4.1.2 Analysis of the Monitoring Data
(1) Ouiling of Pollutant Concentration

The Data and the measurcment periods included in this analysis are as
follows. Detailed analyses were mainly made with the data of the fixed

stations.

Fixed Siations

S-1  City Hall March, 1992 -5 Fcbruary, 1993
$-2  UPM ~ March, 1992 —> February, 1993
$-3  Petaling Jaya _ March, 1992 ~» February, 1993
S-4  Shah Alam March, 1992 - February, 1993
S-5 Klang ' July, 1992 — February, 1993
Mobile Stations
M-1 City Hall March, 1992 -5 April, 1992
September,1992 > November, 1992
M-2 Gombak -March, 1992 -» April, 1992
M-3 Bangi April, 1992 — May, 1992
M-4 Rawang April, 1992 -> May, 1992
M-5 = Dengkil . June, 1992 —» July, 1992
M-6 Jl.Kuching July, 1992 — August, 1992
M-7 Federal  Expressway August, 1992 -» September, 1992
M-8 Sungai Besi August, 1992 — September, 1992
M-9 Kuang September, 1992 — November, 1992
. M-10 Sepang November, 1992 — December, 1992
M-11 Ule Klang November, 1992 — December, 1992
M-12 UTM January, 1993 - February, 1993
M-13 Kapar January, 1993  — February, 1993

Averages of major pollutants throughout the measurement periods are

summarized in Table 4.1.3.

Stations which have shown the highest concetntration of cach pollutant

are as follows;
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Fixed Station Mobile Station

SPM " Shah Alam J1.Kuching

SO2 Petaling  Jaya Sungai Besi

NO2 City Hall Sungai Besi

NOx City Hall Federal Expressway
CO Petaling Jaya City Hall (M)

O3 Klang Sungai Bosi

NMHC Petaling Jaya City Hall

Compliance with the guidelines at fixed stations can be observed in
Table 4.1.4, in which TSP and PMI10 concentrations are estimated by the

following cquations.

C(TSP) = 1.21 x C(SPM) C(TSP) : Concentration of TSP
C(PM10) : Concentration of PMI1Q
C(PM10) = 0.82 x C(SPM) C(SPM) : Conceniration of SPM

The delivery of the equations is described in Section 4.3.
Remarkables in Table 4.1.4 are;

+ A maximum value and an annual average of PMI10 at Shah Alam exceeds
the guidelines.

» S02 and NO2 guidelines are satisfied at all fixed stations, but hourly
values of SO2 and NO2 at City Hall, Petaling Jaya, and Shah Alam reach
more than 100 ppb.

+  Maximum values of CO eight hour averages exceed the guideline at City
Hall and Petaling Jaya.

»  Hourly values of 03 at all stations and cight hour averages of O3 except

UMFP exceed the guidelines more than once,

Although 1the data at the mobile stations are insufficient for accurate
evaluation, the hourly maximum value of SO2 at Bangi, - Dengkil, Sungai
Besi, and J}.Kuching, exceeded the guideline. The hourly maximum values

of NO2 at N.Kuching and City Hall (M) excceded 130 ppb.

Health implications of these pollutants are described in Section 2.3.3.

Cumulative distribution graphs of the pollutants at the fixed stations are
included in Section 2.1 of the Supporting Repori. The same graphs at the
mobilc stations are included in Section D of the Data Book. Most of hourly
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and daily values show linecar fit on lognormal distribution scale at least in

the middle ranges such as from 50% to 93.3%.

Table 4.1.3 (1)

Average Concentrations of SPM, SO2, NO2
and NOx (Mar. 1992 ~ Feb, 1993)

Monitoring Sites 5PM 50z NO2 NOx
(pg/m3) (ppb) (ppb) (ppb)
City Hall 50.7 (6432)] 10.4 (3264)] 21.7 (6590)] 103.3 (6590)
Fixed | UPM 24.1 (T114)] 8.0 (7363)| 8.6 (6005) 18.1 (6005)
Station | peraling Jaya 58.8 (7554)] 13.3 (8410)| 19.3 (8099)| 49.4 (8099)
Shah Alam 67.6 (8227) 7.7 (7990) 15.2 (7832)| 31.4 (7832)
Klang 60.8 (3222) 8.5 (2070)] 11.4 (3701){ 26.6 (3701)
City Hall(M) 86.3 (2510){ 10.1 (2379} 30.0 (2537)| 126.0 (2537)
Mobile | Gombak ' '65.0 (1157)[ 5.8 (1040) 11.4 (1161)] 24.7 (1161)
Station | pangi 66.7 ( 849)] 12.4 (790)] 9.4 (857) 20.8 ( 857)
Dengkil 57.8 (1223)] 5.2 (1142} 3.6 (1235)] 12.2 (1235)
Ji.Kuching 92.1 ( 502)| 8.0 ( 966)f 33.1 ( 971){103.2 ( 971)
Federal Expressway 87.2 ( 804) 12.1 ( 801)} 32.2 ( 808)1131.6 { 808)
Sungai Besi 83.3 ( 935)] 13.7 ( 888)| 33.5 ( 901)]118.2 ( 901)
Kuang 47.7 (1126)] 4.2 (1139)| 7.6 (1134)] 23.3 (1134)
Sepang 13.8 ( 550)| 3.0 (471)| 7.8 ( 597)| 23.2 ( 597)
Ulu Klang 30.6 ( 847)] 3.2 ( 838) 9.2 ( 856) 22.7 ( 856)
UTM 47.2 ( 894)] 2.9 (902) 14.4 ( 903) 40.0 ( 903)
Kapar 52.1 (938) 8.3 (637) 5.3 (948) 19.7 (948)
Note : Number of sample data in parcntheses.
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Table 4.1.3 (2)

Avcrage Concentrations of CO, 03 and NMHC

(Mar. 1992 ~ Feb, 1993)
Mouiloring . Sites co 03 NMHC
{(ppm) (ppb) (10ppbC)
City Hall 2.73 (6880) | 9.5 (6344) —
Fixed |UPM e 10.0 (7196) -
Station | petaling Jaya 2.84 (8384)] 9.7 (8126) | 79.1 (7546)
Shah Alam 0.70 (7405) | 10.9 (8017) | 22.5 (7804)
Klang — 12.4 (3679) —
City Hall (M) 3.74 (2537)] 10.4 (2536) |145.5 (1959)
Mobile | Gombak 0.63 (1161) | 17.7 (1161) | 27.1 (1162)
Station | Bangi 0.30 ( 855) | 18.3 ( 857) [119.7 (519)
Dengkil 0.39 (1242) ] 13.6 (1234) [140.3 ( 107)
J1I. Kuching 2.06 (543)| 8.7 (971) | 89.6 ( 401)
Federal Exi)ressway 2._10 ( 808%8) 1.0 ( 808) 91.7 ( 811)
Sungai Besi 2.91 (899) | 26.2 ( 901) |124.9 ( 995)
Kuang — 17.9 (1134) | 46.6 ( 788)
Sepang 0.64 ( 602)] 12.5 ( 597) 38.2 ( 466)
Ulu Klang 0.40 ( 287)| 16.8 ( 857y | 79.5 ( 854)
UIM 1.31 ( 902)| 18.3 ( 903) [137.0 ( 892)
Kapar 0.23 (949)] 20.0 (948) | 71.8 ( 834)

Note ;.

Number of sample data in parenthescs.

Monitoring pcriods are in Page 4-3.
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Table 4.1.4 (1)

on TSP, PM10, and SO2

Compliance with Guidelines

(Mar, 1992 ~ Feb, 1993)
Ttems TSP PM10 SO2
Unit (ng/ms3) (ng/m3) (ppb)
City Hall Avg. 61.3 41.5
Max. 112.5 76.3 33.5 106
99% 106.3 72.1 30.5 43
98% 104.1 70.6 27.3 35
95% 92.7 62.8 23.9 25
No. 6432 267 6432 267 114 3264
UPM Avg. 29.2 19.8
Max. 66.3 44,9 31.4 60
99% 58.0 39.3 17.5 27
8% 54.6 37.0 14.8 21
95% 45.7 31.0 13.3 16
No. 7114 293 7114 293 297 7363
Petaling Jaya | Avg. 711 48.2
Max. 165.4 112.1 29.5 111
99% 144.1 97.7 24.9 44
98% 136.8 92.7 23.9 37
95% 120.5 81.7 22.1 29
No. 7554 314 7554 114 351 8410
Shah Alam Avg. 81.7 554 X
Max. 253.1 171.6 X 20.1 103
994, 179.5 121.6 18.0 43
98% 164.7 111.6 17.0 34
95% 137.2 93.0 15.6 24
No. 8227 342 8227 342 333 7990
Klang Avg. 73.6 49.9
Max. 187.8 127.3 22.8 95
99% 168.1 113.9 18.2 42
98% 162.3 110.0 15.1 30
95% 152.6 103.4 13.6 21
No. 3222 130 3222 130 83 2070
Abbreviations Avg. : Avcrage value X: Exceed

Max. :
No.

Maximum value
Number of Data
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Table 4.1.4 (2)

on CO, NOz2, and O3

Complidgnce  with Guidelines

Items Co . _NO2 O3 _
Guidelines 8 Hours Hourly Hourly 8 Hours Hourly
9 30 170 60 100
Unit (ppm) (ppb) (ppb)
City Hall Avg.
Max. 10.53 X 15.4 121 118.7 X} 267 X
99% 6.65 9.1 61 59.4 86
98% 5.86° 8.2 53 50.8 70
95% 5.09 6.6 45 37.3 46
No. 63871 6880 6590 6244 6344
UrM Avg.
Max. 73 55.8 106 X
99% 28 19.6 53
98% 24 36.0 45
95% 19 29.6 36
No. 6005 7159 7196
Petaling Jaya Avg. _ .
Max. 10.15 X 15.7. 108 80.1 X| 128X
9% 6.96 8.6 56 54.4 81
98 % 6.30 7.7 31 47.0 66
95% 5.49 6.3 42 36.6 47
No. 8397 8384 8099 8129 8126
Shah Alam 1 Avg.
Max. 3.55 5.2 168 939 X|) 158X
99% 2.30 3.0 60 64.5 X 88
98 % 1.99 2.6 45 53.8 68
95% 1.60 2.0 34 39.9 48
No. 7419 7405 7832 7995 3017
Klang Avg,
1 Max. 72 68.9 X 132 X
99% 30 50.9 70
98% 27 46.3 59
95% 23 36.9 45
No. 3701 3641 3679
Abbreviations Avg. : Average value X: Exceed
Max. : Maximum value
No. Number of Data
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(2) Diurnal Change of Pollutant Concentration

There are typically three main patterns on diurnal changes of pollutant

concentrations.

The first one is a 'two peak pattern' with a sharp pcak' in the moming and a
moderate peak in the evening through the night. Most of diurnal changes
of CO and Nitrogen Oxides cxhibit the two peak patterns and some diurnal
changes of SPM and IHydrocarbons also exhibit the two peak patterns.
Diurnal changes of Nitrogen Oxides and CO at City Hall are shown in
Fig. 4.1.2 and Fig. 4.1.3 respectively. Diurnal changes of Hydrocarbons at
Pcta!ing' Jaya are shown in Fig. 4.1.4, This two peak pattern is an

indication of thce influcnce by motor vehicles.

The second one is a ‘single minimum pattern' with the minimum occuring
during the daytime. - Somc monitoring stations cxhibit diurnal changes of
SPM showing this pattern. It is to be noted that SPM concentration rises up
in the evening through the night and the concentration does not decrease
till the morning. Diurnal change of SPM at Shah Alam is shown in Fig.
4.1.5.

The third one is a 'single peak pattern' with the peak in the afternoon. O3
diurnal changes at ail staiions show this pattern. This pattern closely
follows the daily cycle of insolation. Diurnal changes of O3 at Shah Alam

are shown in Fig. 4.1.6.

Diurnal changes of S02 at Petaling Jaya arc shown in Fig. 4.1.7, which have

ihe insignificant single peak or two peaks pattern,

The remainders of diurnal changes at the fixed stations are included in
Section 2.1 of the Supporting Report. Diurnal changes at the mobile

stations are included in Section E of the Data Book.

Weekly changes of the pollutants at the fixed stations arc included in
Section 2.1 of the Supporting Report and the ones at the mobile stations are

in Section F of the Data Book .
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(3) Monthly Change of Pollutant Congcentration

Monthly changes of SPM, 502, CO, Nitrogen Oxides, 03, and Hydrocarbons are
shown in Fig. 4.1.8 through Fig. 4.1.13.

They did not show any clear seasonal pattern.
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(4) Relationship of Air Pollutant Concentration to Metcorological

Parameters

To analyze the relationships between the pollutant concentrations and the
meteorological parameters, the concentrations of the pollutants were
averaged by ranks of the meteorological parameters, such as wind
dircction, wind speed, stability index, and rainfall amount. The pollutants
analyzed are SPM, S$02, CO, Nitrogen Oxides, 03, and Hydrocarbons.

In summary, the following characteristics are highlighted.

O3 concentrations at all stations show high.values in the SW through WNW
wind directions (Fig. 4.1.14). The increase of O3 concentration around

2:00 p.m. coincides with sea breeze.

SPM, CO, Nitrogen Oxides, and Hydrocarbons show decrease of
concentrations with increase of wind speed. Relationships of CO

concentration io wind speed are shown in Fig. 4.1.15.

Generally, the concentration of pollutant should decrease with increase of
wind speed because of dilution. However, O3 concentrations increase with
increase of wind speed (Fig. 4.1.16). The increase of Q3 concentration

coincides with seca breeze and the sea breeze is relatively strong.

SPM, CO, nitrogen oxides, and hydrocarbons almost show high values with
strong siable condition. SPM concentration by stability index at Shah Alam
is shown in Fig. 4.1.17. If the atmospheric condition is stable, thec cmission
source around the ground level would strongly affect the pollutant

concentration.

