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Preface

In view of the potential environmental consequences of continuing growth of
Asian metropolitan areas, the World Bank and UNDP launched the Metropolitan
Environmental Improvement Program (MEIP) in five Asian metropolitan areas -
Beijing, Bombay, Colombo, Jakarta, and Metro Manila. In 1993, Kathmandu
joined the intercountry program as the sixth MEIP city. The mission of MEIP is to
assist Asian urban areas tackle their rapidly growing environmental problems.
Presently, MEIP is supported by the governments of Australia, Netherlands and
Belgium.

Recognizing the growing severity caused by industrial expansion and increasing
vehicle population, the World Bank started the Urban Air Quality Improvement
(URBAIR) initiative in 1992 as a part of the MEIP. The first phase of URBAIR
covered four cities - Bombay, Jakarta, Kathmandu, and Metro Manila. URBAIR is
an international collaborative effort involving governments, academia, internatio-
nal organizations, NGOs, and the private sector. The main objective of URBAIR
is to assist local institutions in these cities to develop action plans which would be
an integral part of their air quality management system (AQMS) for the
metropolitan regions. The approach used to achieve this objective involves the
assessment of air quality and environmental damage (e.g. on health, materials),
the assessment of control options, and comparison of costs of damage and costs of
control options (cost-benefit or cost-effectiveness analysis). From this, an action
plan can be set up containing the selected abatement measures, for implementation
in the shorlmedium/long term.

The preparation of this city-specific report for Bombay is based upon the
collection of data and specific studies carried out by the local consultants, and

upon workshops and fact-finding missions carried out in April and August 1993,
and May 1994. A first draft of the report was prepared by Norwegian Institute for
Air Research (NILU) and Instituut voor Milieuvraagstukken (IVM, Institute for
Environmental Studies) before the first workshop, based upon general and city-
specific information available from earlier studies. A second draft report was
prepared before the second workshop, with substantial inputs from the local
consultants, and assessment of air quality, damage and control options, and cost
analysis carried out by NILU and IES.

This report contains the appendices to the main report.

Acknowledgements are presented in the main report. Here, the contribution from
the Air Quality Monitoring Section of the Municipal Corporation of Greater
Bombay (MCGB) is especially acknowledged. Their contribution of air quality
data, as presented in Appendix 1, was made available through Mr. V.S. Mahajan,
Deputy City Engineer and Mrs. J.M. Deshpande, Scientist in Charge of Air
Quality Monitoring.
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1,. Description of past and present measurement programs

Stations and parameters

The Municipal Corporation of Greater Bombay (MCGB) monitors the air quality
within the city limits, and Maharashtra Pollution Control Board (MPCB) monitors
air quality in the rest of Bombay Metropolitan Region (BMR). The MCGB has
adapted the United States Environmental Protection Agency (USEPA) designed
method to establish an air quality monitoring program. This includes determining
the frequency and procedure of sampling and analysis of the samples.

MCGB has measured ambient air quality regularly at 22 stations in Greater
Bombay over 15 years now. The pollutants measured are sulfur dioxide (SOz),
total suspended particles (TSP), oxides of nitrogen (NO.) and ammonia (NH3).
Ambient air quality is also occasionally measured at selected traffic junctions in
Bombay for SO2, NO*, carbon monoxide (CO) and benzo(a)pyrenes from total
and respirable particulates.

The MCGB air quality monitoring network in Bombay is shown in Figure 1.

There are few details available as to the location of these measuring sites, except
that they are located at fixed points, most of them on terraces of municipal
buildings, I0-I2 m above the ground. A few stations are located 3-4 m above the
ground. The stations are visited once a week and operated continuously for 24
hours, but the sampling period is 8 hours, giving three samples in 24 hours.
Sampling is performed 1-4 days a month and not necessarily on a fixed weekday.

Since 1978 NEERI (National Environmental and Engineering Research Institute)
has operated United Nations GEMS (Global Environment Monitoring System) air
monitoring stations in Bombay. These sites are also shown in Figure 1. At these
sites SO2, TSP and NO2 is measured. Monitoring was discontinued in 1988 and
recommenced in January 1990.

Both MCGB and NEERI monitor at Parel. The results are somewhat different, as

shown e.g. in Annex I, since the sites are not exactly the same, measurements are
done on different days, and analysis is done in different laboratories.

In 1991 and 1992 an afu quality monitoring program was performed at 7 stations
around the Thal RCF industrial complex south of Bombay. This study was co-
ordinated by Projects and Development India (PDIL) and RCF. The
measurements included TSP, SO2, NO* and NH3 on an 8 hourly basis.

Also in 1991 and 1992 measurements of air quality was performed at 5 stations
even further to the south around the Vikram Ispat Ltd, Salav Project site. The
measurements included TSP, SO2, NO*, THC and CO on an 8 hourly basis 8 days
in each two month periods. The measurement stations were located I-7 km from
the plant. There are no information as to which agency actually did the analysis.

NILU OR 56/95 App.
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Figure I: MCGB and GEMS air quality monitoring network in Greater Bombay
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Measurement and analysis methods

The measurement methods used by MCGB are listed in Table 1.

Table l: Meøsurement methods used by MCGB in Bombay.

Parameter Analysis method

Suspended particu lates (TSP)

Sulfur dioxide (SO2)

Nitrogen oxides as NO2

Gravimetric. High volume sampler.

Pararosaniline method.

SO2 is collected in midget impinger and absorbed in a
sol ution of TCM ( Potassi u m Tetrach loromerc u rate)

TGS Ansa Method. Midget impinger.

As part of the URBAIR study, a comparison of results of gravimetric weighing of
glass-fibre high-volume filters were canied out. Pre-weighted filters from NILU
were brought to Bombay, weighted, exposed (Z4-hour sampling), weighted again
and returned to NILU for last weighting. Also MCGB-type filters went through
the same procedure. The results were quite good, in that the net particle weight on
6 filters (net weight range 66.4-131.6 mg) (NILU figures) deviated on the average
about 4Vo (highest at NILU). Maximum difference was about 157o.

2. Analysis of measurement results

The Municipal Corporation of Greater Bombay (MCGB) has operated 22
measuring stations in Greater Bombay for the last 15 years. In addition NEERI
has operated 3 GEMS stations in the same period. At all stations SO2, TSP and
NO* is measured and in addition NH3 at the MCGB stations. The MCGB stations
are operated once a week, 1-4 days a month.

There are few details about the results other than annual mean concentrations.
Annual mean values for fixed 8 hour periods (1200-2000 hrs, 2000-0400 hrs,
0400-1200 hrs) for the period June I992-May 1993 are also given.

Total suspended particles (TSP)

Annual mean and 98th percentile TSP levels from the GEMSAIEERI stations are

shown in Figures 2 and 3. The TSP concentrations are well above the WHO
guidelines. In 1990 annual TSP levels were about 170-220 pg/m3 and 98th
percentile levels about 400-500 Vg/m3 at these stations.

Annual TSP levels at the MCGB stations are shown in Figure 4, for the period
1918-1990. These values are probably mean values from all the 22 stations in
operation. The 1990 level was 243 pglm3, a little higher than at the NEERI
stations. The 1990level was the lowest since 1984. The highest level, 383 ¡rg/m3,
was recorded in 1987.

Data from 18 stations from the period June I992-May 1993 show a mean value of
207 pg/mz, that means an evon lower level than in 1990, and about the same level
as during the period l9l8-I984, see Figure 5.

NILU OR 56/95 App.
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Data tables for all stations, with monthly average SO2, TSP, NO* and NH3 values

are enclosed as Annex tr to this Appendix.
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Figure 5 shows the highest annual concentration at the Maravali station
(313 ¡rglm:) situated in an industrial area. The Colaba, Sewree, Mahul and
Mankhurd stations observed the lowest concentrations (I18-144 Fglm:¡.
Compared to the year 1987, 1993-92 TSP concentrations has fallen 2O-30Vo at the
Worli Naka, Dadar, Parel, Sewree and Saki Naka stations, while there is no
change in the TSP level at the Sion and Chembur Naka stations.

Figures 6 and 7 show, as examples, the monthly averages at two selected sites,
Parel and Saki-Naka, for 1987/88 and 1992193. Similar figures for all available
MCGB sites for 1992193 are enclosed in Annex III to this Appendix. There is a
considerable variation in the monthly mean TSP concentrations as shown in
Figures 6 and 7. The lowest concentrations are measured during the months July-
September, the monsoon season. The highest concentrations are usually measured

during the months November-March. During the rainy season mean
concentrations are usually lowered by a factor between 2 and 3 compared to the
dry season.

There is a very little information available as to maximum 8 hour TSP levels. Data
from April l992,however, show maximum values much higher than the monthly
mean values, see Table 2. During April 1992 maximum 8 hour values varied
between 265 pglmz and 1 365 pglmt. Maximum values seems to be between 1.5

and 3 times higher than monthly mean values.

Figure 8 shows that TSP concentrations usually is about 307o higher during the
hours 1200-2000 than during the night time and during the morning period. This
is probably due to the general activity pattern. Why NO* and SO2 do not follow
this pattern, cannot be explained by available information.

NILU OR 56/95 App.
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Table 2: Concentrations of SO2, NOz, NH j ønd TSP from MCGB stations in
April 1992 (¡tg/ms).

A.M.: Monthly average conc. Max.: Maximum 8-hour conc
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Figure 8: I hour mean annual TSP, NO" and SO2 values (18 stations) for the
period June 1992-May 1993 (US/^t¡.
I = 1200-2000 hrs,2 = 2000-0400 hrs, 3 = 0400-1200 hrs

Sites so" NOt NHo TSP
A.M MAX A.M MAX A.M MAX A.M. MAX

1. Colaba
2. Babula Tank
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6. Sewree
7. Sion
8. Khar
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13. Ghatkopar
14. Bhandup
15. Mulund
16. Borivali
17. Tilaknagar
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21. Mahul
22. Mankhurd
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There are only a few TSP data available from highly exposed traffic sites in
Bombay. In 1991 and 1992,3 or 4 days measurements of SO2, NO*, TSP and CO
were performed at 6 trafficjunctions in Greater Bombay. TSP mean values ranged
from 480 Vglms to more than 1 300 ¡rglm: and maximum 8 hour values ranged
from about 550 Vg/mt to more than 3 100 ¡rg/m:. These values are considerably
higher than from the stations in the MCGB air quality monitoring network and
show that TSP could be a very serious problem close to the main roads. These
high values are probably caused by resuspension of road dust and not so much by
direct exhaust emissions from the cars.

