 0.5 -0.2 -1.1
Avg. temp 28.4 32.5 33.1 26.5 24.9 26.7 -4.8 -0.2 -0.6 -1.8
3) 99 1Y £4 23 ok 98 119 94 104 - 0.5 44] Aol 23 48
74717 W FaL 2=l sigshs 94 119 24 10 Ao v A H4 A9 W EEA= Fal -3.6C0H
A~ 0% 4x] o] et BAETE Table 128} 2 29 48 A9} =g daxe] Rols ~1.700]T
Table 12. Sep 11th 10:00am to 4:00pm indoor highest, lowest, average temperature difference (applied and
non-applied site)
(unit T)
Cool roof| Cool Non | Cool roof| Cool Non Comb_Non Comb Non | Cool wall Non | Cool wall Non
& wall wall applied | & wall wall applied | applied_ceiling | applied_indoor | applied ceiling | applied_indoor
ceiling | _ceiling ceiling | _indoor | _indoor | _indoor temp gap temp gap temp gap temp gap
Max temp 313 332 34.9 27.5 26.0 29.1 -3.6 -1.6 -1.7 -3.1
Min temp 29.2 31.1 31.0 22.4 232 23.8 -1.8 -1.4 0.1 -0.6
Avg. temp 30.2 32.1 33.0 24.9 24.6 26.7 2.7 -1.8 -0.9 2.1
4) 10¥ 39 24 23} T} 10¥€ 39 A 10A] ~ 23 44] AYro] B3l x8
24712 ) H3L LELe] Sigshe 10439 9 10 SRS WA g NS A L= HI 36ToH
A~ 9% 44 ALEo] et BAAIIE Table 133 2 29 A& A9} u]HE AR o] Zoli 25Tl
Table 13. Oct 3rd 10:00am to 4:00pm indoor highest, lowest, average temperature difference (applied and
non-applied site)
(unit C)
Cool Cool
Cool Non Cool Non Comb_Non Comb_Non | Cool wall Non | Cool wall Non
roof& . roof& . . » T . . Lo
i wall applied i wall applied | applied ceiling | applied indoor | applied ceiling | applied_indoor
wal wal
. ceiling ceiling . _indoor | _indoor temp gap _ temp gap _ temp gap temp gap
ceiling indoor
Max temp 30.1 31.2 33.7 283 23.7 27.8 -3.6 0.5 -2.5 -4.1
Min temp 26.3 29.8 30.6 23.9 21.6 23.8 -4.3 0.1 -0.8 2.2
Avg. temp 284 30.5 322 26.5 22.7 25.8 -3.7 0.7 -1.7 -3.1
Journal of Climate Change Research 2022, Vol. 13, No. 3
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Satisfcation Results - Perceived Indoor Temperature
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Fig. 12. Changes in the perceived indoor temperature
after cool paint being applied
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Table 14. Satisfaction score for thermal insulation painting process and quality

Color of paint — satisfaction score

Unit: person (%, point)

Response Very good Good Normal dissatisfaction | very unsatisfied | Avg. @5 points | Avg. @100 points
31 7 (22.6%) 14 (45.2%) 4 (12.9%) 5 (16.1%) 1 (3.2%) 3.7 73.5

Schedule and process - satisfaction score

Unit: person (%, point)

Response Very good Good Normal dissatisfaction | very unsatisfied | Avg. @5 points | Avg. @100 points
30 8 (26.7%) 16 (53.3%) 6 (20%) 0 0 4.1 81.3

Paint quality - satisfaction score

Unit: person (%, point)

Response Very good Good Normal dissatisfaction | very unsatisfied | Avg. @5 points | Avg. @100 points
30 14 (46.7%) 10 (33.3%) 5 (16.7%) 1 (3.3%) 0 42 84.7
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Table 15. Aug. 28th, Sep. 8th, Sep. 11th, Oct. 3rd Comparison of applied and non applied site temperature
(unit C)
Roof surface | Roof surface | Ceiling temp | Room temp | Ceiling temp | Room temp Sensible Discomfort
temp gap temp gap gap gap gap gap temp gap index gap
combined combined no cool wall | no cool wall combined combined Cool roof vs. | no cool roof
application application application application application application non-applied applied
2021-08-28 -6.2 24 -1.1 -2.0 -5.4 -0.2 2.7 -3.3
2021-09-08 -4.2 -2.5 -0.6 -1.8 -4.8 -0.2 -2.8 -3.6
2021-09-11 -4.3 -2.0 -0.9 2.1 2.7 -1.8 2.3 2.9
2021-10-03 -1.4 0.0 -1.7 -3.1 -3.7 0.7 0.0 -0.1
Average. -4.0 -1.7 -1.1 =23 -4.2 -0.4 -2.0 -2.5
Table 16. T-test result of the Aug. 28th ~ Oct.11th Max. Avg. Min. temp data (combined vs. non applied)
Average Std. Deviation
Section Equal variance test result t value p value
Non-applied | Combined-Applied | Non-applied | Combined-Applied
F=.042
Max Temp 35.26 31.84 4.54 4.06 3.83 0.00*
p=-2839
F=.546
Avg Temp 24.03 24.1 1.97 1.74 -0.188 0.851
p=.462
. F=.157
Min Temp 18.64 19.71 2 1.97 -2.57 0.012*
p=.693
* p<0.05

Combined, cool wall Vs, Non applied temp comparison chart
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—comhbined/ non applied roof surface temp gap combined/ non applied roof air temp gap

cool wall/ non applied ceiling temp gap cool wall/ non apolied indoor temp gap

Fig. 13. Aug. 28th, Sep. 8th, Sep. 11th, Oct. 3rd
Comparison of combined application, cool
wall application and non-application,
temperature differences
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