6.2 Present Environmental Control System in LR, Iran
6.2.1 - Authorities and Administration

The Department of Environment (Environmental Protection Organization, EPO) was established
by the Environmental Protection and Enhancement Act of 1974. This Act still governs the
environmental policy of L.R. Tran, The Department is attached to the office of the Pres_idcnt but is
operating under the Environmental High Council established by the same Act. This Council is
bestowed with the power and jurisdiction to formulate national environmental p.olicy. The
Department of Environment is entrusted with the protection and enhancement of the environment and
for the prevention and control of any form of pollution or degradation leading to disturbance in the

balance and proportion of the environment.

The functions and duties of the Depéﬂmcnt of Environment are as follows:

- Draw up the environmental policy in I.R. Iran.

- Carry out 'a=s.s.s'ignments to protect and develop the environment and set up procedures and
control pollution, _

- Monitor all-sources of marine pollution except-oil poltution (marine pollution resulting from
land-based sources and from aircraft and vessels) .

- Protect the marine environment from pollution resulting from cxploration and exploitation of
the natural resources of territorial waters and the continental shelf.

- Authorize the public port authority in LR. Iran to take necessary measures to prevent and

monitor the spread of pollution and supervise the reception facilities.

The Department conducts an cnvironmental policy through legisiation and organizational
measures, 'assumingall: duties related to the protcction of natural and human environments. These
include research on air, water and soil guality and emission standards, wildlifc preservation, genetic
conservation as well as the enforcement of environmental laws and control regulations ( Ref: National

RepOrt of Rio Conference, 1992, etc.).

-Figure 6. 1 shows the organization chart of the Department. The Head of the Department is

supported by research assisiance from five burcaus: Human Environmental, Environmental
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Asscssment, Natural History: Museum, Natural Environmental Bureaus and Laboratories. Each
burcau has some centers, The Air Pollution Rescarch Center is a subdivision of the Human
Environmental Burecau. Some 20 local offices of the Department, whose typical organization is

shown in Figure 6.2, are located in country towns.

There are also other organizations having responsibilities or tasks in different ficlds of the
environment: _ | _

- The Environmental Health Office, Ministry of Health

- Meteorological Organization '

- Atomic Energy Organization

- Health Department of the University of Tehran

- The Scientific and Industrial Research O'rganization '

- The Research Institute for Pétroleum Industry (RIPT)

- Municipalities

Municipalities are. responsible for the control of urban transportation and for formulating
policies on the reduction of traffic volume and air pollution as well as-the removal of industrial
cstates and facilities discharging pollutants from the cities to suburbs. The Municipaiﬁty of Tehran
consists of Transportation and Traffic Affairs',. Waste Material Conversion Organization, Industrial

Re-organization Office and Parks/Green Space Organization. .
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6.2.2 Laws and Regulations for Environmental Protection
(1) Legislation for Environmental Protection

~ In 1974, the Environmental Protection and Enhanccmént "Act was promulgated by the
Pailiament of I.R. Iran, followed by the Clean A1r Act m 1975. Based on this Act, the following
rcsponmblhtleb were placcd with the Department of Env1r0nment regarding air pollution control
management:
- Surveying and momtormg air quahty
- Identification and research on air poflution sources and classification of thcse emission
sources - : '
- Issuance of amblent air quality standards in different regions
- Issuance of emission standards of poliutants for different sources
- Issﬁ_ancé of législation, criteria and control for emission sources of air pollutant in-different
areas

- Inspections for enforcement of various standards and criteria
(2) Environmental Standards and Criteria

At present, the’ Mumc:]pahty of Tehran apphes the air quality standards adopted by the World

Health Orgamzatxon as follows.

Pollutants Standards 1micr0gram{M3l
'Suiphur dioxide (SO2) 50 (annual)
Particulate . '
-Smoke . | - 125 (24 hours)
' ' 50 * (annual)
- SPM (per weight) ' 60 (annual)

Lead _ : - 05-1.0  (annual)

Table 6.1 shows the ambient air quality standards of se.lect_cd countries compared with the WHO

guideline.
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(3) Emission Standards and Criteria

The following standards and criteria concerning motor vehicle emissions have been issucd by

* the Environmental High Council;

- Maximum CO concentration of exhaust gas should not excced 1.5% by volume.

- Any motor vehicle emitting visible smoke must be taken off the road.

- Driving cycles in Tehran is based on the ECE 15 method of Europe

The standards arc as follows:
Engine Capacity
VH < 1.4

1.4 <VH<2.0
2.0<VH

ECE Cycle (gram/test)
CO HC+NOx
45 15

30 8

25 6.5

NOx
6

. 3.5

ECE[EC vehicle emission regulations are shown i the AP_PENDIX. The Dcpaﬁment of

Environment applies practically the same standards that are widely adopted in EC countries. Emission

standards in selected Asian and EC countries, for example, are shown in Table 6.2(a), (b) and {(c).

Table 6.2(a) Emission Standards in Asian Countrics

Classification

" Plust.

SO«

Nation Unit - NO« cO
‘Japan . (Existing) mg/M3 (100-300) { K-value and Facilities & | Exhausted
(New Facilities) mg/M3 (50-150) | Total Control | Total Gas
: - L _ : .| Control Control _
Indonesia ‘mg/M3 600 300 4600 1000
~ Thailand Bangkok mg/M3 500 400 1000 1600
o Others mg/M3 _ 700 :
Philippines - (Existing) mg/M? 500 2000 10060
(New Facilities) mg/M3 3001 0 (P/P)200
(Others)1500

Note

Source : NEDO

:P/P = Pdwer Plants
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Table 6.2(b) EEC 80, Emission Standards for Coal-Fired Plants

Emission standards™®

Plant type (new plants) plant size, MW

-combustion plants 50-99 limits to be decided

-combustion plants 100. (2,000 mg/m3)

-combustion plants 101-499 sliding scale between
: ' (2,000-400 mg/m3}

-combustion plants >500 (400 mg/m3) :

-combustion plants firing .

indigenous high or variable

sulphur coal 100-166 40% S removal

-combustion plants firing '

-indigenous high or variable _

sulphur coal - 167-499 sliding scale between 40-90% S temoval

-combustion plants firing

indigenous high or variable

sulphur coal ' <300 60% S removal

-combustion plants firing

indigenous high or variable

sulphur coal >500

90% S removal

Table 6.2(c) EEC NOy Emission Standards for Coal-Fircd Plants

Plant type (new plants) plant size, MW Emission standards*
-combustion plants >50 (650 mg/m3)
~combustion plants firing

coal with volatiles <10% >S50 (1300 mg/m3)

*  figures in brackets dem)tc cmissions standard% at 6% 02, stp (O C (273K), 101. BkPa) on dry

fluec gas

Source : TEACR/43 Dcccrnbcr 1991 {EA Coal Research, London o
“Emission Standards Handbook : Air Pollutant Standards for Coal—Flred Plants 7
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6.2.3

Monitoring of Air Pollution

The Department of the Environment has been carrying out regular air pollution monitoring in

cooperation with local public organizations since 1985 in several large cities including Tehran,

Khuzestan, Shiraz, Isfahan and Tabriz. The Depattment has 10 measuring stations in Tehran. The

stations are able to measure CO, NOy, SOz, Oz, SPM and lead (Pb) content in the air.

In addition to the programs of the Department; the Ministry of Health, the Ministry of Oil and

other organizations, for instance, have been involved in determination of air pollutants as follows:

a)

b)

d)

The Environmcntal Health Office of the Ministry of Health also has 10 measurement stations in
Tehran. Five stations are located at different parts of the city center, two stations to the south of
the city, and three stations are located north, cast and west of the city,'respectivcly. The

Environmental Health Office can measure SO2, smoke,.SPM and Pb contents. Studies on the

effect of CO on blood hemoglobin and of lead levels in the blood are being carried out.

The Research Center of the National Tranian Oil Company has been monitoring SOz, H2S,
NO32, total hydrocarbon (THC), CO, SPM, dust-fall and soil index'in oil and gas refineries,

petrochemical complexes and adjacent residential arcas since 1969.

The Meteorological Organization has two meteorological stations to thc west and north of

Tehran,

The Municipality of Tehran is considering construction of threc air pollution incasuring_ stations
of which two arc fixed and onc is movable. The three stations are t(')'incasure SOz,'O_z, NOy;
CO, SPM, THC and meteorological parénicters. The Transportation and Traffic Affairs office
of the Municipality is considering cquipping the major mechanical workshops in Teh_ran with

tune-up equipment for engine tune-ups and periodical vehicle engine tests.
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6.2.4 Policics and Plans
(1) Current trends

The major plans and countermeasures with regard to the prevention of air poltution in LR. Iran

arc summarized as follows:

a)  Introduction of lecad-free gasoline in order to reduce hazardous pollutants throughout the
country

b} Gas su'ppiy plans for motor vehicles (taxis) in the cities of Tehran and Shiraz

¢)  Transferring plans for polluted industries in Tehran (The polluted industries are encouraged to
settle at industrial sites) |

d) - Construction of underground railway in Tchran

- According to the Government’s proposed :Second Five—_YeafP_lan, by allocating a total of
Rs.246.8 billion credits, the following special programs regarding environmental affairs arc p!anned:
-Using nonpolluting energies including wind energy (10 MW) and solar.energy (2MW) -

- Expandmg public transportation system (electric bus and subway)

- Change of fuel system of 5,000 heavy vehicles into gas in Tehran and five other cme‘;

- Providing environmental standards in local districts

- Studying quallty standards in production of oil products _

- Controlling and checking of the fuel system and gases emitted from vehicles in Tehran Arak,

Isfahan, Shiraz, Ahwaz and Tabriz _

- Rcallocatlon of polluted mdustrles to 120 kilometers from the cny center

- Change production processes of refngerator dnd frozen food making mdustry

- Establishing envuonmental research centers in 40 cities

- Installing air pollution momtormg statlons in 25 cities

- Studying the poliutlon problems of a total of 300 open mines
(Ref: Kayhan, November 15 1993, "Enwronmental Protection: Summdry of the Second Flve-Yedr
Plan by the Government i)

Starting from the general government policy objectives, the Municipality of Tehran, onder the
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leadership of the Mayor vested ‘with authority on-behalf of the Ministry of Interior, has taken the
initiative to deal comprehensively and cffcctive}y with ﬂlc aiv pollution problem in the Tehran
Metropolitan Area. Such short-term plans .in:cludc, among others, the following:

- The prevention of driving non-permitted vehicles within the central zone of Tehran city.