O3 concentrations dccrcase from unstable condition 1o stable condition. 03
concentration for different stability index at Shah Alam is shown in Fig.
4.1.18. Generally, O3 concentrations are high around 2:00 p.m. when
incoming solar radiation is strong that contributes towards the unstable

atmospheric  condition.

SPM concentrations. show a decreasing trend with increase in rainfall
amount. The relationship between SPM concentration and rainfall amount
at Petaling Jaya is shown in Fig. 4.1.19. The wash out effect on particulate
matlers seems large. However, gascous pollutants such as 502 do not show

any clear effect by rainfall.
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(5) Analysis of High SPM Concentration

To investigate the causes of high SPM concentration, the following methods

were adopted.

a) Correlation analysis of SPM concentrations with the meteorological

parameters and some pollutants.

Meteorological parameters: Wind speed, Solar radiation, Temperature,

Rainfall amount, Relative humidity
Pollutants: SO2, NO2, NOx

Statistical values; Daily average (equal to or morc than 18 data in a day) or

hourly value
b) Selection of high SPM concentration days

The days with daily average more than 120 ng/m3 were defined as high

concentration days taking into consideration the guideline value for PMI10
(150 pg/m3).

¢) Comparison between the high concentration days and the remaining

days defined as the low concentration days.
Items of the comparison are the following.

- Diurnal change of SPM

- Wind rose

- Diurnal change of meicorological parameters
(Wind speed, Solar radiation, Temperature, Rainfail amount, Relative
humidity)

- Diumal change of some other pollutants (802, NOz2, NOx)

By the correlation analysis, the following features were found.

SPM and wind speed are negatively correlated to some extent at Shah Alam
and Kiang. SPM and temperature are correlaled (o some extent at UPM.
Among S0O2, NOx, and NO2, NO2 shows the highest corrclation with SPM. The
scatter diagrams of SPM with NO2 at the fixed stations arc shown-in Fig.
4.1.20, Scatter diagrams of SPM with the other items are shown in

Scction 2.1 of the Supporting Report.

4-28



Sclected days with high SPM concentrations arc shown in Table 4.1.5.

Table 4.1.5 High SPM Concentration Days

Number

Month of Days Stations
March, 1992 4 Petaling Yaya, Shah Alam
April, 1992 5 Petaling Jaya, Shah Alam
May, 1992 2 Petaling  Jaya
June, 1992 0
July, 1992 1 Shah Alam
August, 1992 4 Shah Alam
September, 1992 3 Shah Alam, Klang
October, 1992 2 Klang
November, 1992 7 Klang
Dccember, 1992 0
January, 1993 0
February, 1993 0

By comparison between the high SPM days and the low SPM days, the

following features wecre found.

Diurnal changes of SPM during the high SPM days and low SPM days are
shown in Fig. 4.1.21. The differences between the high SPM days and low
SPM days are large at Shah Alam and Klang during the morning.

Wind roses during the high SPM days and low SPM days are shown in
Fig. 4.1.22. The frequencies of calm are lower during the high SPM days

at most of the stations.

Diurnal change of net radiation at Petaling Jaya is shown im Fig. 4.1.23.
The net radiation values during the high SPM . days are lower in the

afternoon,

Diurnal changcs of NO2 during the high SPM days and low SPM days are
shown in Fig. 4.1.24. NO2 concentrations during the high SPM days are

also higher.

Diurnal changes of the other meteorological paramcters and pollutant

concentrations arc -shown in Section 2.1 of ihe Supporiing Report.
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(6) Analysis of High 03 Concentration

To investigale the causes of high O3 concentration, the same methods used

for the high SPM concentration wecre adopted.

a) Correlation analysis of O3  concentrations with the metcorological

parameters and somec pollutants.

Meteorological parameters: Wind speed, Solar adiation, Tempecrature,

Rainfall amount, Relative humidity
Polluiants: NMHC, NO2
Statistical values: Two sets of combinations as follows.

03: Hourly valucs
Meteorological parameters: Hourly values

Pollutant: Hourly values

03: Daily maximum -
Meieorological parameters: Morning averages
Pollutants: Morning maximum

Here, the 'Moming' is defined as the interval from 7 to 12.
b) Selection of high O3 concentration days

The days with maximum O3 concentration more than 100 ppb arc defined as
the high concentration days taking into considcration the guideline value
for O3.

¢) Comparison between the high conceniration days and the remaining

days defined as the low concentration days.

items of the comparison are the following.
- Diurnal change of O3
- Wind rose
- Diurnal change of meteorological parameters
(Wind speed, Solar radiation, Temperature, Rainfall amount, Relative
humidity) | o |
- Diurnal change of some other pollutants (NMHC,NOz)

By the correlation analysis, the following features were found.
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O3 with solar radiation and temperature are corrclated and O3 with relative

humidity is necgatively correlated.

The scatter diagram of O3 with solar radiation is shown in Fig. 4.1.25. The
scatter diagram of O3 with temperature is shown in Fig, 4.1.26. The scatter
diagram of O3 with relative humidity is shown in Fig. 4.1.27.  Scatter
diagrams of O3 with the other items are shown in Section 2.1 of the

Supporting Report.
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Selected days with high O3 concentrations are shown in Table 4.1.6.

Table 4.1.6 High 03 Concentration Days

Number .

Month of Days Siations
March, 1992 15 City Hall, Petaling Jaya, Shah Alam
April, 1992 8 City Hall, Petaling Jaya, Shah Alam.
May, 1992 2 City Hall, Petaling Jaya
CJune, 1992 1 UPM
July, 1992 i Pelaling Jaya, Shah Alam
August, 1992 0
Seplember, 1992 4 'City Hall, Petaling Jaya
October, 1992 0 .
November, 1992 2 Peialing Jaya,. Shah - Alam, Klang
December, 1992 0
January, 1993 6 Petaling Jaya, Shah Alam, Klang
February, 1993 10 City Hall, Petaling Jaya, Shah Alam

By comparison between the high O3 days and the low 03 days, the

following features were found.

Diurnal changes of O3 during the high O3 days and low O3 days are shown
in Fig. 4.1.28. The differences between the high O3 days and low O3 days
are large at City Hall, Petaling Jaya, and Shah Alam,

Wind roses during the high O3 days and low O3 days are shown in
Fig. 4.1.29. Wind is relatively weak during the high O3 days.

Diurnal change of net radiation during the high O3 days and low O3 days at
Petaling Jaya is shown in Fig. 4.1.30. Net radiation during the high 03

days is higher than the onc during the low 03 days.

Diurnal change of relative humidity during _thc high O3 days and low Q3
days is shown in Fig. 4.1.31. Relative humidity in the daytime during the
high O3 days is lower than the one during the low O3 days.

Diurnal changes of NO2 during the high O3 days and low 03 days are shown
in Fig. 4.1.32, NO2 concentrations during the h_igh 03 days.at all stations
arc higher than the ones during the low O3 days. The diffecrences are

large at City Hall, Petaling Jaya, and Shah Alam.
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Diurnal changes of NMHC during the high O3 days and low 03 days arc
shown in Fig. 4.1.33. NMHC concentration during the high O3 days is

higher than the one during the low O3 days.

The remaining figures as wind roses and diurnal changes arc shown in

Section 2.1 of the Supporting Report.
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4.2

4.2.1

Simplified Measurement
Simplificd Measurement over a Wide Area

(1) Outline of Measurement

To examine spatial distribution of 503(S$02), NO2, and NOx concentration in
Kclang Valley Region, the shelters for simplified measurement were

installed at 50 points shown in Fig. 4.2.1.

Outline of the measurement is summarized in Table 4.2.1,

Table 4.2.1 Quiline of Simplified Measurement in Wide Area

Item Method : Period
S03 PbO2 Method 1. February - March, 1992
: _ 2. March - April, 1992
NO2, NOx | PTIO Method 3. July - August, 1992
(YOKOHAMA-KOKEN- | 4. Ociober - November, 1992
Mcthod) | Exposure period: about 30 days / one period

Note: Measurement and chemical analysis method

PbO2 method: A cylinder coated with lead diexide paste is exposed to the ambient air
for about a month. Afier exposure, the sample is analyzed by
ahsorptiometry method. )

PTIO method: ‘A sampler with .an absorbent filter containing PTIO and TEA rcagent is
cxposed to.the ambient air for about a month. After exposure, the
sample is analyzed by absorptiometry method,

FTIO : 2-phenyl-4,4,5,5-tetramethylimidazoline-3-oxide-1-oxyl

TEA : Triethanolamine '

(2) Data Analysis

To survey the spatial distribution of the pollutants, contour figures were

produced.

At first, the concentration values at cach grid point with 2000 meters X-
span and 2000 meters Y-span were calculated. The calculation was made
using the weighted averaging methods with 1/R2 weight. R is a distance
from a grid point to a station. For the calculation at a grid point, the closest
station and the second closer station were used. Then, contour lines were

drawn for each period and cach pollutant.

NO2 distribution in the first period is shown in Fig. 4.2.2. Arcas of high

concentration with more than 20 ppb appear in Kuala Lumpur through
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Petaling Jaya and Shah Alam through Klang. Areas of high concentration
with more than 20 ppb mainly appear in Kuala Lumpur during the second
through fourth period. During the second period, .arecas of high

concentration also appear in Gombak.

NOx distribution in the fourth period is shown in Fig. 4.2.3. A high
concentration center with more than 100 ppb appears in the middle
castern 'part of Kuala. Lumpur.  Centers of high conccntrat.ion' appear in
Kuala Lumpur during the second through fourth period, but the area sizes

of the high concentration centers are smaller during the first and the

second  period.

SO3 distribution for the second period is shown in Fig. 4.2.4. Area of high
concentration with more than 300 (0.001 mg/day/100cm? Pb) appears in

the north part of Kuala Lumpur.

Area of high concentration with morc than 300 appears in Gombak during

the first period.

SO3 concentration is converted to SO2 concentration using the following

equation.
SOz (ppm) = SO3 (mg/day/100cm? PbO2) x 0.04

So 0.44 mg/day/100cm? PbO2, the maximum value of SO3 during these
periods is converted to 17.6 ppb. The 300 contours in the figure

correspends to 12 ppb.

The contour maps not shown in this section are included in Section 2.2 of

the Supporting Report.
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Unit: ppb

Fig. 4.2.2 Contour Map of NO2 by Simplified Measurement in Wide Area
(Feb. ~ Mar. 1992)

\
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Fig. 4.2.3 Contour Map of NOx by Simplified Measurement in Wide Area

(Oct. ~ Nov. 1992)
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Unit: 0.001 mgiday/1xcm® Ph

Fig. 424 Contour Map of SO3 by Simplified Measurement in Wide Area
(Mar. ~ Apr. 1992)
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4.2.2 Simplificd Mecasurement around Roads

(1) Ouiline of Mecasurcment

To investigate the profile of air pollutants around roads, CO concentrations
were measured with detector tubes at the points shown in Fig. 4.2.5. The

points were placed ‘in a line vertical to cach of the road.

The measurements were conducted for four periods at each point.

First ;0 §/Mar/1992 - 7/Mar/1992
Second : 24/Apr/1992 - 27/Apr/1992
Third : 11/Aug/1992 - 13/Aug/1992
Fourth : 2/Nov/1992 - 4/Nov/1992
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‘Legend

Observation Point

Ra MAEN ROAD Survey Road 1 i Survey Read 2
§ JJI. tpoh Ji. Kelam Air Small road near by G.§.
2 | H. Pahang Ji. Pahang Barat Ji. Titiwangsa 11§
3 |JI. Raja Laut Ji. Tiong Ham Ji. Sti Amat
Li JI. Sultan lsmail {Parking rear by JI.TAR | Parking near by JI. TAR
5 | JI. Ampang JI. Palas JI. Ritchia ~
6 [J1. Tun Razek Ji. Eaton J1. Langask Golf
7 |JI. Parlimén JI. Conderswasih JI. Suitan Satshuddin
8 {JI. Hang Tuah Road to School JI. Kenanga
8 | Ji. Cheras Road to Dewsn Bandarsya JI. Timm

Fig. 4.2.5 Locations of Simplified Measurement Points around Roads
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(2) Data Analysis

The resﬁlts of the measurements are summarized in Table 4.2.2. And CO

profiles around the roads are shown in Fig. 4.2.6 through Fig. 4.2.9.

Concentration decrease with distances from the road.

