- 4.3.3 Vehicle fuel in MOT
' (1) Fuel property |
~ The National Iranian Oit Company (NIOC) has specified standards of each fuel
consumed in Iran, which mu.st be met. According to therﬁ, the maximum permissible amount
: of metallic lead and sulfur in normal 'gasoline. is 0.561it émd 0.1w% respectively, and spéciﬁc
gravily must be 0.73, while the maximum permissible amount of sulfur in gas oil is 1. Ow%,
and specnﬁc gy avity must be 0.83 {0 0.86. |
" The JICA study team analyzed the com;lonenté of normal ga’soline and gas oil, and f('m'nd.
| th‘\t the metallic lead content was O 22 g/lit and the sulfm content was 86 witppm in normal
gqsa]me, and that the sulfur content in gas oil was 0.8 wt% whlch met the NIOC standards.
| Tablc4 3.3-1 shows the standards of Furopean countrles the USA and Asian countries
'relaimg to the sulfur content in gas o:l and the actual values obtained from thelr analysm
The ma}umum pemmss_lble_ amo_u_nt of s_ulf_ur in gas oil in all the developed countrtes is equal to
or less than 0.2 w%, ancl among those countries the USA alld Japan (effecflwl'e from Oct_obér,-
1997) hav. a'str:icte.r -Shndard of 005 wY%. Also tllerc are a few cmmtriesIWhlose' slllfur
content amounts exceed 0.8 w%, which mdlcates that the amount of sulfur content in Iran's
gas oil is one of the h;ghest in the world.
(2) Euel consmnptlon _

'I‘ablei 3.3.2 indicates the amount of fucl consmncd by automoblles m the G’PA
Amounts of sulfur contained in gas oil _and gasohne is l.Owt% (NIOC GAS OI_L (_306) and
0.1wt% (NIOC MOGAS 220) respectively. '

Osygenated gésoline has been used as vehicle fuel in Tehran since A\lgust' 1990. Fig.
4.3.3-1 shows the percentage of oxygenated gas’oline in the lotal.gas:oline consﬁmﬁtién in
Tehran from 1991 to 1995 on a yearly basw Use of oxygenatcd gasolme has grown 0.28 % to
0.3 % a yeax, and extrapolatlon l‘rcm the growth rate leads lo the est:matlon that use of
oxygenated gasolme w;ll be about 4 % in 2001 | | | |

Tabled. 3. 3 3 mdlcates an amount of gas oil consumed by ranlways in Iran. The total
amount of SOx emissions was calculated from this amount of total consumptlon and then
vesults are outlined in Table4.3.3-4. In comparison with automobiles, an amount of SOx

emilted by railways is very small and could therefore be ignored.
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Pable4.3.3-1 Comparison of sulfur content of diesel oil standareds

E\lrope,"U.S. As of 1995
~— Sta_n(_jrm‘.dg \ Lval iy q -
COllnlr;;\ (Upz-:: 9:’,““L I3 ctuit;a ues |[Fn §rcclne11t ates
EU Nations 0.2 0.04-03 |Effective Oct. 94
: 0.05¢ “|From QOct. '98
Belgium 02| - 0.11-0.7 |Effective Oct.'89 - -
Denmark 0.2  0.04 - 0.05 |Effective Oct.'89 -
Irish Republic 0.3 : .
— . e e
ltaly 02 0.12-02 ‘“52;“33;;33&;;0’ th)
France 03] 01-03 '
Germany 0.2} "0.05-0.19
* |Grecce 03] - .
 [Luxemburg 0.2| 0.11-0.17 |Effective Oct. 89
Netherlands 62| 0.11-0.17 |Effective Oct. '89
Portugal 0.3 023 B
ASpain 03] 021-03 _ _
|United Kubgd] ~ 0.2| '0.08-0.26 |By BS EN 590 1993
us. | 0.05 {FromOct.'93
Asia
Standard , . o _
T (Upper timits] Actual values [Sulfur reduction plan
Countrie ™t ie. wi %
|Chaina- 0.6 - ,
“[Hong Kong 0.2 0.1-047 [Eure1in'95
' ' Euro 2 in'06
: _ - 10.05% in 96
India 1] 0.24 -0.88 - |Eifective Oct. '89
Indencsia 05| 033-036 | _
g : ) YT
‘|Korea ~.0.2) 013-0.17". (l);rleg)i:tr:zdg{?(}s% in'08 -
- [Malaysia - 0.b 0.1 - 10.3% in 197 ]
Pakistan o1 0.76-0.87 -
“|Philippines - | . 08} -[0.5% in 96 _
Singapore - 0.5 0.26-0.47 |Predicted 0.3% in '96
. |Taiwan ©0.3 ' 0.05% in'97
. . : ar 3 ¥
Thailand 0.5 032 %fe{:i«l:lt:eg%]}i;f in 2000
Japan 02| 0.24-0.88 [From Oct. '02
0.05 From Oct, '97

Surce:The 3rd meeting of experts on moterization and the enviremental issue,part 2

Contents of countermeasures 1o prevent aie pollution caused by motor vehicle,
Japan sutomohile standard internationalization center, December 6, 1995
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Tabled.3.3-2 Fuel consumption by vehicles in GTA

B UNIT: (0° _ liter

Yeor ) . ] ]

T 1985 | 1986 | 1987 1938 1089 | 19%0 | 1991 1992 | 1993 1991 | 199

 Typeof Fuel | ' ' - ;
Gas Ol 263,104 333895 335,755] 350.308| 3s58,174| 836.153] 352,791] 365.000[ 375,007 366,585 347,755
Normal Gazoline  |1,693,628]1,610.713[1,736,912]1,752,064|1,935,08512,067,530]2,198,519(2,320,360(2, 434,4062,467,2442,599,6.46
Super Gasoline 148,457 20.469] © 4,421] 8581 © 6298] 0 63620 13023 41600 6208 99.252] 121473
Ur-leaded Gasolin{ - 3.499| 24364 41,686] 33.235] 58060] 68224

SourcerAir 'Qﬁality Control Compa hy(QusLhtity of gas oil consumplion was amended in accordance with The URBAN AGE)

4 5w
150,
100
3.50

0.50

©0.00 . i

1990 1991 1992 1993 1991 1993 1596 1997 1998 1950 2000 20061

Year

Figd4.3.3-1 Pcroentagé_ of oxygenated gasoline in the total gasoline oonéu:hption in GTA -

Tabled.3.3-3 Gas oil consumption in railway in IRAN

: Unit : litp.r

_ _ 1994 1995
Electric diesel 144,397,090] 165,399,967
Cranes 368,562 276,011]

| Tehran station 18,211,718 23,180,331},
Total 162,977,430] _ 188,856,309]

Source : Iranian Islamic Republic Railway

‘I'able4.3.3-1 Sox emissi0)1 frbm.raiwaf.' in IRAN

Unit : tonfyear

1994 1995
Electric diesel 2,484 2,845
Crancs 6 5
Tehiran station 313 399
Total 2,803 3,249
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4.3. d Traffic volume survey

" MOT has established an avea in the central part of the City in which unauthorucd
vehicles entry is restricted. In addition, controls have also been placed on the entry of large
trucks into the city, as well as on the flow of tr_éfﬁc by es_tablishihg a large numBer of one-way
:_ﬂtleets | | | |

In mdel to analy?e thc present status of po]lutlon | and evaluate nnpacts of these :
©measures, 1t is necessary to understand the current status, such as the ttafﬁc volume mthm
Tehran and their daily flucluatlon_ patterns. Such variables are charactcnzcd by places, time
"md land ﬁs-ag:e:in each éréa of the City, élich as, commerma!, industrial and residential areas
and are affected by traffic regulatnons or rcstnctlons . | _

'I‘he objectlvcs of this survey are to undershnd the charactensllcs inherent with’ the
volume of traffic and their daily ﬂuctuatlon pattems within Tehran, and to correlate these
findings for hreparat_ion of an effective éouﬁtehiléaSl.u'e.

“The 5urvey was ihlplﬁlnented at the 20 major intersections in Tehran as indicated in
Fig.4.3.4- 1 I.n se]ectiné thésé locations, (1) past tréfﬁc volume survey results, (2) road types,
| (S)prescnt status of trafﬁc control, and (4) land usage have been taken into consideration. The
names of the survey points and their numbers shown in Fig.4.3.4-1 are as follows:

1 BOZORG-RAH-E-RESALAT
2 MEDAN-E;FATEMI-

' 3 MEDAN-E-ENQELAB

4 MEYDAN-E-GOMROK
5 INTERSECTION, SHAHID MOSTAFA KHOMEYNI and  MOTLAVI
G IN’!‘FRSFC’I‘ION JOMHURI YE-ESLAMI and FERDOWSI
7 BOZORG RAI{ 8- SHAIIID DOKTOR CHAMRAN
8 BO! ORG—RAH F SH}*,YKH FAZL-OL- LAH NURI
9 MP,YDAN E. RESALA’I‘

10 MEYDAN-E-KHORASAN |

i1 MEYDAN-E-AZADI

12 MEYDAN-E-VALI-YE-ASR

13 MEYDAN-E-SHUSH
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14 INTERSECTION, VALL-YE-ASR and ENQELAR

15 INTERSECTION, SOHRVARDI and SHAHID AYATOLLA BEHESHITI
16 INTERSECTION, SABALAN and DAMAVAND

17 JADDEH-YE-KHORASAN |
18 INTERSECTION, FADA'TYAN-E-ESLAM and JADDEH-YE-VARAMIN
19 INTERSECTION, QUA%VIN and AZARI | .
20 BOZORG RAH-E-AYATOLLAH-I-SADR
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At each surveying point, a video camera with a recorder unit was installed to count
traffics and classified by vehicle types and driving pictures were later played back. The types
of vehicle were classified into seven categories, i.c. passenger cars, pick-ups, mini-buses, buses,
~mini trucks, trucks and motor eyeles. Although recordings were made continuously over a
24hour périod from midnight, measurements and ¢oﬂnting were selectively carried out so as to
meet the study objectives. ~ The méasurem.mﬂ.s.wefe based on 10 minute periods from the
_ beginning of évcry hom- diu‘iug the off-peak tiaﬁe ie, idtal of 10 minutes every hour, and .
' addlhonally 10 mmntes at a lrequency of every 20 minufes durmg the peak haurs totaling 30
' mmutes every hour. | |
-Measurement/Counting time in (I}'ff-pea.k' times;

-12:00 mldmght to 05 00, 10:00 to 15: 00 21 00 to 23:00
Measuremcnt/Counhng time in peak times;
06:00 to 09:00, 16 00 to 20:00
The survey was carried out on two separate days a normal workmg day and a hohday
As Thursday s a half day and Friday is a hohday in Iran, thy was seiected as the holiday

for the survey, and Monday was selected as the nornial working day.

15t survey (working day) : Octbber 7, 1996 (Monday)
2nd survey (holiday) : Qctober 11, 1996 (Friday) .

{1) Daily traffic volume fluctuations

The daily ﬂuctuation‘pattem's at each survey point are outlined in l*‘ig..4'.3._4-2(1) to

4.3.4-2(1). These daily fluctuations will be classified into the followiﬁg three categories:
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1) Restricted area pattern
“This pattern may be applicable to the roads locatéd in-the restricted area and/or 'it's_ |
vicinities. ‘The survey sites numbered 6, 1.2, 14 corresponding to the restricted area, as well
as 2, 3, 4 and 5 corresponding to the bordels are included i in thls pattern.
“The volume of traffic begms to increase from around 05: 00 peaks betwecn 07:00 and
09 00 and decreasas after thls hours untnl qround 18 G0. T‘he rates of neductnon are cleally '
similar at all survey pomts | - ' '
| ‘No rcmquable peaks in traffic volume were observed in the mornings or evemngb, while
-the main featme of this pattern is mdlcated by the dally flictuation chart.  The ratno of trafhc '
volume among three periods in a day, ie. prmr to 05:00, betwcen 05:00 and O6: 00 and after
" 06:00, is approximately : 10 5 |
' _ 2) Mam'commuter road pattern
rl’hls p'a.ttern may be applleable to the main roads and highways lmkmg the central part
of T‘e_hr_an with the suburbs. The survey sstes numbered 1, 7, 10, 13 and 15 are governed by
this'.pa.ttern. |
The traffic into the center of fho city from the suburbs begins t6 increase avound 05:00
and peaks bot\\fee'il' 06:00 and 09:00 in the same way as the above 1). ' The volume of traffic
'durlng the poak perlod is 1.5 to 2.0 times bigger than that observed in 1).
After the morning peak period, traftlc volume is reduced until midday, and levels off
&uring the hours of 12:00 and 165:00. The volume of traffic during this period was
_ appfoximatély a half or two-thirds of the morning peak period.
There were xnany locations where increases in traffic volume were recorded from about
- 15:00 unt:l the peak reached at approxunfitely 18:00. However, the evening peak was not so
remarkqble as the morning peak with volumes remaining at around two-thirds to three-
quarters of those 1ecorded in the mormng
" On the other hand the above- mentloned phenomena were reversed for the traffic
heading from the center of the city to the suburbs In other words peak was 1ecorded in the
evening, reflecting commutation from the suburbs into the eity center '
Observing both of these Lypes indicates that trafﬁc volume peaks were apparént' in the

morning and the evening, and the main feature of this pattern is’in the indication of
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fluctuations in both types.