In 1989-1990 Sharma and Patil (1991, 1992) did some measurements of mass

concentration of size-distributed aerosols using a quartz crystal microbalance
cascade impactor (QCM-CI). The instrument operates at a low flow rate (0.24
l/min) and separates the aerosols into 10 size fractions. The 5O%o cat-off sizes

varies from 25 pm to 0.05 ¡rm. For comparison conventional High Volume
Sampler was also used. These samples were analysed for size distribution by a

Centrifugal Analysing System (CAS) and Image Analyser System (IAS).

Samples were taken one day on hourly basis each week at two sites. Site 1 (CESE,
IIT, Bombay) is a relatively clean area and Site 2 (Hindustan Ciba-Geigy Ltd,
Bhandup) is a "mixed region" with highly polluting industries sumounded with
dense population. Site 2 was along the highway Lal Bahadur Shastri (LBS) Marg
with a peak traffic density of about 2 000 vehicles per hour. It is not clear if the
Bhandup site is the same as the Bhandup site in the BMC network, but from maps
it is obviously in the same region.

The TSP values collected by the high volume sampler were much higher than total
particulate collected by QCM-CI (<25 ¡-rm) for both sites: 180 and 541 pg/m3 by
high volume sampler as compared to 86 and 110 ¡rglm3 by QCM-CI. But the

cumulative percentage of particulates ( 25 ¡tm was approximately equal by the

two instruments. PM16 values (particles with diameter < 10 ¡rm) were about 85-

90Vo of total mass collected by the QCM-CI measurement method and the mass

segregated by the CAS/IAS analyser system (< 45 pm) on high volume samples.

This shows that PMro levels are much lower than TSP levels and that the

difference is highest in the most polluted areas where the mass of particles 2 45

¡rm dominates.

TSP high volume samples at Site I and Site 2 in 1989 were analysed for 2J
chemical species using inductively coupled plasma emission spectroscopy (ICP-
MS), energy dispersive x-ray fluorescence spectroscopy (XRF) and UV/VIS
spectrophotometry. Factor analysis applied on 19 marker elements extracted 7

factors indicating 7 major source types contributing to aerosol mass at the

sampling sites. It was found that soil related elements were attached with more
than one factor indicating collinearity of sources. However, results obtained
indicated many anthropogenic sources present in the region like ferrous and non-
ferrous industrial emissions, combustion processes such as refuse burning, oil and
coal burning, road transport and secondary emissions.

NILU OR 56/95 App.
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Table 3 shows the annual average concentrations of TSP and the 2l analysed
elements at the two sites for 1989. The concentrations were much higher at Site 2
than at Site 1, especially for TSP, Al, Cr, S, Si, V, andZn.

Table 3: Annual averag3 TSP and its components (ngm-3).

Component Site 1

Mean
Site 2
Mean

TSP-
Al*
As
Br
Ca*
cd
cl*
Co
Cr
Cu
Fe*
K*
La
Mg
Mn
Na*
Ni
Pb*
S*
Sb
si*
Sn
Ti
V
Zn
So+-'*
Nos-*
NH,+

130.21
2.31

273.60
244.20

4.82
35.70

9.13
25.70
39.00

290.80
2.95
1.27

36.70
705.60
401.90

5.87
35.00

0.55
0.94

86.80
3.s9

95.10
471.50
109.50
204.90

1.59
1.03

739.90

800.71
10.54

695.50
384.40

8.43
75.70
11.08
30.50

104.10
436.20

5.06
2.27

48.20
802.05
635.00

8.20
79.10

1.21
4.75

104.00
9.48

189.10
661.00
311.00
785.50

1.77
1.14

868.90

Background TSP levels

There are no data available from real background stations, but measurements are

performed south of Bombay both around the Thal RCF industrial Complex and

during the Vikram Ispat Ltd. Salav Project. Especially the Thal RCF data are

interesting.

During the l99I/92Thal RCF project TSP, SO2, NO" and NH3 were measured at

7 locations. The number of 8 hour observations ranged between 84 and l4l.
Arithmetic mean TSP values ranged between 79.8 pg/m3 and 117.6 pglm3 and

maximum 8 hour mean values ranged fuom 164 V9lmt to 234 Frg/m¡. Even though
local industrial emissions are supposed to contribute, the measured TSP levels
around the Thal RCF Complex are quite lower than at all MCGB stations in
Greater Bombay, pointing out the great importance of local emission sources in
Bombay.

NILU OR 56i95 App.
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SuIfur dioxide (SO)

Annual mean SO2 concentrations from the GEMS/I'.IEERI sites are shown in
Figure 9. The concentrations dropped significantly between 1980 and 1987 to well
below V/HO annual guideline levels, and increased substantially again in 1990,
but are still within the WHO guideline range.
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Figure 9: Annual mean sulphur concentrations at GEMS/NEERI stations
fus/*t¡'

Annual SO2 levels at the MCGB sites are shown in Figure 4. These values are
mean values from all the 22 stations in operation. The 1990 level was 18 pg/m3,
well below that at the NEERI stations. The 1990 level was the same as in 1987,
while the SO2 concentrations at the NEERI sites increased substantially from 1987
to 1990. The reason for this difference between NEERI and MCGB sites is not
known. The MCGB data from the period J:ur;re 1992-May 1993 show a mean value
of 22 pglm3, that is a little bit higher than in 1990.

Figure 10 shows annual mean So2 levels for the period June r992-May 1993.
These levels are ranging from 7 pg/ms at the Mankhurd station to 50 ¡rg/m3 at the
Bhandup site. These values are all within the V/HO guideline of 50 ¡rg/mr.

As shown in Figures 6 and 7, there is a quite similar seasonal variation for SO2
and TSP at the Saki Naka station, while this seasonal variation is not so clear for
SO2 at the Parel station. The reason for this is not known. It is also difficult to
explain why SO2 levels at most stations usually are higher during the late night
and morning period than during the rest of the day as shown in Figure 8.
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Available data from Apúl 1992 from 17 MCGB stations show maximum so2
values (8 hour mean values) between 13 ¡rg/ml and 96 Vglm3, see Table 2.

A few measurements at traffic junctions in 1991 and 1992 show mean values
ranging from 38 þElmt to lI7 $glmt at 6 stations and maximum 8 hour values
from 80 F9lmz to 162 Vglm3.SO2 concentrations at traffic junctions therefore
seem to be considerably higher than at the MCGB network. The Indian Guideline
value for short-term (24 hourly) in Industrial & Mixed Use areas is 120 Fg/m¡.

Air quality data around the Thal RCF Complex in 1991 and 1992 show mean
values from2.3 $Elmz to 5.1 Fglmt and maximum 8 hour values from I 1.4 pg/mt
to 24.8 Frg/m¡ at 7 stations. These values are considerably lower than in the
Greater Bombay area.

Nitrogen oxides (NO* as NO2)

Annual 98th percentile NO2 levels at GEMS/Ì.{EERI sites are shown in Figure 11
(annual mean levels are not shown in reports available at NILU). Annual 98th
percentile levels have dropped significantly from 1987 to 1990. Concentrations
are relatively consistent suggesting NO2 concentrations to be evenly distributed
throughout the city.
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Figure I l: AnnuøI 98 percentile nitrogen oxide concentrations at GEMS/NEERI
stations (US/*t¡.

Annual mean concentrations at MCGB sites are shown in Figure 4. These values
are probably mean values from all 22 stations. The mean value in 1990 was
40 pglmz, and the level has varied between 30 ¡rg/m: and 44 Fg/m¡ the last ten
years. MCGB sites NO* level has increased about lÙVo from 1987 to 1990, while
98th percentile values at GEMS/NEERI sites have dropped significantly from
1987 to 1990. As very little details about monitoring methodology and site
location are available for both monitoring networks, direct comparison of the data

NILU OR 56/95 App.
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is not attempted. MCGB data from lune 1992-May 1993 show a mean of
46 pglmt indicating that the NO* level still is rising.

Figure 12 shows mean NO* concentrations for the period June 1992-May 1993.

The levels are ranging from 20 Vglmz at the Mahul site to 83 ¡rg/ml at the Sion
site.

As shown in Figures 6 and 7 the seasonal NO* variation seems to be quite similar
as for TSP. The NO* levels usually are highest during the night time (Figure 8),

while TSP concentrations are highest at daytime and SO2 concentrations are

highest atlate night and morning hours.

Available data from April 1992 from 17 MCGB stations show maximum NO*
values (8 hour mean values) between 28 pglmt and 126 pglm3, see Table 2. The
Indian guideline value for 24 hours in industrial areas is 120 þElmt.

1991 and 1992 NO* measurements at some traffic junctions show mean values

from 56 V9lmz to 175 VE/mz and maximum 8 hour values from 83 V9lmz (Worli
Naka site) to 296 pglmt (VT site). As for TSP and SO2 these values are much
higher than at the MCGB monitoring stations, indicating traffic emissions to be

very important.

Air quality data around the Thal RCF Complex in 1991 and 1992 show mean NO*
values between 10.2 pglmt and 17.0 Vg/mz and maximum 8 hour mean values

between 28.0 pgmt and 52.2 V9lmt at 7 stations. These values are considerably
lower than in the Greater Bombay area.

NILU OR 56i95 App.
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Figure 12: Mean NO, concentrations at MCGB stations in the period June 1992-
May 1993 (us/*t¡.

NILU OR 56/95 App.



24

Lead (Pb)

Monthly mean concentrations of lead during the Air pollution survey of Greater
Bombay in l97l-I973 ranged from 0.4 Vg/mz to 2.4 Vg/mz.

Lead was monitored at the 22 MCGB sites during the years 1980-1987. The
Greater Bombay area was divided into 6 sub-areas; South Bombay, Central
Bombay, Western Suburb, Eastern Suburb, Petrochemical Complex and Urban
Clean (Borivali station).

This study showed an increasing trend in the whole area and the highest levels in
the Eastern Suburb zone. The annual mean levels ranged from 0.5 ¡rg/m: to
1.3 pglmt. The highest monthly mean level was 17.9 pglmz at the Mulund site in
October 1984.

As an example annual mean Pb concentrations in the Central Bombay area are

shown in Figure 13. Annual mean concentrations for 4 stations range from
O.2pglmz to 1.1 V9lmz. The highest level (probably mean monthly value) was

8.4 pglmz at Dadar in January 1985. The second highest level of 6.2 pg/mz was
recorded during February 1987 at Parel. The annual mean levels of Pb in this area

showed an increasing trend during the years 1980-1987. From 1980 to 1987 the
annual mean Pb level nearly doubled.

There is no information available about Pb monitoring at the MCGB stations after
t987.

Monitoring undertaken in 1990 at the GEMS/INEERI sites indicates that annual

airborne Pb levels have fallen significantly since the 1970's to between 0.25 pg/mz

and 0.33 Vglm3, well below the V/HO guideline of I prg/m¡. It is likely that
kerbside levels will be much higher.

