8.4

8.4.1

Air Quality Target Value

The dispersion mode! predicts annual mean values of pollutant
concentrations in the Study. To evaluate the simulation results, certain
criteiia of annual values have to be defined, Besides, it is reasomable to
evaluate . ambient air quality and control air pollution sources based on
long-tcrﬁl values. However, most of the Malaysian- air qu'ality ghidéiines
are -set for hourly values, eight-hour values and daily values (ten-minutes
value,.hour]y value, and dai'ly value for S02, hourly value for NOQOz, and
hourty and cight-hour value for CQ, etc.). The annual mean targets of
ambieni air quality have to correspond to each of the Malaysian guidelines.
These targets are called Air Quality Target Values. The Air Quality Target

Values may be a goarantee for the. observance of the guideline values.

In the Study, basically, the Air Quality Target Values were determined
according (o the em'pirical rule used by the United States Environmental
Protection Agency (EPA) and Japan Environment Agency (JEA), that sets
annual mean value at half the daily mean. Since the monitoring was
conducted at only five stations for a year and insufficient 1o establish the
Air Quality Target Values. Accumulation of the monitoring data for several
years at more stations is required for the purpose. Then, the analysis of the
monitored data in Kelang Valley Region was carried out to support the

justification for adopting this rule.

A certain amount of error is inevitable in measurement of ambicnt air
quality.  Therefore some statistical values are adopted for the long-term
evaluation.  In this cxamination, 98 percentile values are adopted for the

long-term evaluation,
Method for Estimating Air Quality Target Value

(1) 802, NQz, and CO

Hourly values in the guidelines are inadequate for eétimating the Air
Quality Target Value. Because the measured hourly values that are used for
evaluation may include unusual pollution sources and malfunctions of
measurement equipment.  The Malaysian guideline for S5O2 daily mean is

40 ppb and the Malaysian guideline for eight-hour mean of CO is 9 ppm.

" They were used for the estimation of the Air Quality Target Values. The case

of the Japanese standard for CO daily mean value (10 ppm), was also

examincd for comparison. Since the Malaysian guideline of NO2 is only
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defined for hourly value. Hence, the WHO guidciinc.valuc for NOz daily

mcan (73 ppb) was used for the estimation.

The following three methods were examined to estimate the air quality

target  valucs. Schematic diagram of three mecthods is illustrated in
Fig. 8.4.1.
1.  Larsen Model and Linear Regression

The air quality {arget values for each station are first cobtained by ‘the
Larsen Model. Al the samc tlime, occurrence frequencies of the
.guidclinc valuecs at ecach station are also obtained. Then the
occurrence frequencies of the guideline values and the annual mean
values at each station are plotted on lognormal coordinales to obtain
the linear regression line. Finally., the air qlia]ity target value for the
targel arca is determined from the corresponding ‘annual mean at 98

percentile value on the regression line.

2.  Larsen Model and Geometric Mean _
The procedure to oblain the air quality target valucs for cach staiion
are the same as in method 1. Then the air quality target value for the
target area is determined as the geometric mecan of the air quality

target values of each station,

3.  Linear Regression between Annual Mean Value and 98 Percentile Values
A linear regression line is consiructed beiwecen the annual mean
values and 98 percentile values for each station. Then the air quality

target value for the target area is determined.
(Larsen Model, Linear Regression, and Geometric Mean)

Generally, cumulative frequcncics of pollutant concentrations are
found to have a lognormal distribution. The Larsen Model is based on
this characteristic and the relationships among the statistical values
of the distribution. The process of method 1 for S02 daily valuc is
illustrated in Fig. 8.4.2 and the similar figures for NO2 and CO are
shown in Section 5.1 of the Supporting Report. Some papers on the
Larsen Model are listed in the Supporiing Report (#3036, #3037,
#3038). '

In the c¢ase of the tlognormal distribution, geometric standard
deviation (Sg) is computed from the following equation. The index Sg

can express the variability of cach distribution.



Sg = ¢exp {in (Ca/Cb)/(Za-Zb)} (1)
Ca, Ch: Concentrations at point (a) and point (b)
Za, Zb: Standard deviation numbers of concentrations at point
(a) and point (b)

In this calculation, a standard deviation number of 50 percentile is
taken as Za and a standard deviation number of 93.3 percentile is taken
as Zb.

The geometric standard deviations are obtained for each station from
equation (1). The lincar rcgression line expressed by a solid line in
Fig. 8.4.2 (1) is dcicrmined from the points (a) and (b) at each station.
The cumulative distributions of the pollutants can be approximated by
the strziight line for at least from the 50 percent point to 93.3 percent

point.

The rclationship between the geometric mean (mg) and the guideline

value as 98 percentile value (C98) is expressed by the equation (2).

For example, the guideline value for SOZ daily mean is 40 ppb and 98
pcrccn'tilc value of monitoring daily mcan should be below this
guideline. Geometric mean  (mg) to maintain  this condition is
determined by equation (2). In othef words, the original regression
line (solid line) should be shifted to the new line, which can satisfy
the guideline (chain line), and geometric mean (mg) is obtained on

this new line.

mg = C98/Sg 298 (2)
(98: The guideline value as 98 percentile value

Z98: The standard deviation number of the 98 percentile

Moreover,  the arithmetic mean {m), geometric mean (mg) and

geometric standard deviation (Sg) satisfy the cquation (3).

Arithmetic mean (m) to maintain the guideline is obtained with the
geometric deviation (Sg) in equation (1) and the geometric méan (mg)
in (2). This arithmetic mean {m) is used as the air quality target value
at each siation (Table 8.4.1).

m = mg exp {0.5 In2Sg} (3)

To obtain the air quality target value for the target area by method 1,
actual standard deviation numbers (Z) of thc guideline value (C98) and
annual means measured at each station are plotted on lognormal

coordinates, and a linear regression line is obtained (Fig. 8.4.2(2)).
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Method 1

The regression line cxpress the relationship  between  the  annual
mean values and (he occurrence [frequencics of the guideline value in
the target area. Dashed linc intcrcepts 98 % value with the air quality

target value (27.5 ppb for SO2).

By method 2, the air quality target values for the larget arca arc
obtained as gcomeiric means of the air quality target values at cach
station (Table 8.4.1).

(Lincar Regression between Annual Mean Value and 98 Percentile

Value)

Linear regression lines are oblained between the annual mean values -
and the 98 percentile values at each station.  Then the air gquality
target value for the target area is determined as the corresponding
annual mean 1o the guideline value on the regression line (Fig. 8.4.3).
Dashed lines intercept ihe  guidelines  with the air quality target

values.

Mcthod 2 Method 3

Characteristic Feature of Comulative Distribution |

[ Longnormal Distribution I

|[ Larscn Mcedel I

5 ' |
Linear Regression Air Quality‘ Target Value Linear Regression
at cach station
(Y) Occurence frequency {(Y) 98 % Value
“of Guideline Valuc al cach station
at each station [ Geomelric Mcan J]
(X) Aonual Mean Value (X) Annual Mean Value
at each station al each station
=D‘«ir Quality Target Value
I forihe Target Arca
Fig. 8.4.1 Schematic Diagram of Three Methods to Estimate Air

Quality Target Value
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Fig. 8.4.2(1)

Air Quality Target Value by Larsen Model

($02 daily value for each station,
Mar. 1992 ~ Feb. 1993)
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Fig. 8.4.2(2) Air Quality Target Value by Larsen Model
and Lincar Regression '

(S02 daily value for Kelang Vallcy Region,
Mar. 1992 ~ Feb. 1993)
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Fig. 8.4.3 Air Quality Target Value by Linecar Regression
(§02 daily valuc for Kelang Valley Region,
Mar. 1992 ~ Feb. 1993)
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{2) NMHC and O3

The Malaysian guiddlinc value- for hourly O3 is 100 ppb, but O3 cannot be
reduced directly because O3 is produced by complicated photochemical
reactions. It is said that NMHC is on¢ of the primary pollutant for O3
production.  Investigations on annual mean value of NMHC to mainiain 03

concentrations below the guideline follow,

The re!a‘tionship.bctwccn 03 maximum values and NMHC daily mean values
at Petaling Jaya is shown in Fig. 8.4.4. From the figure, the pcfmissible
value of NMHC daily mean to maintain O3 maximum wvalue below 100 ppb is
determined as 47.6 pphmC. The unit pphmC refers to 10 ppbC.

The methods described above are used to estimate the annual mean values

of NMHC. The annual mean values are determined in Table 8.4.2.

Fig. 8.4.4 Relationship between O3 Maximum Value and NMHC Daily Mean
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8.4.2 Seuing of Air Quality Target Value

The cstimated valugs by the threc methods and the recommended Air
Quality Target Valucs arc summarized in Table 8.4.1. The estimated values
for $O2, NOz and CO from the monitoring data are close to half values of the
‘guideline or slandard values. The fact supports the justification for
adopting the empirical rule that the Air Quality Target Value can be set at
half of the guidelines or standards for daily value. The value for CO is set

taking into consideration the Malaysian guideline.

Finally, the Air Quality Target Values for SO2, NO2, and CO are 20 ppb,
37 ppb, and 4 ppm respectively.  The Malaysian guidelines have annual
mean values for TSP and PM10, and they are chosen as the Air Quality
Target Values. The annual mean value for NMHC (20 pphmC) is a teniative

value and needs further examination,

The Air Qﬁality Target Values should be reexamined and discussed at a
certain stage in the future after accumulation of the sufficient monitoring
data. Somc backgrounds as air ~quality wmonitoring, air poliution

countermeasures, and socio-economic conditions will also change.

Notice that the guidelines or the standards for hourly values, daily values
and so on should be satisfied respectively. The air quality target values are
used 1o evaluate the long-term air quality over a wide area. However,
short-term and local area evaluations of the air quality are also impcriant,'
and they were not fully covcrcd.in this project. Examination of air quality

over a shori-term and in local areas should be carried oul in the future.
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Table 8.4.1 Air Quality Target Value

502 NO2 co TSP PM10
Daily Daily 8-Hrs Daily Yearly Yearly
(Unit) ppb ppb 0.1 ppm ug/m?  ug/m3
Guidelines 40 73 90 100 90 50
/Standards * (+) ™ #) * (*)
Mecthed 1, 2 City Hall 15.1 44.7 41.9 54.4
UPM _ 22.0 43.5 - ---
Petaling Jaya  22.6 43.7 40.7 51.5
Shah Alam 15.6 39.5 32.3 52.0
Method 1 Whole Area 27.5 44,1 59.2 55.1
Method 2 Whole Area  18.5 42,8 38.0  52.6
Method 3 Whole Area 19.2 43.5 42.8 53.3
?:§Z$$ended Whole Area 20 27 40 90 50,
Maximum Fixed 13.3 21.7 28.4 81.8 56.8
Mean Stations (P (CH) (PI) (SA) (SA)

*: Malaysian Guidelines, #: Japanese Standards,

+: WHO Guidelines

PJ: Petaling faya, CH: City Hall, SA: Shah Alam

Table 8.4.2 Annual Mcan Value for NMHC

NMHC(Daily)

(Unit) pphmC
Permissible Value 47.6
Method 1,2  Peualing Jaya 26.1
_ Shah Alam 14.9
Method 1 Whole Arca 17.3
 Method 2 Whole Arca 19.7
Method 3 Whole Area {1.5)
(yeommonded Whole Area 20

Observed Petaling Jaya 79.1
Mecan Value Shah Alam 22.5




8.5

Necessity of Emission Reduction

The simulation results for SO2, NOx, NO2, and CO in 1992 and in 2005 when no

measures are taken are shown in Sections 6.3 and 8.3 respectively, The air

quality target values for SO2, NOz2, and CO were determined in Section 8.4
Then the simulation results can be evaluated by comparing with the air

quality target valucs.

In 1992, maximum SO2 concentration in the region is 59.7 ppb, far
excecding the  air quality target value of 20 ppb. Maximum NO2
concentration is 41.1 ppb, cxcceding the air quality target value of 37 ppb.
Maximum CO concentration is 4.92 ppm and exceeds the air quality target

value of 4 ppm.

Factories and motor vehicles are the major contributors to 502
concentrations, Coantribution from factories are high especially at the
points with high SOz concentrations such as in Petaling Jaya and Shah
Alam. The contributions by cach type of pollution sources for NO2 cannol
be estimated because the simulation of NO2 was carried out with the
statistical model. NO2 is converted from NOx and most of NOx is accounted

for by motor vehicies. Almost all CO is produccd by motor vehicles.

In 2005, SO2 concentration at the maximum point in the region will be 65.8
ppb.  This conceniration is much greater than the air quality target valve
(20 ppby and greater than the simulated concentration at the maximum
point in 1992,  SO2 concentrations at City Hall and Petaling Jaya are at
around the air quality target level. NO2 concentration at the maximum
point will be 63.1 ppb, which is much greater than the air quality target
(37 ppb). NO2 concentration at City Hall also excecds the air quality target
valuc. CO concentrations at the maximum point and City Hall will be 10.5

and 6.9 ppm respectively.  Both of them cexceed the air quality target value.

The manner and degree in which each type of pollutant source contributes

are virtually identicai to the year 1992

As a resuli, ambicnt air quality of S0O2, NO2, and CO concentrations are
rcaching problematic levels in somc¢ areas and are predicted to become
worse in 2005, Factorics are the most problematic contributors to high 502
concentrations while motor vehicles are the main contributors responsible
for NO2 and CO concentrations. Control measures to reduce the pollutang

emission amounts {rom [factories and motor vchicles should be carried oul.
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CHAPTER 9 CONTROL OVER AIR POLLUTION
SOURCES






9.1

9.1.1

CHAPTER 9 CONTROL OVER AIR POLLUTION SOURCES

Factories and Establishmenis
Neccessity for Control

Of a total of 248 facilities investigated as air poll‘ulion sources, 78% or 193
units were boilers. They ranged from small to medium sized ones with the
exception of boilers at power stations. 75% of the 248 facilitics were

concentrated in three districts; Petaling Jaya, Shah Alam and Klang.

In 1992, sulphur rich fuel oil - was the main source of SOx emission.
Consumption was about 450,000 kl in Kelang Valley Region. Power stations
contributed to 64% of SOx and 81% of NOx emissions in the Region. The
main potluter was the PS-A Power Plant which emitted 20,000 tons of SOx in
1992 from two 300 MW coal (0.6% sulfur) burning boilers and one fuel oil
firing boiler.  General industries other than powcr stations emitted SOx by
bumirig 190,000. kI of fuel oil, and palm wastes and wood wastes which
contained around 0.2% of sulphur. SOx emission was not detected in the gas
from the cement factory, although it was using 1.0% sulphur coal
However the cement plant emitied plenty of dust whenever power failures

occurred, about 40 times in a year.’

Although anti-poilution measures have been introduced (o graduaily
convert to lower sulphur content or better fuel, these steps seem

inadequate.

Insiallation and e:;;pansion of power stations have been planned to meet the
rapid .cconomic growth in Malaysia, as shown in Tables 9.1.1 and 9.1.2
Emission amounts in the year 2005 for the whole KVR can be estimated
from the above tables with cmission factors. They would exceed the air

quality target values as simulated in Chapter 8.
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9.12

Table 9.1.1  The Power Development

Fuel tvpe[1992]1993[1995)1996]2000 |Total

_ H.F.O 300 # : u y 300
PS-A| N.Gas 300 ’ ’ ] +500 800
Coal ’ 600 v +500|+500(1600] 1600

sub totall 1200[1200[1700{2200[2700] 2700

_ N.Gas 212 272 : ’ v 272
P5-B} N.Gas 520 ! i ¥ 2 520
Sub total] 732 792 x 1 P 792

PS-C| N.Gas - 500 L4 7 2 500
Sub total] - 500 . B ' 500
total 1932]2492[2992(3492(3992}| 3992

unit :MWh

Table 9.1.2  Future Energy Demand in KVR
(1) Power Station

Year - 1992 1997 T 2005
PG—-12 258750 258750 258750
PS—A{ PG-28 275112 275112 715290
PG-20 BG6400 [ 19237376 [1937376
BS~-B|PG—-28 | 15850998 | 1724656 |[1724656
PS-C{PG-248 0 347040 | 347040

uUnit:pPG-12=kK1/¥Y

PGE-28=103m3

. PG-20=t/¥
(2) Factory

Year - 1992 1997 2005

Fuel oil 190 190 1960
Ind.D. 0il 265 265 265
LPG 85 . 135 267
Wood Waste 307 307 307
Palm Waste 187 217 267
Coal (Cement) 89 133 198

Unit: million liter, except solid fuel (1000 tons)

The Dust emissions come largely from palm and wood wastes (Table 5.1.11)
which are burmmi in poorly controlled furnaces and with inadequate
removal facilitics. Combustion control is generally aimed to achicve
complete combustion under optimum conditions which can be achieved
after knowing flow rates of fuel and air, and f{rom the analysis of flue gas.

There seems no such control concept in KVR at present.
Present State of Pollution Control

Environmental Quality Act (EQA) publishcd in 1974 was the beginning of
concrete pollution control in Malaysia. EQA stipulates licenses, prohibition

and- control of pollution, appeal, penalty and others. It sets out

- requirement and approval of plans, and restrictions on pollution of
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atmosphere, the soil and inland water, on noisc pollution, and cte. It also
authorizes the Minister to issue acceptable conditions or guidelines for
pollutant emissions. Moreover, it cmpowers the government lo  specify
conditions of discharge, to enter and inspecl, to require occupier to install,
opecrate, repair control cquipment, and to attach conditions to licenses such
as to conduct a monitoring program designed to provide the Director
General of DOE with information concerning the characteristics, quality or

cffecis of the emission.

Environmental Quality (Clean Air) Regulations, 1978, governs the air
pollutant emissions from factories. It s'tipuiatcs cmission standards for
nine gascous substances including SO3, NOx etc. from any trade (except SO2
from other than sulphuric acid plants and NOx from combustion sources),
Dust or solid particles from asphalt concrete plants and portland cement
planis, asbestos and free silica from a‘n.y trade, and metals and their

compounds as gaseous impurities.

The third edition .of the 1956 British Clean Air Act Memorandum (#4020)
has been applied to determine the height of new stacks. This memorandum
is applicable to fuel burning plants with gross heat input of between 0.15

and 150 MW. Almost all chimneys in the Region arc of 15 to 40 m high.