The ratio of traft‘ié volume among five periods in a day -- prior to 05:00, between 05:00
~and 12:00, between 12:00 and 15:00, between 15:00 and 21:00 and after 21:00 - was
approximately 1'15:10;15:5.

3 B) -pass pattern | _
' ‘this paltel n may be apphcablc to the area surroundmg Azadi Square i m | the western part
of Tehr-m : ’l‘he survey sntc numbored 8 and 11 are covered by this pattem :

Drastlc increases in lrafﬁc volume was observed belween 03 00 'md 04: 00, slightly
.ea'rlier’ than the peaks described under 1), 2), which continued until abOut 06:00, leveled off
betwecﬁ 06:00 and '09:.00, and:theﬁ began to decrease s]ightlf. In other words, this patlern
- closely resembles that explained in. l), but the night-time traffic was 2.5 to 3 times greater
" than that of pattem described in 1). | - . _ R o _

' ]t is thought that the reasons for the mcreased volume of mght time. trafﬁc at these
survey s:tes 18 the effect of linking thc western part of Tehran with the by-pass to the mty of
Karaj including é connection to the airport, |
(2) Traffic vohﬁne features of each veilicle type

The .{'oliowings'arc the results of the traffic volume survey Correspohding to vehicle types:
1) Passenger cars .

Patterns similar tendeneies to the fluctuation of overall traffic volume explained in (1)
were observed, because passenger cars accounted for a lavge percéntage of ail"vchicle. types.
2) Buses, mini-buses

The trafiic volume in this sector was drastically smaller, but the fluctuation patterns
were similar to those explained in (1)2). In other words, the ﬂuctuationé revealed. the
morning peak at avound 07:00 and thc evening peak at armmd 17 00 because compames and
schools run buses in the city for business and student commuters durmg th‘lS pcrlod

Traffic volume for this sector w as not s;gmﬁcant in early mornmg or at mght beeause
public buses transport to‘m'ists, company employees and students‘ who do not ride them during

‘the night and early morninig. | . |
3) Trucks, mini- lrucks 7

There were many survey 31tes that recorded increased traffic volume before 05:00 and
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after 21:00 in compa‘ﬁso‘n with daytime :trafﬁc, bécause t.llw entiy of trucks intogthc city of
Tehran during the daytime is restricted, and these restrictions are released at night.

At survey locations numbered 7 and 18, more traffic volume was observed on the trunk

r.(_)ads linking the suburbs with the center of Tehran, and less traffic i_n the restricted area.

4) Pick-ups _ | |

"l‘here was no remar kable peak in thc morning or cvemng, and the ﬂuctuatlon pattern

was similar to that descnbed ldel ) 1) In other words namcly, traffic volume beg'm to -
: mcrcase after 05:00, leveled off between 09 00 and 18 00, and then dramatlcally dccrcased
- after that, mdlcatmg the ﬂuctuthn pattern of this vehwle type. As plck-ups are mostly used
for transportmg small scale cargo, the traffic volume at surve} pomts 4, 5 and 13, locqted near
. bazaars, was greater, but almost non-emstent during the mght and early mommg when
commercial activities a;‘é halted. | | |

.5) Motor cycles

The fluctuation: pattern was similar to that of passenger cars. The highest level of
traffic volume was recorded at survey points 4, 5, 10 and 13 near bazaars.

This report concentrates on the traffic volume on hormal working days. - 1t was thought
tldat thcsé data wonld be more important from the viewpoint of the effccts on atmospheric
jaollution because there are more working days than helidays. Simulations will be carried
out with the use of the tlafﬁc characteristics observed on working days during the current

. phase of the' study, but examinations will be carried out on the characteristics of holidays'

traffic volunme in the near‘ future to incorporate the outcome in simulations if necessary.

- 4.3.5 Field drivin'g'test-
As the pollutants contairned in aulomobllc exhaust gas differ according to the vehicular
: dnvmg condltwns it 1s neceqsary to clearly understand the driving conditions in the relevant

:areas in order to venfy and foxecast the amount of pollutants to be eniitted into the

atmos;ahore In order to examme the drlvmg condltlons W1thm the cny of Tehran, an

: automoblle was mounted with speedometers and other measurement mstmment and dnven
through pre-determined 'roadWays at different times. A driving cycle, i.e. a test mode

reflecting actual conditions within the city of Tehran, was determined on the basis of average
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- . speed, idling, acceleration, deceleration, and a comparison of stable-speed ratio obtained from
“ the results of the driving tests. The concentration, volume and temperature of the exhaust
" gas emitted during two of the driving tests were also measured, emission cocflicients were

calculated at ten second intervals, and a survey was carriecd out to verify a relationship

- - belween dnvmg condlhons and the emission coefﬁments

'l‘he survey routes of the test dnves are outlmed m Flg 4.3.4:1, 'I‘hcse routes were
selected in conmderqtlon of the fo]lowmg points. _
E Roads which have much trafﬁc volume and are’ thought to contribute to - atmospherlc
pollution.
"_Roads which ha»e comparatwely largc intersections. |
-The inclusion of several different types of roads (hlg‘nways trunk roads etc)
The names of the survey routes are as follows:
A BOZORG RAII—'—F, SHAH!D DOKTOR CHAMRAN
B TEHRAN — KARAJ FREE WAY
C BERESHT— E “ZAHRA,KARAJ RING ROAD
D BESAT HIGIIIWAY- _
E MEYDAN-—-E-—~GOMROK — MOLAV{ -» VALI—YE—ASR — lN’l‘ERSEC’I‘ION .
DOCTOR HHOSEY N-" —FATEMI
VALI—YE—ASR
¥ MOFATEH - SADI — EKBATAN - EMAMKHOMAYNI — BABIIOMAYUN
DAVAR — BANZAM—E--KHORDAD -* IN’]‘ERSEC'I‘ION
SHAHID MOSTARA KHOMEYNI
BANZAM-—E—~KHORDAD
G MEYDAN-—E-EMAMHOSEYN — ENQEIJ\B —+ AZADI — MEYDA&E-AZADI '
' INTERSECTION -> BOLVAR—E~KESHAVARZ — KARIM KHAN—E—ZAND
| KARGAR | | | |

BOLVAR--E—KESHAVARZ

S!IAHID HOJJA’]‘ OL-—LSLAM DOI(‘TOR MOI*AT’[‘EH i BAIVIAR"*EHSHIRZ
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SHORVARDI — INTERSECTION
' SHORVARDI
OSTAD MOTAHHAR
I INTERSECTION — DOKTOR ALl—ﬂYF——%HARIAT - MhYDAN hﬂQODS
" DOKTQR ALI—YE~—SHARIATI

BOZORG RAH“"I- RESALAT

.:'J MEYDAN-—~E—TAJIRISH -> VAL I—YhmASR -+ INFERSECTION

VALI-YE“ASR
| DOKTOR HOSEVN—E—FATEMI
J1 MEYDAN-E-FATEMI o lIN_TERSE‘CTION
' ' . KARGAR

KESHAVARZ

'K MEYDAN-E—QAZVIN — QUAZVIN — AZARI

SHAHID RAJA'L

SHUSH

'NMEYDAN AVVEL — SAD~0-—CHEHEL—O—DOVVOM—E-~ GHARBI — GOLBARG

- SHAHID AYATOLLAH MADANI — SABALAN
N1 D()KTOR BEHESHITI
N2 MO’PAHHARI
S BOZORG RAH ~E-—SHEYKH FAZL-OL-LAH-E-NURI

X MEYDAN-EENQELAB — KHOMEYNI — MEYDAN-E-MOHAMMADIYEH

Y AMIRKABIR—MEYDAN-E-EMAMKHOMEYNI — MEYDAN-E-FERDOWSI
yA MEYDAN-E-KHCRASAN — MEYDAN-E-EMAMHOSEYN

The measurement items and methods of measurement for the field driving tests are

' outlmed in Tabled 3. 5- l and the meqsurement systems are oullmed in l*xg 4.3. 5 1.
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Table.4.3.5-1 Testing items and method

ITEM TESTING .METHOD or BQUIPMENT
Car speed | ' - |Spatial filter type speed detector
Engine rpm. E a o ' Ignition puls detector for secondal;y-high vol't.a'ge code
Negative pressure : Digital pressure metdr(lntakc manifold) |
' ‘i‘empératuire of exhaust gas Thermao couple
Dynamic prqésure’ of exhaust gas |Pitot tube |
| : | Concentration of CO,CQZ,HC NDIR gas filter correlation method | ' '. . ' @
— Engne room — ; - The inside of the car ~;;;;‘"
sccontay igh | [rgivonpts | | | | vigta chometes |
voltage code detector :
——ir;«;_n;r_nf;ldn . L D1g113| presguri:’, mete.r. ].)ata. recorde:i—l
Spatial ;’:ller type speed d(;tector - —{- A.mpliﬁé; . = .
- _jl‘ail pipe
 Sanping pete | H o coomier - | —
b i e Data recorder 2
77Pi7t;tut:e _ - :h{ér:](;nzcﬁer s

Thetme couple - |-

Fig. 4.3.5-1 Measurement system -
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The sampling interval was 0.5 scconds for the data recorder 1, and 10 seconds for the

data recorder 2. | o
The survey was suspended if reasons.other.than normal congestion, such as road works
- and accide'nts, were delaying trafiics on the seiebted roads. . Also, abrupt ovértaking was

avoided and the vehicle was dviven at the average speed dictated by the flow of traffic.
The test drives were implemented ‘on riormal working da.ys and on:holidays betw'ee_n _
'September 29 1996, and October 18, 1996 The surveys were conducted durmg the noy nml
d’iytune mcludmg morning and evening peqks but were not implemented qt mght
- Alist of the field driving test results are prov1ded in Tahled.3.5-2(l)_. ' Pig.4.3.5-2 shows
the emergence frequency of avérage vehicle speed (average vehicle speed’ will hereinafter Be :
_known as speed (2)), and Fig.4.3.5:3 through Fig.4.3.5-6 indicate the emergence frequency of
1dlmg, auelerat1011 decelcratmn and stable condnlwns

The number of valid survey routes reached 70. Definitions of the termmology used

' herei_nafter ate as follows:

Sp‘eéd (.1.) :'Average vehmle Spee(l excludmg :d]mg time.
: Spee_d. (2)_ : Average vehncle spced mcludmg 1dimg tume
Idle : Ratio of the amount of time that the velucl:e spéed was 1.bkm or less during
_ runmng tmle
A(,celcmtlon Ratio of the amount of hme th‘)t the acceleratlon speed was 1. 5kmlhls or larger
during runmng time.
Deéeleration' Ratio of the a::nount of time that the deceleration speed was 1.5km/h/s or less
| . durmg runnmg time,
' Stable 3 . Ratio of the amotnt of tlmc that the acccleratnon speed was - 1. 5kmlhfs or larger,

1.5km/h/s or less durmg runmng tlme
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Tabled3.5-2(1) Results of field driving tests