- The prevention of driving smoke-producing vehicles within the city

- The supply of 1cad-ﬂce gasoline

- The construction of highways and loop-roads

- Field car tests for fucl conversion

- The construction of a subway network in Tehran

- The extension of gas distribution network in industrial and residential areas, especially in

Tehran and its suburbs '
- The expansion and construction of industrial estates with facilities to control industrial

poilutants
Some other projects related to these efforts are listed below:

a)  The Tehsan Transport Emission Reduction Project {Tehran Municipality and the World Bank's
Global Environment Facility) comprises a number of studies intended to identify policies and
actions which will lcad to reduction in the emission of greenhouse gases and local air pollutants

from urban transportation systems.

b} = Tehran United Bus Company is conducting research in the field of reduction of smoke and soot
by diesel vchicles. The first stage of this plan cnmprisés the fuel conversion testing of ten
buses; that is, three buses converteé to LPG, three .buses converted to CNG and four buses
converted to dual fuel with CNG and diese! fucl oil: Final decisions will be made after the first
stage about choosing one of these three methods, and first 100 and later 1,000 buses will be

converted accordingly.

c) The Industrial'Reorgan'izatiori Office, which is a subsidiary of the Technical and Development
Department ‘of Tehran Municipality, started operation in 1989 with the aim of reducting
-~ environmental pollutants related to the industrial sector. The Office, under close cordination

with the Depariment of Environment, is responsiblé for removal of facilities from downtown to
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the suburbs, Factories and workshops are required to obtain the approval of the Department of

the Environment,

Since the Municipality of Tehran has i_mp(irhnt duties for _eﬁviromncntal affairs and air pollution
is the most important problem, the Air Quality Control Company was established in June 1991 to
control air pollution; scarching for pollutant sources and finding solutions. The Company is studying
such plans as "Engine regulation and its effect on air pollutibn" and "Motorcycles and their roles in air
pollution in Tehran," and has also pu.blished general information in the local' newspapers to increase
people's knowledge of environmental problems, including air potlution. The Company will also try
to attract the cooperation of other governmental organiiations in this regard. (Ref.: Hamshahri,

September 11, 1993, "Tehran: New Efforts to Control Air Pollution").
(2) Medium- and Long-Term Plans for Improving Air Quality

Further, the medium- and long-term plans by the Department of Environment and/or the

Municipality of Tehran for improving air quality are described below:
1)  Reduction of traffic pollution

- Reduction of traffic flow and number of motor vehicles

- The poséib'ility of using motor vehicles that run on clectric cnergy

- Conversion of motor vehicles running on fuel and gasoline to motor vehicles running on
Hquid gas |

- Setting up liquid gas filling stations for motor vehicles

- Equipping motor vehicles with pollution re_duéing devices

- Ways- of testing motor vehicles for pollution generation
2y Reduction of industrial pollution -
- Use of filtering devices .

- Devices for absorbing suspended particles

- Chimney filters
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- Industrial waste cleaning
3)  Reduction of houschold pollution

- Energy source diversification

- Efficient use of energy
-4y Rules and regulations
- Decentralization

- Urban devclopment codes

- Building codes
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6.3 Present Status of Environment in IR, Iran
6.3.1 Present Status of Air Pollution

Issues related to air pollution have mainly arisen.in many of the large cities of LR. Iran. The

present situation and historical trends of air pollution, especially in Tehran, are described below:
(1) Historical Trends of Air Pollution in Tchran

Figures 6.3(a) through 6.3(d) show a summary of the results of measuring the concentrations
of SOz, SPM, smoke and lead in the air of Tehran. The figurc's are plotted by use of data which were
published by UNEP*!) and the World Bank*2) and some was also quoted from the Iranian

newspapers. In the figures, the air quality values mean their annual average values.
1) Sulfur Oxides

Figure 6.3.(a) shows the past trend of SOx concentrations in Tehran. In the figure, solid
diagonal lines drawn from the top right to the bottom left show the annual a\}cragc values of the
results measured at various monitoring points (according to the World Bank).  The top line within the
limit of the range represents the average value at city center, and the bottom line represents suburban
residential districts of Tehran. The number of monitoring points is 14, and the monitoring locations

are classified into city center commercial, city center residential and suburban residential*2).

‘The solid diagonal lines drawn from the top left to the bottom right are plotted by data from
1980 to 1984 measured in the Air Quality Moniforiﬁg Project of WHO/UNEP. The ranges express
the averages of annual arithmetic mean values. Three monitoring points were located at city center
commercial, suburban industrial and suburban residential areas* 1), The dotted lincs show the ranges
of apnual averages of individual monitoring’ points. The upper parts of the ranges rcpreseht the
maximum values of annual averages at monitoring points, and the lower parts represent the minimum

values. The data are quoted from a publication of WHO/UNEP*1),

Bar graphs express the mean values of annual averages measured at various monitoring points.

—216—



As shown in the figure, it is considered that the historical trend of SO2 concentration in Tehran
has a decreasing tendency to a limited extent. After all, these measured values exceed considerably

~ the WHO guideline of 0.04 - 0.06 mg per cubic meter at present.
2)  Suspended Particulate Matter

Figure 6.3(b) shows the past trend of SPM concentration in the air. The diagonz{l lines, dotted
lincs and bar graphs are drawn as described above. As can be scen on the graph, it is not clear
whether recent SPM concentration has a -decreasing tendency or not. The standard of WHO
Guideline is 0.06 - 0.09 mg per cubic meter. The results monitored are three or four times the

standard.
3)  Smoke

- Figure .6._3(0) shows the past trend of .sm{_)kc concentration in the air. The figure is also plotted
from the data quoted from reports of WHO/UNEP*1) and others. The upper parts of ranges enclosed
by diagonal and dotted lines represent the maxijﬁ_um values of annual averages measured at individual
monitoring pbints and the lower parts of the ranges represert the minimum values. Bar graphs are
plotted by usc of a newspaper article (Hamshahri, "New Efforts to Control Air Pollution,” Sept. 11,
1993). As shown in the ﬁgure, smoke conceniration has decreased gradually. The annual mean

value in 1991 was slightly over the WHO Guideline of 0.04 - 0.08 mg per cubic meter.
4)  Lead

Figure 6.3(d). shows the past '&end of lead concentration in the air. Data plotted in the figure are
also quoted fron-_i the newspaper as mentioned above. As shown in the figur'e,jlezld concentration has

increased rapidly. The annual mean value in 1990 was around 3.3 mg per cubic meter, although the

standard of WHO Guideline is 0.5 ~'1.0 mg per cubic meter.
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(2) Monthly and Daily Trends of Air Pollution in Tehran

According to a local newspaper (Ref: Hamshahri, "Air Pollution Cxisis in Tehran," Nov. 30,
1993), the weather of Tchran causes an invérsi(}n phenomena of the air layer around 240 days in the
“year under the characteristic meteorological conditions because the Alborz Mountainé_in the northern
part of the city prcvent wind from blowing freqﬁcntly. The most polluted days are in the late fall and
early winter scasons. In the city, all weckdays arc polluted, cspcciélly b_ctwc;cﬁ the hours of 8:00 to
11:00 and 16:0Q to 20:00, Pollutants in the air rﬁovc north and noﬂhbast ir_i'thc mbi‘ning and .south

and southwest in the afternoon.

Table 6.3 shows monthly averages of selcctcd ambient air quallty in the daytlmc (6:00 - 18:00).

Although NOy concentration is not mcluded in the table, it is recogmzcd that a lot of hydrocarbons

are emitted in the autunmn and winter seasons.

Table 6.3 Monthlv Average Values of Selected Amblent Alr Quallty (1988)

SO2 (ppm) THC (ppm)SPM (mg/m3)

July 0.014 6.81 48.00
August 0.010 8.65 48.50
- Scptember 0.017 10.14 36.00

Source : Municipality of Tehran

Tabic 6.4 shows the results of the measurement values (July, August and September in 1988). |
by wc'ekdays and Thursday. The table indicates that the avc'ra'gé values on Thﬁrsday are higher than
those on weekdays, except SO3 concentration. Regarding hydrocarboné and SPM, effects of traffic
control applicd in -the city center might be observed from these data. From Saturday through
Wednesday, traffic is controlled in the center of Tehran City, accepting only cars .wi'th‘a'spét‘:ial; '
licensc in the daytime. On Thursday and Friday, thc entrance of all kmcls of cars into the c1ty is
allowed (thupahty of Tehran, “Comprehenswc Plan for Controlhng the An' Pollution in ’I‘chran '
February 1993). The reduction of SO?, concentration is conmdered to bc dependent on mduqtnal'

activity of small and medium factories in the mty
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Table 6.4 Average Ambient Air Quality of Weekdays and Thursday (1988)

SO2 (ppm) THC (ppm) SPM (,L;g/n13)

Saturday to Wedncsday 0.014 890 41.30
Thursday _ 0.014 9.50 47.60

‘Source: Municipality of Tehran

The results of measurcments of the ambient air quality monitored by the Department of

Environment in 1989 arc briefly summarized as follows:

a) THC: The 'mcasurement value recorded 23.5 ppm in the winter season and 9.4 ppm in mid

b)

d)

spring on the 24 hours average basis. The lowest values were for the hours between 2 and 4 in
the moming and for the weekend. These lower recordings may suggest an inverse relationship

between pollutant concentration and traffic flow. Traffic during carly morning hours is light,

CO: Data, revealing a 24 hour average of 6.9, 6.13, and 7.4 ppm per cubic meter, were for
autumn and winter seasons only. Mecasurements for Fridays and ecarly morning were

considerably lower.

$02: Recordings of thé gases shoiv_-::d a 24 hour avi:ragc'value of 0.011 - 0.072 ppm for the

autumn and winter seasons. The lowest recordings were on Fridays and early mornings.

NO: Measurements varied between 0.076 - 0.046 ppm during autumn and winter seasons with

peak ivaluc’s recorded during weckdays and wofking hours when traffic was heavy.

.N.()z: The énncentra_ﬁon in 1989 varied between 0.09 ppm in the month just before spring and

0.021 ppm at the end of autumn.
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(3) Evaluation of Air Pollution in Tehran by International Organizations
1)  World Bank

According to the World Bank's "Sclectéd Ambicnt Air Quality Indicators for Various Citics"
(See APPENDIX), concentrations of SO and SPM in Tehran record high valﬁcs. Regarding SO,
values of CCC (City Center Commerciaf) and SR (Suburban Residential) districts in 1987 - 1990
show a very large figurc éompared with other middle-income countries. Tehran is also the worst city
among low-income countrics including Bf.:ijingand= Shenyang, which ﬁsc coal as 'majof energy for all

scctors.