The Malaysian Department of Environment is limited by a shortage of

budget and manpower resources. As local and municipal governments are

‘not entrusted with many administrative powers, and since there are no

person to take charge of environmental affairs in those government
agencies, - identification of pollution sources, monitoring of environmental
conditions, guidance to the polluters and so on are not performed

ei"fectivel'y at preseni.
Basic Techniques of Stationary Source Emission Control

{1} Mechanism of Air Pollutant Generation
1) Particles

a) Gaseous Soot: simply called soot, formed by incomplete combustion of

fuel, and have fibrous shape of 0.02 to 0.03 microns.

b) -Carbon Residue Soot: caused by residue carbon in fuel, have particle
size of 10 to 300 microns, are slow burning and seldom burn

completely in the furnace, composed of carbon, hydrogen and ash.
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c)

2)

3)

a)

b)

Fly Ash: gencrated by burning solid fucl.  Almost all fly ash from
pulverized coal combustion is cmitted to the atmosphere with the

exception of some adhesion to the furnace walls,

S0x

Combﬁstiblc sulphur in fuel produces SOx by burning. Lower
temperature tends to fix SOx into the coal ash of fixed bed
cmribus_tion.

Some S0z is oxidized 10 SO3 in the flame. SO3 becomes sulphuric acid
in the colder zone, which corrodes metallic parts, and it is emitted to

the atmospherc as acid smut with particles.

NOx
NOx is mainly a mixwre of NO (about 90%) and NO2.  NO2 is genecrated
by high temperature oxidation of NO in the furnace. There are

thermal and fuel NOx.

Thermal NOx: formed from nitrogen in the air depending on fuel
physical properties, combustion conditions and so on. More NOx is

produced by higher temperatures, higher air ratios, and longer

resident time at high tcmperature.

Filel NOx: formed from niimgcn in fuel. ¥ 100% of nilfogen in the
fuel is converted to NOx, the NOx concentration in the dry flue gas
may approximately be 1550 ppm by fu.cl oil combustion and 2000 ppm
by coal combustion. The conversion yield differs according to air
ratio, temperature and so on. The yield is illustrated in Fig. 9.1.1 in

relation to air ratio.
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Fig. 9.1.1 Conversion of Nitrogen in Fuel vs Air Ratio
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Fuel NOx from solid fuel is divided into volatile NOx which is
generated from nitrogen in  volatile matter and char NOx from
nitrogen in char. The formation mechanism of the volatile NOx is

similar to that of liquid or gascous fuel combustion.

(2) Suppression of Pollutant Emission

1) Fuel Conversion
Since fuel composed of less sulphur, nitrogen, and residual carbon
generates less SOx, NOx and particles, fuel conversion to such fuel is
effective in redlici_ng cruissions.  Also since a higher fuel ratio (fixed
carbonfvolatile matter) of coal means it is more difficult to burm and
produces more unburnt soot, a lower fuel ratio is desirable to lower -
cmissions.
2) Finer Liquid Fuel Droplets
Finer atomization of liquid fucl makes fuel mix betier with air and
possibly burn completely, and as a result reduces particle emission.
However, because it incrcascs thermal NOx and reduces fuel NOx,
appropriate mixing conditions have to be created to produce a
minimum amount of total NOx.
3) Air Ratio
Table 9.1.3 shows commonly wused air ratios of fuels in various
combustion methods. .
Table 9.1.3 Typical Air Ratio & CO2
Fuel Combustion Air Ratio CO2%.
Coal Handfired horizontal grate 1.5 - 2.0 8-10
Coal Spreader  stoker 14 - 1.7 11 - 13
Coal Moving grate(forced draft) 1.3 - 13 11 - 13
Coal 1 Underfeed stoker 14 - 1.7 12 - 15
Coal Pulverized burner 1.2 - 1.4 11 - 15
Fuel il Burner 1.1 - 1.3 11 - 14
Gas Burner _ 1.1 - 1.2 8 -20

Burning fuel with smaller or larger air ratios than optimum
translates into incomplete combustion which produces more
particles and reduces NOx. Normally, less excess air than that at the
peak thermal NOx formation is applied to reduce NOx cmission. Low

excess air combustion reduces thermal loss with flue gas and hence
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4)

5)

saves cnergy.  Fig. 9.1.2 indicates the relationship of air ratio and

thermal loss.

Air Ratio

Flue Gas Thermal Loss
 1000Kecal/kg of Fuel Qil

T S R R TR T iz s
Oo% in Flue Gas

Fig. 9.1.2  Air Ratio vs. Flue Gas Thermal Loss

Air Preheat Temperature _

Lowering air preheat temperature lowers combuslion lemperature
and reduces NOx formation and increases particle emission. As the
lowering of air prehecat temperature can not reduce the axhount of
fuel NOx, it is not ecffective in burning heavier residual oil which

conlaings a great amount of nitrogen.

Low NOx Burner

Low NOx burners can be categorized as follows by their principles.

Separated flames

b. Self flue gas re-circulation

c. Off-stoichiometric combustion {mixture of burncrs with cxcess
air and Iess air ratio)

d. Multi-stage combuostion

e. Mixing enhanced combustion
Water injection .

g. In-flame NOx removal (de-NOx)

Of the types which basically try to reduce flame iemperaiure or 2
partial pressure, items c. d. and g. have been increasingly put to

practical use.
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SGR (scparate gas recirculation, onc cxample of item c¢. above),
multi-stage combustion, and in-flame de-NOx arc the main types of
low NOx burners for pulverized coal combustion and employ the

following NOx reduction principles.

* Reduction of primary air rate
* Fuel/secondary air mixing after volatile matter combustion

* Dilution of secondary air with flue gas

These burners can reduce formation of thermal NOx and volatile NOx.
Below arc configurations of these burners and a conceptval drawing

of NOx reduction system (Fig. 9.1.3).

SGR burners reduce NOx formation by prod.ucing concentraled parts
of powdered coal at the middle and diluted parts at both sides to burn
coal in off-stoichiometric manner, and by delaying mixture of both

layers by introducing fluc gas in beiween.

Multi-stage bumers burn volatile matter of coal rapidly ‘at the first
'stage, and there the generated heat decomposes and gasifies char.
The produced char gas is combusted completely at the second and the

third stage burners.

In-flame de-NOx burners rapidly ignite powdered coal and maintain
a fuel rich flame, which results in reduced oxygen concentration by
consuming oxygen from vo]a{ilc NOx to burs radicals such as CH or
C2 and reduce to N2. This type of burner can suppress conversion of

nitrogen in char to NOx.
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SGR_ Burner ' Multi-stage _Burner

Combustion zone

a: Pulverized coal/air
b: Air port

In-flame -NOx Burner

Volatile matter burn zone
Reducing agent generation
De-NOx zone :
Oxidation zone
Flame - protection ring
Swiri '

Guide sleeve

IBYOw»

Fig. 9.1.3 (1) Low NOx Burcrs

i

Concentrated flame

Weak flame

SGR port

Fuel/air(weak compartment)
Fuel/air(conc. compartment)
Additional air

Auxiliary air(air compart
Pulverized coalfair mix
Recirculation Tan

Air preheater

Forced draft fan

Induced fan

T Em e e oR

Fig. 9.1.3  (2) Concept of NOx Reduction
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The in-flame LNB which can decomposc NOx by excess hydrocarbons
remaining in the high temperature flame is recommended.  Unburnt
fucl can also be reduced since the excess fuel rcgion is at a high
temperature,  The other LNB models suppress NOx formation by
retarded combustion.  The performance differences can be scen in

Fig. 9.14.

Other Models

S ol
&%
w
g L
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- ~ '/'?:/ In-flame LNB
g w0 //;: L 4 ]
—la— _‘________,,._-“ 8!/
°-°a r__‘_,_,_-»-—-""'-’
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Fig. 9.1.4 Performance of -Low NOx Burners

®

KLy ‘ 2 '
’-3:'_‘ " : Primary combustion zone

Secondary combust. zone

Fig. 9.1.5 Liquid/Gas Low NOx Burner

Fig. 9.1.5depicts low NOx burners for liquid and gas fuels. This
burner, a two stage combustion process, reduces NOx formed during
the primary combustion to N2. In the secondary combustion zone,
oxygen in the secondary air is diluted with flue gas, thereby
minimizing thermal NOx formation by restraining .vi.olent
combustion reaction. This burner can reduce NOx emission to

50 ppm depending on fuel 'types and combustion conditions,
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6)

Two Stage Combustion

This method uses a NOx reduction capébiﬁty of fuels., - A part of the
main fuel is utilized as an reduction agent and the whole reaction is
complcted in the furnace. This method may climinate flue gas de-
NOx units attached on pulverized coal boilers, bocause of its fairly
low NOx emission. There are two types; one wilh a single fuel supply
(Fig. 9.1.3 (2)) and the other with two fuel supply stages (Fig. 9.1.6).
Air is supplied separately at two stages in either types.

Table 9.1.4 explains the first type using an example. The example

boiler had been remodeled at four stages successively.  Originally
(the first stage), the boiler emitted 570 ppm of NOx with the
conventional design. At the second stage, 15% of the combustion air
was scparated and fed at the upper part of the burners. Al burners
were changed to LNB at the third stage and NOx cmission was reduced
to 300 ppm, 33% reduction from the second stage, Finally the
secondary air was increased to 30% and NOx emission became to
150 ppm which was 50% reduction from the third stagc.or' 74% from
the first siage.

Table 9.1.4 Effects of Tow Stage Combustion
- NOx Reduction at Coal Boiler -

Stages Techniques NOx Emission % of NOx
' (ppm, 03: 6%) Reduction
Ist ~ 570 -
2nd  Two stage combustion, 15% 450 21
3rd  LNBs, all 24 burners 300 33
4th Two stage combustion, 30% 150 ol
Overall ' 150 14
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In the two fuel supply type (Fig. 9.1.6), the prirhary combustion is
operated at thc normal air ratio and the secondary fucl is supplicd in
less equivalent to the remaining oxygen to produce reducing
atmosphere  which cén reduce NOx to nitrogen. Later, enough
amount of the secondary air is introduced to complete the
combustion. Instead of supplying thc sccondary fucl, the system is
recently changed in a manner to introduce an appropriatc amount
of air to the high temperature zone just afier the combustion zone in
order to keop reducing atmosphere.  The sccondary air is introduced
afterward to complete the combustion. With this method, NOx

emission is around 100 ppit.

Fig. 9.1.6 Two Fuel Supply Stage De-NOx Combustion

Convection zone —

Exhaust (::h J;"l %

- Completing
Szeondary airc -__ 1*-’1:'1 combustion zone
Secondary coat o Reducing

for NOx reduction combusiion zone

Primary cogr Primary combustion

Primary air ::H\ /

7Y  Combustion Control for TSP Reduction

Dust is gencrated in combustion furnaces in the following reasons.

i) configuration unsuitable to fuel or combustion conditions
ii) wide load  fluctuation

iii) load unmaiched to furnace design

iv) unsatisfactory air introduction

v) premature operation iechnigucs

Practically, the generation is due to lack of air supply and mixing
with fuel, low tcmperature in  combustion chamber, small
combustion space or else. On the other hand, excess air may

gencrate more dust as in Fig. 9.1.7 which is the mecasurement results

of ihis study.
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Main component of dust from combustion is carbon. I[ncomplete
combustion emit unburnt carbon. Incomplete combustion cmit
unburnt carbon. Once it is generated, it is difficult to burn in the
chamber.  The principal conirol measures not to generate it are to
keep combustion chamber temperature high cnough and to mix fuel
‘well  with  air, Following are the gencral methods to avoid its

generation,

Fig. 9.1.7 Dust Emission vs. O2 in Flue Gas

14F . @ w0od weHe
4 paitm wasis ]
12} O wood (Cy{loneg? ] @
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- kg/h

(D4 v--3.068+0.298%

v — = 20

02% i Flue Gas

i) to supply, not too much but, optimum air

it) to supply secondary air, when necessary, from front or back of
furnace

iit) to charge small amount of f{uel at reguiar intervals (manual
feeder)

iv) to converl to mechanical feeder if poSsible, suitable to the
specific  furnace

v) to keep furnace tcmperature high and- its volume spacious
vi) to plan good mixing of air and fuel

vii) not to burn excess fucl against furnace volume

It is effective 1o imstruct factories so that they prepare operation
manual of each furnace specifying air ratio, fuel rate, flue gas
temperature, furnace wall ' temperature, control and maintenance,
etc.  Also instruction of installation of instruments for measurement
of flow rates, oxygen concentration, temperature and so on  will

ensure the operation.



8)

9)

Pressurized Fluidized Bed Combustion (PFBC)
This combustion method coupled with stcam turbines and exhaust gas
turbines is applied to power gencration because of the following

featurcs.
i) High ecfficiency: up to 41%
ii) Equipment is compact
ifi) Possible SOx removal in furnace:
Efficicncy of 85% at molar ratio of calcium/sulphur = 1.6

NOx emission is low becanse of lower temperature in the fluidized
combustion bed and of its possible reduction by char to nitrogen.

Generally the emission is around 100 ppm.

NOx Control of Gas Turbine
NOx cmissions from gas turbines are around 110 ppm (as 6% 02) at its
capacity less than 2MW and 150 ppm at more than 2ZMW.  The

following control methods are usually applied.

Low NOx Combustion Water or Steam Injection
Diluted Mixed Combustion
Two-stage Combuslioﬁ
Cata!yiic Comb.(under development)
Flue Gas Treatment —I: Medium Temperature De-NOx
High Temperaiure De-NOx

: Commdnly used methods are- water or steam injection, diluted mixed

combustion, and medium temperature de-NOx. It is possible  to
remove 50 to 60% of NOx at the water or steam injection rate in the

range of 0.5 to 1.0 of water to fuel by weight,

{(3) Removal of Poliutants from Gas

1)

Fiue Gas Desulfurization (FGD)

There are various kinds of SOx removal technologies. Among the
wet, semi-dry and dry methods, the wet method is widely applied
throughou! the world. Tt is able to remove 95 to 99% of SOx in flue
gases, casy (o operate, and suitable to flue gas containing high
amounts of SOx. One drawback of the mcthod is the lower

temperature of the cleaned gases due (o aqueous scrubbing solution.



Again, there arc many varictics ol the wet FGD method., Among
them, widely used is a limestone scrubbing process. Between 5 and
15% of powdered limestone slurry scrubs SOx out of flue gas making
calcium sulphite, which is ihen discarded or oxidized to calcium
sulphate as a by-product for rccovery. The natural form of calcium
sulphate is gypsum.  Artificial or natural, gypsum is used to make
wallboards or portland cement. The limestone-gypsum proccss is

generally recognized as the technically most reliable FGD currently.

Other FGD methods, scmi-dry and dry methods, have been dévclopcd
to reduce plant investment costs. However, they have drawbacks,

such as low S50x removal and high rcagent consumption.

The semi-dry method uses limestone or lime as a reageni. Limestone
powder should be injected into a high iemperature zonme of a boiler
furnace and later water should be injected into the gas to achieve
reasonably high S0x removal efficiency of 70 to 85%. Higher molar
ratio of limestone/SOx can remove much SOx, although a ratios of 2 to
3 is the limitation from the standpoint of economic and waste
handling problems. Lime slurry may be sprayed into a duct work or
equipment at a lower temperature. The water in the slurry must
evaporale by heat of the flue gas to avoid sticking and plugging of
the slurry and the absorbed product on the inside of equipment.
Accuratc operational control 1o cope with fluctuations of gas
tcmperaiure and flow rate is mandatory to avoid this kind of

problem.

The dry method 'uses an addition of iimcstone.a_t the high
temperature zone of the furnace withoul a subsequent .spray of
water.  Although SOx removal is low, the sticking problem is avoided
because of no water is sprayed. Of the three micthods, this method

requires the least amount of extra cquipment for S$Ox removal.

Dolomite or coal ash if alkaline componcms: in the ash are cnbugh to
remove required amount of SOx may be used as a reagent instead of
limestone. Coal ash utilization has not been well demonstrated yet
~and the process encompasses difficulties in regard to ash handling

and low SOx removal.



2)

3)

NOx Removal from Flue Gas
Two dry proocsscs arc commercially proved to remove NOx from flue

gases and decomposc it to nitrogen and water (#Power, June 1991),

Thermal or selective non-catalytic reduction (SNR) process relics on
injecting ammonia, urca, or other nitrogen-containing compounds
into the flue gas in a temperaiure regime of 850 to 1,300 °C to reduce
NO«x. SNR has found widespread application on municipal
incinerators and others. While simple in concept, the SNR has some
drawbacks. NOx removal  is intimately dependent on flue-gas
temperature. And it suffers from byproduct salt formation,
especially when SO3 content is high. Also, the effects of ash content
and changing fuel properties and boiler turndown have to be fully

addressed.

Selective cataljtic reduction (SCR) process is similar to SNR instead
of  having catalyst beds to promote the reduciion reaction at lower
than for the SNR process -300 10 400°C. A key advantage of SCR is

that it applics to all boiler designs and does mnot involve furnace

modifications, minimizing outage time, and higher removal

efficiency, possibly 90%. But il is an expensive technology.

Particle Control
In addition to combustion control, particle reduction is possible by

several types of removal equipment as seen in Table 9.1.5.

Table 9.1.5  Various Particulate Removal Equipment

Type Particle size Pressure Removal Cost

' handled: u drop: mmAq o
Settling Chamber 1000 - 20 10 - 15 40 - 60 smalt
Louver Impinger 100 - 20 30 - 80 50 - 70 small
Cyclo'ne Separator 100 - S 100 - 200 . 70 - 95 medium
Venturi Scrubber 100 - 0.1 400 - 850 80 - 95 | medium
Bag Filler 20 - 0.1 100 - 200 90 - 99 medium
ESP 20 - 0.05 10 - 20 80 - 999 large

Bag filier .is suitable for gases contained finer pa'rlicul.mcs. Cyélone

separator is commonly used in industrial boilers.

Single cyclone has

a lower removal efficiency and multi-cyclone shows better removal.



ESP (Electrostatic Precipitator) is applied to large scaled facilities

such as those in power plants and cement factories.

Electric resistivity of particles is the most influential factor in

particle removal in a ESP, as shown in Fig. 9.1.8.

v 1: Removal %
wE . '
~ - ; I: Discharged current mA
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g s F
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“Apparent Electric Resistivily

Fig. 9.1.8 Apparent Electric Resistivity vs. Removal %

The ideal elcctric resistivity  (ohms cm) for removal is in the range
of 10* 10 1010,  Particles having the resistivity lower than 10% are in
the re-entrainment zone, while those having higher than 5x1010 are
in the frequent spark zone. The eléc[ric resisiivity of pulverized
coal fired dusts is uswally in the range of 1019 0 1013 and close 1o the
frequent spark zone. Some measurcs have to be applied to cnable
normal operation and maintenance of good precipitator efficiency.