Run No. |[Reute} Date Time |Running Time {Distance|Speed(1){Speed(2) Ratio (%)
| T ain ka kmfth | kn/h | Idle |Acceleration| Deceleration|Stable
2t H | 1996/9/26}15:21:00 12.38]  5.08| o4.44| 29.51]16.60] 22.88 22.41{ 38.02
L 3| B | 1996/9/29]15:54:00 30.80] 8.75] 17.05 21.71}20.73 18.45 19.29] 41.53
4] £ | 1996/9/20)16:49:00 26.03]  6.13} . 14.12{ 20.66]30. 76| 17.16 17,73} 34.35
501 | 1996/9/29[17:32:00 19.69| 7.12| 21.60} 24.82[12.36 24.55 24,50} 38.60
6| ¢ | 1e9679/3035:55:00 sne3| - e.ss| 18s4|  24.04|22.07 20.18 20.31] 37.43
7| K | 1996/9/30|16:50:00 13,11 3.01| 1554  18.67[16.55 20. 96 20.30| 42.20
‘8| M | 1996/8/30]17:25:00 11.98|  6.38{ 3196 33.28| 3.98 21.00 20.24] 34.87
9] N | 1996/10/1| 9:53:00 “21.47]  8.61|  24.07| - 27.50{12.07 18.56 19.33| 50,04
© 0] - N1 | 1996/10/1[10:17:00 9.16] 2.83] 1856 23.65[21.02 18.02 17.56] 43,40
11| w2 | 1996/10/1]10:28:00 o] 2.17] - 18.93)  27.35[20.76 18.10 17.06] 35.07
12| NI }1996/10/13]18:59:00 15.73] . 2.67} ' 10.20| - 15.3131.73 13.82 15.36] 39. 09
13| N2 |1996/10/33}19:17:00 o.78|  2.83] 17.37 21.92|20.12 18.76 21.48} 39. 64
14| 1. [1996/10/13[14:13:00 16.69) . 7.22| 26.95| 28.53| 8.99 24.96 23. 17} 42.°89
- 15| 3 |1996/10/13[14:35:00 26,50 10.11| 22.90] 27.17]15.38 '16.89 17.92| 49.81
16) 1 |1996/10/13] 15:10 o.71] - 3.80|  23.32] 28.77[18.52 24.32 21,67 35.49
17| F | 1996/10/2[15:26:00 20.14] - 6.83 20.3¢| 23.57]13.57 19.40 18.08| 48.94
18] £ | 1996/10/218:40:00 43.06) 5.46| T7.61| 15.01j46.12 14.34 15.68] 23.86
as) 1| 1996/10/4] 9:18:00 12.44|  7.m| 3a3f  35.50] 3.28 16.01} - 16.34] 64.37
20 J | 1996/10/4] 9:33:00 18.18]  10.49 34.63) 35.15| 1.47 16.28) © 15.54] 66.71
21| F | 1996/10/4]10:06:00 12.50] 669 “32.08] 33.59] 4.3 - 21.60| - 21,07] 53.20
[ 22| E | 19%/10/4h10:30:00 20.11)  6.13] 18.30| 22.69 22.38] 18.57 18. 52| 40.53
23| N2 | 1996/10/4}10:53:00 1 5.85 2.92] ' 31.60 36.30]12.76 L1742 15.17] 54.93
23} N1 | 1996/1074}11:00:00 7.36] 2.8 23.57 20.07]21.06] - 18.46 16.31| 4.17]
25| ¥ | 1996/10/5]15:05:00 s.41] 0 ezl 21,33 22.12 3.39 20.03 19.57 57.0
26| E1 | i996/10/515:43:00] 13.24| - 3.84] 17.39) 19.50] 10.67 1699 - 17.37] 85.07
21| 7 | 1996/10/5)16:28:00 20.67| 81| 23.55] 25.80] 8.51 23,63 22.22] 45.65
28] N1 | 1996/10/5(16:28:00 n.37[ 2.8 14.68 23.92}31.76 17, 01 16.28] 28.96)
20| w2 | 10v6r10/5li6:43:00] 0.8 2.82l 17.12] 20.76]17.10 21.40 19. 46| 42.04
321 A | 1096/10/815:69:00 14.52) 17,01} 7401 75.07) 2.53 14.52 15.95] 66.99
21| ¢ [ 1996/107816:24:00 g.01f 9.01| e0.03] e7.12[10.45] 1.77 9.01| 72.71
T as| g | iseesrorsfinzes:o 6.32|  2.65| 25.14] 26.30] 435 2. 03 23.06| 47.56
36] M | 1996/10/9]11:37:00 10.80)  5.79]: -32.15[ . 33.55] 4.09 24.61 22.07) 49.23
37| D | 1996/10/9]12:00:00 927 6.23]) "40.32{  55.26)26.80 10, 16 890 54.14
- 38] N | 1996/10/012:27:00] 21.72] © 8.74] 24.16] 27.96]13.24 22,95 20.76| 43.03
30| N1 | 1996/10/9[14:43:00 8.48). 2.83] . 20.06]  27.81]{27.04 15: 14 16. 42| 41.40
40| N2 | 1996/10/914:53:00 s.23] . 2.81] 20.50] 25.77|19.84 i9.64 1i.01| 42.61
41] u | 1956/10/915:20:00 mazf so6| 2710 31.20[12.84 21.40 22.01| 40.75
42| x |1996/10/1015:42:00 20.28]  4.94] 14.61] 18.16[19.43 14.67 14.67[ 31.23
13| v [19096/10/16]16:13:00 6.28] - 2.00] 19.313] 20.97} B.49 17. 11 17.51| 56.90
46] -2 |1996/10/11{10:38:00 24.78| - 8.40] 20.33] 23.43]|12.98 21. 19| 19.78] 16.05
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Tabled.3.5-2(2) Results of field driving tests

Ren No. [Route] Date Time | Running Tige | Distance Speed(1)|Speed (@] Ratio (%)
min. © km kiva | kab | 1dle |Acceleration [Beceleration [staste
471 ¢ |1996/10/11[11:03:00 10.42|  o.98 1482 21.15]29.17 18.76 18.28| 33.79
18| K [19v6/10/11r2:07:00 .51 3.92] 20,44 - 22.45] 8.8 17.96 18.03] 53. 18
49| ¥ [1996/10/1112:56:00 1.46]  1.89]  9.86] 16.02|35.56 16. 87 19.71) 27.83
so[ 1 [1996/10/11[18:18:00 26.01)  6.93 * 15.98] 19.94]19.06 20. 06 21, 38| a8, 99)
51l 7 [oserroznafissozo0]  aa.se|  r0.23) 17.76| "20.69] 12,84 15.51 17,22 53.44)
52| w2 [1996/10/11]19:20:00 ‘7.38] 201 ‘23.63] 26.39)10.27 1930 19. 86| 50.30
53| ¢ [1996/10712| 8:56:00 32,971  ©0.83) 17.90] 22.40{19.84 19. 11 18.30] 42.75
s1| x 1996710712 9:36:00 30.43)  4.56] 1339 19.05[28. 71 TN 14.64) 42.58
55| E1 |1996/10/12[10:04:00 15.61]  3.87| - 14.86| 18.49{19.27 15.80 16, 60| 43.32
so| z [i096/10712f10:27:00 20.72]  8.34] 2.1} 26.33f 8.00 22,81 23.01] 46.18
51 1996/10/1211:00:00 12.51 1.08f - o.49| 17.26]43.97 14.52 ©15.79] 25.72
68| K |1996/10/14] 8:50:00 13.18) © 5.06] 23.02| 27.40] 15.60] 22.74 © 21,60 40,05
s9| 61 [1996/10/14] 9:23:00 20.68]  5.17| 15.07| 21.04]27.87 18.63 19. 15] 34.35
60 G2 |1996/10/14] 9:43:00] ©  10.74]  4.60] 25.70 28.58| 9.78 . 25,99 23.35] 40.88
61 1995/10/14(10:08: 06 1zo19| ¢ 7.1s|- 35.35| 48.90]27.41 9.02 ©10.05) 53.52
62 1996/10/14{10:30:00 1068  12.79| 71.91| 73.23] 1.80 10.93 - 12.02] 75.25
63 1996/10/14{11:01:00 100631 12.67| 7148 72,51 141 9.12] 12.30| 16.57
64 J1 [1996/10/17)16:56:00 6.54)  2.74] 25.16] 3L.17|18.85 20,78 - 18.34f 4102
- 65] E1 11996/10/17]17:23:00 44.30 5.54 7.54| 15.18]47.74 11. 87 12. 45| 27.93
66| N2 |1996/10/17[18:08:00 614 2.82 er.50| 29.85 7.60 22.25 24.83] 45.92
67| N1 |1996/10/18] 8:26:60 5.59 2.90{ 31.13] 33.06] 581 16. 39 16, 54| 61.25
68| N2 [1996/10/18] 8:33:00 so2| 28] 3737 3828 2.3 2270 - 18.02) 56.94)
69) X |1996/10/18| 8:44:00 03] 504 32.12] 36.51] 9.22 1271 11.68| 66.33
70| E1 |1996/10/18] 8:58:00 g08| 3.81] 28.52) 28.80] 0.93[. 24.54 22,78 51.75
S| v 1996710718} 9:28:00 13420 - 6.07|: 27.14| 20.72) 8.51).  20.31 20,81 50.37
- 72} EL [1996/10/18] 9:45:00 14.37 9.90| 41.35| 46.88[11. 14 12.41 T 12.24] 64.21
73| s |1996/10/18]10:06:00 14.38] 9,78 40.83] 46.22| 11.48 13. 28 12.52| 6272
15| 62 |1996/10/18{10:28:00 0.75|  4.32| 24.10] 29.74] 18. 68 21. 24 22.33| 87.75
16| F |1996/10/1810:52:00 13.31] 677 30.51 34.88)12.34 22.73 20.79] 44.15
7 1996/10/1811:28:00 C32.72| 815 14.95] 23,6535 61 15.79 15.77) 32.83
AVE. ' ' i5.88]  5.03) 2533 = 20.67|16.51 18,38 18. 13| 46.99
MAX, | a3 rw| ree] wsiorfarna 25.99 24,83 76.57
MIN. | se2| 1| wsi| 150 0.0 .77 8.90] 23. 86]
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All valid data "m_chlding‘collected on highways show that the average vehicle speed during

the daytime in the city of Tehran is 25.3km/h, the average idling ratio is 16.6%, the average

_acceleration ratio is 18.4%, the average decoleratlon ratio 1s 18.1% and the average stable

speed is 47.0%. The figures excluding hlghways are 21. 9kmﬂ1 17.1%, 19. 2% 18.9% and 44 9% '
respectively. On trlmk rdads in Tehran dm‘ing the peak msh hours, the idling ratio is !argc
exccedmg 40%. In thc areas surrounding bazaats the ratio qlso excceds 40% dmmg the off-
peak homs W hich is a reflects commercaa’f achvntlcs durmg the da) time and mdlcateq _

congestion throughout the whole day. How! ever, as the corresponding ratio of idling on the -

I mAajor trunk roads during the off-peak period is low, the final .avcrage idling ratio is also :

relatively low.

On the othcr hand, according to smve)s in Tokyo, the avelage vehlcle speed dunng

dqytnne is 18. 9kmfh and the 1dlmg ratio is ¢ 11 6% dmmg peak homs and 31.2% during ofi-

peak hours. If these ﬁgurcs are compa:ed with the survey in Tehran, the traffic congestlon

~ within the city of Tehran is not so bad

The concentration of exhaust gas, CO (“O;. HC, the amounts and temperature during

driving were measured with a passenger car most commonly seen in Tehran {P'lykan 20-years
P

‘old, 1600cc). Emission factors were calculated based on these measuremeit vesults, and

relationship of vehicle speed, engine rotation and other factors were examinéd against each

driving condition. Condition of maintenance for engine of the test car was in a state of

-_deterior'aﬁon.

The methog of calculation of emission coefficients is as follows:

. 1) A pitot tinbe'altached inside of vehicle’s tail pipe measured total pressure and static pressure,

and t'hese' measurements were recorded in a date logger. A thermos couple was also altached

| to the tail pxpe and temperatme was recmded in a data logger '

'2) Mass of exhaust gas is obtamed with the following equat:on

913 - (PatPs)

r=r0* —
273+ 0s 760

v  :Mass of nioist exhaust gas unit (kgim?), 1.3kglh13 in case of air
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: Mass of moist exhaust gas unit (kg/m3) calculated at temperature of zero degrees -
Celsius and an atmospheric pressure of 760mmiig.
Pa :Atmospheric pressure (mmHg), approximately 660mml{g in case of Tehran.
© Ps: Static pressure (mmilg) within tail pipe, OmmHg in case of the survey.
 0's: Temperature within tail pipe (degrees Celsius).

3) Equation to obtain flow speed of exhaust gas:

: V: Fl(:)w speed (m/s)

:C: Pitot tube coefficient (0.76) &

h: Dynmnié preés‘ure (total pressure - sfatié f)ressure)

g: Gr_avitétional a_ccelc'rati()n speed (9,8111(32) |

4} Equation t-b_obia:iﬁ t.he flow rate of 'exh.aust gas
Q=V 60+ A

Q: Flow rate (n¥/nyin)

V: Flow speed (m/s)

A: Cross-sectional area of tail pipe (m?)

5) Conversion of flow rate of exhaust gas obtained with equatioh 4) into flow rate in a sté'ndéard' | @
condition |
273 {(Pa+Ps)
QN=Q -
273+ 0s 760

QN : Flow rate of moist gas (m¥inin) -~ o o . i

Q : Flow rate of e\‘haust gas (1113Imm) _
Pa. Atmospherm pressure {mmHg) approxtmately GﬁOmmHg in case of ’[‘ehl an.
Ps: Stahc pressure (mmlig) within tail pipe, Omm}ig in case of this survey.

Os: Tomperature within tail pipe (degrees Celsius).
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Xw
QN=QN- (- —)
100

| QN": Flow rate of dry gas (m3/min)

QN: Flow rate of moist gas (m3imin).

