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1 Domestic Soundproofing Facility and Noise Management Standard

) Definition of soundproofing facility

— lItis a public facility installed for the purpose of preserving the living environment of the
neighboring area by blocking or absorbing the noise generated by the noise source
(vehicle, road, railway, machinery, etc) reducing the noise by the diffraction of noise

) Market Size of Domestic Soundproofing Facility

— About 330 billion KRW in the soundproofing 2015 2016 2017 2018

market and about 90 specialized companies

( Market growth rate expected to mature )

— Soundproofing market is steadily increasing

— Market size is expected to increase over the next
few years, but market size is expected to be
stagnated due to market demand contraction
and saturation of related companies.
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1 Domestic Soundproofing Facility and Noise Management Standard

Types of Domestic Soundproofing Facilities

- There are soundproof tunnels & walls, *soundproof walls are classified into transparent & sound absorption type
— Soundproof walls are classified into concrete, synthetic resin type, and wood type by materials.

- In Korea, sound absorbing walls are installed most frequently(35%), sound tunnels are installed the second (26%).

Market share of Soundproofing

9 Soundproof Tunnel 9 Transparent type 9 Absorption type

Transparnent
Type

23% .
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1 Domestic Soundproofing Facility and Noise Management Standard

Status of noise standards

@ The "Environmental Policy Basic Law, standard
(Law Article 10, Enforcement Decree, Article 2 "Annex 1")

(Day: 06: 00 ~ 22: 00 / night: 22: 00 ~ 06: 00)

Areatvoes | Gemeral | Roadside
P Day |  Night | — Night |

| Aea’C" | 65 | 55 | 70 | 60
Area’D"

<Target area by region>

® Area“A". Conservation & agricultural and forest, urban green, private

residential, schools, hospitals, and libraries
® Area”B": Production management, general and semi-residential

® Area”C". Planning management, semi-industrial
® Area”D": General, private industrial
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1 Domestic Soundproofing Facility and Noise Management Standard

@ "Noise & Vibration Control Law, (Article 26, Regulation Article 25 "Annex 12")

(Day: 06: 00 ~ 22: 00/ nght 22: 00 ~ 06: 00)

S emetaes T acaton | Dy | New
eSSl 'e'n 1a . darea, greenery . area, settiemen area .|n (dB(A)) 58

administrative area, area within 50 meters from site
. - Vibration
boundary of school, hospital, public library etc. dB(V))

Commercial areas, industrial areas, agricultural and forestry --
areas, production management areas and management (dB(A))
areas Industry, distribution development promotion district, Vibration

3 According to "Housing Law
(Article 42 of the "Act on Housing Construction Standards;, Article 9 of the Decree)

Large-scale apartment Small apartment house
Development area more than 300,000 m’ Development area less than 300,000 m’

Applying "Housing Law; - 5 layers or less:

_ o Application of "Basic Law on Environmental Policy
Noise criterion 65 dB or less - 6F or more: indoor 45dB or

- 65dB outside the day, 55dB at night I
ess

- According to the Housing Law, indoor noise is measured when window is closed.
- The indoor noise of 45 dB is equivalent to the outdoor noise of 70 dB or more when
considering window penetration performance.
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1 Domestic Soundproofing Facility and Noise Management Standard

@ Comparison of domestic highway related noises

Classification

Environmental Policy
Basic Law

Noise and Vibration
Control Law

Housing Law
(Regulations)

Implementing
body

= Concession company
(road, house, etc.)

= Noise generator

= Housing company

Purpose

= Goal criteria of noise
environmental policy

= Roads, railways, etc.
Noise Prevent vibration
damage

= Noise reduction and
blocking at the sound
source side

Noise
criterion

= Outdoor noise
— Weekday: Less than 65dB
— Night : Less than 55dB

= Outdoornoise
— Weekday : Less than 68dB
— Night : Less than 58dB

= Qutdoor Noise:
Less than 65dB

= In door Noise:
Less than 45dB

Object of
application

= Business subject to
environmental impact
assessment

— Road: new 4km, extended
10km or more

— Housing: more than
300,000 square meters

* Public highway

= Housing business not
subject to environmental
impact assessment




2. Noise Reduction Facilities

Problems and solutions of existing soundproof tunnels
O Utilization of solar photovoltaic soundproof tunnels

— The currently used soundproofing tunnels have soundproofing effect, but there is a problem that obstructsthe
aesthetics of the road.