As shown in the TSP paragraph annual Pb levels at two sites in 1989 were
0.55 ¡rglm: and l.2I Vg/m3, the latter site being close to a road. In the most
heavily traffic-exposed city centre streets it is likely that Pb levels are even higher.

NILU OR 56/95 App.
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Lead
(pg/m')

Average

1980 1982 1984 1986

Figure 13: Annual trend of lead in Central Bombay during the years 1980-1987
fuS/*t¡ (Worli Nakn, Dadar, Parel and Sewree stations).

Carbon monoxide (CO)

Some short-term CO roadside surveys have been undertaken between 1984 and
1987. Monitoring was performed at several roadside sites during periods of peak
traffic flow. 8 hour mean values ranged between 4 mglmt and 2l mg/mr. A
maximum hourly concentration of 50 mg/ml was recorded at the Haji Bachoo Ali
Hospital. Maximum hourly concentrations were generally around 23-29 mg/m:,
close to the WHo guideline of 30 mg/mr. These roadside surveys are not
representative of ambient background levels which are likely to be much lower.

CO has also been measured at 6 traffic junctions on a few days in l99l and 1992.
Mean values ranged from 5.1 mg/mr (V/orli Naka) to 11.1 ¡rglmr (VT station) and
maximum values rangcd from 7 mg/m3 (Nana Chowk) to 15.6 mglm3 (Mahim).

I

6

4

2

0

t
t

a
t
t
f
a

a
t

Max

t
t¡
ta
tt
la
i¡
al
t¡

t¡

..-i
f

NILU OR 56/9s App.



26

CO was also measured during the Vikram Ispat Ltd. Salav project south of
Bombay in the period January 1991-June 1992. The values usually ranged from
0.3 mg/m: to 0.5 mg/m3, and only a few 8 hour values were above 1 mg/mr. These
values seem to represent ambient background levels.

Ozone (Oj)

Ozone is not measured in Bombay. Some monitoring should be started to identify
the levels of ambient urban 03 in and near Bombay.

Ammonia (NH:)

Ammonia is routinely measured at the MCGB sites, but information about the
results are very limited. The April 1992 report shows mean values between
37 pg/mt and 97 þElmz and maximum values between 44 pg/mz and 168 lÆlmz.
The highest observed 24 hour maximum NH3 value was I 995 pg/mt at the
Maravali station in 1985. There is no available information on NH3 standards.

Air quality data at 7 stations around the Thal RCF Complex in l99l and 1992
show mean NH3 values ranging from 5.5 pglnÊ to 46.7 Fglm¡. Maximum 8 hour
values ranged from 15 !"rglm: to 233 lrglms. These values are somewhat lower than
in the Greater Bombay area.

Benzo(a)pyrenes

Occasionally samples of total and respirable TSP are taken at traffic junctions
with heavy traffic. The level of benzo(a)pyrenes from total TSP ranges between
2.7 pglmz and 13 þglm3, and the level of benzo(a)pyrenes from respirable TSP
ranges between 2.3 ¡rylmz and 8.4 Fg/m:. There are no information on standards
for benzo(a)pyrenes, but the measured levels seem to be quite high.
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Annex I

Intercomparison of gravimetric weighing analysis of glass-fTbre
high-volume filters between MCGB and NILU laboratories
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POSTBOKS 64, N-2001 LILLESTRøM ILU

Office of the Dy. City Engineer (Civit)
Env. Sanitation & Projects
New Transport Garage Bldg. 3rd Floor
Dr. E. Moses Rd.
V/orli
BOMBAY 4OO 018
INDIA

Att.: Mr. V.S. Mahajan, Dy. City Engineer

Deres rcf..lYour ref.: Yb rcf .lOur ref.:
STLÆMN/O-921T7

DatolDate:
20 August 1993

a

a

Dear Sir,

with reference to your letter of 4 May this year I hereby enclose Tables and Figures giving the
results of our comparison of weighing results on the High volume sampler filters performed by
your laboratory, and by NILU, as also handed over to you in Bombay on 4 August.

The comparison of weighing results comes out quite favourably. The results show the following
main features:

The weights recorded at your laboratory are on the average about 4 mg higher than those
recorded at NILU, varying between -15 mg and +11 mg

The net weights recorded at NILU were also on the average somewhat higher than recorded by
MCGB. NILU net weights were on the average 4.9Vo higher than MCGB net weights (for 6
samples), varying between +l5.3%o and -8.87o.

Comparison of results from co-located samplers, one with MCGB filter paper, and one with
Whatman GF/A filter paper (used by NILU) show that the MCGB filters give somewhar
higher concentrations.
This is an interesting result. The reason for this effect cannot be determined from this
experiment. It may possibly be connected with irreversible absorption of water wapor in the
MCGB filters, or to loss of fibers from the V/hatman filters.

The results from this limited experiment supports the good quality of the particle weight data
giveir by your laboratory.

Sincerel v

Steinar
Head of department
LOCAL AIR QUALITY

Vennligst adresser post til MLU. ikke til enkeltpenonerPlease reolv to the instituae.

a

Posl¡l add¡ess:

P.O. Box 64

N-2OOI Lfr r FSTRØM, Norway

Offìce add¡ess:

Elvegt.52
LILLESTRøM

Telephone:63 81 41 70
Telefax :63 81 92 47
Telex :74854 nilu n

Ba¡rk: 5102.O5.19ß0
Postgiro:0813 3308327
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Annex II

Monthly averages for SO2, TSP, NO, and NHr, MCGB sites, for
the period 1978-L990
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Annex III

Monthly average SOz, NO* and TSP at MCGB and GEMS
(NEERI) stations, for the URBAIR period June L992-May 1993
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Air Quality Guidelines

National Ambient Air Quality Standards in India

These were established in 1994, and are given in Table 1 below

Table l: Nationa Ambient Air Quality Standards.

. Annual Arithmetic mean of min¡mum 104 measurements in a year taken twice a week 24 hourly at uniform
interval.

"- 24 hourlylS hourly values should be met 98% of the time in a year. However, 21" of the time, it may exceed
but not on two consecutive days.

NOTE:

1. National Abient Air Quality Standard: The levels of air quality with an
adequate margin of safety, to protect the public health, vegetation and property.

2. Whenevery and whenever two consecutive values exceed the limit specified
above for the respective category, it would be considered adequate reason to
institute regular/continuous monitoring and further investigations.

3. The State GovernmenlState Board shall notify the sensitive and other areas in
the respective states within a period of six months from the date of Notification
of National Ambient Standards.

Pollutants Time weighted

average

Concentration in ambient air Method of

measurementslndustrial
area

Residental,
Rural and

other areas

Sensitive of
Area

Sulphur Dioxide

Soe

Oxides of Nitro-
gen as NO2

Suspended
Particulate
Matter (SPM)

Respirable
matter (size
less than
10 !m) (PM1s)

Lead (Pb)

Carbon
Monoxide (CO)

Annual average*

24 hours**

Annual average*

24 hours*

Annual average*
24 hours**

Annual average*
24 hours**

Annual average*
24 hours**

I hours**
t hour

80 ¡rg/m3

120 pg/m3

80 ¡rg/m3

120 pgim3

360 ¡.rglm3
500 ¡rg/m3

120 ¡rg/m3
150 pg/m3

1.0 ¡ig/m3
1.5 pg/m3

5.0 mg/m3
10.0 mg/m3

60 ¡rg/m3

80 ¡rg/m3

60 pg/m3

80 pg/m3

140 ¡rg/m3
200 ¡rgim3

60 pg/m3
100 pg/m3

0.75 pg/m3
1.00 pg/m3

2.
4.

0
0

mgim3
mg/m3

15 pg/m3

30 pg/m3

'15 pg/m3

30 ¡rg/m3

70 ¡.rglm3
100 ¡rgim3

50 ¡rg/m3
75 ¡rg/m3

0.50 pg/m3
0.75 pg/m3

1.0 mg/m3
2.0 mg/m3

1. lmproved West and
Geake method

2. Ultraviolet
fluorescence

1. Jacob & Hochheiser
modified (Na-Arsenite)
Method

2. Gas Phase Chemilu-
minescence

High Volume sampling,
(Average flow rate not
less than 1.1 m3/minute)

Respirable particulate
matter sampler

ASS method after
sampling using PM 2000
or equivalent Filter paper

Non dispersive infrared
spectroscopy
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The Indian Standards differentiate between Industrial, Residential and Sensitive
areas. Bombay is considered an Industrial area.

The Indian Standards for industrial areas are less restrictive than the WHO
guidelines (see below) for SO2 annual average, and especially for TSP and PMro
(the V/HO recommended guideline for PMls is 70 ¡rg/mt, as 24 hour average). For
NO2, the Indian standards are stricter than WHO.

WHO Air Quality Guidelines and Standards

WHO air quality guidelines and standards are listed in Table 2.

Table 2: WHO Air Quality Guidelines/Standards (WHO, 1977a, 1977b, 1978,
1979, 1987)

Notes (WHO/UNEP 1992)
a Guideline values for combined exposure to sulphur dioxide and suspended particulate matter

(they may not apply to situations where only one of the components is present).
b Application of the black smoke value is recommended only in areas where coal smoke from

domestic fires is the dominant component of the particulates. It does not necessarily apply where
diesel smoke is an important contributor.

c Not to be exceeded more than once per month,

Suspended particulate matter measurement methods (WHO/UNEP 1992)
BS = Black smoke; a concentration of a standard smoke with an equivalent reflectance reduction

to that of the atmospheric particles as collected on a filter paper.
TSP = Total suspended particulate matter; the mass of collected particulate matter by gravimetric

analysis divided by total volume sampled.

PMlg = Particulate matter less than 10 pm in aerodynamic diameter; the mass of particulate

matter collected by a sampler having an inlet with 50 per cent penetration at 10 pm

aerodynamic diameter determined gravimetrically divided by the total volume samled.
TP = Thoracic particles (as PM16).
IP = Inhalable particles (as PMlg).

