CHAPTER § INSTITUTIONAL AND LEGAIL ASPECTS

5.1

Outline

“The Team surveyed national and local governments as welt as private organirations'in

order to study institutional and legal aspects of air poliution control in Jabotabek. [hIS

chapter covers its findings and recommendations, as summan?cd below:

a)

b)

BAPEDAL is in short of human resources ancl is far from its supposed authority.
BAPEDAL had better utilize talented personnel from othér agencies to £ill its vacant
positions. It should bc: placed in a position superior to other ministries on
environmental issues in order o secure coordination among them. Thus, it can
solve the duplicated roles with Minisiry of Intcrnal Affairs (DPD) and have capécity
lo estimate and adjust national budgets for environmental issues. EMC is expected

to expand training of personnel from national and local governments. on

environmental issues and to conduct exhibitions and public education.

The number of AMDAL  qualification  holders should be increased, ‘with
gavcmmcntal supports to PSLs in universitics, subsidies for examination fcus, and

‘ runforccmcnl of cmploynwmmpnvatc scclors o

o)
~ which can errLscnt the ministry ‘to . negoliate with BAPEDAL. 'Ihe AMDAL

Each ml.mSll y c.onccmcd should havc its own orgammuon for cnvnronmcmal issues

© . committee of cach ministry can bc,cxpar_]dcd for the pur_posc

d)

¢}

BAPEDALDA (Local Environmentat Management ‘Agency) should be established
before long and staffed with AMDAL qualified personnel to [ulfill its duty of
chvironmental mbniloring and instilating lawsuits'loéally Local agencics including
KPPL should have plannmg and coordinating capacily for env:ronmcnlal policies of
!ocal governmcnis

The revisions of the Basic Provisions for ‘the Management of the  Living

- Environmenl, Act No. 4-1982 under cons1dcrahon should include PfOVlSlO!lS for =

the above items, and further as foltows:

- to impose on industrics the obligation of voluniary exccution of cnv;ronmcnml
inspections and reporting on the sesults to BAPEDAL,

- 1o strengthen local agencies for dealing wilh environmental issues,



5.2

5.2.

(D

~ (Denpasar), the East Ofﬁce {Ujung Pandang), and the Java Kahmantan Office

to oblige national and local governments to fcporl environmental issucs in their
territorics to BAPEDAL, etc.

Administrative Organizations
[ National Government Agencies
Supervisory Agency - BAPEDAL

BAPEDAL, (sce Organization in Appendix 7.1), established in 1990 in accordance
with the Decree of the Ministry of En’virdnmcnt, is an orgahization under the direct
control of the President. The agency is composed of (hree departments and two
centers, with approximately 200 slaffs, of whom ten are in charge of air pollution

control. The Minister of Environment also acls as chief of the agency. BAPEDAL

has four regionat offices in Indoncsia and one local office in each of the country's 27
provinces. The regional offices; the West Office (Pakanbaru), the Central Office

© (Jakar(a), support the local offices. The local omces are classified into first-class city
~ administration  BAPEDAL (BAPEDALDA Tk:: 1) and second-class - cily
: adm'inisu'ali_on BAPEDAL (BAPEDALDA Tk. H). The provincial gpvcmmcm -

controls the Jocal office, ‘which takes charge of 'cnvironmcma] monitorillg and
instituting Jawsuits on environmental pollution. The local Offtces are I't.SpOﬂSlblc for

. the execulion of cnv1ronmcnlal pollution conltol nieasurcs.

‘. BAPLDAL is empowert,d 10 coordmatc !he ministries and agcnaes on all kmds of

environmental issues, in accordance with the Prcmdcnual Decree 77 of 1994 (Rcf

~ 114) based on the Basic Provisions forihc Managcmcnlof the meg Environment, -
~ Act No. 4-1982. However; as the Ministries of Industry, Mining & Energy, and

Transportation, had independently established and executed environmental policies
before the pmmulgauon of the Presidential Decrw it became difficult for BAPbDAL

1o cxcrusc its powcr toactasa wordmalor

This situation is bcmg gradua!ly improved by the implementation of new measures.

For mstanc;, emission standards (Ref. 110) were introduced in the indusiries of

' 'stccl, cement,’ pu!p, ‘electric ‘coal power, and’ others in 1995, Tn the process of '

esiablishing these standards, BAPEDAL acled as a coordinator for the ministries

‘concerned. In 1994, the Environmental Planning and Information Center was

established, and the campaign of Langit Biru (Blue Sky Program) was launched,
with the cooperation of the ministrics concerned.




)

BAPEDAL is cureently not a superior agency. It is therefore recommended that the
Ministry of Environment and BAPEDAL be given a superior position, for the
purpose of their environniental administration priority over other minisierial
environmental policies.

For organizational sirengthening, it would be effective for BAPEDAL to amalgamate
with other agency, or fully utilize talented personnel from other agencies. '

Ministres and Agencies Enforcing Environmental Measures

PPEK (Ecology Healih Rescarch Center, Ministry of Health) has been conducting
environmental mdnit'oring in the fourth floor of its building and in the Pulogaduhg '
industrial zone, with the cooperation of KPPL and BMG.. PPEK, having
approximately- 100 staffs, conducts research in five ficlds: environmental sociology,
environmental biology, environmental health, environmenial health indicators, and
environmental regulation. In November 1994, PPEK' started epidemiological
examination for junior high school students. Coughmg seems more sagmﬁcant in

' sludcnts in Jakarta than that in other cmcs

' BPPI (Agency for Rescarch and llvclopmcm Ministry of Induslry and Trade - see

_ " Organization in Appendix: 7.2). has 9 central rescarch institutes and 13 provincial |
- R&Dcenters, and approximateiy 500 staffs are engaged in rescarch and development
in various ficlds. Air pollution, however, has not been studlcd For the last five

"yea:s training ‘on industrial polluuon control was conducted twice a year for BPP
"ptrsonnci BPP] intends to cncouragc its personnel © improve their compcu,mc and

to furnish equipment, in ordcr to supporl in cnwronmcntal problems solvmg

'BAKOREN (Ean_gy chulation Agency) is in charge of exccuhng policies regardin'g:

cnérgy s'aving' under Presidential KPUTUSAN No.' 43 issued in 1991 (Ref. 195).

Various decrees of the Minister of Indusiry have been issued for industries. From |

1995 to 2000, a saving of 17% of encrgy consumption by the industrial, residential
and commercial, and lrans‘ponaiion sectors has been targeted.

BLT (Envrronmcnl and chhnology Buteau, Munshy of Mines and Energy - see

Organization in Appcndlx 7.3) established two years ago, has aboui 30 staffs

- speciatizing in biology, mdusn__ial chemistry and petrochemistry, and is enga_ged in .

the evaluation of AMDAL data and the preparation of micasures and standards -

regarding environmental issues related 10 petroleur and gas. BLT is a member of the

AMDAL Commiltee, and compiles the AMDAL resulis to publish four times a year.
Energy saving leads directly to reduction of air pollutant emissions.
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BLT allows the use of coal, though it recognizes the necessity of promoting cleaner
encrgy such as natural gas. It is reported that exporting natural gas is more favorable
than consuming it domestically from the cconomic viewpoinl, However, this would
not stop the use of coal in private houses. More studics seem necessary from the
standpoint of pollution. Possibly it would be better to use coal in large facilitics fully
~equipped with ermission control apparaluscs

PU (M]msuy of Public Works - se¢ Organizalion in Appcndﬂ 7.4) consists of the
- ‘General Directoraie of Roads, the Housing Departitient, the General Directorate of
- Trrigation and the R&D Center. Each of them has AMDAL personnel. The AMDAL
" Central Committee has been organized in the R&D Center and is engaged in weekly

environmenta! coordination for the projects of the Ministry of ‘Public Works. In 1991,

- landscape pcfsonnel was assigned within the General Dircclorate of Roads to
establish a standard for ree planting for controlling noise and air pollulion? along
national -roads. Trec planting is carried out based only on experience, 'b_ccausé
BAPPENAS (National Developmient Plahning Agency) has not approved a budget

_ appropriation for establishing a trec-planting standard. The Strategic Urban Road

* Infrastructure Project (assisied by the World Bank) is being implemented for
" grecnery conservation and promotion, and Phase I of the projéc;{ is under way in the

- north by-pass in Scmafang As total suspended parlicle loads in ambient air were.
. found exceeding the current national slandard in some places by the Study, lrcc- -

' piamm g along roads would be beuer 1o continue wuhout culting the budgct for it.

_ HUB (M:mshy of Commumcauon - see Orgamzamn in Appcndlx 7. 5) mtroduced o
an amomobﬂe inspection syslcm in 1992 with thc revision of the Road “T'raffic Act. -
'Commcrcml cars such as buses and laxrs and oomamcr cars are’ subjcclcd 0
_:aulomobnle lnspcchons once in every six monlhs In' 1993, thc Mmlstry of
Environment issued an emission standard for controlling exhaust gas under this -

‘automobile inspection system. Inspections are conducted by Road Traffic
Depariment (DLLAJR) of the provincial governments. The officers who inspect the

cars hold ocriifitaics of automobilc' illspeéii011 HUB provides the - provincial _

govemmenis with measurmg mslmments for inspection. ‘The ministry provides
'seven mobnlc mspccnon umts for Nusa, Tenggara, Timur, etc. where thé number of
: aulomoblles is simall. In its spocmc plan for air pollution control, MOT reportedly
' intends to stop using small-sized buses and gradually replace them by large-sized’
- buses which use natural gas as fucl. The ministry is said to be considering a revision
of the Road Traffic Act, for severer penal regutations against those who violale the
emission standards and the noise standards.



©F

BAPEDAL has not sufficicntly ceordinated the air pollution contro} measures taken
by other ministrics, such as the Ministry of Health, the Ministry of Industry and
Trade, the Ministry of Mining and Energy, the Ministry of Public Works, and the
Ministry of Transportation. 11 is necessary not only to strengthen the organization
and human resources of BAPEDAL but also to establish an exclusive organization
for integrated cnvironmental measurcs in each ministry concerned. It is practicat for
the time being to expand the sccretariats of the AMDAL Comm:uee.s of the ministries
concerncd to be the organization for the mtcgranon

Ministries and Agencies Managing Organizational Structure

- DPD (Ministry of International Affairs - sec Organization ‘in  Appendix -’1.6)'

established the Environmental Management and Guidance Office of the Geni:ral‘
Dircctorate of Regional Development in 1992 to provide the following services:

- Execution of Prokasih (Clean River Progr'im)

- Awarding of Adipura Prize (Clean River Progran: gwcu {0 lhc clcanest town:

- of the 27 provinces) '
- Excecution of AMDAL : . . . _
- Establishment - of - BAPEDM DA in first-class and: s:t?con'd{fas\é- city
“administrations - L '

- Although no 'BAPEDALDA has: been established so far because the Minisiry of
- Interior has not made a decision to do 80, it is planncd to be opencd simultancously
*“in'eight provinces, with equtpmcnt and peraonnel being prowdcd by the Ministry of
_ Interior.: Personnel is o be ass:gncd from various divisions and dcparmlcnls of cach

provmcml governmenl because it is an established policy not to increase: - public

“officers.” As each provmc:al government alrcady has an AMDAL Commiltee, it is

expected that environmental issues will be dealt with more substantially.

- As some of the services provided by the Office of DPD are (he same as those by

' BA'P'EDAL; restricting the Office’s services to the cstablishment of andig’uid_ancc _fcsr:
 BAPEDALDA wilt stimulate the carticr opening of BAPEDALDA. In this ‘case, full

" cooperation with BAPEDAL is necessary in various ficlds such as lraining of DPD -

- - pessonnel in environmental managenient and guldancc l)iscussmn bx:(wccn DPD

@

and BAPEDAL is mandatory to solve the duplication.
Agency in Charge of Budgelary Meastires

BAPPENAS has seven vice-ministers who are in charge of making budgetary
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appropriations to the ministries and agencics. Appropriations for cnvironmental
management are made to the Occan, Space, Environment and Science Depariment of
BAPPENAS. The department is conwolled by the fourth vice-minister of
BAPPENAS who is in charge of human resources. As mentioned below,
appropriations o BAPEDAL have becn increased every year during the last five
years.

1993 Rp.4 billion
1994 Rp.8 billion'
1995 Rp. 18 billion
1996 Rp.25 billion
1997 Rp.33 billion

The budget for environmental management (distributed among 2t ministries and
agencies) is given higher priority in the Sixth Five-year Plan (starting in 1994). The
top priority is given to the implementation of measures for the relief of the poar,

followed by the establishment and improvement of infrasiructure (in the ficlds of

: ‘educauon and heallh) and the implementation of environmental measures. In 1995

- the field of enwronmcnlal management  Was actually. given the’ cnghlh !argcsi

appropriation, while the ficlds of transportation, education and mmmg were gwcn
- the largcsl appropnauonsm thatorder. . .

- BAPPENAS apphcs a systcm of starting an: environmental project by giving
‘ mdcpcndcm appropnaltons to BAPEDAL (Est:matc Adjustment System). There are,
- however, somc difficultics in 1mplcmcnung this system from the view point of

~ human rcsoum,s and the pn,senl orgamrauonal condltmns of BAPEDAL, as

mcmloned below.

1) There is an insufficiency of personnel cmpowered to make decisions (personinel
of the director class) in BAPEDAL. Half of its 30 positions remain vacant.
These posnuons should be desirably omlp:cd by personnel from other ministries

~and agencies, which oflen mfuse rcqucsls for dispatching personncl and this -

i prod uces a boulcneck

V% Itis only a short u:nc since BAP[* DAL was eslablished. lt is not yet equipped
©with a system and compeltence for regulating and unifying the environnicnt
 departments of the ministries and agencics.

BAPEDAL should be supplied with human resources, as BAPPENAS has pointed
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oul. As mentioned carlier, amalgamation with BPPT or dispatch of a large number of
slaffs from BPPT should be considered.

5.2.2 Local Governments

B

o

KPPL (Urban Environment R&D Center, DKI Jakarta)

KPPL, being controlied by the provincial governor, has 85 staffs now, and the

mimber will be increased to 170 in the year 2000, for strengthening its evaluation |

and analysis functions. KPPL has four laboratorics, namely chemistry, biology,
toxicology, and air pollution laboratories. Five people are engaged in air polintion
monitoring. KPPL coordinates standards received from minisiries and agencics, and

decides a provinciat standard. The Jakarta City Goverament has been implementing
“the Blue Sky Program, with a budget of Rp.40 miltion.

Although KPPL is under the dircel control of the governor of DK! itis only a local -
rescarch inslitute in character. It is necessary that KPPL be eqmpped with more
compe[encc in planmng and coordinating DK1's envrronmema! pohcms

‘Rcsourccs & I‘nwronmcntal Division of BAPPEDA (Reglonai Planmng Agency, '

" 'DKI1 Jakar!a)

 “Fhis dmsmn is in charge of budgelary planning for rCS(iurccs and environment for

~ the local govcrnmem. It evatuates and appraises budgets from KPPL. Concerning
. environmental issues, 1( conducts environmental momtonng in conncclmn with
uansportauon Pnonly is glven to budgets for educahon and medical carc and

- appropnahons for cnvuonmenlal management arc ol‘ten g:vcn lowcr priority, -

€)

‘reportcdly

- In the national five-year plan, environmental measures are given the thicd priority,

but they are left over, as a matler of fact. For the purpose of improving the situation
as much as possible, it is necessary that BAPEDAL be empowcred to estimale and
adjust environment- rclaled budgets.