 As for the values of SPM concentration in 1987 - 199() 'the values in cce and SR disiricts are
also the worst ones in middle-income countries. Companng with Eow—mcomc countnca, the figure in
CCC district is fourth, following Xian, Shenyang and Bcumg The flgure in SR district is second,
following Lahore. in the Table.

2) WHO/UNEP

A WHO Air Quahty Monitoring Prolcct began in 1973, supportcd by the Env1ronmcnt Fund of
the United Nations Environmental Programime (UNEP) Data gathered from mcmber statcs of WHO
were stored and disclosed as Global Environmental Momtormg System (GEMS).

Looking at GEMS data in 1980 - 1984, the annual average value of SO2 concentration in
Tehran ranks third, following .Shanghai and Shenyang. The annual avéragé .v.z:xluc of SPM ranks
seventh, following Kuwait, Shenyang, Xian, New Delhi, Beijing and Calcutta. The annual average

value of smoke ranks first,
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Table 6.5 shows the number of days that exceeded the critical values of selected pollutants.

Table 6.5  Number of Davs per Year with h:vcis Exceeding Cnttcal Values
_ : (1980-1984)

SO2 (ng/m3). SPM (ug/m3) " Smoke (ng/m3)
exceeded 150 230]. 150
Shenyang | =~ 236|Shenyang 347|Santiago 299
Milan 167 {Tehran 347|Tehran ' 249
Tehran 163 |Delln 338|Madrid 126
Beijing 157|Beijing 338|Wroclaw 73
Seoul 121 |Calcutta 330(Sao Paulo 52

Source : WHO/UNEP

Table 6.6 Number of Days per Year with Levels Exceedmg Critical Values

: (as of 1992)
S0z (ug/m3) SPM (pg/m3) | Smoke (rg/m3)
exceeded| 150 230 150
s Shenyang- : 236(Tehran 347|Tehran 249
" {Tehran 162 |Shenyang 347|Santiago - 220
Milan | 157 |Xian ' 327 |Madrid 126
Seoul © 121{Jakarta . 268 Wroclaw 73|
Xian 114 |Manila 225|Sao Paulo 52

Source : Ha_mshahri,_] an. 19, 1993

A summary of the recent WHO report is mentioned in the newspaper (Hamshahri, “Tchran-is
the Most Polluted City," Jan. 19, 1993 }as shown in Table 6.6. In the WHO report, large cities of
the world are listed by dust (SPM), SOQ and THC. Tehran was the world's most polluted city in
1992. Tehran is the first in THC concentration and also in SPM together with Shenyan in northern

China, and is the second in SO2 concentration, following Shenyan.

The critical value of THC (smoke) is 150 micrograms per cubic meter as shown in Table 6.6.
In Tchran 249 days per year exceeded this level. The SPM concentration in the air in Tehran is also

more than the critical value dusing 347 days of the year. The SOz concentration exceeded the critical

* value during 162 days of the year.. Tt is worth noting that Athens and Kuala Lumpur which were in
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the lst of polluted cities four year ago arc no longer listed in the table of the 1992 WHO report
{Hamshahri, "Tchran is the Most Polluted City," Jan. 19, 1993).

(4)  Results Mcasured by Simplified Samplers.

In order to determine the gencral situation of the S04 and N{)_z concentrations in the air of some
[afgc citics in. LR. Iran, the Study Team ‘has tried to_place a number of simplified éapsul&tjpe
samplers al strategic points in the citics of Tehran, Tabriz, Ahwaz and Mashhad. Analyses were
carried out in Japan after the measurement,” The results of cach measurement arc Shbwn in Table 6.7.
Though the measurement procedure and the figures obtained might not be fully reliable duc to the
limits of time and period exposed (4 - 5 weeks only), and scope of coverage and manner of caring for
cach sample {most of them wee located in residential arcas for reasons of being dependent on reliable

persons and organizations), some trends were expected to be observed.

1t can'be seen that NO concentrations were witlﬁh the values of both WHO Guidelines and the
U.S. Stan'dard eicept for those of Tg:hrén and Mashhad. .A‘;'for 502 COncentrétion_s, the figures are
relatively small; except fdr some values in Tehran, in 'Iight of thc WHO Guidelines. This trend rﬁighi
have been different, if the samples were taken morce in_ddw_ritow'h arcas under heavy traffic conditions
and industrial areas with high cconomic activities or during seasons other than summer, cSpbcialiy the
autumn and winter seasons, in which the meteorological condition is more unstable and air quality

could be relatively more deteriorated because of household heating,

<Rcferenccs$ :
*1) 'WHO/UNEP : "Air Quality in Sclected Urban Areas, 1979-1980"
: "Assessment of Urban Air Quality, 1989" _
*2) World Bank : World Table,"Sclected Ambient Air Quality Indicators for Varidﬁé Cities"
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6.3.2 Pollutants and Emission Sources

Main emission sources in energy consuming sectors are gencr'ﬂlv listed as follows:
- (il field, fhrmg, or burning some 10 to 15% of productmn

- Petroleum refinerics with some S to 10% loss of feed

- Qil-burning power boilers of more than 100 t/h rating

- Gas turbine generators burning low grade (high sulfur) fuels

- Small and mcdium—scéle industries burning low gradé fuel oil

~ Large-scale iron and steel mills

- Big cities having a i)bpulation of more than one million

- Motor vehicles
6.3.2.1  Stationary Sources

The following newspaper articles rcported the status of pollution generated by stationary

SOuUrces.

"In Hamadan Province (located in the western part of Tehran), ihe operation of 1,200 brick-
making kilns has made the area the second most polluted arca of ‘the country, followed by 'I‘chrah.
This number of kilns burns about 70 million liters of fuel per year. In- Charmahal Province .
(Southwest of I.R. Iran), about 200 bnck—makmg kllns have expanded air pollution besides
spreading industrial wastes, changing agr;cultural lands to useless land and descrt The local office
of the Department of the Environment decided to offer credits and loans to the k1ln s owners in order_
to change their combustion 5ystems and also unport modermn e_qulpmcnt for the industry. Statistics
show that about 17% of workers in this induétry suffer from discase. In Arak City, 20 Iaf'ge scale
industries and 1,000 medium- and small-scale factoncs have glven Tise {0 cnv1r0mncntal pmblems
especially air pol!utmn 1.2 m]llmn tons of carbon mon0x1dc contammdtc thc mtv every year. This is
three times the figure in Tehran. About 20% of the total area of Arak is occupied by_ mdustrial- |
factorics, and the rate of incidence of respiratory diseases is the greatest among all diseases”

(Hamsahri, September 30, 1993; "Air Pollution in Three Provinces of Iran’i).

"Recently, Tehran has suffered from air pollutant.é originating from stationary sources. For
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example, November 29 and 30 were the most polluted days of the current year in Tehran and the
Environment Protection Organization (EPQO) notified people in the city to stay in their homes. The
same warni-ng was also announced on December 1. The EPO office requested the Cl.OSiUI'C of 36
prodﬁcticm units including cement, asphalt, leather & shocs, soap' and textile factories in Tehran,
Qam, Varamin and Karaj. The EPO office notificd another 15 units to remove air pollutants emitted
from their factories (Ref: Hamshahri, Decémber 1, 1993; "Thirty-six Pollution Industrics Closed in

Tehran"}.

According to another report  (Hamshahri, August 4, 1993; "Tchran; Breathing Gets More
Difficult Day by Day"), Mashhad, Isfahan, Shiraz, Tabriz and Arak are the most polluted citics in
I.R. Iran following Tehran. o '

(1) Pollutants Dischar.ged from Stationary Sources

Pollutants, stationary emission sources and the countermeasures thereof to be supposed are

classified as shown in Table 6.8.
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Table 6.8 Emission Sources and Countermeasures

1) tron and Steel Industry
Category Pollutant” Pracess Sonrce

2)

3)

Counter ??IEGSHF €

Air S0x Sinterer, Fumace Reduce S-content in ﬁ:ed & fucl
NOx Sinterer, Fumace Low-NOx burner, Low-air ratio bummg
Dust . Various places Water-$pray, Collector, Cover, Closed
: . - .space dust collecting
Water CcoD Coker, Rolling mill  Bio-treating, Coagulation prempﬁatlon
Floating
Cold mill pickling Separation, Neutralization
0il Hot, Cold rolling mill Natural(Coagulation, Pressurizing)
floating separation
Waste Slag Blast, Rolling, Rc—uhl:zatlon(for Cement, C1v1l matenals)
: Electric fumace
Dust Adter collection Recycle 1o applicablc feed
Noise Various places Curtailing at sousces, Shelter, Enclosure '
Others Plantation on premises, Te]emeiermg

system

Electric Power Generation

Countermeasure

Category Pollutant Process Source
Alr SOx Boiler © Reduce S conient in fuel, Flue gas -
) desﬁlfurizalion, High stack
NO=x Boiler, Gas turbine Low-NOx burmner, 2-stage bummg, Flue
gas demlnﬁcanon, High Stack
Dust Boiler " Electrostatic precipitator
coz2 Boiler, Gas tushine . Comprehiensive efficiency
improvemeni(introducing cogeneration)
Water Heat Condenser Cooling tower
Noisc Various places Curiailing al sources, Shelter, Enclosure
Othiers Planiation on premises, Telemetering

sysiem

Petroleum Refinery

Category Pollutant Frocess Source

Cawztermeasure

Alr S0x Boiler, Furnace - Reduce S content in fuel, Flue gas
desulfurization, Integrated high stack,
_ Suifur recovery
NOx Boiler, Furnace Low-NOx bumer, Modified burning, Flue
. gas denitrification
CcO2 Boiler, Furnace Energy saving _
Smoke  Flare stack Smokeless burning, Waste gas recovery
Water Qil Process, Ballast, Oil separator, Biochemical treatment
Seal : = '
Waste Oil 0il separator Recycle to feed, or fuel
Sludge  Water ireaier Dewatering and utilization as c-’ment
feed, ete. :
Noise Various places Curtailing af sources, Shel!er, Enclosurﬂ
Oihers Plantation on premises, Telemetering

system
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4) Petrochemicals

Category Pollutuni Process Source

Countermeasure

Air - S0Ox Boiler, Fumace,

: Reactor _
NOx Boiler, Furnace,
Reactor
co2 Boiler, Furnace,
Reactor

Smoke  Flare stack

Reduce S -content in fucl, Integrated high
stack, Flue gas desulfurization

Low-NOx burmer, Modified buming, Flue
gas denilrification

Energy saving

" Smokeless burning, Wasie gas recovery

Water | Ol Process, Seal
COD- Process
Seillenent Well

0Oil separator, Biochemical treatment
Neutralization, Biochemical {reatment
Decredse well water use

