CHAPTER 4 FUEL AND EMISSION STUDIES

4,1 Outline

Investigation of pollution sources is one of the most important tasks in air poflution
management planning. The primary purpose of source investigation in the Study was to
cstimate quantities of air pollutant cimissions (o prepare a “source mndei” as an cssenua! :

part of the air simulation model (Section 6.2).

The target sources and pollutants arc sulfur Gxides (S50x), nitrogen oxides (NOx) and
' parliéulale matter (PM). Targel pollutants by source are shown in Table 4.1.1. Pollutant
emissions from sources unlisted in this table (such as open burning activities,
carthworks, and natural phenomenon) were not estimated in this Study. The estimated
pollutant emissions are only those emitted from stacks of factories and establishments
{hereinafter referced to as ‘“factories”), ships, households tail p:pcs of automobiles,

and engines of aircrafl L

Table 4.1.1  Targeted Sources and Pollutants

Pollutants

~ Pollution Sources » _ -
: SOx | NOx | PM | CO HC
Factorics and Establishments O 10) 0 ‘
Houscholds 0] O 0
Autoniobiles o o | ol O e}
Ships Q 0. E B
Aircraft’ 0 O

" To cstimate current (the year 1995) air polluiant cmissions from various sousces,

BAPEDAL and the Team conducied the surveys showa in Table 4.1.2,

Table 4.1.2  Survey Items in the Study |

Survey liem

Factorics

Automobiles

Houscholds

Questionnaire survey

O

Emission measurcment

o

Traftic volume survey

Travel speed survey

Simple emission test

Fuel consumption pattern

Fuel analysis

=l (e} {eolle]

Analysis of unbumed coal

Cio




This chapter describes the resulls of surveys and estimate of the pollulaint emissions.
The Team submitted Pollution Source Stady Guidelines for Stationary and Mobile
~ Sources to BAPEDAL. '

The cstimated total annual fuel consumption in Jabotabek in 1995 is shown in Table
4.1.3.

Table 4.1.3  Estimated ‘Total Anmual Fuel Consumption in
Jabotabek in 1995

Source Fuel ~ Unit Estimated Consumption
_ : : Rate in JABOTABLEK
Stationary Sources | Kerosene Klyear 2,227,140
High Speed Diesel | ki/year 1,520,070
Industrial Dieset Oil | kU/year 763,825
Marine Fuel Oil kl/year ‘ 498,109
Coal - { tonfyear 1,647,263
Naturat gas 1,000m’/year 4,741,679
‘ - PG ton/year 233,161
Automobiles - | Premium - | klfyear - 2,477,500 : -
" ['Sofar | ivyear 1,480,700 8

fTablc 4.1, 4 shows lhc sharc of faclones and households in lhc total consumption of
kerosene and LPG. Thcsc fucls ar used mamly by househo]ds

’[‘able 4.1.4 Share of Factmies and llouseholds in Consumptmn of
‘ Kerosene and LPG

- Fuel Factories - Houscholds Tolal
Kerosene (kl/year) - 17,475 - 2,209,665 © 2,227,140
- LPG(ldnlyear) ok 77,471 | 155,990 233,161
The estJmated lolal air pollutanl emissions in 1995 are summarized in Table4 1.5. The. %

total emission in 1995 is 56 000 tons for SO, 144,000 tons for NOx, and 24,000 tons
for PM. CO and HC cmissions by automobiles are 564,000 tons for CO and 98,000
tons for HC. '



Table 4.1.5 Estimated Air Pollutant Emissions by Source
in Jabotabek (1995)

{Unit : ton/ycar)

, SOx | NOx | PM CO HC
Stationary Factories 42,6971 36,832 13,581
Sources Elousehg_liirs 42201 4,962 642
_ Sub-tota! | 46,917 41,794 14,223 _ - |
Mobile - Automobiles g.142] 98,738] 9,563] 564,292 97,971}
Sources ~ Ships L - 808 1,960 - '
Atreraft 9] 1,026 B :
- Sub-total 9.041] 101,724} 9,563 564,292 97,971
Total | 55,958] 143,518] 23,786 564,202 97971}

4.2 Fuel Study |

BAPEDAL and the Team collected existing data on fuels used in :Jabolabek'and.
© analyzed the components of common fuels used by factorics, automobiles, and -
houschdlds. The fuel consumplion data were used (o ‘estimate the current fuel
consumption in Jabotabek. The fuel analysis result was used to estimate emission
factors and exhaust gas volumes rom stacks. ' .

4.2.1° 1995 FueliConsuniption in Jabotabek

' Fuel consumption by factory, houschold and aufomobile was es_limatéd from statistical
data and the results of guestionnaire survey. The estimating procedure-is shown in
Appendix 3,1, : |

(1) Factorics

Main [uels used in Jabotabek by factories are High Speed Diesel (Minyak ‘solar),
Industrial Diesel Oil (Minyak diescl), Marine Fuel Qil (Minyak bakar) , natural gas
and coal. The estimated consumption of the main fucls in 1995 is ‘showri in-Table
'4.2.1. This table also shows the coverage rate of the fucl consumplion by factories

tesponded 1o the questionnaire survey to the total fuel consumption’ in ‘Jabotabek.
The consumption of MFO and coal is fully covered by the questionnaire factorles.
However, the coverage rates of HSD, 1DO, keroscne and LPG arc low at less than
20%. Tab!é 4.2.2 and Figure 4.2.1 show the share in energy of each fuel (calorific
value is shdwai in ‘Table 4.2.5). The share of natural gas is highest at 51%, followed |
by HSD (18%), and coal (16%}.



Table 4.2.1 Total Fuel Consumption by Factorles and Coverage Rate
by Factorles under Queéstionnaire Survey

Fucl Unil Consumption by Total consumption | Coverage rate
. o questionnaire factories in Jabotabek )
Kerosene Kl/year , 894 17,475 5.1
HSD Kl/year 295,886 1,520,070 19.5
1DO Klfyear 153,021 763,825 20.0
MFQ Kl/year 498,109 . 498,109 100.0
Coal ton/year 1,647,263 1,647,263 . 100.0
Natural gas | 1,000m’/year 4,059,741 4,741,679 85.6

| LPG ton/year 359 77,171 0.7

Table 4.2.2 Total Fuel Consumption by Factories and Their Knergy Share
in Jabotabek in 1995

Fuel Total annual consumption Total encrgy Enesgy share
- : (10'? kcal) - (%) '
Kerosene 17,475 (kl/year) 0.2 _ _ 0.2
HSD 1,520,670 (kliyear) 128 | 17.6 -
DO 763,825 (kl/ycar) 6.4 8.7
MIFO | 410,190 (KUyear) : -39 5.4 '
Coal - | 1,647,263 (towyear) 11.6 ’ 160 7 - é%
Natural gas 4,741,679 (1,000m’/year) : AN ' 510
LPG . 77,171 (tonfyear) : 0.9 - ' 1.3
Total IR _ 72.8 oo 100.0
SLPG
T 1% CH8D -

- 18%

D0
. 9%
" Natural gas
T81% MFOo

: 5%

Coal
16%

Figure 4.2.1 Shares of Fuels in Endustry in 1995
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(2) Houscholds

Major fuels used by households in Jabotabek are kerosene and LPG, Table 4.2.3
shows fuel consumption by houscholds in 1995, Energy shares are 91% for
kerosenc and 9% for LPG.

Table 4.2.3  Fuel and Energy Consumption by Houscholds in 1995

Fuel Total annual Total encrgy Energy sharc
consumption® (10" keal) (%)

Kerosene 1 2,209,665 (ki/ycar) 19.7 _ 91.4

LL.PG 155,990 (ton/year) 1.8 8.6

Total : - 21.6 100.0

- (3) Automobiles

" In Jabatabek, Solar is used by dicsel vehicles and main fuel for gasoline vehicles is . -
Premium gasoline. The estimated consumption of Premium and Solar is summarized
in Table 4.2.4. The estimated annwal consumption in 1995 is 2.5 million ki for
Premium and 1S million k1 for Solar. . -

Table 4.2.4 Annual Fuel Consumption of Vehicles: in Jabotabek in 1995

Fuel - Total consumption -
: (klyear)
Solar 1,480,700
Prentium o 2,471,500

4.2.2 Fuel Analysis

Fuels used in Jabotabck were analyzed (o estimate air pollutant emissions and exhaust
gas volumes from stacks. Suifur content of liquid fuels was analyzu:d al EMC. Other’ _
properlics of liguid fuels and gas fuels were analyzed al LI'MIGAS Coal ‘and its ‘
unburned residue were analyzed in Japan. : s

(1) Fuel Characleristics

Table 4.2.5 shows the analysis results of liguid, solid and :gas fuels. The main items
analyzed for fuels for stationary sources include contents of S, C, I, N, gross
‘heating ‘value, and specific gravily. The ilems of fuel analysis for automobiles
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inctude contents of § and lead and specific gravity. Tables 4.2.6 and 4.2.7 show
average sulfur contents for stationary sources and automobiles respectively. For the
“fuels used by factories, sulfur content of MFQ is highest at 2.23%, followed by coal
(0.95% ) and 1DO (0.54%). With the fucls for automobiles, sullur in Solar is high
at about 0.4% whilc (hat of gasoline is less than §.02%.

Table 4.2.5 Characteristics of Fuels Used in Jabotabek (1/2)
~ (Fuels used by factories and houscholds)

Specific

Note : 1) unit is mg/kg, (¥2) unit is kg/m?, and (*3) data souree is PERTAMINA.
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wi% - Gross
Fuel No. S C H N | O F | H,0 | Ash | heating | gravity
: (*1) value :
. , : : (kealkg) :
Kerosene l -0.09] 85.79] 13.97] 0.12 0.1¢) 10,296]  0.867
' 2 0.12 . '
HSD 1 0.19] 85.54] 1344] 0.09 10,352] 0813
2 040] -
3 0.24
4 0.23
o 1 0.54] 85.44] 13.56] 0.0t 10,410 0.800]
2 0,55 '
: o K osd |
IMFO 1 2.46] 84.56] 13.45]  0.17 020 00¥ 10,160] © 0947
; 2 ey : '
3 2.36
: 4 2u) _
Waste oil 1 0.50] 73.06] 11.01{ 0.23] - 1250 339 10,565  0.934]
DO and MFO | 1 U N5 : f B
[P and Black bauor| 4 0.34] 84.51] 12.92] 0.12] 0.01] 10,543] © 0330
- Ceal ] - 1.27] 66.36] 5.56]  1.17) 10.74]  168] 240 1214 6810 B
1 2 . 097] 6651 s3] 1.26] 11.271  134] 29d 114d 7,050
3 -097] 69.67] 5721 - 1.26] 1240] - 163] 310 634 7,330
4 049] 711.74] 4701 147 882 168 200 1074 7,070
5 1.06] 68.52] se0]  1.25] 11.1e] 1230 350 894 7.060
Natural gas 1 |<100 ppb | 72.57] 23.60] 0.95] 2.85 0.04 11,264[0.695(*2)
LPG 1 [41 ppb *3)| 82.53] 16.44] <0.01f - 0.0 11,848 0559
- 2 [at ppo ¢3)] 81.98] 16.36] <0.01 0.04 1,846]  * 0.550




S Specific Reid Lead -
fuel No. (wi%) gravity vapor metal
- pressure ofl
Premium 1 0.011 0.735 7.4 0.09
2 0.032 | 5
3 0.008
%‘ 4 0.008
Premix 1 0.026 0.737 7.8 0.27
2 0.012
Super 'IT 1 0.012 0.735 6.9 1 <10ppb
2 0.004 :
Solar 1 0.398 0.848
2 0.391 0.852
3 0.398 0.846

Table 4.2.5

(Fuels used by automobiles)

Chiaracteristics of Fuels Used in Jabotabek (2/2)

Table 4.2.6 Average Sulfur Content of Fuels for Stationary Sources

Fuel Average sulfur content
: ' © (wi%)
~ Kerosene .11
. . HSD .27
ey 1DO 0.54
L ;o - MFO 2.23
Coal 0.95

Table d.i.f] " Average S'ult‘:uk‘Con_tcilt of Fuels for Motor Vehictes =

- Puel : Average sulfur content
| ' : {(w1%)
Premiuvm 0.015
- Premix 0,019 a
Super 1T 0.008
Solar 0.396

(2)  Unbumed Residue of Coal

- Analysis resuits of unburned residue of coal are shown in Table'4.2.8. ‘The fact that

unburned carbon remains at more than 10% of the total residue shows coal boilers o

are not operated efficiently.
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Table 4.2.8 Analysis Results of Unburned Residue of Coal
Sample No. {(w1%) Gross heating
N value
C H S (kcal/kg)
1 13.1 0.9 0.2 1,470
2 17.3 0.9 0.1 1,440
3 9.9 0.4 0.1 604

Emisston from Stationary Sources

Questionnaire Survey

(1) Oullinc of the Survey

There are about 2,000 factories in Jabotabek as listed in “Indonesian Manufacturer
 Directory, 1993/1994” (Ref, 93). Their breakdown by industry type and by district
is shown in Table 4.3.1. The main industries by number in Jabotabek are textiles,
chemicals and machinery. - -

' Table 4.3.1

Number of Factoncs in J‘lbotahek (199311994)

' ; - _' ' _ DKI | Tange- o Co
Code Induslry‘ | Jakarta Bogor rang | Bekasi | Total

| 31 [Food, beverages and tobacco 97 38 ] 36| 194 190
32 [Textiles, clothing and leather . 2291 76 156 73| 534
33 |Wood and wood products mcludmg S3 1 15 41 17 126

' furniture. SN B Co :
34 - [Paper and paper producls, printing 'md 29 3 33 17 | 82

_ [puolishing . : , : _
35 - |Chenticals, petroteuny, coal, rubber and 228 81 141 70 520
“ptastic products :

16 I\on melallic mineral products, excepl 21 20 21 9 71
petroleum and coal products - : :

37 |Basic melals : “ 13 o1 3 1 - 18
38 {Fabricated mctal produus. machmery and| 220 58 119 68 | 465
cquipment’ N . L

39 [Other manufacturmg industrles 20 6 i6 13 55
.40 ' ‘Fotal 910 298 566.] 287 | 2061

Source : Indoncsian Manufacturer Directory, 199374994 (Ref. 93}

BAPEDAL. and the Team jointly selected from the above directory and other sources
about 300 factories (manufacturing, cleciricity supply, hotels, and office buildings)




@)

and sent them a sef of questionnaire sheets (see Appendix 3.2, 1). The questionnaire
items included facility type and its capacity, fuel type and its consumption, raw
material and its conSump:ion, yearly, monthly and daily operation duration, stack
height, diameler and location, exhaust gas volumie and temperature ,and exhaust gas
treatment unit.