— Research on solar tunnels is actively under way to solve the problem of aesthetics and secure environment—friendly
energy.

— Solar photovoltaic soundprooftunnels are soundprooftunnels that are made by integrating general soundproof
tunnels and solar power facilities.

— The use of solar photovoltaic soundprooftunnels has the advantages of securing safe and sustainable eco—friendly
energy while playing the role of existing sound—prooftunnels. It also has advantages such as light weight, cost
reduction, beauty improvement through application of various designs

Insolar panel (module)

By applying sound insulation

performance Instead of soundproof

: panels By installing
solar panels Integrated tunnels Solar power
sound insulation tunnels | plant Integrated

Technology to install Fusion technology /g

To solve the problem of aesthetics inhibition, it is necessary to utilize solar noise tunnel s




2. Noise Reduction Facilities

Side View

Front View
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2. Noise Reduction Facilities

Analysis of solar photovoltaic soundproof tunnels Effect
O Simulation Overview

- In order to verify the effectiveness of solar tunnels, we plan to construct solar tunnels in the direction of
Sungsu Daegyo, Dongbu Highway, Sanggye-dong, Nowon-gu, Seoul and predict the effects by

simulation analysis before construction
— Simulation results of shading analysis show that it is possible to supply 993.6kw of electricity.

Simulation Overview

Classification Contents

Capacity * Photovoltaic power generation equipment 993.6kw
£330

* Installed integrated solar power plant with soundproof wall utilizing
Content scope | gound-proof tunnel

* Construction : Installation completed within 12 months from contract date

Business period

* Operation : 20 years after completion

Simulation of shading analysis results in 993.6kw power supply o




2. Noise Reduction Facilities

O Enter shading analysis data

— Considering the yearly value of meteorological data such as wind speed and sunshine time, the shade
of the spot where solar photovoltaic soundproof tunnels was installed is analyzed (2016)

- Weather data utilizes meteorological data of Seoul Metropolitan City including business branch

— Date of Analysis: June 21 (not based) ~ December 22

— Analysis time: 10:00 ~ 6:00 (every hour interval)

Enter wind speed data Enter the daylight-saving time data
Classifc .
ation Jan s Mar Apr May Jun Czis;fc Jan Feb Mar Apr May Jun
Average
wind Daylight
speed : 2.8 2.4 2.4 2.4 hours | 1961 | 195.2 | 2351 | 219.5 | 280.1 | 229.7
(m/s) (hr)

Cla:¢,5|fc Jul S Sep Oct Nov Dec Classifc
ation ation
Average
wind
speed . 2.1 2.0 2.1 2.2
(m/s)

Jul Aug Sep Oct Nov Dec
Daylight
h&U)rs 160.4 | 236.1 | 191.6 | 195.7 | 1733 | 166.4
r
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2. Noise Reduction Facilities

O Result of shading analysis

— In consideration of the most time, the result of the review from 0:00 to 16:00 (June 22) is not
influenced by the spirit, but at the time of the comrade (December 22), some shades Occur
- Considering the shaded areas, the arrangement of the photovoltaic modules in the soundproof

tunnels on the front of the apartment was avoided.

Example of shading analysis
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2. Noise Reduction Facilities

Problems of existing sound barrier
O Atmospheric pollution

— There is a side effect that pollution of the air quality is polluted by the soundproof wall which is currently used.

— The concentration of CO2 around the sound barrier wall is higher than that of other areas, and the amount of fine dust
is also higher

» Roadside CO2 concentration: 600 ~ 700ppm above the global mean 370pmm

> Roadside fine dust concentration: near Gyeongbu Expressway Seoul toll center PM-10 concentration 116.4 ug / m3

Result of CO2 measurement Result of fine dust measurement

M Front of wall M Back of wall HA1l HA-2 WA-3 A4 MAS

615

PM-10: 24 hr 100pg/m3 'IEE

&
E
£
=)
3
=
(5]
c
[+
Q

Area average 370ppm

Increase the necessity of development of technology to improve air quality on the road side and need eco—friendly multifunctional soundproof panel ;
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2. Noise Reduction Facilities