Dewalering and Incineration
Dewatering and Incineration

Waste Qil Qil separator
: Sludge Water treater
Noise Various places

Curtailing at sources, Shelter, Enc]esure

Others

Plantation on premises, Telemelering
system

5) (Gas Processing

Category Pollutant Process Source

Countermeasure

Air SOx Process

- NOx " Process

Feed conversion(Coal->Heavy 0il->LPG
->LNG)
Feed conversion(Coal->Heavy o0il->LPG
->LNG)

68) Pulﬁ and Paper Indusiry

Category Pollutant Process Source

Cownfermensure

Air S0Ox - Boiler

NOx Boiler ;-

Reduce S content in fucl, Fucl
conversion to gas _
ELow-NOx bumner, Modified burning

Water 58, Color ‘Wood Preparation,

Digesling, Paper
-~ machine

COD Digesting, Breaching

Coagulation precipilation

Neutralization, Biochemical {reatment

“Water ireater

Dewatering and Incineration

Waste = Sludge
Others -

Plantation on premise

7 ‘Cement Industry

Category Pollutant Process Somce

Countermeasure

Air SOx Negligible
NOx Cement kiln

Dust Various places

€02 Cement Kiln

Production process absorbs sutfuor
New suspension preheater, Modified
burning

Water spray, Coliector, Covér, Closed

~ space collecting

Energy saving

Noise Various places

Curtailing at sources, Shelter, Enclosure

Others

Plantation on premises, Telemetering
system
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8) Sugar Industry

Category Pollutant Process Source Countermeaqsure ' o
Air S0x Boiler. : Reduce S content in fuel, Fuel conversion
10 gas | o '
NOx - Boiler o Y ow-NOx burner, Modified burning
Water S8 Flume discharge Coagulation precipitation '
COoD Steffen process Biochemical treatment
Waste  Slidge  Water treater Dewatering and Incincration

9) Glassindustry

Category Pollutant Process Source . Countermeasure
Air S0x Meliing Furnace Reduce S content in fuel, Fuel conversion
' 10 gas '
NOx Melling Fumace Low-NOx burner, Modificd busning

(2) Estimation of Emission Volume by Factory

In order to collect data and information and appreciate the general conditions of the stafionary
sources associated with environmental concern, the Study Team conducted a survey of 28 factories
from February through August 1993, mainly targeting such energy intensified industries as power

plants, iron and steel mills, petroleum refincries, sugar factorics and briék—maki]ig factories.

Table 6.9 shows some cstimates of the emission volumes of SOx and NOy at the factories
visited. The emission rates of pollutants such as CO2, SOz, and HC were estimated by the use of fuel

requirements and emission factors in each ‘fac;ory' as far as the actual operation data of energy
management was made available, The main emission sources are power plants, 'petroléum refineries
and steel plants. The estimated emission volume of SOx and NOx in Table 6.9 accounts for about

two thirds of the total in I.R. Iran. Most of the NOx emission is presumed to come from other

sources than industry.

Table 6.10 and Table 6.11 show the result of estimation from the power plants and petroleuin

refineries which are considered the main pollutant sources.

In the estimation, the formation of CO gas is considered negligiblc in ordinary fuel combustion

equipment under the recent combustion technologies applied to such major industries. However,
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NO; gas formation in the combustion may vary not only by N content in fuel but also by types of

cquipment employed and modes of aperation, so that the cmission rates of NO2 arc assumed referrin
quip ploy p _ g

to the experimenital data obtained by different types of fuel and operation. The following arc the main

assumptions to be considercd for the calculations of emission rates of various industries:

1)

b)

b)

3)

Power Station

In principle, emission rates of exhaust gas shall be estimated from actual consumption of fucl
gas and oil, but it may also be estimated from the total generation capacity and opcration

efficiency as a conventional method depending on the availability of actual data.

Exhaust from fucl gas is cstimated by actual gas composition and capacity in a state of

permanent combustion.

Exhaust from fucl gas is estimated by standard carbon content and actual sulfur content in a

state of permanent combustion.

Refinery

" Emission tates of the pollutants, CO2, 802, HaS, hydrocarbon, etc., are estimated from a

energy balance in each refinery operation, i.c. the management of fuel and losscs.

Exhaust from combustion of fuel gas and condensate is estimated by their composition and

.consumption rate.

Exhaust from combustion of fuel oil such. as middle distillates, residue and wastes is estimated
by the standard contents of carbon and the actual content of sulfur in relevant fuels. A state of

permanent combustion may be assumed as an actual operation.

Gas Processing Plant

Emission rates of pollitants are estimated from the composition of fuel gas and condensates
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b)

4

5)

-~ used for the operation by a state of perfect combustion.

Blow off gas and losscs as total hydrocarbon are estimated from the material .Balancc_nf feed

and product if operation data is not available.
Flared Gas in Qil/Gas Field (on/off shore)

A perfect combustion is assumed to estimate CO2 and SO pollutants according (o the actual gas

composition to be bumnt.

Blow off gas to atmosphere is based on actual operation data.

Crude oil burning for off-specification shail be cstimated based on the assurnptibﬁ that the

emission rates of CO2 and SO2 are determined by perfect combustion as a conventional method

according to the actual operation data.
Booster Station of Oil/Gas Transportation Pipeling

Exhaust gas from equipment such as gas turbines and gas engines shall be estimated according

to the actual fuel consumption and its properties by a permanent combustion.

6)

Petrochemicatl Industry

Emission rates of pollutants are estimated from the feed and product.balancc, managcfncﬁt of

cnergy balance, etc. in the actual operation with simitar analysis to that mentioned for Gas Processing

Plant and Refinery.
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Table 6.10 ¥stimation of Emission

Volume from Power Planis

" Fiel Consimplion

302,986

Production S0x Emissing - NOx Emission
Power Plant Province 15992 Gas Oil HFO NG - 1992 - Share 1992 Share
: (MWH) {1000L) (LOOOL) - ¢to00mdy | (1ooouwyn) (%) -] (1000uyr) (%)
Tabriz Azarbayjan-East 3,615,670 906 889,857 ol sa228 1287 T 8208 2.4
“Tabriz Azerbayjan-East 181,026 23,405 0 57,706 367 0.i2 780 075
Soufian Azarbuyjan-East - 144,934 £0,006 0 0 240  0.31 1,429 - L.38
Azarbayjan-East Total 3,941,630] 34317 889,857 57.706 54534 18.00 10,417 10,08
Urmyeh Azarbayjan-West 81,072 38,043 0 0 ___ 596 0.20 906 0.88
Besat Boyehrahmad/K ohkiloyeh 1,302,883 4,015 80498 309,104 4,879 1.6l 2.027 1.96
Besar Boyehrahmad/Xobkiioyeh . 625,379 46T S0 223,893 87 .03 992 0.96
Boyeb/Kobkil Total 1,928,262 9.482 280498 - 532,997 4,967 -i.64 3,019 2,92
Boushehy Bushehr : 223,916 104,784 0 0 1,641 0.54 2.495 2,41
Islam Abad Esfaban 3,967,365 2,982 729,908 283,270 43,697 - 14.42 7877 7.62
Islam Abad Eslahan 42,7126 14 0 16,896 0 0.00/ (65 0.06
Esfaban Total 4,010,00f _2.976 729.908 300,166 43.698  14.42 7.942  7.69
Zargan - Fars 590,056 [ o 169,115 1 .00/ . 651 0.63
Zargan - Fars 157,815 0 ¢ . 63,229 1 .0.00] 243 0.24
Shiraz Fars 906,401 1,802 ) 390,821 3 0.01 1,548 1.50
Hsa Fars 46.620 14,757 0 12 23t - 0.08 352 0.34
Panahr Fars 208,701 113,820 0 0 1,782 0.59 2.710 2.62
Abadeh Fars 1,140 470 ¢ 0 7 0.00 11 0.01
Lar Fars 1,487 3.261 o 0 51 0.02 78 0.08
Lamard Fars 9,737 12,667 0 .0 198 0.07 30z 0.29
Fars Total 1,923 957 146,777 ¢ 623,277 7,304 0.76 5,895 5.70
Loushan Guilan 1,730,231 191 0 425,998 I3 0.00 1.645 1.59
Loushan Guilan 541,112 0 ¢ 183,393 1 0.00 706 0.68
Rasht Guilan 232,774 17 ¢ 100,212 1 0.00 386 0.37
Guilas Toral 2,504,117 208 ¢ 709,603 g 0.00]. 2.738 2.65
Firouzi Hamadan 107,331 0 0 47.218]. 0 0.00| 182 0.18
Shubid Firovzi  Hamadan 255,092 0 2,560 97,319 154 008 398 039
Hamuadzn Total 362 423 0 2.560 144 537 154 0.05 580 0.56
.|Bandar Abas . Hormozgan 6,511,240 1.527 185,787  1.503,403 11,146 3.58) - 7.53% 7.29
Bandar Abas Hormozgan 20,811 S0 ) 14,863 0 0.00 "57  0.06
Qeshm Hormozgan 0 0 [y 0 o 0.00 0 GO0
Kish Hermozgan 36,666 21,27 0 0 332 0.11 . 505 049
Hormozgan Total 6.568,717 27,744 185,787 1.518.266 11,479 3.7 8.097 7.84
Zarand Kerman - 222 460 6445 73,767 ) 4,512 1451 832 1 0.81
Mashhad Khorasan 428,552 158 4,985 142,307 305 0.10 © 602 - 0.58
Tous Khorasan 2,642,667 159 16,951 730,529 1,022 0.34) 2,973 2.88
Sarbisheh Khorasan 21,205 11,502 0 of. 13:10 0.06 274 6.27
Masbhad Khorasan 649,440 4.525 0 262,569 73 0.02|. 1.119 1.08
Shirwan Khorasan 321,397 1,909 0 149,987 S| 0.01 623 0.60
Quen Khborasan 200,245 84,642 0 o 1325 044 2.015 1.95
Tous Kborasan 2,642,667 159 16,931 730,529 1,022 0,34 2,973 2.88
Ashknan Khorasan [.051 1,091 0 ' 0 1? 0.01 26 0.03
-Khorasan Total 6907264 104,345 38,887 _ 2.015.921] . 3.976 1.31 10,605 . 10.26
Ramin X hiuzestan 3.438,558 ) 0 767,752 6. 0.00 2957 . 286
Dorud Lorestan 47,116 26,075 S0 o 408 0.13 621 0.60
Nekah * Mazandaran 8,665,740 o0 672,202 1,707.788 40,212 - 13,27 12,761 . 12,35
Hekah Mazandaran 1,383,777 779 0 484,247 R [T X 1,883 .82
Mazandaran Total 10,049,517 779 672202 2192035 40,228 1338 14.644  14.17
Zahedan Sistan/Baluchestan 215,348 57,272 0 [ 1,523 0.50 2,316 2.24
Montazer Ghaem Tehran 3,044,134 7.807  1,024375 0 61,380  20.26 9,610 9.30
Montazery Tehran 4,409,121 4,222 - 1,172,019 o} 70,153  23.15 10,383 © 10.53
Rajai “Tehran 638,366 0 0 146,59t 17 000 565 055
Montazer Ghaem  Tehran 24,885 10,205 o 09 160 0.0 T 43 . 0.24]
Montazer Ghaem  Tehbran 224,635 1,206 0 63,309 19 6.0l 273 0.26
Rei Tehran 3,127,199 27,210 0 1,174,039 436 .14 5169 5.00( .
Kilan Tehran 539,486 0 0 55,359 1 0.00 598 0.58) .
Shariaty Tehran 410,480 2234 . 0 186.999] . 36 0.0t 773 0.75
"Tehran Total 13,314,306 52,884 . 2.196.3%4  1,726.297 132,187 43,63 28,114 2720
Kermenshah Yezd 58,285 27,731 0 S0 434 0.14 (660 0.64
Yazd Yazd 49,535/ 21,170 o S0 332 0.1 504 .. 049
Yazd Total 107,820 48,901 . - 0 0l 766 0,23 1,164 1.13
All Total 55.870.574 4,869,860 10,588, 557] " 100,00] 103,242 100.00
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Table 6.11 Esiimation of Emission Volume from Petroleum Refineries