Table 4.2.2 Measurement Result of CO by Detector Tube

unit : ppe
Road-1 Road-2
Ml  Point | Tise| Period Distant (m) ‘ Distance (m)
0| 10§ 2 | 40 {00} o 10| 20 | 40 {100
1 78/92. 0 91 5 5 4 1.] 3 2 2 1 1
2 | 25/ 47927 | 8 2| 3 21 3] 41| 2 2 2 1
1. Ipoh - :
3 | 13/8/92 | 9 2 1 1 1 50 1 1 i i
4 /e | s 2.1 2 1! g 5 3 4 .
1 5/ 3/92° | 5 4 3 1|t | s 1 2 1 2
2 e/ | o] 4 5 | 17 4 5 3 3 2 3
J1. Pahang -
3 | 12/ 8/92 | 11 6 T 4 3 6 1] .2 2 | 2
4 g/ b 3|93 2| 20 sy sl 21 2| ¢
1 5/-3/92° 1 2 2 3 2 8 5 5 § | -4
il 2 | 21/ 4f92 4 3 1-{.2| &8 6 5 4 4
Raja Lawt | 3 | 12/ 8/92". 51 65| 4 3| u 4 ] 5 5
41 3/11/92' | 10 3 30 3| 3] 10 6| 4 6 5
1 5/ 3792 | 1 3 3| 3| 1 5 1 1 1] et
MSultan | 2 | 2574792 | 11 ] 4| 3| 3| 2 1] 11 1| 1
Ismail | 3 | 12/8/92 | 5 1 5 [ 2.1 ¢ 3 3 2 1
1 e o A4l ¢ 3| 21113 s 5 4 1
1 1/ 3/92° | 10 4 3| 2 1 8 4 2 3 2
2 | 2474792} 6 3 2 1 1 4| 3 2 3 2
JI. Ampang
3 | 1178792} 8 3 2| 2] 2 71 3 3 3| =2
4 2/11/82° | 7 4 2 1 1 7 4] 4 2 1
I 6/ 3/82° | 5 1 2 1 1|1 3 4 1 1
Il 2 | 24/.4/92 | 10 4 3 31 3|10 4 i 3 2
Tun Razak| 2 11/ 8/92' 6 2 3 2 2 i3 4 4 4 FA
4 2/11/82° | 11 5 51 2 1] 13 5 3 2 1
] 6/ 3/92 | 2 2 31 2 i 2 i 1] 1 0
n. 2 | w1/ 4092 | 14 7 5 31 2 4 3 2 1 1
Parlimen | 3 11/ 8792 | 14 9 51 51 5§ 41 3 1 1 1
i 411792 | 5 6 3 4 3 § 1 1 1 1
1 6/ 3921 2| 1 2 1] 1 4 2 41 2 3
3. 2 | 27/ 4702 8 6 4 3 24 9 7 5 41.3
Hong Tush| 3 13/8/927 | 11| 6} 3 i} 410 -39 6 6 8
4 a/n/92 ) 3§ 2] 4 1 5 3 1 1 3
1 6/3/92| 6| 4 2 4] 3 6 2 4 2 2
2 | 24/ 47927 | 3 2 2 I 2 8 3 4 3 2
Ji.Cheras - -
: 3 | /e 3 2 30 31 2| 9.3 3 2 1
4 iz | 4 3 34 2| -2 5 3 2 1 1
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Fig. 4.2.6 CO Profile by Detector Tube of the First Period

(5th ~ 7th/Mar./1992)
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Fig. 4.2.7 CO Profile by Detector Tube of the Second Period

(24th ~ 27ih/Apr./1992)
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4.3

Analysis of Other Related Data

(1) Summary of Reports and Rescarch Papers

Some reports and papers related 1o the ambient air quality in Kelang Valley

Region were provided by DOE, MMS, and UPM.

As mentioned in some reports (#3001, #3012), information relating 10 air
pollution issucs in Kelang Valley Region or Malaysia was very limited in

the past years.

TSP and PM10 were observed accurately by somc agencies such as DOE, UPM,
MMS, UTM and others, but data on gascous pollutants as 802, NOx, CG, and O3

were very limited and where they cxisted, the records were nol continuous.

However, with the installation of three micro-computer system for air
monitoring units in 1984, morc accurate and continuous measurement of

air pollutants including gascous oncs started.

The existing information that have been observed in the study area are
listed below (#3001).

- TSP concentration measured at Petaling Jaya in 19806 satisfied the annual
guidcline (90 pg/m3) and the daily guideline (260 pg/m?).

- Though it was said that more investigations were requesied, TSP
concentration values at’ Rawang, Klang, and Shah Alam in 1986 excceded

the guidelines to some cextent.

PM10 concentration values at Petaling Jaya in 1986 exceeded the
guideline for daily valuc,.bul the values in 1987, and 1988 satisfied the

guidelines,

S0O2 concentration values at City Hall in 1986 satisfied the guidelines for

hourly valuc (130 ppb) and thc 99 percentile value was 25 ppb.

S$0O2 concentration values al Kapar and Mecru necar fire power .plant
satisfied the guideline and the 99 percentile values were 56 ppb and 36

ppb for each station.

NO2 conceniration values at City Hall station in 1986 satisficd the
guideline for hourly valuec (170 ppb) and the 99 percentile value was

about 38 ppb.
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- 03 concentration values at City Hall in 1986 sometimes excceded the

guideline and the 99 percentile value was about 97 ppb.

On the basis of the above, the concentration levels of each pollutant was

summarized as below;

- TSP and PMI10Q concentration values sometimes probably ecxcceded the
guidelines, but the ecxcceding was likely 1o occur mainly at non-

residential  sites.

- S0O2 concentration values were likely to be satisfied at all residentiai and

commercial sites,

- NO2 was likely 1o be satisfied at all residential sites, but higher values

" were probably measured at some commercial sites.

- O3 concentration data were limited, but they indicated high level

concentration even at the city sites.

- CO concentration data werc limited, but higher level than the guideline

probably occur red at least in commercial area.

On the basis of more recent data of TSP concentration in 1989, annual mean
values of heavy 1raffic sitcs exceceded the guideline at 6 out of 7 sites
(#8004). Annual mean values at industrial sites exceeded the guideline at 5
out of 9 sites and the values at commercial sites exceeded the guideling at 1
out of 5 sites. In this case, the sitc at which the values exceeded the
guideline was Shah Alam (SIRIM).

Figs. 4.3.1(1) and (2) show diurnal changes of $02, CO, NOx, and O3 in Kuala
Lumpur (#3021). Graph (a) shows the result in December in 1984 through
March in 1985, graph (b) shows the one in April through May in 1985,
graph (c) shows the one in June through September in 1985, and graph (d)

shows the one in October through November in 1985.

Data of SPM, CO and NOx have two distinct peaks, one in the morning and
another in the cvening, These are indications of the influence by motor
vehicles. "As to meteorological parameters, diurnal changes of mixing
height and wind speed arc  related to the air pollution. As to diurnal
change pattern of NOx and O3, it is irdicaied that the peak is first reached
by NO, followed by NO2 and finaily by O3,
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Fig. 4.3.2 shows scasonal change patterns of SPM, CO, NOx, and O3 (#3012).
TSP was measured at MMS (Petaling Jaya) and O3 values were the monthly
averages of daily maximum. SPM, and TSP show peaks in June during the
dry pcriod, and the strong surface inversions are likely to have
contributed to the peak.
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(2) Analysis of TSP and PM10 Data

TSP data in 1977 through 1992 and PMI10 data in 1990 through 1992 were
provided by MMS. TSP and PMI10 were observed at Petaling Jaya by high

volume sampling for 24 hours.

Monthly changes of TSP in 1977 through 1992 and PMI0 in 1990 through
1992 are shown in Fig. 4.3.3. High TSP concentrations were observed in the

following months.

- January and April of 1979

September through December of 1982
August of 1990

Scptember and October of 1991

PMI10 concentrations in August of 1990 and October of 1991 were also high.

To obtain the conversion factors from SPM conceniration to TSP and PMI10
concentrations, correlation analysis was conductéd. Daily averages of the
monitoring SPM concentrations were calculated during the corresponding
period to TSP and PMI0 observation in 1992, Then linear regression lines
wére determined under the condition that TSP or PMI10 is fixed at zero when

SPM value takes zero value,

Scatler diagrams of SPM with TSP or PMI10Q are shown in Fig. 43.4. The

equations for conversion from SPM to TSP or PMI0 are as follows.
C(TSP) = 1.21 x C(SPM)

C(PM10) = 0.82 x C(SPM) Unit: pg/m3
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(3) Analysis of Existing Data at UPM

Some meteorological paramcters and pollutants were mcasured in  October
of 1991 through February of 1992 and Hazc cpisode occurred in October of
1991,

September were put together to make an annual data.

The existing data and the monitoring data in March through

At first, compliance with the guidclines during 'this period is shown in
Table 4.3.1.

concentration for comparison with guidelines.

SPM concentration is converted to TSP concentration or PMI10
TSP or PMI10

concentration increases, but only maximum value of PMI0 daily averages

Certainly
cxceeded the guideline.

Table 43,1 Compliance with Guidelines at” UPM

Ttems TSP PM10 s02
Unit (ng/m3) (1g/m3) (ppb)
Guidelines Yearly Daily Yearly Daily Daily | Hourly
: 90 260 50 150 40 130
UPM Avg, 36.1 24.5 _
Max. 249.2 1689 X | 14.8 89
99% 189.7 128.6 13.9 21
98% 135.0 91.5 12.9 18
95% 66.3 449 12.3 1
No. 7193 296 7193 296 325 7850
Items NO2 O3
Unit (ppb) (ppb)
Guidelines Hourly 8 Hours Hourly
170 60 100
City Hall Avg.
Max. 73 57.8 106 X
99% 30 41.4 55
98% 25 37.5 47
95% 21 31.6 38
No. 7119 7300 7331

Then the same methods described in section 4.2,1 were adoptied to

investigate the cause of high SPM  concentration.

foI]oWs.
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a) Correlation analysis
As statistical values, daily averages were used.
b) Selection of high SPM concentration days
¢) Comparison between the high SPM days and the low SPM days

By the correlation analysis, SPM shows negative correlation with wind
speed to some cxtent. SPM with temperature shows correlation to some
exteni. SPM with 802 or NO2 shows corrclation to some extent. The scatter

diagrams are shown in Section 2.3 of the Supporting Report.

The days in October of 199! were defined as the high SPM concentration

days. The remaining days were the low SPM days.

Wind roses during the high SPM days and low SPM days are shown in
. Fig. 4.3.5. Wind spceds during the high SPM days arc smaller than the ones
during the low SPM days.

Diumal changes of SPM, $02, NO2, and NOx during the high SPM days and
the low SPM days are shown in Fig. 4.3.6 through Fig. 4.3..9. SPM
concentrations during the high SPM days are about two or three times of
the oncs during the low SPM days. However, $02, NO2, and NOx show no
clear difference between the high SPM days and low SPM days.

Diurnal c¢hanges . of wind speed, relative humidity, temperature, and
rainfall amount during the high SPM days and low SPM days are shown in
Fig. 4.3.10 through Fig. 4.3.13. Relative humidity during the high SPM
days is higher than the onc¢ during the low SPM days throughout a day.
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Fig. 4.3.5 (2) Wind Rosc of Low SPM Days at UPM
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4.4

Summary

The characteristics of ambient air quality in Kelang Valley Region as a

result of this study is summarized as follows.

Based on the analysis of data from the fixed stations, the status of air
pollution in the Kclang Valley Region in 1992 is relatively serious in
comparison with the guidelines. Annual average and daily avcrage of
PMI10 at Shah Alam exceeded the guideline and annual averages of PMI0 at
Klang and Petaling Jaya were around the guideline level. CO at City Hall
and Petaling Java exceeded the guideline for 8 hours. O3 at the all fixed
stations exceeded the guideline. The guidelines for S02 and NO2 were
satisfied at all the fixed station, but hourly ?alues of $02 and NO2 at City Hall,
Petaling Jaya, and Shah Alam exceeded 100 ppb.

Annual average of the each poliutant is the highest at City Hall, Petaling
Jaya, or Shah Alam among the fixed stations. The areas around these

stations are highly poliuted.

Most of diurnal changes of CO and Nitrogen Oxides show the 'two peak
pattern’.  Diurnal changes of SPM and Hydrocarbons at some stations show
the 'two peak pattern'. This 'two peak pattern' is mainly due to the
influence of motor vehicles. Diurnal changes of SPM at Shah Alam and
some other stations show the 'single minimum pattern’. Diurnal changes of
O3 at all stations show the ‘single peak pattern' and this pattern is mainly

influenced by the temporal pattern of incoming solar radiation.

The relationship between pollutant concentrations and meteorological

parameters reveals the followings.

SPM, CO, Nitrogen Oxides, and Hydrocarbons show a decrease of
concentration with increase of wind speed, but 03 shows the reverse

relationships to wind speed.

SPM, CO, Nitrogen Oxides, and Hydrocarbons show high wvalues with strong
stable condition, but O3 concentrations decrease from unstablc condition to

stable condition,
SPM concentrations show decrease with increase of rainfall amount,

Analysis . of SPM concentration shows that SPM concentration is related to

low wind speed and high temperature to some extent. NO2 concentrations
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arc also higher during thé high SPM days, but no significant change in

NO2 concentration happened during the haze period in October of 1991,

Analysis of high 03 concentrations shows that the high O3 concentration is
related to strong solar radiation and high temperature to some cxtent.

NMHC and NO2 concentrations are ailso higher during the high O3 days.

Simplified measurement over a wide area shows the spatial distribution of
the pollutants in Kelang Valley Region. Areas of high NQO2 concentration
mainly occur in Kuala Lumpur and sometimes in Kilang and Gombak

districts. Areas of high SO3 concentration occur in Kuala Lumpur.
Simplified measurement across roads shows the CO profiles.

The results indicate that, air pollution in Kelang Valley Region is relatively
serious  in 1992 judged {from the monitoring data. Moreover, the
meteorological conditions such as weak wind, strong solar radiation, and
high temperature in the Region have potential to.worsen the ambient air
quality. Furthermore, the diurnal changes of some pollutants show the
influence by motor vehicle even in 1992. Efforts to improve and maintain

ambient air quality should be strengthened.

4-76



CHAPTER 5 PRESENT STATE OF AIR POLLUTION
SOURCES






CHAPTER 5 PRESENT STATE OF AIR POLLUTION SOURCES

Investigation of pollution: sources is one of the most ixhportant tasks in air
pollution conirol planning.  Primary purpose of the source investigation
in th¢ Study was to estimate quantities of air pollutant emissions to prepare
a "source model” as an essential part of the air quality simulation modeci

described in Chapter 6.

The targeted sources and poilutants are shown in Table 5.1.1. Houscholds
include hotels, restaurants and so on. Pollutant emissions unlisted in the
Table such as open burning ac_tivities', earthworks ahd_nature, were not
estimated in the Swady. The estimated polintant emissions are only those
emitted from stacks of factories and cstablishments, ships and houscholds,
from tail pipes of motor vchicles and from cngines of airplancs. Pollution
sources used for air dispersion simulation are factories and establishments,
motor vehicles, airplanes and ships. The simulated pollutants are S0z, NOx
and CO.

Table 5.1.1 Targeted Pollution Sources and Pollutants

Pollution Sources : __Polltants Source
SOx | NOx | PM (Dust){ CO | HC | Model
Factories and Establishments O O O O
Motor Vehicles O o) o o O | ©
Airplancs O O O O
Ships @] O O @]
Households*™ O O

* Households include hotels, restauranis and so on.