Followings are some examples of the measures.

a) Conditioning of Flue Gas
The electric resistivity -of pariicles can be adjusted by injection of
water or S03. High sulphur coal or heavy oil is fired with the main

pulverized coal for this purpose.

b) High temperature clectrostatic precipitator

Higher temperature may be effective in removal as the electric
resistivity of particles becomes around 100°C or lower. Pulverized
coal boilers can use the precipitator beforc the air preheater where
it is around 360°C.

¢) Pulse Charge
Intermittent charges suppress spark and save cnergy. It is effective

for parlic'les having resistivity greater than 5x10'? ohms cm.

5-16



(4) Dispersion of Poiluiants - Increment of Stack  Height

Higher stacks are cffective to reduce ground Icvel concentration of
disperscd pollutants, such as SOx, NOx, and particles. The effect varies with
its height, emission vclocity from the stack, gas temperature, pollutant
concentration, etc. and also with meteorological and lopographical
condition. Among these [actors, stack height and emission velocity are the
most influentigl. Traditionally, increment of stack height -is the clemental
measure against the pollution control.  Emission velocity can be accelerated
by restricting a stack top opening and, if necessary, by installing a booster
fan of higher dis.chargc'prcssure. . The modification of a stack may be hard
from land availability, complicated construction work, selection of
materials and so on. However, it is advantageous of less investment and

operation costs than those of a fluc gas trcatment umit.
Proposed Individual Control Measures

As in Chapter §, the investigation showed that several places in P. Jaya, §.
Alam and Klang would exceed the air qualily targets in 2005, if no further

measure is applied.
(1) Power Station

If the expansion of power plants in the Region is to proceed as planned (sec

Table 9.1.1), future pollutant emission will be as shown in Table 9.1.6.

In this Section, propesed control measures on  individual facility are
described,

Table 9.1.6 Emissions from Power Stations
{(without control measures)
(unit: tonfyear)

Year 1992 1997 2005
Dust 1,844 : 2,190 2,260
PS-A | NOx 10,651 20,688 23,241
SOx 19,522 30,040 30,040
Dust 125 136 136
PS-B NOx 2,141 2,328 2,328
SOx 0 : 0 0
Dust 0 27 27
PS-C | NOx 0 469 469
SOx 0 0 0
Dust 1,969 2,353 2,423
Total | NOx 12,792 23,485 26,038
SOx 19,522 30,040 30,040
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PS-A contributes most to the emissions in 2005, with 939% of dust, 89% of NOx

and 100% of SOx, because it burns much heavy oil and coal, whereas the

other two stations usc natural gas only. PS-A does not have a dust collector

for its heavy oil burning boiler.

1)

2)

PS-A Power Station

PS-A is buming HFO in No.l1 Unit, natural gas in No.2 Unit and
pulverized coal in No.3 and 4 Units. One boiler of pulverized coal
each in 1995 and 1996, and one boiler of natural gas in 2000 will be
added respectively. This power station emits 559% of SOx in the whole
region currently and will emit 73% in 2005 if counter-measures arc
not taken. Around 17,000 tons or 60% of predicted increment of SOx
emission in the Kelang Valley Region should be removed here in
200s.

No. 1 Boiler
Fuel_conversion from heavy fucl oil to natural gas (8Ox 12,000 tons

reduction)
Nos, 3 & 4 Boilers

To bura coal of 0.6% sulphﬁr until 2005;
To reduce particle emission to 0.1 g/Nm? by increasing EP efficiency

with appropriate conirol or else;

Nos. 5 & 6 Boilers

No. 5: To burn coal with 0.6% sulphur or less

No. 6 ; to burn natural gas

No.l Unit can be casily fired by natoral gas as il was originally
designed so, if the gas supply is ample. No.3 & 4 Units have Low NOx
bumners {(LNBs) and iwo stage co.mbusiion. However, as the
secondary combustion rate is 15%, the NOx suppression may be only
20%. According to the analyscs conducted in this study, NOx

conccntration in the gas was 590 ppm at 2.5% of oxygen.

PS-B Power Station

This station discarded the outdated facilities and insialled six .gas
turbines firing natural gas in 1992, Two of the six have power
generating sysiems combined with steam turbines. There is no NOx
analysis data of the flue gas. Since the combustion temperature is
around 1,200°C in front of the turbines, 150 to 200 ppm of NOx can be
assumed to be in the fluc gas escaping 1o the stacks of 40 and 100
meter  height. The assessment (#4018) conducted by TENAGA
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NASIONAL BERHAD (TNB, National Electric Board) indicated that the
environmental impact in the vicinity of the station would bc small
and air quality would not cxceed the values in the guidcline.  As
there is no feasible NOx suppression mcthod for the turbine system,

the control measures at this station were not investigated.

3) PS-C Power Station _
This Station is located 30km south of KL ‘and will start operating in
1993 with six gas combustion turbines. As the NOx emission from this
station is assumed to be about 2,000 to.ns/ycar in 2005 (170 ppm of

NOx) or around 7% of the total contribution from all power plants.
(2) Cement Factory

This factory commissioned in 1958 with a production capacity of 300,000
tons/year has currcfu]y 1,690,000 tons/ycar capacity. The equipment is
rather new and dust emission is well under the limit of the emission
standard. It is now planning io further reduce dust c.mission 10 _0.04g/Nm3
by 19935, However, frequent power failures and insufficient operation
control measures have caused frequent emissions of heavy dust from the

stack.

Generally, NOx concentration is high as  the clinker calcination
temperature is_high., The analyses done by this study team indicated NOx to
be about 490ppm and dust to be about 0.17g/Nm3 at 02 2.5%, which is within
the limits of 0.2g/Nm3 (Standard C). NOx seems 10 have no special adverse

effect on the neighbors.

Dust emission due to power failures has to be countered by preparing and
enforcing an ecmergency operation manual. I the capacity of the stand-by

emergency generator has to be upgraded if it is not enough.

{3} Faciories (excluding Power Sitaiions)

1} Boilers o _
Factories in Kelang Vallcy' Region consumed 190,000 kI of sulphbur
rich heavy fuel oil in 1992, around 27% of the regional liquid fuel
consumption (710,000 kI1). Light fucl oil consumption was at around
37%. Lighter oils are predominantly consumed in the Region.
However, more lighter oils have to be consumed, since SOx emissions
will increase 1.35 times in the ycar of 2005 in the Region. Table 9.1.7

shows the amount of cmissions in each district in 1992,
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Table 9.1.7 Pollutant Emissions by Area (gencral factories, 1992)

{unit: ton/year
Arca Dust NOx S0«
1. H.LANGAT 1,924 575 1,184
2. GOMBAK 199 720 556
3. K. LUMPUR 346 102 641
4. S. ALAM 1,113 612 3,264
5. P JAYA 585 153 2,294
6. KLANG 2,867 818 3,108
TOTAL 7,034 2,979 11,047

As boilers in the factories (excluding power stations) arc gencrally
small in sizc, fuel conversion is (he easiest way to reduce SOx
cmission without major alteration to the facilities and with some
sacrifice for higher fuel cost. However, an abrupt or rapid
conversion may cause imbalanced supply and demand in the oil

market.

Boilers with larger amounts of pollutants are proposed. to converl
fuels; natural gas (o boilers (fue! rate more than 150 kg/hr) in S.
Alam and P. Jaya and light fuel oil 10 boilers (fuel rate more than 200
kg/hr) in other districts, The amount of reduced SOx emission from

the factories will be around 52%.

2) Nitric Acid Plant
NOx in the exhaust gas of the nitric acid plant is currently
catalytically rcduced to nitrogen. However, yellow smoke is
frequently observed from the chimney because of low removal

efficiency and insufficient opcration control and maintenance.

NOx reduction may be accomplished by changing the space velocity
of the reduction reactor, carly replacecment of catalysts, or lowering
the throughput of the plant and thus decreasing the load on the
reduction reactor. These measures arc feasible since the plant
production is stcady without beak or full rate operation, and the cost

incurred in- introducing this measures is not too high,
(4) Wood and Palm Waste Combustors (Boilers & Incincrators)

Data analyzed in this: study indicates many palm and wood combustors
generate large amount of Dust exceeding than the emission limits(standard

C: 0.4g/Nm3). Combustors burning more than 15,000 &y of wood or palm
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are proposed to consider ways of reducing the dust emission to 0.1g/Nm3, by
the introduction of strict combustion control, and the installation of
precipitators., The combustion management for TSP reduction (cf, 9.1.3) is
to achicve complete combustion with continuous fuel feed, betier feed

methods, better air distribution, lower air ratio and so on.

As wood waste has a great amount of volatile matter, it has lower ignilion
temperature and higher burning velocity, and is relatively ecasier to bum

completely.

However, as it consists of various water contents and shapes, it causes
uneven combustion and has demerits of high particle emission, and
difficulties of maintaining constant steam pressure and following to load
changes., It is possible to bumn evenly by sizing wood waste into aniform

chips and using a spreader boiler.
It is relatively difficult to control NOx emission at this waste boiler.

Fig. 9.1.9 shows the drawing of thc wood chip spreader stoker boiler. The
boiler in this drawing is composed of the air prcheater to improve boiler

efficiency and the multi-cyclone 1o remove dust.

Fig. 9.1.9 Wood Chip Spreader Stoker Boiler
Precipitators may be selected using Fig. 9.1.10 as a guide and taking into

consideration dust concentration and size distributions, gas temperature,

cic.
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Fig. 9.1.10  Removal Efficiency of Various Precipitators

As palm and wood wasle combustors emit particles larger than 10 microns
in diamcter, multicycldncs can reduce dust emission with 80% removal
éfficicncy. Three multicyclones shall be instalied by 1997 and additional
three by 2005 removing respectively 750 and 350 Wy (total 1100 t/y) of dust
from wood burning. Meanwhile, ordinary bagfilters can rcmove 95% of
particles larger than 1 micron diameter if the gas temperature is below

250°C.

I is recommended that outdated wood or palm wastc combustors - are

replaced.

(5) Relocation of Factories

Those factories located in residential areas should be considered for
relocation. Since timber and wood processing factorics have allegedly
reccived many complains, these may be considered for relocation. It is also
necessary lo give favorable credit and tax compensation to them for

rclocating.

(6) Pollution Control Agrccment

1) Purposc
Pollution control agrcement is a contract between the local
government and a heavy polluter or a factory located  in heavily
polluted arca, existed or planning to open newly, for the individual
pollution control.  The agreement may impose additional limitation (o

the published emission standard.  However, it is 1o keep living
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2)

ecnvironment of surrounding pcople in healthy condition. B may
benefit of the factory in its citizen oricnied position. The agreement
is customarily concluded in Japan and is quite effective 10 control

local pollution and to calm local dispute.

Contents

Contents of the agrcement should be selected from the following in
consideration of (i) crowdedness of pollution source and current
pollution conditions in the surrounding arca, (ii) contribution of the
said Ffactory to the pollution and (iii) distribution of -houscholds in

the area.

A) Pollutant Emission Control

a) SOx - to limit total emission amount from the faclory
- to usc better fuel and limit sulphur content in the
fuel

- to ‘install cxhaust gas control unit

b) NOx - to limil total cmission amount from the Tactory
- to use better fuel :
- to limit exhaust concentration
- to install exhaust gas control unit
- to apply .combustion technics for emission reduction

¢) Dust - to use better fuel
- to limit exhaust conceniraiion
- 1o imstall exhaust gas comirol uvnit
- 1o apply combustion management

B) Source Monitoring

Kinds of pollutants, Kinds of facilities, Methods and frequencies
of measurement, Installation of equipment for continuous

monitoring and/or centralized monitoring.

) Provision of Pollution Control Organization and Management

System

D) On-the spot Inspection

Purpose, Hems: to bc inspected, Qualification of inspectors

E) Others Agreed by Both Parties

(7) Dust Control of Certain Non-point Sources

It is common to regulale' dust emission (without referring to its

concentration) by guidelines for the siructure, use and management of

dusty facilitics, such as storage, transportation systems, crushers, screens,

etc. of ores and stones. The guidelings are proposed here as follows.

9.23



1) Storage of ore, stonc and waste soil
One of the following four items should be applicd to material storage

space exceeding 1000m? of land area..

a) water from sprinkler system
b) screens covering the surface
‘¢) anti-dispcrsion agent

d) presses to keep the surface hard

2) Belt and Bucket Conveyors _
Conveyors with 40 cm wide belt or 0.02m3 of a bucket volume should
be . equipped with spray systems .or other dust masking devices on

charging ports, conncctions eic.

3) Crushers and Screens _ _
Crushers, Screens and so on for ore, stone, cement, eic. have to be
installed in enclosures, must be sprayed with water, or must be

equipped with precipitators to prevent the dust from dispersing,

4) Follow-up treatment of Mines, Pits, Excavation Siies eic.
Remaining sites have to be reclaimed afier excavation to prevent
disasters and vegetation must be planted to preserve the

environment.

a) Final Wall: multi-layer walls with safety slope of a suitable height
and width for green vegetation _

b) Vegetation: by seceds, transplanis, cuttings or spraying; with rapidly
growing cover plants found in nearby land

¢) Maintenance: appropriate maintenance to promote growth and to

avoid drying of filler soil

(8) Effects of Control Measures

The calculation resuits of emissions after implementing the controt
measures over power staiions and other factories are tabulated in
Table 9.1.8.
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Table 9.1,8 Change of Pollutant Emission from Factories

1} Uncontrolled

(unit: ton/year)

Year 1992 | 1997 2005

P Stations 19,522 | 30,040 | 30,040
S0x General Factories 11,047 | 11,137 11,283
Total 30,569 | 41,177 41,323
P, Stations 12,792 | 23,485 | 26,038
NOx General Factories | 2,979 3,509 4, 415
Total 15,771 26,994 | 30,453
P. Stations 1,969 ] 2,353 2,423
Dust General Factories 1,034 7,461 8,163
Total - g, 003 9,814 | 10,586

2} Contiolled

(unit: ton/year)

Year 1992 1997 2005

) | P.Stations 19,522 | 12,759 |- 12,759

S0x General Factories 11,047 [ 5,199 5, 345
Total 1 30,569 | 17,958 | 18 104

P. Stations 12,7921 14,109 | 22,758

NOx General Factories 2,979 3, 454 4, 364
~Total 15,771 17,563 | 27,122

_ P.Stations 1,969 740 828

Dust | (withoui precipt.) | General Factories 1,934 5, 849 6, 552
Total 9,803 6, 89 7, 380

P.Stations 1, 969 - 828

(with precipt.) General Factories 1,034 - 3, 451

Total 9,003 - 6. 279

{(Summary of Expected Effects]

a. Dust:

b. NOx :

c. 30x:

Without control measures, dust emission in the year 2005 would
be 1.2 times of that in 1992, The measures, especially if applied to
the power stations, will confribute towards almost 70% reduction

of the current emission level.

Without control measures, NOx emission in the 2005 would be
double of that in 1992, 76% of NOx come from the power stations
'(mainly from PS-A). Conversion f{o natural.gas from_ MFO and
intensification of the two stage coal combustion would help to
reduce only about 3,330 t/y and thus the emission would be about
1.7 times of the amount in 1992, Seclective reduction of NOx is

available for further reduction.

Without control measures, SOx emission in the year 2005 would be
1.35 times of that in 1992. 70% of SOx come from MFO and coal
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burning power stations, It is not practical to rcduce the sulphur
content in the coal to less than 0.6%. The only possible way to
reduce 17,000 t/y of SOx, is through fuel conversion {MFO 10
natural gas) or [flue gas desulfurization at PS-A #1 boiler.
General factories other than power plants should convert to
natural gas in S. Alam and P. Jaya, where the SOx concentration
greatly exceed the targét value, and teo light fuel oil in other
districts. . These measures should be implemented by 1997. Hence
about 23,200 t/y of SOx emission will be reduced in KVR by 1997
The increment of 1.35 in 2005 would be reduced 10 0.59 times.

d. Others: Combustion management cngineers should be trained and
assigned to all boilers burning more than 200 kg/h of fuel. This
effect has been reflected in the above Table as a 5% energy

savings.

9.1.5 Training of Engineers

Engineers should be trained through lectures and actual practice at a

training center after establishing a new combustion management system.
(1) Requirement of Combustion Management System

72% of dust emission (around 12,600 tons in 1992) and about 30% of NOx
emission (total around 54,500 tons in 1992) in the Klang Valley Region were
generated from factories. These cmissions will increase 1.2 times and 1.5

times respectively in 2005,

These cmissions can substantially be reduced by appropriate combustion
techniques. However, factories in the region lack such basic capabiiitics as
fuel/air ratio conirol, fuel management -(its quality, quantity, & safety
precaution), burncr maintcnance and so on. Also they seem to have litile
notion of the effective use of energy. Even if low NOx burners are
installed, it will be difficult to mect their expected performance withoult

determination and motivation of concerned busincsscs.

To overcome this situation, it is necessary to mobilize engineers who are
highly trained in non-pollution combustion techniques and energy saving
operations. Also it is neccessary (o esltablish an  integrated combustion

management system 10 support these froni-line cngineers.
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{2} Outline of Combustion Management Syslem .

The combustion management system 18 to undertake fucl management,
management of cnergy gencration and uscs, non-pollution combustion,
maintenance of insirument and else in an individual factory. The system
enables the factory to take social' rCSpOIlSibili.ty by producing non-

hazardous wastes or exhausts,

Faclories emitting flue gascs should be divided into two classes; designated
factorics which consume fuel more than the amount specified by the
government and other factories which consume less than that amount of

fuel.

The designated factories must have a first class licensed combustion
engineer and the other factorics a second class licensed cngincér. These
engineers should be selected from those trained -by the government and
those passed the government examination. "Their assignments are as

follows:

1) Maintenance and management of combustion facilities

2) Surveillance and modification of cnergy  usc

3) Planning, implementation of pollution control measures and
measurement of their effects

4) Report .of combustion management opecrations to the government

(3) Training Method

A combustion management technical 'trai'ning center (combustion training
center) should be established and people in charge of combustion in
factories should study and learn combustion techniques and management
there. Graduates who pass the government examination should be licensed

by the governmeni to bc designated class combustion engincers.
QOutline of the center

1) Curriculum
a. Lecture: basic knowledge of fuel and combustion, furnace,
combustion management techniques, pollution control
techniques, analytical technology.
b. Practice: combustion, " heat balance, encrgy saving method

analytical technology
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Term _

a. First Class: three months

b. Second Class: onc 'month

Capacity 20 people per course

Staff |

7 technical specialists and 3 cierks

Facility and Equipment '

(a) Test boiler A: one unit for both of liquid and gas fucl Smoke tube
type with flue gas recirculation
Two burners: standard and low NOx types
.Stcam evaporation rate to be L2 t/r

(b) Test boiler B: one unit for saw dust and wood chip fucl

Spreader stoker iype, 1.2 t/hr sieam

Fig. 6.1.11 Test Facility and Equipment

{c) Imstrument:

* Hot wire ancmometers (air, fluc gas)

* Orsat gas analyzer (CO2, 02, CO)

* Displacement flow meters {oil, steam, water)
* (Gas analyzer {02, SOx, NOx)

* (Gas analyzer (CO2, CO)

* Dust sampler

* Ringelmann charts
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* Thermometers (t-couples, 6 point recorder)
* Hygrometer

* Water hardness analyzer

* Barometer '

* Radiation pyrometers (flame temperature measurc:)

* PData processor

6) Examination
Studcuts shall be examined on the knowledge and techniques
acquired at the center. A committce assigned by the government
shall evaluate the students and determine successful candidates. The

Minister in charge shall issue the licenses and register them.

