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The Present Status and Improvement of Air Quality Assessment
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Abstract Integrated environmental permission system, which was introduced to effectively manage pollutants generated

by industry, assess air pollutants using discharge impact analysis and set the permissible discharge standards according to
environmental characteristics. The method of setting permissible discharge standards through discharge impact analysis is a
method already applied in Europe and United States. For this reason, comparing and researching the air quality assessment
methods of the countries in which it is applied is considered to be helpful in deciding the direction of Korea'’s integrated
environmental permission system. In this study, the air quality assessment methodologies of United States, United Kingdom,
Germany and Korea integrated environmental permission systems were compared. In case of United States, United Kingdom
and Germany, developing and applying model and factors which were reflected the characteristics of their own countries for
accurate air quality assessment. On the other hand, Korea’s integrated environmental permission system was assessed by
applying the H1 guideline in the United Kingdom, TA-Luft in Germany, and AERMOD modeling in the United States. In
addition, in Korea'’s integrated environmental permission system, all industries and pollutants are assessed by applying the
same modeling method. For this reason, it is difficult to reflect interaction factors according to industry, materials,
surrounding environment. In additions, there is a limitation in that the assessment method for secondary pollutants such as
ultra-fine dust (PM-2.5) or ozone generated by photochemical reactions, and the permissible discharge standards for this
have not been specifically established. In order to overcome the limitations of the current integrated environmental
permission system, it is judged that it is necessary to advance the pollutant assessment methods and discharge impact
analysis modeling by referring to the assessment methods of abroad.

Key words: Integrated environmental permission system, Integrated permit, Discharge impact analysis, Permissible discharge

standards, Air quality assessment method
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Table 1. Comparison of air pollutant discharge impact analysis methods in the United States, United Kingdom and Germany (US EPA, 2019; EA, 2016; BMU, 2002).

Classification United States Germany United Kingdom

« H1 Guideline
« Annex F1in H1 Guideline

« Federal Immission Control Act
(Immission prevention method)

Assessment method and « NAAQS
application model (Ambient Air Quality Standards)

« PSD » Technical Instructions on Air Quality Control « Assess the suitability of BAT
(Prevention of Significant Deterioration) (TA Luft) with H1 Software tool
« AERMOD » AUSTAL 2000 (Air pollution diffusion model)

« VDI 3945 part 3 (Atmospheric diffusion
model-particle model)

« Assess by step
(NSPS, BACT, LAER, MACT, RACT)

« BC+PC=PEC

« (Background concentration + Process
contribution = Predicted
Environmental Concentration)

« Define the characteristic value of emission
through material-specific instructions
according to the facility characteristics.

« Calculate the additional pollution degree,
existing pollution degree and reflecting
characteristics of immission.

« Displays the total pollution degree from

Environmental
impact assessment

« Changes in emissions over time
and weather conditions are
taken into account when
calculating pollution levels.

« The total pollution level is
calculated by adding the
additional pollution predicted
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as a result of AERMOD to
existing pollution levels.

existing and additional pollution.

Discharge Simplified

impact analysis  analysis
Detailed
analysis

« Permissible discharge standards
are set using different atmospheric
diffusion modeling in each United States.

° PCLong term <3% EQS
° PCShort term < 5% EQS

* PCLong term <1% EQS
¢ PCShort term <10% EQS

« If the total pollution level exceeds the

permissible discharge standard,

conduct a detailed analysis (AUSTAL 2000).