This chapter describes results of the investigation and presents the
estimated amount of pollutant emissions from pollution sources in Kelang

Valley Region.

The source model for CQ, $0O2 and NOx is developed from not only the
recgional emission guantity but detailed information on each source such as
specific ‘location of the source, height and diameter of stacks, scasonal and

time-zonal variation of emissions, etc. The investigation was made source
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5.1

5.1.1

by source for factories and establishments, road by road for motor vehicles
in major roads, and on the unit ar¢a basis for minor roads, and also for
airplanes and ships. However, because of wvarious constraints on the
investigation including the limited period, it was not possible to cover all
the sources in the Region. So, the estimation of polhitant aniourits in the
Study will give a value for regional total quantity of pollutant efnissions
lower than the actual value. The contribution to simulated concentration
by the sources which were not used for air quality simulation is gencrally

expressed as the background concentration of the pollutant.

Factories and Estabiishments

As for stationary sources, current air pollution sources were studied on
factories selected from a factory list compiled by DOE, depending on the

industry type, facility type and size, fuel type, and so on.

Questionnaire  survey was conducted on study items such as facility type,
size, fuel consumption, condition of facility opcratio'n,_ pollution control etc.
As the number of recovered questioﬁnaircs was less than 150, the data from
DOE's factory inventory were used too. The questionnaire formats used are

shown in Sections 3.1.1 and 3.1.2 in the Supporting Report.
Air Pollution Facilities and Fuel Consumption

{1) Number of Factories Surveyed
172 factories in total werc surveyed in the St&dy. Quiline of the factories is

shown in Table 5.1.2.

This Table classifies factories by industry type; 55 % of surveyed factories
belong to industries of food and kindred producis, lumber and wood

products, rubber products, and metal products.

Two thermal power stations and one cement factory are constdered large-

scale factorics among those surveyed.
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Table 5.1.2 Number of Factories Surveyced by Industry Type

Code - Industry . _ Number
101 Food and kindred products 24
102 Prink feed

103 {Tobaccos

104 ({fextiles .

105 R@Apparel and related producis

107 PFootgear products )

108 ZLumber and wood products

109 [urniture and fixtures

[10 Pulp, paper and allied products

111 Publishing, printing and allied industries
112 [Chemical and allied products

113 Palm oil mill

i16 Rubber products

117 Plastic products

118 LCeramic, stone and clay preducts

Y
—
S’

RIS T vt oo | S0 | i { 2 | 00 10 [OD | bt | ot [t D | Q0 | i | e |t {0 | € | O] 0 f et | e | €5 [ 2 | e
o ke o fe e « [= de e e le fu = |s |e [e Vo {e te e . a i R )

—

)

OO QD | et | G [ END b T2 ) omad [ O T DN [ == 5 TS | 20 e

o]
o

0| i | 71 [t DD ] e ot | e | bt [ O [ ot | O [ DD | 280 T | o { QO = [ OO | DD | e | bt | T bt | DN QD | et et

i19 $lass products 2
120 pon-ferrous metals and products 2
121 |iron and steel ' 5
122 Fabricated metal products 8
1238 Metal products 1 1
124 FGeneral machimery and equipment [
125 Electrical machinery, equipment and supplies 1
"l26 fransportation B
128 Pther manufacturing industiries 2 14.0
[20 Electricity supply 2
13! Mospital 6
135 RPuarry g
136 PDther establishments 3
0

._.
-3
—
=

‘Total

(2) Type of Pollution Facilities

Table 5.1.3 shows type of pollution facilities.

Total number of pollution facilities in 172 factories is 248. The number of
boilers is the highest of these and accounts for 78 % of the total. Other

notable facilities are metal heating furnaces, dryers, incinerators etc,
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(3) Stack Height

For stack heights shown in Tabic 5.1.4, most of the stacks arc as low as or
icss than 50 m with the cxception of thermal power slations with 7 stacks

higher than 100 m.

The stack height is decided according to the British standard (#4020) which

regulates stack height by sulphur contemt in fuels.

Table 5.1.4 Siacks Classified by Height

leight (m) Number (%)
<10 9! 3.7
10 <20 41 16. 8
20" <30 105 | - 43.0
W= <40 64 26, 2
40= <50 16 6. 6
50 (6D ) 0.4
b= <70 ) 0.0
70 <80 1 0.4
g0 9 {} 0.0
90= <109 N 0.0
00 T 2.4
Total 244 100. 0

% Inclusive of 10 stacks of power staticns

(4) Fuel Type and Consumption

Main fuels used in Kelang Valley Region are heavy fuel oil, light fuel oil as
liquid fuel, and wood waste, palm waste and coal as solid fuel. Coal is used at

thermal power stations and a cement factory.

Tables 5.1.5 (1) and 5.1.5 {2) show the coverage rate’ of fuel consumption in
the Study. From the standpoint of the fuel consumplion, the factories
targeted in the Study are considered to cover most of the main factories in
KVR.

Fuel consumption by industry type and fuel type is shown in Table 5.1.6,

Fuel consumption by facility type and fuel type is shown in Tables 5.1.7 (1)
and (2). Fuel used for boilcrs is mainly heavy fuel oil, while most of the
factories with other facilities use light fuel oil. . Industry type of factories
using fuel oil is considered mainly metal product industry using metal

heating furnace.
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Table 5.1.5 (1)

Coverage Rate of Fucl Consumption by General Faclories

Fuel Type Consumption surveyed Consumption in Coverage(%)
Kelang Valley Region

HFO G,068.5 ki/y

HEO 50, 906.7 kl/y

LFO 287,837.7 ki/y

IFO 88, 929.1 kl/y

Other :

Liguid Fuel 18, 908.0 kl/y

Total of .

Liquid Fuel 455, 650.0 kl/y 453, 009.0 k1l/y % 106. 6
LPG 85,236.0 kl/y 85.000.0 kl/y % 106.3
Palm Waste 187,200.0 t/y 187,200.0 t/y %% 100. 0
Coal . 83,460.0 t/y 90, 760.0 t/y %% 97.5
¥ood 307,197.9 t/y 328.448.0 t/y #% 93.5
Electricity 291,375.0 1000kw/y - 291, 375.0- 1000kw/y 100.0

¥ PETRONAS (19%0)

%% DOE (1992

Table 5.1.5 (2) Coverage Rate of Fuel Consumption by Power Stations

Fuel Type Consumption surveyed Consumption in Coverage(%)
Kelang Valléey Region :

¥FO 258.750. 0 kl/y 261,473.8 kl/y % 99. 9

NG 1,861, 109.0 1000¥3N/y 1,861, 10G. 0 100043N/y * 100. 0

Coal 806, 400.0 t/y. 806.400.0 t/y % 104. 0

% TENAGA Nasional Bhd (1992)

Table 5.1.6 Number of Facilities Surveyed and Annual Fuel Consumption
by Industry Type (1992)
Ruaber of Liquid Fuel Bolid Fuel ¥. Gas LPG Electricity
Industry Code &  Industry T¥pe Facilities] (k1/ (ton/y) 190043NY - (kifyd 1000kw/y)
Food and_kindred products 69.041.2 835. 6
rink feed i 3. 718.7
obaccos 568.%
Textiles . 198,
pparel and related products L 002, 5.616.0
Footgear products . 570. 4
Luaber and wood preoducts 2 30¢8.581.9
Furniture and fixtures 3.
Pulp, paper and .allied prodwcts 16, 9386.
[ Publishing. printing and aklied industyigs YD
Chesical and allied products . 183.3
“Palo o0i) aill . 127,200. 0
Rubber products - 0335, 208. 8
Plastic products . 300. .
Ceratic, stone and clay products 4 88, 460.0 46.113.0
9 Glass products 20. 460. 0
0 HNon-ferrous wetals and products . 552. 5
ron and _steel ] 10.431.9 - 3.386.7 296.37%.0
Fabricated netal products .249. .
ietal products - 2 i2.961. 4 2, 206,
4 General machinery apd ¢quipsent
13 Electrical pachipery, equipment and supplies 12- 2. g1,
Transportation -
Qther wanufacturing industries p3 £6. 471.1
Eleciricity supply ] 258, 806, 400.0 [1. 861, 109.0
Hospital .
Quarry . .
Dther establishoents 5 148, 053. 4 £48. 0
TOTAL 248 | b4, 4007 1,390 1147 11,861, 809. 0 39;236.5 [ 291.375.0
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5.1.2 Flue Gas Mecasurement

(1) Measuring Method
A total number of 36 flue gas measurements were conducted on SOx, NOx,
Dust, and Oz2.

The measurement item and method are as following,

S0x: JIS K 0103 (Methods for determination of Sulphur in Flue Gas)
HS B 7981 (Continuous Analyzers for Sulphur Dioxide in Flue Gas)

NOx: .JIS K 0104 (Methods for Determination of Oxides of Nitrogen in Flue
Gas) '
JIS B 7982 (Continuous Analyzer for Oxides of Nitrogen in Flue Gas)

Dusi: HS 7 8808 (Methods of Measuring Dust Concentration in Flue Gas)
o2 JIS B 7983 (Continuous Analyzers for Oxygen in Flue (as)

(2) Mcésurement Result

Mcasurement result is shown in Table 5.1.8. As seen in this Table, O2
concentration is high regardless of fuel type or facility type. It suggesis

combustion control is not satisfactory enough.

Summary of SOx, NOx, Dust and O2 concentration is shown in Table 5.1.9.
Figures in thc Table are those actually measured. They would be higher if
converled following io lhe Malaysian standard, CO2 12%.
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Table 5.1.8 Result of Factory Flue Gas Moeasurement
Flse Dy Concenlratlon Fuel ang
Past S
Iaduslyy Facltity Quintity Pusl sy 1T} 0 Sullur Fuel Consusallon
{oldector .
el W05y) va'n AT Ly 14 Conten)  €%)
S 1) S1z1a Boller 11660 o o | w 128 [Wood Chip
}‘nundry Fleclstc Bag Flltzr B 4,100 < 9,01t i} Q 21,0 Eicclri:llr
Fuenics R
Foundyy Lead sellIng Bag FlHier 11,80 < 0.008 550 18 ad Blesel 01) He -~ 13524
Furmce nd ——
Water Scrubber
Falty acld Sleaa Boller 23,800 0.33 3 B{ BTY falo Waste 0. Hoenh
Frecirlcity Stean Boller 829, €00 0.53 1750 N5 15 licayy O11 £1loasn
supply (i) 29%
Flre Bricks Ilcating Boller }Lyclone 14,900 012 ] 3 103 e fue QL1 % {00 ¢ /%
1.0
Peba 0V) Steas Saller 1250 0,50 0 tis 134 Pale Fiber
Fila 0N Stesa Boller 1100 23 o 15 | 128 |Pale Fiber
Fliood taller Cam .40 % 1@ 12 | Swdust
Plysood Steam Bolier 31,600 0.2 ] 33 4.3 Sew Dust
Siw UL Bylley 160 0.662 9 il 18.9 Sau Pusl
fotlon Tewel | Baller — 0 i 18.0 |51l F"EL_
Fala 01} Boller .10 0.2 4 ] 187 Pala Fiber ’
Saw 1N Baller 6,00 0.3 0 kX 164 Saw Bust [ Areiti]
¥20d Base Bakler 15, i) 031 0 4% 180 Saw Dust
wd Bise Holier 3400 07 t ® | 182 [sehst PN
é‘ourgdrr Fermce 22.60 0.008 0 3 20.9 Diesel $11
Poot B1sq olfer Hultl Cyctone 1.0 Q.05 N 11} 18.1 Eaw Dusd 1. MOk i
food Base 2ol ber 14.000 2.11 bl A --HTI&( ) Sewr Dosi
Chealca) Mixer 5,20 < 0.0l6 53 - 0 . 2.2 —_—
s Bey Sakler o 6, 500 ¢34 [ & 82 Saw Dusl
#ed Base Bakler 1. 1t0 0.3 0 0 Sea Dugl
1.0 —_
Wod Bass Boller . 200 042 0 0 Siw Dust
1.9 —_
¥iod Mase Boller Suitt-cone 1.800 0.0 ] k3 Saa Dusl 85-10.5 lenfday
Oust Colkector [{{:X}} —
Kin Oy fol ber % 600 02 0 8 et 1L KT
uz 4 ——
Wood Base foller 140 0.28 [1] % Saw Qust
Ham; —_
Theber Eol ler Cyclenn T30 070 9 Fo') 19.5 ¥eed Chip 8 ton'day
Sawr DusL € 0.8
XIEXING Bakter Cyclong £0. 060 0.68 1] 12 153 Wood Ehlp 1 tonh
S Dest ——
Rubder Bryer Waler Sceabber M. B30 —_— [1] 5 0.8 Plesal Q11 a3 83 € fday
- -
Favndry Eleciric Furnace [ Bag Filler 238 0 0043 ] HI 20.0 Electricity
Sosent Llsstone Efectrle 220, 000 31 ] n g0 [HEOLCnl WF.0 20 tonflay
Griadizg M1H Preclpliator (<303 €<0.5) [Cork 300 lonfday
Rachwoal W0 Ing Fermace | Bag Fhiler 13,660 e 158 ) (%) Coke 100 kg/h
Maaufaculure
Rubber Eryer ¥aler Scrubber 4,600 0.008 [ ] JE %) Dlesel BN 00 /M
Electelclly Sleaa Bobler 707, 002 0.024 i 415 80 Coat
Supply ( Had}
Proahs & Quirery | Presle 3,30 o.16 a1 [H] 15.1
Eleclslchy Sieze Boller . 593,000 —_— — 173 ae N.Gas "
Sopply (Fa2)




Table 5.1.9 Summarized Concentration of Dust, $02, NOx, and O2

Mecasuring Concentration of emitted pollutant
Item Boiler Furnace
Dust (g/m®N) < 0.53 024 ~ 053 < 0.011
502  (ppm) 0 ~ 1,790 0 ~ 1,790 0 ~ 550
NOx  (ppm) 0 ~ 315 79 ~ 315 0 ~ 15
07} (%) 3.5 ~ 204 3.5 ~ 16.1 204 ~ 21.0
5.1.3 Fuel Analysis

Fucl samples from factories were collected at the on-site survey while those
from vehicles were collected at petrol stations in KL. These 53 samples, 44
of which arc from factories and 9 of which are for vehicles were analyzed
as in Table 5.1.10.