Eco-friendly multi-function soundproof panel

O Eco—friendly multi-function soundproof panel development process

Applicable technologies for reducing air pollutants Air pollution removal mechanism setting

o Prevention

4 Absomtion

. =SS

Application of adsorption
| method using zeolite,
copper oxide and

LS CO2 removal

Absorption

activated carbon fiber

Catalytic Soundproof
reaction A type

Dust collection
technology Mixed type

Using HEPA (High

Efficiency Particulate Air)
il Filter and smal blower
<HEPA Filter>

- Mechanism setting that can design
eco-friendly soundproof wall considering

solubility of air pollutant and reactivity
at room temperature
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2. Noise Reduction Facilities

O Performancetest by air pollution abatement mechanism

CO2 removal Fine dust removal

&— ACF
o— Zeolite
#— S8 Absorbent

=
o
o

* *
Duration of adsorption *

Zeolite - 200sec <Co||ect|on Efficiency>

Before reproduction 99.5%
- Primary regeneration 99.0%
- Secondary regeneration 98.7%
- Third regeneration 98.5%
+ Fourth regeneration 98.2%

ACF - 400sec 5 . Efficiency of adsorption
Polyester — Osec = s | ACF)Zeolite)Polyester |

©
o

ini, conc, ; 2.4%
flow rate D&Ipm

HEPA Filter Efficiency(%)
S

recycle time

Sl 200 400 8OO oo 1000 1200 1400 1800 1300 100 Z(IIJ 200 8O0 800 1000 1200 1400 1600 1800

before 1st run 2nd run 3rd run 4th run
Time(sec) Time(sec)

<Breakthrough curve for each adsorbent> <C02 removal efficiency by adsorbent> <Fine dust collection efficiency>

- Carbon dioxide adsorption performance test (Activaied Carbon Fiber (ACF), Zeolite, Polyester)
- Efficiency of adsorption : ACF>Zeolite>Polyester

- The larger the specific surface area of the adsorbent, the longer the adsorption duration

- Polyester which is main material of sound absorbing material is not applicable as absorbent.
- Fine dust removal performance test using HEPA filter: Fine dust removal efficiency 99.5%

- Decrease efficiency of fine dust removal before and after regeneration: 0.5% or less
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2. Noise Reduction Facilities

O (02 and PM10 collection and removal module

. - ;
Fine Dust

-+
co,

Catalytic

abatement
of gaseous
pollutants

HEPA

LS t 2
"ppox Filter

Pore

Catalyst AFC

layer

MAAM LLILlLLLLLLLLLL%l*LL

Sound absorber

<Basic concept of CO2 / fine dust removal using multi-function>

+ Air Poluion Purificaion Soundproof Panel Composiion: ACF (Activated Carbon Fiber) absorber, HEPA fiker, Sound absorbing mateid

- Eliminaion of CO2 by ACF after secondary removal of fine dust through HEPA fifier

- |t is necessary to maximize the contact area and remove the CO2 using the adsorpion method, and to apply maimenance-fiendly reractble pard
- Furher reseach o improve the eficency of adsorbents and HEPA fikers through longterm monitoring in the future




2. Noise Reduction Facilities

O Property analysis of ACF and pre—filter

Most of the pores developed in the ACF are micropores Pre—filter VS HEPA filter

surface area surface area surface area volume Volume A
(m2g) (m?Ig) (m?Ig) ) (cclg) (A

eI ASHRAE std. 52.1 DOP method
evaluation method

Applicationdust <8~10 <0.3

diameter(um)

Collection effidency (%) <95 >99.97

Water proof
glassfiber

SEM (Scanning Electron Mlcroscope)AnalyS|s of ACF

Filter media Polyesterfiber

Recycle Yes (wash) No

Unitprice 10,000~20,000 won 100,000~150,000 won

In order to trap stable CO2 gas, Pre—filter VS Sound absorbing material

It IS admntigé_
ACF having a larg
OfF miere

Pre Filter filter media(Polyester) SEM image Soundproofwall absorbing material (Polyester) SEM image 1 7 / 38



2. Noise Reduction Facilities

O Prototype development

Eco-friendly multi-function soundproof panel design Produced eco—friendly multi—functional soundproof panel prototype