Bekasi BLH (anuonmenlal Monitoring Division, Beka,n Cuy Env:ronmcnl and
Health Department, West Java) ' -

In the Bekasi Province, the Environmental Monitoring Division was established in

1993, with eight staffs. Now 15 staffs are engaged in air pollution monitoring, water -
analysis, waste treatment, and environmental protection, The division conducts on-
the-spot inspections of about 700 large factories and 1,400 small and medium ones
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in the province, by organizing a monitoring team jointly with the Ministry of
Industry and the Ministry of Labor. The division conducis simiple measuring, and
entrusts analysis to the ministrics concerned. There are approximately 500 factorics
which must report environmental conditions based on AMDAL once in every three
months. Among the personnel of the Environmental Monitoring Division, three
stafis have the AMDAL (A) qualification, and one has the AMDAL (A), (B} and (C)

- qualifications. The others are graduales of the universily enginecring faculty. As the
acquisition of the AMDAL (A) qua_]ifiéation requires 32 days and costs as high as
Rp.2.5 million, the city government granls subsidies to those who atiend the
AMDAL (A) course.

For substantiating environmental measures in local governments, it is necessary that

a sufficient number of stafl’s be assigned so that they can visit all the factorics that are -

- subjected to inspection, that an analysis institution be eslablished, and that personnel
be more encouraged to acquire AMDAL qualifications. For the time being, it is

-recommended that the Local Environmental Management Agency (BAPEDALDA) be

‘established as carly as possible by (he Ministry of Interior. It is also recommended
that those who haw, AMDAL quahﬁuauons be employed prbfn,renmlly

5_.2'.3 : lndustrlal Scctor

I MObile Co., which is seemin gly onc of the most environmental by cautious entitics in . -
Jabotabek, has no exclusive cnvironmenial managemem organization, and its power

dcpanment manages drainage :acnhu\,s as spaie- time work. It'is therefore impossible
- for the dcpar{mem to conduct cnvxronmemal momtormg by. |lself i has issued
(nv:ronmcntal rcports (o the local govcrnmcnt four times in a yc,ar in accordane., wilh

‘the AMDAL regulations, - by cntrustmg the’ momtormg work to an outside firm, - |

'Pn,senlly the staffs of the general affairs depariment prepare reports, but this job is a
~ great burden for them. The quality contro) department was established in 1995, with 18
- staffs, under the guidance of the Japanese Head Office. There has been repartedly no
- instruction from the _Head Of fice on cnvironméntal mana'gemcnt.

~~ For substanuaung cnvaronmental mcasures in fac{oms it 1s necessary 1o assign an
'- enwronmcnlﬁi manager in cach faclow The AMDAL sysiem ‘shoutd be utilized l‘or the

- present, -and it"would be possxbe 10 make it mand'nory to assign those who' have

AMDAL (A) (B) and/or {C) quahﬁcauons according to scales and kinds of factories.

[t is secommended that lh'c revision of Basic Provisions for the Management of the
Living Environmient, Act No. 4-1982 includes articles for making it mandatory for
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managers of faclories to report on their own cmissions. Itis practical for the time being
to conduct inventory surveys by BAPEDAL with a help of local agencies and also to
utilize RPL (Environmenial Monitoring Program) under which factory managers are

required to make regular reports based on AMDAL.

5.3

Legal Matters

(1)  Basic Provisions for the Management of the Living Environment; Act _NoQ .4—1982

As the. revision of the Basic Provisions for the Management of the Living

Environment, Act No. 4-1982 is now under way, major revisions are as follows:

a)

b)

_d)- |

. N

3 dcﬁnc clearly that lhc provincial governments conduct theni placing importance

The concept of zoning is to be defined clearly. Environmental measures will be
promotcd in industrial and housing zones in accordance wnh locauon especially
while permilting the construction of factories. :

The Ministry of Environment is to niake a report on environmental conditions
Once in cvery two years, .

“The provincial govemmcms have (o adopt a p{:mnsswn system for the

construction’ of faclories and industrics, and shall not gm, a pcrmlt if “the

“envitonment is affected greatly.

The dnsc«rdmg of waste is to- be prohlbned as a gcncral m!c Waste can be '
discarded only whcrs, the Munshy of Environment permils to do so.

‘In empowering !ocal govcmmcnls fo conduct on-the-spot inspections, it is to .

on blmncss aclwmcs whllc mumupahuos Conducl them from the enwronmcnlal' '

- vigwpoinl.

)

If disobedtcncc of the nnprov;menlordu is found by an on-the-spot’ mspcchon
the provincial govemments or municipatities can order suspension of business.

‘Al factories arc n,qmrcd to conduct cnvironmental monitoring volunlanly The :
. Ministry of ‘Enwronmcnl makes the’ rosu!ls public. '

The revised Environmental Conservation- Basic Act will tighten r’cguiations' for

factorics. Local governments need orgammnonal si:engthcmng for the observation

-of these regulations. Specifically it is récommended (o make it mandatory to asmgn
‘those who have the AMDAL (C) qualification in the sccretartats of the locat A\{!DAL
commitices and give them qualification benefits.
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(2 AMDAL (Environmental lmpaci Assessment) System

An assessment sysiem was introduced in accordance with the government ordinance
on environmental impact assessment in 1985. The system has been abbreviated as
AMDAL. AMDAL designates qualifications as follows.

AMDAL (A) ;
Those who have a basic knowledge on environmental impact assessment, can
appear at an examination to obtain this quatification, after receiving lraining for
32 days in an environmental institute, Such as Bogor University of Agriculture.
Ten cxaminations are conducted annually. An amount of Rp.2.5 million is
~ charged for the examination.

AMDAL (B) ;

Those who are able to prepare reports on cnvironmental impact assessment, -
can sit for an cxaminalion o obtain this qualification, afler receiving Iraining-
for 11 days in an cavironmental institute, such as the University of Indonesia.

Two exammatnons are conductcd annually.” An amoum of Rp. 975,000 is
charged for lhc cxammanon '

- AMDAL (;L _
' - Thos¢ who are able (o cvalualc n,porls on envnmmnemal impact assessmcnt

and who have complctcd the B course, can appear al an examinalion to obtain B

" this qualification, after mccwmg lrammg for six days in an env;ronmental

~ ! institute, One examination is conduclcd annuajly An amount of Rp 650,000 is -

charged for the examination.

: ’Ihose who havc lhcsc quahfxcamns are registered with BAPEDAL. Appmxnmalcly
10,000 people have AMDAL (A), and about 5,000 have AMDAL (B). AMDAL (C)
is posscssed by several scores of people, who are cither members of the AMDAL
Committee  or pcrsonncl of environment dcparlmcms -‘national - or * locat
gov;mmcn!s ' | '

Targets of AMDAL are dmdcd into iwo. namely, regional development and complcx. :

' devclopmcnt compnsmg a number of elements. 'An example of the later is the
' construcuon of a goll conrse within a residential arca. Ten to 15 cases of thc latter
categary are filed annvally with the AMDAL Committce.

Itis rccommcndcd that this AMDAL qualiﬁcalion system be expanded in the private
scctor, for ‘the purpese of wraining eavironmental ftechnicians in the sector.



Specifically, it is recommended to make it mandatory for those factories which are
required to report regularly based on AMDAL's RKL (Environmental Management
Program) and RPL (Environmental Monitoring Program) to employ personnel who
possess the AMDAL (B) qualification. :

Ambient Air Quality Standards and Emission Standards

(1) National ambicnt air quality standards

Law No. 4, the Basic Pravisions for the Management of the Living Environment
enacted in March 1982, provides the umbrella for governmental regulations and
ministerial decrees regarding the management of the environment in Indonesia.

* Under this law a ministerial decres on environmental standards has been issued in

1986 which cstablished, among others, the national ambient air quality standards
(Table 5.4.1). At present new national ambient air qualily standards are proposed to B
supersede the old ones as shown in Table 5.4.2 to ensure protection of the receptors

~ from both acute and chronic exposures. The current ambient air quahly slandards of

DKI Jakaﬂa are also shown in Table 5.4.2.

- Table 5._4.1 National Amblent Air Quality Standards - Cun'ent in

March, 1997
f‘Parémf;ter' o Time | E’Standards _?' h Recommcndod ,
o - | Measured |- ug/m® (ppm) | - Analytical Methods
“|Sultur dioxide |24 hours  |260 (0.10). . ° ] Absorptiometry (p-rps’aniliﬁc}

Carbon monoxide| 8 hours 122,600 (20) Nogldispcrsiv'c Infrared Absorp.
Nilrogen dioxide |24 hours [92.5 (0.05) - |Absorptiometry (Salzman)

" Aozone ‘lhour |200(0.10) ' [Chemiluminescence
TSP 24 hours  |260 " |High Volume Sampler
Lead - |24 hours |60 ] Atomic Absorption -
* IHydrogen sulfide [30 minutes[42 (0.03) | Absorptiometry (Flg Thiocyanate)
[Ammonia 24hours |1360(2) | Absorptiometry (Nestier) |

Hydrocarbons 3hours |160 (0.24) . - |FID Gas Chromatography

Source : Slale Minister Decree for Populauon and Enwronmcm No. 02/1988 (Ref, i9|)
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Table §.4.2 National (Draft) and DKI Jakarta Ambient Air Quality

Standards
Parameter Time of Stanidards
| measurement National - Draft DKI Jakarta
Sulfur dioxide 1 hour 900 1t g/m’(0.34 ppm) 900 1 g/m’?
24 hours 300 ;!L'g}nﬁ(ﬂ.ll ppin} 300 i g/m’
1 year 60 jt g/m’(0.02 ppm) 60 i g’
Carbon monoxide ‘1 hour 30,000 i g/m?® (26 ppm) 26,000 1 g/’
8 hours 10,000 ¢ gim® (9 ppm) 9,000 1 g/’
L | year ] 9000 n giw’
Nitrogcn dioxide 1 hour 400 u g/m’(0.21 ppm) 400 1 g/m’
24 hours 150 1t g/m’ (0.08 ppm) 150 4 g/’
. | year 100 ¢ g/m’(0.05 ppm) 100 it g/m’
Oxidant as O, - 1 hour 160 x g/m*(0.08 ppm) | 200 u« g/m’
24 hours : - : 50 ¢ g/n’
. . 1 year - 30 ¢ gm®
- |Suspended ~ 24 hours 230 1 gm® 230 1t g/m’.
e Particulales (TSP) : lyear' 90 i g/m’ 90 1 g/m®
Suspended Pani_cjulalc 24 hours | - 180 ¢ gim’®
Matters (SPM) ' 1 year n 60 1 g/m®
“[1ead - 24hours - | 20 g’ 6 1 gm*
L . ] year R oty e gmt
erdrbc’afbon 3 hours 160 2 gm®(0.24 ppm) | 150 1 g/m’® -

Note : Vames are based o Uhe amms‘phérié 'condi_tidns of terperaturie; 25 °C and pressure 1 atmosphere,

It is necessary to establish an air mohilc’)n’ng system, for the purpose of ascerlaining |
whether the air quality standard is observed or not, and what would be the effects of
air pollution conirol meas_urcs." Local goveraments must be provided with
‘organizations and appropriations for this purpose. The results of the monitoring
should be made public annhé!l_)?: It may be possible to insert these articles in the draft
‘revision of the BlaSic Provisions for the Management of the Living Environment, Act
 No. 4, 1982.- BAPEDAI.DA'(LOC:;I Environmental Management Agency), nROW
being - organized by _lhc:' Ministty of Interior, Jis ¢ considering 'ihslallaiion of
environment moniloring stalions. BAPEDAL should be involved and consulted for

- the instatlation and appropriations for the management of these stations.
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- Notes : 1) Nitrogen Oxndes is expressed as NO,,

{2} Emission standards for stationary emission sources
The Dxcree of the State Minister 'Emission standards for stationary emission
sources’ (KEP-13/MENLH/3/1995; Ref, 110) regulates cmissions from four (4)
prime industries {iron & steel, pulp & paper, cement, and coal fired sleam power
plants) and all other industries. The Standards are in cffect in two (2) target years of -
1995 and 2000 as showi in Table 5.4.3,
t Table 5.4.3 Maximum Limit of Emissions from Selected Stationaryi
Sources
: _ {Unit : mg/m’)
“Sources - TSP S0, NO, '
Electric Arc 600 - -
_ Fumace {150y - -
Four Prim¢ . [Power Boiler 400 - 1,200 1,400
Industrics ~ |tex. Power Ind.) {230) B0 (1,000)
* |Power Ind. Boiler . 00 1,500 . 1,700
- |(Coaly ? {150y (750) - {850)
-|Cement Kilns 150 b 1,500 1,800 -
: ‘ i ' - (80) (800} (1,000)
Other Industries - - - 400 - 1,500 1,700
n . (350) ) 800y (1,000) .

- 2y Gas volume is on dry bams ata s{andard conduons of tempe:aluu 25°C and pressure = 1
atmosphere. © _
3) The standads shall be mel in QS% of the timé dmng a normal opcrauon mmpulcd over a
- period of threg months, except ‘othée industrics’, ‘ :
"4) Oxygen comection is different for cach facilitics. : o
Sy Figure in brackets are values to be efrecuvc m 2000 othmnsc alrmjy cfrocme since
1995.

Source: State Mmisler Decroe for Enmonmem of (hc chubhc of lndune.s:a (Rcf 1 lO)

N seems unfair that facilities of the samo type, for example boiicrs, have different

)

- emission factors in different industries. It is recommended, therefore, that inventory

surveys be conducted 1o understand the whole situation of facilities in Jabotabek,

Emission standards for vehicle emission gas . -

" Bmission slandards for vehicles emission gas {Rel. 104) as gwen in I‘able 5 4.4

regulate the permissible limit of polluted matters emitted from the' vchxcles “The
standards are applied for both new and presently used cars. ‘
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Table 5.4.4 Standards for Emission Gas of Motor Vehicles

Items Standards
CO up 10 4.5%
HC up to 3,000 ppm (2 Wheel, 2 Stroke)
up to 2,400 ppm (2 Wheel, 4 Stroke)
_ ~ {up to 1,200 ppm (4 Wheel) -
Black Smoke no more than 50%

C Notes: 1) Concentration of CO and HC is measured in idling condition.
- 2)  Concentration of Black Smoke is méasurcd at free noceleration.
Sour¢ce:  -Ambang Batas Emisi Gas Buang Kendaraan Bermiotor
KEP-35/MENLH/10/1993 (Ref. 104)

5..5 Training System
5.5.1 Environmental E(l_ucalion
(1) pSL (Environmental Research Ccmcr}

In 1985, a year before the, 1mplemcmauon of AMDAL, AMDAL training courses
werc established at PSL in the Umversuy of Indonesia, The first PSI. was founded
in 1972 as the Ecologlcal Institute in Padjadjaran ‘Bandung University. Then,
environmental institutes. were cslablished one after another in Linivcrsilics “and
BKPSL (Ilnwronmennl Rcsearch Center C{)mmum[y) a network involving 50
PSLs, was organized in 198‘5 Now the couniry has 65 PSLs including Lhal of the
Umvcrs:ly of Indonesia, under BAPEDALS assistance. -

Ahﬁ_)AL training_consis{s of 1h'e-AMDA!fA course (basic course), the AMDAL-B =

course (report preparation course) and the AMDAL-C course (evaluation course).
PSL of the :Un‘wcr:sily of Indonesia has already given the instruction for the A course
- 68 times, the B course 18 times, and the C course 7 times. Although almiost same
éontents of training are given in’ the PSLs it is characterized by universitics’

Iccauons In the University of Indonesia, for mst'mm,. 1mportance is Taid on urban

development 1ssuw Thirty-five staffs are in charge of training, while the leachmg_
staff of the umversuy S dep'irimenls and qualified people other than the teaching staff

' ‘art. mv:led as lecturers. The expenses are covered by training fees.