Types of faciory fuels arc classified into four; HFO, MFO, LFO, and IFQO, and

types of vehicle fuels info three; Diesel, Unleaded and Leaded petrols.

Sulphur contents of HFO, MFO, and IFO cxceeded 2% while those of LFQ
varied depending on samples. Sulphur in- Palm and Wood exceeded 0.2% in
most samples. It suggests notable amount of SOx is emitted from boilers
using palm wastc. = On the other hand, sulphur contents of petrol are

relatively  low,
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Table 5.1.10 Result of Fuel Analysis

Fugl BE_{X) E (X) 1 {%) Y g [€)) D) IV (kcal/kygd[ D (g/nly Pb {g/1)
IFO BT 84.78 10. 79 | .98 —_
- N A
[ . 78.41 19,62 0.23 : .95
1 NFO &t \ §2. 41 10. 83 0. 27 . ; .87
5 ¥ . . 0.97
5 5 7 0.85
: [ 84.63 11, 31 1.02 10399 0-95
i =
4 hl .58
5 - L 65
s - [3
[T8LFC 42 R -
= ~ - -
" 0.
RER . -
- 5. 66 -
- .38 —_ -
T . . .48 .
IFD stes . .63 . 0.50 . E0306 .95
H ; 7871 L 18 1.%7 10891 .98
. — - 10343 0.96
= : 1 .93
Foal N 58.9 9.8
: # . 672 4 i0 9. )1
37 Pain $2its . 42.0 2 ;g 44
> EFAT] 509 L 1% B
iood 0] _ 47.16 5.28 618 3. 02 0.407 -
* [
'“ 4253
= * - 1704
4 - . 49,89 6. 40 0.15 .
Digsel - o 5
4 0. S
= A 1429¢
4 T 6 10877
4 - .
Hnleaded . ﬂ;% 0. 003
Eaded - 1 015
: - 0.7 0.14
% KEFD: Heavy Fuel il

#+  ¥F0: Middle Fuel 0il

HE LFO: Light Fuel 0il

32tt [FO: Endustrial Fuel Oil
t¥i+r Pala: Pale Faste

5.1.4 Emission Factor

Emission factors were selected from the results of flue gas measurements
and the existing data in U.S.A. and Japan (Table 5.1.11). Method for
-determining emission- factors from the flue gas measurements is shown in

Section 3.1.3 in the Supporting Report,

The emission factor is expressed as kg/kt for liquid fuel and kg/ton for

solid fuel in this report.
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5.1.11  Emission Factor by Facility Type  and Fuel Type

Table
Facility Fuel Tvpe Nox Refl  PUST Ref
T127UFO 1. 34kg/kl 6. 01ke/k1:
20)Coal 8. BGkg/t i 0. 29kg/t
28)NG 5, 84kg/10%m% J ) 0. 2kg/103n*
ITIED 1.Tdke/kl ¢ | -12.74kg/k1
0102 12JHF0 1. 14kg/kl ! 12. 14kg/k}E
. 13)LF0 1. Tdkg/kl i 12, 14kg/kE
Boiler 14A)Diesel 1. 66ke/kl i J 0. 49keg/kL T
16B) IFD 1. T4kg/kl1 12. T4kg/kl:
224)Paln ¥aste 3, 93ka/t 14. 88kg/t :
22C) Yood 2. 19ke/t i 6. 95kg/t !
29)LPG 2. 10kg/k1 . ¥ [ -0, 20ke/kl E
11JiFo 1. Tdke/kl 12.Tdke/k1:
0103 12)XFO 1. 74ke/k1 12. T14kg/kl
13)LF0 1. 74kg/k1l ! 12. 714kg/kl
ldA;Diesel 1.66kg/k1 1T | - 0.49%e/kl J
16B) 1RO 1. T4kg/kl 12. T4kg/kl:
i19)0ther L.F. | 1. Tdkg/kl i 12. 14kg/k1i
_ 22C) ¥ood 2. 19kg/t : 6. 9bkg/t |
29)LPG 2, 10kg/k : ) 0, 20kg/kY E
0202 _Gas furnace [(29)LPG. .ohkg/kl T E . 20kg /KL E
0502 %eltlng (Z9ILPG . dokg/kl T E . 20kg/KY E
urnace : - . : : :
0506 Hetal melt{ng%13)LFO 2. 09ke/kT 1) 0 50kg/KT T
furnace 144)Diesel 1. 66kg/kl - F 0. 49ke/kl J
0601 [ Heating 1LF0 3. 4bkg/kL i) 1. 2bke/kL J
furnace 4A)Diese 66kg/kl i1 0. 49kag/ki J
0606 4 ese _bbke/kl 3 ). 40kg /KT T
0607 %etal heating(14A)liese LB0ke/k1 1T 0. 49kg /Kt J
urnace . H . i
0011 {(1dA)Diesel 1 66ke/kT VT 0. 49kg/k] I
0613 %etal forpe [(14A)Diesel 1. 66kg/k1 17T 0. 49Kk /KLY
urnace . : : S
0615 . { 4A)D1esel 1. 60ke/kT T 0. 40kp/kL J
0821 Combustion INFO 2. 02keg/kl 1J 1.53keg/kL: T
furnace A)D1esel 1. bbkg/kl i3 0. 49kp/kl T
_8901 Cement kiln YCoal 7. 00kg/t ; 0. bdkg/t ;
915 Glass melting(17)HFO - 1. 93kg/k1 T . 18ke /KL T
_ furnace 4A;Dlesel 1. 66kg/kl ] 0. 49keg/kL: J
6B) IFD 1. t1dkg/kl 12, Tdke/k1
1001 Reacting 12)HF0 2. 80ke/kl T T0.59ke/kT T
furnace 14A)Diesel 1. Gﬁkglkl ) 0, 49kg/kl J
1004 D%rect heating{14A)Diesel 1. 6oke/kT 77 0. 49ke/kLJ
urnace . i :
1102 E{{in doyer) {(T43)Diesel 1. 66kg/kT 1] 0. 49ke/KE ]
Iin rier H H
1104 (Z9)LPG 1. 35kg/kl__: E 0. 20ke/kI: E
1106~ Dryer 512).\{?0 5 46ke /KT VYT 0. 30ke/KE T
14A)Diesel 1. 66kg/kl 1] 0. 4%kg/kL J
§IGB)IFO 0. 46kg/kl ¢ 0. 30ke/kL
. 293LPG 1. 35kg/kK1l G E 0. 20ke/kL E
ectric ectricity - i . g W
1204 ?1 tri (37T)EL ici 0. 03keg/10%k
urnace 1 :
1301 (3R)G, Yaste 0, 95kp/1 i) b, dbkg/t : J
1303 14A)Diesel 1. 66kg/kl 17 . 49keg/kL J
) 22A§Palm_Waste 3. 23kg/t 10. 68kg/t :
Incinerator [{22C)%ood 1. bdkg/t i 2. 2Tkg/t ]
39)1. ¥aste 2. 59kg/t i) 3. 08kg/t: ¥
1304 12)Y4F0 0. 38kg/k1 2. 08kg /KL
14A)Diesel 1. 66ke/kl i 0. 40kg/k1: J
39) 1, ¥aste 2. 60kg/kl ] 3. 08kg/kL: T
00072 _Gas_turbine [(28)N. Gas 1. 35ke /1030 K} 0. 08ke/10°n7N E
0005 Baby cupola EldA)D1ese1 1. 66kg/kl™ 1) L A%g/RE )
21)Coke 0. 06ke/t i 8. 32ky/t ¢ J
0006 Glass (124570 4. 33kg/k1 1T 0. 38kg/kL J
annealing E]3)LFO 4, 33kg/kl i) 0. 38ke/kYL ]
furnace 144)biesel 1. 66kg/kl  +J 0. 40ka/kl: J
0008 Quarry ElGB)IFU 5. 40kg/kl 0. 30ke/kL
20)LPG 1.3bkg/kl ' E . 20keg/kL E
Primary - : 0. 2bkeg/T: E
Crushing ! :
Secondary * - 0. 75keg/t } E
& Screening :
Screening, P
Conveying, - 1. 00keg/t { E
Handing :
Note 1; Reference; .E:EPA, J:Japan Environment Agency,
blank:factors obtained from measurement results
ote 2; Emission factors for boilers, incinerators were calculate
Note 2; Emissi fact f boil inci t lculated

from the flue gas measurement results
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5.1.5

Air Pollution Load

Air pollutant cmissions from factorics were estimated ‘with the cmission
factors shown in Table 5.1.10.  As the result, pollutant cmission in 1992 s
9,000 tous/yr for dust, 30,600 tonsfyr for SOx, and 15,800 tons/yr for NOx,
as broken down by industry type in Table 5.1.12.

Food and related product industry, palm oil mills, and power stations cmit
pollutants .highly. Espceially emissions from thermal power stations
account for 22% of the Dust emission, 64% of the SOx emission, and 81% of
the NOx emission. Emissions from factories other than power stations
accounts for 78% of the Dust emission and 36% of SOx emission. Emissions
from nitric acid planls or scrap melting furnaces are not efficiently
controlled.  Yellow or black smoke is being observed from their premises.
Also a large amount of Dust is being cmitted from some furnaces for palm

waste burning because of the low-temperature combustion.

Pollutant  emissions by the facility type are shown in Table5.1.13. Boilers
produce prominently high amounts of pollutants because heavy fuel oil
and solid fuel are used. Very small number of precipitators arc cquipped as

a means of dust control. Besides, their cfficiency is not high.

Emissions by district are given in Table 5.1.14. As thermal power stations
arc located in Klang district, Klang has as high as 54% of Dusl emission,
74% of S0x emission, and 86% of NOx emission in the KVR. Emission in
districts oiher than Klang are all from general factories. Emissions from
general factories are high in Petaling, and Klang, These districts emit 65%
of Dust emission (7,033 tons/vr), 78% of SOx emission (11,047 tons/yr) and
53% of NOx emission (2,979 tonsfyr), respectively of each pollutant tons

from all surveyed general factorics.



Table 5.1.12 Air Pollutant Emission by Industry Type (1992)
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Table 5.1.13 (1)

{gencral factorics)

Air Pollutant Emission by Facility Type (1992)

Pollutant Amount {ton/y)

Equipwent Code & Equipment SOX NOx Dust R
#1102 Boiler 4, 015. 54 951.15 3.519. 81
0103 . # 4, 355. 36 525.50 2,208,83 |
8202 Gas furnace 0. 00 6. 12 0.91
0502 Helting furnace 0. 00 3.02 0. 45
0506 Metal melting furnace 0, 67 0. 35 0. 07
¢601 Heating furnace (reheating

furnace) for rolling of metal .3 18 1. 95 0.71 |
0606 # §15. 10 241.19 7119
0607 MHetal heat treating furnace 79.42 23.50 6. 94
0611 ) # 3. 36 0.99 0.29
0613 Metal forge furnace 5. 70 1. 69 . 59
0615 ” 14. 32 4. 24 1. 25
0821 Combustion furnace 133. 42 5.80 1 4.39
3901 Cenent kiln (dry and

suspension preheater typel . 60 698. 83 41,71
0915 Glass melting furnace 867. 18 24.74 181. 14
1001 Reacting furnace 36. 62 2.-21 0.47
1004 Direct heating furnace 13. 86 4,10 1. 21
1102 Drying over Kiln (drier)} 14.26 4.22 1. 25
1104 # : 0.00 62,25 9,22 |
1106 ” ~ 88.00 12.28 0.93
1204 Eleciric furnace 0. 00 0. 00 8.74
1301 Incinerator 0. 00 .62 3.54
1303 # 261, 35 285. 34 939. 95
1304 ) i 3.46 1.02 8. 30
0005 Baby cupola 2.28 4. 57 0.17
0006 Glass annealing furnace 3l. 60 24. 3% 214 |
0008 Other furnace 302.4 83. 05 26. 63

TOTAL 11, 047. 0% 2,979.12 7.033. 80

Table 5.1.13 (2)

(2 power stations)

Air Pollutant Emission by Facility Type (1992)

Pollutant Amount (ton/y)

.Equipment Code & Equipnent SOX NOx Pust
0101 Boiler 19, 522, 07 19, 650. 57 1, 843. 97
0002 Gas turbine 0. 00 2, 141. 10 124, 66
TOTAL 19,522.07 [ 12,791.67 | 1, 968.63_
Table 5.1.14 Pollutant Emission by District (Factories) (1992)
SOx NOx Dust |
l. Hulu Langat 1,184 575 1,924
2. Gombak 556 720 198
3. Kuala Lumpur 641 102 346
4. Petaling 5,558 765 1,698
5. Klang |Factory 3,108 818 2,867
Power St. 19,522 12,791 1,969
Total 30,569 15,771 9,002
Unit : ton/y




5.2

5.2.1

Motor Vehicles

Result of Traffic Volume Survey

Traffic volume survey was conducted at 50 points on major roads (40) and
minor roads (10) in Kcléng Valley Region.  Survey points'wcre sclected
after cxaminélion of road nctwork of the study areca. Table 5.2.1 shows
names of survey points and Fig.' 53.2.1 shows their location. Motor vehicles

were classified into 9 types as shown in Table 5.2.2.

Table 5.2.2 Classificalion of Motor Vehicles

-
e

Vchicle Type

Motorcycle

Motor Car

Van

Taxi

Mini Bus _
Medium/Large Bus
Small Truck
Medium/Large Truck

O o 1 N D W N e

Lorry/Trailer

The following characteristics were observed on the (traffic in the study
arca from the result of the survey. The results of the traffic volume survey

arc shown in Section 3.2.1 in the Supporting Report.
(1) Traffic Volume

Twenty-four (24) hour survey was conducted at ten (10) points out of those
on major roads. The remaining forty (40) poinis were surveyed for sixicen
{16) hours.