Response to the Survey

Ninety one factorics responded to the questionnaire survey. Table 4.3.2 shows the
regional distribution of the responding factories by indusirial type. By region, DKI
Sakarta accounts for 48 (53%), Bogor 14 (15%), Tangerang 13 (14%), and Bekasi
16 (18%). By induslry type, the top three are textiles (10), hotels (9), and drinks
@. L

“Table 4.3.2 Regionat Distribution of Responding Factories by Industry

Type B

industr DK1 Jakatta Bogor . | Tangerang| :Bekasi . | . Total
3 _ gerang

1.

Foods ' ' 1}
Drinks -

Textile

Pulp and papce

Pesticide

Plastics

‘Chemical

Medicine

Cosmelics

Shoes

Glass and ceramics

Cenmient

Iron and steel

Assembling

Baltery

Electricity supply
Hotel :

Qffice building

ocloloiow|=|ol~lvic|—lolaioctmini=in

pleinv|vwi=lulolwlolulal=imimiol~ion
clejoi-jeleiv|=lojai-I~|=joi-|ai-1~
olololojolejoiviol-loiniojolaivis

Total 48 (53) 14 (15} | 13 {14) : 16 (18) -

e mwinjwislo il o B W (O o0 |

Note: Figures in brackets are % values.

The ratio of responding manufacturing factories 0 thc'qucslionna'ire by industrial
type is shown in Table 4.3.3. The ratio of non metallic mineral products industry is
the highest at 33%, foltowed by chemicals (13%), and paper (9%).
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- Table 4.3.3  Number of Responding Factories by Industrial Type

Industry Response Fotal [ Ratio (%)
Manufac- | Food, beverages ang tobacco 12 190 6.3 |
turing | Texliles, clothing and leather 10 534 1.9
Wood and wood products including 0 126 0.0
furniture
Paper and paper products, printing and 7 82 8.5
publishing
Chemicals, petroleun, coal, rubber and 22 520 4.2
plastic products
Non metallic mineral products, except 9 71 £2.7

petroleum and coal products

=]

Basic metals 13 33.3

~3

Fabricated metal products. machinery and 465 1.5

equipment

Other manufacturing industrics 55 0.0

Sub total 7 2061 35

SO

“Energy - | Electricily supply

Services | Hotel

‘Office building

—lelvinio

Total’ 9

~(3) Results of Questi'omjairc Suryey

T

" in Table 4.3.4. Theré are many kinds of facilitics such as boiler (147}, gcncnator‘

Faciliiy Type

'l‘thl tcspondmg faclorlcs have a tofal of 3(}9 air polluung facilitics as shown

' (86),_meihng,furnace (18), fuld burning kiln (17). Boiler and generator are the

2)

* major facilities and their combined share is 75% of the total.

Boiler Capacity

Table 4.3.5 gives the distribution of gencral boilers {excluding those for power

~ gencration) by steam capacity. Boilers in Jabotabek are generally small and those

13y C Generator Capac:ly

" with acapacnly of less than 5 tons/h account for 49% of the total

Table 4.3.6 shows the distribution of generators by power gencration capacity,

- 'They are, in general, small and those with a capacily of less than 3,000 kVA

account for 83% of the lotal.




Fable 4.3.4

Numbers of Facllities in Responding Factorics

Facility Usage Number Share (%)
Boiler uiliy 5 1.6
general 142 46.0
subtotal 147 47.6
Generator utility 86 27.8
Diesel engine fire pump b 0.3
Gas turbine utility 4 1.3
Combinedcycle utility e { 03
Electric furnace iron scrap 1 3 1.0
Melting fumace glass 10 3.2
7inc 5 - 1.6
aluminum 1 0.3
lead 2 0.6
subtotal 18 5.8
Reheating lTurnace billet 4 1.3
[ Heat treating furnace glass 1 03
alominum 1 03
o ' sublotal 6 1.9
. | Absorption facility sulfuric acid 2 0.6
* | Burning kiln cement 11 3.6
' | tife 2 0.6
ceramic ware 4 1.3
sublotal - 17 5.5
Gven food 4 13
- | plastic materials 4 1.3
| subtotal 8 2.6 -
Dryer paint banking "7 R W
i detergent 2 66
clay - - 2 C0.6
: subtotal 11 3.6
Industrial wasle incinerator - | waste 4 1.3
sludge 1 0.3
_ subtotal 5 .6
“Total . -

100.0




i

Table 4.3.5

Distribution of Boilers by Steam Generaling Capacity

Capacity Numbet Rate
" (torvhy) (%)
Q-1 12 8.5
1-2 23 16.2
2-3 16 11.3
T34 16 11.3
4-5 2 i.4
sublotal (39 {48.6)
5-6 10 7.0
6-7 12 8.5
7-8 2 1.4
~8-9 4 - 2.8
subtotal - (28) (19.7)
10-11i 17 12,0
11 12 3 2.1
12 -13 5 3.5
subtotat (25) (17.6)
15 -16 -2 1.4
C 26 -27 - 0.7
30-31 -4 2.8
-subtolal | N (4.9)
- Total’ 142 100.0

Table:4.3.6 - Distribution of Gcher_ators by _P_o'\'ver Generation Capacity

Capacity

4) ' Fuel Consumiplion

~ Table 4.3.7 shows the main fuel consumption by facility iype. The annual

Number | - Rale

(KVAY - %)
<500 19 P22
<1,000 20 23
<2,000 33 38
<3,000 8 -9
<4,000 i i
<5,000 R 0

[ <6,000 ol 0
| <1000 . 5 6
“TOTAL 86| 100




consumption is 296,000 kI for HSD, 153,000 ki for IDO, 498,000 ki for MO,
1,650,000 tons for coal, 4,060 million m* for natural gas, and 600 tons for
LPG. Utility boilers use MFO and natural gas. General boilers use various kinds
of fuels. Main fuel of generator is HSD. Glass melting furnace uses MFO. Main

fuel of cement kiln is coal.

Table 4.3.7 Main Fuel Consumption by Facility Type

MFO

" Matural

HSD IDO Kerosene| -~ Coal LPG
Facilily Usage (D) &) | &y xn {ton) gas (tony |-
: : (1,000m’)
Boiler utifity 357,413 | 743,333
general 20,406} 71,303 50,201 744 9.400] 157,023
| subtotal 20,406 77303407813 743,400 503,338
Generator utitity 273,124 2 i,237
Diesel engine firc pump
Gas turbine utility 1,992,418
Combined cycle utility 978,858
Electric fumace iron scrap 1,300 ' 1,630
Melting fumace glass 90,496 T
7inc 625] : .
aluminum 532 15
kead : 361
subtotal P 532 625 90.496 Ll 38]
Reheating fumace | billet 26,406 312060
Heat trealing fumace] glass o ' C 3,480
 } aluminum 266 N
| subtotal 206
" Absorption facility | sulfuric acid . : L Y
“Buming kiln ¢ " | cement 25,650 1,637,863 36,317
tile N 720
CCEAMIC Ware ; 1 108,785
subtotal 25,650 1,637,863 145,822
Oven food 156 1304 T
plastic : 1,000 7
“Imaterials L : '
subtotal 156 150 1,001 1
Dryer paint baking 295 . 78
delergenl 1,058] S
clay - ' ~ 28,000 -
. subtotal 1,353 28,000 178
Industrial waste waste 5 o :
incinerator sludge 44 i
subtotal 49 - T
Total 7958861 153,0211498,109 89411,647,263]4,059,741 559




Table 4.3.8 shows the main fucl consumption by indusuy type. Electricity

supply industry is the main user of MFO and natural gas. Cement industry is the

dominant user of coal.

Table 43,8  Main Fuel Consumption by Industry Type

5) S!ack chght

’["ablc 4.3.9 shows distribution of slack hc:ghts of the survcycd facloncs 'Ihcy '

HSD IDO | MFO [Kerosene] Coat | Nawral | LPG
Anduostry (kD) (kD) (k) (k1) (ton) gas {ton)
' (1,000m%)
Foods 729 C192] 150 5,848
Drinks 11,97 2,284 2,112 12,016 i
Textile 232,246 74,426] 15,73 8,500 33,336
Pulp and paper 14,280 7,764 14,00 715 9001 98,135
Chemical 1,822 ' 1,150
Mecdicine 1,607
Cosnictics 812 75 1,632 29
Pesticide ¥
Plastics - 10,343 5,000
Shoes 8,168 :
Gtass and 57 90,496 140,991
cerarmles :
Cement 25,650 1,637,863 36,317
Iron and steel 312 28,206 ' 5,000 ¥
Battery 461 628 - 36(]. -
Assembling 1650 | 15,573 199
Electricily supply i -] 357413 3,719,609
Hotel 3272 3458 | 3,490
Office building : 2804 - . . E ! _
Total | 295,886 - 153,021] 498,109 = 89411,647,26344,059,741] 559

are generally low. Of Lhc total number of 385 stacks, 159 stacks are lower than
10 m and 133 s(acks are bctwcen 10 m and 20 m high. Stacks lower lhan 20 m
o accouni for 76% of the total.
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Table 4.3.9

Height Number Rate -
(m) (%)

0- 10 159 41.3
10- 20 133 34.5
20- 30 36 9.4
30- 40 15 39
40 - 50 8 2.1
T 50- 60 9 23
60- 10 9 23
70 - 80 7 1.8
80- 90 0 - 0.0
90 - 100 -3 0.8
-~ 100- 110 4 1.0
110- 120 2 0.5
- Total 385 100.0

" 6) Treatment Units ©

Distribution of Stack Heights from the Ground

" A total nomber of 22 facilitics are cquipped with ‘dust treatment units (Table'
4.3.10). Utility boilers (electricity supply) have cyclones. Elcctric (arc) furnaces
and cement kilns are furnished ‘with baghouses and electric’ pr'ecipi!aiors.

respectively,

" Table 4.3.10  Facilities and Treatment Units

7) Coverage Rate of Fuel Consumption

' Facilily i Usage o Cycim}_d Scrubber Baghouse . r:::f;::;?or “Total
Boiler Utility 5 o 5
Boiler General I H
Electric furnace | Billet 2 © 2

Burning kiln - | Cement _ : 1 11

) Dryer Detergent b I : 2
| Incinerator  { Indusirial Waste 1 S o i
' “Total 1 [T 3 1 22

"The coverage rate of fuct consumption by the surveyed factories to the total fuel



consumption by factorics in Jabotabck was examined in Section 4.2.1. The
coverage rate of MFO and coal is 100%, which means their major consumers
responded to the questionnaire. The coverage rate of natural gas is fairly high at
86% because the clectricity supply industry is its dominant user. However,
coverage rates of HSD, 1DO, kerosene _and LPG are below 209%, which shows
many other factories are using these fuels.

'4.3.2 Emission Measurement

To kanow the air pollutant emission and combustion condition of air poltuting facilitics
“in Jabotabek, BAPEDAL and the Team conducied a total of 3¢ emission mecasurcments.
The numbers by industry type are shown in Table 4.3.11. The measureinent items and
methods are shown in Table 4.3.12.