PSLs play a vcry mlpoxiam role as the qualification orgamzauon in the AMDAL
~ system. However, they are not assisted by the government in human resources and
financing. The fact that PSLs have operated only with training fees is not a situation
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(2)

desirable for their further expansion and development. It is necessary 10 give the
PSLs official assistance, because the spread of the system cannot be expected as
long as training fces are so high.

EMC (Environmental Management Center)

EMC was established in 1993 as the BAPEDAL’s supporling facility for reference

“laboratory, environmental monitoring, environmental information management, and

environmental training. Training is given every year in the form of workshop. So far,
Technical training has been given mostly to EMC personnel. EMC is expanding full
scale training to personnel of ministries and agencies concemed, and of local
governments. In addition, exhibition facilitics and environmental public education
shoutd be provided, for the purpose of promoling environmental education in NGOs
and schools. EMC is expected to play the role of an environmental education center.

After the organizational reform ih 11994, EMC became an organization directly -

- controlled by the Head of BAPEDAL. EMC s expected to have capability of giving

. techaical support to the whole orgammuon of BAPEDAL EMC may supply human

-resources (o BAPEDAL Headquarters which is in shortage of the resources currently.

5.5.2 Utilization of ISO 14000

“The Guideline for the Execution of Environmental - Inspection was compiled- in .
acuerdanoc wuh the Nohfncaﬂon No 42 of the Muustry of Environmient, in Novembcr '

1994 and thc followmg lmes werc defined:

- “‘[‘nwronmental lnspecuons shall b(, conductui volunlauly by Lhe pcrson in

‘ chargcm an organuauon S _
- “Environmental mspochons shali bc conductcd in accordance with lhc

Guideline.”
- “The results of environmental inspections shall be reported, with external -
- certification, and the environmental managcmem system and the cnwronmcnla]

‘ managcment results bcmg defmcd v

BAPEDAL a'rrangcd a scm'inaf in AUgust 1995 under the title of - “Is Possible 10 |

Implement ISO 14000 in Indonesia or Lis Implementation is’ Only & Drcajn?" o

BAPEDAL organized six groups to study environmental managenicnt systems (EMS),
environmental inspection, etc., in order lo introduce 1SO 14000, which was
implemented in Seplembcr 1995. An action program was prepared in November 1996
jointly by BAPEDAL and DSN (National Standard Conference). The program includes
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the following plans to be implemented by March 1998.

1) Conducting clean production and EMS on a trial basis
2) Establishing a cestification and registration system

3) Enforcing an environmental inspection system

4) Preparing a training curdiculum on 1SO 14000

5) Evaluating EMS- -demonstrating industrics

6) Comprehensive evatuation of EMS

lNKlNDO(ipcal Consultant Association) presently gives a seminar on cnvironmental
inspection, for int:oduciﬁg external inspection. BAPEDAL is preparing for establishing
the Technicat Certification Committee (K AIT), a certilication organization, so that it can
conduct 1SO 14000 inspections. BAPEDAL also gives taining in the Human
Resources Development and En_virmnném Institute {(PPSML) of the Universily of
Indonesia, for the purpose of internal cavironmental inspection. Training lasts for 10
days, with a fee of Rp 1, 250 000. | '

As lhe mlroducllon of 1ISO 14()00 is cxpcclod it is recommcnded that the vollmtary,

. execution of cnvxromnenta] inspections by industries be made mandatory by the

revision  of Environmental Conservation Basic  Act. Specmcajly, voluntary

- environmental mspcchons shall be conductcd first of all in the large-scale factories

which arc rcqu:rod (o make reports pased on RKL and RPL in accordaiice with

- AMDAL. Itis also recommended that an cnvuonmenlal mspeclor and cxammcr lrammg '
- course be conductcd in PSL.s as a new c»ruﬁcauon systcm o

5.

6 Blue Sk)}: Program
BAPEDAL responded to the increasing air pollution problcm$ by introducing the air

pollution control program, Blue Sky Program, in July 1992. ‘The Blue Sky Program
was aimed at restoring air quatity to meet the designated air quality standards and the

. '1mprowng air quality. At first, the Blue Sky Program ‘was 1mplcmcmcd in four

provinces, Jakarta, West Jawa, Ccntral Jawa, and East Jawa. This will be expanded

' shorlly to other provmccs

'The Blue Sky '_Program déa]s'\vith two scparale sources of air pollution, stationary and

mobile sources. With regards (o stationary sources, the Blue Sky Program determines
target areas for each source of poliution, targets reductions of emissions from industrics
in the designated arcas, and implements law enforcemient, iniprovement of institutional




capacity, 'dcvclopmcnl of annval reporting sysiems, and performance assessment as
shown in Figure 5.6.1. As for mobile sources, the Blue Sky Program monitors and
implements contro} of measures including technological advancement, energy policics

~ such as the application of gas fuc and unleaded gasoline, nionitoring of emissions from

vehicles, law enforcement, development of annual reporling system, and pcrformance

- assessment as shown in Figure 5.6.2.
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5.

b}

c)

7 E;cisl'ing Ambient Air Monitoring System

Monitoring of the air pellution in Jabotabck was started in the 1970s by the
Meteorological & Geophysical Agency (BMG), followed by the Ministry of Health
{MOH), Rescarch Center for Urban Developnient (KPPL), and the Environment
Management Center (EMC). The monitoring stations are as follows :

BMG 7 stations
MOH 4 stations
KPPL 12 stations _
6 stations (continuous and automated monitoring and 4 of them are
monitoring stations in the Study)
EMC I station (continuous and automated monitoring and this station is
. menitoring station in the Study)

BMG -

“The BMG headquarters located in the center of DKI Jakarta measures SO,, NOx, -
TSP and O, for 24 hours every 6 days The other 6 slamns measure only TSP in lhe ‘
- cﬁy and rural arca. - C

MOH

MOH mcasurcs SOz, NOx and. 'lSP for 24 hours every & days at 2 stations by the
Dxrecloratc of an:ronmental Health (BT KI 2) and at the other 2 stations by the Hcallh
Ecology. Rcscarch Center (PPEK). The 2 stations of PPEK, which were lmnsferred
o BTKL fccenlly, are included in the stauans of the Global Bnvironment Momtormg .
System undcr WHO. . S '

KPPL

KPPL measures S()z, NO, N()z, 'l‘SP and Pb for 24 hours every & days {Pb is

o measured onc:.,a monlh) in 12 stations relocated in 1995 Contintuous and antomated

: momtormg is carricd out for SO,, NO, NO,, CO, SPM Ox(O,) and HC al 4 stations,

. wh1ch are Pulogadung. lel Thanitin and KPPL under this Study in addition to 2

other stauons ‘Gambir and Ragunan/?asar Minggu.
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d)

EMC

EMC located in Scrpong, 25 km southwest of Jakarta, measures SO,, NO, NQ,, CO,
SPM, Ox and HC by continuous and autontated monitoring. EMC plans to set up a
new station in Tangerang. - ' |
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CHAPTER 6 ANALYSIS OF AIR POLLUTION MECHANISM

6.1 Outline

This chapter describes the Dispersion Simulation Model and Chemical Mass Balance
(CMB) method used in the analysis of air pollution. ' o

The Dispersion Simulation Model is based on Gaussian plunic and puif cquations. The
model relates pollutants emitted from sources and their environmental concentrations,
To establish the refation, accurate source inventory and adoqu'aio meteorological data are
necessary. With those accurate and adequate data, the proporly'adjusled model can givc
the simulation result’ soundly representing the ‘relation” of the sources and 'the

- concentration. The purposc of this simulation is to clarify the relation belween cach

source, as well as its pollutant emission amount, and c:ivi'ronmcntal concentration. -

- Dispersion snmulauon rcprcscnls the phenomena with computer that the . pollutams -

emitted from the source such as factoncs, motor vehicles efe. are diffused by the wind.
With more accurate source information data, meteorologrcal data and moasurod aclual"
_concentrations, Iho accuracy of the smmlauon model bccome hlghcr ‘

Study Team developcd the Dispéxsion Simutation Model for Jabotabek arca using
- collected source information, environmental cOnccntra_lions zi’nd meteorological data.

- This simniatioh modcl clarify tho [ollowing feamrcs;_

. a) Thb smmlahon model can be used for lhc calculation of prcscnl and fulurc
~ concentration in whole Jabotabek arca, - L
b) The result of calculation for pruscm concentration shows that the conoemralton of
one grid exceeds the proposcd National AAQS for SO,, and also 3 gnds exceed for
NO,, and CO concentration satisly the standard at all calculated grids.
| ¢) For SPM, the influcnce of unknown sources are relatively high, so tho modcl can
" not be used for the plodltllon of SPM concentration. ‘

e simulation for the Jabotabek district was Sitroduced in this Study, BAPEDAL is
" expected to accumulate highor quality’ source inventory and precise melcorologlcal data
representing the district.

The CMB method calculates the effect of each source contsibution 1o SPM
concentration in the ambient air, by solving the equation using individual elements from



amblent air and from sources. “The CMB method may be placed as complementary to
the Dispersion Simulation model. Also, as indicated in Section’ 3.4, additional usefut
results were obtained. However, CMB nicthod can estimate contributions from sources
only at sampling points and can not estimate the spatial distribution of SPM in the
whole Jabotabek area.

"The CMB method clarify the following features;

- a) Calculated values are around 70 % of the measured SPM and TSP concentrations as

averages at cach sampling site, and the remainders are contributions from unknown
sources. e

| b} Around 45 % of SPM are canscd by dicsel vehicles and around 35 % (o 45 % of

TSP by soil.

: 6‘.2 Dispersion Simulation

1)

6. 2. 1 Dlspersinn Slmulatlon Mod el
Ob)cctwes of the Jabotabek Air Polluuon Slmu?auon Model

- The Team was prowd:,d with a smmlahon model systcm 'KILDI* R* by NILU The

- - Team decided to raonslruct it to a'new model for 1mpr0vemcnt of the followmg

Litems :

Gl"'iphlc Inlerface

- Can show’ somc graphs like scatter diagram, conccntratlon map etc on dlsplﬂy and
- print them of any printers supportcd by Windows 95 - -
- Operation; i :

* Can be operated easily by mouse clicks

Linc Source Dispersion Model for Roadside Potlution:
Include Jine source dispersion modci for motor vehicles
Calm wind case: R '
Include Gaussian puff cquauon for calm condmon
Oxidation to NO,: -

jlncludc exponcnualconvers:on model for NO, esumalc

4 stability classes, 4 wind speed ranks and 12 wind directions:
Expand to 11 stability classes, 8 wind speed ranks, and 16 wind directions



Accordingly, the Simulation Model called 'SURASH® was dcvc'loped to emulate the
air pollution in Jabotabek, by comparing with the actually monitored amblcm air
quatitics. The notable features of the model are as follows:

Simulated air poltutanis are SO,, NO,, NO, and CO;
Calculated value is annual average conccnuahon
Pollutant sources are motor vehicles, factories and establishments (mcludmg

power plants, cement factory, etc.), ships, aircrafl, households; and

Target arca is Jabotabek.

{2) Methodology

The model is outlined belo.w:

. lnput data are meteorologlcai data, amblent air quahty data, and pollulant source

data ¢

‘. CONCAWE Equation (Ref. 217) and Bnggs Equation (Ref 21 7}

 for the helght of the plume rise, and

.. Gaussian Plume Equation and Gausnlan Puff Equatlon fof the dispersion model

The simulation procedure is shown in Figurc 6.2.1.

" Monitoring Data

| Ambicat Air Quality | | Meteorotogy

Poltutant Source Data

: I_Mctoorological Maodel Pollutant Source Model
; . ¥ ; “‘""‘ ¥ §
Diflfusion Model
3 )
Feod Back  §37 NOx -2 NO, Reaction Model
A M

\

Compare Diffusion Results with Monitoring Data .

Concentration Data (Simulation R_e'éull)f_

Ground Level Concentration Map

Fig. 6.2.1 Flow Chart of Diffusion Simulation



(3) Target Years
The target years are 1995 for the present case, and 2010 for the future case.
(4) - Averaging Time of Concentration

Long-term average {annual average) of concentration is calculated to omit hourly,
daily and seasonally drifts and crrors.

* To simulate concentration of annual average, first, the meteorological information
was grouped by the malrix of 16 wind-directions, 8 ranks of wind-speed and 11
stability classifications for cach matrix of 4 scasons and 4 lime zones. Second,
dispersion of pollutants per source was calculated for average' condition of each

- matrix. Third, it is summarized to average concentration by each season-time zone.

~ Finally, annual average was calculated, using the following equation:

B .:g;(g(m,,,ﬁ,,),ﬁ,,.)ﬁ)

s \rm

where _ .
- €, 7 Yearly average of concentration
t : Matrix of season and time zone
s : Pollutant source’ '
3-5 o R'epre'senlative' meteorology

" F() : Dispersion equation _
0, : Quantity of pollutant from each source _
W,. : Meteorological information of cach representative
metcorotogy
~ fim : Frequency of each representative = metcorology
| - compared with each season and time zone
N A ¢ Ratio of each time zone compared with one year

| (5) Po_llUt'_anliSbUrccs.' L

Targets: of pollutant ‘sources in (his Study ‘are motor vehicles, factories &
- cstablishments (including power plants, cement factorics elc.), ships, aircralt and
' houscholds.



(6)

)

| Seasons . Month ~{ Time Zones | “Time
. ‘| Rainy Season| January to March | | . Mormning -6:00 10 10:00
Transition L CAprittoJune | ] Aftemoon  § - 10:00 10 17:00 |

Dry Season | July to September- { {  Night 17:00 10 24:00
Fransition 2 | October to December | - Midnight | '0:00106:00

®

Area of Simulation

Area of simulation is the whole arca of Jabolabek (around 105 km long in the cast-
west direction and around 100 km in the north-south girection). Calculation was
made for mote than 6,600 center points of | km by 1 km meshes.

Season and Time Zoning

Season was dcfincd in order to consider the seasonal variation of effectual factors for
diffusion, e.g. primary wind dircction.

There is also daily variation of effective factors, ¢.g. solar and net radiation as well
as traffic volume variation. o take them into account, one (1) year was divided into
four (4) time zones by the variation of traffic volume and the concentration variation
of air pollutant. The delermined zones are shown in Table 6.2.1.. |

" Table 6.2.1  Seasons ‘and Time Zones

Apphecl Mclcorologlcal Data

BMG da!a had bccn n,ferred for, and EMC and Pulo Gadung were selcclcd for the
simulation, Aﬂer examination of- wind roses: and diurnal changes of wind speed,
wind data al EMC for Botabek area and Pulo Gadung for Jakarta arca were used.

‘Net ragiation was observed only at EMC. Based on the data, atmosphenc stab:hty

was evaluated by Senshu Method, and the details are included in Appendix 4.1.1,
Vertrca] zoning, correction of wind speed with vertical zones, and meteorologlcal

 classification are alsomcluded in Appendlx 4.1.1.

9

Source Type

Sousces with quantitative air pollutants were modeled as point or line sources :

individually. Sources with small potlutants were compiled (o area sources. The
definition of modeting is shown in Table 6.2.2.



Table 6.2.2 Source Type

Source Category Size/Condition Source Types for Simulation

Faclory & Lstablishment Large Point

Small Arca
Houschold All Arca
Motor Vehicle Major Road Line
Minor Road Arca
Ship ; Mooring Point
Cruising Arca

Aircraft Approach & Climb Out Point (Series)

-Take O Linc

Idling & Taxiing Arca

- (10) Dispession Model

‘1) Effective Stack Height

Effective stack height was calculated for point sources and sel for line and area
sources. The CONCAWE equation was used for windy condition and the Briggs

equation for calm condition as shown below. Seitings for line and ‘arca sources

are included in Appendix 4.1.1.