Figs. 5.2.2 (1) and (2) show the distribution of weckday traffic volume in

the study area.

Concerning the daily - traffic volume (24 hours), the heaviest traffic was
observed al the survey point No.31 (Federal Route 2) with approximately
386,000 vehicles/day and this was followed by No0.10 (Jin. Sultan
Hishamuddin) with approximately 166,000 vchicles/day.



The traffic volume of Middle Ring Road (Nos.26, 23, 22 and 11) and roads
(Nos.16, 20 and 10) which ton north and south inside the Ring Road is
around 100,000 vechicles.  Furthermore, it was observed that as many as

50,000 vehicles run on the other roads inside the Ring Road.

Traffic is heavy on the trunk roads (Nos.3, 28, 24 and 5) which spread
radially from the center of the Kuala Lunipur city to the north, east and
west, as well as on the Ring Road which connects above mentioned radial
roads. Remarkable in the traffic flow between Kuala Lumpur city and the
provinces was that the traffic on the Federal Route 2 (No.31)  between
Petaling Jaya and KL was by far the heaviest with around 350,000 vehicles.

It suggests a strong relation between both arcas.

The difference of traffic volume between Sunday and weekday is shown by
the ratio of weckday traffic volume to Sunday traffic volume in Table 5.2.3.
It presents that Sunday traffic volume is about 20 percent less than

weekday's one,

Ten daily traffic survey on ten points are insufficient to analyze. However,
50 survey points' data of 16 hour (6:00 - 22:00) traffic volume which covers
major daily activity of vchicles can be used to investigate a distribution of

daily traffic volume in the study area.
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Table 5.2.1 Station of Traffic Volume Survey

No. Survey Station Type Hour
1 [Federal Route 2 {west of Jln Pantai Dalam) M 16
2 |Tln Syed Putra (Wisma Belia) M 16
.3 Jln Bangsar (KTM Quarters) M 16
4 [KL-Seremban Exp. (Lpg. Ter. Lama) M 16
5 [ln Loke Yew (Taman Maharija) M le
6 [Tln Pudu (Tan Chong) M 15
7 [Jln Kampong Pandang (east of roundabout) M 16
8 [Jln Maharajalela {Stadium) M 16
¢ |J1n Hang Tuah (Pudu Prison) M 16
10 1¥ln Sultan Hishamuddin (Masjid Negara) M 24
11 {¥ln Tun Razak (north of Jln U Thant) M 24
12 {71ln Bukit Bintang (BB PLAza) M 24
13 WUln Pudn (Magnum Finance) M 16
14 [ln Sultan Ismail (Wisma SPK) M 24
15 Jln T.A.Rahman (north of Jln Selat) M 24
16 [J1ln Kucing (Axrch) M 16
17 ln Ampang {(ATIA) M 16
18 |[Jln Templer (east of Jln Selangor) s 16
19 [Jln Ampang (Wisma Angkasa) M 16

20 |Jln T.A.Rahman (Hankyu Jaya) M 16

21 [1ln Ampang (French Embassy} M 24

22 [Jln Tun Razak (Bernama) M 16

23 |Jln Tun Razak (PWTIC) M 16

24 |Jin Pahang (Tawakal) M 16

25 Jin Parlimen (Padang Merbuk) M 24

26 [Jln Sultan Salahuddin M 16

27 |71ln Duta. (Semantan-~NKVE) M 16

28 Wln Kucing {(south of Jln Duta}) M ie6

29 PJln Ipoh (HKSB) M 16

30 [PJ Highway M 16

31 [Federal Route 2 (Kota Darul Ehsan) M 24

32 |Federal Route 1 (north of Jln Kepong) M 16

33 Jln Semantan {(Jln D Bakar-Jdln S517) M 16

34 [KL-Seremban Exp. (FR2-Jln Kucai Lama) M 24

35 [Federal Route 2 M 15
36 [Federal Route 1 {KL-Sel border) M i6
37 |state Road (KL-Sel border) . M 16
38 [Federal Route 2 (east of NKS Bypass) M 24
39 [Federal Route 5 (south of Jln Kim Chuan} M 16
40 1J1ln Pelabuhan Utara (south of bridge) M 16
41 IFederal Route 2 {Carlsberg) M 16 |
42 i7ln Chan Sow Lin S 16
43 [J1ln Cochrane 5 16
44 [Jln Maarof {(just north of Jln Bangsar int.) s 16
45 |[J1ln Raja Muda S 186
46 |Jln Semarak (Wisma Keramat) _ s 16
47 Jln Raja Chulan {Plaza See Hoy Chan) s 16
48 |Jln Hang Kasturi s 16
49 |Jln Stadium S 16
50 |J1n Kebun Bunga s 16
Note 1. Survey Type M : Major Road, S : Minor Road
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Fig. 5.2.1

Location Map of Traffic Volume Survey Point in Kelang Valley Region
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in Kuala Lumpur City (Weekday) (1992)
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Table 5.2.3 Summary of Traffic Volume (1992)
Station Survey on weekday Survey on Sunday .
No, - §Traffic Traffic Traffic Ratio Traffic Ratio
-~ Fyolume (160 volume (240 volume (16W)[(To Wegkday)| volume (Z24h)(To Weekday)
1 85,822 b9, 076 0.89
2 80,131 133,316 1.66
3 131,128 59,282 0,45
4 94,167 91,528 0.97
5 114,833 103,006 0.90
b 48,739 34,127 0. 70
7 75,459 56,594 0.75
8 96,108 77,031 0.50
9 55,500 : 52,384, (.94
10 143,396 166,066 - 96,745 0.67 115,642 0.70
[} 115,166 131,662 88,170 0.77 102,102 0.78
12 30,627 38,615 26,688 0,87 31,893 0.83
13 56,182 45,410 0.81
14 76,502 85,426 42,505 0. 56 50,031 0.5%
15 10,772 81,521 45,641 .64 h2,805% 0.65
16 125,225 96,202 0,71
17 29,524 16,478 0.56
18 24,412 Z1,729 0.89
19 54,209 74,725 0. 48
20 117,101 83,320 .71
z1 52,441 62,419 44,206 0.84 54,140 0,87
22 97,849 70,210 0.72
Z3 140,155 115,430 0.82
24 39,187 113,134 1,21
25 53,205 55,995 19,227 0. 36 21,820 0. 39
26 76,923 99,982 .30 ]
27 42,771 25,515 0.60
28 98,008 112,016 1,14
29 66,023 h4,887 0,91
30 37,139 29,832 0.80
3 350,267 386,476 {84,633 0.53 715,853 (.56
32 806,634 82,437 1. 02
33 100,201 94,613 0,94
34 88,807 58,336 91,660 1.03 106,382 i.08
35 123,513 71,970 .58
36 54,078 55,079 1,02
37 23,264 20,400 0,38 _
38 60,835 68,865 50,850 0. 84 59,428 0.86
39 34,282 39,553 1.15
A0 36,976 15,519 0.42
il 85,830 §5,663 1.00
42 20,525 11,585 fl. 56
43 29,727 13,408 0. 45
44 43,324 32,563 0.75
45 35,938 26,583 0,74
46 47,610 28,388 0,80
47 53,686 19,727 0.37
48 13,168 7,852 .60
49 15,324 6,817 0.44
50 3,453 3,866 . 115
hverage 13,497 117,538 57,633 0,788 81,015 0,728
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(2) Pattern of Hourly Traffic' Volume Fluctuation

With regard 1o the pattern of hourly traffic volume fluctuation, the
patterns of representative traffic survey points are shown in Fig. 5.2.3.
The Sunday pattern is  basically similar in cach Sunday and also the
weekday pattern is similar in cach weckday. The pattern of weekday has
two pcaks which correspond to the "rush hours” caused by commuters, One
in the morning and another in the evening, while Sunday pattern has one
peak centered at daytime. Both patterns are obviously differcnt. each other

depending on human activity.



NO.1@ Jalan Sultan Hishamuddin $Sunday 8.Mar. 1992

TRAFFIC YOLUME
(Mehicles/hour}

1- 2- 3- 4-

6~ 7- 8- 9-16-11-12-13-14-15-16-17-18-19-20-21-22- 23~

G T

8000 1

@80 I

6000

5000 [

4209 I

-

@a-

7 8 910 11 17 13 14 15 16 17 18 19 20 21 22 2324 @1 2 3 4 b 6

TIME PERIOD

NO.1¢  Jalan Sultan Hishamuddin Weekday 22.Jan.1992

TRAFFIC VOLUME
(Vehicles/hour)

O wee
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B Buses
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12006
10006 |
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TIME PERIOD

Fig. 5.23 (1) Hourly Traffic Volume Fluctuation (No.10)

5-24



ND.31 Federal Road 2 Sunday 1.Mar.1992

TRAFFIC VOLUME
(Vehicles/hour)
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B Trucks
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TRAFFIC VOLUME

NO.31 Federal Road 2 Weekday 26.Feb.1992
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(3) Vechicle Type and Traffic Volume

Although nine vehicle types: motor car, van, taxi, mini bus, medium/large
bus, small truck, medium/large truck, lorry/trailer and motorcycle were

actually surveyed, they were classified into four vehicle types.

Cars :  motor car, van, taxi
Buses : mini bus, medium/large bus
Trucks . small truck, medium/large truck, lorry/tratler

Motorcycle

Table 5.2.4 shows traffic volume of all survey points according to this
classification. Fig. 5.2.4 illustrates the ratio of traffic volume of cach Lype
to daily traffic volume. According to the figure, the ratio of "motorcycles”
is quite high: 8-15% on weekday, 20-30% on Sunday. The ratio of "trucks" is
10-18% on weekday and less than half of weekday on Sunday.

Since the vehicle type ratio is changeable point by point becausc of their
social conditions, it is better to know a general tendency of the ratio rather
than individual ratios. Table 5.2.5 shows average ratio of vehicle type

which is calculated from all survey points’ data.

Table 5.2.5 Ratio of Vehicle Type to Daily Traffic Volume

on the Average (1992)

Vehicle type Sunday (%) Weckday (%)
Cars 68.0 73.1
Buses 2.4 2.8
Trucks 3.8 : 3.8
Motiorcycle 25.8 ' i15.3
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5.2.2 Traffic Volume in Kelang Valley Region

Roads in KVR arc classified into major roads and minor roads in the Siudy.

Major

roads are those with heavy traffic volume, which emit much

poltutants. Minor roads have less traffic and emit less pollutants,

(1) Traffic Volume on Major Roads

1)

2)

Traffic Volume

Traffic volume on major roads was based on data from the traific
volume survey conducted in this study and the existing data. The
latter includes data from JKR (1990) (Section 3.2.6 in the Supporling
Report) and KVTS (#6007) (1985). After necessary processes such as
correction of traffic volume by difference in  surveyed .years,
estimation of nighuimc traffic volume for each 1ype of vehicle and

by time-zone, curreni major road traffic volumes were estimated.

Major Road Network
Fig. 5.2.5 shows the current major road network. The total length of

the major roads is 731.9 km.
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Current Major Road Network (1992)'
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{(2) Tralfic Volume on Minor Roads

1}  Traffic Volume
As for wraffic volume on minor roads (roads other than major roads),
daily traffic volume during weekdays was estimated based on the
originfdestination (OD) Table for KVR in 2005 (#6008). In this table,
KVR is divided into 129 zones (C-zones). The OD Table for the year
1992 was derived from the OD Table for the year 2005, and growth
ratc of rip numbers from 1992 to 2005. Based on the traffic volume
data obtained in this study, one full day traffic volume for 4 different
vehicle types in each C-zone was divided inte those for 9 vehicle
types and 24 time-zones. The traffic zones and number of vehicle
trips in each zonc are shown in Section 3.2.5 in the Supporting

Rcport.

2) Trip Length .
Average wrip lengith of vehicles for minor roads originating from a
C-zone was assumed to be the radius of a circle which atea is equal to

that of the zone.

3) Total Distance Travelled in Mesh
Total distance travelled (vehicle numbers x km) in each mesh (lkm
square) was estimated from C-zone distance travelled. The following

shows the procedure.

a) C-zone distance travelled is a product of the average trip length
(the radius of the C-zone circle) times numbers of vehicle in the

C-zone.

b) As for a mesh which is in morc than two C-zones, the largest C-

zonc is considered to correspond to the mesh.

c¢) Distance travelled for cach type of vehicle and each time-zone is

apportioned to the corresponding meshes eventy.

523 Travel Speed

Travel speed survey was conducted for 5 routes of major roads as shown in
Table 5.2.6 to grasp driving statc of vehicles in Kelang Valley Region.  Figs
52.6 (1) and 5.2.6 (2) show routes for travel specd survey. Detailed results
of the travel spced survey are shown in Section 3.2.2 in the Suppo'r{ing
Report.
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Table 5.2.6 Routes for Travel Seed Survey
No. Road Name Survey Section L(eknn%;h
1 | Federal Highway 2 Ratu Tiga - Jin S. Hishamuddin 19.00
2 | KL - Seremban Exprcssway Kajang Toll Plaza - Jln Kucing 23.20
3 {3 Pahang/Jin Genting Klang | Taman Buliga Raya - Jin §. Hishamuddin 9.00
4 { Inner Ring Road Iln' Syed Putra Cross. (Slarl and End) 8.15
5 | Middle Ring Road Jn Sungai Besi Cross. (Start and End) 17.15

(1) Zones and Travel Speed

Average travel speed by route and

is shown in Table 5.2.7.

direction during weeckdays and holidays

Average travel speed is higher during holidays.

in order to clarify relations beiween zones and -average iravel speed,

average travel speed of both directions was calculated for 4 zones, namely

Zone 1:inside Inner Ring Road, Zone 2:between Inner Ring Road and
Middle Ring Road, Zone 3:Kuala Lumpur (outside of Middle Ring Road) and
Petaling Jaya (Urban Area), and Zone 4: Keclang Valley Region (outside of

Kuala Lumpur) and Petaling Jaya (Suburban area), as shown in Tables 5.2.8

(1) and 5.2.8 (2).