Table 4.3.11 - Numbers of Measured Facilities by Industry ’l‘ype:

Type of Industry Facility Code No. Total
Poods ] 21,34,35 - 3
‘Drinks . | 911,12, 13, 14, 15 6

- Textile 2 18, 26, 27, 28, 31 5
~ Pulp and Paper -~~~ 2,3,4,6,19,22, 30 71
“Chemical ' 20 ' ]
_ Medicine | 17,23 2
. Cosmetics )1 1
. Plastics , ]38 1
__Glass and Ceramics | ' 5,29 2 |
Cement’ S . <7, 8 2
| Tronand Steel b 1
. Baltery e 25 1
Assembling | 24 1
__Electricity Supply 32,33 2
Hotel 1 10 1]
- Total 36




Table 4.3.12  Measurement Items and Methods

Item Measurement Method

Dust, elc. JIS Z 8808 Method of measuring dus! density in exhaust gas
SOx JIS K 0103 Method of analyzing SOx in exhaust gas
NOx JIS K 0104 Method of analyzing NOx in exhaust gas
0, Automatic measurement by (galvani) battery type
CO Automatic measurement by fixed potential electrolysis type
- CO, | Automatic measurement by heat conduction degree operation type

A1) Measorement Resulis

The measurement results by facility and fuel are shown in Table 4.3, 13. The results
are summarized below: '

1} Facility Kind

The facilitics measured include 21 gencrat boilers, 2'uti1ity boilers (pd\vcr plamé,)
6 generalors, 2 cemem kllns, 3 mcltmg furnaces, 1 elecmc arc fumacc and 1
drymg tower. - ' '

- 2) Dust Concentration

" Concentration of- dusl ranges from 0.00061 to 0.93. gfﬁl’N The big differences
in concentration aré due to différences in Lhe1r facﬂnty kinds, Dufmmons of PM
- and Dusl are shown i in Appcndxx 2. 3 ' ‘ '

3} SOx ConCcnlmtion :

" Concentration of SOx is from 25 (o 1,100 ppm in boilers, from 87 (o 100 ppm in
cement kilns, from 37 to 250 ppm in generators, from Non Detection (N.D.). to
- 690 ppm in utility boilers, and from N.D, to I, IOOIppm in melting furnaces, The
- 8Ox levels in boilers using naluml gas cloctric arc furnaces and drymg towers
are ander the detection limit, =

4) NOx Conccmralion o

Concenteation of NOx is from 22 to 162 ppm in boilers, from 105 to 107 ppm in ‘ :
“eement kilns, 18 ppm in drying tower, from 50 1o 410 ppm in generators, fror

105 to 188 ppm in utility boilers, and from N.I). 1o 370 ppm in melting furnaces.
“The fevel in clectric arc fumaces is under the detection Kmit.
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5 0

O, concentration is from 3.0 to 16.7% in boilers, from 10.2 10 [2.0% in cement
kilns, 18.4% in clectric arc fumaces, 19.5% in drying towers, from §.1 to
15.1% in generators, from 5.2 (0 5.5% in utility boilers, and from 8.3 to 20.3%
in mclting furnaces, - |

“Table 4.3.13 Emission Measurement Results by Facility and Fuel Type (1/3)

"Boiler _ (* 4 main industries subject to BAPEDAL emission regulations)
B " Dust 50, NO, O, Amounit of exhaust gas] Kind of Fuel
(glm’_.,) (ppm} {(ppm) %) Feel [Copsumplion
Type of Industry | ~ : Wet Dry
: (i’ /b) | (0’ih) :
2. Papert | o.as L1600 | 147 4.5 13,000 | 11,300 [ MFO | 1,500 U
Jo.Beer - | 0.074 390 162 6.0 3,100 | 2,300 MFO 320 Wh
13. Milk | 0.017 350 s | 6.1 10,600 | 9,300 MFO 708 Mh
- 28, Teniite 0.038 660 | - 98 9.3 | 10400 | 9,200 MEO 458 b -
- [30. Papert 012 | 430 | 67 |' 12.8 | $9,200 | 51,600 | Mro | 1470 ih .
3. Textite . | 025 | 1,100 | 143 6.9 | 3,300 | 3,400 MEO 145 /b -
Dust SO, : NO, ‘ O, ~ tAmount of exhaust gas} * Kind of Fuel o
. | A et | ey _ (ppm) (%) . D Fuel  |Consumption
Typeof Industey {. .+ : - Wet, Dy - Y :
S (m* /b)) | (m*/h) Do
4. Papert | 0.012 170 " | ‘62 | 9.2 | ‘1.400 | 6,400 { DO 271 1/h
6. Paper® 017 | sr | 400 | nis | 8100 | 6700 | Do | sooum .
10. Hoteb | 0.088 73 36° | 167 | 9,000 | 8400 | WO “|s6Uh X3
: : ' K ‘ S : . units
15. Beer 0.021 | 37 72 7.9 2,100 | 1,900 100 162 Ih
Dust’ ‘SO, NO, . G, Amount of exhavst gas] Kind of Fuel
. o | el | (ppm) | (ppm) (%) | Fuel " JConsumption
Type of Industry 1. ' “Wet | Dry ‘
- 3 _ (mh) | (mum)
16. Cosmetics | 0.015 | 82 | st | 30 | s30. | 730 | uso | ‘ssum _ .
17. Medicine 00039 | ND | 22 | 10 1,100 | 1,000 HSD 90 Ifh ﬁ
|23 Medicine | 0002 |98 | 24 6.9 | 4300 | 3900 | mHsD 390 Vh
|24 Mobite | 00048 | 37 146 6.3 | 3,500 | 3,200 HSD' | 1321h
5. Food 0023 | 93 61 10.4 1,200 | 1,100 HSD 50 1/h



Table 4.3.13 Emission Mcasurement Results by Facility and Fuel Type (2/3)
Beiler
- Dust SO, ND, G, Amount of exhaust gas] Kind of Foel
{g/m’y) | (ppm) (ppro) {%%) Fu¢l - jConsumption
Type of Industry Wet "Dry
. (m’y/h) | (w’y/h) .
8. Textile 0.39 62 53 142 | 15,300 | 14,300 | cCoat | 833 kgin
19. Paper* 0.27 %9 - 106 111 9,700 3,500 Coal 240 kgih
DusI: S0, NO, O, Amount of exhaust gas| Kind of Fuel
(g/m’) | @pm) | (ppm} | (W Fuel . {Consumption
Type of Industry ' Wet Doy
. (ny/h) | (m’y/h)
21. Instant Noadld 0.G037 ND 43 7.7 . 2,400 1,800 NG 780 m*/h
27. Textile 0.0050 ND 54 81 4,800 3,600 NG 486 m’/h
34. Instant Food | 0.00073 ND 59 8.3 5,300 ‘4,300 NG 520 m*h
22. Paper® 0.00061] 25 37 10.1° | 3,200 | 2.900 | Xeérosene] 167 L
ement Kiln _ : , ,
Dust St)‘ 1. N, L0, Amount of exhaust-gas] Kind of Fuel
(g/m’y) (ppm) -(PP{Ti) (%} . | Fuel - [Consvmption
Type of Industry o ’ ' - Wet Dry . 1 '
: (md by | (' Jh)
7. Cement*. 012 100 .| 105 10.2 | 561,000 | 470,000 | Coal "|22.000 kg/h |
8. Cement* 0039 | 87 | 107 | 12.0 | 328,000 | 281,000 cCoal {12,063 kg/h
Electric Arc Furnace : - ; _ _
Dust | SG, ‘ND, 0,"  |Amount of exhaust gas| Kind of Fuel
] ery | ppm) | (ppm) @ | ol Fuel |Consumption
Typs of Industry i 5 L wWet ~Dry o o
_ i)y | ety
I. Steel* 0.11 ND ND | 184 23,000 21,200 - -
Drying Tower g
Pust . 80, NO, O, - . |Amount of exbaust gas| Kindof | Fuel |
im*y | ppm) | ppm) | B - - Fuel |Consvmption
Type of Industry - Wet by C
. {(m'y/b) | (@) | .
20. Washing Soap] 0.013 | ND 18 | 195 | 15300 | 14000 usp' | wowun:




Table 4,3.13 Emission Measurement Results by Facility and Fuel Type (3/3)

) Coniparison with the Nation’al Emission Siandards :

Generator
[ Dust SO, NO, 0, [Amount of exhaust gas] Kind of uel
(g/m’y) (ppm) {ppm} (%) Fuct  YConsumplion
Type of Industsy Wet Duy
(' yh) | (’/h)
3. Paper* 0.37 250 410 15.1 6,500 5,900 HSD " 450 I/n
11. Milk 0,012 37 341 9.0 | 2,400 2,200 MSD 144 ith
12. Milk 0.60 98 140 10.2 |- 3.300 3,000 | HSD 150 Mh
14. Milk 0.93 79 150 8.1 - 1,900 1,700 HSD 751h
28. Texlile - 0.029 81 82 13.9 5,800 5,400 HSD [1641h X 4
' units |
36. Plastic & 0.051 42 50 13.1 2,200 2,000 HSD 115 1/h
beather )
Power Plant _
Dust 50, - NO, "0, . |Amount of exhaust gas] Kindof - Fuel
(glni’,,_) "(ppm) (ppm) A%) ) : Fuel = [Consumption|;
Type of Industry : ' Wel Dry '
, (' by | by
32. Power Plant . 690 188 . 5.5: | 977,000 | 874,000 | MFO | 26,000 Vh
33, Power Plamt | 0.0040 | ND “105° | s.2 hass,000fi,000.000] NG |47,500 m¥n
* Melting Furnace o ;
Dust S0, ‘N0, 0, - {Amount of exhaust gasf . Kind of Fuel -
: ; g/’ | (ppm) {. {ppm) %y o ' " Fuel " [Consumgtion
Type of lndistry | L ' S Wet | By N
C L . sy |l =
5. Glass 0.13 370 . 370 | - 8.3 60,800 | 54,700 | MrO | 1,200 1n
35 Baiery | 0.017 | 'ND ND | 203 | t300 | 1,200 -
29. Glass Sheel 0.33 1:100 91 10.2 | 61,400 | 52,700 MFQ 11,600 V/h

: 5[)unng the Study, spot dala one datum for onc famhly. were obtained through
‘cooperative cfforts of the Indoncsian coumerp"arts and the Team members. Although

"_thc Sllpulauons of Dccrcc KEP-13/MENLH/3/1995

request

continuous or

‘substantially frequent measurements of all parameters including particulates, the
camparison with the emission standards is carried oul on spot data. The comparison

- ratios obtained are given in Table 4.3. 14. Generators (Gener) found in faclories and
. offices of Jabotabek are classificd as Power Boiler Sources in the table.
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B Facility | Sources TSP - S0, - . NOx

Calculation of the ratio is straightforward, assuming that alt gases concerned comply
with the Ideal Gas Law. Following are cquations applicd to calcutate the ratios.

Gas Zppnr to Y mg/m’s at Oy, : Y = ZXMWX273/(22.4X298)
MW = 64 for SO,, and 46 for NOx
s:Gas @ 25TC, 1 am.A
_ n: Gas @ 0T, 1 atm A
TSP X mg/m’ at O,y t0 W mg/m’s at Oy, 0 W =XX273/298° o
" Oxygencorrection 1 Y' (of WY mg/m’s at O, = Y(or W)X (21 - 0,;,) / (21 - Oy
' O, : 0, %vol when measured
O, : 0, %vol specified in the Decree
Where no‘()2 cortcction given in lhé Decreet Y (or W)=Y (or W)
Ratio = Y’ (or W'} + Maximum Limit specified in the Decree (mg/m’) |

As shown in Table 4.3.14, 3 facilities for SO, and ! facility for NOx of the 7
facilities in pulp & papé'r industries have concentralions ¢xcecding the - natiopal
emission standards. Also 2 facilities for TSP and 4 facilitics for SO, among the 26
facilitics in all other industrics have cancentrations cxceeding the cmi§si_0n st:anda'rds.

~ Table 4.3.14 ~Ratios of Measured Data to the National Emission Standards

- (Ratioover L0 = excccdin_g the standa;ds; Only one spot'mcm_u'rcn'icnt)

Iron and Steel Industrics _

No. : _
1. |BAF 0168 - ..

Pulp and Paper Industries

Facitily | Sources TSP NOx |Facility[Sources TSP~ SO,  NOx
No.~ | _ | Nes o ‘
2. | Boiler 120360 0168 | 3. | Gener: 10.339 ¢ 1395 1307 |
4| Boiler 0027 0440 0.099 | 6 | Boiler 0574 0183 0079 [
19 | Boiler  0.618 0.305" 0.201 | 22 | Boiler 0.001 0070 0.064 |
30 | Boiler  0.469 1,602 0.154 | B




Cement Industries

F?acility Sources TSP SO, NOx |Facility|Sources TSP SO,  NOx

Na. _ No.

L 7 Kiln 095 0226 0.143 8 Kiln 037 0.236 0.174

All Other Industrics - (Without O, correction)

Facility| Sources TSP 8O,  NOx |Facility|Sources TSP S0, NOx
No. : No.