9.1.6 Energy Saving

(1) General

Rationalization of ecnergy wusage and energy conservation should be
promoted not only for fuel conservation and economic reasons but also to

reduce air polluiion,

Industry entrepreneurs, owners of buildings and houses, manufacturers of
energy consuming machines and others who arc involved in cnergy
consumption should make in-house efforts to save energy. The
government can assist them basically in establishing guidelines, offering
directions, recommending modifications, etc.  Also it can provide monetary
and ‘economic support and facilitate educational promotion or public

AWareness.
Methods 10 save energy

a) to keep facilities in good and smoolh operating condition
b}  to renovate facilities for morc cfficient operation (i.c. addition of heat
exchanger, change of heatér temperature, recovery of waste heat)

-¢) to modernize processes and sysfems

(2) Low Oxygen Combustion

Low oxygen combustion is an important technique for encrgy savings in
boilers, gencrally adopted by power plants and other industries. It has the

following notable clfects,
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1)

2)

Improvement of Thermal Efficiency

Air is charged into the boiler always in excess by controlling the
air/ffuel ratio manually or automatically. - Minimizing this excess air
reduces sensible heat loss with flue gas and improves boiler thermal
cfficiency. However, it is in ambivalent with loss of unburnt  fucl.
As suggested in Fig. 9.1.12, it is neccssary to operale boilers at the

optimum air/fucl ratio to achieve the highest efficiency.

Heat Loss

/

Flue gas heat loss

Unburnt fuel loss

Mo Air/Fuel Ratio——

Fig. 9.1.12  Heat Loss vs. AirflFuel Ratio

Suppression of NOx Formation
Rate of NOx formation in a boiler varies with oxygen conient as
indicated in Fig. 9.1.13.  Reduction of  air/fuel ratic lowers NOx

formation. The ratio can not be reduced almost o one, since it will

produce large amounts of soot.

H igl_l

/":: f‘liell
Low

NOx Concentration

0 1.0
Air/Fuel Ratio

Fig. 9.1.13 NOx Concentration vs. Air/Fuel Ratio
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3)

Energy Saving by Low Excess Air Combustion _

Fig. 9.1.14 shows the lincar relationship between the boiler thermal
efficiency and the air/ffucl ratio. Generally the ratio is in the range
of 1.2 to 1.4 for small and mcdium sized boilers. Those efficiencics
arc about 80 - 85% with around 20% of hecat loss. To improve
combustion opcration, to clean the heat transfer surface, to recover

steam drain and so on, are needed in order 10 reduce the heat loss.
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flue gas temperature
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Air/Fuel Ratio

Fig. 9.1.14  Effects of Air/Fuel Ratio

(3) Energy Saving by Process Modification

Some

cxamples of energy saving through process modification are

explained in Table 9.1.9.

Table 9.1.9 Process and System Modernization

Items Example
Fuel
Kanual
Simplifi- Slab Cooling Handling feating Rolling Steel
‘cation :
Slab : Heaﬁing—_——-Rolling Steel
Fuel
Continuous Chezical Ind.; batch continuous distillation
Operation Non-ferrous ¥ill: Continuous milling
Capacity Refinery; bottle-neck reuoval
Increasement | ¢ Shipping; super-tanker
Btilization Coubined Cycle Power Generation;
of Cascade Gas Turbine Steam Turbine
Operation
Fuel .
Change of Steel Mill; Open-hearth Revolving Furnace
Process
Cepent Ind.; Suspension Preheat or New SP addition
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(4) Energy Saving by Wastc Heat Recovery

1) Common Idcas

Table 9.1.10 gives common ideas of waste heat recovery, a major

factor in energy saving.

‘Table 9.1.10 Examples of Waste Heat Recovery
Utilization Items Examples
By-product Gas Blast furnace gas
Petroleum Cracked Off-gas

Exhaust Pressure Power generation by blast furnace gas

Sensible Heat of Solid | Cokes dry quenching to recover as stean

Steam Drain - I Return to boiler

Cooling Water Low temp. power generation

Exhaust Gas . ¥aste heat boiler, Absorptive chiller

Compressor driven by exhaust gas press.
or electricity

Slab cooling boiler

Supply to fish pond, gardehing

Low temp. power generation

2)

Recovery of Steam Drain _

Recovery of steam drain is the most effective energy saving method
for boilers. Around 10% of fuel can be saved in small and medium
boilers by this method. Steam drain is not asreffeclive as flame or
electricity as a heating agent. However, its reccovery has the

following merits.

i) fucl saving by recovering enthalpy of drain
ii) saving of boiler feed water

i1i) reduction of air pollution by .saving of fuel firing rate

There are dircel and indirect methods i0 recover and use drain.

The direct method is to recover heat and waler at the same time. It is
necessary o confirm analytically beforehand the quality of water to

ensure suitability for repeated use. The indirect method is to recover
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3)

only the heat from the drain which has been or will be
contaminated through its wuse, likely to be adopted in chemical
factories or dye works. Fig. 9.1.15 10 9,1.17 are some of cxamples of

the recovery.

Steam Users
Feed Water Tank

Steam Trap Boiler

F/W Pump

Drain Pump

Fig. 9.1.15 Direct Recovery to Feed Water Tank

Steam Users

N

Feed Water Tark
/\

Beiler

Steam Trap

Drain Pump

Fig. 9.1.16 Direct Recovery lo Boiler

Steam Users
I Feed Water Tank

% /\__
-ﬁ‘
Steam Trap F/¥ Pump

N

Drain Pump

("H L/\J Boiler

Heat Exchanger

Fig. 9.1.17 Indirect Recovery through Heat Exchanger

Waste Heat Rccovery Throﬁgh Air Heater

Another example of heat recovery is to preheat charge air by an air
heater with flue gas. This method is relatively easy to do and cam hec
expected 1o be a great energy save. Fig. 9.1.18 shows the cffect of air

preheating,

If filue gas temperature falls 20 deg.C by using an air heater at an air

ratio of 1.2, charge air temperature will risc around 23 deg.C and fuel
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saving will be around 1%. If the charge air lemperaturc can be
heated to about 115 deg.C, the fucl save will be around 2.5% and the
flue gas temperature down 1o 100 deg.C. Note that thé deg.C is the

difference of the temperatures and not °C, the caloric temperature.

160
HG
120
100
&0
&0
ep-—---

20

Air temperatursz rise deg.C

! 3 S 4 5
Y Fuel saving %

llll]llll]lll
] 50 100 i50

Flue gas temp. fall deg.C

Fig. 9.1.18  Relationship of Air Heater and Fuel Saving

As highcr charge air temperature. accelerales  combustion
velocity, it will reduce requirement of excess air and production
of unburnt matter. However, a drawback is that NOx formation
will also be increased. It is desirable for the charge air
temperature to be in the range of 100 to 120°C. Fig. 9.1.19
illustrates the heat recovery method by air heater,

flue gas - flue gas
®

air air

boiler boiler

Fig 9.1.19 Heat Recovery by. Air Heater

(5) Energy Saving in Natural Gas Combustion by Co-generation

Low pressure steam is usually used to air condition buildings, supply hot
walter, process materials in factorics, etc.  This system has about 50%

energy ulilization rate.  Co-generation systems have becomc very popular



to improve this efficicncy. The system produces low pressure sicam from
wastec heat from an electricity gencrating turbine. This system can be
combined with an absorption refrigeration 1o air-condition factories,

buildings, hotels eotc.

(a) Traditional System
Power Station Building

flue gas fiue gas K
AN _ \,,,_//

air condition

) | a elgctricity <3§> l 20 hot water supply
fuel 100 40 45 5;: }

fuel | ———=q

- !
4////9// T A T RIS
draining boiler
(b) Co-gencration System
Building or Else Comparison of (a) & (b)
flue gas
\\ - heat recovery

a b

I : supply energy|i14s| 100

100 . used energy’ S| 75
_..,., efficincy [%1] s2i 75

|
prrer/4 vzl

genegrator

Source: KAGAKU KOGAKU (I} Vol. 51, No.3 (1987)

Fig. 9.1.20  Co-generation vs. Traditional System

The main pieces of equipment in the co-generating system are the gas
turbine, the gas engine, or the diesel engine. As each one can be divided
into small units and located separately, the system is easily expandable and
should be strongly promoted. The major differences between this system
and the traditional one are depicted in Fig. 9.1.20. Energy efficiency shown
in the figure is based on the constant requirements of electric power and
heat. They may actually be slightly lower because of demand fluctualion

during the course of operation,

{6) Energy Saving in Faclories

a) Recognition of Equipment Operating Condilions
It is' quite important o recognize the current operating conditions of

each picce of equipment related to encrgy supply and consumption
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9.1.7

in order to establish feasible, economical and concrete energy

saving plans.

b) Control Committee
An energy saving control commiittee should be organized in each
company or factory to discuss plans developed by cach scction,
review overall energy saving policy and gather the necessary

information.

¢) Promotion of Energy Conservation Consciousness
It is advisab]c to publicize energy saving concepis, saving plans,
manual, etc. and to schedule various events such as the rewarding of
original saving idea, preseniation of plans. etc. in the company or

factory to promole energy saving consciousness.

(7) Energy Saving of Buildings

The following considerations taken inte account on  the design and
construction would prevent heat loss through walls, windows, ctc. of

offices, buildings, houses and so on.

a) to airtight fixiures on walls
b) to design shades to absorb direct sun rays
¢) to control individual room temperature separately

d) ito reinforce insulation

Technical Supporting System

The Association of Environmental Consultants and Contract of Malaysia
(AECCOM) can provide technical support to industries who have pollution
relaied problems. And, principally the support should come from
independent and non-profit organizations. In the future, AECCOM is
expected lo support the training at the couibustion training enter (Refer to
Section 9.1.5).

Specialists may be additionally nceded (o oversee consultation ai the
combustion training operation and training on facilities and analytical
equipment and apparatuses. These specialists may be recruited from

university faculties, combustion researchers and engineers.
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9.1.8

Financial Support System

A low interest rate fund loan system should be established within the
government (national or local) or in some other appropriale organization
to support industrial activities related to pollution control and facility
modification. Laws or regulations governing this system may have to be

established first.

It may also be necessary lo easc taxes in order to emcourage the installation,

operation and maintenance of pollution control facilities.

Rough Cost Estimation

Below are rough cstimates of investment costs: for the anti-pollution
mecasures at the power plant and the factories which have been proposed in

the ariicle 9.1.4.

Factories converting fuel oil to natural gas or to industrial diesel oil
require.more or less remodeling and additional investment. They have to
install combustion managing instruments if they do not have these
instruments. Similar instruments should be installed in those factories
already burning cleaner fuel and having a capacity ecquivalent to the
former group. Smaller factorics may not nced to imstall these instruments,

although the combustion management will be enforced.

Investments for installing dust collectors in woed waste combustors are
planned here as separate installation in 1997 and 2005. Also cost for
modernization of an existing aged collector is included in the cstimate.

However, total requirement is unknown and not cstimated here.

Only the equipment costs of Combustion Management Technical Training
Center are included in the estimate, assuming that the exisiing facility is

available,

All the costs given here are based upon costs in Japan (1992 price, M$1 =
¥50).

(1) Factories

1) Combustion Managing Instruments
Automatic 02 analyzer to- be installed at boilers larger than 400kg/h
of fuel burning and manual gas analyzer (Orsat) to be installed at

smaller boilers are required as managing instruments.
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a)

b)

c)
2)

Automatic 02 Analyzer

Specification: Magnetic or zirconia iype, Range=0 to 21%

Numbers instalied: 23 units by 1997, 3 units by 2005
Investment Costs:  M$11,000/cach,

subtotal M$286,000

Orsat Analyier

Numbers installed: 32 units

Investment Costs: M$1,000/each,

subtotal M$32,000

Sum of Combustion Management Instrument M$318,000

Fuel Conversion
Natural Gas Burner

Invcstmcni Costs:
Bumer - M$126/(kg/h oil) (for sake of calculation)

Qil Pipings and others - 0.67 times of burner cost

Air Pipings and others - 0.39 ditto

Elect. and Instrument - 0.56 ditto :
'S. Alam 12 units M$ 990,000
P. Jaya 16 units 1,880.000

3)

4)
a)

b)

Burner Total M$ 2,870,000

Dust Collector

Three units by 1997 and additional three units by 2005 are assumed to

be installed in the region at larger combustors.  Multi-cyclons ‘with

blowers arc selected for cost estimation.

Investment Costs: Cyclone M$0.82/Nm3/h flue gas

Installation - 0.47 times of cyclonc cost
Pipings - .66 ditto
Instrument - 0.18 ditto
Others - (.50 ditio
1997 M$2,890,000
2005 1,100,000
Dust Collector Total | M$3,990,000

Wood Waste Boiler

Specification: water tube typé, evaporation 3.5 tons/h spread
stoker with multi-cyclone and chimney

Investment Cost: Boiler M$3,000,000
Installation 80,000
‘Subtotal - M$3,080,000

Total Cost M$10,258,000



(2) Combustion Management Technical Training Center

1) Boiler
a) Oil & Gas Boiler

Specification: Evaporation rate 1 ton/h with LNB, Air Heater,

Chimney, Condenser
Investment Cost: Equipment
' Installation
Subtotal

b) Wood Waste Boiler:

Specification: Evaporation rate 3.5 tons/h with Multi-cyclone,

M$2,028,000
80,000
M$2,108,000

chimney, wood mill (hammer 500kg)

Investment Cost: Boiler Equipment M$3,000,000
' Installation 80,000
Mill Equipment 132,000
Installation 30,000
Subtotal M$3,292,000
2} Instrumenis

CO2/CO Analyzer M$17,000
Orsat Gas Analyzer 1,600
Gas Analyzer (NOx, SOx, 02) 71,600
Three Thermometiers (two kinds) 25,200
Hygrometer 11,200
Barometer 3,400
Two Anemometers 32,000
Flowmeters (water, oil, steam) 10,800
Flue Gas Sampler 18,600
Water Electroconductivity Meter 2,400
pH-meter 2,000
Water Hardness Analyzer 4,000
Dust Sampler 63,000
" Subtotal M$267,200
3) Data Processor M$13,200
Total Equipment Cost M$5,680,400

(3) Stack Modification
24 — 35 m high M$200,000/picce
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2.2

9.2.1

Motor Vehicles

Motor vehicles are one of the major sources of air pollution in the Kelang
Valley Region. Countermeasures for mobile sources are aimed at reducing

the air pollutant cmissions caused by motor vehicles.
Present State

Prior to an examination of countermeasures against air pollution, it is
useful io take a Jlook at the current situation which will - determine
appropriate actions. In Malaysia, the Department of Environment (DOE)

has taken action to regulate air pollution from motor vehicles.

The Environmental Quality Act (EQA) 1974 outlines all activities relating to
preventing or controlling pollution and profecting and enhancing the
guaiity of the environment. Several regulations concerning motor
vehiclés have been enacted at present based on this Act. But as described
cérlier in Chapter 5, a huge volume of vehicles crowd the streets in KVR,
emitting pollutants.  In this Section, an outline of our research will be

given on the following subjects

(a) Countermeasures against pollution caused by motor vehicles

(b) Maintenance systems

(1) Countermeasures Against Pollution

The motor vehicle regulation was enforced in 1977 as "Motor Vehicle
(Control of Smoke and Gas Emission) Rules" o control. air pollution (black
smoke) caused by motor vehicles using diesel fuel.. In 1988, DOE undertook
about 440 enforcement campaigns throughout the country, based on the
law. A roving squad was also formed in KVR to check and prevent any
inconveniences to the general public. Overall compliance in these

campaigns was reported to be 84 percent.

Petrol vchicles are regulated by the, "Environmental Quality (Control of
Lead Concentration in Motor Gasoline) chuialibhs 1985". The lead content
in the fuecl are being 'gradually reduced. Petrol is also regularly tested to
monitor the content of lead level. In 1988, the results from the a'naiyscs of
87 samples, of which 50 were taken from oil refineries and the remaining
37 éampies were from kiosks, showed that all met the stipulated standard of
0.4gflitre. And afier 1991 lead level was strictly regulated to less than
0.15g/litre.
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(2) Imspection and Maintenance of Vehicles

All vehicles regisicred in Malaysia are subject to annual inspection at the
place where they are regisiered. Thesc inspections mainly concentrate on
safety, and inspection on amount of contaminants in the exhaust gas is
rarcly conducted. Howcever, after the enforcement of the Motor Vehicle
Rules 1977, as one preventive approach, DOE has carried out smoke checks

on new vehicle models at the local assembly plant.

The Department has also responded to public complaints, traced the smoky
vehicles and dirccted the vehicle owners to have the vehicles checked for

compliance, Also officers visit respcctive workshops to test the smoke irom '
stage buses. Under this system, stage buses of 9 companies operating in
Kuala Lumpur and Petaling Jaya are regularly tested at their own
workshop. The survey team discovercd that some vehicles had their blow-
by gas feedback hose disconnected. This proves that appropriate

maintenance and checks before driving are not habituated.

(3) Types of Engine

More than 5,200,000 vehicles (Table 9.2.1) were registered in peninsular
Malaysia in 1991, of which 366,990 (7.0%) use diesel engine. The diesel
vehicles are vans, lorries, buses, and others. The majority of petrol fueled

vehicles are motor cars, but motorcycles account for the greatest number.