The CONCAWE equation (Ref. 2 1?) is as follows:

CH,=Hy 40175 Q0T

where
H,
o,

 u=pC, 0 (T

© where

SELRRS

Released heat (cal’s)

'“TA)

: Effective ste:lck height m)
i Actual stack height (m) -
On

L Air density at 0°C (1293 x 10°gin®)
Isopiestic specific hieat (0.24 calK/g)

" Volume of emitied gas (m’N/s)

. 1 Temperature of exhaust gas (°C)

- - Temperaiure of 'atmosphcrc (28 °C)

: Wind speed at stack top {m/s)




The Briggs equation (Ref. 217) is as follows:

H,=H,+14-0, ¥ (d0 1dz)™

where

dB/dz . Temperature gradient (0.005 °C/m for daytime, and
0.010 °C/m for nighttime)

’“-‘{e’f"l“gzzaﬁe)] "[““5‘“‘“

2) Diffusion Equations
Gaussian plume model equation and gaussian puff model equation were sclected
for diffusion formulas, as shown in Table 6.2.3.
Table 6.2.3 Diffusion Formulas
Source  JWindy Calm ,
~ fPoint Simplified Gaussian Plume Equation Simplified Gaussian Puff Equation
[Line [Simplified Gaussian Plume Equation  Simplified Gaussian Pulff Equation
|Arca " {Simplified Gaussian Plume Equation ___Simplificd Gaussian Puff Equation
~ " a) Gaussian Plumie Fquation -
- The on’ginﬂ form’n]a of gaisssi__ah plume n;udd_el‘is as follows :
B Q o B yz .
C(x,y,z . ex by
(y) Zﬂccu :p 20 '
w_here' R .

’ ; Concentration at calculation point. - :
"+ Distance from source to calcutation | point along wind dlrectlon (m).

. Height of calcuiatlon pomt (m).

# : Wind speed (m/scc).
He : Effective stack height
o, : Diffusion width upright to win

C
X

Y IE Distance from source to caleulation peint upnght to wmd d|rcclton (m). -
z S |
0

" : Emission rate of pollutant (m*N/sec).

d direction (m)




o, : Vertical diffusion width (m}

Because the original formula is time consuming in the praclicaj use, this formula
was simplified as the next one by Holland (Ref. 217) with the assumplion that

- frequency inside cach 16 wind direction ranks is constant, which is applied for
the Jabotabek sinulation model.

C(R,z) = a!-’;-_—-wgfm-
Ro

where o
R : Distance from source to calculation point (m)

b) Gaussian Puff Equation

On the other hand, the formula of original gaus_sian puff model is as follows :

WA 2 .
o p— -cxp{~(x 1) 2 } ¥

(zﬂ_)lil 0',0'),0', ) . Zo-x

where
{  Time from stack or exhaust gas pipe (scc)
Olhers same as the Plume Equat:on Sectlon

tis also time consummg in lhc prachcal usc and ﬂs sm1phﬁed oquanon which is '_
used in Jabotabek smmlal;on modcl is as fo!lows ' . |

"'1' 1
Q N

C(R, z) = S
(2”) Y | r +-——-(He z) R +-——-(He +z)

where . L :
= 0;/1 o,/1 {1:3600 sec)
Y= ozlf (1 36005::(:)

Diftusion width values fo'r' the plume and puff equations and diffusion index for
_stability classes are included in Appendix 4.1.1.



(11) Conversion Model from NOx to NO,

Conversion model from NOx to NO, follows the exponential approximation model
of Yamamoto, Yokoyama, et al. (Ref. 217). The equation is :

% INO,] = [NOx]p [1— i _;'ﬁ' {exp(-Kt}+8}]
- where

{NO,], [N()x}D Concentrauon of NO yand NOx o

o : NO/NOx ratio near pollutant source =

B - NOANOX ratio far from pollutant source

t : Time from stack/ exhaust gas pipe (sec) .

K=Fy-u[0,] - ¥,

where
o Fy . Experimental constant
~u . Wind Speed (m’s)

{Os]p : - Background Conceniration of Oy (ppm)

KE* - - Foy 0 Background _Correciién Factor

Details on’ sclhngs for the exponcm:al approxlmauon modcl are znc!uded in
Appcnd1x4 1.1. :

6.2.2  Simulation of Alr Quality in 1995
o (i)‘ Evaluation of Simulation Model
 Scatier diagrams of simulated results and actual measurement at ronitoring stations
are shown in Figure 6.2.2. Correlation coefficients were 0.67 for SO,, 0.96 for
- NOx, 0.92 for NOZ, and 0,94 for CO. Ba(‘kgr01|nd (Actual mean minus calculated
mean) concentrations were -3.12, -1. 69, 0. 18 and 858.71 ppb, respccuvcly SO,
was overestimated to some extent and COwas undcreshmatcd Then, the simulation

_ § T  model can be used for the present and the future predachon for these po]lutams and
' background vatues should be added to co smmlauon values -

On the other hand, corselation coefficient and background _va!u‘e of SPM s'inmjlélion |
were 0.15 and 72.87 ppb, so the model was not used for SPM prediction.

Source contribulions to pollutant concentrations of SO, and NO, at monitoring
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stations are shown in Table 6.2.4. For SO, concentrations, factory contribution was
high at Pluit and automobile: contribution was high at Thamrin. For NO,
concentrations, automobile was the largest polluter at all stations.

‘To increase the accuracy of stationary and mobile source inventory is the most
important way for improvement of the dispersion simulation model, Accumwlation of

- the basic data like emission measurements and locations of factories, emission factor
measurement of automobiles, and traffic counting data of the major roads and so on
is necessary for (he establishiment of more accurate dispersion simutation model.

Table 6.2.4 Source Contributions at Monitoring Stations

(Unil : ppb)

SO Factory | Automobile Home Others Total
"EMC 1.7 0.1. 0.3 0.0 2.1
Pulo Gadung 2.8 1.2 - 1.3 - 0.1 5.4
Pluit 94 | L5 1.2 - 0.1 12.2
Thamrin 3.8 - 7.7 1.9 0.1 134
KPPL 3.2 - 42 1.6 0.0 . 9.7 -
N2 Faclory Autonmobile | Home - Others - Total
EMC 09 N 03 0.0 2.6
Pulo Gadung - 1.3 7.9 1.0 0.1 103
“Pluit _ 2.1 8.3 .09 ¢ N R B § P
Thamein® |0 16 «| 356 | 13- 0.1 38.6 -
KPPL 1 Tta A3 T 0.1 [ 270

) Concentration Map of 1_995

- To predict the spatial distribution of air pollution in Jabotabek, calculation was -

conducted for center points of cach of more than 6,600 grid cells. The height of

calculated points was set as 1.5 m above ground. To avoid the very local eftect from
* near pollutant Sources of less than 30 m, calculation points were offset al dmancc of
: 30 m from the sources. The selling is reasonable because the sources are treated as
~ ‘point or line, but some offsels hke road wndth or boundary to the oulside exist in real
© siluation. ' '

"'The average concentrations for each scason and time zone were calculated and
_weighled averaged to obtain the anrtual average concentrations. The conicentrations

at cach grid are summation of each emission sources, which is more than 22,000 in
- Jabotabek for the present condition,



Concentration maps of SO2, NO: and CO are shown in Figures 6.2.3 10 6.2.5, and
maps of NOx and SPM are included in Appendix 4.1.2. The results should be
compared with the annual values of the proposed National AAQS (Table 5.4.2). The
calculations and comparisons were made in ppb unit because the factors in pg/m’ by
ppb are different from theoretical conversion factors to some extent. The conversion
factor of SOz from ppb unit to ;l@'m’ unit is 2.618, but the factor in Table 5.4.2 is

- 3.0 and so on.

* Then, the calculated results were compared with 20 ppb for SOz, 50 f)pb for NOz of

the proposed AAQS, and 8, 100 ppb (9,000 pg/m?) for CO using DKI Jakarta AAQS
converted with the ratio of the pr{)poscd Nauonal AAQS.

The areas with relatively high SO, conccnualions ( more than 10 ppb) rﬁéinly spread
in Jakaria Utara, Jakarta Pusat; Jakarta Barat, Cibinong, Kota Tangerang. Most of
the concentrations are below the standard, and the concentration of only one grid at
Grogo} exceeded the standard (Fzgure 6 2. 3) Power plants and- glass factory at
harbor side affect the SO, concentration in wide arca of Jakarla Utara, Jakarta Pusat,
and Jakarita Baral.  Cement factories at Cibinong; and medium/small factories in
Kota Tangerang and Kola Bekasi also caused the relatively high SO, cjoh'cenuation

~(Figure 6.2.4). Seven patchy grids ‘more than 10 ppb SO, were caused by heavy
- traffic of automobiles. Two grids with relatively high SO, concentrations are caused
- by sh1ps at Tanlung Prxok Port (Flgurc 6.2.5). '

: T‘he NO, comcmrahons in DKI1 Iakar{a, Kota Tangcrang and Kota Bcksn were

' gumrally hlght,l' than the concentrations in the other arcas. Six spots with refatively

o :- high NO, concentrations (more than 30 ppb ) gathered in Jakarla Pusal. However,
. thres grids wilh higﬁ NO, concentrations more than the standards located beside the |

roads with heavy traffic in Jakarta Barat, Jakarta Timur, and Jz@k’arla Utara, and NO,

~ poliution was said to be local problem in 1995 (Figure 6._2.6); ‘Contributions from

stationary sources to NO, concentrations were only 3.5 ppb as a maxinum and not
80 important: (Figure 6.2. 7) Most of thc con!nbullons !0 NO Camc from

: automoblles (F:gurt, 6.2.8).

CO concentrations ar¢ much below 1he slandarcl and no. problcm in !995 (Figurc
6.2.9). '

~The causcs of felatively high SO, concentrations were;

- Some factories like power plants, glass factories and so on
- - Heavy traffic with relatively high sulfur diesel oil
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- Ship activity with rclatively high sulfur diesel oil

SO, concentrations exceeded the standard in only one grid. However, expansion of
the factories and increase of road traffic and ship aclivity would cause SO, problem
in the future. The impacis of some factories spread in wide area, and are more
imiportant than the ones of antomobiles and ships.

The cause of relatively high NO, concentrations is exclusively the heavy' traffic of
- automobiles. NO, concentrations exceeded the standard in only three grids in 1995,
_ However, increase of road (raffic would cause NO, problem in wide area like DKI
Jakana.
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6.3 . Chemical Mass Balance Method

6.3.1 Outline of CMB Method

CMB {Chemical Mass Balance ) method is a type of receplor model and statistical
model to estimate the contributions from sources (0 ambient SPM concentration. The

-sources of SPM are divided into artificial sources and natural ones: The former includes
 the different kinds of factories, various types of motor vehicles, etc. The latter includes
soil particles, sea salt particles, and others. One special feature of SPM component is

the high contribution by natural sources and it is therefore very difficult to establish a
comptelély physical model for cstimating SPM due to natural processes. Hence, the
CMB method provides an alternative way to cl‘lectwcly estimate the contributions by
artificial and natural processes. '

The parlicles are categorized into primary particies and secondary particles. The primary
particles are those emitted in particulate form, but the sccondary particles are Lhose

~emilted in gaseous form and then converted to paIllClllﬂlc form. For example, some
. parts of SO, ate convcrled to SO; and fmally to sulfuric acid or some forms of sulfate. .
- CMB method largets the primary particles and the conlnbuuons by the- secondary -

pamclcs are estimated from their chcnuca! components

- The mathémaiical formulation of CMB meihod is éxplainéd in the f0ﬂm¢ing5 The

_ receplor model for cshmalmg the comnbutmns by po!luu(m sourees is bascd on Lhc law

-1 of conservation of mass. For cxamplc assummg that (p) numbers of cmlsswn sources .

“exist and’ suppose no -interaction - follows where mass change occurs, SPM

. ‘conccntratmn <) mca‘;ured at thc reoeplor is oblamcd by lakmg lhe sum ol‘
o contributions (S } ol' each leSS!Oﬂ SOUrCE as m equanon ().

c=35, S

=1

Similarly, concentration (C) of cdmponmi (i) in the SPM is ckp‘r‘csscd by ctlliaticni {2).
" Here, (ay) is the mass fracllon of source contr:buuon ) posscssmg componcnl (l) at

ru:eptor

G=Yas, @

74

Assuming that (n) numbcrs of components are analyzed at the sources and receplors,
then an cquation is set up for ¢ach component. If the number (n) is greater than or equal

6-21



to a number (p), we could obtain the answer by solving the set of p lincar equations.

| When the humber (n) is greater than (p), a set of accurate values is obtained by
minimizing the value { x %) expressed in equation (3).

. (C,. —'ZP:RJ'SIJ |
D o

-2
W

i=} i

Here, (w)) is the weight according to the extent of errors in measurement,
" Equation (4) is the matrix from expression of equation (2).
C=AS R (4)
Here (C ) is n-dimensional veclor of componenl conceniration, and (A)Yis n by P matrix

“of mass fraction of somces. and (8) is n- dimensional vector of contributions by
- sources. ‘

; .ch:ncrally, the solmion by the leastﬁquarés method is as foltows: :

s- (‘AWA) "awe RO

_ Here, {W) isa dlagoml matrix with d:agonal componcms of w. 'A s ranspose of S .
: matrix A and X' is inverse ma!nx of matrix X. erors of cslimations for the sourcc L @
comnbuhons dcpcnd on lhc way the wenghis (w } are chosen.

- 6.3.2 Analys:s of PM Emassion Source for CMB Mellmd

To conduct the CMB mclhod, the elemema] componenls of parhculalcs cniitted from
sources are necessary. ' ' : Lno

The samples analyzed were the following:

Automobile: three (3) gésoline engines, three (3) dieset engines

Factorics; = - ten (10) bmlcrs four (4) fumaces three 3) gencralors two (2)

S cementkilns | . _ ) _
Op.en Bumihg:' four 4} = R - :' _ _ . o : o @
Sol: - we@ B 8

The particulates p:}litlcd from ‘gasoline vehicles contain high concentrations of lead (Pb)
and brominc (Br), and carbon contents dominate in patticles from diesel vehicles.