ST MeILE 0328 0 0.712 0.431 9 | Boiler  0.169 0681 0.179

10 | Boiler 0202 ¢ 0.127 0.040 | 11 | Gener  0.027 0.065 0377

‘12 Gener :

0.155 13 | Boiler  0.039 0611 0.125

14 | Gene

0.160 15 | Boiler 0.048 0.065 0.079

16 Boer 0,034 0.143 0,056 | 17 | Boller 0.000  0.000 0,024

18 | Boiter 0.893 0.108 0050} 20 | Dryer 0.030 0000 0.020

21 | 'Boiler 0.008 0000 0048 | 23 | Boiler 0.027 0.170 0.026

- 24 1 Boiter - 0.011

C 0062 F 25 f MeltF 0.039  0.000 - 0.000

26 { Boiter 0.087 :

52 0.108 27 | Boiler 0.011 0000 0.060

T8 | Gener  0.066 0.141 0.091 | 29 | MellF  0.802

- 0.101

31 Boiler ~0.573 &

0 0.158 32 | Boiler  0.000 0.208

33 | Boiler -0.009 0.000 01161 34" Boiler  0.002  0.000 = 0.065

35 Beiler 1 0.053 " 0.162 - 0.068 36 | Gener 0.117 Q073 -0.055

(3) Major Findings from the E111i3$i§)n Measurcment |

~ According to the ‘results of the. above-mentioned 'nieasurcmcm some emission
tendencies related to slahonary sources in Jabolabc‘k could be gcncraliy summanized

as bclow

Fuels for boilers can be classificd into MFO, IDO, HSD, coal and NG. '_I‘Iie largé.r';

scale boiler facilities have significant adverse impacts on air, since they usually not

only use MFO conlaining much sulfur but also consunic it 10 a great extent In
+ particular, concentrations of dust and SOx are high. On the other hand, the boiler -
~ facilities in smaller scales have given low conccmrahons of dust and SOx, as they .

- use HSD.

-1 As for the facilities consuming NG, concentration levels of dust and SOx arclow so

~ that their impacts on the air are considerably small. However, an appropriate

management for fuel combustion control is still desirable for these facilitics. It is
because their - NOx-concentration levels largely differ depending on  applied

~ combustion methods althotigh the results from the current measurement do nol
* indicate such large concentration figures.
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High dustNOx-concentrations are found for the facilitics with dicsel generators, -
“even though they use HSD as fuel, This is because their combustion systems arc
diiferent from those of the boiler facilities. '

The glass melting furnaces show high concentration levels of dust and SOx, since
they also use MFO. ' '

4.3.3  Alr Pollutant Emissions froin Factories

- (1) Outline of Estimating Method

BAPEDAL and the Team obtained r'csponseé from 91 factories to the questionnaire, ‘
However, as shown in Scction 4.2, consuraption of HSD, 1DO, kerosene, natural '
gas and LPG by the responding factories did net fully cover their total co'nsump_lio'n
by all the factories in Jabotabek. Emissions from “unsurveyed factories” by -
‘combustion of the remaining amounts of these fuels were estimaied s shown in
Figure 4.3.1. | ' '

Emission from | Total fuel = - .| Total fuel |
questionnaire -| consumptionby | : | consnnption by
factories questionnaire -} factoriesin

: | factories . PJabotabek -

“Total fuel
consumption by
unsurveyed
factories

Emission from
unsurveyed
factories

Total emission
from factorics

Figure 4.3.1 Procedure for Estimating of Total Emission from
Factorles in Jabotabek
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" (2) Estimale of Emissions from Faclories Responding to Questionnaire Survey

)

2)

Setting of Emission Factors

Emission faclors were determined from the results of the flue gas measurement
and published emission factors in USA and Japan. The results of the fuel
analysis were also used. The emission factors for SOx, NOx and PM are shown

_in Appendix 3.2.3.

Estimated Air Pollutant Emission

Estimated cmissions from factories of SOx, NOx and PM by facility type are
shown in Table 4.3.15. For SOx, boiler (mainly utility boiler) is the biggest
polluter. For NOx, gas turbine, cement kiln, combined cycle and utility boiler are
the major polluting facilitics. For PM, cement Kiln, gencrator and electric furnace

are the major conuributors.

" Table 4:3. 16 shows emissions by industry. For SOx and NOx, electricity supply
- -industry is the biggest polluter. For PM, cement, fron and steel and textile

industrics arc the main contributors.



Table 4.3.15  Air Pollutant Emissions by Facility Type

(Unit : tonfyeary
. - PM ]
Facility Usage S0x NOx before after
frealment freatment
Boiler utility 15,096 3,027 690 207
general 3,171 659 L2921 272 )
subtotal 18,267 4,286 982 479
Generator utility 1,427 1,495 1,507 1,507
" Diesel enging fire punip 0 . 0 0 -0
Gas lurbine “utility 0 11,038 3 371
Combined cycle utitity 0 5,423 182 182 |
Electric furpace iron scrap - 14 41 8,344 1,48'3'
“Melting furnace glass 4,969 644 468 468
zinc 5 1 0 R
‘aluminum 2 1 Q Q
lead 0 1 0 0]
. sublofal 4,976 647 468 468
| Rehealing furnace biltet 228 50 9 9
Heat (reating furnace .| _glass 0 4 0 0
' aluminum i 1 0 0 |
subtoial i 5 9 9
‘Absorption facility sulfuric acld 515 8 ~ 0 )
Burning Kiln cement 6,379 5740 | 40,183 2,009
' tile .0 0 ‘ol 0
ceramic ware .0 F 1 -3 3
. * subtotal ; 6,379 | 75,751 40,186 | 2,012
Oven food - 1 ol 0 0
| _plastic materials 0 1 0 0
_subtotal 1 s ‘0 0
Dryer - paint baking . i 01q 0 0
o detergent ' =5 5 6 1
clay 0 46 47 47
subtotal 6 51§ . 33 43
Total 31,817 | 28,796 1 . 52,102 6,560



Table 4.3.16  Air Pollutant Emissions by Industry Type
(Unit : ton/ycar)

PM
Indusitry SOx - NOx before alter
tréatment {reatment
Foods 5 9 T I
Drinks . 163 82 52 52 |
Textite 2,506 1,493 1,418 1,398
Pulp and paper 873 310 148 143
Chemical 572 20 9 6
Medicine T 4 3 3
Cosmetics P 73 I 7 4
Pesticide _ 0 0 -0 S § I
Plastics 39 49 42 472
| "Shoes 37 14 | 1 1
Glass and ceramics 4,972 707 521 521 -
Cement Co © 6,379 5,740 . 40,183 - 2,009
fron and steel . - , 245 91 8,353 1,492
Battery " : - 8 Lo 2 o 1 -0
-Assembling o 734 144 - 103 103
"1 Eleclricity supply 15,096 . 20,088 1,242 760, _
"Hotel T 45 16 5 s &
"Office building 13 | 14 14 14 -
© Total 31,817 - 28,796 52,102 6,560

(3) - Total Air Po;llutant:Emissiohs in Jabotabek N
1) Air Pollutant Emissions from Unsurveyed 'F_aclorics

As shown in Section 4.2.1, there are many unsurveyed factories. As a resull,

consumgption of HSD, 1DO, kerosene, natural gas aiid LPG in Jabotabek was not

fully covered by the questionnaire survey. Here, in this Study, emissions front

_ ﬁns‘urvcyed lactories w'ere_ésﬁmated by using the ratio of fuel conSumptibn ' ,

'\ betveen _u_nSurveyed and:'s:urv_cyed factories {cxcluding elecleicity supply and - §
¢cement indusirics), The estimated emissions from unsurveyed factories are .

11,000 tons for SOx, 8,000 tons for NOx and 7,000 tons for PM (Table .

4.3.17).. '
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Table 4.3.17 Estimated Air Pollutant Emissions. from Unsurveyed

Factories
Surveyed
Fuc} 1iSD | IDO*1 | Kerosene | Natural*2 | LPG | Total
{kl/ycar) | (ki/year) | (kl/ycar) . gas (tonfyear) :
: {1,000m’/ycar) E
(A | 295,886] 127,371] 894 303,815 559
Emission | SOx’ 1,347 1,100| 1.70 0 0 2,449] .
(towycar) [ NOx 1,429] 299| 1.24 256 0.67] 1,986
{B) PM 1,403 214 0.01 56 0.47 1,673]
Unsurveyed —
Fucl HSD IDO Kerosene Natural . | LPG. “Total
: gas
(©) 1{1,224.184] 610,804 16,581 681,938] 76,612
Emission | SOx 5,573 5,275 32 - 0 0] - 10,880
(ton/ycar) | NOx 5,912 1,434 23 575 021 8,036
(D) PM 5,805 1,026 0 126| - 64 7,021

" Now:D=C/A*B

- 1 IDO excludes consumgtion by cemem'indusuy - _ _
*2  Natural gas excludes consumption by cement and clectricity supply industries

~2) ‘Total Emissions from Factories in Jabotabek

Totat emissions by three industrial types (electricity supply, cement and other

' industrics) are shown in Table 4.3.18. The annual total emissions from factories

© in Jabotabek are 43,000 tois for SOx; 37,000 tons for NOx and 14,000 tons for
CPM. | . ~ o

~Table 4.3.18  Total Emissions from Factories in Jabotabek (1995)

: (Unit : tonfyear)
- SOx 'NOx : PM
Electricity Supply 15,096 20,088 760
Cement 6,379 - 5,740 2,009
- | Other 21,222 ©: 11,004 10,812
| Total -~ 42,697 - - 36,832 - 13,581 -

' Figures 4.3.2~4.3.4 show the shares of electricity and"cement industries 10 the

total emissions. For SOx, the share of electricity supply industry is 35% an:d that
of other industries is 50%. For NOx, electricity supply industry’s share is 54%
and that of other industries is 30%. For PM, the share of cement industry is 15%
and that of other industries is 79%.
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supply
35%

Other
50%

Cement
15%

Figure 4.3.2 ~ Shares by Industry te Tofal SOx Emissions

Other
30%

Cement
C16%

. Figure 4.3.3 - Shaves b:y'lll'nduslry to Total N:O-x: Emissions
 Electricity
supply
6%

- Cement
15%

Other
79%

Figure 4.3.4  Shares by lhdus!ry to Total PM Emissions
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3) Regional Distribution of Air Pollutant Emissions from Factorics

Regional distribution of the emissions from factorics was estimated by the
procedure shown in Figure 4.3.5. In this Study, emissions from unsutveyed
factories were evenly apportioned in Jabotabek arca because of sufficient data
on industrial Zones in Botabek and factory distribution in Jabotabek. It should be
noted that emissions from commercial activitics were included in those from
factories. Basic data on factorics nccessary for air dispersion s:mulaﬂon are
shown in Appendix 3.2.4,

The estimated regional emissions of SOx, NOx and PM arc shown in ‘Table
4.3.19. The share of each district to the total emission is shown Table 4.3.20
and Figures 4.3.6. t0 4.3.8. For SOx, the share of DK Jakarta is the highest at
49%, followed by Bogor (30%). For NOx, DK1I Jakarta’s share is the highest at

58 followed by Bogor (27%). With PM, Bogor's shan, is high at 41% and lhat :

of the other districts is about 20%

Surveyed factories

Unsuryeyed factories

f_acilities

Emission from -

Location of
stacks ‘

Total emission from

unsurveyed factories

Location and area

1 of districts

l“mlssu)n in mcshes
and dlS{rlClS ‘

Figure 4.3.5 Procedure for Calculation of Regional Pollutant Fnussions :

.

Emission in meshes
and districts ~

- | ' Total emission from faclores
- | in meshes and districts

from Factories
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Table 4.3.19  Air Pollutaht Emissions from Facteries by District (1995)

: (tonyear)
District Sources SOx NOx PM
DRKT Jakarla Questionnalire 19,320 20,720 1,649
Unsurveyed 1,055 779 681
sublotal 20,875 21,499 2,330
Bogor Quesiionnaire 7,413 3,071 2,168 1
Unsurveyed 3,139 3,796 3,316
sublotal 12,552, 9,767 5,484 -
Tangerang Questionnalre 2,543 1,538 1,421
Unsurveyed 2,182 1,612 -~ 1,408
subtolal _ 4,727 3,150 2,829
Bekasi ‘Queslionnaire 2,039 567 1,321
Unsurveyed 2,504 1,850 1,616
sublotal 4,543 2,417 2,937
Jabotabek Queslionnaire 31817 28,796 6,339
Unsurveyed 16,879 8,036 7,021
Tolal 42,697 36,833 13,380

Table 4.3.20 Shares by District to Total Emission.s. from Factories (1995)

- District - SOx ¢ ] NOx PM .
DKI Jakarta 489 . . 584 ; 17.2
Bogor - 294 S 265 404
“Tangerang 1i.1 ' ' 8.6 . - 208
Bekasi 10.6 6.6 21.6

- Bekasi
11%
Tangerang - .
11% '

Figure 4.3.6 .-

Shares by District to Totat SOx Emissions from Factories
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4.3.4 - Air Pollutant Emissions froms Households

0]

~estimated from “Proyksi Penduduk Indonesia per kabupaten/kotamadya 1990-2000”

@

Population

Table 4.3.21 and Figure 4.3.9 give the regional population of Jabotabek. Total
population is 20 million and 45% of them live in DKI Jakarta. These figures were

(Ref. 209) and “Kabupaten Bekast Dalam Angka 1994” (Ref. 154).
Fuel Consumption

Total fuel co'n'sumplion by houscholds in-Jabotabek in 1995 is shown in Table
4.3.22. Total annual fuel consumption is 2.2 million ki for kerosene and 156,000
tons for LPG (sce Seciion 4.2).