Table 9.2.1 Peninsular Malaysia : Number of Motor Vehicles ,1991

Number of Vehicles Percent-

_ age(%)
Vehicle type Petrol Diesel Total
Motoreyeles 3,036, 863 - | 3,036,863| 58.3
Taxis 9,576 16,932 26,508 0.5
Motor cars 1,633,352 44,719 | 1,678,071 32.2
Yans & Lorries 151,774 175,451 327,225 6.3
Buses 1,420 21,339 22,579 0.4
Others 11,947 108, 549 120, 496 2.3
Total 4,844,932 366,990 | 5,211,922 100.0
Total in 1988 3,974,845 - 274,913 4,249,758 —
Total in 1987 | 4,211,566 | 853,500 4,565,074 —
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(4) Fuels Used

Table 9,22 shows change in petrol quality over time in Malaysia. With the
exception of lead content, fuel standards in Malaysia are similar to thosc of
Japan. Table 9.2.3 shows the amount of petrol supplied by Petronas to K.L.

city and its surrounding areas.

Table 9.2.2 Change of Petrol Quality with Time

| ' lead | Sulfur | RVP | FBP

Year Grade | Colour {g/1) ] (%)
- 19731 97 |Red | 0.84 | 0.2 66 220
' 85 |Orange| 0.75 | 0.2 66 220
1985 97 |Red 0.4 0.2 66 210
85 | Orange| 0.4 0.2 66 210
1991 97 |(Red | 0.15 | 0.15 70 215
85 |Orange| 0.15 | 0.15 70 215

Note) RVP : Reid vapor pressure({kg/cm?)
FBP : Final boiling point( C)

Table 9.2.3 Amount of Fuel Consumption for Motor Vehicles in 1950

(unit: million ton)

' Klang Valley |Malaysia
Fuel Categories (%) (%)
Premium leaded 535 25.7| 2078(100)
gasoline | unleaded 356 | 25.7| 1385(100)
Regular gasoline 6 1 2.5 238(100)
biesel oil _ 352 10.5 3342(100)
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9.2.2 Necessity for Control of Exhaust Emission
(1) Air Quality in the Future
Our air quality study in KVR revealed that concentrations of CO and PM 10
around the trunk roads exceeded the air quality guidelines. NOx pollution
may become serious in the future as traffic becomes heavier. The futurc
concentration maps are shown in Chapter 8.
(2) Exhaust Emission Generation Mechanism
Motor vehicles such as motor cars, buses and trucks run on a principle
using combustion energy from petroleum fuel.  Therefore, poliutants are
cmitted to the atmosphere as unburnt fuel components and generated
substances during or after the combustion as explained in Table 9.2.4.
Table 9.2.4 Exhaust Emission Generation Mcchanism
Generation mechanism
- - - : ] Gharacteristics
Gasoline engine t Digsal engine
co Incomplete fuel combustion due to Oz shortage Determined mostly by air-fuel ratio
+ Uneven mixing ratio and temperature distribution
Emission of unbumt fuel ;
) + Aflected by many combustion impeding tactors
Incomplete fuel combustion due lo Q2 shortage of excess ) . i
_ g * Large amount of HG emitted during deceleration
Exhaust | HC - Quenching by combustion chamber wall | i rbural hicles without catalyzi
gases « Wrong fuel mixing : n gasoline carburstor vehicles withowt catalyzing
Fuel Biow through the chamber system .
- Increased even under a light lead {diesel vehicle)
NO Reaclion in flame and high-lemperstura burnt gases Depending largely on max. combustion
x - - . - .
{oxidation of nilrogen) temperaturg and air-fuet ratio
) tncomplete fuel combustion due to | * Affected targely by air-fuel ratio
Smigke e ) A
Oz shartage - Gaused by uneven air-fuel ratio dislribution
Emission of unburnt fuel Affected by below
+ Incomplete fuel combustion due + Uneven mixing ratfo and tempgrature
toOzshoriage - distribution
. - Quenching by combustion « Affected by many combustion impeding factors
Particulates
SOF chamber wall .
O:]"eqrs + Wrong fugl mixing » Increased even under a light foad condition
Emission from lubricating oil due 1o | Affested by the amount of lube oil consumption
incomplate combusticn ’
Sullur oxide emitled Irem suilur in | Affected by the amotnt of sutfur in fuel
{uel
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(3) Outline of Control Measurcs for Motor Vehicles

Exhaust emission control mecasures for motor vehicles are examined in the

catcgories described below (Fig. 9.2.1).

‘Euntermeasures for Motor Vehicles

Exhaust Emis- T Control - Implementation - . 4+ Motoreyele
sion Contro for New Cars of Regulation « Motor Uar
: - e |~ Truch & Lorry
— Control Enforcement of Maintenance * Car Inspection System
for Used Cars Ai - I-_{: ke ¥ I
- Installation of . * Catalytic Oxidation Converter
anti-poliution Equipment + Combustion Control Eauipaent
—{ Change into New-model Car I—{;[:nw—'l‘ax Teeatment |
—lFuel Control I~~1—Gasoline Motor Yehicles . Un!eadti:g Giasoline
* Low-sulfur
Compressed Natural Gas
| viesel Hotor Vehicles  |—{ - Paim 0l Fuel ]
~{ Traffic Con- | —{ Mass Volums Con- |— Private Owmner - Licence Restriction
trol Measures trol Measures Restriction « Garage Restriction
+ High=Tax Treatment

Denand Control | Mass Transporta- [—— Passenger Car Control I——— . KTM System
Measures ticn S}'Stgl'?l F‘ g +LRT Sgstem
+ BUS Systen

~1 Lorry Control ) |——| *KTM Sys-tzmu1

-1 Rationalization [4— Commodities Tranport I— « Geods Terminal
of Transport - —[ bo « Co—- Warehouse
: - Co- Transport

{ Man & Goods Transport - |—] - Light Van ]

| Land use Control || Public Institution || - School,0ffice |

| Private Institution | — - eighbortood.
. ping Ar

— Traffic Flow improvement of - ——| Road Networks [—— - Ma jor Roads
lm_‘_lmpmvement oad Structure . By"-ll’ass Roadi
Improyement of Drivin ed Control |— » Multi-Crossin
Dgiving Condi- I g Spe » Traftig Ligfztg
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Fig. 9.2.1 Outline of Control Measures
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923

Exhaust Emission Control

(1) Control Technologics

1) Peotrol Motor Vchicles

{a) Countermeasures against CO and HC

Both CO and HC are emitted into the exhaust gas in large quantities
when the air and petrol mixing arc incomplete for combustion or

during deceleration.  Common mcasures are described in Table 9.2.5

and Fig. 9.2.2. Refer to Table 9.2.7 for abbreviated symbols

parcntheses.

Table 9.2.5 Countermeasures against CO, and HC for Peirol Motor Vehicles

a)Improvement of carburetor performance
{Enhancement of part accuracy, use of electronic control)

b)Employment of electronic fuel injector (EFI) in place of carburetor

¢)Air preheating

d) Improvement of configuration of air intake manifold to improve gas
distribution to each cylinder

e)Prevention of sudden closing of throttle valve during deceleration
(TP, DP)

f)Introduction of air into air intake manifold during deceleration

g)Stop of gasoline supply during deceleration

h)Optimizing of valve timing to avoid leakage of non-combusted gas
due to overiap _ '

i)Increase in ignition energy

j)Reinforeement of re-combustion for unburnt gas by raising the
temperature(SC)

k)Aiding re-combustion for unburnt gas by introducing secondary air
into the exhaust manifold(Al, AS)

1)Instailation of catalyst in the exhaust system (OC, TRC)

m)Positive crankcase ventilation system (PCV)

n)Fuel evaporation emission control system{EVAP)
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(b) Countermeasures against NOx
NOx cmissions can be reduced by waintaining the theoretical air-
fuél ratio  (A/F) and lowcring the combustion temperature,
Table 92,6 and Fig. 9.2.2 cxplain common measurcs to control NOx

¢missions.

Table 9.2.6 Countermeasures against NOx from Petrol Vehicles

a)Maintaining the air-fuel mixture gas'in a condition of the fuel-rich or
the air-rich than the theoretical ratio(EFI)

b)Employment of an exhaust gas re-circulation method to keep the
cembustion temperature (EGR) low.

c)Optimization of the valve control timing to lower the combustion
temperature : _

d)Instaliation of decomposition catalyst (TWC) in the exhaust system
to eliminate nitrogen oxides
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Exhaust Emission

Smoke

Exhaust Emission

—» High

Gasoline vehicle

L.~ Theoretical air-fuel ratio

+ A richer air-fuel ratto reduces NOx but increases HC and CO.

+ HC and CO are low but NOx is high in the range near and
slightly leaner than the theoretical air-fuel ratio.

= lf the air-fuel ratio is made even leaner, the stable combustion
performance is hampered.

—— High

— High

Fig.

Rich AF Lean

Diesel vehicie

+ Smoke and CO surge sharply under a heavy load
(rich air-fuel ratio condition).
+ NOx rises as the air-fuel ratio changes from lean to rich,
and levels off under a heavy load (rich air-fuel ralio).

0 20 40 60 80 100
Load (%) '
~f -

Lean AF Rich

9.2.2 Relationship between Air-fuel Ratio and Exhaust Emission
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(¢) Practical Application of New Regulations
Emission gas regulations were put into practical application to
counter-measure air pollution in California, USA, in 1962,  Later
similar regulations have been put into practice in various countries.
The principal technologies employed to comply with these

regulations are shown in Table 9.2.7.

Table 9.2.7 Exhaust Emission Control Devices Adopted by Some Countrics

Country HC | CO | NOX
ECE15 PCV @]
TP or DP O
SC ' O O
Lean-Set Car
SWEDEN PCV O
TP or DP O O Note:
SC O O
EGR O PCV:Positive Crankcase
AlorAS O O Ventilation System
: TP :Throttle Position-
CANADA PCV O er System
EVAP O DP :Dash Pot System
TP orDP| O O SC :1gnition Timing
SC O O Control System
EGR C EGR:Exhausti Gas
Al or AS| O | O Recirculation
0cC O O System
Al :Secondary Air
US'83 PCV O Injection System
EVAP O AS :Secondary Air
DP O | O Suetion :Systen
EGR O EVAP:Fuel Evaporation
TWC O] 0 O : Control System
EF I (Back up THC) 0C :Oxidation Catalyst
System
JAPAN PCV O THC: Three~Way Catalyst
S53 EVAP O _ . System :
DP O O EFI:Electronic Fuel
EGR Q Injection System
TWC O Q O
EF 1 {Back up TWC)
| ],

Table 9.2.8 shows a history of regulation and counter action in Japan.
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Table 9.2.8 History of Regulation and Counteraction in Japan (Petrol)

Year Japanese Regulations Example of counteraction by
Japancse Car Maker
1970 | C0:4.5% during idling Adjustment of the air-fuel ratio
(Required to install a and installation of a €O meter

blow-by gas reducing unit{) | at all service stations in
: the country

1972 ' Installation of activated carbon
canister

Change of engihe design
1973 | €0 :26.0g/km

HC : 3.8g/km
NOX: 3.9g/km
1975 | €0 : 2.7g/km Installation of oxidation
HC : 0.4g/km catalyst
NOX: 1.6g/km : :
1976 | NOX: ' Employment of a diluted
GVW <1 ton:0.84g/km combustion method
GVW =1 ton:1,20g/km
1977 Installation of a three-way
. catalyst

19781 €0 : 2.1 g/km

HC : 0. 25g/km
NOX: 0. 25g/km

2)

Diesel Motor Vehicles

Materials concerning polluti'on confrol  for dicsel vehicles are
mainly aimed to counter black smoke and NOx, plus sulphur contents
in diesel oil (Table 9.2.9). Control measures against black smoke,

include improvement of air intake systems 1o secure a sufficient

‘amount of air, optimization of air swirl flow in cylinders 1o improve

mixturc with fuel, and improvement of the injection timing and fuel
atomizalion to ensure satisfactory combustion. But these measures
have not been very effective, and a black smoke trap and catalyst

unit are under study.

Various measures are employed to reduce NOx, such as the exhaust
gas recirculation or the rctard method to delay the injection timing.
But these methods create some such problems as ‘increased black
smoke or engine wear, for which research is being currently

carried out.
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Table 9.2.9 Moethods of Reducing Exhaust Emission from Diesel Vchicles

Exhaust emission

Engine improvements

Diesel fuel improvements

HC, CO E M Cetane numbe (high)
50% distillation:
temperature (low)
NOx EM Cetane number (high)
EGR Viscosity (optimal)}
Reduction catalyst Sulfur (low)
Particulate E M Sulfur (low}
Oxidation catalyst Distillation temperature (low)
DPF Arcmatic content (low)
Smoke EM Cetane number (optimal)
{hot engine)
DPF Aromatic content (low)

3)

The regulations enforced

installed under the

Note) EM - Engine Modification (fuel and injeétion systems)
D P F: Diesel Particulate Filter

Technologics 1o Meet Rcgulations

regulations,

in various countries,

and corresponding price

major control systems

increases

are given in the following Tables 9.2.10 and 11.

(a) Motor Cars (Petrol)

Table 9.2.10 Effect on Fucl Economy and Vchicle Price (Petrol)

Regula- Coﬁntry Major exhaust cmission Effect on | Increase
tions Fuel in vehicle
| control system economy (%} | price(Ms$)

FCE15-04 | Europe | MEngine medification

Leaner air-fuel ratio 0~-5 ~ 300

Deceleration control

Ignition timing control.
US 1973 | U.S.A (MEGR
Us 1975 @ Secondary air/EGR -10 ~-20 900 ~1,200
US'75/77 | U.S.A O Secondary air/EGR
Japan' 75 | Japan @0xidation catalyst -5 ~~10 | 1,200 ~1,800
US 1981 | U.58.A @ Three-way catélyst
Japan' 78 | Japan @'Three-way catalyst/EGR 0 ~+5 | 3,000 ~4,000

Note :
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(b) Motor Cars (Dicscl)

Table 9.2.11 Effect on Fuel Economy and Vchicle Price (Diesel)

Regula- | Country Mg jor exhaust emission Effect on | Increase

tions Fuel in vehicle
control system economy(%) | price(M$)
ECE15-04 | Eurcpe
EEC DEngine modification 10 0~ 80
/88/76
Japan' 86 | Japan (DEngine modification
@ Injection rate conirol 0 200 ~ 800
Japan' 87 @ Injection timing control
(®, @mechanical type)
@EGR
US' 88LDT ; Europe DOEngine modification
US* 87LDV @ Injection rate control
EEC ® Injection timing control :
/91/441 (®, @mechanical type) 0 ~-2 800 ~1,000
(CED 1) @DEGR _ -

Japan'90 | Japan OEngine modification

@Injection rate control

Japan' 92 (improve mechanical type) | -1 ~- 3 | 1,000 ~1,400

®Injection timing control
{electrical type)

@ Increased EGR

(2) Control over Motor Vehicles in Circulation

1) Background
According to our study of ecxhaust gas measurements at idling state,
some of the motor cars, vans and smail trucks tested showed high CO
concentrations of over 10%. The most fundamental measure is to
thoroughly maintain and inspect them.  Besides implementation of
countermeasures for them, shift to ncw and low cmission vehicles is

effective.
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2)

Car Inspection and Maintenance System
Examples in Japan explain how thesc vehicle exhaust emissions have
been controlled.  The inspéction and maintenance system will be

discussed in Section 9.2.6.

Table 9.2.12 shows the rclevant Japanese regulations. Emission
checks are conducted for CO, HC and diescl smoke, except for NOx
which is under study currently. Service shops approved by the
Japanese Ministry of Transport analyze the exhaust gas in
accordance with the regulation and repair or change parts which do

not meet the standards.

Table 9.2.12 Regulation of Exhaust Emission for In-use Vehicles in Japan

Anélysis
Pollutant Vehicle type Condition|{ Limit
Co Gasoline or LPG fueled Idling - 4.5%
HC Gasoline or LPG fueled idling ' 1200ppm
{excluding 2 stroke)
Gasoline or IPG fueled Idling 7800ppm
( 2 siroke)
Gasoline or LPG fueled Idling 3300ppm
Excluding. the above
Smoke Diesel fueled Unload & 50 %
acceleration

The effects of inspection and maintenance for motor cars are shown
in Table 9.2.13 and Fig. 9.2.3.
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Table 9.2.13 Benefits of Inspection and Maintecnance

(Exhaust emission reduction ~ example of motor car)

- Veticle Average of 10-mode test results g/km
Exhaust emission reduction system condilion Co HG NO x
Belore 1.42 0.12 0.24
maintenance
Electronic Fuel Injection After 1.19 0.10 0.19
*é:i 52 uniis maintenance ;
i
8
o e
$ Betore 4.45 g.22 0.23
g maintenance
= Carburetor After 2.16 0.11 0.22
28 units maintenance
s
2.70 0.39 .48
Maximum Standards (2.10) {0.25) (0.25)
(mean value standards) (grkm) - (g/km) (g/km)

Before maintenance

Source: Japan Ministry of Transport March 1991

After maintenance
3 unils 2 unils
A Smoke
concentration (%)
0~30
31 ~ 40
41 ~ 45
125 units & 46 ~ 50
51 ~

Effect of Smoke Reduction by Inspection and Maintenance (Japan)

Example of Measures for In-use Vehicles and Their Problems
Table 9.2.14 outlines
Although

the measures for in-use vehicles (petrol

vehicles). some measures are available to reduce

cmissions from vehicles, each has somc problems,
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Table 9.2.14 Measures for In-use Vehicles and Problems

Measure # 1 _ Measure #2
Proce- | Retard Retro-fitted catalytic converter
dure ignition
timing Oxidation catalyst | Three way catalyst
Effects | HC,NOX reduced HC,CO reduced HC,C0,NOX reduced
Required Use unleaded petrol
Condi- - — : —-
tion Install secondary Install feedback
air system control system of
air/fuel ratio
Problems MMay cause damage to inlet/exhaust valve
Drivability and ~seals with use of unleaded petrol
fuel economy @Excessive heat and reduced performance of
worsened unburnt €0 and HC during deceleration

@May cause fire due to excessive heat of
catalyst as exhausi gas temperature rises

at high load
Comments | Not difficult to Not recommended procedure because above
carry out the pro- problems cannot be -solved without
cedure. This is complicated modification to the system
recommended if
ahove problems are
acceptable

(3) Introduction of Alternative Energy

1) Background _
Introduction of alternative energy is important fo_r diversification
into various kinds of ecnergy and for securing “energy supply, and
also for the purpose of air pollution control via effective encrgy

usage and utilization of low polluting energy sources.

Motor vehicles move frecly over a complicated and dense network of
roads in big cities, and the number of motor vehicles keeps
increasing with rapid urbanization. It is difficult to control exhaust
emission as planned. With diesel vechicles, NOx and SPM arc difficult
to recgulate using the present 1cchnology. This is because
modification of combusticn and development of filters create

limitation in contrast to improved engine performance.
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2)

a)

b)

Recent  introduction of vchicles fueled by alicrnative energy is
becoming attractive as a countermcasurc to the above issue.  There
arc vehicles that are undergoing road test for methanol,
CNG(compressed mnatural gas), eleciric powered, and also hybrid
system which are ecquipped with both eclectric motor and
conventional engine, These  vehicles are expected to be low
polluting with less emissions of PM, NOx and SOx, and without much

technical problems.