Parameter 10

minute
s

15

minutes
30

minute
s

1

hour
B

hours
24

hours
1

yeaf
Year of

standard

soa
SOo

pg/m'
uq/m3

500 350 1254
1 00-1 50

504
40-60

1987
1979

BSO

BSb
TSP
TSP
PMro

pg/m3
pgim3
pg/m3
pg/mg

uq/mg

125il
1 00-1 50

1204
1 50-230

704

504
40-60

60-90

1987
1979
1987
1 979
1987

Lead pg/m3 0.5-1 1 987,
1977b

co mo/mr 100 60 30 10 1 987

Noz
NOo

pg/m3

uq/m3

400
1 9o-320c

150 1 987
ß77b

Oa
Oa

pg/mg

uq/mg

1 50-200
1 00-200

100-120 1 987
1 978
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Appendix 3

Air pollution Laws and Regulations for India and
Bombay

Contents
Page

1. Legal aspects of pollution control - operational requirements.
A note prepared by Mr. U. Joglekar, ADITYA, Bombay 89

2. Mass emission standards for motor vehicles, effective from 1.4.1995 .... 99

3. Fuel specifications for India .................. 105
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LEGAL ASPECTS OF POLLUTION CONTROL - OPERATTONAL REQUIREFIENTS

The Govt- of India
pollution control.

has promulgated 3 important Acts in the f ield <¡f
These are:*

L Tl¡e t¡ilater Follutic¡n (PreventÍon & Control) Act, Lg74

ii. The Air P<¡llution (prevention & control ) Rct, 19g1

:i i i . The Envi r<¡nment protectior¡ Act, l^gg6

Accor'Cing tCI these Acts, industry*'specÍfic discharge/emissi¡1rr
etandards cal led HINA$ (Mi rrimum National $tandards ) have beenprescrÍbed- A fet¡r general standards as applicable to SSI units for.
air polIutÍon are given in Annexure- All industr^ies includÍng SSI
unÍts are to comply with these standards and meet <¡ther stipulati<¡ns
laid dt¡wn in these Acts- The responsÍbiIi.ty of enforcing theprovisions of these Acts rests with the Central/$tate pollutior¡
Control Boards - Dependi rrg olr the Iocation of urrÍt, the concerned
State Boards expect that the units in their jurisdictÍon will obtain
their pernrission to discharge the pollutantso otr t¡eir "CONSENT-'

The legal positic¡n" is that all the existing units are to obtain the
cOþlsENT of their respectÍve Boards- Netrl units, even before the5r
start putting up tl¡e industryo have to obtaÍn a NCIC (No ob.jectÍorr
certÍficate) from tl¡e Board- rn fact, now,financial institutÍons and
barrkso toûo demand productÍon of NúCs before disbursement c¡f loans,
evern though ttre loans may lrave beerr sanctíoned 6n the basis of the
technc¡*econornÍc feasibility of the project_

Jlrr or'Cer to obtain tl¡c l'{CIC from a Pollutiorr Control Board (pCB), an
applicatiÕn is to be n¡ac1e with a complete project*reporto includi¡¡¡
the proposetl m(!asureei crf controllÍng pollutiorr. $ince, pollu.ti6rr
cÕntrc¡l is sitespecific, th<l PCBs also have to be apprÌsed 6f thc:
6tt-ctporied pro,iect sÍte atr,C- sclmetirneso dependÍnE on tl-re need, t¡e
ßoard rûay evetl asþi for EIA (Errvironment Im¡:act Assesmen.b) report*;
f or site, cle¡dt-anct¡ -

-l'he 
F:loa r'<Js , l>eca use c.¡f

uiec 1a re<J sÕffìe reg í. o rrs
f ragi 1e errvi ronmental c<¡nditic¡n, hav<:

sensÍtive- Nelw industr"Íes, speciallSrí:1"3

--"-2/*
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pollution*intensÍve typeso ñâV not be al1<¡wed Ín sensitive areas or
may be prescribed much stricter standarde. ProximÍty to protectecf
m<lnuments" nati<¡nal wild life parks or sanctuaries c<¡uld also be the
Feasons for industrÍes to obtain a prior site*clearance-

Non-compl Íance r¡ith the legal stipulatiçn i nvites prgsecuti6n wit¡
fÍnes and penaltÍes and even imprisonment- Under EpA 86 the.pCBs arei
even empor^,er-€d to <¡rder closure of an unit if they belÍeve Ít tc¡ be
itr public interest- t¡lithout goÍng to the court of laü{, they ca¡
:implement c1<¡sure decisi<¡ns by appraoching the authorÍties concerned
directly to cut pohrer and water supply to the violating units.

NILU OR 56/95 App.



9l

SALIENT FEATURES OF POLLUTION RELATED ACTS

Ihe Air (Prevention and Control of Pollution) Act, lggl
An Act to provide for the prevention, controland abatement of air pollution,
given assent by the President of lndia ori March 29, 1981.

The Act has the following chapters :

T¡tle of chapter
i. Preliminary
ll. Central and State Boards for the Preventlon and Control of Air

Pollution
lll. Powers and funcilons of Boardslv. Preventlon and Control of Air pollution
v. Fund, Accounts and Audit
vi. Fenalties and procedure
vll. Miscellaneous

Salient Feature¡

Preliminary

Appticatioñ' :'ThîH'Act iö' äþÉllèäbt,e, tb¡ ih,ë \iüh,ciË ö.f.fndta.

Central and State Boards for the'preväntlörr, ähd Qöntrot of Alr poilu¡on

Constitution of State Board :

a' The State Government will appoint a Chairman, member represent-ing inStitút¡öns, ¡nouitr¡es, government o.ö"rì-e;;;;ä soc¡ar bod-ies etc. and a member sec?etary as executive head.b. ln union terrltory central Board,ls to act as state Boards.c' The Board may appoint officers and other employees as it may fit forefficient functioning of the Board.

Powers and Functions of Boards

Functions of Centfal Board
The Cential Board may

a

b

Advise the central Governme.nt on any matter concerning theimprovement of the quality of air and theþrevention and conúol ofabatement of air pollution,
plan the nation wtde 'progrämnië'for air polluilon abatement,
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co-ord¡nate the activities of .State Boards,
provide guidance and technical assistance to the state Boards,pfan and organise training of persons engaged in a¡r- óolùt¡onabatement programmes,
org.anise through media abatement plans,
collect, compile and publish technicál and stat¡stical data relating toair pollution,
lay down standards for the quallty or alr,
to establish and recognise à no-oratory to enable it to perform ltsfunction under this Act. 

-- ' 'r ¡Y rvr'v'!

Functione of State Boarde

The functions of Statg Board shail be

a' to plan comprehensive programmes for air pollution abatement,b' to advise the State Government on any matter concerning the airpolluilon abatement,c. to collaborate with Central Board,d' to collect and disseminate ¡nformätion relating to air pollution,' e' to inspect ¡ndustr¡al plants at intervars asìr -à; "ón"ii"i" n""."".ryand to sive directions to retated p.r*ñ" ør àír óóiñii";äbatement,f' to lay down, in consultàt¡on with ihe Càñtral Board standards for thequality of air, standard for em¡ss¡ãñs'of air poltutants into theatmosphere for industrial plants, ãuiomooiles and other sources_ excluding ships and air craits,g' to establis.h. or recognise. a .laboratory/raboratories to enabre it toperforms it functioniett¡c¡enily.

Powers to give directions :

a 
8:Hriå:;ío shar be bound bv wrirten direction issued by centrar

b' and state Board shallbe þound by wrltten direction lssued þy centralBoard or the State Govãrnment.

Prevention and control of Air pollution

Power to declare air pollution Control Areas

J;;,:å,ä:.3,iJîJ,i,3ll,#?¿jî:iï consurtation wnh the state Board by

a. any area or areas within I' Aráas" iòr tne purposes;i¡^l:t::i.as "Air poltution conlrol Area or
b. atter any air poilution-õãnìrol area.

c.
d,
ô

Í.
9.

h.
e.
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c. proh¡b¡t¡on of usage of any fuel other than the approved fuel in air
pollution control area,

d. prohibition of burning of any material (other than fuel) in any air
pollutlon control area or part of it.

Restriction or use of certain lndusrial plants :

a. No person shall without the prior consent of the State Board, operate
any industrial plant for the purpose of any industry specilied ln the
schedule in an air pollutions control area.b. An application for the consent of the Board shall be accompanied by
prescribed fee and shall be made in the prescribed form and shail
contain the particulars of the industrial plant and other prescriÞed
particulars.

c. The State Board may make such inquiries at it may deem f it in respect
of the application lor consent and shall follow thã prescribed proce-
dures.

d. Within a period of 4 months after the receipt of consent application the
State Board shall by order in writing either grant or'refuse it, for
reasons recorded ln the order.e. Every person to whom consent has been granted by the State Board
shall comply with the following conditions' :

i. The prescribed controlsystems shallbe installed and operated
in existing/proposed industry.

i¡. The existing controlequipments ¡f any shaltbe altered/replaced
in accordance with the directions of 

-state 
Board.¡ii. The control system qs per clause (i) or (ii) wilt be kept under good

conditions.
lv. Chimney wherever necessary of prescribed specifications, shallbe erected or reerected in the piemises.
v' And the condition prescribed from (i) or (iv) comptete within theprescribed period.

t. lf due to technorogicar improvement, state Board may arter as a
. whole or part, of the condiiions mentioned above.h' ln case of the transfer of the unit from of ferson to the other person

the consent will deemed to be transferreb with conditions.
Persons carrying on industry etc. not to allow emission of air pollutants inexcess of the standards laid down by State Board

No person carrying on.any industry specified in the schedule or industrialplants in any air pollution control area shall discharge or cause or permil tobe discharged, the emission of any air pollutants in excess of the standardlaid down by the State Board.
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Pow€lr of sntry and lnrp€ct¡on

Any person empowered by a state Board shail have a right to enter, at allreasonable times with necessary assistance, any place,-

a. for the purpoee of performlng any of the function entrusted to him,
b. for the purpose of examination of controlsystem, inspection of related

documents, to conduct search and to ch-eck weather all direcüons/
instructlon, issued time to time are berng followed,

c. all persons carrying on any industry speclfied in the schedule arebound to render allassistanie to the persons empowered by the Board
and delay or non co-operation shali be an offence under in¡s Rct.

Power to obtain information

The State Boar.d or its empowered person may ask for any lnformation llkethe type of pollutants and the level ol emiss¡on from thé occupier or theperson carrying 9l.any industry and can inspect the premiseVcontrolequipmqnt for varifying purposes.

Power to take samples of air or emlsslons and procedure to be followed :

The state Eoard or any officer e.mpowered by it shall have power to take,for analysis purpose sampre of air ór em¡ssiolfro, any chimney, frue, ductor any other ouilet in prescribed manner.

Report of the resurts of anarysis of sampre taken by Board
where a sample of emlssions has been sent for analysis by Board to thelaboratory establis_hed or recognised by tnáêiäie Boará tne doãrd,s anatystshall analyse the sampre and-submit a report in the prescrrbed form.
Stete Air L¡bor¡tory
state Government may, by official notification, estaþlish or specify on€ ormore raboratory or insiitutions as state raboraiory.
Analyet

'The state Government may by official Gazette notification appoint Govern-ment Analyst.

Report of Analyata

The report of Government Analyst hray ue used as evidence in the court ofthe law.