© Xw: Water content in exhaust gas (%)

The water content in exhaust gas measured before the start of the ﬁeld d1 iving test was 7%:

G) By multlplymg the ﬂuw rate of dry exhaust gas obtamed m equatmn b) w1th the measure(l

values of each property, volume of exhaust for each unit of tlmc (gfnu ) was calcu]ated For
example, if conccntratmn is 5%, Fm (g/min) volume of exhaust for each unit of time is as
follows |

QN'x5x102f224x28 _
22.4 is cubic content (liter) of the vapor 1'mol in a standard condition, and 28 is the molccu]ar
ivc;ight of CO. EmiSSion factor, Bf (g/km) is caleulated with the following equation if speed of
vehicle during sumblin'g is Sp (kin/h).
Ef = Em x 60/Sp
The data obtained when driving along the route mentioned below on October 20th, 1996, arc
out]ined in I".ig. 4.3.5.7 to Fig.4.3.5-9, which indicate the relationship between the emission
factor of each pol!utant calculated in accordance with the procedures 1} to 6) above and vehicle

speed engme rotahon and negative pressure of intake manifold.

'AQCC --> DOKTOR ALLI-YE-SHARFATI --> VOLVAR-E-MIR DAMAD --> VALI-YE-ASR

0STAD MOTAHIIARI --> AQCC

Drivhﬁg was carried out for 33 minutes and 40 seconds from 14:01:00 to 14:37:40. The

‘cnussxon factm vehlclc speed engine rotation and load pressure were plotted at 10second

mtervals A drwel and tcchmca] staff assngned to the measurements were in the car durmg

' the test d1 ive. Because the measurement equ]pment weighed approximately G5kg, the total

wmght on bo'u'd wasd as much as three adults, -

The average speed of the vehicle during driving was 28.0km/h, and the average exhaust

~cocfflicients for each pollutant was 210.9g/km for CO, 682.5g/km for CO: and 5.0g/km for }IC._

The relationship between the vehicle speed (V:km/h) and exhaust coefficients (18F:gfkm) ean be
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obtained with the following equations:

 CO:EF=19430-V ° (R=0.85)
CO2:EF =8761.6-V (R=0.96)
HC:EF=354-V =  (R=0.72)
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" Prior to determination of the driving mode that is the representative:driving pattern in

:the city of Tehran, major e'Ie:ﬁcnts were analyzed such as variables for average vehicle speed,
idling, acceleration, deceleration and ratio of stable drivingr obtained during the field driving
test. '1‘he corrvelation matrix of each parameter is indicated in Tabled.3.5-3, and the posntlon
_ ol' elgen vectors is indicated in Fig.4.3.5- 10 The correlation matnx reveals that each of the
averqge \eh:cle speed and ratlo of stfib}e speed is positively correlated with each of the ratio of -
acceleration and that of decelcratmn On the othez hand, cach of the average vehicle speed
and ratm of idling is negatwelv correlated with each of the ratio of 1dhng and that of stable

speed.

Tabled.3.4-3 Correlation matrix of each parameter -

S raveling Speed!  Idling | Acceleration Decelerqtlon Stab'le'l‘
| Traveling Speed “1.00 -0.61] -0.30| 035 - 0.80
Idling . -0.G1 1.00 -0.31 -0.26f - -0.76
Acceleration -0.30 0.31} 1.00 0.94 -0.37
Deceleration 035 -0.28 0,94 1.00 -0.41
[Stable 0.80 -0.76| -0.37] ~-0.41 - 1.00
038
N s
- .
2 0.4 - : ' caveli
£ : Tra\ehng
8 l Speed J
§ 0.2
g
[o} : ’ . .
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-0.6 | ﬁéEéiE?a{f:{g‘
' Ratio
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0.8 06 -0.4-0.2 ¢ 0.2 0.4 0.6 0.8
Principal component 2

Fig.4.3.5-10 Positioning of each parameter
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It is found that each of the following driving conditions _;ﬁan be categorized intoz the
standards from the positioning results of variables: |
- Driving speedily and stably (highways)
. The average vehicle speed is comparati’vély low when acceleration and deceleratioh are

rcpeated {trunk voads durmg of - peak hours on a normal working day)

- The average vc]ncle speed is comp’iratlvely low and much 1d}mg is (lone (durmg peak homs o

on a nor mal working day in the v1c;mty of quaars) :
The pomtlomng was plotted in Fig.4.3.5- 11 reﬂechng the result ol each drwmg test, mth :
pl‘ll'l(:lp‘ﬂ component 1 on the horizontal 'uus and prindipal component 2 on the vorucal axis.

For compauson purposes the main elemen{s for standard KCE mode 10 mode, 10)‘15 mode

-~ and 11 mode are alsq calculated and plotted.
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Fig4.3.5-11 Positioning of each test
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'Then, majer elements obtained were analyzed in clusters as variables. The results are
indicated in dendrogram on Fig.4.3.5-12. The driving results obtained from highways were:
excluded in the ciuster analysis. The results of the driving survey based upon this

dendrogram were categorized into four units, and the results obtained from the average
survey resuit.s covering eqchcluster were’ outlined in Table4.3.5-4. The driving resilits :
closest to these average values were chosen and determined as thc Tehran mode. In additioh _
© two examplcs were extracted from the results of driving on hlghways and drwmg condlhons |
for these six categories were determmed as the: representatne drwmg mode 1n Fehran,

These driving modes are indicated in 'I‘able4.3.5-_5 and Fig.4.3.5-13.

o ‘E
S

7

‘_ 1

” ! ™ 1T SHE . '
I 6) 52 4 54 S 4% 47 58 20 30 55 19 57 2 9 33 43 18 6 28 24 2§ 35 46 i _40'2?:_23 1112 53 .

15 34 62 13 SI 31 26 23 7 59 22 18 55 60 44 21 8 14 37 1241 25 32 42 3 SO 30 83 32 45 48

' Fig435-12 Dendrogram
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Tabled.3.5-4 Average value of each paranieter included in each cluster

Clustjbr Running Time |Running Distance] Spced(i) | Speed(2) Ratio(%)
T e ] ke | kb | tdiog | Acceterating | Decetrating stable
" Cluster 3 2166 440| 13ss| zoes| 3378 c1e01) . 1647 3371
Cluster 2 L1758 sas| iss2) 2233 1540 18.49 - 1860 - 4744
" [Cluster 1 12.98 5510 2674|  2093] 1067 ; 2_22'8_0 - 21.50]  45.05
Cluster 4 1wy o0l o zaem| 3736 6,18 14.77 1447 - 6157
Highway 11.53 1080]  se.28|  6274] 1n70 1047 85| 6599
’l‘abled..3.5-5 Tehran mode
Mom;i Run No.| Rinning Time Runni.ng Distance| Speed(1){ Speed(@) _ Ratio(%)
T e | T ke | v |k | tdting | coeterating] Deceterating| stable
Tehrdan 1 28] 1137 278 - 1468 2392|377 17.01 1628] 2896
Tehran 2 29 - 9.89 2.82 17.12] 2076|1710 21.40 19.46 12.04
T'e);raln:ls sl fIRY 5.06] - 21.19) 3129 1284 24.40 22011 1075
Tehran 4 69 L 913 soi - 3312 3651 922 1257 11.68) 6633
Highway(1) 37 9.27 6,23 a0.32]  ss.26] - 2680 10.16 soo] 5114
Highway(2) 32 14.52 1n19] 140 75.97 2,63 14.52 1506 66,99
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4.3.6 Chass:s dynamo test
Chassis dynamo tests are bemg continued in ordcr to estimate an emission coefficient
for CO, HC and NOx for selected vehicles. On the basis of the driving modes typical to
Tehran determined in 4.3.5 and existing standard m_odes (ECE mode, EUDC, J10/15 mode.,
J11 mode), teété ar¢ béing implel_nc-ntcd dn vehicle types 'out]in_ed in 'I‘abléxi.3i6-_1 and thé ag'c: .
of vehicles, _t'aking_'into'consideration tllle.m'lmbe.r:_of “autoniobiles re:gisteréd.in ='I."e_h|ra>a.1,= '
import conditions, sttuctural'cbliditions and other factors, g . 7 |
Results of chassis dynamo tests conducted accordmg to the plan mentloned above are
“shown in Table4.3.6-2. _ | |

Ta‘olefl 3.6-3 shows the results of chassis dynamo tests conducted by AQCC on the basis |
'of the ECE mode in 1992, Test vehicles were selected m consideration of the number of
‘automobiles régistered in Tehran, so that vehicles with average levels of engine m’aintenance
: wou_ld be chosen. _

Emission facfors for CO and HC are 62.4glk|11' and 5.12g/km respectively when a simple

average is taken from ciﬁissi()n factors of these 48 vehicles.

Fig.4.3.6-1 indicétés a reliance on speed. for the average emission factors of Japanese
vehicles before and after emission ¢ontrol of CO and HC imposed in 1973 and 1975.
Subsequenﬂy because the vehicle emission control, the emission coefficients fell as shown in
the Kigure.

For comparison, related example of emission factors are plbtted, namely, the above
mentioned emission factors calculated from existing data, regulation values of emission
factors in Japan, and the past experience of chassis dynamo tests implemented in Mexico City
in view of its similarities to Tehran in topography and high-aged vehicle characteristics.
Table 4.3.6-4 shows the results obtained from the second chassis dynamo test using the ECE

mode after replacmg thc air ﬁlters and ecarburefors of each test vehxcle indicated in Tabtle
4.3.:9 w1th new ones. . _ _ _
'The mean e:ﬁission factors aré 31.96 g/km for CO, 2.66 g/km for flC and 0.95 g/km for
'NOx, and the rate of emission is 51 %, 120 % and 101. %'respcctivcly comparcd \\}ith the
results obtained frdm the first chassis dynamo test. Whﬂe the em:ssnon of HC and NOx

inereased in the second test, the amount CO was reduced about 50 %, w hlch mdlcatcs that .
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replacement of the two parts is an effective way of reducing CO emissions,
In comparison with these results of chassis dynamo tests shown in Fig.4.3.6-1, emission

factors reflecting actual situation of Fehran are determined.
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Table4.3.6-1 Chassis dynamo tést plan

ROTE (1) TH:TEHRANI . ‘T2:TEHRANZ , T3:TENRANS , TA:TEHRAN{ . HI:HIGHRAYI ; HZ:HIGHWAY?

}10: JAPANESEIONODE | -F10-15: JAPANESE10+ 1SNODE

© 1A-4:US LA-4NODE
(2) Car No.1~No.5 :Brand New Car

(3) 18-1:Leaded Gasoline . 18-2:Unleaded Gasoline
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CAR No | CAR TYPE | MANUFACTURED YEAR *JEST  MOOE Total ‘Numbes
1 2 3 4 of Test
1 leAvkax - |1996 ECE | 11015 | 3
2 |PRIDE - - | 1996 ECE | 110-15 | HI 6
3 | PATROL 1996 BCE | J10-15 | M 9
4 REANULT 5 | 1996 ECE | 31015 | B 12
5 . | PRUGEOT405 | 1996 ECE | J10-15 | it 15
~§-1 | PAYKAN 1971~1975 . BCE | 10-15 | J11 | ECEHEUDC 19
"6-2 | PAYKAN 1971~1975 L A S ¥ S I} H 23
7 | pAvKax 1971~1975 | T2 B T4 27
8 | PAYKAN 1971~1976 o T i N2 3
9 | PAYKAN . | 1971~1975 1o | J10-1s | 34
| 10 | PAvKAX 1976~1980 ECE | J10-15 | 1l ECE+EUDC 38
i1 | REANULT § | 1976~1980 ECE | 110-15 | 13 4l
12 | PAYKAN | 1976~1980 11 | 12 13 T 15
13 | PAYKAN 1981~1985 ECE | 110-15 |} 48
14 | PAYKAN 1981~1985 - T 1 13 il e 52
15 | REANULT § | 1981~1985 ECE | 110-15 54
6 - | pAVKAN - | 1966~1970 e | neas y 51
17 | PAYKAX 1986~1980 "o 12 60
18-1 .| PAVKAN 1976~1980 gCE | 110-15] 1N 83
18-2 | PAYKAN | 1976~1980 ECE | J10-15| TN 6
19 | REANULT 5 | 19761980 noq 12 69




‘"Fabled.3.6-2(1) Results of chassis dynamo tests

Car No. Model " REG, No. = |[Manufactured] Test Average { HC | NOX| CO | CO2
: yéar Mode ppeed(km/h] g/km | ghkm | ¢km glkm

1 PAYKAN New PAKAN. {Brand new|ECE 1870 | 38.03| 0.85| 91.42|318.33
J1016| 2270 4.37| 0.45]127.98|197.97

H1 40.32| 229 0.64| 80.29|172.83

i 2 PR]DE._ -New PRIDE * | Brand new ECE 18.70| 1.84} 1.71| 27.40|188.87
| ER J1015| 2270| ‘1.38] 103] 28.74|135.14

| |1 40.32] 0.97] 124| 22.16|11301

'3 | PATROL | NewPATROL |[Brandnew|ECE | ~18.70| 4.41] 3.70| 60.18|378.75
R | Jio1s| 2270| 2.97| 2.65| 56.27 [268.24

1 | sosz| 173 ss9) 4130 f240.14

4 [ REANULTS | New RENAULYS [ Brand new|ECE 1870 | 2.05| 184] 23.07{207.69
| | ' J1ois | 2270| 149 100| 2689 [144.34

