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ABSTRACT

KEYWORD

Purpose: G-SEED has had a significant impact on reducing carbon emissions and saving energy in the
eco-friendly building sector. Additionally, it has contributed to improving indoor air quality by promoting the use
of pollutant reduction materials. However, an analysis of formaldehyde and VOCs concentrations in 30 buildings
that obtained G-SEED revealed that some VOC concentrations exceeded recommended levels, despite the use of
materials emitting less than the TVOC standard. To address this issue, this study conducted a feasibility study on the
appropriate ratio of natural ventilation performance suggested by G-SEED for ventilation windows, which can
affect the reduction of indoor TVOC emissions. Method: Measurements and simulation analyses were carried out
in three locations in certified buildings. In the measurement analysis, TVOC concentration characteristics were
studied with windows and doors closed. During natural ventilation, there was a rapid decrease in concentration
within 30 minutes. Based on these findings, a simulation of natural ventilation was conducted by applying a ratio of
11 ventilation windows per floor area. The results showed that when the ventilation window application rate was at
least 6%, the TVOC concentration decreased to IAQ level 1 within 30 minutes. Result: Consequently, based on the
measurement and simulation results, this study proposes an improvement plan to revise the ratio of windows in the
natural ventilation performance category of residential buildings in the current G-SEED, lowering the minimum
requirement from 8% to 6%.
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1 Step Residential building targets

30 green building certified buildings
- Interior material finishing drawing
- Constructed building materials

Comparative analysis of IAP
2 Step measurement data and certified scores

Standards for pollutants
- Building materials TVOC emission

Comparison analysis
- Measurement data

(*Seoul Institute of Health and Environment — 30 measured values)
- Green building certification score

3 Step Selection of on-site measurement standards

4 Step TVOC - Measurement and simulation
Target: 3 residential buildings
Measurement
Case 1 Case 2

long time-window window opening =
opened(or closed) (or closing) schedule

MSE
APE

=

Simulation

o

CONTAM simulation
window opening (or closing) schedule

TVOC - Concentration prediction according

3 SteP 15 window size change

Improvement measures to secure
natural ventilation performance

Fig. 1. Overall process of study
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Table 1. Recommended standards for indoor air quality in newly

built apartment buildings: indoor air quality management act
enforcement rules
Division Pollutant Emission
1 Formaldehyde 210(1g/m’)
2 Benzene 30(ug/m’)
3 Toluene 1000(xg/m’)
4 Ethylbenzene 360(ug/m’)
5 Xylene 700(¢g/m’)
6 Styrene 300(ug/m’)
7 Radon 138(Bg/m’)

Table 2. Health-friendly housing construction standards

Division Pollutant Release amount after 7 days
(small chamber method)
0.10(mg/m*h)or less
1 TVOC (me/mh) P
sealant : 0.1(mg/m"h)or less
0.015(mg/m’h)or less
2 Formaldehyde 5
sealant : 0.01(mg/m’h)or less

Table 3. Natural ventilation window installation ratio for domestic
and international eco-friendly building certification for residential
building

.. Environment friendly Ratio of natural ventilation
Division . . q
certification system windows to floor area
1 G-SEED more than 8%
2 WELL more than 4%

Table 4. Effects of indoor air pollutants on the human body

3 0.065ppmOl3tE FA|5H= Al o] FasttH16]. Division Pollutant Effects on the human body
1 Formaldehyde Carcinogenic substances, Respiratory
24. AWFAY BN P problems
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A7 AEE HEF 22 £ ed A 5AASAS5S system abnormalities
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Fig. 2. Floor finishing material application rate
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Table 6. Based on field measurement of pollutant reduction rate
during natural ventilation

L Floor Wall Ceiling
D Pollutant
tvision Finishing | Finishing | Finishing |
Measurement Hardwood Ceiling
Standard Floors Wall Paper Paper Tvoc

Table 7. Standards for installing natural ventilation windows in
residential and non-residential buildings

Residential Building

Non-Residential Buildings

e | e | e | o
1 More than 14% 1 More than 8%
2 Less than 12~14% 2 Less than 6~8%
3 Less than 10~12% 3 Less than 4~6%
4 Less than 8~10% 4 Less than 2~4%
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R.B: Residential Buildings, O.T.A: Outside Temperature Average, I.T.A:
Inside Temperature Average

Table 9. Indoor air quality measurement points of Bl, B2, and B3

Elements Plan Section
1.0m
Bl B ) T—e Measure point
‘ Measure point [1,2m
. °
11.0m —
ST _m I { 1.0m
B2 . —e Measure point
Measure point [1 om
. .
11.0m
1.0m
B3 Measure t
? 1.2m
Measure point
11.0m

Table 10. TVOC concentration simple measurement equipment and
sensor

Elements TVOC Wind speed
Equipment SKT-9300(TVOC)
TESTO 4051
Sensor SEK-SVM4x

Measurement
status

S 9l 2ol
=Y eE S
AZX AL Table 11.7 Zot

27
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Table 11. Experimental conditions for emission characteristic analysis