Types and Characteristics of Allernative Energy Vehicles
Topics on impact on air quality and technology development of

alternative energy vehicles arc described below.

Pollutant Emissions
Electric vehicles are non-polluting as they produce no gas cmission

during running.

Methanol and CNG vchicles emit lower amounts of pollutants than
diesels. The percentage of NOx reduction by converling to methanol
and CNG is 50% and 14% respectively, and almost no particulate are
emitted by either of these fuels. HC emission is zero from methanol
vehicles,  assuming installation of oxidation catalyst -and is also
almost zero as NMHC from CNG vehicles. Table 9.2.15 shows some
emission amounts from these vehicles for comparison, Also the
benefits of the alternative vehicles are indicated in the Table using_

marks (©, O A and X from the highest to the lowest).

Na{ural Gas _

Since all the fuel used in CNG vehicles is natural gas which is a
natural resource of Malaysia, a large scale conversion from the
petrol to CNG will occur.  Also, methanol is largely produced from
natural gas. Energy to power motor vechicles will be widely

diversified by’ these two types of fuel.
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Table 9.2.15 Comparison of Emission

Level for Alternative Encrgics

Exhaust emission Fuel | Cruis- | Fa | Technological
safe| ing se
Yehicle c0 HC | SOx | NOx PM | -ty | dist. | of
Type PPM | PPM % PPN % index {use challenges
Petrol 0 A O X O O | 100 [|©
Vehicle 592 | 237]0.00| 424
Diesel O Fa A X X O 120 © | Low-NOx
Vehicle 390 285|0.20f 380 37 Low-PM
Hybrid olalalalal ol 130 |ofoptimization
Vehicle Battery life
Natural © |l oloe|©®| ® | A [15~25] A | Running dis-
Gas Vehicle 32, 114 0 54 0 tance -Safety
Methanol olo|o |6 |06 a 50 | A | Ignition plug
Yehicle 8 6 0 196 0 Cataly system
Electric © | ®© | ©|© | © | O |10~15] A Running dist.
Vehicle 0 0 0 0 0 Battery life
3) Fuel Economy of Alternative. Energies

Motor vehicles are tools for mass transportation of people and goods

using petroleum  fuels

concentrated form.

which

is basically stored energy

in highly

The economy of alternative fuels can be

compared in fuel cconom'y and loading capacity as in Table 9.2.16.

The evaluation of the aliernative f{uels should take into account

necessary infrastructure of these fuels required as well

Table 9.2.16 Comparison of Economy of Altemative Fuels

vehicle :
type | Petrol Diesel Methanol Electiric CNG
I'tem truck vehicle vehicle vehicle | vehicle
Mileape in 600(100) 600(100) 450( 75) 50( 8) 175{ 30)
urban area x1.2 %x1.5
Load 2t(100) 2¢(100) 2t£(100) 1t(100) 2t£(100)
capacity
Price of ( 90) (100) (110) (200) (110)
vehicle :
Cost of {222) (100} (140) (500) (120)
fuel Plug - | Battery
{per Km) change change
Cost of Adjusted Adjusted | Need adjus | Need adjus | Need adjus
infra- tment tment tment
structure | M$400,0600 | M$400,000 | M$400,000 | M$1 milion | M$1 mition
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924 Traffic Volume Control

An outline of traffic control will be described in this scction,

(1) Traffic Management

A summary of the control mcasures for traffic volume, their expected

effects and related problems are described below.

1)} Traffic control

Table 9.2.17 Traffic Control

Terms | Method Effect Resuits & Problems
Measures
LIS |D|IDIEF |TYV Technical Social &
Economic
Car limits OO0 1 O : More » Inconven-
in difficult ience
Downtown Prohibit cars using desig- 1o to
nated area (by car {ype, prohibit business
purpose of use, and time) hy usages activities
Bus lane O G| - O + Fmission + Inconven-
—= control ience
Improve mobility of buses | - Congestion| to business
and E to other + Improve-
encourage more people to - vehicles ment of
use buses + Enforce- hus
ment service
Traffic ' 010 O - Possiblity | - Investment
Signal of uninter- reguired
Moderni- | Smooth flow by sensing rupted flow
zation | traffic in wider area > Speed
control
Multi-level | . OO O * Possiblity| - Investment
crossing of un- required
interrupted
fiow

@ L - Long term, S — Short term
@D —Direct, [ D - Indirect
DE.F. —Emission factor, T V — Traffic volume
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2) Parking Lot
Table 9.2.18 Parking Lot Control
Terms | Method Effect Results & Problems
Measures e
LIS|IDYVIDIEF. § TV { Technical Social &
Economic
Prohibition O 0. O | - Stricter | - Inconven-
of enforcement |  ience
On—rqad Prohibit parking on - Alternate to
E Parking designated roads (by area, transport business
- time zone) system activities
Regulation O O O . Stricter + Inconven-
of Parking , enforcement ience to
Lot Close or restrict lots « Alternate business
Ingtallation | in designated area transport & social
system activities
3} Methods for Traffic Light Control

Table 9.2.19 Types of Traffic Light Control

@DPoint sensor

Automatically control traffic signals by sensing
variation of traffic volume at a intersection where the
variation is supposed 1o be large (M$400,000)

@ Night Semi- | During night and early morning, to keep the main road
sensor | uninterrupted at a small intersection except when
traffic approaches there from the side road (M$ 20,000)
@ Night Push | During night and early morning, manual push buttons to
Button | cross an intersection {M$ 5,000)
@ Multi- Control traffic according to the programmed schedule
programmed | not only hourly but daily on weekdays and
Control | holidays or any other specific day of a year(M$ 20 G00)
® Multi- Use a combination of signals simultaneously :
expression to improve {raffic control at intersections
Signal | where many roads intersect or where much traffic turn

right and left (M$ 60,000)

- Note) The cost of newly installed for traffic light (basic cost)
is approximatcly M$ 40,000.
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4) Velocity Control and Adjustment of Signal
Traffic flow will become smooth by controlling signal timing. This
will help to control the flow velocity and thus reduce NOx and other
cmissions.  Emission factors arc plotted against velocity (Fig. 9.2.4)

for motor cars which are identificd to have great coniribution to air

pollution in KVR.

Fig. 9.2.4 Exhaust Emission Factor of Motor Car vs. Average Speed
(in Malaysia)

{g/unit) .
25 : :
20 ;
15 : :
10 ;
5 }oomeo e . s SRR, T ;
e H : : : Do M i
'_“'":::! I et vt - M 4 M 4
4] ; S S ; ST —%-—"%——% .verage speed
[Ts] [ue] ul (=] [Ty o] 10y © [Ts) fos) uw)
— o © oo ~ ¥ i Ts) o] T2l (kiﬂ/h)

(2) Discouraging Privatc Ownership of Vehicles

Table 9.2.20 Discouragement of Private Ownership of Vehicles

Terms | Method Effect Results & Problems
Measures -
L|S|D|ID|EF | TV | Technical Social &
Economic
Hikes of O Q. O » Detailed - Opposition
Related L. survey 1o from owners
Taxes & - Making hard to own cars understand{ - Opposition
Tariffs - Allocate funds for the from relat-
" environmental controls effects ed sectors
Tax Hike on - O O O C + Stricter - Opposition
Uncontrolied enforcement | from owners
Cars Impose emission control + Opening of
service shop
: - T
Restriction Q O O - Heview of
of : current
Licence Implement stringent licencing
Grant grant conditions of systen
licences (by age,etc.)
Restriction O O E) + Issue of certification
of — card
Parking Issue car ownership who
Space posses park space's « Stricter enforcement of
certification unfawful parking
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(3) Management of Vehicle Demand on Roads

1) Implementation or Extension of Mass-transit System
Some examples of mass-transit system implementation and its
cxtension are listed in Table 9.2.21 1o illustrate their effects and
problems.
Table 9.2.21 Management of Vehicle Demand on Roads
Terms | Method Effect Results & Problems
Measures _
L|S|{D|IDJEF. | TV | Technical Social &
Economic
Trunk Public| O O - Modernaiz- | - Requireme-
Transport ation of nt of huge
System Promote use of mass - existing investment
(K TM) transport systems rail system| - Great
+ New impact
~ station to “economy
New Urban O O « Construct- | + Reguireme-
Transport ion of LRT nt of huge
System Promote use of mass network investment
(LRT? transport systems + New + Great
station impact to
economy
Improvemant O Ol O + Fmission » Investment
of - controled required
Bus Promote use of public bus
Services husiness for convenience + High class
and commuting to work bus
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2)

Table 9.2.22 Adjustments

Pollution Control by Proper Urban Planning

in Urban

Planning

and distribution on a
cooperative bhasis

Terms | Method Effect . Results & Problems
Measures -
L|{SIDIID|EF. | TV | Technical Social &
Economic
Urban Develo| O O O * Renovation | + Require-
pement close : of downtown ment of
to business | To reduce car traffic for « New tra- huge
zone commuting to work ffic systen investment
Organization | O O O | - Construc- | - Huge
of Inter- ‘ tion of investment
depended | To reduce numbers & dista- husiness required
" Facilities nces of business trips by towns, shop
in organizing related facili- ping malls
One Place ties in close location ete.
Relocation O O O » Centrali- | - Compensa-
of . : : Zation tion to
Industrial To reduce business traffic| . of related employees
Fagilities by relocating into suburbs facilities | - Investment
« Modernizat required
ion of facililys
Restriction | O O O « Centrali- | - Compensat-
of - : zation ion to
Industrial To reduce business traffic of related enployees
Facilities by relocating into suburhs facilities :
in « Moderniza- | - Investment
Town tion of required
facility
Construction O O O + Appropri- | - Investment
of ate location required
Transport To rationalize truck usage| - Arrange-
Center by creating transport - ment of road
centers networks
Rationaliza- O O O » High efficient trucking
tion of Good methods
Transport Transport goods effective-| -« Selection of business
System ly and logistically types
by coordinating collection| - Requirement of agreement

among husiness groups
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(1)

9.2.5 Typce Approval System

Certification System in Japan, U.S.A and Europe

The vehicle certification system for new models have alrcady been

implemented in many counirics.

namely

(a) Certification before mass-production

{(b) Emission check during manufacture

{c)

Inspection

after

manufacture

The system consists of three major parts,

Detailed implementation is different in each country, as shown in

Table 9.2.23.

Table 9.2.2.3 Certification System in Various Countrics

Pre-production

Coun- | Assembly-line In use

iry Testing Certificate

Japan | Official | Issued by Sampling emission | Periodic inspection
laboratory goverament | test hy and maintenance by

manufacturer government or auth-
orized service shop

U.S.A | Official 1ssued by Selective audit Emission testing of
laboratory government | testing under the | privately owned
and/or ma- order of vehicle by
nufacturer government government

EEC/ Official Issued by

ECE iaboratory government
Aust- | Manufac- Issued by Test Facility Emission testing of
ralia | turer gaovernment Inspection{TF1) | new vehicle by some
Conformity of state government
Production{COP) | '

EFTA | Official | Issued by Fmission testing of
lahoratory government stabilized vehicle
and/or ma- by government
nufacturer

Canada | Manufac- | Self Emission festing of
turer certificate stabilized vehicle

by government

Hardwares required for the type approval are illustrated in Fig. 9.2.5. A

flowchart of the Japanese typc approval process is given in Fig. 9.2.6 as an

cxample,
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{(2) Lead Timeé for Enforcement after Issuance

Tables 9.2.24 to 9.2.26 arc cxamples of required period (lead time) before
actual cnforcement is carried out after the first publication or notification

of ecach rcgulation,
1} Petrol Vehicles

Table §.2.24 Lead Times for Enforcement for Petrol Vehicles

Country Lead time (months)
and
Repulation -36 | -30 | -24 | -18 | -12 -6 | Enforced

Japan _
'75 A O @
'8 D —0 - S

U.5.A

'68 (]
75 {1
'80 : 1

Australia
ADR27 47 L]
ADR37 [

Europe 46
ECE15/04 0 — o ®

Note : O New wmodels , A Exisiting models , O3 ALl models

2) Diesel Vehicles

Table 9.2.25 Lead Times for Enforcement for Diescl Vehicles

Country Lead time  (months)

and
Regulation ~-36 | -30 | -24 | -18 | -12 -6 | Enforced

Japan
v FaN O

'79 A - O

®

U.S.A 28 : l
4 48 il ;

L

'88 Ll

Note : O New models , A Exisiting models , 1 All models
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3) Motorcycles

Table 9.2.26 Lecad Times for Enforcement for Motorcycics

Country Lead time  (months) _
and _-
Regulation ~36 | -30 | -24 | -18 | -12 -6 | Enforced
U.S. A
'78 49 A {] e
'80 A {’] &
ECE 60
NO. 40 A O ?
Note : O New models
{1 All models
A Proposal

(3) Desirable Certification System 1n Malaysia
Enforcemeni of a certification system in. Malaysia® should be considered as
an important issu¢, to control air pollution in anticipation of the increase

of wvehicles in the future.

The following sleps arc recommended for Malaysié, similar 10 those taken

in Japan.

(a) Required emission allowance of cach vchicle
(b) Safety regulations
(c) Certification sysicm

{d) Regular inspection and maintenance system
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9.2.6

Inspection and Maintcnance Systcm

(1) Necessity of Vehicle Check-up System

It is proposed that all motor vehicles (petroi and dicsel) should be inspected
and maintained at service centres certificd by the government and those
record be presented during road tax rencwal. During use, vchicle may
develop problems such as clogging of air cleancr, change in the air-fuel
ratio due to contamination of carburetor, deviation in the ignition (iming,
decline in the cngine performance due to carbonization of ignition plug,
or deviation in the idling specd, resulting in increased emission of

pollutants.

Also, there are vehicles which are rcleasing hydrocarbon gas from hoses
disconnected from the blow-by gas returning unit. To prevent these

problems, all exhaust, blow-by gas, and fuel evaporation gas system must be

_inspected and maintained periodically.

(2) Inspection System in Japan

1) Quality Assurance
Fig. 9.2.7 represents the distributions of exhaust emission test results

for vehicles produced in Japan.

Shift from prototype Distribution
to mass-produced during use
vehicles ~
\
M _ T
/,D — |
Average level
Mass-produced Yehicle in use
Prototype vehicles vehicles

Fig. 9.2.7 Distribution of Exhaust Emission Rate

The representative distribution of exhaust emission increases in
both the average value and the deviation, when the vehicles change
from prototype to mass produced ones, duc to differences in

production procedures. Even among fully quality-controlled mass
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produced vchicles, the average value and deviation further increase

ounce the vehicle is in wuse.

This is due to the deterioration of the engine and cmission control

systems as well as different driving conditions of motorists.

Accordingly, it is necessary to incorporate sufficient quality control

during development and mass production processes.

2) Type of Inspection
It is important that vehicles in use be checked and maintained
regutarly. Table 9.2.27 shows the legal inspections carried out under
the Road Transport Vehicles Act of Japan. Fig. 9.2.8 illustrates the
required hardware system for the inspection.
Table 9.2.27 Type of Inspection in  Japan
Kind of Description Inspection
inspection sector
Initial Required inspection of a new motor vehi- | Local Land
Inspection | cle when it's newly operated. (As for th| Transport
ose type-designated motor vehicles, the | office which
presentation of the motor vehicle is omi | supervises the
tted when a completion inspection certif | principal
icate issued by the relevant manu-factur | abode of use.
er,ete, is sumitted.)
Renewal Inspection of a motor vehicle must rece- Nearby'Local
Inspection | ive when it's to be operated continual- | Land
ly after the term of validity of the mo- | Transport
tor vehicle inspection certificate has office
expired. (As regards those motor vehicle
5 which have been serviced and inspected
at a designated maintenance and repair
business operator, the presentaion of the
motor vehicle is omitted when a safety
regulations comformity certificate
is submitted. )
Modificat- | Inspection of a motor vehicle when it Local Land
ion has undergone such modifiations which Transport
Inspection | have caused changes in the length,height | office which
,width, the maximum pay-load and so supervises the
forth of the motor vehicle, principal
' abode of use.

Others :

Disassembling repairs
Preliminary inspection
Extragrdinary inspection
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3) Inspection Intervals

Example cases of inspection intervals are shown in Table 9.2.28.

Table 9.2.28 [Inspection Intervals in Japan

Inspection _
intervals Category of motor vehicles

C)Motor vehicles for business use . | Taxies,buses

@Motor vehicles for transporting goods | Trucks and lorries

@Motor vehicles for private use which
have heen specified by the Mlnlstry of | Buses for
Transport Ordinance . private use

One year | a)Motor vehicles for private use with
a passenger capacity of 11 persons
or more
b)Motor vehicles exclusively for
carrying infants

c)Motor vehicles aged more than ten
years (11 years in case of passenger
motor vehicles for private use)

@Passenger motor vehicles for private
Two years | use, except new motor vehicles, which
have been used for less than 10 years
@ Two-wheels motor vehicles
@large-sized special motor vehicles

Three years (DNew passenger motor vehicles for private use

4) Reinforcement of the Inspection System
For extremely old commercial motor vehicles or ones with high
mileage, once-a-year inspection is not enough. The Road Transport
Vehicles Act of Japan sets forth that periodical inspection and
maintenance, cvery six months for passenger carrier motor vehicles
and cvery month for public vehicles '(bu.scs, taxis), and the

presentation of the record at ‘the time of official inspection.
(3) Implementation of Vchicle Check-up System

The Malaysian authorities should establish a schedule appropriaie to the
national situation, taking into consideration of the handling capacity of
service centres and inspection organization, while referring to ‘the system

in Japan,
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1)

Evaluation of Inspection and Maintenance System

Inspection  and  mainicnance ar¢  highly effective in  reducing

emissions.  Table 9.2.29 shows cxamples of increcase in exhaust
cmission due to tampering.
Table 9.2.29 Change in Fxhaust Emission duc to Tampering
Purpose Contents of tampering Change
of —1 in
Tamper- exhaust
ing Aim Specific method emission
Advance Change of distributor's installai-| Increase
ignition ion position _ in NOx
timing {Patrol vehicle) '
Improve-
ment of Read justment of carburetor's idle | Increase
driving - mixture screw, and/or expansion in HC & CO
perform- | Increase - of jet radius (Petrol vehicle)
ance in fuel —
supply Read justment of fuel injection Increase
volume setting sorew in smoke
(Diesel vehicle)
Advance in Read justment of fuel injection Increase
fuel inject-) timing in NOx
ion timing
Back pres- | kemoval of catalytic converter’ Increase
sure (Petrol vehicle) in HC,CO
reduction & NOx
EGR gas beletion of EGR system Increase
reduction {Petrol, diesel vehicles) in NOx

Fig. 9.2.9 Effects of Inspection and Maintenance in

The results of a follow-up survey carried out in Japan in 1968 is

shown in Fig. 9.2.0.