Table 5.2.7 Avcrage Travel Speed (1992)
(Unit: km/hour)
_ Weckday Holiday
Survey Route Direclion Morning Off Evening | Morning Off Evening
Peak Peak Peak Peak Peak Peak

Ne.l (19.00 Km) | To KL 21.2 40.3 26.4 59.6 44 .8 47.4
Federal Highway { To Shah alam 20 .4 42.9 19 .4 58.8 46.7 46.3
N.2 (23.20 Km) To KL 34.0 44.8 32.6 55.1 45.4 45.2
KL-Seremban Exp.| To Seremban j 48 g 46.9 397 54.9  49.9 50.1
No.3 (9.60 Km) To KL 14.4 24.5 24 .6 41.1 313.2 32.1
Jin Pahang To T.B. Raya 33.7 35.8 20.2 46.1 30.9 28.3
No.4 (8.15 Km) Anti-clock 25.7 24.1 12.1 24.3 19.0 13.6
inner Ring Road Clockwise 20.7 11.7 9.8 27 6 16.9 18.1
Noa.5 (i7.15 Km) Anti-clock 32.1 151 26.7 42.7 43.2 47.7
Middle Ring Road Clockwise 31.9 35.2 28 2 45..2 38.3 318.9

Note
Off peak

Morning peak : from 07:00 to 09:59
: from 10:00 to 15:59

Bvening peak : from 16:00 to 20:00
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Table 5.2.8 (1) Average Travel Speed by Road (Weckdays) (1992)

(Unit: _km/h) _

No. Road Name Zone Mg;l:}::g poegfk E\l;{:;f &
2 10.1 13.9 8.1
1 Federal Highway 2 3 22.6 441 24.7
4 34.7 47.8 23.6
' 1 i8.8 221 14.8
2 KL-Seremban Exp, 2 578 21.8 19.8
3 40.7 51.7 30.7
4 51.5 63.6 55.4
i 23.2 24.8 16.4
3 | JIn Pahang 2 30.2 28.4 24.2
3 17.6 31.4 25.2

Note Zone 1: Area inside Inner Ring Road - '

Zone 2: Area between Inner Ring Road and Middle Ring Road
Zonc 3: Area outside Middle Ring Road and Petaling Jaya (urban area)
Zone 4; Area outside of Kuvala Lumpur and Petaling Jaya (suburban arca)

Table 5.2.8 (2) Average'Travel Speed by Road (Holidays) (1992)_

(Unit: _km/h)

No. Road Name Zone M;):;:]g p(zgk E\Ir)eel;; B

2 22.2 22.9 19.0

1 Federal Highway 2 3 62.9 50.4 49.9

4 65.3 44 .4 50.4

1 36.3 23.7 24.2

2 KL-Seremban Exp. 2 31.8 26.5 33.2

3 61.9 56.8 58.2

4 64.5 60.5 536.3

1 38.4 29.1 26.2

3 JIn Pahang 2 42.8 35.2 31.7

_ 3 . 45.8 32.1 31.1
Note Zone 1: Area inside Inner Ring Road

As seen

Zone 2: Arca between Inner Ring Road and Middle Ring Road
Zone 3: Area outside Middle Ring Road and Petaling Jaya
Zone 4; Arca outside of Kvala Lumpur and Petaling Jaya

in

the above tables, the average Travel speed is generally higher

in outer zones on both weekdays and holidays. During weckdays, the

average lravel specd is at the lowest in Morniﬁg Peak and Evening Peak,

During holidays, the average travel speed is the highest in Morning Peak,

and lower in Off Peak and Evening Peak.
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The spced of wvehicles has a close relation to the amount of emissio_n.
Generally slower speed vechicles emit more HC, CO and SOx, and less NOx.
This means there are differences in emission amouni between cars on a
crowded road and those on a less crowded road. The average speeds in four

zones, determined from the travel speed survey are listed in Table 5.2.9.

For expressways (Fereral Highway, LK-Seremban Expressway and KL-Karal
Highway), different speeds from gencral roads were set in Zone 4. Average

speed of motorcycles was assumed to be 40 km/h or fess.

Table 5.2.9 Regional Vehicle Average Speed

Unit:km/h
Weekdays . Holidays
Time zone 07-09 | 10-15| 16-20 | 21-06 | 07-09 | 10-15 | 16-20 | 21-06
General | Zone 1 20 _20 15 20 35 25 25 - 35
Roads | 70me 2| 25 25 20 25 35 30 30 35
Zone 3| 30 35 25 | 35 45* 40 40 45+
Zone 4 ; 35 40 35 40 50% 45% 45% 50*
Express| gy,
Way 40 50* 40 50* 60* 55% 55+ 60*
Zone 4 | KL.S | 50% 65* 50* 65* 65* 55% 55% 60*
KL. K 1 .

* o Motorcycle @ 40km/h
Classification of Zone
Zone 1: Inside Inner Ring Road
Zone 2: Zone between Inner Ring Road and Middle Ring Road
Zone 3: Kuala Lumpur (outside of Middle Ring Road) and Petaling Jaya
Zone 4; Kelang Valley Region (outside of Kuala Lumpur and Petaling Jaya)
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Fig. 5.2.6 (1) Routes of Travel Speed Survey in Kuala Lumpur City
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Kuala Lumpur

Petaling Jaya

Fig. 5.2.6 (2) Routes of Travel Speed Survey in Kelang Valley Region
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5.2.4 Mecasurement of Exhaust Gas at Idling State

Exhaust gas from motor vehicles was analysed for CO, NOx and HC while the
engine was al idling state. The sample group of 236 vehicles consisted of
ninc types of vehicle and five types of fucl. And the analysis covered from
small sized vchicles to large sized ones. The result was arranged ‘according
1o their type and their fuel as shown in Table 5.2.10. The detailed results of
the exhaust gas mcasurement at idling state are shown in Section 3.2.4 in

the Supporting Report,

Table 5.2.10 Results of Exhaust Gas Measurement

_ Average Concentration

Fuel Type Vehicle Type Number of O HC NOx
. Samples (%) {ppm) {ppm)

Petrol Motorcycle 30 2.4 4,060 13
Taxi 12 4.8 268 140

Motor Car _ 64 3.9 276 88

Yan 27 4.6 404 67

Small Truck 12 5.1 397 46

Diesel Oil | Taxi 6 0.1 0 273
Motor Car 5 6.0 28 152

Van 5 0.0 0 117

Small Truck 19 0.1 29 149

Mini Bus 20 0.1 14 106

Large Truck 18 - 0.0 0 171

Standard Bus 15 0.1 9 171

LPG Small- Car* 3 5.2 513 52

Note: Small Car - Taxi and Motor Car

(1) CO

The average concentralion of CO by petrol fuelled vehicles (range from 2.4
to 5.1%) is higher than that by diescl vehicles (range from 0.0 to 0.1%).
There is no clear relationship belween vehicle age and CO concentration.
The concentration of CO in exhaust gas may depend on maintenance of the

vehicle.

{2 HC

The notable thing is that the average conceniration of HC by motorcycle is
very high at 4,060 ppm. It is fifteen times higher than that of taxi and
motor car and ten times higher than that of small truck. The concentration
of diesel vehicles is the lowest at less than 30 ppm. The average
concentration of HC by LPG vehicles is over 500 ppm and higher than

petrol  vehicles.
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(3) NOx

The average concentration of NOx from diesel vchicles (range from

106 p.pm to 273 ppm) is higher than thosc from petrol and LPG vehicles.

Chassis Dynamometer Test Results

Thanks te PROTON, 17 petrol fuelled vehicles were tested for their exhaust

emissions. The particulars of ‘the tests were as follows.

a) Tested cars: Petrol “fuelled

b) Fuel: Unleaded petrol

¢) No. of cars: 17 : _

d) Test modes: ECE mode (ECE), Japanese ien mode (J-10), Constant speed
(60)
(.Average speed) ECE (18:7km/h), J-10 (17.8km/h), 60
(60km/h) '

¢) Measured: Emission factors of HC, CO and NOx and Fuel cconomy

f) Air conditioner: On/Off effects on emission faclors for three cars out of
17.

Detailed results by the chassis dynamometer are described in Section 3.2.3 .

in the Suppoﬂing chdrl.

(1) Air Conditioner Off

The test results for all vehicles are shown in Table 5.2.11. The test results
for the ECE mode for engine capacities 1500cc or less according to the model
year are summarized in Table 5.2.12, Further, emission factors were
arranged in .threc yearly groups (before 1985, 1986-1991, and 1992) in Table
5.2.13.
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Table 5.2.11

Results of Lxhaust Gas Measurcment by

Chassis Dynamometer Test

Vehicle | Engine | Yodel| ¥ilcage HC{g/km) CO{g/km) NOx (g /ka) Fuel Fconomy(km/1) | Vehicle
o, (cey |Year | Gem) | BCE [ 10 [ 60 | BCE | 10 [ 60 [KCE [10_[60 [ FCE [ 10 | 607 |Name
1 1300 {toaftwe2es | 208(3.43(017) 5950 603l 0.45 338 3 5313 491094 | t1 09 |22 05| Protow saGA
2 1300 | 1990 | 48268 | 275|328 |0 47| 567) 6.62) 0.42 (383 (36573504 10.52| 11,20 | 20. 58 | PROTON SAGA
3 1500 1989 | 42440 [ 2.85]3.3510.86{ (5.80 [ 17.27| 239 (3.90)4.01|3.97| 98310 41 |18 24 | PROTON SaG4
4 000 | 1OR6) 100404 | 2193235063 11.08]10.31) 5.46711.397 128 131242 ) 12,42 | 2179 § CHARABE
5 1500 | 1902 997 | 2.2603.01[0.68] 450 5.00] 0.34 (266|277 288 10.34 | 1044 | 18.97 | ISEARA
5 1500 | 1983 | 186660 | 3.0 340 |0.85 | 17.93] 1850 A.34 |1 47]1.27/0.95| 9.05| 9.31|18.98 | F.LASKR
i 1400 | 1983 | 366173 | 260|296 1.02{25.04]24.76| 13,93 1. 27| .61 § £.48 ] 10.75 | 10.78 | 16.55 | ¥. TREDIA
8 1200 | 1978 [ 424672 | 2.08|2.46)0.80[ 18,50 19.65) .88 [0.71 | 0. 76| 0.62 [ 1).16 | 11 92| 18.93 | 0. CIVIC
9 1500 {1986 154688 | 2.611309f660 | 9.37¢ 1070 250 | L 33F4.39{L.05| 082 9.422L 12§ PROTN S4GA
10 1800 | 1991 | 22043 | 0.77[0.77)0.04f 4.79| 5.26) 0.22[1.30) 1.48 [0.85] 7.49| 7.09 | 13 03 | RENAULE
11 1500|1990 | 20884 | 2.19]|2.80[0.59 | 7.05] 8.41| 1.13§2.23[2.72| 2.83 | 10. 15 [ 10.37 { 18,77 { PROTON SAGA
12 o000 |1oe71 o066 | emlogsloont 23l 26l eotloasloos et 9511079 19,7 | 4 actxoRe
13 1500 | (989} 43789 ! 2.63|3.43}0.81 (1534 16.45; 3.11)1.96{2.00|1.85| 9.63 [ 11.69]25 51 § PROTON SAGA
14 1000 | 1984 (421328 | 282l 72 ees )M 0f18.48) 097077 212|678 ] 1194 | 14. 67 | 28.50 | CRARADE
15 1500 {199 | 15037 | 2.7613.3710.86| 8.43] .88 0,942 7712.99| 320 | 10.64 | 1280 | 25. 8L | PROTOY SAGA
16 1500 | 1992 80 | 2.36/296[0.67| 3.3 3.87| 049123 1.33| 121 | 9.86( 10,29 18.97 | PROTON ISHARA
i7 1500 [ 1892 | 1500 | 2.4203.13[0.72| 7.09| 7.64] 0.52[2.69[2.79 |3 04| 10.14 | 10. 54 | 24. 56 | PROTON SAGA
Engine Capacity: less than 150000
. Vehicle | Eagine | Nodel| Mileage (g /km) C0(g/kn) B NOx(g/kn) Fuel Economy(km/E) | Vehicle
Yo, feey fvear| ewd D BCE 1710 [ 60 [ Beg [ 10 [ 60 |BCE'] 10 | 60 | ECE | 10 | 60 | Wame
3 1200 | 1978 (424672 | 2.08] .45 [0.80 (18,50 | 19.65| G.88 0071 0. 76 | 0.62] 10,16 [ 11. 32 18 931 v.cIviC
7 1400 | 1983 (366173 | 261 §2.56]1.0225.04[24.76 [ 13.93 | 1.27 | 1.61 | 1.48 | 10.75 § 10. 78 | 16.55 | ¥. TREDIA
14 1000 | 1984421328 | 3.8203.7210.88 | 24.10]18.48] 9.97[ .77 | 212 | 0. 77 { 11.94 | 14.67 | 28.50 | CHARADE
4 1000 {1986 | 100404 | 2190 2.35|0.63(11.99(10.34( 5461 30| 1.28 [ 1.13] 12,42 { 12.42 | 27.79 | CHARADE
1 1300 (19881100276 | 3.08(3.43[{0.17] 525 6.03] 0.45{3.39(3.53|3.49 | 11,94 | £1.99 | 22. 05 | PROTON SAG4
2 1300|1990 | 48261 | 2.75{3.780.17| 5.67| 6.62| 0.42|3.83]3.65|3.50|10.52 | 11.20 | 20. 5 | PROTON $464
Engine Capacity: 1500cc
Yehicte | Engine | Nodel] ¥ileage C(¢/ka) 10(¢/ka) Woxlg/km) | Fuo) Economylka/l) |Vehicle
Yo. fec) |Year| kwy | ECE | 10 | 60 | BCE | 10 | 60 |ECE | 16 | 60 | BCE | 10 | 60 | Mame
B i500 | 1083 T 186660 | 306 (3400085 0931850 4 3 L7 1.97(0.95] 9,057 9.31] 1848 | F.Laser
g 1500 [ 1936 | 154688 | 2.61f3.08|0.60| 9.37|1L79| 2541133 | 1.39|1.05| 9.82| 9.42] 20121 PROTON SAGA
3 1500 | 1989 42440 | 2.85(3.35(0.86) 1580 17.27] 2.39(3.60|4.01 {3.97] ©.83]10.11 | I8. 24  PROTON SAGA
13 500 | 1089} 43789 | 2.63[343(0.81715.34(16.45| 21| 1.96(2.00(1.861 9.63] 116425 51 [ PROTON SAGA -
Il 1500 | 1990 | 20884 | 2191280 (059 7.05| 8.41| LE3}293(2.72[2.83| 1045 | 10,37 | 18, 77 | PROTON SAGA
15 1500 | 1991 15037 | 2.76[32.370.86| 8437 8.951 0.91 | 2771299321 10.69 { 12 80 | 25 81| PROTON 53GA
17 1500 (tom2) 1m0 | 242is1aletsy Tl 764 eezloenlnro]a 08| 10,14 ] 10. 54 { 20.56 | vRotoN sacs
5 1500 19927 97 | 2.26[3.001|0.68] £80) 500 0.34| 2660277 | 288 | 10.34 ] 10.44 [ 18. 97 | PROTON ISWARS
16 1560 {1992 80 | 2.36(296]0.67 3.3 887 0.49)1.23| 1. 93| 1.21| 9.86}10.28 | I8. 97 | PROFON ISKARA
Engine Capacity: gore than 1500cc
Yehicle | Engine | ¥odel] ¥ileage mj[C(g/km) Co(g/ka) NOx(g/ke) Fuel Economy(kn/1) Yehicle
o, Gee) | Vear| ) [pce T10 1760 | vee [ 10 | 60 lece | 16 160 [ 6ce | 10 |60 | vame
T T oe00 [ (eaT | 096 | 0031 |0.26]0.02] 231 263] 0.04]0.3370.2570.38] 9.95 [ 10,79 19. 74 | B AcCcorD
10 1900 {199} 2213 | OTT07TEQ.04) 47| 5.26| 0.22F 130 1.48[&85 7.49| 709 £3. 03 [ RENAULT
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Table 5.2.12 Elﬁi_ssion Rates of Motor Car by Model Year
(ECE Modc)