~ Table 4.3.21  Regional Population of Jabotabek in 1995 o

(Unit : 1,000 persons)

District ~ * 1995
DKJJakada ~ |Barat | 2,1433
JPusat 9621
Utara Sl 01,5588
Selatan : . 2,019.6
" timor P 2,378.7
_ B [ sub-total 9,062.5
Bogor . {Kota : 287.4
| Kabu 4,477.1
Sub-total 4,764.5
Tangerang - | Kota 1,190.1
' Kabu . 12,404.9
-, | Sub-total 3,595.0 e
Bekasi - | Centeal (*1) N - '898.9 o - :- "§*
- - other | - 1,839.6 . -
_ . | Sub-total 2,738.5
Jabolabek - Total ' 20,160.5

Note: #1  Central part of Bekasi includes Timur, Selatan, Barat, and Utara,



Bekasi _ DKI Jakarta
- 45%

Tangerangf =
18%

Bogor
24%

| ;'Figure 4.3.9 Regional Population and Emission Dislnbutnon in Jabotabek _
' in 1995

.Ta!.)le 4.3.22 Annual Fuel Consmnptlon by Househokls in Jabntabek (in

31995)
: Fuel | Annual consumptioﬁ
| Kerosene 2,209,665 k1
LPG. . : '1'55,99{) tons

(3} Daily Fuel Consumption Pa_tténi :

-~ Survey on daily fuel consumption pattern in a weck was conducted on 11 families
cach with more than 4 persons in BAPEDAL. Figure 4. 3.10 shows their average
consumption patiern in a day. There are 3 peak hme zones: 7 am. (40 mmules),

| Lp m. (25 mmutes) and 6 p.m. (30 mmutcs)
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(4)  Estimate of Air Pollutant Emissions from Households

‘Ihe emission factors used for SOx, NOx and PM are shown in Table 4.3.23.

Table 4.3.23 Emission Factors for Households

- sox | wNox | PM ~ Source
Kerosene 191) 210 0.286 kg/kl | Fuel analysis
LPG 00 | 206 0062]| ket USA(*1)

Note (* )] Souroc OOMPILATIOV OF AIR POLLUTANT EMISSION FACTORS
© Yolume | : Stauon:u-y Poml And ArcaSources (Ref, 208) :

“the emissions from ho‘uscholds as calculated from the values given in Tabléé 4.3.22

- and 4.3.23 are shown i in Table 4.3. 24, I‘olai annual emissions from househoIds are
4,000 tons for SOx, s 000 tons for NOx and 600 tons for PM.

- Table 4.3.24 Tol'nl Emissions from Houscholds (1995)

(Uml ton/y ca:)

o SOx | Nox | PM

kerosene 4200  4a6t0| 63
LPG - X 321 10
Total | 420 4,962 642
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(5) Regional Distribution of Air Pellutant Emissions from Houscholds

Figure 4.3.11 shows the procedurc for estimating the regional air poliutant
cmissions from households. Table 4.3.25 gives emissions by district. The share of
DKI Jakarta in the total emission is 45% for each pollutant (refer to Figure 4.3.9).
Basic data on houscholds necessary for air dispersion simulation arc shown :in
Appendix 3.2 4. '

% S

Table 4.3.25 Regional Air Pollutant Emissions froir Households (1995)

(Unit ; ton/year

District SOx: NOox | PM
Jakarta Barat 449 527 68
Pusat 7 201 237 31
Utara - 326 - 384 50 |
Selatan | a3 497 | 64
“Timuor 498 | 585 : 76 |
o | Sub-total 1,897 2,230 | . 288
Bogor | Keta = | 60 FT
T S o Kabw | 931 102 | 142
| | fSwbotat | 997 [ 13 | 152
- Tangerang _ ‘Kota . 249 - 293 .38
- | kKabe | se3 | 592 T
_ “Sub-total 753 | - 885 114
Bekasi T cewax | 188 2t | 29|
| o lomer | 385 a3 |50
_ | Sub-tolal 513 674 87
Jabotabck Total L 4,220 - 4,962 642

Note : Central part of Bekasi includes Timur, Sefatan, Basat, and Utara
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4.4

4.4.

(H

Ewmisslon from Mobile Sources
1 Air Pollutant Emissions from Automobiles
Qutline of Air Pollutant Load Estimate

The procedure of estimating air pollutant emissions from automobiles is schematized
in Figure 4.4.1. The estimate of air pollution load from automobiles is divided into

two categories, major roads and minor roads. The basic concept of esumatmg air

pollutant load is common for both categories and is as fo]!ows

Pollutant Emission Load == Running Kilometers X Em;ssqon Faclorsr

Influencing pasameters for emission factors are f(raveling speed, engine type .

" composition and so on. The running kilometers are estimated by the following

equation for the major road traffic,

Running Ki_lonjetcfs = T:afﬁcf_\:folu_me_ X Road Length

 The OD data-based method was used in thxs Study for osumahng mnnmg kilometers

on minor roads. In the estimate of air pollution emissions, the existing data and

o 'mformatwn and results of some supplemcmal field survcys were fully utitized, Mosl _ |
*of the cxisting daia were espccrally colleclcd for this Study.. 'Ihe major basic dala and
‘ thelr sources are listed below. ) :

- Traflic Volﬁme: . Original Data and Existing Data of Binkot

- OD data: C Exiﬁting Data of the other JICA Study -
- Road Network: Original Data made from existing maps
- Emissioh factors: _ Existing Data in Japan and the USA
: SR o _ (Data of Indonesia for chieck and co:hparison)
- - Traveling Speed: Original Data and ex:stmg dala of the other JICA
C ‘Study :

- Engine Type Composition: Existing Data form GAIKINDO PASMI and

" others

4-37



Minor Road

Major Road
Major Road Network and 33,5) 12l L?]Shzﬁ?:: &
Road Length Data - Traffic Pattern

l QP Data Based Method

' Major Road Traffic Volume
- (Link, Vehicle Type, Time)

‘e —

5 — ' -
Running Kitometers . - Running Kilometers
(Link, Vehicle Type, Time) - (Mesh, Vehicle Type, Time} -
i --———— ° Emission Factors_ _ P>
: (Link or Mesh, Vehicle Type) - .
~ . CO,NO, HC, SOx, PM
-Traveling Speed a B : | i - %
- Gross Vehicle Weight S ' C >

- Engine Type Composition
- Model Year Compaosition etc.

34

e Y ' RN L R
Air Pollution Emission Load. - S Air Pollution Emission Load’
from Major Road - - C : © .| from Minor Road
{Link, Vehicle Type, Time, (Link, Vehicle Type, Time,

: Pollutants) '

Pollutants) e

R e

[ - Air Pollution Emission Load from Automobile l

e @

© - Figure 4.4.1 ‘Procedure for Estimation of Pollutant Emission from Automobile
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2

Field Surveys
‘The following surveys were conducted in this Study.

- Traffic Volume Su rvey
- Fraveling Speed Survey
- Simple Emission Test

Traffic volume survey and traveling speed survey were conducted to obtain the basic
information for the polhyiant emission estimate, and simple enission test 10 check the
currént situation of vehicle emission at idling.

© 1) Traffic Volume Survey

Caontents and Specification

* Traffic counting was conducted at 50 points as shown in Figurcs 4.4.2 and
~ 4.4.3 to determine traffic volume by time, point, and vehicle type. 'lhese pmnls
were divided in the following three groups: |

- 30 points on major roads in daytidtc (6:00 - 22:00) on'o'ne weekday
10 poinls on major roads in' a whole day (6 00 - 6:00) on one weekday and
© one holiday
< 10 pomts on mmar roads i in dayumc (6 00 22: 00) on one wcckday

The fol!owmg 10 catcgones of vehicle lypes were used for ths Study and
3'subscqucm cshmate of pollulamennssaon -

| Lo Mmorcyclc&'lhrea} whccl_cr a‘ssengcr car

STaxi - Microbus
- Bus : _ - Van
- Pick- -up tuck _ - 2-axle tuck

3 axle or more lruck & lrallcr - = Other (with engme)
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Characleristics of Traffic in Jahotabek

Total traffic volumes by point are shown in Table 4.4. 1. The traffic volume on

Jend. Sudirman (Point 4) is highest with nearly 200,000 vehicles within 16
hours on a weekday. The traffic vo!umcs on M. H, Thamrin (Point 3) and
Casablanca (Point 5) are also morg than 100,000 vehicles.

Survey points are classified into six groups according to the adminisirative arcas
and road classification. Figure 4.4 .4 gives the vehicle composition by group.

- Share of microbuses is as high as 25.8%, while shares of motorcycles and
* passenger cars are 17.3% and 14.6% respectively in Bogor.

Share of taxis is as high as 8.3% on major roads in DK1 Jakarta.

BMciorgycle

‘Figure 4.4 .4 -Vehiclg Cemposition

Hourly ﬂuctuauon of traffic by point is given in Appcndnx 3.3.1. Since 24-hour
traftic counting was conducled at 10 points, the ratio of 24-hour trafiic versus
16-hour can be calculated fi rom them Ratios are in the rangc of 1. 07 lo 1.20 and

the averagc ralio is l i2.

Fluctuation of traffic was calculated from traffic counting resulis on weckdays

and on holidays. Ratios of traffic volume on a holiday versus that on a weckday

are in the range of 0.54 (0 0.95. Those in the core arca along the roads M. H.
~ Thanwin and Casablanca are less than 0.6.
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Charactenistics of Traffic in Jabotalek

Total traffic vohunes by pomt are shown in Table 4.4, 1. "The tratTic volume on
Tend. Sudirman (Point 4) s highest with ncarly 200,000 vehicles within 16
hows on a weekday, The traffic volumies on M. H. Thamrin (Point 3) and

Casablanca (Point 8) are also more than 10,000 vehieles.

Survey points are classificd into six groups according o the administrative areas

and road classification. Figure 444 gives the vehicle composition by group.

- Share of ‘microbuses is as high as 25.8%, while shares of motoreycles and

passenger cars are L7235 and 14.6% respectively in Bogor,

- Share of taxis is 48 high as §.3¢ on major roads in DK Jakata.
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Figure 4. 4.4 Velicle Composilion

Heourly tluctuation of taltic by point s piven in Apperdix 3,31, Since 24-hour
traftic counting was conducted at 10 points, the ratio of 24-howr tralfic versus
E6-hour can be calcalated from theny, Ratios are jo the range of 1,07 w .20 and

the average ratiois 112,

Flucteation of traffic was caleolated from galfic counting results on weekdays
and on holidays. Radios of tradlic volume on a holiday versus that on a weekday
are in the rnge of (.54 to 0,95, “Those in the core arca along the ramds M.

uunrn and Casablanca are less than 0.6,
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Table 4.4.1 -

Traffic Volume by Point (1/2)