¢ PCLong term T BC>70% EQS
* PCShrot term > 20%
(EQSShort term=2 X BCLong term)

Required information

« AERMOD
- Company information
- Terrain data
- Stack data
- Weather data
- Background concentration statistical data
- Emission pollutant data
(Process concentration of pollutant,
emission flow, flow rate,
emission temperature)

« Emission sources and emission strengths

*» Meteorological time series or a
dispersion class statics

« Time series of parameter value

+ Case-dependent parameters

* Register of roughness lengths

» Terrain profile

« Substances released

« Height, location and gas efflux
velocity of releases

« Predicted normal and maximum
emissions expressed where
appropriate as mass/unit time,
concentration and total flow,
or annual mass emissions

« Plant loads at which the data
are applicable

« Statistical basis of releases
(Average, percentile)

« Whether the effects associated
with the releases are long term
or short term

« The predicted frequencies of
emissions if they are intermittent

« Other relevant information
such as building effects
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United Kingdom
« Substances with little environmental

Germany

+ Standard for exemption from existing

United States

« Unconditional assessment of

* new sources

Classification

Table 1. Continued.
Characteristic of
method

impact through pre-screening are

excluded from assessment.

pollution calculation

M3, &1y, S

- Average annual value < 85% of

- PC<L EQSLong term 190
* PC<EQSshort term 10%

emission concentration over 24 hours

(except for PM-10)
- Measured value over an hour < 95% of

emission concentration over an hour
- The number of atmospheric concentration

emission concentration
- Measured value over 24 hours < 95% of

(based on 24 hours) exceeds 50 ug/m3

in three years <15 times
(based on one year, PM-10)

« EQS or EALs Annual Average

* BImSchV, TA-Luft

« NAAQS

Reference of

Concentration and Maximum Admissible

(or 95percentile concentration)

(National Ambient Air Quality Standards)

permissible discharge

standards

« Environmental Permit Regulation

« Federal Immission Control Act (BImSchG),

+ Clean Air Act Amendment

Legal basis

Council Directive 96/61/EC
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oL AAH o= A 7hstt o] 2 FA071E]
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Table 2. Air quality assessment methods in Germany (BMU, 2002).

Air quality assessment method

« Immission calculation method

- Emission source area: An area within a radius of 50 times the height of stack around the emission source, If there are multiple
sources of emission, the calculation area should be selected more widely.

- If the emission intensity is affected by the wind speed, relevant matter should be reflected.

- The short-term assessment criterion for the assessment of immission can be calculated through the diffusion calculation method of
VID 3945 (AUSTAL 2000). Effective stack height, deposition rate, sedimentation rate, wind direction, and heat flow act as

effective factors.

- Calculation of effective stack height is generally in accordance with guidelines VDI 3782, and in the case of exhaust gas emissions

through cooling towers, follow guidelines of VDI 3784.

- Heat flow: The flow of energy when heat energy moves through the generation and absorption of heat.

M=1.36x% 1073 x R'(T-283.15K)

R’=Exhaust gas flow rate in standard condition (m?/s)
T=Temperature of exhaust gas (K)

- Wind direction
12)=ra+D(2)-D(hg)
D(z) =1.23Dp[1-exp(=1.75z/h,,)]

u* u*
— for Ly>—
a 3 or Ly £
hp=
u* flyan u*
— (M, f Ly < —
a fc( u*) or 0<Ly< F

r=Wind direction

z=Ground height

D =Rotation

h,,,=Mixed layer height

u* =Friction speed

a = Coefficient (0.3)

f.= Coriolis parameters (1075™")
Ly =Monin-Obukov length

m

- In the diffusion calculation, an evenly distributed wind direction is randomly selected and used. In the case of non-uniformity,
a value distributed evenly among the wind directions between 1° and 360° is randomly selected and used. If the wind stops and
it is difficult to calculate the wind direction, the method is applied differently depending on whether the stopping time is

more than two hours or less.

- Equation (4) is the formula used to calculate the mixed layer height (h,,,) applied to Equation (2) and (3) when it is incorrect.
The frictional velocity (u*) can be obtained from the wind profile of the atmospheric boundary layer model. Monin-Obukov Length
(Ly) is a factor that refers to atmospheric stability, and can be obtained by calculating the diffusion class using the Klug/Manier
formula and substituting it in meters according to the VDI 3782 guidelines.
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Table 3. Dust deposition and sedimentation velocity (BMU,
2002).