Maodel HC Cco NOx Fuel Economy| Milcage
Ycar {g/km) (g/km} (g/km) {(km/1) (km)
1978 2.08 18.50 0.71 11.16 424,672
1983 2.83 21.49 1.22 9.80 276,417
1984 3.82 24,10 1.77 11.94 421,328
1986 2.40 10.68 1.36 11.12 127,546
1988 3.08 5.25 3.39 11.94 100,276
1989 2.75 15.57 2.93 9.73 43,115
1990 2.47 6.36 3.03 10.34 34,573
1991 2.76 8.43 2.77 10.64 15,037
1992 2.35 4.98 2.19 10.11 852
Table 5.2.13 Avcrage Emission Rates of Motor Car by Model Year
(ECE Mode)
Model HC €O " NOx Fuel Economy] Mileage
Year (g/km) (g/km) (g/km) (km/i) (km)
- 1985 2.91 21.36 .23 10.97 374139
1986 - 1991 2.69 9.26 2.70 10.75 643109
1992 2.35 4.98 2.19 10.11 852

(2) Effects of Air Conditioners

Effects on the emission factors when air-conditioners arc on were analyzed
with three cars. Change of emission rates by air conditioning is given in

Table 5.2.14. The summary for keeping the air conditioncr on is as follows.

HC: no . change
CO: 15% increase
NOx: 30% Iincrease

Fuel economy: 10% decrease



Tﬁblc 5.2.14 Change of Emission Rates by Air-conditioning

~ Vehicle No. 13 14 15 Ave.
HEC ECE  -10.6 -11.0 -21.0 -14.2
(%) J-10 -16.9 5.4 -14.5  -8.7
60 49 11 186 8.2

B Ave. -5 -1.5 5.6 -49
co ECE 7.3 -5.0 20.9 6.4
%) J-10 12,8 -3.7 47.7 18.%
60 2hT 2.4 46.8  25.0
~ Ave, 15,3 -3.4 385 16.8
NOx ECE 32.1 54.8 -32.9 18.0
(%) J-10 315 41.0 425 38.4

60 3.7 221 227 255
Ave. 3.8 39.3 10.4 27.2

Fuel ECE  -10.6 -10.8 -16.4 -12

Bconony J-10 -16.9  -9.0 -17.3 -12.1
(%) 60 -7.6 -6.2 -12.4 -8.7

Ave. -9.4 87 -15.4 -11.1

5.2.6 Emission Faclor

Emission factors of current molor vchicles were esiablished {rom the result
of the chassis dynamomcter tests and published data in the USA and Japan.
Five pollutants that are being considered are HC, CO, NOx, SOx and PM. 8Ox
emission factor is caiculated from the following formula which uses known

fuel consumption (liters/km) and sulphur content in fuel (% wi).

fuel - : ‘ .
5 02
SOx =consumption x SPec] fic X sulphur, - molecular wel,g‘hl 5 x 1000 x 1/100
rale gravity © content  motedular weight of S
(g/kmn) (I/km) (g/ml) (%) {ml1/1)

Sclected values of specific gravity and sulphur contemt of petrol and diesel

oil obtained from the fuel analyses are given in Table 5.2.15.
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Table 5.2.15 Characieristics of Fuels for Motor Vehicles

Fuel Type Specilic  Gravity Sulphqr Content
(wetght %)
Petrol _ 0.78 0.003
Diesel oil 0.85 0.323

In sectting emission factors for HC, CO, and NOx, deterioration with increase
‘of cumulative milcagé and change with average vehicle speed  were
considered.  Changes of emission factors only with average vehicle speed
was considered for SOx, PM emission factors were established for individual
types of vehicle irrespective of their nmileage. Vehicle speced was taken into
consideration only on the PM emission factors for buses. A detailed process
for sétting current emission factors is described in Secciion 3.2.7 in the

Supporting - Report.

(1) Classification of Vehicles

Based on RTD's annual statistical bulletin (#6006), Table 5.2.16 shows engine
types of vehicles surveyed for traffic volume. Light duty trucks are
assumed to be petrol fuelled, and medium and heavy (or large) duty trucks
arc dicsel fuelled. Trucks with cnginc ca.pacily of 5,000cc and lecss arc
considered medium trucks and more than 5,000cc are considered large
trucks. The ratio of the medium and large trucks registered is given in

Table 5.2.17. Table 5.2.18 shows thc ratio of engine type for van and taxi.
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Table $.2.16 Classification of Motor Vchicles by Engine Type

No. Vehicle Type Petrol Diesel

oy

Motoreyele O

Motor car

@]
Van ’ o]
O

Taxi

Mini bus

|0 |G 0

Medium/Large bus

Smail truck ' o

©

Medium

cloe iw|lanlwm | & w|w

Large truck

10 . Lorry/Trailer ' _ 0

Note: Engine capacity
Medium truck; 5000cc or less
Large turck; 5501 or more

Table 5.2.17 Ratio of Medium and Large Trucks
to the Total Number of Trucks

Raiio
Mediuih  Truck 0.849
Large Truck 0.151

Table 5.2.18 Ratio of Van and Taxi according to Their Engine Type -

Engine Type Van Taxi
Petrol (0.849 0.509
Diesel 0.151 0.491

{2) Emission Factors for HC, CO, NOx, SOx and PM

Emission factors for different types of vehicles operating in KVR are given
in Table 5.2.19.
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Table 5.2.19

Average Emission Rate for Motor Vehicles (1992)
(HC, CO, NOx , SOx and PM)

{Cnit: g/kn)

Vehicle Average Speed(kﬁfh)
Type 5] W] B | [ | 9w s @] % s0] 6
Yotoreyele i {27 1812079 [17.30 [ 1512113521235
co [44.10 | 34.03{28.12 [ 24.58121.98 | 19.85
3ox{ 6.20) 0.19] 0019 G194 .20 0.2
sox | 0.092 | 0.002 | 0.002 ] 0.002 § 0.802 | 0.002
PY | 0,205 | 0.205] 0,205 {0,205 | 0.205 | 0.205
Yotor Car e | 3.47] 2.571 2.07] 175} L50| L32| 1.15] r.o2| o.90 o.80f 0.73
co |36.04]26.44]20.05117.68 | 15.16 [ 15.30 | 10.62 | 10.27 | 9.09| 8.25| 7.58
sox| 151 1581 1,651 174} L.81| 1.88] L93| Lo9| zoz| 207| 210
s0x | 0.005 | 0004 0.004 { 0.004 | 0.004 | 0.003 | 0.003 | 0.003 | 0. 003 | 0.003 | 0.603
Y 0043|0043} 0043 0043|0043} 0.04310.043 | 0.043 ] 0.043 0043 | 0. 043
Van ic | 298] 295( 1.83] 1.57| 1.36] 119} t.o5| 0.93| 0.83} 0.75| 0.69
€0 {59.10§43.43| 2160 | 29.06 | 24.91 | 21.86 } 19. 10| 16.89 | 14.97 [ 13.58 | 12.48
Sox| 2801 289 | 298] 31| 3.22| 333} 340] 349 354| 34| 370
s0x | 0. 119 | 0.10¢ | 0.096 | 0.089 | 0. 085 | 0.081 | 0.080 { 0.078 | 0.676 | 0.074 | 0.072
Y {0102 ] € 102{0.102 | 0.102 | 0. 102 | 6. 102 | 0. 102 | 0. 102 | 0. 102 | 0. 102 | . t02
Taxi g | 257|109 13l Lao| L22] 1.07] 0.95{ 0.85] 0.76] 0.69| 0.63
0 [33.48|24.75]19.77 | 16.50 | 14.22} 12.47 | 10.90 | 9.66] 8.57| 7.80] 7.18
vox{ 2.07] 200 195 193] Lo 193] 193] 1.95] 1.97] 200} 2.0
sox {0,371 0.323 | 0.296 | 0.278 | €263 | 0.252 [ 0.247 { 0.240 [ 0.234 | 0.230 | 0.226
PY 10.235(0.235]0.23510.235 1 0.235 [ 0,235 0.23510.235 | 0.235 | 0.235 | 0.235
¥ini Bus 0§ 5.66| 4.92] 1300 382| 3.38] 305| 2780 253 231 247 2.02
0 b11.37] 9.20] 7.62] 6.35| 5.45] 472 417| 275] 345§ 3.21] 3.03
Nox| £92] 4.94) q07| 77| 355 3400 329| 32| 222] 322| 39
SOx | 1518 {1,399 1325 | 1.274 | 1240 | 1218 1.195 | L (78 | 1. 167 | 1. 155 | L. b4
PY | 16031 1408 | 1028 | 1.028 | 1.028 | 1028 1.628 | 1.025 | 1.028 | 1. 028 | 1.028
Yedivaslarge HC | 7.60) 6.59| 5.76.] 5.00} 4551 4L.07 3.68[ 3.3%{ 3.10{ 291 | 271
Bus co |26.68 268 | 1779 st |1z 7901012| 973] 876 806 7.50| 7.09
NOX 2106 ) 19,00 | 17.44 ] 16,18 | 15.24 | 14.46 | 13,98 | $3.83 | 13.67 | 13.83 | 1. 14
S0x | 3,300 | 5041 | 2,881 | 2. 770§ 2.696 | 2. 647 | 2.598 | 2.561 | 2.536 { 2.512 | 2.487
Pu1.481 | 3.935 287210 812 [ 2. 972 |2 8i2 | 2872 | 2.872 | 2.872 | 2.872 | 2.872
Swall fruck  WC § 6.04] 4.79] £.05] 351] 310] 273] 210 23] 1.89] 169] 1.5
€O §64.01 ] 5L08 {4022 39,26 | 95.45 | 3061 1 27.83 1 24.10 | 20. 73 { 19.82 | 18.68
Nox| 295 2000 3.3t) 3570 82| L08] L30| 152 166 48[ 492
S0x [ 0.007 | 0008 0.008 § 0..005 | 0. 005 | 0.005 | 0. 085 | 0.605 | 0.005 { €. 005 | 0. 605
‘ PyOF0.043 | 0.013]0.02310.043 | 0. 0431 0,083 [ 0.043]0.003 | 0.043{0.043 [ 0.043°
Yedinn/large 1C | 3.88| 2.37] 291F 2.61| 231 2.03] 18] 173} 1.58] 1.49] 1.38
Truck 0 | 800| 6.48) 5.35| 46| 3.83) 232] 203| 23] 2azi 295( 212
Nox| 6.22| 5610 505|478 ] Lag] a2l as] o7 05| LoT| L1
S0x [ 2201 {2,026} 1.916 | 1.852 | 1.797 | 1760 | 1.733 | 1706 | 1. 687 § 1.678 1 1. 659
PY | 0.63270.632 10,632 [0.632 10,632 | 0.632 | 0.632 | 0.632 | 0.632 1 0.632 | 0.632
LorrysTraiter HC | 6.311 4.601 4.03| 2.5 | 3.18 | 2.811 2.51] 2.37| 217{ 2.03] 1.3
o (1864115 1411243 |10.39] 293 7.77] 6.80] 6.12| 5.63] 5.2} 19
50x | 2006 | 19.061 f 17,44 | 6,18 {15.24 | 1446 113.98 | 12.83 [ 13.67 ] 1383} 1414
SOx | 3.246 12989 | 2.827 | 2,732 | 2,651 | 2.597 { 2.556 | 2.516 | 2.189 { 2.475 | 2. 148
PU| 13800 1389 | 389 | 1389 | 1389 | 1,389 | 1389 | 1189 | 1389} 1.389 1. 389
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