Peint Road Name Place Name Tralfic Volume {(Vch.)
(Kecamatan/Kabupaten) Weekday-16h] Weckday-24hf Heliday-24h
1 |Sutan Syahrir+Prof. Moch.Yaminf Menteng/Takarta Pusat 22,501
2 |Imam-Boajol Menteng/Jakarta Pusal 26,142 _
3 |MHThamgia Menteng/iakata Pusat 133,809 148,184 86,004
4 1Jend. Sudirman __|Tanah Abang/Jakarta Pusat - 194,452
5 |Casablanca N Sctia Budi/Jakaria Selatan 104,913 112,194 60,238
6 |Pluit | Penjaringanfakarta Utara 11,809
7 - |Pulo Buaran Cakung/Jakaria Tinwr 10,742
8 |Serpong Raya Serpong/Tangerang 12,774
9 | Tol Prof. Sediyatmo PenjaringaniJakarta Utara 26,699
10 |Tol Jakarta-Merak Kembangan/}akaria Baral 53,778
11 |Tol Jagorawi MakasadJakarta Timur 69,236 o .
12 | Tol Jen. S. Parman PalmeralyJakarta Barat 966321 103672 £0,738
13 |(Cipayung) "|Cisarva/Bogos 24,374 ]
14 [(Ciawi) Ciawi/Bogor 21,616
15 [Bogor Raya Cibinong/Bogor . 28,829
t6 |(Karangasem Tim.) - | Citeureup/Bogor 12,162
17 |Pajagalan - Semplak/Bogor 5,560
18  |(Sukaresmi) Semplak/Bogor 24,198 27,142 © 25,855
19 | Sencang Blok All Bogor Tengah/Bogor 8,712 i - :
20 |ir. H. Juanda .| Tambun/Bekasi 24506 - 29378 26,178 |
21 | Tol Jakara-Cikampck Tambon/Bekasi 54,120 : :
22 |Komodo . " | Bekasi Sclatan/Bekasi | - 6,933 -
23 1Serang Raya Balaraja’Tangerang 17,156 '
24 |Tol Jakarta-Merak Balamja/Tangerang 11,620
25 |Palem Jatinwung/Tangesang 6,640
26. |AriaPutra® Ciputal/Tangerang : 15,948
27 Melawd S Kebayoran Banu/JakartaSclatary - - 28,252
28 [Kebon Kacang Tanah Abang/lakartaPusat |~ 16,405
2% |Kebon Bawang | Tanjung Priok/Jaketa Utzra - 1,580 {.
30 |Kartika Utama Kebayoran Lamaflakata 4,891
_ ‘ Selatan L '
31 {Jatipura Pondok Gode/Bekasi 7,181
32 |Gatot Subrdto Tanah Abang/Jakaita Pusat - 74,778
33 |Daan Mogot Grogol Petamburan/)akarts 51,553
. Barat '
34 |Dr, Latimeten - | Tambora/}akarta Barat 99,710 _
35  |R. E. Martadinata Pademanganffakara Utara 41,461 - 46045 30304
36 | Danau Sunter Barat Tanjong Priok/Jakarla Utara 24,099 ‘ I
37 |end. Achmad Yani Cempaka Putih/iakaria Pusat. 83,308 63235 - . 80,628
38 |Bekasi Raya Pulo Gadung/lakarta Timur 39,981 : o
39 - |Pahlawan Revolusi "I Duren Sawit/fakarta Timur - 16,147 . L
40 |Pondok Gede Raya Cipayung/Jakarta Timue 16,763 41,857 | - 34474 |




Table 4.4.1  Traffic Volume by Peint (2/2)

2) Travel Speed Survey

~ Contents and Specification

Point Road Name Place Nane Traffic Volume (Veb.)
(Kecamatan/Kabupaten) Weckday-16h| Weekday-24h Ho]iday-zdh_
41 Manpang Peapatan Mampang Prapatang/Jakana 39,273
Timur
42 | Asteri Kebayoran Lama-Pondok - | Kebayoran Lamaffakarta 59,879
Indah Selatan
43 |Ciledug Raya T Ciledug/Tangerang 39,027
~ 44 1Sultan Hasanuddin Kebayoran BarufJakarta Selatan 60,634 ,
45 |Bekasi Timur Raya Jatinegara/lakana Timur 81,087 80,785 73,726
46  Y(Harapan Jaya) "|Bekasi Utara/Bekasi 32,163
47 |Hamkam Raya “HJati Sampurna/Bekasi 14,108
48 {Tanjung Barat+Lenteng Agung |Jagakarsatlakarta Selatan 75,081
49 1lombang - Ciledug/Tangerang 15,006
50 §Kamwaci Raya TangerangfTangerang 14,813 16,337 © 14,302
Table 4.4.2 Characteristics in Traffic Volume
= _ Traffic Volume (Veh.) Ratio
" |Point} ~ Road Name Area Weekday|Weckday | Holiday ! 24h Holiday
1 _ i16h 24h 24H 16h |Weekday
3 |MLEHL Thamtin DKI Jakarta | 133,8091148,184 | 86,004 | 1.11 | 0.58
5 [Casablanca [ 104,9131112,194 | 60,238 | 1.07 0.54
35 |R.E. Martadinala 41,246 46,045 [ 30,304 1.12 0.66
37 Hend. Achmad Yani | 83,308 93,235]| 80628 | 1.12 | 0.86
40 |Pondok Gede Raya 36,763 | 41,857 34474} 1.14 | 0.82
45 |Bekasi Timur Raya 81,087 89,785 73,726 | 1.11 0.82
12 :{Tol. Jen. S. Parman |DKI (Toll Road)|: 96,6321103,672 | 80,738 | 1.07 | 0.78
18 [(Sukaresmi) = - |Bogor 24,198 27,142 25,855 | 1.12: | 0.95
50 [Karawaci Raya _~ |Tangerang 14,813] 16,337 | 14,302 | 1.10- | 0.88
20 |ir, H. Juanda ' [Bekasi 24,506 29,378 | 26,171 1.20 | 0.89.

N S‘_in‘oc the average travel speed is one of the factors determining the emission
amount of motor vehicles in operation, travel speed survey has been conducied

- along the five typical ‘routc's in the Jabotabek Area (Rigure 4.4 5). 'Ihe survey
“was done thice times {morning, daylime, and ¢vening) on one weckday and

- once in daytime on a hotiday per direction and roule,
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Characteristics of Travel Speed in Jabolabek

Results of travel speed survey are given in Appendix 3.3 .2 and summarized in
Table 4.4.3. Characteristics obscrved by the travel speed survey are described

below:

- In the morning, travel speeds on major roads from all directions (Bogor,
Tangerang and Bekasi) {o the core area of Jakarta are Tess than 20 knv/h,
- In the daytime, travel speeds on major roads toffrom all directions except to

Bekasi are less than 20 knv/h.

- In the evening, travel speeds on major road from the core area of Jakarta to all

direciions are less than 20 knvh,

- Travel speeds are more than 60 knvh on tell roads free from congeslion.

-~ Average lravel speeds on a holiday are higher than those on a weekday.

Table 4.4.3 Summary of Travel Speeds

Average Travel Speed (km/h)

'3) Simple Emission Test

Contents and Specification

Roule Direction

Weckday Holiday

. [Morning] Daytime}Evening | Daytime

I - {Major Road toffrom Soulh To South | 23.1 14.8 93 | 261
(M H. Thamrin, Jend, Sudirman etc.)|From South 15.1 | 17.2 22.6 22.2
IT: [Major Road te/from East To East 22.3 22.7 1 163 27.6
.. |(Bekast Raya etc.) From East 1351 198 | 21.2 | 247
HI [Major Road to/from West - To Wed - 19.9 18.9 |- 17.7 ‘22.8
. (Daan Mogot etc.) FomWed { 141 | 125 V124 207
IV |Toll Road ' To East 1 63.3 53.9 40.6 68.1
- |(Cawang Tomang, ;akana From East | "41.1 60.3 1 252 ] 674
Cikampck) - . , n :

Vo [Minor Roads in Pondok lndah - 31.0 -

1 308

~‘To investigate the state of maintenance of existing vehicles, a simple cmission

 test was conducted on vehicles with gasoline engines and diescl engines. Carbon
' monoxuie (CO) and llydrocarbon (HC) were measured for gasolme engines and

Black Smoke was measured for diesel engines.

' "To collect enough samples, (he measurement was conducted for seven days at
parking lots and inspection places with the cooperation of the counterpart staff
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from BAPEDAL and LLAJR. During these periods, 142 gasoline engines and
135 dicsel engines were measured in all. Vehicle gas meter and diesel smoke
meter are provided by courtesy of EMC. The detailed results are given in
Appendix 3.3.3.

The Indonesian and Japanese standards for existing vehicles arc shown in
Table 4.4.4.

“Table 4.4.4 Indenesian and Japancse Standards for Existing Vehicles

ltems Indoncsian Standards i Tapancse Stamjarda
Jfeo Upto 4.5 % Upto 4.5 %
HC Up to 3,000 ppm (2-Wheel, 4-Stroke)
Up to 2,400 ppm (2-Wheel, 2-Stroke) ‘
Up to 1,200 ppm (4-Wheel) Up to 1,200 ppm (4-Wheel, 4-Stroke)
) _ Up o 7,800 ppm (4-Wheel, 2-Stroke)
Black Smoke [Nomorethan 50 % No miorg than 50 %

Rcsults énd Findings

o Measureinent dala were compared wuh lhe above standards, No inspection was
‘ :conducted for motoruyclcs in Japan and the standard of HC for motor’ vehicles
: éwuh 2-stroke engines and the standards of CO were applied as a reference. The -
calegory of motorcycles includes bajaj, bemio and scooter. The category. of -
 passenger cars includes sedan and van for passenger use. The trucks cquipped
. with engines of more than 4,000 ccare i'n(_:i‘u(:!ed in the calegory of large trucks..

* “The lindings from the siniplc emission test are as fo]'lows:

- - 50 % of gasoline vehicles exceed lhc CO standards
- Around 20% or 30 % of gasolmc vchlclcs excccd the HC standards and
especially motorcycles and small/medium buses have a high HC value,
- Around 20' % of diescl wh1cles exceed the Black Smoke standard with buscs
and passeager cars havmg a refatively higher lcvel comparcd with tmcks



Table 4.4.5 Vehicles Exceeding the Standards
Indonesian Standards
Vehicle Types Co HC Smoke  [Number
Motorcycle 11/22(50.0)] 18/22{81.8)] ----- 22
Passenger Car 40/ 71(56.3)| 10/ 71{i4.1) 2/ 7{28.6) 78
Small/Medivm Bus 9/25¢36.0)] 16/25(64.0)| 16/46(34.8) 71
Bus | - I 71 27(25.9) 27
Smal/Medium Truck] 11/24(45.8)] 5/24(20.8)| 4/36(11.1) 60
Large Truck T I 2/19(10.5) 19
Total T1/142(50.0)] 49/142(34.5)| 31213523.0% 277
Japanese Standards
Vehicle Types CO - HC Smoke Number
Motorcycle 111 22(50.00] 10/ 22(45.5) ceee- 22
Passenget Car 40/ 71(56.3)] 10/ 7t(14.1) 24728.6)] 18
Smal/Medium Bus 9 25(36.00] 16/ 25¢64.0)| 16/46(34.8) 71
Bus 1 eeeee b eeaas T 2N25.9) 27
Small/Medium Truck] 11/24(45.8) 5/24(20.8)| 4/ 36(11.1) 60
Large Truck g [ 2/ 19(10.5) 19
Total TH42(50.0)] 31/142(21.8) | 31/135(23.0)| 277

- Note: Fractional numbcr indicated ratio of exceeding the stamjml wilhin total samples and ﬁgun, _
in the bracket indicatod its percentage.
Bo!d fi gun,s indicate the (hffmmes between the Indones:an arx] Japancsc standands.

(’i) Ilshmate of Aulomob:!e Au‘ Pollutant boads on Mﬂj()l’ Rmds

D

Road Nclw ork

-_'Thc major road nclwork uscd for cshmaung pollutanl Ioads is shown in
. 'hgun, 4. 4 6.

2

Fraffic Voh_lmc

The traffic count data of this Study, c_ovcring 50 points on weckdziys and 10
points on holidays, and Binkot data covering 110 points on weckdays were used.

~ Based bn the amlysis of JICA and Binkot data, the traf] lic volume data for each
“hour and 10 vehlclc lypés on a weckday and on a holiday in 1995 were estimated

. for 50 JICA survcy points and 1[0 Binkot survey points. The traffic volume

- data during mghmmc (from 22:00 to 6: 00) were estimated for 16-hour survey |

points of JICA study to obtain 24-hour traffic data on weekdays. Then, the 24-

s hour traffic data-on holidays were estimated using the holiday/weckday ratio.

The 24-hour traffic data of Binkot survey were converted to 10 vehicle types of

JICA study in 1995, icn, the 24-hour traffic data on holidays were estimated
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using the 1995, Then, the 24-hour traffic data on holidays were estimated using
the holiday/weekday ratio. A comparison of contents of the (wo surveys is
shown in Appendix 3.3.4.

Correction by Year

The Binkol traffic data of 1993 were converted to lhé ones of 1995 using a factor
‘of 1.268, which is the increasing factor from 1993 (0 1995 based on the DKI
Iakarta related traffic data of Jasa Marga,

‘Taxi Fraction

11 vehicle types of Binkot were converted to 10 vehicle types of JICA. The
“Sedan” type of Binkot is divided into “Passenger car” and “Taxi” of JICA using
the taxi fraction derived from the analysis of the 16-hour data of JICA survey at
40 points, The taxi fraction, Taxi/(Taxi + Passenger Car), is .161.

j Hourly Traffic Volurne during the Nighttime

. The hourly fraction by area and road type during nighttime was oblained from '

the analysis of 24-hour survey points, 10 points of JICA survey and 110 points

i of Binkot (Appendix 3.3.4). This fraction was used for estimating the hourly -

nighttime traffic volume from the hom_ly daytime (16'hou_rs) teaffic volume.

* Holiday/Weekday Ralio

. The holidaylwcckday ratios by road type and arca in daylime and the niglmin{c :
were set based on the analysis of the hollday and weekday data al 10 pomls of

JICA sludy (Tablc 4, 4 6).