. The specific elements for various facilities were as follows:



Oil burning facilities:  Vanadivm (V) and zine (Zn)

Lead melting furnace: Lead (Pb) and antimony (Sb)

Steel facilitics: " Iron (Fe), manganese (Mn) and other heavy metals
Cement: Calcium {Ca)

The resulls of analysis at¢ included in Appendix 4.2, 1,

'6.3.3  Source Contribution by CMB Method

Ambicnt SPM and TSP concentrations (Appendix 2.4) were analyzed by CMB method.
Following major sources of SPM/TSP were selecled:

- Soit
- Sea sait
- Steel
- il buming'
- Incineration
| - Diesel vehicle
- Gasoline vehicle

" “The elemental profiles of major sources are based on analysis results of the samples in
Jabotabek and arranged by the cxisting data in Japan (Ref. 246). The profiles of cach
s'oura, are compiled in Table 6.3.1. Selected elements for CMB method an,‘Na', ALK,
Ti, V, Mn, Fe, Zn," Br, Pb, and elemental carbon, Source contnbuhons al cach
samplmg poml are shown i in Tablc 6.3.2- and I‘ablc 6.3. 3. _ '
' Ca]cUlaled value_s'are_around _70% of the meastred SPM and TSP 'conccmraiiqns as-
average at each sampling site, and’ the remainders arc c_outribuﬁonls from unknbwn_
sources. Around 45% of SPM were caused by diese! vehicles at JICA Office and EMC
and around 35% to 45% of TSP by soil at KPPL, Pulo ‘Gadung, and leL Diesel
vehicles were major comnbulors for SPM and soil zmd diesel vchtclcs dominated in
TSP ' ‘ o



Table 6.3.1 Elemental Proﬁ!cé of Major Sources (1/2)

Soil-Thamrin

Soil at EMC Sca Salt . Stecl
Element % Error % Error % Eror % Error
oc 0 0 0 0 0 0 0 0
EC 0.83333 | 0.16667 | 083333 | 001667 0 0 0.5 0.5
C 0 0 0 0 0 0 0 0
NH4+ 0 0 0 0 0 X 0 0
NO3- 0 0 0 0 0 0 0 0
NA 001083 | 0.00043 | 0.14167 | 0.00283 0.4 1.52 1.36 0.272
AL 12.5 0.25 10 0.7 0.00003 90 0.999 0.2
S1 0 0 0 0 0.0087 [ 0.00087 0 0
SO4- 0 0 0 0 Q 0 0 0
s 0 o - 0 0 2.6 0.26 479 0.958
CL 0.00833 1 000833 { 001667 | 0.00667 55.1 2.75 3.41 0.682
K 0.04167 | 001667 | 0.16667 | 0.06667 i.1 0.11 1.32 0.264
CA 0.33333 | 0.13333 | 083333 | 033333 1.17 0.0585 4.51 0.902
SC 0.00258 | 0.00005 | 000225 | 0.00005 0 0 0.00013 | 0.00003
11 0.79167 { 0.095 0.625 0.06875 0 0 0.1 0.02
v 00225 { 000135 | 001917 | 000077 | 0.00001 0 0.0125 0.0025
CR | 000158 | 000019 | 000225 ) 0.000t6 0 0 0.316 0.0632
MN' 0.425 0.051 0.19167 | 002492 | 0.00001 0 22 022
FE 641667 | 012833 | 625 - 0.125 0.00003 | 0.00001 15.7 1.57
CcO 0.00308 1: 0.00003 | 0.00258 | 0.00005 Q- 0 0.0044 0.0044
NI - 0.00042 | 0.00042 | 000075 0.0003 0 0 .| 02 0.29
CU 0.08333 0.0225 0.225 0.0315 0 Q- 0.37 0.37
ZN 0.01083 | 000162 | 003333 | 000233 0 g 5.15 103
AS 0.00061 | 000002 | 0.00048 | 000002 | 0 0 0.0103 0.0103
'SE 0.00008 | 0.00004 | 000003 | 0.00003 | 0.0000% 0 0.005¢1 | 0.00511
BR - |-0.00049 | 000004 | 0.00392 | 0.00012 0.19 0.0095 0.0144 0.0144
-~ RB | 000033 | 000013 | 000083 | 000022 | 000035 | 0.0001 0.00768 | 0.00768
AG | 0.00004 1 000004 | 000004 | 000008 | 0.00001 0 : 000542 | 0.00542
cp | 0.00025 | 00001 } 000008 ] 000008 | 0 0 0.0252 0.0252
SN ] 00025 1 0.001 000125 | 000125 | 0.00001 S0 0.28% 0.281
sB 000003 | 0 . | 000013 | 0.00001 0 0 0.009 0.009
1 00025 -| 0001 | 000167 | 0.00067" 0.17 | - 0.017 0 0
Cs -0.00021 | 0.00008 | 000021 | 0.00001 0 0 0 0
BA 001667 | 000183 | 002083 | 0.00208 | 0.00009 | 0.00003 0 0
LA 0.00225 1 0.00005 | 000142 | 0.00003 0 0 0.00697 | 0.00097
CE 0.00533 | 0.00021 | 000425 | 000017 0 0 0.00687 | 0.00687
SM 0.00053 | 0.00002 | 0.00033 | 0.00001 0 . 0 .| 000002 | 0.00002
EU 000019 ;| 00000t | 000011 | 0.00001 0 . 0 0 Q)
YB 0.00026 - 0.00001. | 000017 | 0.00001 0 0 0 0
LU 000004 | -0 1 000003 ] 0 0 0 . 0 0 )
HE . | 000042 | 0.00001 | 000042 |. 0.00001 0 0 0 0
TA - | 000005 | 0.00001 | 000007 | 0.00001 0 0 0 0
W 0.00008 | 0.0000 0.00002 | 0.00002 0 0 0.00474 | 000474
HG . .| 0 0 0 0 0 0 0.00858 | 0.00858
PB 0 0 .0 0 0 0 1.44 - 1.44
TH 0.00002 | 0.00064 | 0.00002 0 0 0 0

0.00067




Table 6.3.1 Elemental Profiles of Major Sources (2/2)
Fuoel Qil Waste Diesel Yehicle Gasoline Vehicle
Element % Eregr % " Froor % Frror % Frror
oC 3.5 0.7 0 0 8.916067 1.16667 3.47 0.694
EC 803 16.1 0.5 .3 63.833313 | 4.08333 80 16
C 83.5 16.8 0 0| 7235 5.25 835 {635
NH4+ 0 0 Q L] 0 0 00272 0.00272
NO3- N 0 0 -~ 0.65 0.13333_| 0026 | 0.00246
NA 0.354 - 0.354 12 1.2 0.08333 0.03333 0.186 0.037
AL 0.337 0.337 042 0.084 “‘ 0.2 _0.083133 0.1 0.05
81 0 | o o 0 0 0 0 0
504- 0 0 9 0 641667 | 183333 | 0425 0.0425 |
S 0 0 13 1.3 0 0 0 : 9
CL 0.156 .156 27 2.7 0 0 0.21 0042 |
K 2.44 2.44 20 2 0075 0.02 0.05 - Q.05
CA 0.197 - (.197 1.1 022 0.16667 0.125 0.05 0.05
SC 0.00003 £.00003 0.00005 4.00001 0.00003 Q.00001 0.00002 0.00001
Tl 0.0831 00831 0.09 -0.018 0.01533 0.0125 0.1 . 0.1
v .36 0.36 0.0027 0.00054 0.0008 0.00021 0.00045 0.00045
CR 0.00875 0.00875 | 0.085 0.085 0.001 0.00025 0.003 0.00078
. MN 0.00389 0.00339 0.033 0.033 0.00367 | 000117 0.011 0.00165
FE 0.3 0.3 0.61 0.61 0.09167 0.03333 0.22 0.044
CO 000142 0.00142 0.0021 | -0.0021 0.00000 0.00005 0.0028 0.0002
NI 0.217 0.217 & 0 0 - 0 0.012 0.0024
cu 0.0407 00407 0.36 0.072 0 0 ~0.03 0.03 -
N 0.025 0.025 2.0 0.52 . 0.03917 0.02715 0.14 0.0042
AS | 0.00666 0.00666 { - 0.015 . 0.015 0.00023 0.00005 0.00035 0.00015
SE 0.006%4 0.006384 0 '9,. : 0 0 0.0001 0.0001
BR - (0.00418 0.00438 0.083 0.016 0.00317 0.00175 1,2 0.171
- RB . 0 0 - 0.026 0026 0.00016 Q.00012 | 0.0065 0.0005
TAG 0.00064 0.00061- | : 00150 | 0015 Q0 0 ] 0.00025 0.00025
CcD 1 0.0009 00000 | 005 | 005 QL 0 0.0015 | 0.0015
SN R Qo 03 - 0.3 .0 o0 0005 0.005
SB | 0.00032 | 0.00032 006t |. 0061 0.00039 + | 0.00003 | 0.00002 . | 0.00002
I oo B 0 O -0 Q. 0 | 0002 ¢ 0.002
CS 0.00004 0.00004 0.0012 0.0012 0.00002 0.00001 0.00001 0.00001
BA - 0.0288 1 00288 0.039 0039 0 | 000167 | 0035 0.035
LA 0.00056 0.00056 000077 0.00077 0.00009 0.00003 0.0002 0.0002
CE 0.00026 1 0.00026 0.017 0.017 0.00017 |- 0.00007 0.00035 0.00035
SM 0.00003 0,00003 0.0000 0.00005 £.00001 0 0.00005 | 0.00005
- EU - 0 0 0 0 Q0 0 0.00002 0.00002
YB 0 0 : 0 0 -0 ) 0.00005 0.00005
LU " 0.00001 0.0000i 0 0 0 L 0.00001 | 0.00001
HE {.00004 000004 0 0 .0 1] 0.00015 0.00015
TA - 0 K Q.00008 ODGBS 0 g gl ]
W 0.00087 | 0.00087 ) 0 0 0 0.005 . 0.002
HG 0 0 0.0084 Q.0084 0 1] 0 . 0
PB 0.00442 0.00:442 1.7 0.34 0 0 104 2.08
TH 0.00004 0.00004 0 0 6.00001 0.00001 0.00001 0.00001
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Table 6.3.2 Source Contributions to SPM

SPM at FMC _
_ (Unit ; ug/m*)
Obs. Cal. 1 Cal/Obs Scil SeaSalt| Steel | FPuelQil] Waste | Diesel [Gasoline
(%)
| Jan. 64.0 27.0 42 - 8.1 2.0 - - 1.4 15.1 0.3
Feb. 38.4 32.9 86 1.2 2.6 3.4 0.5 2.5 - 15.9 0.8
May 14.6 11.1 76 0.9 0.2 - 0.1 1.1 8.5 0.3
Jun. 545 | 347 ] 64 | 0.6 - 0.2 1.¢ 1.9 28.7 1.3
Ny, 38.9 26.0 67 0.6 0.1 0.2 09 2.0 21.4 0.8
| _Aug. | 343 24.9 72 3.0 - - 1.0 2.2 17.9 0.9
| Sep. 474 } 32,5 4 69 0.9 0.3 0.5 3.4 . 24.5 3.0
Oct. 47.3 33.4 70 3.7 0.5 0.5 2.2 21.5 5.0
Nov. 17.5 7.9 45 0.8 0.9 - 0.1 0.2 5.8 0.1
Dec. ‘8.7 6.6 76 1.9 1.6 - - 0.3 3.3 0.1
“Ave. | 366 | 237 | sag- | 2.8 1.0 1.3 0.6 1.8 16.3 1.3
Percentage 1o Obsceved Value 1.6 26 s 1.6 5.0 44.5 34 ]
SPM at JICA :
_ (Unit : ug/m?)
Obs. Cal. | CalfiObs Soil | Sea Salt|  Steel | FuelOil{ Waste Diesel |Gasoline
(%) .

- Feb. 45.1 37.4 32 - 2.8 3.4 1.2 1.6 21.2 7.3
Mar, 52.9 44.1 83 4.2 0.5 1.0 0.4 1.1 26.4 4.5
May 64.5 41.6 64 1.5 - 1.5 0.8 1.6 34.4 1.9
Jun, 29.3 23.3 19 " 0.3 0.2 1.1 0.4 1.2 17.4 2.7

My 8.0 12.9 67 - 3.7 1.4 3.3 50.4 3.8
Aug. 163.0 | 574 | 91 3.2 - 0.7 6.3 2.9 44.3 5.3
Oct. 153.0 7.1 63 . F 21.3 9.7 33 1.6 3.4 61.7 5.2
Nov, 35.6 31.2 ] 56 | 6.7 2.0 2.4 - 1.3 13.9 |- 5.0
Dec. | 64.2 368 | 37 15.5 09. ] 0.5 0.4 1.3 14.8 ‘3.4
AV, 70.6 49.1 | 69.5 | 1.5 1.2 | 2.6 8.9 2.0 32.7 4.3

Percentage to Observed Value 107 1.7 3.7 1.2 2.8 46.3
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Table 6.3.3

Source Confributions to TSP (1/2)

TSP at JICA Office (Unit : ug/m’)
Obs. Cal. | Cal/Obs Seil ScaSalt| Steel | FoelQil] Waste | Diesel |Gasoline
%)
Jan. 33.0 59.7 71 30.3 1.5 1.2 - 1.4 20.7 4.6
Percentage to Observed Valug 6.5 | 1.8 1.4 - 1.7 24.9 5.5 ]
TSP at KPPL
Obs. Cal. | Cal/Obs | - Soil SeaSait| Steel fucl Ol | Waste Diesel |Gasoline
(%) . o :
Jan. 166.0 | 150.0 90 74.9 1.3 1.2 - 2.3 64.3 6.0
Feb. | 1250 | 86.8 69 24.6 | 2.2 10.5 05 | 1.8 38.1 9.1
Mar. | 210.0 | 159.8 | 76 97.3 3.4 1.9 2.9 45.7 2.6
Apr. 132.0 110.5 84 66.9 3.9 0.6 - 2.3 32.0 4.9
May 176.0 114.1 65 -51.1 2.2 3.0 0.1 3.0 51.4 1.4
Juan. 323.0 233.5 72 107.5 4.9 8.0 1.3 6.0 73.9 31.8
Hy. . 276.0 217.6 79 110.5 2.8 5.1 0.6 9.3 ~ 83.5 5.8
Aug. 142.0 110.0 17 52.4 0.7 - 1.3 4.5 © 44,5 5.8
Sep. 195.0 139.9 | 72 80,2 5.0 4.9 - 4.6 43.5 1.7

Nov, 79.4 65.3 §2 22.4 . - 2.8 0.2 4.2 | 24.8 10.9 .
Dee. - 111.1 |- - 55.4 2.3 © 2.9 0.9 2.0 38.4 9.3 |
Avg. 182.4 136.2 74.7 - 67.6 2.9 4.1 0.7 3.9 | 491 89 |

. Percentage to Obseeved Yalue 37.0 16 ] 2.2 0.4 2.1 26.9 4.9

TSP at Pulo Gadung

Obs. Cal. '] CaliObs Soil SeaSalt| Steel |FuelOil]: Waste | Diesel |Gasoline]
. {50) : ; B : . .

- Jan. 131.0 | 99.2 76 47.8 20 146 | - 2.1 | 406 1.5 .
Feb. | 1399 10001 | 73 " 20.5 1.6 89. {1 053 25, 623 | 4.9
Mar, 166.0 113.7 { * 68 45.2 4.4 13.1 1.8 3.0 41.6 4.6 .
Apr.. 1 191.0 | 1523 | 80 788 { 6% 5.6 - |an 54.4° 2.5

- May | 2230 1486 |© 67. | 73.0 2.2 C 7.4 0.7 | 39 57.8 ©3.5
Jun, | 159.0 | 2231 86 - ] 130.0 3.50 0 3.7 - 0,5 55 74.2 5.7
Ny 193.0 154.8 | 80 793 1 L7217 1.0 4.6 7.6 519 2.7
Avg. | 149,90 139.5 94 67.7 0.8 4.5 0.9 5.4 571 3.1
Sep. 121.0 { 247.2 77 129.1 4.1 3.0 1.0 10.2 96.7 | 2.9
Cct. | 328.0 | 2686 82 | 1493 2.0 10.7 2.2 |-.7.0 87.9 9.4
Nov. ‘169.0 125.8 15 61.2: 1.9 9.8 1.1 3.0 45.8 4.1
Dec. | - 41,7 - 13.5 - 0.9 0.4 0.1 . 2.0 22.7 0.2
Avg. | 2064 F 15141734 | 746 21| - 6.6 1.3 .} 4.8 57.8 1.8

36.2 3.2 0.6 2.3 ] 28.0

Percentage lo Observed Value

1.3

1.8



Table 6.3.3 Source Contributions to TSP (2/2)

TSP at Pluit
QObs, Cal. Cal/Obs Soil Sea Sah Steel J FuelOil| Waste Biesel |Gasoline
%)

Jan. 123.0 108.5 88 59.0 2.9 3.4 - 3.5 317.8 1.9
Feb. 67.3 48.9 13 31.1 4.7 - 0.0 1.6 11.3 0.2
Mar. 69.2 48.9 71 11.9 2.1 11.7 1.0 1.3 19.3 i.5
Apr. §171.0 140.0 82 99.6 6.7 0.6 - 6.0 26.8 0.3
May 113.0 84.4 75 39.2 3.1 3.7 0.4 3.6 8.3 6.0
Jun. 188.0 122.1 65 98.8 5.3 7.2 0.3 5:3 39 1.3
Hy. 1940 149.2 77 87.5- 4.6 1.7 4.0 6.7 431.3 1.3
Aug. 224.0 176.9 79 90.3 3.3 0.3 ‘1.6 8.7 63,2 4.3
Sep. 234.0 183.2 78 95.8 8.0 2.9 0.6 9.3 61.3 2.7
[ _Oct. 303.0 265.8 88 160.6 4.3 5.6 3.3 7.9 8.2 2.9
Avg.- 168.7 132.8 78.7 77.4 4.5 4.1 1.4 5.4 38.4 2.2
Percentage to Observed Value 45.9 2.7 2.4 0.8 1.2 22.8 1.3
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CHAPTER 7 ESTIMATE OF FUTURE AIR QUALITY
WITHOUT COUNTERMEASURES

7.1  Outline

This chapter aims at estimating the future ambicnt air quality in the Jabotabek region.