) R H1 1032 o0ses| 1.06| 16.47|107.59
5 { PEUGKEOT | New PEUGEOT |Brand new|KCE. 1870 268} 1.24| 20.06 (22917
E liows| 2270 190) 10z| 40.74 [18058

| | a1 | 4032 140 131 310014803

61 | PAYKAN | ssssaTHRS | 1973 |ECE | 1870| 5.21| 041]15861(27117]
' ' “g1ois| 2270 ss0| 0.21)]151.90 163.98

11t 30.60 | - 7.06| 0.41]135.97 |226.41

. * [perevoe I 3.03) 093]100.26 |223.91

6-2 | PAYKAN | 35833-THR-S 1973 - |T1 1468 | 580 0.27]170.26 |225.74
T4 17.12] 4.64| 018}149.43 |123.21

H1 4032 s.27| 02411915 |140.96

N | H2 1401|156 062 77.10 {17536

7 | PAYKAN 21723 1976 |T1 1468 | 12.20| 030 150.83 [165.49
T2 17.12] 1063] 0.29]143.08 |135.64

T3 27.19| 6.00| 0.24}104.74 |115.54

T4 33.12| 4.47} 0.19] 88.87|100.67

8 | PAYKAN | 2s2tRRS | 1972 |T1 1463 4.60| 0.79] 97.61]212.31
™ 33.32] 1.97] 049 48.88]135.65

H1 1032 | 184] 08| 44.79 |120.02

| o |me 7401| 128| 144 386917354

9 | PAYKAN 51727 1975 [J10° | © 1770} 3.86| 0.50| 80.15 |181.64
| J1o1s | 2270] 3s83| 0.s9] 71.82{173.04

- , o Jil 3060 | 3.57| 277| 35.42|216.82

16 | PAYKAN | esesstHr-2s | 1979 [ECE | 1870 4.06| 0.92| 741222063
ol DR S | J1016{ 2270| 3.40| 0.38] 87.90|149.42
It 3060 | 6.42] 1.01] 68.60|169.77

scEEvDC 3.24| 0.69| 78.06|169.78
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Table4.3.6-2(2) Results of chassis dynamo tests

ICar No.

e

Medel REG. No. IManufactured] Test /| Average | HC | NOX| CO | CO2
. year Mode kpced(km/m] gkm | ghm | ghkm | ghkm
11 § REANULT | 79492 1988 . |ECE 18.70| 2.72| 1.28| 33.35(206.94
| J1015| 2270| 234| os6| 38.62|128.28
|73 27.19| 242 oss| szsz|nsa
12 | PAYKAN | - 67446 1977 |11 1468 3.17| 1.16| 81.51[212.27
“ ' Clre 17.42] 3.09| 057| 8574 [175.17
trs | ezae| 26| enn| 57.03 {15200
| : | B 33.12| ‘132 0s6| 4299 |128.66
13 | PAYKAN |67322-Mashad-11| 1981 |HCE | 1870 3.85] 108 8541[22082]
|  ls1015| o 2270| 3.49| vss| ss26 14703
| a1 60| 486]| 218} 5123|1976
‘14 | PAYKAN 94356 1983 [r1 1468 | 12.62| 0.46]162.51|165.01
| T2 171z| 747 031 [105.67|126.46
H1 1032| 481] 042| 83.63[126.60
_ , 3 = H2 “7401} 209 071 62.54|144.43
15 | REANULTS| a42s0THR27 | 1982 |ECE 1870k - 3.59| 2.75] 35.76 200.65 |
1 L o |owos | 220|297 vos| a294)i127.48
16 | PAYKAN | sseseThen | 1569  |J10 1770 | 426} 085 | 86.65|194.66
| J1016| 2270| 593] 08310137 [157.32
| rEANULT | Ji1y 3060] 436 2.21| 54.64|189.47
17 | PAYKAN | ssessthr2o | 1089 [T1° 1468 | 16.64 | 0.53179.61 [183.28
T4 3312| 22| o029 9o.26]116.12
| = 112 2401| 239| 1.64| 4265 [168.16
L1811 | PAYKAN | 42s2aThR27 | 1980 |KCE 1870 3.06| 112} 3930 (28271
) '- ~ larows| 2270 204] 07| 5459 (19149
)  |mlcaded)}dn1 s060| 388| ez 243123027
18-2 § PAYKAN | 42523-THR-27 1980 |ECE 1870 2.47| 1.16| 40.64|279.83
Jiows| 2270f 202| 064| 5559 {176.10
e , | (Leaded) |J11 3060) 2.75| 176 26.38 |220.82
19 | REANULT [31948-Abandon-11] 1979 - |T1 1468 ‘417 1.37] 37.89 (13278
| T4 3312 190| 116} 15.36] 85.19
740t 1.08) 177]| 17.01f 98.04
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Tabled.3.6-3 Results of chassis dynamo test conducted by AQCC(Befor tuning up)

INo TYPE REG.NolAGE| €C| HO | €O | NOX | cO2 | HC+ | Liew | KAV Liter!
X ' NOX | 100KM | Liter |100KMMES)
. 1|PAYKAN 125481 15/1725] 14.64] 125.80| 058 13149 16.22] 1637 6.11 19.11
- 2lPAYKAN 128771 1111725]  7.85] 190.28] 0.17| 190.82; 8.02] 2243 4.46 23.57
3{TOYOTA 14364] 15/1600. 4.54] 65.19] 0.32| 15860, 4.86] 1200] 833 12,42
4|PAYKAN 18789 9]1600) ~ 2.12]  4.76] '1.84] 219.01] 395 1016  9.84 9.88 -
5| PAYKAN 21628 17 1725  3.88] 83.15| 0.49|178.22 4.36] 1389 7.15 12,74
6{PAYKAN 218781  6/1600] 13.61] 123.20] ~ 0.14| 120,49, 13,75 * 1657 642 15.29|
RENAULT 22119} 1/1100] 104 2739  1.26] 149.17] 3.20] 864 1167] 9.24
8|PAYKAN ‘| 23646]  9|1600]  2.80] 27.09;  1.48] 20695, 4.28| = 11.26)  8.88 ©10.19]
9|PAYKAN 1 23673) 11}1600] 4.50] 68.90, 0.74} 189.83] 523 ' 136) 7350 11338
10|PAYKAN 24178] 61600 ~ 4.77] 7506 : 0.37) 139.50| 514" 11.88] 842 13.22
11[PEUGECT 27573) 151800] " 4.20] ‘7.12{ - 0.74] 20841 4.93) ‘1015 985 1079
12|[RENAULT 28954] ‘14| 950| - 2.63| © 21.57| ‘ 1.19| 130.02] 3.72 749, 1335 7.65
13|CHEVROLET | 29188 17(2500] .7.49| - 82.30; 0.61] 285.99! 809, '19.13] 523} 16.88
14|CHEVROLET | 29633 17]2500) - 3.33| - 37.08] 117} 217.65] 451 1255 - 1971 1274
15|RENAULT 31418 1j1100] - 204] 2394 09614970 300 - 844 1184 478
16|NISSAN-VANET] 31677,  8]2000; 4.28] 81.90] 2.03] 384.38) 6.31| 2285 ¢ 4.36]. 172
17|NISSAN-VANET ‘33411 7120000 4.43] 100.98] -0.94] 208.21]. 537| 2052] . 4.87] 1752
18{RENAULT 33743 10{1108} 292 - 10.02) 1.28| 163.73), . 4.20|. 884] 1131 . 8.6
19|BMW 2002 33812; 172000 . 1.92} 14.30] 1.42|185011 335 931 1094 .. 924
20|RENAULT 34971| 10| 950 3.43{ 28.87|  0.89| 11075 431 ~ 7.28| ' 3.4} 9.56
21|[MAZDA-VANET| 39951] 7[1600| - 8.18|.10297; 091} 199.70] 9.09] 1683 692 17.84
22|PAYKAN 44976)  15{1725] 3.60 63.84| .0.72{187.85| 433 1340 7.4 12.74
23| PAYKAN -46926]  15]1726 6.76l 95.21]  0.65| 18409 741 1551  6.45 15.88
24| PAYKAN 46947 1511725 - 2.05) 18.76] 1.02; 306.08] *3.08 ' 1491 6.71 14.97
25|BMW2002 47864 17|2000  4.93] 55.00; 093! 208.11] 5.86] - 13.58|  7.36 -
26]CHEVROLET | 49526] 17(2800{ 10.91] 109.94] - 0.3} 179.32] 1121l 1685 593 17.2
27 TOYOTA 49887 1511600, ' 3.05] 2878 1.17| 149.72] 432 893 1120 9.56
28| PEUGKCT 63462} 15/1800; 5.27( 60.18] 0.56|154.31] 682) 1157 864 13.06
'29|NISSAN-VANET 63651) 8!2000{ 4.13{ 33.08] 2.49| 266.33] 663} 14.44] = 6.92 16.25
30|TOYOTA ; 65475;  9(2000; 3.24] 73.40| 0.82] 24062} 4.06] 16.96 6.27 14.97
31|TOYOTA | 65576 15[1587|  6.69] 100.98] 0.27|165.64| 6.86] 1604 = 6.65 137
32| PAYKAN . 565511 2211725 13.30] 9539 0.46) 184.69] 13.75; 164%| : 6.09 16.57
33| PAYKAN Us7735!  1f1800]  2.23] 38.70[ 0.47] 199.97| 270! - 1166 857 S 10,13
34| PAYKAN 59961 2211725 363 4262) 094] 232.32| 447 1353}  7.39 12.11
35| PAYKAN 63284 1/1800| 2.74| 49.64] 0.84] 207.64] 358 1281  7.80 11.79
36|JEEP-SIMORGH 63493]  814229] 4.13] 23.39] 118 403569 531 19.76|  5.06 18.8
37|JREP-SIMORGH 63494|: 8l4228 3.00| 3058 - 3.32{ 376.24].  6.32| 1890  5.29 " 2071
38| PAYKAN 1 72475| 1701725 0 3.23| 6150 - 079 21652 4.02| 1409 710 - 1465
39]PEUGECT 73639 151800, 2.21| 25.10; 13} 20926 351| 1114 = 898 11.47
40[MAZDA 16859| 1 1so_o§ 6.63] 101.16] . 0.53 228.76' 7.16] 17.81] . 561|. & 16.93
41|PAYKAN 81685| 22(1726!  1.88] 2110 & 1.74} 235.92|' 3.62] 1198} 835 12.11
42|RENAULT 82716) 14| 950!  5.20} 104.46| - 0.61} 130.72| 580] 1357| 7.37 - 11,47
43|PAYKAN 86369! 22/1725) 7.21] 11063] 061118619 782 1668 599 - 16.93
14|PAYKAN '89337| 22{1725|  8.47! 120.16] 0.14| 130.83| 860 15.10| . 6.62 16.57
45|PAYKAN 93861) ~ 9;1600]  552]  53.36) 064|15854) 6.17] 1133 - 883 1179
AB[PAYKAN 94234! 1511600/ 3.47{ 40.71] 164| 179.24] 01| 1108 903 13.06
47| RENAULD 94526,  2/1100; 15.50] t14.47| 0.44) 162.97| 1598 17.09] 585 15.41
48{RENAULT ' 94527|  211100) 1.66) 1150] 099]158.75! 265 793] 1260 8.08
AVERAGE | 119 5.12| . 62.42] 0.9375] 201.30, 6.06! 13.76]  7.87 13.67

SOURCE : Air Quality Contral Company
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'Pabiéd.a.ﬁd Results of chassis dynamo test conducted by AQCC(After tuning up)