Table 4.4.6 Holiday/Weekday Ratios

Road Type & Holiday/Weekday Rano
_ | AM .}~ Day | Night' | All Day
‘| ToMRoad | 075 | 124 | 6.78

“Jakatta "} 0.68 | 0.86. | :0.69
Bobck | 089 | 0.88 | 0.89 |

. Estimate of Traffic Volume to Each Link

The wraffic volumes at JICA and Binkot survey points were used (o calcutate

&
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waffic volumes to the links including or continuing to the corresponding survey
points. ‘The “Fraffic Assignment Method” was adopted to estimate the waftic
volumes to the links without traffic coun(ing data in the DKI Jakarta arca
(Appendix 3.3.5), and the traffic volumes in the Botabek area were estimated
considering the road types and areas. '

Emission Factors

* Targeted pollutants are CO (Carbon Monoxide), HC (hydrocajbon),‘ NOx :

(Nitrogenn  Oxides), SOx (Sulfur Dioxide), and PM (Particulate  Matler).
Econemy of gasoline and diesel is also analyzed. The emission factors were set

. based on the followlng reports and books.

. Malerial 1 1 “Automobite Emission Factors under Actual Driving Condxuon

Japan Environment Agency, January 1994 (for CO HC NOx
' cxcludmg Motorcycles) (Ref. 218)

 Material2: “Report on Emtssnou Condition Slu’dy from :Uncomrolled:

* Vehicles”, Japan Environment Agency, Octobcr 1995 (for CO,
" HC, NOX of Motorcycles) (Ref. 239)

Material 3: . “Tolal Emission Conlrol Manua] for Nmogcn Ox:des (rmscd)
: }apan I‘n\nronmcm Agency, Augusl ]993 (for SOx and Fuel -
o Economy) (Ref 217)

. Material 4 v “Compllalton of Air Pollutant Emission Factors, Volume {1,

o Mobllc Sources U.s. anromnenlal Prolccuon Agency,
fScptember 1985 (Ref 240} : ' :

Em:ssaon [aclors for COQ, HC and NOx

~CO, HC, and NOx leSSIOI‘l faclora (oxq,pt for motorcycles) arc based on the
- above Rcfen.nce 238, The cm!ssron l"lctors g,wcn in Lhc matcnal are calcgonmd
by engine type and gross vehicle weight. ’[herofore iis necessary 1o sel cngme_

type fractions according to waffic \CthlC lypos and gross vehicle wonghl

information for the Jabotabek area.

Gasoline/diesel fractions by lraf fic vehicle type were based on the country ircp’o'rt
presented by S.M. Lubis of BAPEDAL (Ref. 241) and the sales data from.
GAIKINDO (Table 4.4.7). '



Table 4.4.7. Engine Type Composition by Traffic Vehicle Type

(Unit : %)
| Traflic Vehicle Type| Gasoline BDiesel
Motorcycle 100 0
Passenger Car 80 20
Taxi ' 65 35
Microbus - 50 50 -~
‘Bus Q) 100 %
Van 80 20
Pick Up Truck 50 50
Truck, 2 axles -0 100
Truck, 3 axles 0 100

Emission factors and fuel ec'onomy of heavy duly vehicles arc'proporlional o

gross vehicle weight. The gross vehicle weight by tratfic vehicle lype was scl

based on Reference 238 and *“Japanesc Motor Vehicle Guidebook” (Ref. 242)
© (Table 4.4. 8)

Table 4.4.8 Gross Vehicle Weight by Traffie Vehicle Type

: ' (Unit : ton)
Traffic Vehicle Type | Gasoline” Diesel

Microbus ~ . | 3.50 5.50 "
S Bus 1100 | 1100
" Van . ' 130 L 200
- Pick-up lruck o 1.40 4230
CTruck, 2 axles v 8.00 8.00:
- Truck, Saxlr,s ' .-18.00 i 18.()03‘

.lhcn lhc vchlclc types of JICA sludy were linked wuh the cngme lypes 0l_
Reference 238 (Appendix 3.3.4), and emission factors by traffic vehicle types
were determined considering the gross vehicle weight and the composition of
engine types (Table 4.4.11). Six classes of tr:_iveiiuig speed were defined as |

 specified in Reference 238: 5 to 10 knvh, 10 {0 15 knvh, 15 to 25 knvh, 25 to
40 km/h, 40 to 60 knvh, and 60 to 80 kni/h.

. Emission factor bcjuatio_ns by vehicle speed in Reference 239 were used for %
motorcycles (Appendix 3.3, 4), and ihe emission factors were determined for the "
-+ above mentioned six speed chasses. The composition of 2/4 stroke engines and
- cxhausl gas categorics was based on the sales data of PASMI (Table 4.4.9).
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" Table 4.4.9 Motorcycle Fraction by Engine Type and Exhaust Gas

Volume
Category Number Engine Type Exhaust Gas Volume Fraction
1 274 Stroke Morc than 250 cc 0.
2 2 Stroke From 126 ¢c to 250 ¢c 0.1155
37 4 Stsoke From 126 cct0 250 cc 0.1441
4 2 Stroke From 51 ccto 125 ¢ 0.1647
5 4 Stroke - From Slccto 125¢c 0.2055
6 2 Stroke Less than or cqual to 50 cc 0.1647
e 7 4 Stroke Less than or equal to 50 ¢ 0.2055

IFuet Economy and SOx Emission Factor

SOx emission factors are derived from fucl economy with sullur comcm of the

fuels.

SOx (g/km) = (Fuel Consumption : litertkm) X (S contents : %) / 100 X

(Specific Gravity : glem®) X 64132 X 1000

‘Sulfur. content and specific gravity in’ Indonesia are givcn'ih Table 4.4.10.
- Regression cquauons by vehicle’ typcs for fucl economy in the Reference 217
wcrc used (Apanle 3.3.4). Engine type COH\pOSIIlOI] and gross vehicle Welghl :
S are lhc same as shown in 'I‘ablcs 4 4.7 and 4 4.8.

~Table 4 4.10 - Fuel Specif:catlon in lndonesia

Fuc!-Type_ S content (%) Spccxﬁc Gravity
‘Gasoline. 0.015 | . 0.735
Diesel - 0.396 0.849

PM Emission Faclor -

PM emission factors for particles under 10 micromeler diameter were based on

Reference 240. The PM emission factors of Reference 240 were composcd of A _
lead salt, orgamc!sun‘atc {Gasoline vehlcle), diesel parlicle (Diesel vehicic), and : .. |

brake/tire wear. The lead salt portion was obtained from fuel economy and lead |
content in the fucls, and the lead content of gasoline fuel was set as 0.106
gramsfliter. Furthermore, a conversion factor of 0. 7474 from lead content in the
fuel 1o emission was used considering under 10 micromeler fraction, emitted
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fraction, and conversion ratio from lead to lead salf. Vehicle types for traffic and
PM emission factor are also given in Table 4.4.11.

Compilation of Emission Factors

CO, HC, NOx, SOx, and PM emission faciors in the speéd range from £5.0
knvh 10 25.0 knvh are compited in Table 4.4.11 and full compilation of emission
factors are inclnded in Appendix 3.3.4. The emission factors were comparable
with the existing emission factors in Indonesia (Ref. 243 and 244),

'fable 4.4.11

Compilation of Emission Factors

{Unit : g/kmfvehicle)'

Pollutam|  CO HC NOx - SOx PM
M\ '
Motorcycle 13.18 4.57 - 0.09 - 0.01 0.01
Passenger Car 18.71 2,44 2241 - 0.13 0.17
Taxi - 13.07] 1.73 2.00 0.21 0.22
" Microbus 30.31| 3700 621 . 056 0.80
‘Bus 18.65| 408 L7 209 1.40
Van 19.98 244 - 295 o.tof 017
Small Truck - 17.98 2220 283 023 0.27
“fruck, 2axles | . . 3.22 189 721 ns2| o 140|
‘Truck Saxlcs 6.90| ~ 4.05 15.45 3.42 ‘ 1.4OI

. Tra'vcl'ing 'Spg‘g

' Because cnuss:on faciors are funcuon of uavelmg speed as stated above Lhe :
' uavchng speed at cach link is necessary for estimating emission factors.
Traveling speed was set for cach link based on the results of this Study and
another JICA study conducted in the past (Section 4.4. 5)

This Smdy nwcs_t:gatcd five foules while carhcr study investigated other ten

" routes.” The irwcling speed on each route investigated was based on the _

* individual n,sull -and thc uavehng spcods at other links were set as given in "'%‘
. Table 4.4. 12 ;



Table 4.4.12 Traveling Speed Index

Road Types{ Arca _ Hours B

1 2 3 4 5 6 7 8 91011121314 151617 18 19 20 21 22 23 24

MajorRoad| Jakarta | 4 4 4 4 4 4 3 3 3 3 3 333 3333133313 44

| Botabek [ 5 5 § S 5 S 4 4 4 44 444 4444444455

Tol Road | Jakarta | 6 6 6 6 6 6 5 5 555555 55555555S 6 6
g Botabek | 6 6 6 6 6 6 6 6 666 6 6 6 6 666 6666 6 6

Note: Traveling Speed Index Class, 10 5 to 10 km/fh, 2: 10 to l‘i km/h, 3: 15 to 25km/h,
4: 23 to 40 km/h, 5: 40 to 60 knvh, andé 60 to 80 km!h :

" 4) Estimation of Air Pollutant Emission

Air pollutant emission load (CO: Carbon Monoxide, HC: 'llydroéarbnﬁ NOx:
Nltrogcn Oxide, SOx: Sulfur Oxide, and PM: Particulate Matler) and runmng _

kilometer were esnmatcd in as given in Tablc 4 4. 1 3.

Knlometers of Major Roads

Table 4."4:.13 Eshmated Al Pollutanl I‘mlssmn Loads and Runmng

. Cand ) . :

Air _Pollutxon Emission

Running kni |

; . (lonfyear) . | (10°knvyear)

1 vehicleType |- co | - HC: [ NOx | sox | 'PM |
Motorcycle | 68,461.8|" 22,9243 5049 o sa4| sda]l 54399
Passenger Car | 121,303, 16,105.9| ' 17,130.9| *  868.6| ~ 1,230.6]  7,395.2
taxi | 147407]. 19765 24955 241 o 27na) 12349
Microbus | 437729 5406.3| 10,8592  8752| 1,361.2] © 1,752.8

Bus | 85002 18751 61894 10479 7910 5650
Van 61,811.0] 7.2769] 11,139.3]  290.0 5745  3,489.9
Small Tck | 19,4549 12,3057 . 3,795.6] : 2485 3358 12439
Truck, 2axles | * 2,449.8] - 1,380.3| . 5,670.9] 1,184.5{ ~1,2392(°  885.1}

| Truck, 3axtes | 2,1109] 11,1894 ©4,921.8]  1,073.9] . 500. 357.2

¥ Total 142,634.2| - 60,440.5| 62,707.3] - 5:884.2] _6,358.0

22,364.6

Estimated air pollutant loads from major road Uaffics in Jabatabek are around |
340,000 tonsfyear for CO, 60,000 tons/ycar for HC, 63,000 tons/ycar for NOx,

5,800 tonsfyear for SOx, and 6,300 tonsfyear for PM.
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(4) Estimate of Automobile Air Pollutant Loads in Minor Roads

To estimate running kilometers for minor road traffic, the “OD Data-based Method”
was used. The basic concept of this method is expressed below

Running Kilometers (R) = OD traffic volume (Q) x Average Trip Length (L)

1

The average trip length (L) is calculated by the following equations.

" For inter-intra and intra-inter traftic in iirban area :

a . a
L= b —
LT 4P
~.where, a: Area Size of Zone (km?)
LT : Total Road Length of Major Rodid (k)

‘ P:‘: Total Road Length of Minor Road {(km)

 For inter-intra and intra-inier traffic in suburb area :

S P
4LT
‘where, §: Minor Rmds lntcrvals

LT Total Road Length of Major Road (km)
P Total Road Length of M_n_nor _Road {km) ‘

For intca-intra traffic ;

L= ¢
i

a: Area ‘;l?A,onOnc (km)
we pi

The OD daia werc b'iscd on “The Feasnblllly Swdy on Urban Arterial Road System P «%
'[)x,wlopmcnl Project in Jakarta Metropolitan Area (UARSDP)” (Ref.173), and
_ ;explamcd in Appendix 3.3.4. The emission factors used for eslimating pollutant
~emission are the samic as those for major roads, and the travel speed is based on the
traveling speed survey for minor road. As a result, the air pollutant emissions for
‘minor road traffic were estimated as shown in Table 4.4.14.
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Table 4.4.14
Kilometer on Minor Roads

Estimated Air Pollutant Emission Loads and Running

Air Poliution Emission Running km
(ton/year) (10°knv/year)

Vehicle Type_ | CO HC NOx SOx_ | PM |
Motorcycle - 51,5400 15,378 466 47 47 4,660
Passenger Car 75,752 10,386 12,701 565 903 5,645
Taxi 6,554 915 1,384 112 154 699
Microbus | © 24,656 3,004 6,840 527 871 1,146
Bus © 3,576} | 806 2,610 459 365 261
Van j 44,519] - 5,063 8,349 189 431 2,693
Small Truck : 14,706 1,691 2,898 188 267 939
Truck, 2 axles - 286 - 158 633 5 138 151 108
Truck, 3 axles 69 38 152 - 35 17 12
Total 221,658 37,530 36,031 2,258 3,205 - 16,212

- (5) Air Pollutant Emission Loads from Automobiles.