“ For this purpose, at first, present conditions and future trends of some socio-economic

factors most likely affecting the region’s air quality were reviewed and analyzed, based

“on (he existing study reports as well as official statistical documents. The finalized

socio-cconomic scenario toward 2010 is summarized in Table 7.2.10, including
population, GRDP, industrial land, fuet consumption and person-irip generation.

Sccondly, future air pollutant emissions from stationary sources (factories and
housecholds) as well as mobile ones (automobiles, ships and aircraft) were predicted in
line with the selected future socio-economic scenario for Jabolabek, as shown in Tables

- 1.37,7.3.10, 741, 7.4.3-and7.4.5.

B Pmally, air quality levels in Jabotabek werc snnulatcd for the target ycar 2010 The

simulated air pollutants consist of SO,, NO,, and CO (Flgures 1.5.1 10 17.5.3) in

_ addition (o NOx and SPM (Appendix 5. i 2).  This simulation was carried out under

the “withcut-measures’ condmon where no new countermeasures agamst air pollution

wouldbcnmplemenlcd i

7.2 Future Socio-cconomic Framework

In order to provide abasclinc to:prcdic't the future air poliution level and to formulate a
preventive strategy covering the Jabotabek region, the Team proposcs a [uture
development scenario of the region in this section.

Major official projects or plans related to Jabotabek including “Jabotabek Urban
Development Project”, “Jabotabek Metropolitan - Development Plan (JMDP)”, and

_ “Urban Arterial Road System ch]opmcm Project in Jakarta Metropolitan An.a” have

been reviewed (o oblain reliable information and quantificd data conceming the fult_l_r_b
socio-cconomic aspects related to air pollution in Jabotabek. '

The Team also collected and reviewed qualitative and quantitative data related (o the
future socio-cconomic aspects for - the Jabotabek region, - including population,



cmployment level, gross regional domestic product (GRDP), work commuters, fucl

consumption, development trend and required tand -

7.2.1  Impertant Future Trend in Jabo!abék

~ The Jabotabek region is and will be the national focus for economic activities such as
trade and commerce, with a significant manufacturing and investment base, where a
large and rich agricultural hinterland is also rapidly being urbanized.

The detailed methodology of forecasting the mlponam flllllfb trend is given in Appcndnx '
- 5.2

()

Forecast of Population Growth

The Jabotabek region had a population of some 17 miltion peaple in 1990 (about
9.5 % of the nalional.population), and il is forecasted to increase to around 30
million by the year 2010. Jakarta had a population of around 8.21 million in 1990
an'd this will reachfll.z ~_]'1.5 million by ’_2010, during which time Botabek's
population léVel is forecasted to incrcase from more or less 8.8 mitlion to 18.5 ~
18.7 million peop!e ’lhe rt,glonal populauon growth is avcragmg about 2 9 % p.a

- over the penod

(@)

Fxpccled Growth in hmploymem chel

Thc rchon s labor force is fOK‘C’lS(CC] to grow alan average rate of about 3.9% p.a. _
The labor ‘force in' Jabotabek in 1991, including those al work,’ uncmplcycd and

” scc!».mg work was around 6.7 miiltion in total (3.1 nnllzon residents in Jakarta, and

3.6 miilion rcsulems in Botabck) ‘These figures indicate that cmploymcm (the . ;
employed labor force) can be expected to grow considerably faster than the total
popillation'(wcr the 20-year period, at an average annual growth rate of 3.9 %/fyear.
for the whole Jabotabek area. There are two major reasons for such a rapid growth
of work foruclcmploymem

- ch'mg'cs in age slruciun, rLsultiﬁg from the effects of continued fértilily decline
- which means an mcrcasmg share of fotal populauon in the working ages (i(} :

E year: old and ovcr) and

- incre_aSing pa'rti_cipalion of working age females in economic activitics.

. The working proportion of the tegional population is or will be as follows :




A
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aged 10 and over : 77% in 1990 to 84% in 2010
female participation to female poputation aged 10 and over
30% in 1990 10 41% in 2010
© male participation : constant at 68%

Trends in Jabotabek Eco‘nomy and Future GRDP

* The agricultural seclor is now Icss m1portanl in Jabotabek’s oconomy (0.9% of

Jakarta’s GRDP and 12% of Botabek’s in £992), and this is in part due to the rapid
urbanization of remaining parts of Jakarta’s fringe with dewclopment encroachment
well into the adjoining fringe areas of Tangerang, Bekasi, and Bogor. On the other
hand, the manufacturing sector is how very important (26% of Jakarta’s GRDP and
30% of Bolabek’s in 1992) and is continuing to expand as a prime share of -
econonic-activity, It is particularly so in the Bekasi-Jakarta-Tangerang casywesl
comdor which has access and other locauonal advanlages for industry. The service -
sector continues to provide many jobs, cspccmliy due partly 1o Jakarta's role as

* national capllai and as a rcsull of the region s -focus on nationat: and- forcngn'
mvestnwm Domestic product ratlo of Jabotabek to nanonal GDP was about 15 % in

1992,

- Bascd on 25-ycar'dc.vélopmcnt plans (P) P) and S-yeérj dcv{:!(')p'mcmr plans (Réplita),

the future GRDP in DKI Jakarla was re-forecasted by the JICA Feasibility Study

~Team on Urban Atlerial Road System Dcvclopment Project i in Jakarta Meiropolllan

)

‘Arcato 7 5% per ycar for the pcnod of 2()00 to 2010

Journey Forccast of Commuters

Meitropolitan fringe dévelopment patterns have reinforced the rend of commuting,
with many of the middic and upper income houscholds row living in' the new

' rvsndcnhal frmgc dcvclopmcnt arcas and lravchng to Jakarta each day to work. As

' cemerb and cmploymcnt nodcs develop in Botabek and more r;sxdcnts commule

" from these new rcs;dcnual areas to the employment node.s, itis also likely that there

will be growth in internal commuting within Botabek. " Forecasts of the JMDPR .
study suggest that there could be at least some 500,000 commuters traveling to
Jakarta to work in 2010, in addition to the internal comimuters within Botabek.



(5

Future Fucl Consumption

The conswuption of energy is projocted to grow to mect the requirements of the
expanding economy. in the Jabotabek region. Demand for petroleum products will
grow, mainly driven by the growth ‘in ransportation, for which alternative fuels are
100 expensive. The demand for eleclricity is expecled {o increase as a result of the

- growing share of electrification in manufacturing, increasing shift into higher
* technological and valuc-added products, and rising standard of living of (he

- (©®

NG

- population with attendant demand for additional lighting, efectrical app!lanoes and the

comforts of air conditioning.
Key Development Tendency

Much of the private sector dcvclopmcnts which are on-going or “in the pipeline” will
sel the pallern for development in Jabotabek for this decade and the next one. This is
especially relevant in residential, urban, industrial and transportation development,

Reguired Land for Industry and Urbani_zalid'n

Official ifigurcs' from the relevant: p!ahning bodies' in DKI Jakarta and "lhe‘ _

Kabupaten/Kotamadya indicate that there is pra.,semly some 15,200 ha of land for

B mduslry m the Jabolabek region.

Based'on job crcalion forecasts and '1ypi¢a1 levels of 'ﬂoor'space and land arca
provisions, projections have been made of the land area n,qu:rcd to accommodate’
those key achvmcs ‘using industrial land, over Wthh the regional slraicgrc p}an'
~should have some dcgruc of mﬂucncc in terms of - locahon and extent of -
| development. S |

From ‘Jabotabek Melropolitan Development Plan Review”, it is estimated that, in
Jabolabek region, industrial accs would become around 31,800 ha in 2010,

The ucban areas shown in the existing maps were micasured to estimate the scale of
urbanization in 2010. The urban agglomeration areas cstimated for 1990 and 2010
: bascd on the JMDPR were also measured. According to that study, the total urban
. area in 2010 would be between 226, 400 and 239,600 ha [rom the 1995 valve of

70,900 ha. .



7.2.2 Future Scenarios

There arc several sludics or documents on the future forecast for the Jabotabek region. -
Although various socio-cconomic factars have been predicted as refersed 1o in Section
7.2.1, the 4 paramelers given below are used to draw the futare picture of Fabotabek as

‘a whole or only Jakanta :

1) Population,
2) Per capita gross regional domestic product (GRDP),
3) Net in-commuter population from Botabek to Jakarta, and

4} Industrial land

These parameters have been selected primarily becausce they are most likely concerned
with or affecting the air-pollution situation and data on future forocast of these factors
have been more casily avqilabk: than other socio-economic factors.” The following 3
fuitare socio-cconomic scenarios are established lowards the study larget years 2000
and 2010 based on values of those factors : Lo o

- Low-growth future Sccna’rio. _
- High-growth future scenario, and
- Medium-growth future scenario

These are proposcd as ‘basclines to prechct air - po!luuon levcl and 10 fommlaic'
- preventive measures and strategics. -

(i) Futurc Low growlh Sccnano

F or this scenario, lowest hgurc.s or levels of the selected 4 socio-economic factors

have been chosen [rom the respective tables in Section 7.2.1, or are dcvelopcd based

on these ruportcd valucs. Thus, Table 7.2.1 shows a future frame of Jabotabek in
- case that the region’s growth in terms of cconomy, populatmn and development will
- be comparatwely ata lower level. -



Table 7.2.1 Future Low-Growlth Scenario in Jabotabek

Factor/Area 2000 2010
_Poputation in Jabotabek (Unil : persons)
DKI Jakarla 9,730,000 11,178,000
Bekasi 3,348,000 - 4,066,000 "
- Tangerang _ ' 4,506,000 5,504,000 Y
Bogor - 5,469,000 6,533,000 "
| Botabek | 13,323,000 16,103,000
___Total (Jabotabek) 23,053,000 27,281,000
__Per Capita Gross Regional Domestic Product (GRDP) in Jabotabek (Unit : Rp/year)
DKI Jakarta 1,908,000 | 3483000
Botabek _ 1,487,000 ¥ 3,483,000 ¥
Average (Jabotabek) 1,697,500 3,483,000
Net In-Commuter Population from Botabek (o Jakarta (Uml persos)
from Bekasi . 72,200 142,618
o from Tangerang o S 440008 S : 91,326
from Bogor | 70400% 117,180
Totat (from Botabek) |~ 187,500 ° 351,124 1 @
Industnal Land in Jabotabck (Uml : ha) : :
DKI Jakarta - 45199 | 68597
| Bolabek " 106629 16,1427
Total (Jabotabek) _asas1 | 23,001

Nofes: = 1) 2005 figures cstmnlaj by the JICA Team on Urban Adterial Roc\d System Development
. PrOj(’Cl (Ref, 173} - -
2) 2003 larget value for Indonesia sel in PIP If
3)° 2013 wrget value for Indoncsia setinPIP N
~4) 1998 target value for Indonesia set in PIP I :
5) 1993 figures estimated by the JICA Team on Urban Asterial Road System Development
Project (Ref. 173)
6) 21990 value estimated in JMDPR (Rcf 134)
7 Total of 1990 value and 1920 ~ 2000 rquired land

() Fature High-growth:Scéllai‘io R

ior this scenario, hlghest ilglms or lcvels of the sclected 4 socio-economic factors
have been chosén from the respective tables in Scction 7.2. 1, or are developed based
on these r«,porled values. Thus, Table 7.2.2 shows a future frame of Jabotabek in



case that the region’s growth in terms of economy, population and development will
be comparatively at a higher level. '

Table 7.2.2 High-Growth Future Scenario in Jabotabek

Faclor/Arca 2000 2010
Population in Jabotabek (Unil ; persons)
DKI Jakaria 10,055,000 11,500,000
| Bekasi o 3,589,000 - 4,802,000
* Tangerang ; 4,631,000 | 6,523,000
Bogor 5,674,000 7,407,000
| Botabek | 13,894,000 - 18,732,000
Total {Jabotabek) ' 23,949,000 30,232,000
Per Capita Gross Regional Domestic Product (GRDP) in Jabotabek (Unit : Rp/year)
" DKIJakatta 3,177,000 5,703,000 |
_ Botabek 1,908,000 " 5,525,000
|__Average (Jabotabek) 2,542,500 | 5614,000
. Net ln—Commu!cr Population from Botabek 1o Jakarﬁa (Unit : pcrsons)
from Bekasi - llO 700 . ' © 203,100
_from Tangerang - 70,200 130000 ]
fomBogor | 99000, 166,900 |
Tota (from Botabek) 280,800 _ 500,000
: : Indusuial Land in Jabotabek (Unit:ha) = .
"DKlJakaia . | . 68597 o e099
‘Botbek |- 6142 . | . 22842
Tolal (Jabotabek) © 23,001 31,941

Notes: 1) 2003 warget valise set in PIP 1f

2) 2008 wrget value setin PIP 11 '
’4) Total of 1990 value and 1930 ~ 2{)00 land nqummcm cstimated i in JMDPR (Ref 134)

- (3) Fumre Médiﬁm-gro'wlh Sccnario'

' As far as the cxxsung survey r:,por(s :md uthcr forecasl documents are concetned, it
~ could be roughly said that the future Socio-economic [)ICllll‘CS of the J abotabek region

will be mostly between the low- and high-growth levels mentioned above. A fixéd B
~ scenario should be applied so that the Team can simulate future air-quality levels as -

well as to assess the effectiveness of proposed countermeasures and stralegics. So,
simply taking the medium levels of each factor between the future low- and high-



-growth scenarios, a “Tuture medium-growth scenario” was formulated by the Team
as shown in Table 7.2.3.