Nol = TYPE  REGNoAGE[ cCc| HC | CO | NOX | CO2 | HC+'| Lites | KM Liter/
' : NOX | 100KM | Liter |100KM(MES)
1|PAYKAN 19648] 15[1725] 3.36] 40.86] 0.49{ 150.32| 3.85  9.81| 10.19 11.47
2|PAYKAN 128771 1111725 3.84] 11001} 0.07; 164.61] 3921 1524 656 19.75
- 3|TOYOTA 14364' 15]1600| 3.02] - 4267| 045 178.20| 347 1111 9.00 10.51
4|PAYKAN 187890  oli600]  206] 477]° 131 18094 337 889 1125 8.92
5{PAYKAN 21628 17|1725] 1.24] 937] 136 28456 260 1321  7.57 10.51
SIPAYKAN . 21878|°  6[1600,  4.25| ~54.66] 0.79) 17839 © 504  12.10]  8.26 1147|
7IRENAULT 22119 1l1100; 181 ‘23382] 141 120190 322 161 1331 8.92
8|PAYKAN - 23646/  9]i600! . 1.65!  14.30; 093 22320 257 1115 3.97 10.33
S|PAYKAN * - | 236730 1111600;° ~1.98] 1449 1.25 210.88] 3.23] 10.45| - 957 1199
10|PAYKAN 24178!  G/1600] 259! 35651 0.69| 178.32| 3.28] 1067  9.46 10.19
11|PEUGECT 27573! 15 13'00l 1.64) 719 08225087 246! 1165 - 858 13.06] -
12|RENAULT | 28954] 14 950 2.17 “11.91 1.03'178.76] - 3.18]  890| 11.23 7.33
13|CHEVROLET ' | 25188 © 17/2500] 3.16) 1888 1.19| 256.26] 4.34] 1289 17.76 1051
14|CHEVROLET | 29633 17,2500{ 2.79] '29.70) '1.46]247.30| 4.25] 1320  7.58 12.11
16| RENAULT 31418 111100] 1,98, 2398 0.63] 130.33] - 259]  7.60] 13.17 © 8.317
16|NISSAN-VANET 31677) 8/2000] 291} 42.85! 0.67|217.67| 357 1282 = 7.80 17.2
17{NISSAN-VANET 334111 720000 240{ 78,04 082(286.15 . 3.30] 1816/ = 551 15.61
18]RENAULT 33743) - 10{1100; '2.26| 16.70) - 0.66] 18876 - 2.92] ' 0.68| - 10.33 - 86
19[BMW2002 33812; 1720000 198] 713 132 198.18] 3.30| . 9.40! 10.54 892
20| RENAULT 349710 10] 950] 227 14.21] 1.05] 14843 332] 7.78| 12.90 . 165
21|MAZDA-VANET] 330511  7{1600] 3.67] 6449 1.03| 19987 4.71] 1363 ' 7.34 '14.34
22| PAYKAN 44976 15/1725; 1.03]  4.63] 0.68] 358.33, 192} 16.12]  6.20 12.74
231 PAYKAN 46926 15/1725] 2.08| 2331 095 262.14; 3.03] 1331 752 11.21
24} PAYKAN 46947) 15|1725] 131 936 1.18] 324.77| 249 1497 668 13.06
25|BMW2002 47864! 17[2000| 3.23| 22.60;  1.02] 187.81] 4.26] 10.17, 984 99.99
26|CHEVROLET | 49526 172800} 4.16| 63.49] 0.49} 209.19] 459 14.04]  7.12 14.34
27|TOYOTA 40887t 15{1600) 2.12| 13.18]  1.05| 18968 3.16| 9.46| 10.68 9.66
28| PEUGECT 53462 15[1800] 3.21| 53.28] 066! 188.18] 3.87 1229 814 13.06
29| NISSAN-VANET 53654  8{2000] - 2.83 19.18] 1.73{ 267.19] 457 1335 7.49 11.79
30|TOYOTA 55475| 0|2000] 269 5856 0.93 26589 3620 1597} = 626 " 14.34
31|TOYOTA 65576| 1511587  3.451 69.95| - 0.33| 160.63] 3.78) 1227] B.1b 1211
32| PAYKAN ‘565611 22117250  1.81] 9.41| 148 287.47| 329 1342 745 12
33|PAYKAN 57735!  1/1800| 3.08] 21.26] 045, 18751 353 1005] 9.95 10.04
34| PAYKAN 59061} 22i1725] 2.78] 32.95] 093] 24658 3.91| 13.39] - 7.47 1147
35 PAYKAN 63284° 111800 190} 37.90] 0.61] 25747} 261 14.08] 7.10 11.95
36|JREP-SIMORGH 63403] 8l4220.  3s53| 2080 154|531.23) 506] 2508 - 3.99 17.2
37|JEEP-SIMORGH 63494] 84229  205] 16.26]  2.04| 421.80| 4.10[ . 19.78]  5.06 15.93
38|PAYKAN 724760 1711725 241 2798  0.99] 332.95|. 3.40{ 16.76| - 597 12.74
39|PEUGECT ©73639) 151800, 2.30| 21.25] 1.09{ 267.43] 3.39. 13.43] - 745! . 1019
40|MAZDA 1178859 711600, 4.35| 70.81 059 26182}  4.91) :16.86 593 1497
41|PAYKAN  81685] 2211725{  2.05|  4.96) ' 1.38] 228.67| 3.43[' 10.67| . 9.46 10.83
42| RENAULT 827161 14i 950, 4.38) 69.54) 0.32) 13031] 470! 1105] 905 1115
43|PAYKAN 86369 -2211725] 4.53) 50.33] 101 218.15]- 654 1362 7.34 12.74
14|PAYKAN 89337, 221726 2.43{ ' 61.88] . 0.27| 168.66|° 2.71| 11.92] 839 13.06
45|PAYKAN 93861  ©/1600] 2.331 1078] 1.05! 19897 338 - 9.73] 10.28 10.51
46|PAYKAN 94234 1511600 209 33.706] 0.93! 180.13| 302 1045 957 2zn|’
47|RENAULT 91525  2{1100; - 4.45] - 24.60 1.27| 197.02| 5131 1088 9.9 9.59)
48|RENAULT 94527)  2/1100, 2.06] 16.87 1.06| 184.69] 3.11] - 949 1054 7.67]
1 AVERAGE | 119 6.16] 31.96] 0.9467| 227.22] 361| 1248 852 13.58]

SOURCE : Air Quality Control Company
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4.4 Analysis of erission from mobile sources

4.4.1 Projection of characteristics of transportation and trafficin GTA
()Traffic volume | _ . _

" The database mentioned in 4.3.1 includes traffic volume in 1994 and 2001 classified by the ear
type and link. ' In this report, lhe traffic volume gwe_n by thc database is used to c_alculatc an
amount of emission of CO, SOx, and NOx. o B |
(23] C'n velocily

rl‘he database mentioned abme mcludes the average speed of eftch link eslnmted by 'l‘()’I'I‘S

In this repot, the halhc speed given by the database is used to calculate 'imount of emission

of CO SOJ\ and NOx

{3) huussmn factor
| ’Ihe cnmslon of CO, SOx and NO*{ is c:pecaﬁed "lOOOI‘dillg to cach vehicle l}]}e as shown in
Table 1 4 1-1;on the bams of the results of chassis dy namo tests, field driving tests and analysis of

existmg data.

* CO emission factors

Itis kﬁowh that as amount of CO.emissions' from dicse! automobiles is negligible compared
with that of gasoline antomobiles. Accordingly, it was assumed in this report that CO was not
cnnttcd from diesel automoblles but only from gasoline automobiles. We made rvegression
analyms of the msults of the chassm dy riamo test conducted by the btudy teami, and then specified

the CO emission factor as a function of vehicle speed on the basis of the vehicle's age and by

taking the existing data into acoount. For example, when a five year old passenger car is

1'unuing 30.0 kmv'h, the emission factor (EF) is estimated at 26.4 g/km by applying 1242.0 for “a”,

- .15.0 fox “b”and 30.0 for “V* in the follow ing equation:

}',F av ’+b '

- The resulls am shown in Table 4.4.1-1. Inthe case where a passenger car is agéd 15 years, “a” is

1242.0, “b" is 18.1, and EFF is therefore 59. 5 gf’km

As for motor cycles, since the age af all motor ¢y cles is not knou n, itis e assumed that all motor
cyéles are 10 years of age. Furthermore, an enus_smn factor for high allitudes {236 gfkm)

specified by the U.S. Environmental Protection Agency (EPA) was used.
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Table4.4..1-I(Z)Enlissiml factor for each type of vehicle in Tehran

Car type Pollutant |Car age ECohlponent | Equation : BF = atbviev’ (g/km)
i ratio
Motor cycle CO Fix E 23.6g/km
{Gasoline) e Rl e A i
NOx Fix ; - 0.4g/km
sox | Fixo - .
1Bus - truck IPollutant Car age iComponent | Equation : EF = atb:viev
{Gas oil) ! ratio : (gfton km) -
{(Direct injection) - ey T :
- co iBus Truck a ! b g ¢
RS 8.723E-01 | 2.080E-02! 2.130E-05
~|Bus - truck Pollutant |Car age 'EComponent Equation : E¥F =ath-viev'
{Gas oil) ' ratio - {glton km)
(Direct injection} f——— g ; ; i S s
" NOx EBus :T_r_uck .a : b ¢ €
0~10 138 %160 % | 1,683E+00 | -4.001E-02 | 4.108K-04
10 ~20 i31 % {26 % | 1.107E+00 | -3.190E-02 | = 3.238K-04
20~ 131%i24% | 1.030E+00 | -3.001E.02 | 2.835L-04
Bus * Truck Pollutant |Car age :Component Equation : EF =atb-vicv
{Gas oil) + - ratio (litre/ton km)
(Direct injection) ; i ; : —
SOx { Bus E'l‘ruqk' a’ ' b E c
0~10138%i50% | 7.891E-02} -2047E-03} 1.924E-05
......... L SO N L AP SO
10~ 162%:i50% | 1.008E-01: -2.895E-03} 2.703E-05
Bus * Truck Pollutant |Car age ECompo'ncnt Equation : EF=a-V
{Gas oil) :  ratio (zton /km)
(Direct injection) H ; . T
HC ' Bus E'fruck a ' b B ¢
Fix + - 3 - 1441 0 0855 0} -
Taxi Pollutant |Car age §component Equation : EF = atb-viev' (glkm) |
%LPG) : . : » © ratio B : o _ ﬁ
4.stroke) 3 ; i
co - " a b ; c
ciemeadan i .................... '---..-.-.E .............. :,--.-- ........
Fix 28.0 P12 ;
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Tbled.4.1-1(1)Emission factor for each type of vehicle in Tehran

Car type Pollutant |Car age :Component | Equation : EF =a-v'+b (gikm) : }
' ratio ' '
Passenger car | CO - : - a E b Loce
(Gasoline) ~} - |TtTeeett  SRARERRG LRl M bbb deonnesnns A RETEITIFRRLLE
(4-stroke) 0~10 1 44 % 1242. 4 <150 .
.........
10~20% 36 % 1242 SESTS
20~ 1 20 % 1242} 100 %
Passenger car Po_llut‘ar_it‘ Car age iComponént Equation : EF = atb-vtev!’ (g/km)
{Gasoline) ' } - ratio
" (4-stroke). — : E ; :
o NOx ; a th P
0~10} 44 % | 2.300E+00 } -1.410E-02 | 7.337E-04
SRR RO NSRS SSSS SO
10"'2_0'5 36 % 1.374E400 E -1.275E¥02E 3.499E-04
......... Joommmmamnnnn
20~ 1 20 % |5045801 ] -1367E-02{ 3.211E-04
Passenger car |Pollutant Car-age {Component | Equation : EF = ath v+ev’ (litfelkm)
_ (Gasoline) : : ratio
{4-stroke) : _ : -
S0x ‘ a i b ‘ c
0~10% 44 % | 1769E-01 } -4.264E-03 | 3.710K-05
_________
10 ~ E 56 % 2.564E-01 E <7.639E-03 ': 7.250K-05
“|Passenger car- : Po]ltita_nt Car age ECompone_nt Equation : EF=a" e {g/km)
: (Ggsoline)- o ; : i ratio
{4-stroke) - : : -
S HC P a i b1 e
. """."'i """" SRR R 'E """"""" E' """""""
0~10% 44 % 12.950 | -0.556
.......... e -...---_..--....:---..-_....--.---'......-...--...---_
10~20: 36 % | 36303  .0.556 !
20~ + 20 % 70.300 | -0.550
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S50x enission factors
The amount of SOx cmissioﬁs docs not &epeml on the state of fuel combustion, while that of
CO and NOx does. 1t can be obtained from the amount of fuel consumption and that of sulfur
| oon.tcnt.. The value of emission to be obtained from the amovnt of fuel consumpt_ion 16 given by
‘the following equation:
QW XSp XSi X 103X 6432
'@ : The amount of SOx emissions (g) _
W: ’l?a_e. amount of fuel consumption (Jitter) -
Sp : Specific gravity _ | '
~ 8i: The amount of éul[‘ur content (wt%) |
Accmﬂingly, the amount of .fuc‘t ooznstnulmi)liqxx by passenger cars, buses and trucks are shown
in Table 4.4.1-1 _as a ﬁ!.nc_tién of vehicle s'p:ocdko'jn the basis of a vehicle's age.. The expression of
fuel cons’;ﬁmption shown in the Table is in terins of consumption pei; ton'éf gross vehicle .wci.gi:t.
(.‘onsequentlj,-', in caleulating the amount of fuel odﬁsumpliox_l,' the rgéulté_ cal.pulatcdfaooording to
the expmésioné in the table must be multip"lied by'tl-le gross vehficle weight of each type of vehicle.
* In this report, we deﬁned the gms@. veh_icle weight as the average vchiélg weig.]ét'plus one-half of
the.m&\i mum load capacily. : "The gross vehicle weight of each type of vehicle is as féllows:
Bus  :10ton | |
Minibus : 3.0 ton
Truck :8.0ton
Pickup :1.2ton
When a 20 year old truck is running at 30.0 km/h; the amount of fuel consumption is
caleulated at 0.72 litkm by applying l.O(jSE-_Ol for “a”, 2.805K-03 for ;‘b”, 2.7{531*}-(35 for “¢” and
30.0 for “V", and nm]ﬁplying the obtained:val.ue, 0.12 ht ftt;'li; kﬁ, \'vi.th the gross veh:iclé \'vc::'ight, |
6.0 ton. o | N R
Blf=ath » Vic V2
NOx emission factors
We specified NOx cmiésion’s from gasoline ailt@:ll'oi)iles as showﬁ in ’I‘ableil.d..l.&, using the
same  procedure used_:té determine CO emissions: we made regression analysis, taking the

existing data inlo account. Since chassis dynamo tests cannot be carried out on diesel
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automobiles in 'I chran, it is impossible to specify NOx emissions comparing with the results
‘obtained from the tests carcied out on the spot. A;mrdmgly, in calculating NOx emissions from
buses and trucks, we used the equation introduced in the Japanese NOx manual.
As for motor cycles, on a(munt of dlfhculty in knowing the ages of all motor C)cles, as in the
case of (‘0 emissions, it is assumed that all motm cycles are 10 years of age, and the emission
' fact_oi‘s for high altitudes (0.4 g/km_) Spociﬁcd by the US. Environmental I’rotcctiou Agency (ltl’A)

were used.