94
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Appealc

Any person aggrieved by an order made by the State Board will in 30 days
may appeal to an appropriate Appellate Authorlty.

Fund, Accounts and Audit

a. The Central Board and every State Board shall have its own fund
funded by Central GovernmenVstate Government.

b. The Central Board and every State Board shall prepare annual
budget and annual report duly audited by competent authority.

Penaltles and Procedures

Failure to comply with the orders ordirections of the Board issued under the
Act :

a. Whoever fall to comply with the provisions ment¡oned above be
punishable with imprisonment upto 3 months or fines upto Rs 1O,OOO
or both and incase the failure continue, with àn additionâlfine upto Rs
1Ol- day during which the failure continue after the conviction ior the
first such failure.

þ. lf the failure continued beyond 1 year after the date of conviction the
offender shall be punishable w¡tti imprisonment upto 6 months.

Penalties for certain acts

Who ever damage the Board's property fails, to furnished information askedfor, obstruct any board's officer.to þerform his duty and makes falsestatement etc., shall be punished imprisonment upto B months or fine uptoRs 5OO/- or both.

Penalty for contravention of certain provisions of the Act

For any contravention of any the provisions of the cat for which no penalty
has been else where providãd ¡n ifr¡s Act shallbe punishable with fine uptoRs 5OOO/- and with continuation of contravention a fine Rs 1 OO/day afterconviction for first contravention.

offences by companies and Government Departments

where an offence under this act has been committed by a company/government department 
. 
every person who was at tnaf t¡me oirectíyincharge of the c.ompany/depaitment shall be deemed to be guitty of tháoffence and shall be liable to be prosecuted and punished ãccordinglyunless he proves that the offence has been made without his knowledje-.
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Miscellaneous

e. state Central Governmenfstate Gcvernment mey eupersede t,
Central Board/State Board lespecilvety.

b. The Central Government rnay amend the schedule of lndustr¡es

rì
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ì
2,
ü.
4.
5.
6.
7.
L
9.

10.
11.
12.
13.

14.

15.

16

17.
18.

19.

THE SCHEDULE

Asbestos and asbestos product lndustr¡es
Cement and cement prgducts industrles
Ceramic and ceramic goCuct industries
Chemical ahd alllad !n{¡st,,les
Coal and lignite based chemical industries
Engineer¡ng lnclustr¡es
'Ferrous metallurgical industries
Fertlllzgr lndustrles
Foundrles
Food and agricultural product industrles
Mining lndustries
Nonferrous metallurgical industries
Ores/mineral processing industries includ-ing benefaction, peiletization etc.
Power (coal, petroleum and their products)
generatlng plants and boiler plants

lqp"t and putp (tnctudlng paper products)
industries
Textile processing. industries (made wholly
or in part of cotton)
Petroleum refineries
Petroleum products and petrochemical
industries
Plants for recovery from and disposal of
wastes
lncinerators20
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CON IN Ëtrrq

plronos

FTriTur qì€
22t 7213 ({ Ltn¡s
22t7078,22t70;

DIIì.BCTIONS FROIVI 1'IIB CEN]'TTAL POLLUTION CONTROL I}OART)UNDBR-CLAUSB (b) OF SUB-SESTION I OF SECI'ION 18 OFTIiE ArR (PREVENTION & CONTROi Or poLl-lrlrotg Asr, 1e8t

whereas cla.use (g) of sub-seclion 1 of scclion 17 of tl¡e Air (prevcrrti.r :rrtl c.¡rrr.l .fPollution) Act, 1981 provi<les for laying down stanctar<Js by a srare pr¡llutio¡r corrrol lJ.ard i¡rconsultation witlt central Poltulion cántrol Boar<J lor cnrissitin of air poilrrrr'rs i¡rr. rlrc atrrr.s¡rlrcrcfrom industriat ptants arrd autollrobilcs.

And wltereas tlte mass emission stan<JarcJs [or petrot ar¡d <Jie.scl tlrivcn vcl¡ictcs as givcn i'Anncxure I & II rcspectively, ttave bccn evolvcd a¡rdþrc,pc,sccl to f:e rrrarte ef'l'ective fr.¡¡r lst rt;rvofApril, 1995. ' ¡ r----

As where:u it js.furtl¡er.proposect to strive lo attai¡¡ tlre indicntive sta¡rtt¡rrcl.s by alt tlre pctrol
and diesel <lriven vel¡ictes as given in Annexure lll & lV respectively for ttre 1,ear 2000.

ffi rEqut

cEr\rRAL pffiilrifrötn äbñrì.ol,
(MINISTRY OF ENVIRONMENT & FORESîS, GOVERNMENT OF INDIA¡

IJOAIID

No.B-3101 znlsVpct4tì
Scptcrrrber 17, lggz

Now, tlterefore, in exercise of tl¡e power vested rvittr tlre Central pollution Co¡ltrol Bo¡rdunder Clause (b) of sub-section 1 of Section 18 of tlre Air (Preventio¡r ancl co¡rtrol of pollution)
Act, 1981, the following directi"s Are issued t¡erervirlr:-

"'I'lle S[utc ltollutio¡r Co¡rt¡'ol l]oard st¡¡¡ll en.su¡'e Ítrnt o¡r ¡rntl [¡-o¡¡r lt¡e lsf rt:r¡,
of Â¡rril 1995 ¡rll¡lctrol n¡td tllc.scld¡'lve¡¡ vctrlclcs sl¡¡rlt bc sr¡ ¡n:¡¡¡t¡f¡¡cf rr¡.cd ltrnt
they corrr¡rly with tl¡e nlass en¡lsslon st¡¡¡rdards as specl[ìeil l¡r ttre Â¡rrexure I
und Il respectively glven l¡erein above;

Tl¡e Sf¡ie Potlution Co¡rfrol B<¡nrd stiutl nlso ensu¡'e to st¡:ir.e tr¡ n(l¡rl¡r ltre
l¡¡dicutlvc st:¡¡ttl¡rrcls by llre ¡rctrol ¡¡¡¡d dlcsel tlrlvc¡r r.elrlclcs [rr tl¡c 1.e:rr 2000
as glven in ¡\n¡rexure III and IV respectir.ely".

.-..)" .'. .;//.-

(^. rl r r^'r'r'^cr r^R.l Y^)
Clt:lit'tr¡¿ur

'qkìct rI4r'{i[o fto e"lo çrI sttfì¡n ilr.{àzq, fr¿:tqrr r¡I{, fàa.ir_ilo.ìì
'Pariveslr Blravran' C.B.D.-cum-Oflìce Complex, East Aiun Nagar, Dellri-1 10032
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MÀSS EMISSION STÀNDÀRD FOR PETROI,
FROM 1.4.1995.

Ànnexure-i

DRTVEN VEHICLES EFFECÎIVEÄ)

I

i)
TYPE ÀPPROVÀL TESTS

Passenger ears

Reference nass
R (Kg)

co
9/km

HC + NO?
9/kn "

1020 <

1250 (
:J.470 <

1700 <

1930 <

R<
R<
R<
R<
R<
R<
R>

t020
t250
t47 0
1700
1930
2150
2150

2.0

be as per Indian driving cycle with cold

5.0
5.7
6.4
7.0
7.7
8.2
9.0

2
5
7
9
5
0

2
2
¿
2
3
4

1

2

3

Note
The test will be as per rndian driving cycle with coldstart.
There shourd be no cranckcase emission. (To be implementeâ
from 1.1.1994)
Evaporative emission should not be more than 2.0 g/test.
(To be i¡nplemented f ron 1.1.1994 )

Two wheelers (F all eateoories)

3.75 grlkm
2.40 glkn

ii)
co
HC

Note
The test wiLl
start.

iii ) Three elers (For all ca teqories )

co - 5.6
HC - 3.6
Note
The test
start.

9/km
9/knr

will be as per fndian driving cycle with ccld

II CONFORMITY OF PRODUCTION TESTS
i) Passenoer Cars (For all cat.egories)

À reraxat,ion of 20x for co & 2s9g for coynbined ¡ic+Nothe corresponding values of Type Àpproval Test given
would be permi-tted.

ii) Two & Three Wheelers (For aII categories)
À relaxation of z}t for CO and 23% for HC for theof Type Approval Test given above would be per¡nitied.

*.f or
aScve

va1::es
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HÀSS EMISSION ST¡l,iiÐÀRD
1.4.1995.

Ànnexure II
(Pagelof2Pages)

FOR DIESEIJ VEHICTES EFFECTT\rE FROH

r TYPE ÀPPROVÀIJ TESTS

Vehicle category 'NO* S¡noke
(s/K¡{H)

HC*
(g/KI{H)

cor
(s/Kt{H)

Mediun & Heavy
over 3.5 Ton/GW

2.4 tr.2 14.4 ***

Iright diesel
upto 3.5 Ton GVI{

Reference nass
R (Kg)

HC + NOr,* *
s/km "

2.4 \L.2

OR

co* *
9/km

L4.4 ***

to20 <

t250 (
L470 <

1700 <

1930 <

R<
R<
R<
R<
R<
R(
R>

1020
1250
t470
1700
1930
2l.50
2L50

2.0
2.2
âtr
2.7
2.9
3.5
4.0

5.0
5.7
6.4
7.O
7.7
8.2
9.0

Note
* The test cycle is

't*1) The test should be
start.

as per 13 mode

as per fndian

cycle on dynamometer.

drivi-ng cycle with cold

**i

I

The emissions of visible pollutants (smoke) sha1l not exceedthe Ii¡nit values to smoke density, when expressed as ligrht,absorption coefficient given at page 2 of Annexure rr .forvarious nominal flows when tested at constant speeds overfu1l load

CONFORMITY OF PRODUCTTON TESTS
À relaxation of 10t for the values ofgiven above wouLd be perrnitted

Type Àpproval Test

NILU OR 56195 App.
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Nominal Flow
G(l/s)

Ànnexure If( Page 2 of 2 Pages)

Ligrht Àbsorption
Coef f-icient,
(tr (n-r)

42
45
50
55
60
65
70
75
80
85
90
95

100
105
110
115
t20
t25
130
135
140
145
J-5U
155
160
16s
170
t75
180
185
190
195
200

2.00
1.91
L.82
1.75
1.68
1.61
1. s6
1.50
L.46
1.41
1.38
1.34
1.31
1.27
1.25
L.22
1.20
L.t7
1.15
1.13
1.11
1.09
t.o7
1.05
1.04
t.02
1.01
1.00
0.99
o.97
0.96
0.95
0.93
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MÀSS EMTSSION STÀNDÀRD FOR
EFFECTIVE FROM 1,. 4.2OOO

Ànnexure fII
PETROT DRTVEN VEHICLES

I TYPE ÀPPROVAL TEST

i.) Pa ssencrer cars Ifo ral1c

2.72 e/kn
NO* - 0.97 9/k¡n

ate ies )

+
co
HC

1

Note

The test should
start

Two wheelers (for

be as per Indian driving cycle with cold

all cateoo ries )

as per Indian driving cycle with cold

ii)

1

co - 2.0 g/km

HC - 1.5 9/km

Note

The test should be
start.

iii ) Three wheele s (for al1 cateaor

CO - 4.0 s/km

HC 1.5 g/k¡n.