Crude Processing Capacity

S50x Emission

NOx Emission

Refinery Province : Share 1992 Share 1992 Share
(BPSD) (%) | (10001/v1) (%) | (1000t/yr) (%)

Tehran Tehran 220,000 21.85 33,800 * 20,76 2,374  21.85
Bakhfaran  Bakhiaran 27,000  2.68 4,371 2.69 201 2,68
Tabriz Azaibayjan-East . B0,000 794 14,520 * 892 B63 194
Isfahan Isfahan 240,000 23.83 38,853 23.87 2,590 23.83
Shiraz Fars’ 40,000 397 6,476 3.98 432 397
Abadan Khuzestan 380,000 37.74 61,518 37.79 4,101 37.74
Lavan Hoérinozgan 20,000 1.99 3,238 1.99 216 1.99
Total. 1,007,000 100.00 162,775 100.00 10,868 100.00

.Note : Following assumption was made on estimation

SOx emission rate
NOx emission rate
Operating efficiency

3.6 kgfton crude,
0.24 kg/ton crude
0.9(330 days/y)

Crude specific gravity 0.857
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6.3.2.2  Mobile Sources

There are also articles in newspapers reporting the current status of air pollution gencrated by

mobile sources.

"I'chran has two million vehicles of all kinds plus 800 thousand motorcycles. The annuall
gasbline coﬂsumption of Tehran is 150 million liters. Gasoline and gas oil are the main sources rof
pollutants. Sixty-five percent of the air pollution is ‘caused by these hearly two' million vehicles
moving in Tehran. Passenger cars emit 1.32 million tens,.and public buses emit 14.4 thousand tons
of pollutants. The amount of lead released in the air is 1,800 t.ons per year, mostly from gasoline
engines. Ea’ch'éitizen receives about (.5 grams of lead, which is much too dangcrous. Lack of
public transportation facilities force the people to use old private cars with incomplete fuel
combustion. Unfortunately, "Paykan,”" which is the national car manufactured for 25 years, is not
cquipped with an advanced fuel system and produces 7 to 9 times more pollutants than modem cars.
‘Base:d on UN | report in 1992- Tehran was ranked first in THC and SPM concentration, and second in
S02 concentration in thc air (Sec Table 6.6). The concentration of hydrocarbon in the air I‘CdCth 249
grams per cubic meter. Besides the 65% of vehicle pollution, 26% comes from industries and 11%
from household heaters." (Ref. Hamshahri, Aug. 4, 1993: "Breathing Gets More Difficult Day by
Day")

According to the report prcparcd n Fcbr'uéry 1993, titled “Compféhénsive Plan for Contrblling
the Air Pollution in Tehran" by the 'I‘cheran Traffic Control Center affiliated with the Mumc;pahty of
Tehmn there are 1.5 million motor cars m()vmg in Tehran in a day which are responsible for 70% of
total air pollution, and incomplete combustion, which is the result of a shortage of spare parts and the
height of the city from sea level, contributes greatly to the air pollution in Tehran. And accdrding to
the survey by "Urban Development Organization and Tchran Univcréity" (_1990) regarding sound
. pollution in Tehran, " the source of the sound in Tehran is 2 million vehicles running daily; of which

260 thousand are motorcycles....."
(1) Emissions of Pollutants from Mobile Sources

S0 is emitted through combustion of fuel which contains sulfur, and the extent of emission is
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ruled by the amount of sulfur content, The actual cmission is composcd of various forms of sulfur-
oxygen compounds, the so-called SOx (Sulfur oxides), and among them SOz is usually regarded as a

representative substance because of its stronger effects on the respiratory organs.

NOQ3 is emitted through combustion of any type of fuel, the so-called "Thermal NOx (Nitrogen
oxides)": In addition, the so-called "Fuel NOx" is released in the gas phase of fucl which contains
organic nitrogen. Among the NOx family compounds, NO2 is usually regarded as a representative
substance because of its 'rclatively stronger effects on the respiratory organs. The "Thermal NOx"
formatiori is highly temperature dependent; the higher the combustion temperature, the better the
energy cfficiency. Therefore, it is necessary to investigate sophisticated combustion equipment with

less NOx emission.

CO is emitted through combustion of fuel with insufficient oxygen supply. CO emission is
mainly controlled by good combustion control with well arranged engines, which also brings an
¢conomic benefit in the use of vehicles. The vehicle owners are responsible for taking these

measures.

THC is emitted not only through the combustion of fuel, but also through the refining, delivery
and consumption: pfocéSscs of oil and its derivatives, which contain volatile solvents. Among thesc
emissions, fuel consumption by motor vehicles is -considered major. Because of the difficulty in
eliminating THC emission from motor véhiclcs, it may be incvitable to allow a certain amount of

emission,

SPM is emitted through either imperfect combustion of any type of fuel or the fuel's
inflammable content. In addition, there arc many other sources of generation, such as soil dust,

pollen of plants and other natural and artificial phenomena,

Smoke is emitted through combustion of any type of fuel by a mechanism similar to SPM
ernission, though smoke .paﬂiciles are larger than those of SPM. Measures to control smoke

emission are almost identical to those of SPM.

Pb is emitted from motor vehicles which use a special gasoline with tetraethyl lead additives.



This substance is reported to cause a cercbral injury in infants,
(2) Estimation of Motor Vchicle Stock

Energy consumption in the transport sector is shared by four different modes: ship, airplanc,
railway and motor vehicle. | Among theése modes, the first three are generally operated in temote
locations from urban areas, and may affect human life less scriously. Most environmental concerns
related to the transport sector are focuscd on air polluﬂon as a result of cncfgy consumption along the
shuttle lines of the tfansport network. Therefore, in this study, thc influence of the motor vehicles is

mainly discussed,
1)  Vehicle Stock in Iran

No comprehgnsivc statistics regarding the vehicle stock in LR. Iran are available. According to
some published Statiétics available in L.R. Iran and Japan, the t(_)'tal_ number of motor vehicles has
been increased up to about 2.6 million in 1990, seven times as much as 20 years ago, of which
passenger cars account for 74%, and buses and trucks account for 26%. This figure gives an

impression of underestimating the number of vehicles which is widely spoken of.

In this study, the vehicle stock is presumed based on the fucl consumption of the transport
sector in I.R, Iran, which is scparétcly estimated in the energy balance table (See APPENDIX).
Given the average fuel consumption and average annual travel distances of the motor vehicle, the

number of motor vehicles can be estimated by the following equations:

N=F/AF
AF = UF * AT (kcal /y * Vehicle)

where,

N: Number of motor vehicles(Vehicle).

F: Fuel consumption of national total (kcal /y)
AF: Annual fuel consumption per vehicle on average (keal /y)
UF: Unit fuel consumption per vehicle average (kcal /km)
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AT: Annual travel distance per vehicle average (km /y)

"UF" in L.R. Ifan has not been announced officially, so it is inferred as follows from 1970
Tapanese data when the regulations on exhaust gas cmission were not yet in cffect. This assumes that
the present situation of vehicles in LR. Iran is much similar to that of the ycar 1970 in Japan, since

almost no exhaust gas regulations have been enforced yet in IR, Iran.

Passenger car: 954 kecal /km (by gasoline)
- Bus: : 2,943 kcal /km (by gas oil)
Large truck: 2,484 kcal /km (by gas oil)

-~ Small truck: 1,121 keal /km (by gasoline)

Then; aésuming that the ratio of the number of passenger cars to small trucks is given at 4:1,
and the ratio of buses to large trucks is given at 1:1, the complex average "UF" by fuel type is
calculated as follows, since the classification by fuel type is necessary to apply the formula to deduce

the nuinber of vehicles based on the energy balance tables.