“Totat pollutant cmissions from automobiles (major and minor roads) are shown in
© Table 4.4.15. Consumptions of gasoline and dicsel ar¢ 2,375.9 and 1129.2 X '10°
“liler per' year, fespectively and fuel consumption stalislics are 2,643.7

(Premivim+Premix) -and 1,223.9 (cxcluding consumption by ships) respectively.

_ Therefore, cover ratios of fuel consumption for automobiles in Jabotabek are 90%

and 92%.- Poliutant emissions of CO from automobiles are calculated at 560,000 -
tons/year, HC at 98, 000 NOx at 99,000, SOx at 8, 100, and PM at 9,600. Shares
by vehicle type for cach pollulam are shown in anun, 4.4.7. In the ftgures.
summarized vehicle groups arc uecd

Motorcyclc Group --------:- Molorcycle

Passenger Car Group -------- Passenger Car, Taxi, Van
Bus Group ----- rmeimaatenan Microbus, Bus B
M ruck Group ------ Smalt Truck, Truck 2 axles, Truck 3 axles

: More":hanESO% of CO'are emitted Trom the passenger car group and around 20%.

from motorcycles. Passenger car group and motorcycles occupicd: aronnd 40% of
HC emission load, r«:Spcclivcly. More than 50% of NOx are =remiu'mi from the
passenger car group, and around 30% from buses.” SOx and PM cmissions are
almost cqué;lly shared by passenger cars, buses and tracks.



Table 4.4.15 Estimated Air Pollutant Emission Loads and Running
Kilometers from Automobiles in Jabotabek

B Air Pollution Emission Running km
(ton/year) (10°%kmy/year)

Vehicle Type CO HC NOx - SOx PM :
Motorcycle 120,002 38,302 971 101 101 10,100
Passenger Car | 197,055 26,492 29,832 1,433 2,134 13,040
Taxi 21,295 2,892| 3,879 353 - 425 1,934
Microbus 68,429 8,500] 17,699 1,402 2,232 2,899
Bus - 12,105 2,682 8,799 1,507 1,156 826
Van 106,330 12,340 19,488 479 1,005 6,183
Small Truck 34,161 ..3,997 0,693 436 603 2,233
Truck, 2 axles 2,736 1,538 6,304 1,322 1,390 993
Truck, 3 axles 2,180 11,2271 5,074 1,100 517 369
Total 564,292 97,971 98,738 8,142 9,563 38,577
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Running Kilometers by Vehicle Type

Truck Group " Motor Cycle
9% Group
3 26%
Bus Group
10%

Passenger Car
© U Group
- 55%

CO Emission Load by Vehicle Type

‘Truck Group - Motor Cycle
. 7% . Group
. : 21%
" Bus Group o
14%

Passenger Car
Group
58%

HC Emission Load by Vehicle Type

Truck Group

7%
Bus Group
1% C
Molor Cycle
Group
: 39%
Passenger Car
Group
43%

Figure 4.4.7 Emission Shares by Vehicle Type (1/2)
(for Running Kilometers, CO and HC)
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NOx Emission Load by Vehicle Type
Molor Cycle

Group
Truck Group 1%

18%

;:“_ Passenger Car
] Group
Bus Group 54%
27%

$Ox Emission Load by Vehicle Type

Motor Cycle
Group
1% Passenger Car_ :
' . Group
* Truck Group © 28%

35%

' Bus Group '_
- 36%

PM Emission Load by Vehicle Type -
Motor Cycle
Group

1%

Truck Group

26% | _

Passenger Car
Group .
38%

Bus Group
© - 35%

Tigure 4.4.7  Emission Shares by Vehicte Type (2/2)
(for NOx, SOx, and PM)
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4.4.2 Air Pollutant Emissions from Ships
(1) Oufline of Air Polutant Load Bstimate

The procedure of cstimating air pollutant cmissions from'ships is schematized in
Figure 4.4.8. Basic equations for calculation of emission factors and fuel
consumption are based on “Total Emission Control Manual for Nitrogen Oxides”
) ~ (Ref. 217) and included in “Pollution Scurce Study Guideline for Mobile” (JICA
Study Team, August 1996). These equations are defined for each engine type, and
functions of gross tonnage, engine load ctc. The amount of peliutant emission from
one vessel, is calculated first, then muluplicd by the number of ship calls, and

~ distributed spatially based on the information on cruising routes and mooring points. .

Details of pollutant emission estimate are given in Appendix 3.3.6.

.Shlp Specification ' Operational Paticrn
Type & Number of Engines B Crmsmg Route & Mooring Pomt ‘
‘ Gross Tonnage “ Engine Load
S Engine Working Tlme
:L o o 5 .. Emission Factors

- Fuel Consumption Rate

" Emission from one Vessel -

Ship Calls

I

Air Pollutant Emission from Shipf

| jFigure 4.4.8 Procédure' of E$tir:lating Pollutmit‘;lflﬁlissi_ons from Ships.
(2) Estimate of Air Polluuon Loads from Shlps

- Pollutant emissions from shtps at Tanjung Pnok Port were csumalcd rromf
information such as number of ship calls, gross tonnage, etc. There werc 13,649
ship calls at Tanjung Priok in 1995 as shown in Table 4.4.16. a



Table 4.4.16 Ship Calls and Gross Tonnage at Tanjung Priok

Ship Category Ship Calls. Average Gross Tonnage
Ocean Going 2,341 7,450

Comtainer 1,682 9,667

Inter Island 7,396 2,055

Tanker 517 10,419

Offshore _Ln3 1,563 ]

Source: Information from Tanjung Priok Port Aumdrily

_ Expcﬁmcmal cquations for cstimatixig the rated power of chgincs; fuel consumption,
and emission factor of pollutant were compiled by ship type. Definition of ship types
for cach ship category is also nccessary. All ocean going ships were estimated as
- cargo ships, and 1,049 ship calls within the inter-island category were estimated as
passenger ships and the remainders as car'go ships. The equations for containers and

tankers were also mcludcd in the matcnal, and the Others catcgory was used for

offshore shlps

- SOx cmissi()n factor was eslinated from the fuel consumption'and sulfur contents in
the fuel in the sanie nanner as applied in the calculation for automobiles. ‘Then,
sulfur conlcnt and spccmc grav:ly were estimated from- the fuel consumption

- statistics for ships and the fuel analysis rcsults in this Study Sulfur content was

calculated at 0.595% and specific gravity at 0.831. g/crn Pollulam cmissions wcrc
" estimated under the conditions of moormg at berth, moonng offshore, and cmlsmg
between the poit and ocean as shown i in Tab]e 4.4.17.. ‘

Table 4.4.17 Esumaled of A:r Pollutant Emissmns l‘rom Slups -

SOX Mﬂonng at Berth ' 570.1
(ton/year) | Mooring Offshore - 1754
 [Cruising 626

Totat R | 8082

| NO,  [Mooring at Berth 1 1,270.5
| Glon/yéar) | Mooring Offshore - | 3607
o . | Cruising © 3283
Total . - L9596




4.4.3 Air Pollatant Emissions from Aircraft
(1) Oulline of Air Poltutant L.oad Estimate

The procedure of cstimating air pollutant emissions from aircraft is schematized in
Figure 4.4.9. Basic cquations for calculating of cmission factors and fuel
_ consumption are based on “Compilation of Air Pollutant Emission Factors, \folumc
3. 3, Mobile Sources” (Ref. 240) and included in “Pollution Source Study Guidetine
o “for Mobile”. These emission factors were defined for engine types and modes,
namely idling, take-ofT, climb-out, and approach. The amount of pollutant emission
from one flight was calculated first, then multiplied by the number of flights, ‘and
distributed spatially based on the information on runways and flight routes. Details

of pollutant emission estimate are given in Appendix 3.3.8.

Emission Factor

by Engine Type
' and Mode _
: ' “Type and Number
-of Engine
_ by Aircraft Type
E‘ _ o | Emission Factor a
A ~ | by Aircralt Type:
- and Mode. .
Duration Time of
. Each Mode
R by Aircralt Fype
Pollutant Emission o
- from one Flight
by Afrcraft Type
and Mode |
Number of Flight
by Aircralt Type
"+ ateach Aport
L [ Air Pollutant Emiission Load from Aircialt |

Figure 4.4.9 Procedure of Estimating Leads rom Airc:;a_rt:
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(2) Estimate of Air Poltution Loads from Aircrafl

In 1995, 149,748 and 66, 142 armrival and departure flights at the Sockarno-Hatta and
Halim-Perdanakusuma airports respectively, where are located in Jabotabek, were
reported respectively, as shown in Table 4.4.18.

Table'4.4.1'8 Number of Flights at Sockarno-llalta

and Halim-Perdanakusuma Airports

~ Airport Flight Catcgory |Number of Flights

Sockarno-Haila Internationat 37,268
Domgestic 112020
Local 460

- Total 149,748

Halim-Perdanakusuma International 2433,
' ' Domestic 37,760
Local 25959
- Total 66,142

Source : Statisiik Angkutan Udara, Tahun 1995 (R=ef. 245)

Frequencxes ol‘ fhghts by aucraft lype are’ shown in Appendix 3.3, 7, and typc and
~ aumber of ‘engines - were mvcsngated from “World Aircraft Yearbook™. Lmlssmn
factors and landing/departure cycles by aireraft type are included in “Pollution Sources o
Pollutant emissions werc estimated by modes of 1d!1ng,_ |

' Study Guidelinics for Mobile”

take-off, clinmb- out and approach as shown in Table 4. 4 19,

’I‘able 4.4,19 hslnmation of A:r Polluhnt I‘mission from A:rcraft

SOx ‘ Idlmg 0393
(tonfyear) Take-off . 9.8
Ctimb-out 25.5

- Approach 16.7

R Total | "9L3
1| Nox .| Idling 103.1
(tonfyear) | Take-off | = 257.3
L] Climb-out 534.7
Approach 130.6

Total 1,025.7




4.5 Analysis of Air Pollutant Loads

‘Table 4.5. 1 presents a summary of air pollutant emissions from factorics, houscholds,
automobiles, ships, and aircraft in Jabotabek. The estimated total annual emissions in
1995 are 56,000 tons for SOx, 144,000 tons for NOx, and 24,000 tons for PM. CO

and HC emissions from automobiles are 564,000 tons and 98,000 tons espectively.,

‘The share of each source in the total emission is shown in Figures 4.5.1. 104.5.3. SOx

- shate is 76% for factories, 15% for automobiles, and 8% for houscholds. NOx share

is: automobiles: 69%, factorics: 26% and households: 3%. PM share is: faclones 57%,

automobiles: 40%, and houscholds: 3%.

" Regional SOx distributions of stationary, mobile and total sources are shown in

Figures 4.5.4 to 4.5.6 respectively. All the meshes with total SOx emission at more
than 500 ton/year (Figure 4.5.6) are aliributed to emission from stationary sources

© (factories). Generally SOx emission in each mesh from automobiles are less than 10
- tonfyear (Flgure 4.5.5). While, SOx emission from Shlps in each mcsh of norlh part of

DKI Jakarta cxcceds 100 tonfyear (Figure 4.5.5).

: chional NOx distributions of stationary, mobile and totat sources are given in Figures |

4.5.7 lo 4.5.9 respcchvcly All the meshes with total NOx emission at over 1,000
lonfyear (Figure 4.5.9) are aunbuted to staltonazy sources {faclories) (Figure 4.5.7).
Most of the NOx. cmlss:on m the ‘meshes in DK[ Jakarla, ‘with NOx emission : at-

' bcmccn 200 and 1 000 lonf) ear (F 1gure 4.5. 9) are from automobl}ss (Figurc 4.5.8).

Tab!e 4. S 1 Tot‘ﬂ Lmlssion l‘rom Stationary and
Mobnle Sources in Jabotabek (1995)

| (tonfyear)

SOx NOx - PM - CO -HC
" Stationary | Faclories 42,697 36,8321 13,581
Sources * Households | 4220 4,96 642
: - |7 Subitotal - 46,917 41,794 14,22 ; 1
“Mobile Sources | Automobiles 8,142 08,738 - 9563  S6420% 97,911
Ships god 16 | o) L L
Aircrafl 9| - 1,024 : N B ]
| Subowal 0041 101,724 956§ - 564,297 97,971
Total - 55954 1351y 23,78d 564292 97,971




Autlomobiles

15%

Houscholds

bnsor

Factories
6%

8%

- Shares of Sources in Total SOx Emission (1995)

- Figure 4.5.1

Ships  Ajrcraft

1%

1%

o
~—
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—
L@
-y
L]
o
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-
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-
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" Houscholds
3%

.»\utomobilcé
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‘Figure 4.5.3  Shares of Sources in Total PM Emission (1995)
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Scveral studics estimaled air pollutant emission in Jabotabek and DK 1 Jakarta. They arc
given in Appendix 3.4, Total Jabotabek emission of the Team ranges from one halfl to
two and half of that of JUDP 1. These two different eslimales are roughly in same

order.
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