Note

1. The test should
start -

ies )

be as per Indian driving cycle with coId.

II CONFORMTTY OF PRODUCTION TESTS
Passenqer Cars (For aII categories)
À relaxation of 16g for CO & combined HC + NOcorresponding values of Type Àpproval Test givenwould be permitted.
Two & Three t{heeLers (For all cat,eçrories)
À relaxation of 20* for co as well as Hc for theType Àpproval Test given above would be permitted.

i)

ii)
fraDove

values of

NILU OR 56/95 App.
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Ànnexure IV

FOR DIESEIJ VEHICIJE EFFECTIVE FROH

r TYPE ÀPPROVAIJ TESTS

Mediurn & Heavy
over 3.5 ton
GVT,I_

1.1 4.5 8.0 0.36 ttt

I¡ight diesel
upto 3.5 ton
GVT{

Note

* The test

1.1

co **
9/kn

4.5 8.0 0.61

HC+
9/km

NO*** PM*r

*tt

OR

2.72 0.97 0

should be as per 13 mode cycLe.

should be as per rndian driving cycIe. wit,h colå
* *1) The t,est,

start.

*** The enission of visible pollutants (smoke)
the linit values of smoke density , whenligrht, absorption coef ficient given- at pusu
for various nominal flows when listed 

"tover full load.

r CONFORMITY OF PRODUCTION TESTS
À relaxation of 10t for the valuesgiven above would be permitted forTest for all vehicles.

shall not exceeC
expressed anc

2 of Ànnexure I-/
constant, speei,

of Type Àpproval Tes:
Conformity Of product:::r

NILU OR 56195 App.
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Annexu¡e IU
( rage 2 of 2 Pages)

Nominal Flow
c(l/s)

Ligrht, Àbsorption
Coefficient.
(r (n-a)

42
45
50
55
60
65
70
75
80
85
90
95

100
105
110
115
r20
j.25
130
135
140
145
150
155
160
165
170
]-75
i80
185
190
195
200

2.00
1.91
L.82
L.75
1.68
1.61
1.56
1.50
t.46
1.41
1.38
1.34
1.31
L.27
t.25
t.22
L.20
L.T7
1.15
1.13
1.11
1.09
1.07
1. 05
1.04
L.02.
1.01
1.00
0.99
0 .97
0.96
0.95
0.93
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Sr.
No. Characlerislics

REQUIREMENTS OF LIQUEFIED PETROLEUTf GASË$

ents

Butane Bulane
Propane
Mixture

Fropane

r05

i¡lethcd r¡l
Test ilel. Tû

{P}ol l$-1448

Vapour Pressure @ 65'C, kgf/cmz
(see nole 1)

n. Volalility evaporale lemperalure in'C, for
95% vol. @,760 mm. pressure, max.

¡i¡. Totalvolatile sulphur, 7o by mass, max.

iv. Copper strip corrosion €¡) 38"C for one
hc¡ur.

v. Hydrogen Sullide

vi. tryness

vii. O,Jour (See note 4)

NOTE 2:

NOTE 3:

NOTE 4

10 md;x. 16.87 rnax.
{see nole 2)

Ê$ max.

2 *38

0.02 0.02 0.02

l{ot r¡vorse than no. 1 __-_

absent absent absent

2

No free
enlrained
water

No free
enlraineci
water

shall pass the
tesl

F:?l

F:7?

8?.âi

ç,'r ç.

Pr73

P:74
(see note t)

Level 2 Level 2

C$tlFCIRMS TO tS:457õ"1979 FOR LFå.

Level 3 P:75

NÕTË 1 Vapour pressÚre may be determined at any Temperature and convertecl lo 65'C by means of st¡itable.ttF*!-Iî - "pressure tempe¡ature graph. The same cen also be determineci by analysing ihe las Uy msanS Ðf gac '
chromalograph and lhen us¡ng the conrposit;on. the våpcur pressure can be-calcùlate¿ €i es"C tro"rn ine
slandard value of vapour pressures ai various temperaiures.

Each consignment of cornmercial-butane'propane mixture shall be designated by ils maximur?t v&pûurpressure in kgl/cm?' (;i 65'c. Furtheq if desjred by the purcrtås"r and subjec¡o prioiofre*m€fit betwoon lhøpurch4ser and the supplier, the minimurn vapour pressure of that mixiureLhati nãt bsË";; 15;; ãËi/#r. '"gauge compared to the designaled maximum vapcur prsssure and in any cusJ t¡re m¡n¡mum for lhe rnixturgshall nol be lower than 10 kgf/cma úr 6S"C.

The presence or absence of free entrained water in commercial buiane or cgmmercial butane - prclper$mixtu¡'e shalr be determined by visuaf inspection or me sämpie. 
-'

'subject 
lo agreemenl between the purchasur-Tg the supplier, odour requiremerlts of LFG mäy b* chançedfor certain apptications where unodburised LpG is r'*qñ;ã.'- '---

NILU OR 56/95 App.
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Characleristícs

SPECIFICATION OF MOTOR GASOLINE

Sr.
No.

Test
Method
lS:1448

87
OCTANE

Requiremonls
93

OCTANE

l¡

Çotour, Visual

Çoppcr $trip Corrosion for 3 hours al 50"t

Sansifyat 15T,g/mf

Sis¿itialian

al initial Boilirtg Poínt'ü

b) Recolery uPlo 70Ç, 9'o v, rnin.

e! qecoveqy upto 1g5ct, Yo v, ntin

d) lecorrr^y uptü 180"C, % v, min

e) ,;inal Eciling Foinl ìC, rnax.

f! lcsidue, 7e v, rïtâx.

*ct ¡ns numÞcr {flesearcti Method) min.

SaidaÈh¡r Stability in Minut*s, min.

ílegirlue on ãveporation. mg/tCÉ rnl, max.

$,-¡lFhur, % wi. raax.

Le¡d **ntent {as Pb}, g/lmax.

Feid Vapeur Prss$ur? ät 39"C, kgf/em?, max.

P;15

PJ6

PJ8

P:27

P:28

P:29
(Air-Jet, Solrcnl
Washed)

P:34

P:38

P:39

Orange

Not t¡¡orso lhan
No. 1

To be reported

r0

50

90

2'rS

2

B7

360

4.0

0"25

0.56

0.70

Red

Nol r¡orse than
No.1

To be roporred

10

50

90

215

2

93

360

4.0

,ti

llt

To be reporled To bo reported

v

vi

vÍi

rdil

ix

o.n

0.Bo

.0.70

to9{FoffHS Tt l$:3196-1s31 SPECIFIGÂTiOñ{S FOR MOTOR GASOUNES

NILU OR 56/95 App.



Sr.
No

Characteristics

SPECIFICATION OF DIESËL FUELS

fest lvlethod
rsJ44B

HSD

t07

LDO

1 Acidity, inorganíð

Acidity, tolal, mg KOH/g, max.

Ash, % wt., max.

Carbon residue (Flamsbottom), % wt., max

Cetane number, min.

Pour Point, "C, max.

Copper strip Corrosion for 3 hrs. at 100"C

Distillation, percentage recovery at 366.C, min.

Flash Poinl

a) Abel"C, min.

b) PMCC'C, min.

Kinematic Viscosity, cSt at 3B.C

Sedimenl,7o wt.. max.

Totaf Sulphu r, "/" wl., max.

Water Content, 7" V., max.

Ccld Filter Plugging Point (CFpp)'C, max.

TotalSediments, mg/i00 ml, max.

P:2

P:2

P:4

P:8

P:9

Pt0

P:'15

P:l8

P:20

P:21

P:25

P:3CI

P:33 or Pì35

P:40

1P309/76

Appendix A of
the
Specification

'Nir

0.50

0,01

0.20

42

6

Not rryorse lhan
No.1

90

2.01o 7.5

0.05

1,0

0"05

To be repo¡ted

1.0

N¡I

0.02

1.50

Winler 12"'
Summer 18

Nol ururs€ thãn
NÔ.2

oo

2.5 to IS.7

0.1t

1.8

0.â5

2.

3.

4,

q

b.

7.

8.

32

10.

't 1.

12.

l.ì

14.

15.""'

REMAÊKS

' Cetene Number

Diesef Fuel for Naval applicalions shall have a cetane number of 4s, min. when an engine f,]r detsrminat¡r¡n ofcetane number is not avaílable, diesel index determi*¡ bt ts üqä"rgoc 'Methods of teii for petroleurn årìd it ¡ prr-dLtcls P:lZ Diesel lndex rnay be used as a rough ¡n¿ication ðtìgnirion quatiiy. ¿ãi*sulîoex of 45 is narmatiy c.n"sicjered sufficienl to ensure a minimum cetane irumber of 42. Tñis approxímåte .orrãiåtion holds good cnly ir caseof íucls which are of pelroleum oriqin and contain no additives. For arbirrarion purposes, the direcl determina on olcetarìe number by means of the standardized engine tesl shali be used unless the Éruyer and lhe seller ugreeolhe¡'w¡se.

NILU OR 56/9s App.
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fuur Point

subject to ågreement belween the purchaser and lhe supplier a lower or higher maximum pour point may beåcceptad.
The Ministry of Fetroleum & Natural Gas issues inslruclions periodically to the Refiner¡es to reduce/increase pourpoint cf l-l$D according to ambient temperature conditions.

winter shall be the poriocÍ from November to February (both months inclusive) and rest of the months ol the yearshallbe called as sumrner.

Flash Point

Diesei Fuel for Naval applications and lorMerchant Navy shall hav.e a flasb poinl ol 66.C, min, when tested by themetl¡cd prescribed in lSJ448 (P:21)-1970 'Methods of teét for petroteum an¿ iti pro¿u.t.: þ,äi H;;h ;ùi't'öiciseol
by Pensky-F"{artens apparatus (f írst revision).

Totalsediments

This lest shall be carried out only at the refinery or manufacture/s end.

CO¡¡FOffMS T0 l$:1460-1924 SPEC|F|CAT|ONS FOR DTESEL FUELS

SPECIËICATIOf\¡ OF DIESEL HIGH POUR POINT-A

Sr.
No.

'i:haracleristics Requirements

1. Çolor¡q A$TM, max.