Table 7.2.3  Future Medium-Growth Scenarie in Jabotabek

[ Factor/Arca I 2000 j 20 lﬁm
Population in Jabolabek (Unit @ persons)
| DKI Jakana 9,892,500 (42 %) 11,339,000 (39 %)
Bekasi ' 3,468,500 4,434,000
Tangerang 4,568,500 6,013,500
Bogor 5,571,500 6,970,000
~ Botabek 13,608,500 (58 %) 17,417,500 (61 %)
-Total (Jabotabek) 23,501,000 (100 %) 28,756,500 (100 %)
Per Capita Gross Regional Domestic Product (GRDP}) in Jabotabek (Unit : Rp/year)
DKI Jakarta _ 2,542,500 _ 4,593,000
Botabck 1,697,500 ' 4,504,000
Average (Jabotabek) 2,052,400 ' 4,538,710%
Net In-Commuter Population from Botabek to Jakarta (Unit : persons} N
from Bekasi : 91,450 172,859
from Tangerang ' ' 57,550 , 110,663
from Bogor : .- 85,150 | 142,040 _ :
*“Total (from Botabek) 234,150 * 425,562 I @
B Industrial Land in Jabotabek (Unit : ha) - ' . .
' DKI Jakarla : .- 5,689 : 1,979
‘Botabck . 13,402 19,492
Total (Jabotabek) = ¢ | - 19,091 . 274

Notes: 132,542,500 x 0.42 + 1,697,500 x 0.58
; ©2) 4,593,000 x 0.39 + 4,504,000 x 0.61

7.2.3  Future Development Scenario Selected for Air Pollution Simulation

The Team proposed three scenarios for'Jab'otabc_k, i.e, “Fulure low-growth scenario”,
“Future high-growth scenario” and “Future medium-growth scenario”. Tt was agreed
between the Indonesian and Japancse sides that the Mediani-growth future Scenario | _
would be applicd to this Study. | _ B

() Present Level of Socio-cconomic Faclors in Jabotabek

For necessary calculation of growth rates from the present to the future, the past
- {1990 or 1993) or present level (1995) on the selected parameters most related to air
~ pollwtion such as populalion, GRDP, in-commuter population and industrial land



have boen estimated or taken from the actual dala and documents including
“Poputation Census”™(BPS, 1990) and “Peasibility Study on Urban Arteria! Road
System Development Project in Jakarta Metropolitan Area” (JICA, 1995). But in
case that multiple figures from different sources are available, the middle-level ones
have been selecled so that they can be compatible to the Medium-growth future
scenario. Tables 7.2.4 - 7.2.7 show the estimated pastpresent levels.

Table 7.2.4

Poputation in Jabotabek

{Unil : person

Me(hum Growth Past and Present Levels 0!‘

. $)
Arca 1990 1995
DKI Jakarta 8,235,000 9,062,500 (45 %)
- Bekasi 2,099,000 2,738,500
Tangerang 2,157,500 3,595,000
Bogor 3,990,500 4,764,500
Botabek _ 8,847,000 11,098,000.(55 %)
Tolal (Jabotabek) 17,082,600 20, 160 500 (100 %)
Note: - Figurs are estimated by calcula[mg averages between bigh- and low- grth present levels as
o follows ; ' ' '
_ _ 1990 1905
. Ara Htgh Growlh T Low-Growih 2 High-Growlh_” Low-Growth 5
DKI Jakata - || ~ 8,260,000 | 8,210,000 9,161,000 : 8,964,000 .
Bekasi 2,125,000 | 2,073,000 | . 2,780,000 2,697,000 :
Tangerang 2,791,000 | 2,724,000 | © 3,620,000 : - 3,570,000
Bogor 4,032,000 |- 3,949,000 | 4,805000 | 4,724,000
Botabek - 8,948,000 | - 8,746,000 11,205,000 | 10,991,000
Jabotabck 17,208,000 | 16,956,000 | 20,366,000 19,955,000 -

. 1) Highest vatucs for 1990 and 1995 are shown in Table 5.2.1 in Appendix 5.2

2) Lowest values for 1990 and 1995 are shown in Table 5.2.1 in Appendix 5.2

Note :

Table 7.2.5 Medium-Growth Present Levels
of GRDY in Jabotabek

*(Unit ; Rplyear)

“Arca | 1995
DKIJakaria | = 1,697,500

Botabek 1,337,500

Average 1,517,500

between high- and Jow-growth present levels as follows ;

“Average” = 1,697,500 x 0.45 + 1,337,500 x 0.55. Figures are estimated by calculating averages



- Arca 1995 High-Growth 1995 Low-Growth
DKI Jakarta 1,908,000 ¥ 1,487,000 ¥
Botabek 1,487,000 P 1,188,000 ®

1) 1999~ 2003 value in Table 5.2.3 in Appendix 5,2
~-2) 1994 ~ 1998 value in Table 5.2.3 in Appendix 52
©3) 1989 ~ 1993 value in Table 5.2.3 in Appendix 5.2

"Table 7.2.6 Medium-Growth Past Levels of Net In-Commuter
Population from Botabek {o Jakaria :

_ (Unil : persons)

Arca ‘ - 1993 *

from Bekasi 72,200
from Tangerang | 44,900 -

- from Bogor : 70,400
Total (from Botabek) | . 187,500

. Note: ¥ = 1993 estimate in Table 5.2.5 in Appendix 5.2

: _ ¢ (Unit: ha)
CoAra b 1990 %
DKl Jakarta 4,519

" Bolabek | 10662
Total (Jabotabek) 15,181

Note : ¥ = 1990 values in Table 5.2.7 in Appendix 5.2

"?Table 7.2;7_ Medium-Growth Past Levels of Indusirial _Laml'in Jabotabek

(2) Past, Present and Futu re Levels of Fuel Consumption and Tri p Generation

Socio-economic factors such as fuel consumption and person-trip gcnerétio'n had not |
becnj included " into the selected medium-growth  future scenafioi'fHowcvcr,
| significance of these factors have been confirmed by both the JICA and Counterpart '
T c_-ani's later on, especially for prediction of future air'polluiam emission from mobile
~_ sources (Section 7.4). ‘Ihe following part of this scction thus presents the
* past/present and predicted future levels of these 2 factors (o be added to the final

~ development scenario in the next section,
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I) Fuel consumption

The World Bank’s prediction of fuel consumption felated to foad transport in
DKI Jakarta is cited from Table 6 in Appendix 5.2, as summarized in Table
7.2.8.

Table 7.2.8 Past and Future Levels of Fuel Consumption by

Road Transport in DK1 Jakarta

- (Unit : mil. ki)

Fuel 1990 1998 2008 2018
~ Gasoline i 2.0 3.7 6.3 |
TARO 0.3 0.6 1.1 1.9
| Tota 1.4 2.6 43 8.2

- Source ; Encegy and the Environment, A Plan of Action for Pollmmn Control (Rcf 45)

Note: ADO =

automotive diesel oil

2) Pcrson—tri'p generation

The most reliable and updatcd data for person- mp generalmn in Jabolabek have

* been collected from the Final chort of “Feasibility Smdy on Urban Arlerial

- Road Sysiem Dcvelopment Project in Jakaria Mclmp{)lllan Arca” (JICA, J anuary |

;} _ : o 1995). Table 7.2.9 shows the past and future levels of pcrson an gencratwn in
'~ the Jabotabek area. - - :

I‘able 7 2.9 Past and Fulure Pcrson -trip Generation
in Jabohbek _ o
(Unit: 1,000 trips) .

. Ara : 1993 - 2010 -
- DKl Jakarta £ 16,435 22,782
Botabek 16,175 33,932
Total 32,610 56,714

- Source : Feasibility Study on Urban Arteérial Road Systan Dev: dopmcnt ijm in Iakana
Melropohtan Ara, Final chod (Ref, 173) o

" (3) Future development scenario finalized ':with paslfprcsénllcvéjs o

Table 7.2.10 summarizes the past, present and forecasted future states of ‘major socio- |

cconomic ¢lements atong with “fuel consumption™ and “person-trip generation” in . ‘

Jabotabek, in the medium-growlh scenario. ‘Ihis finalized scenario has been selected with
the agreement of the BAPEDAL counterparts, Following the estimaie of various growth
rates based on the fulure socio-cconomic levels given in this table, future air emissions
from stationary as well as mobile sources has been predicted as mentioned in Sections 7.3
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and 7.4. And further, air quality levels have been simulated and economic analysis
conducted in accordance with the countermeasures and strafegics proposed by the Team.

Table 7.2.10 Finalized Future Scenario for Jabotabek

Faclor/Area 1990 1993 1995 2000 |2008] 2010
Population in Jabotabek (Unil : persons) :
" DKI Jakarta 8,235000] --- 19,062,500 19,802,500 --- ]11,339,000]
Bekasi 2,099.000| - 12,738,500 3,468,500 | --- ]4,434,000
‘Tangerang 2,751,500 - 13,595,000 4,568,5001 --- ]6,013,500
Bogor 3990,500] --- 4,764,500 5,571,500} --- |6,970,000
Botabck 8,847,000 [ - 111,098,00013,608,500{ --- [17,417,500
“Total (Jabotabek)  [17,082,000] - 120,160,500(23,501,000] --- [28,756,500
Per Capita Gross Regional Domestic Product (GRDP) in Jabotabek (Unit : Rplyear)
DKI Jakarta - 1,697,500 | 2,542,500{ --- 4,593,000
| _Botabex - 11,332,500 | 1,697,500 | - | 4,504,600
Average (Jabolabek) - <) 1,517,500 | 2,052,400 | --- 4,538,710
' - Nel In-Commuter Population from Botabek to Jakarta (Unit : persons)
from Bekasi e 72,200 - 91,450 | --- | 172,859 |
' 5fr0'n1'Fén1gcrang - 44900 | --- 57,550 - | -- 110,663
‘from Bogor - 70.406 --- 85,150 .} -- 142,040
 Tofal {from Botabek) - lhigzsoe| - | 23450 | - | 425,562
- Industiial Land in Jabotabek (Unit : ha) |
DKI Jakatta 4519 | -] - 15688 | - 7,979
Botabek 10662 | - - 13402 | - | 19492
“Total Jabotabek) | 15,181 19001 | — | 274711
Fucl Consumption by Road Transport in DKI Jakarta (Unit : mil.kl) '
Gasoline RN --- 3.7 .-
_ADO 03 1.1
‘Total (Jakauta) BV e - lag | -
R . Person-trip Generation (Unit : 1,000 i:ips) '
DXI Jakatla 16,435 | 22,782
| _Botabek R e |- ] 33932
- |_Total (Jabotabek) - |32610] - - - | 56714

© Note : ADO = astomolive diesel oil



7.3 Estimate of Future Air Pollutant Emissions from Stationary Sources
7.3.1  Prediction of Fulure Emissions from Factories
(1) Production and 1fuel Consamption ii the Past

Air pollutant emission from factorics is closcly related 1o the production and fucl
consumption. F.xpeﬁcncc between 1981 and 1990 showed that the average annual
growth ratc in the country's energy consumption was 6.1%. However, the growth
rate from 1986 to 1991 reached a height of 9.7% (Ref. 47). A rapid expansion of
production has also been seen in Jabotabek; the average annual growth rate of total
electricity generation between 1990/91 and 1994/95 was 19.4% (Table 7.3.1), that
of the cement production between 1986 and 1995 ‘was 8.7% {Table 7.3.2), and that
of the consumption of HISD, IDO and nawral gas by caloric excluding their
consumption by the electricity supply industry from 1986 to 1994 was 11% (Tables
7.3.3 and 7.3.4). ’ :

Table 7.3, Klectricity Generation in Jabotabek

(MWﬁ)_ . . Average annual

1 L _ 0091 | st92 | 9293 | 9394 [ 9495 - | growth rate (%)
PRIOK of 1,483,873 1,204,714] 1,504,518) 3,222,208] 295
MUARA KARAN] 3,456,939 3,697,449] 4,394,513] 6,044,835 3,802,233} 23

Total | 3,456,939 5,181,322] 5,599.227] 7,549,353 7.024441] 194

“Soucce : Power Gencration of Muara K'arfan'g and Priok (Ref. 210) |

- Table ?.3,.2 Ce‘me‘n'l .P.rb{l'u_cﬁoh in Jabolabek

T (000 tonlyeany L Anmsal average |
Cement | 1986 | 1987 | 1988 | 1989 | 1950 | 1991] 1992 | 1993 | 1994 | 1995 | growth rate (%) |
production | 5,026 5,779] 6.12d] 6,972] 7,924} 8,013 8,657]9,944] 10,624 10,612 8.7

Source : Annual Cement Production in Jabotabek (Ref. 219)

Table 7.3.3 Consumpuon of Natural Gis b) lndustries :
Except Electricity Supply lndustry (Jabotabek)

l’ ‘ o 193637 | 198738 | 1983/89 | 198950 | 19901 | 159142 | 19923 | 199304 mws I9>5/1996 ‘
Nawrad gas | 227,378 | 208,199 | 373,478 ] 606,023 ] 824,436} 1,097,005 | 1,307,891 | 1135851 | 1,548,658 | 1,982,192
Sourcss:  Realisasi Pdnanfastan(hsBumn DKI Jakarta, Bogor, Bekasi dn Tangerang (Ref. 211) and’

Data pemakaian Gas Untuk Wilayah Jakanta, Bekasi dan Tangerang (Ref. 214) :




Fable 7.3.4

Total Energy (HSD, 1DO and Natural Gas) Consumption by

Industries Except Electricity Supply Industry (Jabotabek)

(unit:  10** 12 keal) — Annval average
Total T1986vB7 | 1987/88 | 1988/89 1 198900 | 1990/91 | 199142 | 1992/93 | 1993/94 | 1994/95 growth rate (%)
1101437 1214 12.24 13.09 16.56 19.67 22.5% 2844 27.63 )_:22?_9 109
Note: ~ Calculation from Table 4.3.1, “Redlisasi Penjuatan BBM, LPG, dn BBG” (Ref. 162), “Realisasi

Pemanfastan Gas Bumi

DKI Jakata, Bogor, Bekasi din Tangerang” (Ref. 213) and ‘Data
Pemakaian Gas Untuk Wilayah Jakarta, Bekasi Dan Tangerang™ (Ref. 214)

(D) | Relation between GNP and Final Energy Consumption

Table 7.3.5 shows a comparison of GNP 1o consuniption of {inal energy by industry
in Japan, Between 1955 and 1970 GNP increased rapidly al an average annual rate
of 10%, while-in the same period the consumption of final encrgy by industry
expanded at a rate over 13%.

Table 7.3.5

GNP and Consumption of Final Energy in Japan

(3) Selting An Index for Predicting Air Pollutant Emission in the Future

General Encrgy Statistics of ] ap’m 1995 (Rer 223)and Handbook on Economy of Japan, 1995 .-

(Ref 224)

_ |Consumption Share (%) - |Consumption| Avemge Gross Average
Fiscal |of finalencrgy] Industry, | Residenced Transpor-|of final energy| annuai national annual
year ' | by all sectors - |commercd - tation | by industry | growih production_ growth
- (1010 keal) (10%#10 keal)| ate (%) | (billion yen} | rate (%)
1955 41,102 . 57.1 24.9 179 23,469 _ 42,943 '
1960 652710 | 630 | 194 | 176 41,121 | 128 65,145 | 9.7
1965 | 108538 | es2 | 172 | e | w967 | - 100,821 |
| 1970 | 211,226 | 674 | 164 | 162 |. 142,366 171,293
- Sources:

GRDP of Jabotabek untit 2010 (Table 7.3.6) shows a high growth and the same is
expected in.'i‘angcrzing, Bekasi, and Bogor. The average annual growth rate of
GRDP: of the whole Jabotabek area is’ also high at about 10%. As no -concrclc

-~ information has been obtained on the plans until 2010 for CIccuiéily supply, cenent
production or’ 0uipu’t by industry, it was assumed from experience in Japan thal a

* high grbwm rate of GRDP (10% of Jabotabek will be accompanied by an identical
*  high growth rate of fuel consumption by all industries and factories.

&



Table 7.3.6  Gross Reglonal Domestic Product of Jabotabek

GRDP trillion Rp/year
1995 2000 2010 -
DKI Jakatta £5.4 252 | 521
Bogor 6.4 9.5 314
__Tangerang 4.8 78 | 2.1
Bekasi 3.7 5.9 20.0
Jabotabek | 302 483 130.5

(4y Air Pollutant Emission in the Future

‘Bmissions from factorics in 2000 and 2010 were predicted using the ¢orrcsponding
- year's ratio of GRDP to that of 1995 (Table 7.3.7). Total emission of each pollutant
: |in 2010 is estimated 4.32 times that in 1995: 184,000 tons of SOx, 159,000 tons of
"NOx, a,nd 59,000 tons of PM.