The U.S. EPA also rcported that motor vehicles going through
periodical inspection and mainlenance can achicve a reduction of CO
and HC by 25% and NOx by 10%.

o 250 Cars without inspection and maintenance
O i /
-]
o
S 200 A =
c \/
2
6 1501 .
& Cars with inspection and maintenance
8 .
a 1‘00_ e
Q
9]

0 FoorF 4 ¢t F 1 | 2 I B O O

5 100,000 km

Drive kilometers

Japan
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9.2.7

FEducation for Drivers and the Public

Opcrator training 1is given  under the driving license sysiem. It is
recommended to include air quality delerioration problem in the training
curriculum.  As motor vehicles are the main means of transport for people

in KVR, individuals should take responsibility for poliution caused by them.

Education should teach people how to maintain their vehicles regularly, to
use proper fuel and create an awarencss and interest in the activities

related to air pollution control,

(1) User Education

1)  Encourage vehicle owners to get periodical check
{a) Compulsory checking (before vchicle inspection)

{b) Checking recommended by manufacturer

2) Prevent tampering’
{(a) Prohibition and control by regulation
(b) Prevention by periodical chccki'ng

(¢c) Prevention by sealing and other technical means

3) Encourage use¢ of proper fuel and lubricating oil
(a) Scuing of fucl & lubricating oil 'propcrly standards
{b) Distinguish of fuels by use of different colours
{(¢) Use of manufacturer-recommended fuél & lube oil
(d) Use of labels encouraging use of unleaded petrol

(e) Special design of oil guns and vehicle oil receptacles

4)  Control unlawful driving
(a) Prohibition of cargo over-loading by law
(b) Campaigns encouraging drivers to avoid racing the engine,

fast starts and over-acceleration driving.
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9.2.8 Proposed Control Mecasures and Their Evaluation

(1) Selected Motor Vehicle Control Measures

The most feasible of previously described measures that arc cmission gas
control, traffic volume control, inspection and maintenance system, public
education and others, have been selected and cvaluated for their
effectiveness and in terms of required costs of implementation in Malaysia,
Proposed conirol measures (Table 9.2.30) are divided into two groups, i.e.,
short/medium term and long term. The short/medium tcrm group consists
of mecasures to be implemented by 2005 and whose effects will be
perceptible by 2005. The second group contains measures to be commenced

preferably around 2005.

Utilization of “clean energy” may be one of the most desirable future

measures and is recommended as rescarch intcrests.

Table 9.2.30 Proposed Couniermeasures for Motor Vchicles

Ttem Short/Medium term Long term

Exhaust emission control

a. Enforcement of exhaust gas control

{a)Combustion improvement of
motorcycle engine
+ 2-giroke=> 4~stroke
+ Smokeless lube oili
(b)Strengthen emission regulations
« 91/441 /FEC : :

(é) Installation of
3-way catalytic
converter

h. Control of use of very old vehicles

{a)Promotion of low-poliution
vehicles for commercial use
ECE R15.04,R24,R49 , 91/441/EEC

{b)Switch diesel-taxis to petrel

{c)Prohibition of registration of
new diesel metor car

¢ Fuel control

(a)Unleaded gasolirie
(b)Low-sulphur diesel fuel
(¢)Supply of oxygenated gasoline
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Table 9.2,30 Proposed Countermeasurcs for

Motor Vehicles(continued)

Item Short/Medium term Long term
Organization/Institution
(a)Vehicles certification system
{b)Inspection and maintenance system
{c)}Installation and operation
of chassis dynamometers
Alternative energy: (a)CNG Taxi

{b)Methanol Trﬁcks
(¢c)Palm oil Trucks

Traffic volume conrol

a.Klang vailey transportation plan
{Switching to mass-transit system from motor vehicles)

{a)KTM system
{b)LRT system
{c)Bus system

(d)Road network plan
+ Expressway
+ Primary distributor
- District distributor

b.Restriction of motor car in congested areas

(a)Restriction of motor cars in city center
(b)Introduction of flextime system
(e)Traffic reduction in congested areas

c.Rationalization of commodity transport system

d.Traffic survey
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(2) Exhaust Emission Controls

1)  Summary of Exhaust Gas Controls for Motor Vehicles

{a) Pollutants from Motor Vchicles _
Motor vehicles such as motor cars, buscs, and trucks run on a
principle using combustion cnergy from petroleum  fuel, As the
result, unburnt fuel componcnts and substances are generated in
the emission of pollutants during or afler combustion. The
following table shows the control mechanisms of the pollutants in

exhaust gas.

{(b) Overvicw of Emission Reduction Sysicms
a) Petrol Vchicle
There are systems developed in Japan, USA, and Europe, to reduce
cxhaust gas emissions from motor vehicles. Representative

systems are explained in Table 9231

Table 9.2.31 Exhaust Emission Reduction Systems for Petrol Vchicles

Exhaust Emission ‘ _
Control System Effects Probiems
Ingine | Ignition tim- § HC,NOx Power reduced and
Hodifil ing control _ fuel economy worsened
cation :
Throttlie posi- | HC,NOx Engine brake and fuel economy
tioner dashpot slightly worsened
EGR HC slightly increased,drivability
{Exhaust gas NOx worsened, so accurate
recirculation) control is necessary
Secondary Air fiC
.Oxidation Catalyst HC, CO Fuel economy worsened
( +Secondary Air )
Three-way Catalyst HC,CO,NOx | Accurate control of air-fuel
( +EFI+Oxygen Sensor ) {(A/F) ratio is necessary

Note) EFI: Electronic Fuel Injector
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b) Diesel Vehicles
Following reduction technologies (Table 9.2.32) are intended to
control diesel vchicle emissions, many of which arc still at the

development stage.

Table 9.2.32 Exhaust Emission Reduction Systems for Dicsel Vehicles

Exhaust Emission

Control System Effects Problems
Retard fuel NOX HC and PM increased, smoke worsened
injection timing power reduced, fuel economy worsened
and heat load increased
Engine
Modifi | Optimum control May increase NOX

cation| of fuel injecti-| Smoke
on timing & rate

Supercharger €0, PM
with Intercooler | NOx,

Smoke
EGR HC and PM increased, smoke worsened
{Exhuast gas NOx drivability worsened and engine
recirculation) durability worsened

While waiting the above tcchnologies for praciical use, diesel oil can
be imp_roved' for less emission.  Sulphur content should be gradually
reduced from the current value (0.4wi%) to 0.2wt% and further to
0.05wt%. The amendment of Clean Air Act in U.S.A. required it to be
0.05wt% from Ociober, 1993. Also this reduction is needed for the
application of oxidation catalyst which oxidizes SO2 to SO3 and hence
increases particulate cmissions., - The oxidation catalyst can
decompose soluble organic fraciions (SOF) of hydrocarbons in ‘the

diesel exhaust gas.

(¢) Evaluation of Exhaust Emission Reguiation
Pollutants are to be removed or reduced by onc of the
countermeasures, during combustion in  the engine or while
exhausting. The emission control regulation is to prevent
anticipated environmental dcter.ioration by enforcing stricter
emission limits on HC, CO, NOx, ctc. Japan enacted the Air Pollution
Control Law in 1967 and it has been amended gradually to include

stricter and stricter cmission standards for these pollulants,
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2)
(a)
a)

b)

In Malaysia, spéarhcadcd by the Motor Vchicle (Control of Smoke
and  Gas Emissio'n) Kules in 1977 to stipulaic cmissions from diesel
vehicles, scveral rules were enforced to control lecad content in

petrol, and particulate cmission.

The Malaysian govcrmﬁcn’l applicd ECE.R15.04 on petrol vehicles and
ECE.R49 and ECE.R24 (PM concentration) oo dicsel vehicles in June,
1992, In 1994, 91/441/EEC will be issued to petrol ‘vehicles. These
regulations will Dbe taken into consideration in estimaling emission
factors in 2005, The following shows cstimates of po.ssible emission

reduction through the cnforcement of various regulations.

Enforcement of Exhaust Gas lC(mtroI

Combustion Improvement of Motorcycle Engines

Backgrouﬁd

Motorcycles account for about 21% of wraffic vehicles in KVR, next
lo motor cars and play an important role in the soctal life of the
common people.  Unfortunately, motorcycles arc comsidered as one
of the majo.r sources of air pollution, since they account for 70%
and 29% of HC and CO emissions from all vehicles in the Region.
Most of the motorcycles in the Region are equipped with two-
stroke enginés which burn petrol and spent lube oil together
which result in large amounts of unburnt emissions. This may be
the reason for their high emission  of pollutants (Table 5.2.33).

"Two types of mcasures are nceded to counter this type of engine.

® Replacement of two-stroke engine with four-stroke engine

® Use of smokeless iube oil

Evaluation

® . Four-stroke engine

Although a four-stroke engine emits more NOx than a two-stroke
engine, the former cmits substantially less CO, HC and PM because
of combustion improvement. Therefore, motorcycles with four-

stroke engine should be promoted for pollution control.

During the transition to four-stroke engines, smokeless lube oil
should be supplied to cope with smoke emission from two-stroke

engines in circulation.
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Table 9.2.33 Emission Factor for Motorcycles

Vehicle type Fmission factor {g/unit) Note
Vehicle type | Pollu- Two-stroke Four-stroke Rate -
tant engine engine Reference:
Compilati-
Motorecycle HC 2.9 1.8 0.18 | on of Air
co 24.0. 10.0 0.42 | Pollutant
NOX 0.075 0.15 2.00 | Emission
S0x 0.024 0.014 0.58 | Factors
P M 0.21 0.029 0.14 | (EPA, 1977)

<)

@ Smokeless lube oil _ _
Smokeless oil is a type of lube oil which contains polybutene or PIB
(polyisobutylene) and the oil itseif is capable of labrication, and
aids in the combustion of unburat oil, consequently reducing CO
and smoke emissions, . _

There are no technical drawbacks to use of lube oil containing
polybutene, which is widely used in Japan, Taiwan and eclsewhere.
1991,

reduction among

Thailand standardized it as an industrial product in which

should help
Malaysia's

encourage its use in pollution

Effectiveness of polybutenc on visible

in Fig. 9.2.10.

neighbors.

smoke concentration is shown

Apparently visible smoke (carbon particles and adsorbed
hydrocarbons) is generally reduced by the addition of PIB.  There
is a ilittle increase of HC emission, probably due to less particles {lo

adsorb HC) in the exhaust gas.

Cost Estimate

® Comparison with 4-stroke and 2-stroke engine
1} 2-stroke 1,800-4,000 M$/unit
2) 4-stroke motorcycle: 2,400-4,800 M$/unit

motorcycle:

@ Smokeless lube oil
o 14 M¥/litre
Smokeless oil (mineral oil + polybutene)

Mineral oil .
1 20 M$/litre

50 bahts/liter,
Although the

The lube oil is sold in Thailand ai

10 ~ 20% higher than the convention mineral lube.

smokeless

production cost of PIB is around twice of the mineral lube, the sales
pricc may be determined by the percentages of PIB in the lube and
packages, transport, wmarkcting and supply-

costs for additives,

demand balances.
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Fig. 9.2.10 Influence of Reaction Encrgy on Visible Smoke Concentration

Visible Smoke
Concentration
{%), Measurement conditlon

FIO ratin: 10:1
151 30 min 171 3500 rpm P ‘R
§ min Cooling K L G
11 3600 rpm eneasttrement ’ +oN
{Smoke concentration const) M.
. J o
10} i
G .
F H
oF = Mineral oil
St c
B D
Ae e Mineral oil
with Poly
Butene
50 700 150
Reaction Energy
Visible smoke-- :
A, B,C,D Low-smoke oll {Japan) + Has a high correlation with reaction energy {r = 0,973).
G,H - Minerat oil (Japan) + 1s easily aifected by the type of lube oil with regard to iis
L, M, N, O Mineral oil (ASEAN} - concentration.

+ Shows a low concentration when a lube il contalning
poly butene additives Is used.

(b) Reinforcement of Emission Regulations for Motor Cars
a) Purpose

The number of motor cars in operation in KVR are 700,000 or 43%
of all registered numbers and 54.2% of those are on the road. They
are a major source of air pollution, which contribute about 47% of
CO, 18% of HC, 43% of NOx and 1% of SOx cmissions in the Region.
Also a 5.4% annual incremcnt in these years, indicates total
milages of 17 billion Km in 2005, and cach annual exhaust cmission
will come to 0.8 for CO, 0.8 for HC, 1.6 for NOx, and 2,1 for SOx, times
of that in 1992, because of the EC level's regulation will be enacted.
S0, advanced regulation planning (91/441/EEC) will bc necessary 10
counter on this matter (Table .9.2.34).
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Table 9.2.34 Effccts on

Regulation Plans for Motor Car

(Peirol)

Vehicle type Emission factor {g/unit)
Vehicle type! Pollutant Present New mgﬁlat-’ Remarks
of census ed value _
(91/441/FEC) | Rate
Motor car dcC 1.80 0.74 0.41 [ Oxydation
Cao 10. 36 5.06 0.49 | catalytic
NOx 1.97 1.64 0.83 | converter
S0x 0.004 0.004 1.00

Note)Average travel speed=> 30kin/h

b) Evaluation

The general trend in the world is to use catalytic converters to

conirol emissions from petrol fucled motor cars, such as three ways
(to convert CO, HC and NOx) or oxidation (to bum CO and HC) catalyst.

Major emission reduction technologies are shown in Fig. 9.2.11.
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{g/km)

emissions

Fig. 9.2.11

1.

Engine improvement
4 EGR, Al
-8 Catalytic converter
I} Three-way Catalytic converier
4 Clean fuel
; Catalytlc converter with electric heater
e Lean hurn engine with cat.

21
1

0

AN
Present (1992)

Reduction ’I‘echnolbgies for Exhaust Emission from Motor Cars

a. Teéhnical Evaluation
About 60% of the vehicles in KVR, are produced domesticaily,
mainly in the class of 1300-1500 cc.  The new Proton model
[ISWARA] has been developed to meet the ECE regulation. They are
designed so that catalytic converters or other control equipments
can be installed easily. s$0 it is technically possiblé to equip

“emission control units domestically sold vehicles.

b. Cost of Control System
® Exhaust secondary air and oxidation catalyst system:
70,000yen (M$1,400)

@ Effect on fuel economy : -5%

Table 9.2.35 Effect on Fuel Economy and Vehicle Price

Regul

a Country | Major exhaust emission Effect on | Increase

tions Fuel in vehicle

control system economy(%) | price(Ms$)

ECE.

Furope | WEngine modification

R15-04 lLeaner air-fuel ratio 0~-5 ~ 300

Deceleration control
Ignition timing control

ECE.R83 | Eurcpe [ MSecondary air/tGR

Japan' 75 | Japan @0xidation catalyst -5 ~-10 | 1,200 ~ 1,800

US 1981 | U.S.A @Three-way catalyst

Japan'78 | Japan @Three-way catalyst/EGR 0 ~+5 '3,000 ~ 4,000
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3)

Control of Use of Very Old Vehicles
{(Promotion of Low Pollution Vehicles)

(a) Purpose

There is a strong need to réplacc aged and overused vehicles with
low polluting ncw ones e¢quipped with advanced combustion
control systems. In Japan, further replacement to electric or
methanol vehicles are iniended to alleviate NOx poliution.

As most air pollution in KVR results from HC, PM and CO, the first
task will be the modernization of old vehicles, typically taxis and
buses, by converting them to those equipped with new cnginc
'systems. It is recommended that the Ministry of Transport and
commercial iransporl sectors carry out a study on trucks, buses and

taxis.

Table 9.2.36 Exhaust Emission Comparison for Old/New Type Cars

Petrol (g/Km) : Diesel {g/Km)

Yehicle Present New type ~ Present New type
Pollu. (R83) : : (R24)
Taxi itC 2.6 0.8 0.9 0.7
co 15.4 8.7 4.1 2.2
NOx 1.8 2.3 2.2 1.6
S0x 0.004 0.004 0.8 0.6
PM 0.04 0.04 0.44 0.19
Mini HC 5.2 2.9
Bus co 9.7 5.8
NOx 4.6 3.2
S0x 1.7 1.4
Large | H C 6.8 £.5
Bus co 22.5 17.0
NOx 19.0 5.3
S0x 3.7 3.0
Medium | H C 4.0 2.3
Truck 1| C Q 5.9 3.7
NOx 3.8 2.6
S0x 1.7 1.4
Large |HC 5.0 4.2
Truck | C O 16.5 13.0
NOx 1.0 15.5
S0x 3.7 3.0

Note:Average travel speed= 20(km/hour)
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(b)

4)
(a)

(b)

Evaluation
The following factors shall be considered in the conversion of

commercial vehicles io less polluting ones:

a) Diesel taxis shall be replaced shortly by petrol vehicles to.

reduce PM and NOx emissions.

b) Vehicles which cannot pass cmission standard 1ests, shall be

banned from further public use.

Any diesel vehicle whose engine capacity is less than 1600 cc shall
not be permitted under the new type registration.  Probably 20%

reduction of particle emissiorn in KVR can be expected by

implementation of these countcrmcasures.

There are some ways of promoting new vehicles. The first one is to

force all vehicles, old or new to observe the current emission
standards. The second one is to force all vehicles to keep the
emission permits cffective at the production year of each vechicle.
For the production year without effective emission permits, a
temporal standards could be additionally formulated. Conversion
for commercial vehicles may be beiter to be assisted financially by

tax benefits, low interest loans etc.

Fuel Control

Promotion of Unleaded Petrol

It is estimated around 40 - 50% of petrol sold in KVR is unleaded
petrol.  The remained contains 0.15mg of tetra ethyl lead per litre
of petrol. Lead increases emissions of particle and harmful matiers
and also poisonous to thc oxidation and three way catalysts after
they are applied into vehicles. * It is recommended that lead fuels
should be banned when the new regulation (91/441/EEC) is

introduced for motor car in future,

Supply of Low Sulphur Fuel

Malaysian diesel oil contains 0.323% by weight ol sulphur
according to the analysis. The general globa_l trends have moved
toward lower sulphur. 0.2% wt. is proposcd for use in residential
areas in EC. For KVR, a level identical to EC proposél is
recommendable from the view of not only SOx but of SPM

reduction,
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(¢) Supply of Oxygenated Petrol

Methanol, MTBE, cthanol, ETBE, ctc. arc among the compounds
containing oxygen lo be added to petrol. MTBE is an abbreviation of
methyl tertiary butyl cther while "E" of ETBE stands for ethyl, MTBE
and ETBE are produced by allowing isobutylenc and methanol ot
ethanol to react,

The application of the oxygenated compound is shown in Fig. 9.2.12,
Carbon monoxide gencration dccreascs with increasing oxygen
concentrations. However, the reduction rate of hydrocarbons
decreases after reaching the peak at 10%.