2. Flash Foínl, min.

3. Cstane No., min.

4. üieselindex, min.

5. Ðistillation:

96 recovered upto 357'C, min.

F,B.P., max.

F'ìesiciue, o/a vol., max.

ô. Total sulphur, 7o uvt., max.

?. ü!*fi¡re, a¡å vc[., max.

8. ,4rgmgtícs,9å \'t1., ;nâx.

t. Carban {ñamsbollom ûñ '¡ü% residue), max.

3.5

55'C
(Navy - min. 65"C)

45

4B

90%

385"C

2.0

0.5

5.0

2q0

0.2

TTHEÊ FE0UIR€MENTS AS PER IS:1460.1974 SPECIFICTIONS FOR HSD

NILU OR 56/95 App.
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Sr. Characteristics
No.

SPËCIFICATION OF FUFNACE OlL

ïest
Method
tsJ448 LV MV1

for

HV

1. Acidify, inorganic

2. Ash, o/o wl., max.

3. Gross, calorific value, cal/g.

4. 'Relative density at 15/15"C.

5. Flash point, (PMCC)'C, min.

6. Kinematic viscosity in centistokes al SO'C.

7. Sediment, % wt., max.

8. " Sulphuç total, % by wt., max.

9. Water content, 7o by vol.. max.

Not limited, but to be rsported (typieêþ104S0)

Not limited but tc be reporrèd 4typi"uf-O.SSO¡

66 6ö 6S 68

80 Max. 80- 125 I25 - ?80 .t80*GZg

0.?5 0.25 0.25 0.2S

3.5 4.0 4.0 4.5

1.0 1.0 1.0 l.t

P:?

P:4
(Method A)

P:6 or 7

P:32

P:21

P:25

P:30

P:33 or P:35

P:40

Nir

OJ

Nit

0.1

Nil

0.r

¡,¡¡l

0.1

REMARKS:.

' Furnace oil for marine uses in diesel engines shall nol exceed a fimit of 0.gg

Sulphur Content

Recognising the necessity for low'sulphur fueloils in some specialized use, a lower limil may be spes¡f¡Bd by mutualagreement between the purchaser and the supplier.

coNFonMs To rs:r593-1999 spEcrFrcÀTlor'¡s FoR FUFL orl

NILU OR 56/95 App.
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Emission inventory

1. Introduction
Several attempts have been made to establish a comprehensive survey of air
pollution emissions for the Bombay area (refs). The most recent survey was
worked out by Coopers & Lybrand and AIC, as part of their Study on
Environmental Strategy and Action Plan for Bombay Metropolian Region
(Government of Maharashtra, 1993).

For the URBAIR project for Bombay, a more through procedure was conducted to
work out the best

Most of the data collection and emission calculations was performed by Aditya
Environmental Services of Bombay. The production of gridded emission files
(emissions distributed in a km2 grid net) was done using the supporting software
programs for the KILDER dispersion modelling program system developed by
NILU.

The road traffic activity and emissions distribution was calculated by NILU, based

on traffic and road data provided by W.S. Atkins 1993, produced in connection
with their Comprehensive Transportation Study for Bombay Metropolitan Region.

The area selected for air quality modelling, and thus for emission inventorying, is
shown in Figure 1. It consists of 42x20 ¡¡¡¡z grid squares, covering the area from
the tip of Colaba in the South to Bassein Creek in the North, and from the ocean

in the West to Thane Creek in the East. It includes the Chembur-Thane industrial
aÍea.

In the following, the data sources and methods for distributing the consumption
and emissions is described, and then the calculated emissions are presented.

An evaluation of data gaps and short-comings is presented at the end of this
Appendix.

NILU OR 56/95 App.
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Figure l: Greater Bombay air quality modelling area.
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2. Population distribution
The spatial distribution of the population within the grid system is important
information when the fuel consumption, especially domestic fuel consumption, is
to be distributed within the grid system.

The fuel consumption practices differ for the non-slum and slum populations. For
Bombay, separate spatial distributions has thus been worked out for the two
populations.

The total population for the URBAIR modelling area for Bombay is as follows,
for the year l99l:

Non slum population
Slum population

7 056760
2 806 260

Total population 9 863 020

Details of the procedure for distribution of the population is given in Annex 1.

The distribution of the total population is given in Figure 2.

NILU OR 56/95 App.
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J'42

J:41

J.40

J=39

J!38

J=37

Jz?6

J:35

J334

J=33

J.32

J'31

J=30

J:29

J=28

J:27

JE26

J=25

h24

J323

J:22

J'21

J¿20

J: tg

J=18

JE17

J= t6

J'15

J=14

J=13

J=12

JEl 1

J.10

J:9

JsA

J:7

J:6

J;5

J=4

J:t

J32

J=t

HALESÍ0KK: 1 RUÍE ER IOOO HEiER

1 2 3 4 5 6, 7 I g to 11 12 13 14 15 rÊ 17

2. 5, 5. 32. 248. 271. 3OO. 34.

2. 6. 4. 152. 264. ,)r. ,os. ,or. sa. 40.

2. 3. 2. toz. 237. 261. 14s. 106. 106. 106-

4. 1. 1. 2, 257. 317. 324. 160. 106. 10g. ße.

9. 4. ß4. t4S. 376. 248. 106. 
'06. 

10g.

9. t6. 2. 3A, 99. 190.3ß.274.222. 134. 1æ. 44. 2. 1. 17.

4. 2. 45. 128. 209. 264, 303. 1Ê1. 14ê. 149. 146. 146. 44. 12. 30. 28.

5. 8. 67. 137. ß3. 241. 456. 304. 144. 
'5?. 

145. 146. 
'13. 

18. 23, 30.

. 136. 201. 95. 91. 366. 571. 375. 1gg. ,39. 13s. ß9. a2. 21. 1s. 30.

79. tsg. t35. 465. 364. 139. 139. 139. 43. 30. 30. 46. 210-

t. 6" 19. 32. 278. 427. 342. 12i. 124. 124. 75. 30. 30. 30. 101.

14. 414. 381. 154. 43. 43. 43. 33. 20. 2. 
'5. 

165.

1. 5, 3. 305.383. 99. 43. 43. 43. 38. 14. 29.234.

. 30. 10. 379. 27. 315. 371. 313- 179. 53. 43. 71- 73. s1. 154. 24g.

. 35. 2. 149. 197, 31. 408. 428. 507. 50i. 2s5. 168. 1gg. 171.,sg. 24g. 252.

. 69. 219. 500. 406. 335. 354. 291. 2s5. 258. ne.,94. 28s. 14g.

14. 265. 495. 367. 291. 291. 291. 2s5. 305. 302. 276. 272. 272.

. 127. 168. 220. 238. 286. 28A. 297. 305. 330. 400. 287. 269.

, 89. 161. 220. 237. 224. 220. 284. 305. 421. 444. 329. 204.

. 53. 291. 315. 346. 222. 21A. 298. 971- 423. 371. 2gO. 32.

. 38. 308. 568. 3¿U. 349. 340. 348. 422. 329. 355. 351. 136.

. 34. 341. 668. 485. 224. 224. 330. 646. 243. .n3. 383. 2rg.

. 28, 265. 542. 803. 113. 40. 499. 303. 428. 22s- 24. 291. ß8.

- 57. 259, 510. 344. 98. 297. 608, 359. 421. 42r. 40?. 260. 166.

. 94. 39. 171.627.836.6i2.353. 
'49. 

2e6.322. 320. 260. 2Ê0.

. 210. 848. 694- 550. 134. 260.

. 67. 15. 4?1. 791. 388. 5s4. 398. 260. 260. 260. 130.

. 312. 430, 546. 477, 438. 343. 249, 260. zso.

. 34. 507. 5/U. 572, 550. 390, 140. 280. 260. 2Ê0.

. 84. 454. 542. 574. 412. 211.

. 5r. 339. 554. 53r. 280. 186.

.. .t4.3/U.58g.4g7. JO4. rilg.

. . 94. 469. 560. 746. 3g2. 518.

. 138. 405. 864.1238. 590. 2t6.

. 36. 291. 139i 543, 971. 406. 2J2.

. 79. 59. 138. 541- 144. 8t.

8, 133. 159. 42.

5. 56. 102. 
't.

. 115.227. 2t. 2.

9. 109. 91. 48.

15. 132. 24.

17.

18

259.

256.

249.

249.

233.

229.

72.

e5.

20.

,95 .

t95.

97.

t9

105.

242.

265.

296.

186.

95.

20

26

267.

325.

Figure 2: Distribution of total Bombay population within the kmz grids of the
modellíng areà, 1990.
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3. Fuel consumption

The consumption of various petroleum fuels by industries is available from four
Petroleum Refineries selling their products in Bombay.

Data for LPG and SKO (Kerosene) consumption for domestic purposes is
available from the Rationing Office of Bombay.

Consumption of wood was considered for the slum population, and for bakeries
and crematoria, according to information and evaluation from various agencies.

The evaluation and considerations made by Aditya E.S. Inc. regarding the
calculation and distribution of the fuel consumption for domestic purposes and for
industries, are given in Annexes II and V of this Appendix.

The resulting fuel consumption data are given in Table 1. (Fuel consumption for
road traffic is considered in Chapter 4 of this Appendix).

Table I : Fuel consumption data for Greater Bombay, for 1992-93 , for industry,
domestíc purposes, and by ships in Bombay port/bay area.

Category Fuel type 109 Metric tonnes/a

Tata Power Plant LSHS
Coal
Gas

927
298
496

499

306

42
40

7

lndustrial LSHS 279 in Petrochem. ind.
164 in large/medium ind.
56 in smallscale ind.

183 in large/medium ind.
123 in smallscale ind.

FO

LDO
Diesel (HSD)
LPG

Domestic Wood
SKO
LPG

289
480
233

Marine (porUbay) FO
LSHS
Diesel
LDO

100
56

b
3

NILU OR 56/95 App.



118

Comments:

Domestic
LPG was distributed grid-wise in the non-slum population. Combustion

takes place during 10 hours of the day.

SKO was distributed gridwise in the total population. Combustion takes
place during 10 hours of the day.

Wood consumption:
Bakeries: a total of 440 tonnes/day, in 1100 bakeries, distributed in the total

population, 12 hours per day.

Crematoria: a total of 87.5 tonnes/day in 76 crematoria, distributed in the total
population, 24 hours per day.

Combustion
in slums:

LSHS consumption
FO consumption

>500 tonnes/a
>200 tonnes/a

a total of 276 tonnes/day, distributed in the total population, 10

hours per day.

Industrial:
There are some 40 000 commercial establishments and industries in Bombay. 400-

500 of these use fuel for combustion.