4.4.2 Analysis of emission amount fmm"automobiles
Thc emission estimates of CO, SOx and I\Ox in ("l A under the conditions specified inddl

' are shown in Table 4.4.2-1. .

Fig.4.4.2-1 Amount of C.O, SOX,NOX and HC emission from automobiles

Year | No Car lype Unit Pol_lutal.}t.s. ,
| - - Co HC_ | S0x ] NOx

1994 |1 |Mobile source(total) [ftensear [ 826,804 | 81,691 | 8,340 | 39,60
(1) [Motor Cycle ten/year 64,085 | 16,293 179 1,086
(2) [Passenger Car wonfyear | 478,007 | 41,206 1 1,177 | 21,865
(3) [Taxi tnfyear | 158,672 | 13,336 31| 5381 |
(D|Pick tp wsatyeor | 105, 660 9,099 262 | 5,030
(6) Mini Bus ton/year 4,164 360 1325 1,215 |
(6} [Bus ten/year 8,492 756 2,995 2, 784
() [Truck Hon/year 7,814 551 2,071 2,219
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4.6.1

Analysis of emission from stationary source

Measured results of target emission source

The results of measurement of exhaust gas einissions from stationary source described

in gection 3.4.2(4) are evaluated below.

§)] Brlck manufacturmg company (Sofal Jadid)

(2)

®)

(1)

C() emission is very. hlgh although natural gas is used and an excess air latlo is vmy
high, supposedly due to improper com‘oushon of fuels in a furnace. 1t is believed that o
combustion can be improved by exchange of burner tips and that much energy can be saved

by culbing an excess air ralio. -

'l‘hermal’pbwer plant (Besat)
Measmement was conductc(l when natmal gas was fueled [*urthel NOx can he

:educed by cullmg an excess air ratio since it is higher than in the case of usual opel atnon of

a thermal power plant,

Tehran Refinery _

Outlet tempéréiures_ of exhaust gas are higher than 430 C, meaning jtl:':at)cnergy
conservation is possible thrm;gh\#hsié heat recovery with conctirreﬁt 1“édu_ctibﬁ of j)olllntarlts.
As SOx emission is very high due to burning.of high sulfur 1‘csidues,'co.untermeasures for

total SOx reduction are té be considered.

Tehran Cement

The SPPM concentmuons have beeu hlgh in No.4 and No. 6 famhlles dmmg the hme of

first and second field sun’cys although chCtIOSt’l(lC pnc:pltatoaa are mstalled NO\; ennsswn
is high in all chtones wlnle Co emlsslon is abnol mally high in the No. 4 factm}r SOx are -
prachcal ly not emitted because SOX can bé absorbed in the process by chemical reaction wnth

- CaCO3 except flue gés from utilities units.
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() Combustion @pplianoes for househald use

Extremely high CO emission is observed in a hot water heater located on the closed

ground floor supposedly due to imperfect combustion in the shortage of air _Supply. In geli_eral,

©CO emitted from the room heater is rather high co:mpared' with the i_proje‘cted cinission . -

factors, supposedly due to a lack of frésh air exchange in the closed room.

“Fable 4.5.1-1 shows the measured emiss_i'cfn' factors in comparison with the projected

faclors. F‘xccpt some cases of CO, NOx and SO‘( mentioned above, the obsorved ﬁictoi‘s' ave

~ almost thc same with the projected ones mthm the allowable ]nmt as shown in Fi 1g 4.5.1-1.

- Table 4. 5 1-2 compares the measured concentration of SOx, NOx and SPM with the

emission standards in Japan, the outcome of wlnch are described below.

@ SOx:TheK \..falu'_c_'.of cmissions from Tehran Reﬁneny is ]zirger than the expected value of

3.0, while the K values of the other emission sources are witlﬁn the allowable limit.
Note) Q:K *IOA-S*Hé’\Q '
‘ whcre Q Allow able Jimit of emission value of SOx (Nm3/h)
K: Constant deﬁned by areas
1) - General emission standard (3.0-17.5)
9)  Special emission standard(1.17-2.31)

He : Effective height of s.tack(m)

B NOx: NOx emissions of all the factories other than the brick and power plants are 40%

higher on an average than the emission standard in Japan.

B SPM: In Tehran Cement, 5 oul, of 7 measurcﬁwuts are _highér'thaﬁ the standard

in Japan
As a whole a great déal of emlssmn of pollutants can be reduccd by means of strict

00111bust1on control and w aste heat 1cc0\ery prooedums smce g0 many cases of imperfect

. combustion are oboened for the room heaters as an examplc due to'a deszgn plnlosophy

which have 1ot fully taken thermal efficiency into account as well as impyroper operation and -

maintenance of these equipment.
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4.5.2 Estimation of emission quantities in GTA
(1) Summary of emission quantities

1) Total GTA
As shown in Table 4.5.'2-.1, ébhtribution_é of statiénazry eﬁliséiog_ S'cnntceé énﬂ m:ob.ile'
~ emission sources to total emission of .a'u' pollution in GTA are pi‘ojedtecl m 't;h'e case of 1994 at E
- 29% and 7 1%_1'espectiVelj, demonstrating the dominancé of mobile sourées.
Concerning the contribution of each poll.utant, statioﬁaly 'so:iil.rces shhré 97% ahd 71% in
SOx and NOx while. mobile sources share .94%, 70% and 88% i'n: CO, HC. and SPM
respea.::tiv_ely. | ' o |
The year of 1994 is ‘_selccted for estimation ':of emission quantities, since ;ﬁublicized
stat_istié data for energy consuinptiﬁai in Ivan aré available in tﬁe niost abundance in this year

among the several latest years.

- Table 4.5.2-1 : Emission quantity of air pollutants'in GTA (1994)

_ _ {ton/year,%)

Souwrce | -~ SOx NOx CcO - HC - SPM (Total)
Stationary 253,981 ' 95,571 51,421 34,701 25,113 460,786}
CMobile | - 8340] - - 39,610 826,806 81,690 182,717 1,139,163
~ (Sub-otal)] - 262,321 135,181] - 878,227 116,391 207,830 1,599,94
Stationary 968 . 707 59 298 12,0 28.8

Mobile © 321 293 9141 1702 . 819 71.2
(Sub-total) 100.0 100.0 100.0 100.0 1000 100.0f

- The emissions from stationary sources in total Iran are projected in the same procedure

wit_h.'the' case of G’PA , which is shown in Table 1.5.2-2 for reference.

" Table 4.5.2-2 : Stationary émissfio_n qilanititf of air pollatants in total [ran (1594)

_ {tonfycar)
Sowres SOx NOx CO - HC . SPM {Total)
Stationary 1,186,885 470,316 140,181 168,212 95,486 2,(_)61,079

{MNote) Emissions from flaring associsted gas are not included in this projoction
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2) Seclor-wise emission

As shown in Table 4.5.2 -3 and Fig.'4.5.2 -1, the following features are revealed.

(a} SOx ¢missions from the manufacturing sector shares 64% of the total, followed by energy

. convefsion of 19%, general service & household of 14% and the transport sector of 3%. In

the inanufacturing sector, nonmetal products have the biggest share of 32%, and Tehran

' Refinery alone 13%, while the transport sector 's_hares only 3% in contrast to other kinds -

of emiséions, sinee this secto.r uses low sulfur gasoline an.d diesel oil. The thermal power
“plants in GTA share only 6% since most of the fiiels have already been substituted by

natural gas except in winter when supply of natural gas is sometimes short.

ﬁ(bj NOx emission has tendency similar to SOx although the shave of the trans‘pbrt sector -

' reaches 29% of total emission. Nonmel.ai pmduds and Tebhran Reﬁliery_hav'e 11% and

9.0% shaves ﬁ*weétivei&; followed by p{)wer. plants of 8.7%. '_I‘hdgenefal_ service and

Tousehold sector has 119 share, though this sector has numerous consuming units.

(c} Mast 11C einiqsion comes from the transport sector accounting for. 70%, ’]‘ehran Reﬁnery

14% and conimereial & gmeml 12%; the combined share of these 3 sectors totals 96%. HIC
emission SOUTCes of the commemml sector are replesented by pctrol statlons puntmg
shops, dry cleaning shops and petmleum depots _and nqt by shops of elgctrm metal p!atmg
and painting, since information of these sonroés is nci;t_ available despite the'i:r_ éoss’:iblo
substantial volume. It is es'timate:d' that leakage of natural gas from 'nib.ber hose
connections is substantial due to a lack of proj)er mainiteﬁmice, especially in the
commenrcial/houscheld sector although their volume is not estinated at this 'stage.

{(d) CO and SPM emissions are negligible in the case of statlonary emission sources, since the
transport scctor has a dominant share of 94% and 88% respecmely

(¢) Respecting the emission of stationary Sources on the wholc- nonmetal p) oducts, rebnery,
and iron & steel are ranked high as ﬂlnslrated in hg 4 5.2- 2 but as far as the av erage
cinission per company is ooncerned, jron & steel is the ﬁrst, whlcn implies that pollution

control can be most cffectively put into practice in this sector as shown in Fig. 4.5.2-3.
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3) ' District-wise emission

In order to project dispersion of pollutants in GTA by means of the simulation model
developed by the project team, cl_istrict-wise emission quantities of air p_olhitalits in GTA are
: i)rojcctéd as shown in 'I‘nblc 4 5.2-4 and Fig. 4.5.2-4, élmwihgﬁ t}iat the districts 20, 18' 16,4, 9,
5 and 19 have lnghm t'mks among which dlstnct 20 spearhefids since there are ‘l‘cluan
Reﬁnery and R’ly thermal power phnt in this district. As shown in Table 4. 5.2 5, ’l‘ehmn _
| Reﬁneny and thel mal power plants (Besqt Firouz, Ray) in the energy conversion sectm have
- big shares of emission : 19% and 18% for SOx and NOx, 12% for HC only by 'l‘eln an Refinery

when compared to the total emission amount of each pollntant n GTA.

Table 4.5.2-5 : Emission qtianlities'of pollutants by companies of energy

conversion sector in GTA (1994)(combustion+evaporation)

. . 5 : Emission quanlity )

Sector - | Capacity | District | SOx | NOx_ | cO_ | HC | _ TsP_ § (Total)

: S : ' {Uy} Uy | Wy (¥y) ) | (Uy)
“[Tehranrefinery  |220,000b/d| _ 20DB| 34,243| 12,058| _ 497| 14,184) 1,643| 62,631
" 2| Thermal power planty _ 1.700Mwi | 16,106} 11,748 451} © 723] 1,i93) 30219
T2 -Besat | 391Mw] 16| 14472 5022  207| 288} 684 20,372
2| cFiwouz o | TsMwi o 2| . 8] 713  o1f . a9} 508
2 - Ray S 1.243Mw|-  20DB 1,928 6,013] - 223 386 488 9,038
(Total) I | 50,349 23.806 e48] - 14,907 . 2,840 92,850
b _GTAL . -1 262,321| 135,181} 878,227| 116,391 207,830{ 1,599,950
"Ratio to GTA (%) S 192 17.6 01 12.8} ‘1.4 58

(2) Major procedures for projection of energy consumption

Fundamcntal b'x'(:)cedu'res.for pi‘ojectintg emission q uantities of béllutauts are shown in
Plg -l 5. 2 5. Detalled projection procedures for the following items are descnbed in
APPFNDIX 4. 5 2 of this repmt

- (DPuel consumptlcn in GTA

@Emission factors of fuels

G Emission quantily of pollutants in GTA
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In order to supplement the above projection, questionnaires for data collection shown in
APPENDIX 4.5.2 were delivered to 550 workshops belonging to the following 4 categories
with respect to the number of employec, of which 190 responses were returned. About 40
critical units among them were interviewed by AQCC engincers for further verification.