* Air Pollution Reduction Module (ACF Adsorption Module and Pre Filter Module)
- Strengthen ventilation of the reduction modules on the front side

(more than twice as much as general soundproof panels)
« Maintain soundproofing performance by using general type

sound absorption panel on the rear part
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2. Noise Reduction Facilities

O On-site installation test

— Test construction in smart highway experience road
» Test construction in smart highway experience road
» Construction and PR panel installation at 10m between elevated bridge
» Use it as promotional road for project team
— Construction of public road test for performance verification
» Gyeongbu Expressway Upper line Near Seoul tollbooth (403.6km)
» Replace existing installed soundproof wall (5m) with developed eco-friendly multi-function soundproof panel (3 ~
4m height)

» 50m section installation (total of 100 panels installed)

» Monitoring before and after installation and investigation of adsorption amount
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2. Noise Reduction Facilities

O Field monitoring and performance analysis

CO2 concentration monitoring
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CO2 concentration

— Up to 850 ppm

Front and rear comparison
— Up to 300 ppm difference

CO2 concentration in congested
area: above average global
concentration (400ppm)




2. Noise Reduction Facilities

Evaluation of CO2 adsorption amount

ACF Adsorbent collection
(every two weeks)

il =/

) el

%*“ \Al/

FT-IR Analysis g/‘.
_J;l =

TD-GC/MS anayss
CO2 desorption test

(Desorption time : 6 ~ 7 h)
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ACF adsorbent
replacement
(every two weeks)

20 30 40
Measurement period(Week)

Between the 2nd and 7thweeks after
A 502 rt)er sample . inStauatiOl‘l
(Sgo—g 6; /ngCOFl)J 0020 0029 0031 0032 0033 0.034 0.035 0.036 0036 _’tm Mm mmms Shaw
Total CO2 1 i 1 about
adsor';)ttlzn e -- 52 mlklng aﬁe.r Ingallapr.l ( i 1 2 err]thS)
per 1 panel(g-C02) — (02 adsorption amountis fully included
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2. Noise Reduction Facilities

CO2 concentration (before / after comparison) PM-10 Reduced amount (before / after comparison)

bifore (natallatign o Gfter ingtallation

Chormnce ntrationd ppam )

C0O2 concentration before and
after installation

[ o=l - T

%

Average ollectionefficenyy

OLHAT] Ha T S

Installation Soundproofing panel Ambient CO2 Installation PM-10 around soundproof panel
concentration: 6.5% reduction Reduction: 18% reduction (collection amount

Eco—friendly multifunctional panel reduces CO2 and fine dust ‘o




3. Government Policy (1) — Low Noise Tire System of EU

To introduce during 2019~28 depending on vehicle types & replace types

Year & Date to Apply Tire Noise Standards

New Car (OE)

Replacement
(RE)

Retails Shop

Passenger Car (C1)

2019.1.1.

2023.1.1

2025.1.1

Small Commercial
(C2)

202111

2025.1.1

2027.1.1

Mé&L Commercial
(C3)

2026.1.1

2027.1.1

2028.1.1

~ OE - Original

equipment, == RE

: Replacement




4. Government Policy (2) — Noise Map

NOISE AND VIBRATION CONTROL ACT

(AR5 Te]d)

Article 4-2 (Drawing-Up of Noise Maps)

(1) The Minister of Environment or Mayor/Do Governor may draw

up a noise map showing the distribution of noise in a certain area

and other relevant matters when deemed necessary for appropriate

control of the noise produced by a means of transportation, etc.

pursuant to Ordinance of the Ministry of Environment.

(2) The Minister of Environment or Mayor/Do Governor may

disclose a noise map through its Internet website, etc. once he/she «+Currently, 38 cities with population of 0.5 million should have noise

. map by the year of 2016.
has drawn up it under paragraph (1). Py v '
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(3) The Minister of Environment may provide a Mayor/Do Governor
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who draws up a noise map under paragraph (1) with technical or

xd

financial support necessary for the preparation and management
thereof. [This Article Newly Inserted by Act No. 9770, Jun. 9. 2009]
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/www.noiseinfo.or.kr/about/noisemapinfo.jsp?pageNo=1113