The use of oxygenated petrol could be a good measure for reducing
carbon monoxide in the environment until dissemination of the

catalyic converters can. be instalied to individual motor vehicles.

Reduction
rate(%)

20
15
10

5

1 2 3 4
Wt¥% Oxygen in fuel

Fig. 9.2.12 Oxygen Content of Peirol and Reduction of Pollutants

(3y Organization and Institution

1)

Vehicle Certification System

The vehicle certification system is composed of such items as
problem research, study of technical issucs, establishment - of
emission allowance, drafting of new st;‘\ndards. modification of safety
standards, test for type approval, and tests for production samples.
These are depicted in Table 9.2.37.
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2)

Table 9.2.37 Exhaust Emission Regulation Making Process
and Vehicle Certification

Jurisdictional Body General Procedure

Department of
Environment

(Ministry of
Science, Technology,
and
the Envircnment)

Study of envirgnmental pollution
problems caused by motor vehicles

Technical feasibility assessment
of new items to be enforced

Work shop

Notice of announce-
ment draft of permis
sihle limits

Hearing from
vehicle manu-
facturers and
other parties
concerned

Road Transport
Departiment

{(Ministry of
Transport)

Drafting of enviroi-
ment pollution
control standard

l

Promulgation of
amendent to

Safety Regulations
for Road Vehicles

Parties con-
cerned with mo
ter vehicles
at home and

abroad

Notification
to GATT

i

Registration

Type approval & Inspection {Initial)

Inspection and maintenance

As explained in
system can be

{Designated

system

Section 9.2.6, the
implemented by a

inspection & maintenance

Ministry of Transport.

Anticipaied number of repair servicc shops and inspection offices

(factories) are shown in Table 9.2.38.

All vehicles, private, be they commercial, or official, shall adhere to

this system,
certificate

renewed.

issued by the

The wvehicle which passes emission
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3)

Table 9.2.38 Anticipated Number of Repair Service Shops
and Inspection Offices

Model case
Item in Japan Klang Valley
Number of registered 60, 000, 000 700, 000
vehicles . (without motorcycle)
Number of maintained 160 units _
vehicles per inspector per person Anticipated
: mmber of
Number of employees 4.5 enployees
per repair service shops 4375
Number of approved repair | 80,000 930
service shops
Number of inspection 150(300) KL -2(2),P.J-1(1)
offices{No. of course) Klang-1(1)
Cost of inspection system K.L M$ 6.0 million
M$ 1.5 million/course ——— P.J M$ 1.5 million
Klang M$ 1.5 million

Installation and Operation of Chassis Dynamometers

SIRIM is going to install a chassis dynamometer testing system in

1995.  Cooperative use of the system by DOE may be possible in the

beginning. However, the system is positively nceded as a tool to
collect supporting data for the implementation of the car inspection
system. Such dala may be confirmation of emission faclors selected
for Malaysia, tracing the emission variations of cars in circulation

with running mileage, and other.

Costs of chassis dynamometer and auxiliary cquipment. are in
Table 9.2.39. The costs: for shipping, installation, housing,

foundation, taxes and others are not included.
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Table 9.2.39 Cost of Chassis Dynamometer

Yehicle type

Item Petrol Diesel Large vehicle
Chassis dynamometer | N$ 2, 000, 000 = M$ 4,000, 000
CVS system M$ 600,000 & M$ 1,000,000
Gas analyzers & M$ 1,000,000

Dilution funnel

M$ 1,000,000

M$ 600,000

M$ 1,400,000

Total

M$ 3,600,000

M$ 4,200,000

M$ 7,400,000

(4) Alternative Energy

1) Introduction of CNG Taxi

{a} Purpose

The numbers of registered taxis in the Region are increasing
yearly (8,500 in 1988, and 12,000 in 1992), with diesel and aged cars
being the most dominant. Taxi farcs arc reasonable, and taxis are
means popular of public _&ansport for shopping and business.
However, diesel taxis have a larger pollutant emission rate than
petrol vehicles. Their incrcased usc has had a great impact on air
qhali[y in KVR. ' _

The conversion of taxis to LPG-fucled vchicles in large cilies in
Japan has contributed to the reduction of PM, HC and CO emissions,
The following Table 9.2.40 estimates emission reduction through

the use of CNG by taxis.
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Table 9.2.40 Emission Factor Changes via Introduction of CNG Taxi

2)

3)

Engine | Pollu-| Existing ONG Reduction
Car Type fants fuet fuel
Type ‘ use engine | use engine| rate(%)
Taxi | Petrol cCo 2.6 0.14 95
HC 15.4 7.4 52
NOx 1.8 0.23 87
S0x 0.0 0.0 100

Note: Average travel speed= 20lav/h
Reference:JDB{Japan Development Bank) report
No.165 , 1992

Methanol Vehicles _

Although the future of meihanol fueled vehicles depends wpon fuel
cost, the results of research and development and general car use
trends, it ‘is a theme to be discussed in relation to energy
diversification and promotion of low pollution vchicles.  Bspecially
light duty trucks which will be iuéreasingiy used for transport of
goods may be important factor that needs to bc considered, on a long

time scale of methanol conversion.

Palm il as Diesel Fuel

As no diesel vchicles are produced in Malaysia, it is difficult to
restrict  diesel exhaust emissions at  the production. Also no
sufficient reduction itcchnolegy in relation {0 engine modification
has yet becn developed in the world. The current plan to use palm
oil as one of the alternative under the energy substitution policy

requires study for its cficcts on emission reduction.

(5)Traffic Volume Control

1)

Gencral _
This section will discuss the  reduction of traffic volume by
rationalization of peoplc and goods transported and by designing an

alternative public transport system, to ultimately protect air quality

“before it deteriorates by emissions of HC, CO, NOx and other

poilutants.
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Estimated changes and emission reduction  effccts  of a  traffic
volume control policy and its implementation plans arc discussed
below.

2) Klang Valley Transportation Plans
The Klang Valley Transportation Study proposed the following
master plan for 2005, including rcgional development patiern and
connection of roultes.

(a) Public Transportation Plan
a) Mass transit railway introduction plan
b) Bus transport improvement

(b) Road Network Plan
a) Expressway
b) Primary Distributor
¢) District Distributor
In our cstimation of future traffic volume, this master plan is
assumed to be close to implemeniation phase in 2005.

Fig. 9.2.13 shows the proposed MRT system plan.
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Fig. 9.2.13 Proposed MRT Plan in 2005

5-89



3) Restriction of Motor Cal_'s in City Centre

(a) Purpose
Heavy traffic congestion on the trunk roads of Kuala Lumpur resulis
in severe damage o the economy and air 'quaiity, and should be
solved in the future. In this section, effective methods will be studied
with quantitative cvaluation of the results from restriction of motor
cars in several zones inside the capital city. Hourly and seasonal
restrictions will be handled in general.
a. Targeted vchicles : motor cars
b. Purpose of trip : home. based trip

c. Number of passengers in a car : one

Fig. 9.2.14 Plan of Restriction Areca

Fig. 9.2.14 is a traffic restrain zone proposed by a JICA Study in 1987
(#6007). The 1987 JHCA Study Team cstimated reduction of motor car
trips in the Central Planning Area {(CPA; inside of the Inner Ring
Rood), as in Table 9.2.41. ’
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of Motor Car Trips in Central Planning Arca ,1995

Table 9.2.41 Reduction
Daily Morning | Trips Trip Reduced | Reduction
Purpose trips Peak(MP) | into reduction | Trips rate {o
of into {6-10am) | CPA at rate(%) daily
Trip CPA Ratio il at Mp trips(%)
To work 39,2217 89 34,910 20 6,980 | 18
To school 1,286 74 950 20 190 15
Business 28,119 16 4,500 20 900 3
Private 42,604 20 8,520 20 1,700 4
To home 17,860 4 710 20 140 1
Subtotal 128,096 a8 49, 590 - 9,920 | 8
Taxi 29,371 20 5,870 20 1,170 4
Total 158, 467 35 | 55,460 - 11,090 7
43}  Rationalization of Goods Transport
(a) Necessity of  Rationalization
Discussions: of motor vehicle source pollution controls, cannot

overlook trucks. They cmit not only NOx and black smoke but noise.
Their contributions to the overall emissions in the region arc 29% of
NOx and 61% of 80x for all motor vchicles, where as they comprisc
10% of all Although

transportation methods such as rail roads and ships, but the trend is

only traffic  volume. there are other

to use trucks because of their flexibility and mobility. Since more
vivid fluidity of down-sized goods is anticipated in the future arising

from the diversifications and sophistication of consumers demands,

it is important 1o plan appropriate countermeasures {rom the view of

air pollution protection.

Promoiing efficient operation of trucks is effective (0 suppress iis
truck traffic volume. It has fo be accomplished from both the merits
of air pollution control and cconomic advantage in business

activities,

(b) Rationalization Target

The main users of trucks for commodity transport are producers,

whole-scllers, department stores, relatlers, transportation busincsses

and others,
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(¢) Rationalization of transport- and distribution

a) Joint and collective transport
b) Efficient method of transport
¢) Efficient use of irucks

d) Reduction of numbers of trucks

(¢) Recasonable allocation of transport centres
(c) Information system on goods transfer

5) Introduction of Flextime System
{a) Purposc

Severely coﬁgcslcd rush hours in the downtown last only for one to
two hours in the morning and around three hours in the evening
and main occupahts (roughly 80%) are comimuters to offices and
schools.  Therefore, shift of office or school hours or introduction of
flextime system would be effective 1o reduce traffic al the rush
hours. The flextime is to have the core working time, for example
from ten to four o'clock, and flexible hours before and after the core
to compensate the predetermined working hour. Il the total
working hour is 7 hours and if onc starls working at 9:30, he can

leave his office at 5:30 pm including one hour lunch.

(b} Etfect

The effect of the flextime greatly depends on the co-operation of
offices in the downtown area. The cffect given in Table 9.2.42 below
was obtained in Sapporo City. of Hokkaido Prefecture in Japan. The
rush hour vehicle traffic was reduced by 3 to 11% on the increase of

2 to 7% in the ncarby hours,

Table 9.2.42 Effect of Flextime Introduction

Rate of Reduction rate | Ingrease rate of
co-operation | of traffic traffic volume in nearby hours (%)
offices volume at
{%) 8:00~9:00 (%) 7:00 ~ 8:00 9:00 ~10:00
5 2.7 1.9 1.7
10 . 5.5 2.8 3.4
20 11.0 5.6 6.8
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The KVR has the rush hour peak in 7 to 8 o'clock with 2 to 3% higher -
traffic volume than Sapporo. Therefore, greater reduction can  be

cxpected than in the above Table.

(¢) Implementation

6)

Although the flextime system can be promoted through public
campaign, administrative pressures or appraisals may bec necessary

to have anticipated effect.

It is recommended to organize a-flextime promotion committee in the
City and to determine i) its introduction method and estimation of
the effect, ii)its socio-economic effect, and iii) public awareness

campaign.

Others
There are some other methods to reduce traffic in downtown arcas

employed in large cities.

{a) Fivc-Day-a-Week System

Instead of six days a week working schedule, it could be reduced to
five days. Usually total working hours in a week is kept at the same
by evenly allocating one day working hours into five days. Hence,
one each peak in the moming and aftcrnoon can be reduced in a

week.

(b) Park and Ride System

If free public parking spaces are available near entrances of
highways or major roads and people are willing to leave their cars
in the parking lot and take buses to downtown, traffic in the
highway and in the downtown will be greatly reduced, Public
awareness of its convenience and effect on the pollution reduction is
the key of the success inirbduciion of this system. The bus fare must
be cheaper than the highway tariff of a car. If the bus farc within
the downtown is free, this Park'n Ride (called in Seattle, Wash.
U.S.A)) system will be more effective. Governmental subsidies or

financial assist to the bus companics may be nceded.

(c} Car Pool Sysiem

Majority of passenger cars in the rush hour is usually occupied by
one or two people. If people can use cars cooperatively together,

traffic numbers of cars will be reduced. Besides public campaign, it
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may be helpful for the promotion of this system to change highway

tariffs

with numbers of people in a car entering  highway. Less

people in onc car pay more. Thus people will tend to use car in pool.

Because of traffic destination and time, co-operation in work places

is  bencficial.

7) Execcution of Traffic Survey

(a) Purpose of Study

The views of control of air pollution and traffic congestion, traffic

survey is very effective to know the . control measures for motor

vehicles -and traffic planning.

{b) Necessary Information for Motor Vehicles

a) Traffic 'Census

b}

Traffic volume information shows the utilization of existiﬁg
road mnetwork and the sectional traffic concentration and
situation of congestion to compare with the respective road
capacitics.

Information on reoad traffic volume, congestion rate and
travel spéed arc anticipated. '
Origin/Destination (Q/D) Survey

O/D survey is conducted for the purpose of éatching the trip
of origin and destination, 1ri.p purpose and other related trip
data.

The study is classified into following three types,

1) Car O/D

2) Person trip

3) Commodity movement
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9.3

9.3.1

Effect of Control Measures on Air Pollutant Concentration
Reduction of Air Pollutant Emission from Factorics

(1) Control Mcnu

SOx:  To conirel the power plants (the major pollutor), and boilers in the

districts where SOx target value would bc cxceeded.
NOx: To control by modilying combustion manncr

Dust: To control boilers in factorics by fucl conversion to lighter one and

by installation of collectors in solid fucl combustors.

Sufficient combustion management should be implemented in general to
reduce pollutant emissions by cnergy saving, Table 9.3.1 is the menu of the

control measures to be implcmbnicd by 2005 in KVR.

Table 9.3.1 Control Mecasurcs against Stationary Sources

Mcasures SOx NOx [Particle!l Year
1. | Power Planis
(1) FL_l(-:l Conversion {natural gas) e} Q 1997
(2) Improvement of Electr. Precip. K] 1997
2. | Factories '
(1) Fuel conversion - wnatural gas e} o 1997
LFO . O o) 1997
(2) Collectors - Multicyclone e} 1997
Multicyclone o] 2005
EP o 1997
{3) Revamp. of wood waste combustor O 2005
{4) Combustion management o O e) 1997
(5) Energy saving o O o) 1997
3. | Particles from non-point sources o] 1997
4. | Establishment - of Combustion Managemaent 1997
System
5. | Combustion Management Enginecr Training : 1997
6. | Supporting System '
1) Techriology transfer fr
{1) Tec nology transfer from the 1995
experienced
(2} Financial support ' 1997
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1)
(a)

(b)

(¢)

2)
(a)

(b)

Control of Power Plants

HFO Boiler: In 2005, SOx emission from PS-A Power Station would be
around 1.5 times (30,041 tonsfy) of that in 1992 (19,523 tonsfly). As
the air quality target value would be exceeded in the district where
PS-A located, excess SOx emission should be climinated by converting
fucl to natural gas or by flue gas desulfurization plants from existing

boilers.

Coal Boiler: All coal burat boilers, whichever existing or new, should
be designed to emit NOx to be half of the current or designed value,
in order 10 reduce NOx cmission to be less than 1.3 times of the
current emission in 2005. One boiler supposed o be installed in 1996
should be switched to natural gas instead of burning coal to reduce

SOx cemission,

With the above controls, the SOx target value scems still excecded
slightly under the simulation study. Either #3 or #4 boiler should be
converted from coal to natural 'gas to satisfy the value completely on

the simulation.

Control of General Factories _

SOx Reduction: According to the dispersion simulation of the
current{1992) conditions, few ground _]evel SOx concentrations
exceeded the target valuc, These sites should be controlled primarily
by fuel conversion to natural gas at boilers larger than 150 kg/h
fuel (oil equivalent) combustion, and other remaining sites to
industrial dicsel oil at boilers larger than 200 kg/h combustion.

In spite of these control measurcs, the vicinity of mesh No. 76-15 has
the ground level SOx concentration over the target value under the
simulation study. This is caused by palm waste combustors in the
arca. If these must be contfollcd, increment of stack height will be
the best solution. However, it would be better to check again sulphur
contents in palm waste and the necessity of the control in the
sparsely populated area with equal severity should be re-considered

before construction of higher stacks.

Dust Control: Multicyclones should be installed at boilers burning
more than 1500 kg/h of wood waslc in order to remove 80% of Dust

emission,
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(2) Effect of Control Mecasures on Amount of Pollutant Emissions

Emissions in 2005 arc compared in Table 9.3.2 with those in 1992, assuming
that all the proposed control méasures have been implemented. Also,
amounts of pollutants reduced from the ecstimated amounts without control

measures in 2005 are listed in the Table for reference.

Table 9.3.2 Reduced Amount of Pollutant Emissions from Factories (2005)

(unit: ton/year)

Year 1992 2005
without | with . Reduction
measures | measures |  Amount
P.Stations 19,522 | 30,040 | 12,759 | 17,281 (57.5)
S0x General Factories | 11,047 11,283 b, 345 5,938 (52.6)
Total 30,569 | 41,323 | 18,104 | 23,219 (56.2)
P, Stations 12, 792 26,038 22, 758 3,280 (12.6)
NOx " General Factories 2,979 4, 415 4,364 | 51 (1.2) ]
Total 15, 771 | - 30, 453 21,122 3,331 (10.9)
P. Stations 1, 969 2,423 828 1,595 (65.8)
Dust General Factories 7,034 8, 163 5, 451 2,712 (33.2)
Total 9,003 10, 586 6,279 4,307 (40.7)

Figures in parenthesis are reduction percentage.

1) 8O«
The reduced amount, 23,220 tons/y, from the uncontrolled emission
in 2005 is 56% in which almost equal percentages of reduction are

expected from both of power stations and faclories.

2)  NOx |
A combination of the two stage combustion and LNB, and the
conversion to lighter .fue[ reduce NOx emission collectively at 3,330
tons/y which will be equal to around 11% of the uncontrolled
amount in 2005. The amount is almost for the reduction at the power

stations which is about 3,280 tons/y.

3) Dust .
Total reduction is around 4,300 tons/y, within which 1,100 rtons/y are
removed in collectors and remaining is due to the effcct of

conversion to lighter and cleaner fuels,
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