158mall£10 - |  51=<Medium large < 100 |
11SMedium<50 L 101 =).arge S
" “The full compilation of responses and summary sheets for the companies having m.ore' o
than 100 employee are tabuhtnd in APPFNDIX 4.5.2.The data i n these tables are
- jncorporated in the projection of dlstrlct -wise energy consumption.

Brief descnphon of the categones for prolechng pollutants are shown below

" Sector - Category ' | Emission Type

1 |[Manufactaring Industry * |Food, Textite,Wood, Paper, Chenncals - [Point (>100) &
- - Nonmetal Iron/Steel, Machinery,Other . |Area (= 100)

2 {CommeicialVHousehold ~ {Restaurant, Hotel Office, House etc. "~ Area

3 |[Buergy Conversion " |Refinery, Power Plant - - Point

1)' Projection of the ene'rgy balal.lce of total Iran (1994)

- In ordéf to esliméte seétor-\l'isé cnergy demand of GTA, the sector-wise energy balance
of total han in 1994 was firstly pmjectecl in the forin of Table 4.5.2-6 for determination of an
umbrella andfor oellmg of sector-wise energy consumptlon of GTA. The data in the dark oells
"~ in Table 4._5.2-6 are either collected or calculated mostly based on the energy batance tables of
total fran (1994) prepared by MOE. The energy telble format follows the portfolio of

IEA/OECD, which is the prevatent pattern in the world.
2) Projection of the energy demand in GTA (1994)

" Based on the energy balance of total Iran, energy demand in' GTA was prdje_ct_cd as
sl_lowrl in Table 4.5.2-7 by means of pmpbrtioﬁal allocation of energy by the number of
workshops or commercial/househeld units between GTA and total Iran in the case where

individual figures coudd not be collected. The data in the dark cels in Table 4.5.2-7 ave also

4--263



VRN Wl S50E SR L) MTRAAS SO T (40N
LiMFyYaR) sl SOy SO, Jem

I EEEEEEEEEEEEEEEERER ENEEN

FEL E5 EE 3 58

IT TR

g e

e S 20| hbugpy]  Aao| s 0 BN} D0 ol e i -
Couphei s Ad | ONY | e ; : g wheseg | eonD| e _o.ou_ s

{pec:) URL] 199} W a3ueeg ADeus Alddns Due puewep -ﬂ_..?_o«u!w T T Y'Y QUL ¢
" " B w r . " 9 3 1493

% v

£

4—264



Ay VAL W QUR) S 1 UOLRO0IT UF 0 AASIR DU 10 400 0) POETOORE &1 (801 ZN0GRH 1 #0Re]) (C

K UMD S ADHA s Sy g S ()
Y UONUBASS ALy A sy 0 SAAeT] (L) (830N}

VOO, HIVOUSY

()

[0

YOOLS

| v0L6 | T

T DA 305 e HBP, et

R

2 £ ¢ % % R & B

-
k3

8k

&

§:

lr-'x-?

& "

L)

W el o | 0 ¥

=

.,sr

HOOQQQGHU"
m; .

PR AR

gt (waane L wodwineo] ADisuy oL 9] s

oL

o04'94

O L O LNuUGD ALGeuE uid! 3

wie

T

—
[

WLL

T aeeivendwunegoD ATAG3 wuld) 9

EE FE T I P T LT3 TS EEGR LGS

-
=2

L

Ay

T vontwnavon

a4

s

[T IR

-~ ™

| {PE6L) VAO Ui DUSWeD ABIPUS BEIMICIONS © LTSY S1GUL
! ' 103 @ ¥

9 4

2 3 831 5% 3 8¢

14— 265



wetETN-
ueines-
1o DIBAM

vioo

wond Adra S8 pepmda | (oN)

(Afuousg Ammanig)

W Jawmdd

(zeusenoD

(LT w0
{2Lriod
(4E0's J59%O0 O

T

\

(ypyuimon— °
s@rﬁ _ .
1
F o Arngend
me'en
¥eD fesneN
vES oay Less
MR ceT) =X i gy
(800 TN poig) LN L e
L —i
& wel'd -
1O Aveor
(Z00'62)
10 srey
: 27418
leorsd | Guestay
s [BNEN
Jangep i
GTU, MO T e
o eed (.. 9 .4
e S auroses
(SOE'Z )umoses) .
e TR 3 (RO g Reansz)

(o oL.01)

(ueay)

109x) {6578 v

4—266



G

CY

collected mostly from the energy balance tables of MOE. Fig. 4.5.2-6 shows the energy
balance of total Iran vs. GTA, which visually indicates the energy position of GTAin Iranin .
terms of primary energy production, energy conversion capacily and finalenergy

consutmption.

3) Projection of the energy {lem'md in G’I‘A dlstncts (199 1)
Energy demand in each G'TA dlstnct in Table 4.5. 2 9is pro;ected by ploportmnal
allocation of encngv demand in GTA by the number of wmkshops or conunmcnl! lmusehold

units in ¢ach district in T ablo 4.5.2-8.
Emission factors of fuels :

The emiésioh factors by filel combustion in Table 4.5.2-10 are evaluated on the basis of a

variely of data sources m the w01 14, some of which are verified through the field

measurement, wlnle the emission factors for HC evaporation are mostly collected in reflection

of the factors of Japan shown in Table 4.5.2-11. SOx emission f'iCtOlb are calculated based on

the sulfur'coufent of fuels shown in Table 4.5.2-12.
Emission quantities of pb“utants in GTA

" Consequently, emission quantities of pollutants are calculated as a result of nmlliplying
energy consumption with corresponding emission factors except HC evaporation which is
estimated as a_ms‘ult'of casé—by-case studies. Table 4.5.2-13 illustrates sector-wise SOx

emlqsmn quantmes in GT A wliile Table 4.5. 2¥ 14 illustrates district-wise SOx emission

' quantnhes in GTA for which data sheets are pmwded f01 all polhltants as shown in

- APP}LNDI‘( 4.5.2. The 911]18‘:10!1 quanhttes from the energy convérsion sector in GTA are

separately evaluated as shown in T-l‘ole 4. 5 2-]5 sinee the scale of facilities in this scctm is

very large. Kvapor ation anmounts of HC in G’l‘A are ‘also estimated apalt ﬁom emission
thmugh combustion as shown in Table 4.5.2-16.

(Note): Heat values used in the projection ave shown in Table 4.5.2-17.
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Table 4.5.2.-10 : Emission factors by combustion

" H

8
|

Seclor -

Fuel

Unit

SOx

NOx

HC

1"y
1

Y

1§

16]

17

1]

i

industry

_ Gasoline

: Kerosene

“IHeavy Ol

' |Natural Gas
Soltd Fuel {

9G]

o]
9/Gj 1

[Je]

9/Gj

Y9Gk

88

T4 B

165

165

1.144

298

336

9G}

gGif

1.208] 17¢

164

204

- 23
24
25
[

rii I

‘|Commercial’
: S Heavy Qll

Household &

Gas Oil

Kerosene '

9G]

. 86

9G] .

LPG

9/Gj

336
71,268

Natural Gés

9/Gj

oG} et

Solid Fuel

196G

590

fairiinibia

31
32

28]
23I
30

Transport

Gasoline

|JetFuel |
Gas Ol
LA CTE

196

oG

37

" 800]_

575

| g/Gj j]ﬁﬁﬁf’
aGi}.

129

63|

23

345 B erernrannngriain. NP PRI
61 LRI TP Y 'R

) 559 )
3 .

9190
112

3%
34
35

Power Piant
& Refinery -

Gas Oil

9/Gj 1

336

Heavy Cil .
Natural Gas |

: 1537

HE

15

(Note) Solid Fuel : Coal, Cokes, Qil Cokes
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9

Table 4.5.2-11 : Dala base for hydrocarbon emission

The following figures show the average stalistical figures compiled by National and

© Local Governmental Organizations in Japan.

(1) Evaporating loss in refinery in Japan (1994)

- brude oil input (100%)

- Refining loss  (1.3%)
 _Oilcokes  0.86%
-Flare  0.34%
- Evaporalion _ 0.10_%

- Fuel consumption for refining  4.2%)
' -Heavy oil
‘Other p_etroleurh fuel
PG L
Refinery gas

2 Yield of ‘p'elréleum products {1994)

(W%}
. Gasoline - 20,36 - Lube oil
- Naphtha 1704  -Paraffine
- - Jetoil 264 - Asphall
- - Kerosene 11.44 -LPG
- Gas ol  17.54
- Heavy oil 3227
 Atype 1209
. ‘Btype - 0.07

Ctype . . 2011

4-—-271

| '2_70,857,000

. A’ 3,521,000

2,675,386
123,326
14,050
8,569,924
- {Source) Gip5%

(W)
1.09
0.07
2.64
3.81

' (Sousce) GIp6S

(kl-crudefyear) |



(3)  Emission of petroleurn products in Tokyo (1994)

{Source} H/psz

4-272

(Source) H/pS (ton/year)

Emission Soutces Gasoline Karo/Gasoil/Heavyoil

Storage - { Storage Tank |_ Breathing Loss 730 18.2
Failities Receiving Loss 1,353 424
Delivering Foilites | _Tank Lorry 'Detiveﬁngl.os's 1,276 5.2
Petrol Station | Receiving | Receiving Loss 2,166 13.1
| Defivering | Delivering Loss 5,250 17.5
1 (Total) 10,775 96.4

(4) Emission tactors for fuel oil handling facilities

Emission Sources ~ [Pefroleum Emission -

' » Products - [Factors
Stofagé Cone Roof Breathing Loss - [Gasoline . |210kg/day
Failties (5,000K]) per tank Crude Ol |o0kg/day.

| Kerosene _ |0.83kg/day |
Gas Oil 0.70kgiday -
Heavy Oil . |0.15kg/day
Receiving Loss ~ |Gasoline 1.00kg/K!
Crude Ol =~ [0.52kg/ki
Kerosene . _10.0024kg/K
Gas Oil 0.0021kg/kl
{Heavy Ol [0.00045kg/ki |
Floating Roof |Deliverng Loss Gasoline 0.0016kg/kt |
(10,000k}) (wet val) pertot_ |Crude Oil 0.00048kg/ki
Loading Ship Receiving Loss  |Gasoline 0.19kg/kt
Facilities Crude Oil____ |0.12kg/ki
.mw,.wﬁ.m_,__wliﬂ;k Lory Receiving Loss  [Gasoline O.ngg'fkl
|Filing Station |Unloading Receiving Loss _ [Gasoline - - 1.08kg/ki ©
Filling [Detivering Loss | 1.44kg/k -




. (5) Cther hydrocarbon emission sources

Workshop No. of Emission pér Share ratio
' workshop | Volume{tly)] Shop(tly) (%) -
Printing __ 42,0000 33,000 278 . 41
Metal surface treatment 5300 12,000 226 15
- |Painting 20,0000 10000 050 13
Petro! *_Station 2,660 . 10,775| __ 2.52kg/| 13
Cleanin 7,100 6.700 0.94{ N
' lothers 12,600 . 8,000] 1063 10
. (Total) 50,660] 80,475 B ~100|
(Source) Kiph e | '
(6) Storage tank capacity of depots -
: - o (1,000 ki)
Ray- | ‘Kan Ghoochak Nazi ___(Tota))
|Gasotine 79 40| .39 0 158
|Kerosene. 122 58 35 15 230}
Gas Oil “154) 76l A 30 298
Heavy Oil 240 0 0 0 240]
" (Total) 592 174 115 45 926
(7} Fuel handling amount of depots
_ | (1,000 k)
_Ray Kan Ghoochak Nazi (Total) |
Gasoline 4662f ' 578 . 534 0 2.7_7311
Kerosene 1,092 170 268 134 1,663
Gas Oil 1,581 766 634 _ 316 3,296
|Heavy Oil 2372 0 0 ol 2,372
_(Tolal) 6,707 1514 4,436} a9l 10,108|

~ {Note) . Handling amount are _projected based on the data suppliéd by Depots as well

as Table 4.5.2.2-1.
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5 Tabls 4.6.2-16 ; Emission quantity of poliutants by combustion from energy convarsion sector in GTA {1834}
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3 Table 4.5.2-16 : Total evaporation of HC in GTA (1994)
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‘Table 4.5.2-17 : Hé_a_l values of materials
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Note; Regarding .the materials rel.ating this sei:tion; please _refo.r _to_.Suppd.rting report of _
&_)_llo'.ving sections.
.[Finai report Suppoi-ting]
4.5.2 Estimation of emission quantities in GTA
45.2-1 Fnergy supply,”/demand baiance in tote:xi.l.ra:n |
.1_5.32-2 .Energy dcmanﬁ in .G'!‘z' |
: 4._5.2;3 ]*].ner.gy demand in GT!'.\ dist:ricts -
45.2-1 Projection of emission Vfactorsn for poliﬁtants '

4525 Emission quan.titie's of poltutants in GTA
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