. . Deposition Sedimentation
Particle size N .
Grade (um) velocity velocity
H (m/s) (m/s)
1 Less than 2.5 0.001 0.00
2 25t010 0.01 0.00
3 10to 50 0.05 0.04
4 More than 50 0.20 0.15
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Table 4. Air quality assessment methods in United Kingdom (EA, 2016).

Air quality assessment method

« H1 software provided by the Environment Agency(EA) is used to evaluate hazards, if emission pollutant PC is low, exclude from the
assessment target.

« Company that conduct detailed assessment must perform discharge impact analysis, and the analysis is conducted in consideration
of statistical techniques and regional environmental characteristics.
« In discharge impact analysis, emission sources are divided into large point emission sources and small point emission sources.

« Large point emission sources are modeled using a diffusion model, and small point emission sources are modeled using the
Dispersal Kernel.

- Conditions for proceeding with detailed model
PCLong term +BC>70% EQS, PCShrot term >20% (EQSShort term_2 X BCLong term)

- Background concentration (BC) is calculate using the time average at all assessment points.

- Process concentration (PC) is calculate average annual frequency distribution of wind direction, wind speed, and diffusion class.
Itis possible to calculate the annual average of PC, by using frequency distribution which applied diffusion model, that using
pollutant concentration at receptor and deposition value.

« Establishment of the permissible discharge standard of company is set up by comparing and analyzing the PEC (Predicted
Environmental Concentration) calculated through the discharge impact analysis. PEC and PC can be calculated using the equation

(5), (6), (7).

« Applying equation (8), (9), it is possible to calculate effective stack height and emission rate.

PEC=PC+BC (5)

PECshort term = PCshort term + (2xB0) 6

PC,;,=DF X RR @
_ Uaet

Uer=1.66H =2 1] ®

Flow=U,#X r* X 3.14 X Voggux (9)

PC,;,=Process concentration (ug/m°)

RR =Release rate (g/s)

DF = Maximum average surface concentration per discharge rate (Diffusion coefficient, ug/m3/g/s)
U,= Effective height of stack

Uy, =The height of stack from the bottom of building

H=Building height

r=Radius of stack

Vesux = Measured discharge rate

« Formula for calculating the effect of air pollutants when it diffused into deposited in soil.

(PCuiy X RR X DV X 3 X 86400)
1000

PCground = (10)

PCyround = Process concentration according to daily deposition rate (mg/m?/day)
RR =Release rate (g/s)

DV =Sedimentation rate (0.01 m/s)

3 =Sedimentation coefficient

86,400 = A value expressed in seconds per day

2ld2 3l Aol WAskE e Fedol A 71 B7HE St ARl e dk 4 9 st
o2 = FFo] nulet Aoz geld B¢, g 22 HiETIE AAol thet AT Y82 & 49 o,
o i B7HE AL Aol TRsaich Sl FRE o@Bde] A WIS gl EYFEA © v
U EF5]7} (Standard Rules Permits) 2t 571 HE oA AREHE SitAleE & 59 2t StAle
7b 2% B F2 @R HEFTFEL ¥ = 18 25 wolE HiH R AgoiH, 25 o7t
& 845k= A9l AAsH H= 953 517F 200 m oI A= 7] A 0.023, ©7] gt
(Bespoke Permitting) 2 L+ 71t Al 2.3 A-8sto] 7 Atk
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Table 5. Dispersion coefficient of air pollutants (EA, 2016).