Gasoline car: 987 keal /km (=(4 * 954 + 1 * 1,121)/5)
Gas oil car: 2,714 kcal km (=(2,943 + 2484} /2)

"AT" by the type of vehicle in Japan is given by "Outline of Energy Statistics in Transport
Sector, Miniétry of Transportation of Japan" as of 1970. According to this, average travel distance of
motor vehicles thraughoﬁt the year(AT) in Japan shows very litile change for the past 20 years,
which is around 11,000 km fy, as if it were an inherent index of the country. The same index of the
USA is about 16,000 km /y. "AT" of the other Western couniries in 1988 are presented in "Fuel
Efficiency of Passenger Cars, [EA 1991" as follows: |

Japan: 11,000 km/y
USA: 16,000 km/y
Australia: 15,800 km/y
Canada: 17,200 km/y (as of 1987)

Denmark: - 15,800 km/y
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Italy: 11,700 km/y
Netherlands: 16,100 kmy/y
Portugal: 8,800 km/y
Spain: 14,200 kmy/y
Sweden: 14,000 km/y
Switzerland: 15,000 km/y
UK: 16,000 km/y

The index of "AT" in L.R. Iran was assumed as 14,000 km/y by averaging the figurcs of Jap'ln
and the USA. Firstly, an andiog,y of the national vehicle distribution was drawn between I.R. Iran
and Japan. LR. {ran has an more uneven vehicle distribution between urban and rural areas. Most
vehicles run in urban areas where an average journey tends to be shorter, whereas an average journey
naturally becomes longer as the size of the country gets bigger. | Secondly, both I.R. Iran and the
USA do not have sufficient mass transit facilitics for commuter traffics which may cause "AT" bigger

than that of Japan.

Thus, "AF" by fuel type in I.R. Tran is calculated according to the aforementioned formula of
"UF" and "AT" as follows.

Gasoline car:  13.82 Gcal /y (=987 (Kcal /km) * 14,000 (km /y)
Gas oil car: 38.00 Geal /y (=2,714 (Kcal /km) * 14,000 (km /y)

Then, the vehicle stock in LR. Iran is cstimated by applj;'ing the ‘above "AF" valucs to the
annual fuel consumption data shown in the energy balance table, where the energy requirement for
trains is considered negligible small compared with road transport, though the figures in the table

represent the "Road and Train" division overall. The result is shown in Figure 6.4.
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Figure 6.4 Vehicle Stock in L.R. Tran
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The vehicle stock in the whole nation of L.R. Tran is estimated at about six mitlion, and has
increased 8 times over the past 22 years. The vehicle type composition in the year 1990 is assumed

as follows:

Passenger car: 3.5 million (58 %)
Smatl truck: 0.9 million (14 %)
Large truck: 0.8 million (14 %)

Bus: 0.8 million (14 %)

2)  Vehicle Stock by Province

The vehicle stock by province is estimated by assuming that the numbers of vehicles are
distributed in proportion to the urban population of cach province according to the following
regression:

logY=m * logX + b
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where :
Y: Vehicle number by province (1,000 Vehicle)
X Population of urbanized area (1,000 People)

m and b: Exponential regression coefficients

According to this estimation with some modifications on Tehran City as explained later in this
chapter, the Tchran Metropolitan Province has a remarkably large share of 34%, about 2 million in
the Province overall and 1.8 million in Tehran City, followed by Khorasan with the capital city of

Mashhad, Isfahan and Azatbaycjan-c-Sharqi with the capital city of Tabﬁz(T able 6.12).

Besides the motor vehicles estimated above, a lot of rﬁotorcyclés arc’ commonly uscd in the

urban arcas. For exampic it is rcponcd by Hamshahn on Aug 4, 1993 that approximately 800
thousand miotorcycles are now in use in Tehran. '
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Table 6.12 Vehicle Stock by Province

_ (as of 1980)
- Province Urban Gasoline Car| Gas Oil Car | Vehicle
' Population Stock ~ Stock Stock

Tehran 6,850,665] - 1,754,400 298,581 2,052,981
Khorasan 1,701,869 416,298 135,700 551,998
Esfahan’ 1,350,057| . 325,408{ . 119,140 444,548
Azarbayejan-e-Shargi | 1,354,134 326,011] . 118,890 444,901
Fars o - 848,289 190,974 90,704 281,678
Khuzestan - 836,033 - 189,502] . 89,943 279,635
Markazi | ' 808488]  184,069] 88,217 272,286
Mazandaran 23300 - 135,880 . 75890] 211,751
Bakhtaran - . 560,514 120,796| 71,368 192,164
Zanjan | | 463,852 96,558| 63,965 160,523
Azarbayejan-e-Gharbi . 416,089 - _85,561 60,067 145,628
Lorestan 292,471| . 81,102] . 58,070 139,172
Hamadan o 376,139 78,616 - 56,660 135,275
Hormozgan - 302,463]  60,602] . 49,946 110,547
Gilan o 290,897 - 59,406 48,831 108,238
Sislan-va-Baluchestan | 281,923|. 58,913 47,954 108,867
Kerman 257,284 54,177 45,483 99,660
Yazd 230,483{ . 48,856 42,678 91,534
Kordestan | 204,537 43,767 39,829 83,596
1Bushehr 201,642 44,919 39,502 84,421
Chaharmahal-va-Bakhtiyar 63,495 - 9,448 20,242 29,690
Semnan | 61,021 10,714 19,782| = 30,496
llam & Boyerahmad-va-Koll ~ 58,211] 9,953 23,557 33,511
© TOTAL | 18,342,856| 4,386,000 1,705,000, 6,091,000
Sources *1 ‘ =

*1: A Statistical Reflecuon of the Istamic ﬂepubllc of Iran, No. 9 {Census of 1986)
*2: MotorVehuc!e Statistics of Major Gountries, Japan Motor Induslry Assoc. and iran Yearbook ‘93

(Note) - Correlations between the vchfclc_stock and urban population appear

very impressive, much more intensive than those of the vehicle stock
and the total population according to the analysis by regressions for 47

Prefectures in Japan as shown in Figurc 6.5.
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_ Figure 6.5 Correlation between Vehicle Stock and DID Population in Japan
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Table 6.13  Regression of Cocfficients
logY¥=m *logX + b ~ Veh. Stock Rate/1,000
Year R m b 5 Total Pop. DID Pop.
1960| 0.951659] 0.818576| -0.778097 20 46|
1965| 0.953576]  0.761698| -0.078385 70 146
1970 0.951867] 0.659048| 0.576853 158 - 295
1975| 0.948035] 0.607138{ 0.930702 246( 432
1980 0.942128| 0.585632| 1.100327 315 528"
1985 0.943919| ~0.584706| 1.183054 376 621
1990| - 0.949886| -0.602652| 1.204787| , 460 728

R=Correlation coefficient
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The above formulas arc drawn from the statistical records of seven years with five year
intervals in betwcen, which show a gradual change in the growth of vehicle stock rate per capita, The
vehicle stock rate per capita has steadily grown from 20 per thousand people of the total population in
1960 to 460 in 1990 and 46 per thousand people of DID (Denscly fohabitant District or  Area)
population in 1960 to 728 in 1990. |

In L.R. Iran, on the other hand, the vehicle stock rates are estimated at 123 per thousand of the
total population and 332 per thousand of DID population in 1990, which resembles the situation in

Japan in 1970.
3)  Vehicle Stock in Tehran

.Applying directly the regression formula of Japan in 1970, log Y=0.659*logX+0.577, to the
estimation of provincial distribution of vehicle stock in LR. Iran, the share of Tchran City occupics
about 20% of all types of vehicles; this share corresponds to 1.2 million vehicle stock, but seems too

smatl compared to the frequently quoted figure of a total stock of about 2 million in Tehran City.

~ Other information related to vehicle stock by province is that Tehran shares 40% of the whole
gasohne consumptmn in LR, Iran, whereas Tehran shares at most 18% of the total population and
36% of DID popuiation. This excessive share over dcmographlc parameter 1mp11es that therc are
some unidentified factors that drive gasoline cars to concentrate on Tehran more densely than a
normal distribution trend.  This conspic'ﬁbus characteristic of Tehran may be caused by her
outstanding size among all the cities of IR [ran, such as that the population of Tehran City was
about six million in 1988 whercas Mashhad City, the second largest, has a mere 1.4 million, which is
only one fourth of Tehran, Extreme concentration of urban population usually brings the city a
dominant function as the center of administrative and intellectual activities which are often categorized
as the tertiary'or scrvice. industry. This category of industry, in general, requires a large amount of
manpower that increases the need for pcrsonal travel in urban areas. This is a presumption why
Tehran attracts so mdny gasolmc cars, though there is no direct key available at this moment to

identify the exact distribution of the vehicle stock by province.
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Therefore, the vehicle stock by provinee is estimated by assuming that the distribution pattern
of vehicle is scparate.d into two categories, gaéolinc cars and gas oil cars, and the gasoline car stock
can be estimated by modifying provincial distribution of DID population in order that the share of
Tehran meets 40%. The rest of ‘vehicle stock, gas oil cars, is estimated by applying the same

regression formula as that of Japan in 1970, as shown below:

log¥=0.57858 *logX - 0.38764 (Correlation Coefficient: 0.947)
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6.4 Emission Analysis on Air Pollutants and Carbon Dioxide
6.4.1 ~  Past Trends of Emission Volume

(1) Method of Estimation

1) Emissieﬁ by Energy Consumption

Past trcnds.of the emission volume of various pollutants were estimated on the basis of the
criergy balance table. that is shown in the APPENDIX. On the energy balance table, production of
energy is shown in the upper patt of the table and the energy consumption in conversion sector and
final demand. is placed on the lower part so that the production, conversion and final. demand can be

compared on a yearly basis.

To estimate the total emission of air pollutants and carbon dioxide from the econdmic activity of
the country, the final cnergy demand for the various sectors and the energy supply to the conversion
scctors were featured. The sectors which consist of the final encrgy demand are classified into the
industrial sector, transportation sector, agricuitural sector, and residential and commercial sector. The
convcrsioh sector includes refineries and power plahts. Each energy requircment of these sectors

was picked up by fuel type from the cnergy'balanoe table.

The emission volume was computed as the product of the energy consumption and the emission
factor, or emitted volume of pollutant for unit fuel consumption, defined by fuel for each sector. By
using this method of calculation, the emission volumes of two kinds of air potlutant, SOy and NOy,

and one greenhouse-effect gas, COz, were estimated. The emission factors used for calculations are

shown in the APPENDIX,

~ Figure 6.6 shows the energy consumption by sector in the country. The graph indicates that
the total energy consumption has been increased about 4 tinies during the period from 1971 to 1990.
‘In tecent years, the energy consumption in the conversion sector and the industrial sector show a

tendency to increase rapidly.
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Figurc 6.7 shows the cnergy consumption by fuel type. As shown in the figure, the sharc of
petroleum product in the total energy consumption has always been the biggest. However, recently
its rate of growth has become smaller than that before 1985, In contrast to the growth rate of
petroleum product, the energy consumption of natural gas-has been increasing at higher rates since

1985 though its share of total cnergy consumption is still small.
2)  Emission from Flared Associated Gas in Qil Field

Separate from the calculation described above, emissions from the flared associated gas in oil

ficlds has been estimated and compared with emissions from economic activitics of the country.