7.3.2 Prediction of Fuinre Emissions from lIouscilolds'

 To estimc';w future aie pollutant emission from households, population growth wasused. = -
Tables 7.3.8 and 7.3.9 show future population and populatmn increase in Jabotabek -
_uspccuvcly Total populauon in Jabotabek is expected to grow from 20 million in 1995

24 mllllon in 2000 and 29 mllhon in 2010, Tab!e 7.3. 10 gives the future air pollutant

- emission from households. Total annual enusswn in Jabotabek from 1995 to 2010 will
increase as follows: 4,000 tons to 6,600 tons of SOx 5 OxX) ton lo 7,000 tons of NOx,

" '600 tons (o 900 lons of PM



Table 7.3.7 Future Air Pollutant Emisslons from Factories (Jabotabek)

Year Industry GRDP (ton/year) -
(ratio to 1995)]  SOx NOx PM
1995 Electricily 1.60 15,096 20,088 160
Cement | 6,379 5,740 2,009
Other 21,222 11,004 10,812
Total 42,697 36,832 13,581
2000 Electricity 1.60 24,153 32,141 1,215
Cement 10,206 9,185 3,215
Other 33,955 17,606 17,200
Total 68,314 58,932 21,729
2010 Electricity 4,32 65,215 36,781 3,281
Cement : 21,551 24,799 8,680
Other 091,679 - 47,537 46,708
» Total 184,450 159,117 58,669
" Table 7.3.8 ' Future Population in Jabotabek ,
- ' : (Unit : §,000 persons)
‘District - 1995 - 2000 2010
. |: Jakarta - | Barat 21433 2480.0 2842.6
' | Pusat 962.1 853.7. - 978.5
. __ytara 1558.8 = 1753.6 20100
| Selatan - 2019.6 L 2110.7 '2419.3
| Timur 2378.7 . 2694.5 13088.5¢
_ ‘ " Sub-1otat 90625 9892.5 183389
Bogor - Kola: 2874 - 304.2 .380.6
Lo Kabu 4477.1 - 5267.3 65890.4
: . Sub-tolal - 4764.5 5571.5 6970.0
| Tangerang = | Kota - 1190.1° +-1503.5 1979.1
‘Kabu © 24049 ' 3065.0 4034.4
Sub-tolal ¢ 35950 4568.5 6013.5
Bekasi Central(*1) . 8989 12229 " 15633
- Other 18396 . 22456 - 2870.7
_ Sub-total 2738.5  3468.5 44340 -
m{a}bolabck; - Tolal - 20160.5 235080 " 28756.4

Note: ~ Estimate from Table 7.2.8, “Proyksi Pendudik Indonésia per kabupaten/koizmadya 1990-2000"
{Ref. 209) and “Kabupaten Bekasi Dalanm Angka 1994” (Ref. 154)
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Table 7.3.9 Poputation Increase in Jabotabek

'(Unil : 1,000 persons)

District 1995 2000 2010
Jakarta Barat .16 1.33
Pusat n 0.89 1.02
Utara B 1.12 1.29
Selatan 1.05 1.20
Timur 1.13 1.30
Sub-total - - 1.09 1.25
Bogor Kcta .06 1.32
Kabu LIS 1.47
Sub-total 1.00 1.17 1.46
Tangerang Kola 1.26 1.66
Kabu 1.27 1.68
Sub-lotal 1.27 -~ 1.67
Bekasi Central* 1.36 - 1.74
Other 1.22 1.56
: Sub-1otal 1.27 - 1.62
- Jabotabek . Total .17 1.43

‘Note: . Ceniral pan of Bekasi includes Bekasi Timur, ;Beliasi Selatan, Bekasi Basat and Bekasi Utara.

Table 7.3.16  Air Pollutant Emissions from Households (Jabotabek)

N *(Unit:lon’yef;sr) :

S s0x- NOE - | i PM

District . 11995 | 2000 | 2010 | 1995 | 2000] 2010 1995 | 2000 | 2010
Jakaria Barai A 449 S19]: s9s] 527 erd 1000 68| ¢ 79 a0f
Pusat ' ¢ <1201 179 205y 237 ;21 241 31 29[ 3
Utara 326l 367 a2t} 384} . 434 495 | 50 56] 64
Sclatan 423 442 so6] - 497] - s19 599 - 64 §7| | 77

Timur 4988 ssa| 47 sss|] sed ek - 76 86 98]
| sub-total 1,897 2,071] 2,374 2,230 2,439 2,791] 288 315} 361
Bogor Kota 60 . 64 80 71 75 24 9 10 12
Kabu 939 1,103] 1,379 11020 1,299 1,624 142 ts8] 210
Sub-total ' - 991 e8] 1,459 1,173] 13| 1 1s2) a7 222
Tangerang Kota c249] 31s] 414] -293] a7d 487 3s] 48] - 63
: Kabu 503 642]  845] 592] 754 99N . 77 98] 128
Sub-total 753 o9se] 1,259] - 8as] t.124] 148d . 114] - 1as] T 191
Bekasi - Central (*1) 188 - 256y - 327 223 3oy asg i 29] 39l - ise
Other 385 - 470 601l 4s3] S5y 704 591 71 - cet
Sub-total 513 726 928 674f 854 1,0 871 110] 141
jabotabek . Total 4,2200 4,920] 6,020 4,962] 5,784 7,077 642] 748 915
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7.4

7.4,

Ly

Estimate of Future Air Pollufant Emissions from Mobile Sources
1 Tuture Air Pollutant Emissions from Automebiles

Outline of Future Traffic Estimate

The future trip ends for Jabotabck could not be identificd directly from the available
information sources, as seen in Table 7.2.10 of Jabotabek fulure scenario. But
among its socio-economic factors, “fuel consumption of road transport” as well as
“person-trip. generation™ are most relaled to the trip ends in accordance with past
experiences. The both factors’ annual growlh rates toward the future could: be
caicmated as below : '

Growth Rate of Fuel Consumpiion of Road Transport in Jakarta

~ Total Consumption (Unit : mil k1) 1990 ~ 2008
1990 ] 2008 _ Annual Growth Rate
td4 4.8 ' 0.071 (7.1 %)
Note: - Annval growth rate = (2008's consumption / 1990's consumption) '“‘_m‘”"’-'l ‘
2 Groi’vth Rate of Person-trip Generation in Jabotabek ‘@ _
: _Tom! Person- tnp Generation (Unit : | OOi)lnps) : 19932010
1993 2000 . | Annual Growth Rate
| 32610 0 | sg114 003333 %)
Note: - : S

Antwal growth rate = (2010°s trips / 1993's trips) "e7219%9 1

As the pred'icléd annual growth rate of l‘il_cl consumption (7.1 %) and that of person-
tip generation (3.3 %) are quite estranged, those were regarded as upper limit and
lower one respectively, And it is reasonable that the growth rate for the total trip-

“ends fialty applicd to the mobile emission prediction should reflect the future teend

| : of the bolh pammelcrs So the m:dpomt rate (5.2 %) between 3.3 % and 7.1 %.
B :m,rn, used as the total tnp ends. . - o B

" “Ihe total “rip ‘ends® in Jabolabek in 2010 will be 2.139 umes that of 1995,
E 'Correspondmg to an anhwal average growth rate of 5.2% between 1995 and 2010, as

-+ caleulated below:

* Ratio of lotal rip ends for 2010 10 1995
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= (1 +0.052) 1% = 2139 == 213.9 % increasc in 2000 compared 1o 1995°s trips

‘Traffic volume in 1995 was estimated by traffic counting data and traffic assignment

results. The traffic assignment method was used again for estimating future major
road traffic, and growth rates by each link were oblained from comparison of present
and future traffic volumes. Then, raffic volumes at existing links werc calculated by

~ the following cquation.

@

- Future Traffic = Present Traffic X Future Assignment/Present Assignment

Traffic volumes at new links in the future were estimated by the future traffic
assignment results. For minor road lraffic, future traffic was cstimated (o be 2.139
times the present traffic,

Future OD Tables

Future OD tables for the year 2010 were calculated applying the growth raies of

1995 - 2010 1o the present OD tables.  Growth rates of trip ends are different by

vehicle type, taking the forecast on vehicle. ownership in° UARSDP into

- consideration. Annual growth rates for passenger cars, trucks, and buses are 4.6%,

'5.3%, and 8.0%, respectively. Growth rates arc also . different by arca, While

growth rate for DKI Jakanta is Iowe’f than the average, that for Bolabek is _highcr;

As the future pub]ic‘uansp_orl mode,’ mas‘s”rapid transit (MRT) between Kola and

Fatmawaii is consideced. According to the report on the ridership forecasts by the
MRT projcci,'passenget'deand for MRT in 2010 was estimated to- be 739,000

.. persons pc_ir day.” In this Study,- 90% of thcse passengers were csli_matcd' o be
~diverted from buses and the rest from passenger cars. Considering the above modal -

&)

split, future OD tables were calculated.

Futore Road Network -

~the fulre road network consists of the  present road network, i roads” under

improvement projects, and - roads planned to be constnicted. Ongoing road - |
improvement prajects and the road development plan described in UA'R'SDPLincl'ude: :

“Inner Ring Road,
Outer Ring Road and its frontage road,
- Jakarta-Serpong Tollway,
North-South Axis Tollway (4 to 6-lane, design speed: 80 km/h), and
- Easl-Weslt Axis Road (10-1ane, design speed: 60 kin/h).

r
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(4) Fulure Air Pollutant Load from Automobiles

Future running Xitometers were estimated based on future traffic assignment results,
future road network, and the same pollutant emission factors as those at present. The
results are shown in Table 7.4.1,

“1f the price difference of gasoline and dicsel continues, the share of diescl vehicles
-would increase. ‘The increase of diesel vehicles would cause more emissions of NOx,
SOx, and PM.

Table 7.4.1 Future Air Pollutant Load from Automobiles

* (Unit Pollutant: tonfyear, Running km: 10°km/year)
co HC NOx S0x PM Running
. o : : = Km
"Year 2010 | 1.154,492.8] 196879.5) 223913.0] 18991.5] 21964.3] 807286.7
A Year 1995 | 564292.0] ' 97970.6] 98738.3] 81423 95630 38576.6]
| 2010/1995 205 2.01] 2.27 2.32 2.30] 2.08

7.4.2 Future Air Pollutant Emissions from Ships and Alrcraft
L 0] Euturc Air P_ollution Ioad f;(int Ships
Trend and fo_rcbési Qf‘ ship c.al'ls_‘ at‘Tanjm_l'g'Priék Porl are shown in Table 7_.4.2. o
" Regression analysis was dotic using the exirapolated data lo the year 2010. Finally,
 the growth rate during the period of 1995 - 2010 was determined at 1,318, Future air -
© pollutant eimission at the port was estimated with this growth rate as shown in Table '
7.4.3.. ' '

Table 7.4.2 Trend and Forecast of Ship Cails at Tanjung Priock Port

~ Year - 199t 01992 1993 1994 1995
Ship Calls' | 12,106 - 12,359 13,525 13,733 13,109
b Yew | 1996 1997 1998 1999 2000
| ShipCals | - 13,451 13,831 - 14,194 14,670 15,102

Source: Cabang Pelcbuban Tanjung Priok, KEPALA



Table 7.4.3 Future Air Potlutant Emission Load from Ships

SO,  |Mooring at Berth 7513

(tonvyear) |Mooring Offshore 231.2
Cruising 826 |
Total 1,065.0
NO, - |Mooring at Berth 1,674.4
(tonfyear) | Mooring Offshore 475.3
Cruising 4327
Total 2,582.5

(2) Future Air Pollutant Load from Aircraft

Forecast of ship calls at Sockamo-Hatta and Halim Perdanakusuma Airports are
shown in Table 7.4.4. Regression analysis was done with the extrapolated data to
the year 2010. Finally, the growth rale during the period of 1995-2010 was
determined at 4.192 for Sockarno-Hata and 3.142 for Halim. Future air pollutant
(;missibn at the airport was estimated wilh this g.rowlh rate as shown in Table 7.4.5.

‘Table 7.4.4 Forecast Flight Numbers

Year - | Sockamo- - Halim -
1998 | 128,679 18,150
20030 | 175,775 24,269
$2013¢ 372,135 44,191 .

- “Source: IA'I;S:Slugiy o

*Table 7.4.5 Fulure Air Polluiant Emission Load from Aircraft

SOx ldling - 187.2

(fonfyear) |  Take-off 47.5

| Climbout |~ 1224
Approach 7997 |

: ': C Total | - 436.8

NOx Idling 495.0

(tondyear) | ‘Take-off | 1,244.4
Climb-out | 2,580.1
Approach 626.7
Total 4,946.3




7.5 Simulation of Air Quality without Countermeasuve in 2010

“Concentration maps of $Q,, NO, and CO are shown in Figures 7.5.1 to 7.5.7, and
~ maps of NO, and SPM ar¢ included in Appendix 5.1.2.

The arcas with high SO, concentration exceeding the standards widely spread in Jakarta
Utara, Jakarta Pusat, Jakarta Barat to Kota Tangerang, Jakara Timur 10 Kota Bekasi,
K and Cibinong. Total number of the grids exceeding the standards is 441 and 20 grids
* show very high SO, concentration { two times highdr than the standards ). All of DKI

~ Jakarta, Kota Tangerang, and Kola Bekasi were covered with relatively high SO,

s (more than 10 ppb ). In the other word, 6.6 % ( = 441 grids / 6682 grids } of whole

Jabotabek arca is exposed to problematic SO, concentration (Figure 7.5.1) . The main
cause of the high SO, concentrations is the factories like power plants, ccments, and so
on. Two hudreds (200) of grids out of 441 grids which show high SO, concentrations
- are exclusively caused by the stationary sources (Figure 7.5.2). The impacts from
- . automobiles and ships arc limited in certain local spots. Six grids with high SO,
concentrations are caused by automobiles and the distribution is patchy (Figure 7.5.3),

The gfids with l)igln NO, ‘concentration exceeding the standards mainly appear in DKI o

* Jakarta, Kota Tangerang, and Kota Bekasi and gathered especially in Jakarta Pusat.

©Totat number of the grids exceeding the standards is 47 and two grids show very high

* NO, concentration ( two times higher than the standards ). Most of the areas inside e

- outer ring road is exposed to relatively high NO, concentrations (. more than 30 ppb )
(Figure 7.5.4). The main cause of the high NO concentrations is the attomobiles- at:

heavy traffic roads and haif of the gnds wuh high NO, concentrations arc cxcluswely

caused by the aulomobﬂcs (Figure 7.5.5). The mlpacts from factorics are not so h:gh

- NGO, and around 10 ppb of NO, conocntrauons are caused by power plants and ghss
~ faclories at thc harbor side (Flgure 7.5.6). ; :

CO conccmrauons‘ are'below lhc stan’dard even in 2010 (Figurc 1.5.7).

S0, polluhon spread wuldy in Jabotabek and lhc main cause is the ccrlam facmncs

The prinic target of the countermeasure for SO, is such kind of the problematic factories.

Adding to that, rcduchon of sulfur contents of diesel vehicles and ships’ may be
' necessary (o satisly thc standards.

N_O2 polluuon spread msxdc of the outer ring road and local problem occurred beside of
major roads with heavy traffic. If the traffic of automobiles increase in 2010, NO,
problem happ’ch with a certain probability beside the major roads. For this case,
“emission reduction of cach antomobile may be the best choice from the technical point

7-22



of view. For NO, pollution, countermeasure to the awtomobiles is considered as

necessary and sufficient.
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Future Condition (2010), Mobile Sources
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from Mobile Sources
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Future Condition (2010)
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(2010), Stationary Sources
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