Dispersion coefficient (ug/m>/g/s)

Effective
hei Long term: Short term:
stagl?:rg; Ma)?imum Monthly Maximum
annual average average time average
0 148 529 3,900
10 32 34 580
20 46 6.2 161
30 1.7 23 77
50 0.52 0.68 31
70 0.24 0.31 16
100 0.11 0.13 8.6
150 0.048 0.052 4
200 0.023 0.026 2.3

WAL Bl ARIOIA AN 7127
©] Environmental Permitting Regulation (EPR) ]3]z}t
H1 Annex F-Air Emissions TH&51H d]717F 213 =]
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28 AR Qe s ARE B9, B0 4
7 LA S 0 @A ek Ssto] ol
73700 Azstoiof 5}, B49] A BAzo] 4
2718719 (Best Available Technique, BAT)S 53l &
4 V5 ST 4D NEIES RTE e
Article 18 (Directives 2010/75/EU)°]l ©]75to] 147
Tho] O AT 7128 Patake Zlo] S (EA,
2016).
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Table 6. Analysis stage and criteria of assessment for Korean type discharge impact analysis program (MOE, 2021).

Classification

Analytical method

Criteria of assessment

Assessment of environmental contribution rate, which of additional pollution

0
Step 1 contribution by standard modeling PCr<3%EQ3
0,
Assessment of environmental contribution rate, which of additional pollution PEC/7<100% EQ3
Step 2 contribution and total contaminate contribution by standard modeling PCsr<EQSsrir
PEC,r< 100% EQS

~ = Input data =~

/) \
1| Company information |y
| and address |
1 1
1 : 1
I Company terrain data T
: |
entered directl 1
> 1 Stack data T
1 1
1 1
1| Discharge pollutant |
+  concentration data | |
| 1
1 1
1 Weather data in the |
1 company area 1
1
Data provided by I :
the permit agency : Background |
| concentration in the —
I 1
\ company area i
T -

Establishment of

Discharge
impact analysis
program
(Korean type)

permissible

discharge standards

Fig. 1. Establishment of permissible discharge standards through discharge impact analysis.
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Table 7. Air quality assessment method in Korea (MOE, 2021).

Applied statutes & model

Air quality assessment method

« Integrated management of
environmental pollution
facilities law

« Korean type discharge
impact analysis program

« AERMOD 2

respectively.

Bc=(2, fodl?)+(2

n

=
1

- Simplified analysis uses a simplified analysis tool provided by the Ministry of Environment.

« Pollution contribution is calculated by entering the information on the stack and the emission
of pollutants. PC of company is calculated as the product of emission and the diffusion
coefficient as shown in the following equation, and is calculated for all stacks in the company,

« BC can be calculated according to equation (13).

Z;=Observed value at the observation point i
d;= Distance from observation point i to target point
n=Number observation points

« Diffusion coefficient of pollutants is based on the contents of the United Kingdom H1
methodology, and the PEC of company can be calculated by summing the calculated PC and
BC. If calculated PC exceeds 3/100 of long term environmental standard, detailed analysis

should be conducted.

PC (ug/m?) = Volume of discharged pollutants (g/s) X DF (ug/m>/g/s)
PEC (ug/m?3) = PC (ug/m?3) + BC (ug/m?3)

(14)
(15)

« Assuming that pollutants are discharged to concentration of maximum discharge standards
from each stacks, if calculated volume of emission pollutants satisfies one of the equation (16),
(17) and (18), can be excused analysis conducted to assess the impact of pollutants.

PCiong term Ty = 2 ati stack (Volume of discharged pollutants) X (DF 7)
PECiong term (1) = BC+ 2 yistack (Volume of discharged pollutants) X (DF )
PECshort term (st = BC+ 22 astack (Volume of discharged pollutants) x (DF )

(16)
(17)
(18)

« Analysis area is set as an area including a 20 km radius area excluding company boundary in
consideration of the spatial distribution.

« The receptors are placed within the target area except for company boundary, and the
distance between the receptor point is 50 m above the company boundary line, rectangular
area less than 2 km from the boundary of company is 100 m, rectangular area of 2 km or more
and less than 10 km from the boundary of company is 500 m, and other areas are set to 1 km

(MOE, 2017).

« If there is a meteorological station in the vicinity of company, it is possible to use the
observation data as weather data. Self-measurement data can be applied when the emission
concentration value of pollutants are measured according to the guidelines of the Ministry of
Environment, and the data are reliable.
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