The volume of flared natural gas was taken from the OPEC Annual Statistical Bulletin, The
contents of H2S in the flared gas was assumed fo be 4% for the SOx emission calculation. For the

other emissions, NOx and CO;z, the emission factors for natural gas shown in.the APPENDIX were

used for calculation.
3) | CO2 Emission from Cement Industry

In addition to this calculation, the emission volume of CO; from the cement industry was also

calcutated and compared with the volume from the other sources. The 3peci'fic consumption of
limestone as a raw material for the production of cement was taken from the Japanese average value
of 1.14 tons limestone / 1 ton cement. Then, the CO2 emission factor through the processing of

limestone was set to 0.2 ton CO2 / 1 ton Hmestone .

(2) Emission Volume by Scctor
The historical trends of SOx, NOx and CO2 emissions calculated in the country by sector are

shown in Figure 6.8 through Figure 6.10. All:the“ calculated values are alsc shown in the
APPENDIX as a reference. ) - '
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Fig. 6.6 Encrgy Consumtion by Sector ; LR, lan
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1) SOx

As shown in Figure 6.8, total emissions increased about 6 times during the pcriod from 1970 to
1990. The industrial sector and the conversion sector showcd cxtremc growth in SOx emissions. In

1990 the emission votumc from these two sectors represented 60% in the total. Tn the agricultural

sector and the rcs1dcntiallcommerc1al sector, SOx emissions arc increasing as energy consumption in

‘these scctors rises.
2)  NOx

As shown in thurc 0. 9 total crmssmns mcrcascd about 5 tinies during thc penod from 1970 to
1990. The most sagmﬁcont increase m N()x cmtssmm is 1ccogmzcd in thc transportatlon sector.
This single scctor has about 60% of thc total. Thc conversion scctor is the btg contributor to NOx

emissions next to the transportatmn sector. The volumc of emissions from thc conversion sector is
increasing moderately. In the industrial sector, the volume of emissions has been constant in recent

years.
3) CO:
As shown in Figure 6.10, total emissions increased about 4 times during the period from 1970

to 1990. The emission volume in every sector increased in' accordance with the risc in fuel

consumption, Regarding CO2 emission volume, the trend shows a diffcrent aspcct from "those of
SOx and NOx emissions; that is, the sharc emitted from residential and commercial sectors is still

relatively large.
(3) Emission Volu'me‘by Fuel

The htstonCdl trcnds of SO x, NOx and COz cmlssmns calculated by fucI type are also shown in

the APPENDIX. Figure 6.11 through Figure 6 1’3 plot rcsults of thc emissions calculattons
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Fig. 6.8 SOy Emission by Sector ; L.R. Tran
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1) SO«

The upper graph of Figure 6, 11 shows SO emissions by fuel ( solid fuct petroleum, natural
gas and non-commercial fuel ). As can be seen, almost all of the SO, emissions arc caused by the
consumption of petroleum products. The lower graph (on enlarged scale) of the Figure shows SO«

emissions from fuels, excluding pctfolcum products and solid fuel.
2)  NOx

The upper and lower graphs of Figure'6.12 show NOx .emissions_ by fuel and from fuels
excluding petroieum'products'and solid fucl. Asin the case of SOX"cmissi(.)ns, most of the volume is
emitted by the combustion of petroleum products. However, in contrast with the case of SO«
emissions, the share of natural gas has increased in accordance with the recent growth in

consumption.
3 COz

Figure 6.13 shows the historical trend of CO, emission by fuel. Like in the case of SOx and
NOx emission, the most part of the emission volume is emitted by the combustion of petroleum

products. The share of natural gas has a tendency to increase recenily.
(4) Emission Volume from Flared Gas in il Field

The flared associated gas | in -oil'field% of the country is estimated to be one of the emission
sources which can not be ovcrlookcd Figure 6.14 shows the historical trends of pnmary energy

requirement flared associated gas.

When the volume of flarcd assocmted gas 15 evaluated as energy con‘;umptlon it is comparable
to the total energy re:qum,ment in all the economic actlvmes of the country Due to the efforts of
utilization of assoc:1atcd gas, the growth rate of ﬂared volume has been rccently kept smaller than that

of energy consumptlon in the economic achv:tlcs of the country. As a result-of this cffoﬁ now the
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Fig. 6.11
SOx Fmission by Fuel Type;l. R, IRAN
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Fig. 6.12
NOx Emission by Fuel Type;l R. IRAN
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Fig. 6.13
CO2 Emission by Fuel ; .R. Iran
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amount of wasted cnergy of flared associated gas is very small in comparison with total energy
consumptlon in the country. In 1990, the wasted energy from the flaring was about 10% of the total
cnergy consumphon in the country. The flaring will be relinquished when the planned facilitics to

remove HaS from sour associated gas and to utilize it arc completed.
1) SO«

Figure 6.15 shows the historical trend of SOy emission volume from flared gas. ‘The most
critical emissions from flared gas arc SOx cmissions. Most of the p_rOduccd associated gas is either
consumed or re-injected to oil reservoirs. The associated gzis which has a high content of H2S has to
be flarcd because it can not be utilized at the moment. Therefore, SOx emissions from flared gas are

supposed to be serious.

For the estimation of SO cmission from flared associated gas, the averaged content of H2S in
the gas was assumed to be 4% as described before. The result of the calculation shows that the
volurme of SOx emitted from the flaring associated gas is estimated to be almost the same as that from

the total energy consumption in the country in 1990.
2). NOy

Figure 6.16 shows the historical trend of NO emission volumes from flared gas. In estimating
NOx emissions from flared gas, the emission factor of flared associated gas was assumed to be the
same as that of natural gas.  On the basis of the results of calculation, it is cstimated that total

emissions of NOy from flared g ga_s-ls very little com_pared with that from other sources.
3) o

Figure 6.17 shows the htsioncal trénd of CO2 emission volume from flared associated gas in

_the country CO; emissions are estimated to be cqulvalent fo about 10% of the total CO2 emissions

from-other sources in 1990,
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Fig. 6.15

SOx Emission from Flared Natural Gas and Other Sources / I R. IRAN
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Fig. 6.17

CO2 Emission from Flared Natural Gas and Other Sources / | R. IRAN
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4)  COy Emissions from the Cement Industry
In considering CO2 emissions in the country, ‘th_c-: prdccss of comeni production has to be
counted as one of the major sources. Table 6.14 shown below and a graph on Figure 6.18 show

CO; emissions from cement production in the country.

Table 6.14 CO2 from Cefr_lent Production -

_ Cement Production |CO2 from Cement '

" Year (Million'ton) . | (0.12 Carbon ton / Cement ton)
1976 7375 0885
1977 7706 0.925
1978 7.150 0858
1979 7620 | 0914
1980 7.895 . 0.947 -
1981 9,231 | 1108
1982 | 10.001 | 1.200
1983 10.912 1.309
1984 11.803 1.416
1985 12.095 1.451
1986 11.273 1.353
1987 12,618 1.514
1988 12.118 1.454
1989 12.830 1.540
1990 15.150 1.818

Source : Ministry of Industry (.I.R.Iran)

CO, emissions from cement production can be estimated from the volume of production of

cement and the unit consumption of limestone through the process. In this study, the annual cement
production record in I.R. Iran and the Japanese example data of unit consumption of limestone were

used for the estimation.
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6.4.2 Factor Analysis

The emission historics of SOx, NOx and CO; were analyzed by means of a factor analysis.
The factors of fucl type, energy intensity, cconomic growth and population gmwth were sclected for

the analysis.
6.4.2.1 Air Pollutants

The basic equations for factor analysis on SOx and NOx emission are shown below. The basic

equation one for factor analysis on SOx emission is as follows;
dSOx(1Y/S0x(i) = dF/F + dS/S + dI/l + dG/G

(SOx(iy/Fy*dF  :Fucl Control Factor (Fucl Improvement and Sulfur Intensity)

(SOx(i)/S)*dS  Fuel Conversion (Switching) Factor
(SOx(i)/E);"dI : Energy Inténsity Factor
(SOx(i)/G)*dG  Beonomic Growth Factor

F = SOx()/E(i) (E(i): Energy Consumption of i-fuel})

S = E(iyE  (E :Total Energy Consumption) |

I = E/GDP

G = GDP

The equation for factor analysis on NOx emission is as follows;

dNOX(i)y/NOx(i) = dF/F + dS/S + dI/I + dG/G

(NOx(i)/Fy*dF : Fuel Control Factor (Burning Efficiency)
- (NOx(1)/S)*dS : Fuel Conversion (Switching) Factor

(NOx(i)/E)*dl : Energy Intensity Factor

(NOx(i)/G)*dG : Economic Growth Factor

F =NOx(iyE(i) (E(i): Energy Consumption of i-fuel)
S  =E@yE (E: Total Energy Consumption)
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I = B/GDP
G =GDhP

As can be seen above, the fuel contro! factor means the factor of emission per unit cnergy
consumption forl cach type of fucl. And, the fuel switching factor means the factor of the share of
enetgy consumption in the total energy for each type of fuel. Energy intensity factor and economic
growth factor mean the factor of cnergy consumption per GDP and the factor of GDP growth,

respectively.
(1) Sulfur Oxides
1)  General trend of SOx emission

Figure 6.19 shows results of the factor anélysis for total SOx emission in the county for the
period from 1971 to 1990. Duc to the rapid increase of energy intensity, or energy cbnsﬁr’nption per
GDP, the annual SOx emission started increasing rapidly from 1980. The increase rate of annual
S0x emission has declined since 1985. This tendency to decline is estimated to be the result of fuel
switching. The fuel switch in thc.country means switching from petroleum products to natural gas.
The factor had been almost constant untii 1986,but  started decreasing in the following years,

showing the advancement of switching.

The energy intensity factor is bascd on average encrgy consumption per unit GDP. It shows a
constant rise in accordance:with thc growth of consumption of petroleum products. In the period of
1989-1990, it shbws an exceptional decrease. However, it is difficult to 'int.crpret it as a change in the
trend. The additional time-serics data after 1990 is required for fu’rther evaluation. The main positive
contributor to'SOx emission in 1990 is the factor of encrgy intensity, that means a 88% contribution
to the total. The main negative contributor is the factor of fuel switching, which is a -14%

contribution to the total.