Elements Winter season Summer season
Date 2024.02.27.~2024.02.29 2024.09.03.~2024.09.05
Region Seoul mapo Seoul gangseo
Floor area 7.50m’ 11.25m?
Floor high 2.3m 2.3m
Volumn 17.25m’ 25.87m’

Measure point T

e

plan Méasure [point Measurg point
o o
11.0m [1.0m
Window
effective 0.8m’ L1m’
opening area
Measurement
3F 13F
floor
Outdoor
temperature 5.74°C 33.15°C
(average)
Indoor
temperature 14.67°C 27.22°C
(average)
Humidit
Y 48.06% 55.13%
(average)
18.00 N .
Inside Temperature M Outside Temperature
16.00 F Average : 14.67°C
~ 14.00 —ftitnmrtmr R s i g
£ 12.00 Average :5.74°C
@ 1000
E 8.00
] 6.(}0 ________________
g 400
Sl I |
0.00
N WWLWwWwLWwLWwwLwiwmLwLwiLwwwLwwLwwwmww ww.wm
NdHdouwdoddouwdnoddowlsTodASen o
O N W OVWOOO 4 NMMOANMT W ONOBOO O «
o o o NN N NN o
Measurement time Winter Season Date: 2.27~2.28
40.00 mInside Temperature  ® Outside Temperature
35.00 Average : 33.15°C Average :27.22°C
S 30.00 {
L | {1 {11 | EELQEEEE {AFLEFTY T AR AR ‘
@ 25:00
=
§ 20.00
& 15.00
£
& 10.00
5.00
0.00
SR2EZSTTR2IEISSEIEISRIIIIEIES
BERNEE TS H O T NG IIBSRNE S S S o

and summer season

%E‘r. TVOC %—E wsto] 73

Measurement time Summer Season date: 9.3~9.4

Fig. 5. Measurement data of outdoor/indoor temperature in winter
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Fig. 6. Indoor air quality measurement results on February 28th
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Fig. 7. Indoor air quality measurement results on September 4th
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Fig. 8. Indoor air quality measurement results on February 29th
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Fig. 11. TVOC concentration measurement results in residential

facilities Bl, B2, B3
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Fig. 12. Wind speed measurement data when windows are open in
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Table 12. TVOC concentration simple measurement equipment and

sensor
Input
Buildings Elements conditions
(Unit)
Initial
C concI;:lt:ation 0-146ppm
Tvoc | Constant
coefficient ) 7.57E-05
Generation rate .
g/min
Discharge
I . 0.611
BI ndoor Coefficient
Leak:
Airflow caxage Flow Exponent 0.65
Path area ’
Pressure L0Pa
Diffenrence
Two-way Flow Model 0.88m’
Temperature 11°C
Outdoor -
TVOC concentration 0.010ppm
C con(I:Iel;lttl:altion 0-140ppm
Tvoc | Constant
coefficient ) 8.30E-05
Generation rate .
g/min
Discharge
. Indoor Coefficient 0.611
Leak:
Airflow CAAEE T Elow Exponent 0.65
Path area ’
ressure
Diffenrence 10 Pa
Two-way Flow Model 0.80m’
Temperature 16°C
Outdoor -
TVOC concentration 0.015ppm
Initial
A 1 0.085ppm
Constant | concentration
coefficient R
TVOC Generation rate LSZE. 04
g/min
.. 3.21E-05
Deposition Rate .
g/min
Indoor Disch
ischarge
B3 . 0.611
Coefficient
Leak:
Airflow CAAEE T Elow Exponent 0.65
Path area .
ressure
Diffenrence 10 Pa
Two-way Flow Model 0.80m’
Temperature 11°C
Outdoor -
TVOC concentration 0.009ppm




Table 13. RMSE and MAPE analysis results based on comparison
of actual measurements and simulations of Bl, B2, B3 residential

buildings

Residential Buildings RMSE(ppm) MAPE(%)
Bl 0.057 0.725
B2 0.050 0.210
B3 0.014 0.189
Average 0.040 0.375

Table 14. Ratio of windows to actual floor area of residential
buildings Bl, B2, B3 and window size according to 1~10%

Residential Buildings-Window Area(m’)

Ratio Bl B2 B3

Actual(ratio) 0.88(9.54%) | 0.80(10.67%) | 1.30(15.71%)
10% 0.92 0.75 0.83
9% 0.83 0.67 0.74
8% 0.74 0.60 0.66
7% 0.65 0.52 0.58
6% 0.55 0.45 0.50
5% 0.46 037 041
4% 0.41 0.30 033
3% 033 022 025
2% 025 0.15 0.16
1% 0.17 0.07 0.08
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Fig. 13. TVOC concentration measurement results in residential
facilities Bl, B2, B3
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Table 15. Proposal of standards for installing natural ventilation
windows in residential buildings that reflect TVOC concentration
analysis results

Existing - Proposed change -
Residential Building Residential Building
Grade | Ventilation window ratio Grade | Ventilation window ratio
1 More than 14% - 1 More than 12%

Less than 12~14%
Less than 10~12%
Less than 8~10%

Less than 10~12%
Less than 8~10%
Less than 6~8%
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