2)  SOx emission from petroleum products

Figure 6.20 shows results of factor analysis on SOx emission from petroleum products. As
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petroleum products arc the major source of SOx emission, the characteristics of the results of factor

analysis are almost the same as that of the total cmission.
3) .SOx cmission from natural gas

Figure 6.21 shows results of the analysis on SOx emission from natural gas consumption. Due-
to, th'c'compl_ction of fucl switching, the consumption of natural.gas has been growing since 1986.
However, the growth ratc of total encrgy consumption is still greater than that of natural gas, which

mceans that the share of natural gas in total cnergy cohsumption has increascd only slightly;

For 1990, the factors contributing to SOx emission from natural gas are the factors of fucl
switching and encrgy intensity. The sharcs of the contribution of these factors are 46% and 33%,

respectively. There arc no factors accounting for a negative contribution.
4)  Japanese example

The Japanese example of factor analysis on SOx emission from 1970 to 1990 is shown in
Figure 6.22. In Japan, the total emission volume decreased rapidly from 1970 to 1980. Although it

continued to decline in the foll(').wing years as well, the rate at which. it dectined has been moderate.

The biggest contributing factor forward the decline is fuel switching from high-sulphur to low-
sulphur fuel oil. The decline in energy intensity a already been saturated in Japan and thercfore not
been a major factor of negative contribution. The contributier share of fuel switching, cn:rgy intensity

and economic growth factors to SOx emission were -111%, -12% and +22% in 1990, respectively.
In contrast with Iran, the factors of fuel switching and energy intensity have shown opposite

trend in Japan. The trends of thesc two factors have been major negative contributor to SOx emission

in Japan, while they have béen positive contributors in LR, Iran,
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(2) Nitrogen Oxides
1) General trend of NOx emission

Figure 6. 23 shows a general trend of NOx emission in the country. The graph shows that the
gencral trénd of NOx emission is similar to that of SOx emission. The major cause of increase in
total NOx emission-is the increase of energy intensity. It has been growing throughout the period

indicated on the graph except during 1989 to 1990.

The factor of burning cfficiency which means NOx intensity (emission volume per unit energy
consumption) has been almost constant throughout the period. Although the effect of fuel switching

can be recognized during the period; it is not as significant as in the case of SOx emission,

The main factors contributing to NOx emission in 1990 are the factor of energy intensity on the
positive end and the factor of fuel switching on the negative end. The shares of contribution arc

+84% and -11%, respectively.
2)  NOx emission from petroleum products

Figure 6.24 shows the results of the analysis on NOx emission duet petroleum products
consumption. As in the case of SOx emission, the trend of NOx emission from petroleum products
is almost the same as the general trend because it accounts for a major part of total energy

consumption in the country.
3)  NOx cmission from natural gas

Figure 6.25 shows the results of the analysis on NOx emission due to natural gas consumption.
As in the case of SOx cmission, there is no factor that reduces NOx emission duc to natural gas
conSumpﬁon. Though its bufhing efficiency has been improved since 1987, natural gas’
contribution to NOx emission in 1990 was still a positive value of 8%. The factor of fuel switchihg
has shown a positive shi_ft since 1986 because switching involves the conversion to natural gas from
petroleum produ_cts.- :’I’hc'contributioh sharé of thé factor was +48% in 1990. It accounts for the

greatest share among all the factors. The second biggest contributing factor is the factor of energy
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intensity, Its contribution share in 1990 was +35%.
4)  Japanesec Example

The factor analysis on NOx emission from 1970 to 1990 in Japan, is shown in Figure' 6.26.
Total NOx _émission‘ in Japan has been decreasing since 1970. However, its rate is not as big as that
for SOx emission. This indicatcs that the effect of fuel switching on NOx emission is not as great as

that on SOx emission.

~ ‘The factors accounting for a negative contribution to NOx emission in 1989 are the completion
of fuel switching and the improvement of energy intensity. The shares of these factors are -191%
and-111%, respectively. These negative contributions overcame the big positive contribution of

+203% accounted for by the of .economic growth factor.
6.4.2.2  Carbon Dioxide

A factor analysis for CO2 emission in the country was conducted using the following factor

énalysis model.
dC/C = dS/S + dI/L + dG/G + dP/P

(C/S)*dS  : Fuel Switching Factor
(CA)*dl  :Energy Intensity Factor
(C/IGY*dG Economit':. Growth Factor
(C/Py*dP : Population Growth Factor
S=CO2/E  (E: Total Encrgy Consumption)
I= E/GDP

G=GDP/Capita

P:Population

Where, the factors represent the following:

S:  Fuel switching factor (CO2 emission per unit-energy consumption)
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I Energy intensity factor(energy consumption for unit GDP).
G: Economic growth factor(GDP per capita)

P:  Population growth factor

The result of the analysis is shown on ,Figu}e 6.27. The graph shows that the fuel switching
factor hardly contributes to reduction of total CO» emission at all, expect towards the end of the graph
where the factor decreases during 1989-- 1990 .- If the trend continues beyond this time period, that

means fuel switching (from petroleum products to natural gas) will be cffective in reducing CO2

emission in the country.

Looking at the graph, the increase in the energy itensity factors is the greatest positive
contributor to  CO2 emission in 1990. Its total contribution share is +85%., The second biggest

contributor is the population growth factor, whose share of positive contribution to CO7 emission in

1990 is +59%.

Data on Japan are also shown as reference. The factor analysis for CO2 emission in Japan is
shown on "Figure 6.28. The graph shows that total emission was almost constant from 1973 to
1986 owing to the reduction of énergy intenﬁty and the effect of fuel s.witchinig in spite of rapid
economiic growth. However, the effect of these factors reached their maximum in 1986 and the total

CO; emission started increasing after that.

The factor analysis on CO2 emission for the Japanese industrial sector was conducted using a

different model from that for total _emissionin Iran. The factor anéiysis model is as follow:
dCAy/C({) = dS(i)/S(i) +dI)1(3) + dG(i)y/G(i)

~ (CGY/S())Y*dS() : Fuel Switching Factor
(CGEY1(i)*di(i} :Energy Intensity Factor
(C(i)/G(i))*dG(i) : Economic Growth Factor
8(i) = CO2/E(Y) (E(i):Energy Consumption in Industry)
~I(i) = B(iy1IP
G(@) = lIP
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The result of the analysis is shown .on Figure 6.29(a). - The figurc indicates that the factors that
fuel switching factor and energy intensity factor are stitl cffective in the industrial sector, and the

emission of CO from the industrial scctor has been constant since 1973.

These results of the analysis show that the industrial sector has not been a main contributor to
CO, emission since 1986. The graph on Figurc 6.29(b) shows that " the power generation scctor and
transportation scctor have recently become the major contributors to CO2 emission in Japan,
6.4.2.3  Summary of the analysis

(1) Contributions of the factors on SOx, NOx and CO, emission

Thé contiibutions of the factors on SOx, NOx and CQ; crmissions are summarized in the tables

below,
. Table 6.15 (a) Factors Contributing to SOx and NOx Emission
' o [%]
0 L : NOx E
1. R. Iran .| Japan - L R. Tran Tapan
Total - Petroleum Gas| Total | Total Petrolewm Gas| Total
Fuel Control 13 13 12§ -11t * 12 .12 94191 * o
"Fuel Conversion -14 -8 33 - 11 8 48] -
Energy Infensity 88 83 46} -12 84 82 35j-111
GDP Growth .13 12 9] 22 15 14 8} 203

NOTE: Fue! Control Factor mean Sulphur Intensity for SOx and Buming Efficiency
for NOx ' '
*} In case of Japan, Fuel Control Factor includes Fuel Conversion Faclor.
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Table 6. 15 (b} Factors Contnbutmg CO2 Emission

[7]
I R. Iran Japan
Total jIndustrial Sector
Fuel Swithing {0} -17 -27
Energy Inlehsiiy 85| -41 -136
GDP Growth -4471 130 283
Pop. Growih . 59| 28 -

(2) Past Experiences in Japan and the World

As described before, contributions of the factors from 1975 to 1987 in Japan are re-written as

follows.
Change of Factors (%) S0y NOy COs
-Fuel Switching Factor 111 -191 17
Energy Intensity Factor _ -12 111 -41

In order to achieve changes in the factors, the past experiences in environmental protection

against pollutants emission in Japan and world need to be studied. Past trends of CO2 cmission arc

summarized as follows.
1)  Past Trends against SOx emission

- Ist stage : Fuel Improvement
_In the middle of the 1960s, the utilization of low-sulphur fuels reduced the volume of S0y

emitted. Efforts to reduce SOy conccntratlon in the atmosphere have.

- 2nd stage : Fluc gas control
In the 1970s, the number of FDG facilities increased established drastrcally The u’uhzahon of

natural gas expanded at the same time.
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-3rd stage : Energy intensity improvement
After 1975, improvements in energy efficiency has brought about a remarkable reduction in

cnergy intensity.
2)  Past trends against NOy emission

-1st stage : Flue gas control
In the 1970s, following the utilization of FDG facilities for SOy reduction, flue gas De-NOx

control for stationary emission sources was introduced.

-2nd stage : Exhaust gas control
After 1975, problems concering air pollution problem from mobile sources intensifies.

Exhaust gas control for automobile was introduced. i
-3rd stage : Combustion control _
In the 1980s, combustion control techniques such as Low NOx Bumner (LNB), Two Stage

Combustion Methed (TSC), Flue Gas Recirculation Method (FGR) and the use of catalyst s(OSC)

have been introeduced as the most cffective countermeasure for NOy reduction.
3)  Past trends against CO; emission

Past efforts on reducing CO2 cmission in the world is summarized as follow.

Improvement of Improvement of Energy
Carbon Intensity Intensity
Japan - _ - Since 1960s Since 1973
Industrialized Countries Since 1970 - Since 1973
Developing Countries Since 1975 Since 1978
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Fig. 6.19 Factor Changes in SOx Emission ; TOTAL
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Fig. 6.21 Factor Changes in SOx Emission ; Gas
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Fig. 6.24 Factor Changes in NOx Emission ; Petroleum
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Increment from the BASE YEAR

Increment Irom the BASE YEAR

Fig. 6.25 Factor Changes in NOx Emission ; Gas
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Fig. 6.26 Factor Changes in NOy Emission / JAPAN
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Factor Changes in CO; Emission / L.R. Iran
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Fig. 6.29(a) Factor Changes in CO2 Emission / JAPAN, Industrial Scctor
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Fig. 6.29(b) CO, Emission by Sector / JAPAN
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