A total of 280 large and medium scale industries were identified and located, based

on the following criteria:

The industries were mainly in the categories engineering (10-15 large industries),
chemical, pharmaceutical and textile.

For these industries, emission data were given based on reported measurement
data, and, where not available, emissions were calculated based on emission
factors. Stack data were also given.

This list of industries included the Tata Power Plant, three chemical/
petrochemical plants and a fertilizer plant, all in the Chembur area.

The gridwise distribution of the fuel consumption was done in the following
manner:

The fuel consumed by the identified largelmedium sources was assigned to the
grids where the industries were located.

The remainder (balance) fuel was distributed in the grids according to the
number of medium/small industries in the grid for which data was not
available.

a

a
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4. Traffic activity, fuel consumption and emissions

The basis for the calculation of vehicle exhaust emissions, and their spatial
distribution, is the file with traffic and road data provided by Atkins Inc.,
produced within their Comprehensive Transportation Study for Metropolitan
Bombay Region. This file basically contained:

the main road network, separated into links (a total of 275 links), with the link
endpoint co-ordinates (nodes) fixed in an arbitrary co-ordinate system

traffic data for each link, for morning rush hour (10-11 A.M.):

- light duty traffic (cars + MC/TC), in passenger car units (PCU)

- truck traffic, in PCU (1 truck = 2.4PCU)

- bus traffic, in PCU (1 bus = 3.4 PCU)

- traffic speed.

It was considered that the morning rush hour (10-11 A.M.) accounted for 6Vo of
the annual average daily traffic.

The traffic activity, for each vehicle class, has been calculated separately for the
"Island" Area and "Suburb" area (see Figure 1), and distributed in the ¡rn2 grid.

Additional data from the Atkins' report, and from Aditya were used to estimate the
overall distribution of traffic activity between the vehicle classes, and the
gasoline/diesel mix:

Vehicle classes Gasoline/diesel Fuel cons. (l/km)

Passenger cars

Motorcycles/tricycles
Trucks
Buses

807o gasoli nel207o diesel
IOOVo gasoline
TOOVo diesel
IOOVo diesel

0.1
0.067x
0.3
0.3

* Based on: Motorcycles
Tricycles:

 OVo 0.05 Ukm
SOVo 0.075l/km

The total fuel consumption for road traffic in Greater Bombay used in this
analysis, is, as provided by Aditya:

Gasoline:
Motor diesel:

248 578 tons/a
243 444 tons/a

The calculated traffic activity for separate classes/road systems is given in Table
2.
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Table 2: Trffic activity (10s vehicle kmlday), Greater Bombay 1992, distributed
between vehicle classes and the "Island"/"Suburb" areas.

Cars MCÆC Trucks Buses Total

Traffic activity
Main roads (Atkins' data)

"lsland"
"Suburbs"

Sub-total

I 827
1 353
3 180

457
1 793
2250

306
833

1 139

177
234
411

2767
4 213
6 980

Additional ("small") roads
"lsland"
"Suburbs"

Sub-total

2 097
1 771

3 868

480
2 160
2 640

148
177

325

B6

113

199

2 811
4 221

7 032

Total 7 048 4 890 1 464 610 14 012

The methodology used was as follows:

1. The traffic activity on the main road (Atkins') network, and the associated
fuel consumption was calculated.

2. The traffic activity was distributed in the kmz grids, according to the location
of the road links.

3. The fuel consumption not accounted for by this main road traffic, was

calculated by difference (total minus main road fuel consumption).

4. This balance fuel consumption was used to distribute the balance traffic
activity, assuming:

- the same vehicle composition in the traffic as on the main road system.

- the spatial distribution of this balance traffic activity within ,¡" ¡¡¡z grid
system is as the distribution of the non-slum population.

Using the following emission factors, the calculated emissions of TSP (e.g

exhaust particles) and NO,, from traffic is as given in Table 3.

Emission factors (g/km) Exhaust particles NO"
Cars, gasoline
Cars, diesel
MCÆC, gasoline
Trucks, diesel

0.2
0.6
0.5
2.0
2.0

2.1
t.4
0.1

13.0
13.0Buses diesel

Table 3: Exhaust emissions from road trffic, Greater Bombay, 1992 (kg/h,
averaged over the year, all hours).

TSP NO,
main roads "small" roads main roads "small" roads

Gasoline
Cars
MCiTC

Diesel
Cars
Trucks
Buses

Total

26.5
29.1

79.5
94.9
34.2

264.2

29.7
55.0

7.7
46.0
16.6

155.0

358
I

186
617
222

1 392

401
11

1B

299
108

826
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5. Emission factors

The emission factors used in this URBAIR calculation for Bombay were selected
based on the following sources of data:

o US EPA emission factors of AP42 publication

o Emission factors of the V/HO publication: "Assessment of Sources of Air,
'Water and Land Pollution", Part I: Rapid inventory techniques in
Environmental Pollution (Geneva, 1993).

o Emission factors worked out by the Bombay Urbair V/orking Group I (on Air
Quality Assessment), shown in Table 5.

o Emission factors for road vehicles described in Appendix 5.

o Emission factors from Indian vehicles (IIP, 1985; Luhar and Patil, 1986)

The selected emission factors for fuel combustion and road vehicles are shown in
Table 4.

Table 4: Emissionfactors usedfor URBAIR, Bombay, 1992.

1) A: Ash content, in %; S: sulfur content, in 7o

2) Well -+ poorly maintained furnaces

TSP
PMro

TSP
Soz NO*

%S
max.

Fuel combustion (kg/t)
Coal, bituminous, power plant
- uncontrolled
- cyclone
- ESP
Residual oil (FO)

ind./comm

Distillate oil
ind./comm

(LSHS, HSD, LDO) residential

LPG ind./dom.
Kerosene dom.
Natural gas utility

ind./dom.
Wood dom.
Refuse burning, open

Road vehicles (g/km)
Gasoline Cars

Trucks, light duty
Buses and trucks,
heavy duty
MC/TC

Diesel Cars
Trucks, light duty
Buses and trucks,
heavv dutv

5A1)
1.254
0.364
1.25S+0.38

0.28

0.36 -+ 1.62)

0.06
0.06
0.061

0.061
15
37

0.2
0.33

0.68
0.5
0.6
0.9

2.O

0.95

0.85

0.5

0.5

1.0
1.0
1.0

0.5
1

1

1

1

1

1

1

19.5S1)
19.5S
19.5S
20s

20s

20s

0.007
175
20s
20s
0.2
0.5

10.5
10.5
10.5
7

2.84

2.6

2.9
2.5
11.3
2.5
1.4
3

2.7

0.1

1.4
13

4

LSHS: 1

HSD: 1

LDO: 1.8
0.02
o.25

87:O.25
83:0.20

1
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Table 5: Emissionfactors as worked out by the Bombay URBAIRWorking
Group I on Air Quality Assessment.

NOTE: i) A is % ash content (combustible by wt.)
ii) S is % sulphur content (combustible by wt.)
iii) Coal used in Bombay by lndustries and for Domestic purposes is of Bituminous type.

The selected factors for fuel combustion is in some cases somewhat different from
those worked out by the Bombay Working Group I. The factors in Table 4 (from
EPA AP42) were used because factors from the AP42 reference were used also in
the other URBAIR cities (Manila, Jakarta), and because the Bombay factors were
worked out a bit late in the process, after dispersion calculations were well under
way. The Bombay factors would modify the emission inventory and calculated
concentrations somewhat, but would not change the main results from the calcu-
lations.

The emission factors for Indian vehicles referenced, include:

o Luhar and Patil (1986): Light duty, gasoline
MC/3-wheelers

o IIP, 1995 (Tata,1995)

2.1 gkm at 30 km/h
0.06 g/km at 30 kmih.

Buses, suburban
urban

Trucks
Light commercial vehicles

NO*
11.1

8.52
6.65
2.5

Type of
Source

Fuel Burned Unit Particulates
(kq/unit)

soz
(kq/unit)

No"
(kq/unit)

Power plants
Plants

lndustrial&
Commercial
Furnaces

Domestic
Furnaces

Solíd Waste
Dumps

Coal
FuelOil
Natural Gas

Coal
FuelOil
Oil, distillate
LPG

Natural Gas

Coal (hand fired)
Wood
Kerosene
LPG

Refuse
Wood
Rubber Tyres
Municipal Refuse

t
t

103m9
t

t
t
t

¡¡3
t

103m3
t

t
t
t

¡¡3
t

8(A)
1.04 (controlled)

0.24
0.29

6.5(A)
2.87
2.13
0.21
0.38
0.29
0.34

10
13.7

3
0.23
0.42

I
13

138
37

1e(s)
1e.e(s)
16.6(S)

___lqq(q)_
1e(s)
1e(s)
20.1(S)

0.01(s)

0.02(s)
6.6(S)

____2q(g)__
1e(s)

0.5
17(S)

0.01(s)

___qq2ls)_
0.5
0.1

2.5

I
13.2
9.6

11.5

7.5
7.5
7.5
1.43
2.6
3
3.6

1.5
5
2.3
1

1.8

3
4
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For NO*, these are in fair agreement with the selected factors in Table 4. For
"TSP" (presumably exhaust particles) from buses and trucks, they are
considerably lower, and seem quite a bit too low compared to all other references.

6. Total emissions
Table 6 gives the total annual emissions of TSP, PMro, SO2 and NO* associated

with the various source categories, fuels and vehicle types. Those emission figures
were calculated by multiplying the fuel consumption with the emission factor. The
table also gives the operation hours of the various sources.

Table 6: Total annual emission in Greater Bombay, 1992. (metric tonnes/a).

TSP PMro soz No* Hours of
ooeration

Vehicles
Gasoline Cars

MC/TC
Cars
Buses
Trucks

Diesel

Sum vehicle exhaust

Resuspension from roads

Power plant

Fuel combustion
lndustrial LSHS

FO
LDO
Diesel
LPG

Sum industrial

Domestic

(sKo)

Sum domestic

Marine (docks)

Wood
Kerosene

LPG

FO
LSHS
Diesel
LDO

Sum marine

lndustrial processes2
Refuse burning Domestic

Dumps
Construction
Stone crushers

492
737
765
445

1 234

492
737
765
445

1 234

160

250
395
566

2 120

6 643
179

1 783
2 891
I 024

12
12
'12
't2
12

3 673 3 673 3 490 19 520 12

10 200

-1 500

1401

1 6521

121

121

0,5

2 550

-1 500

1

84
399

6
6

o.5

-26
000

1 1 9201
24 4BO1

1 5101

Sool

-11
200

1 690
2 140

120
't15

20

12

24

24
24
24
24
24

1 817 1 496 38 710 4 085

4 395
23

14

2 198
23

14

59
1 628

0.7

410
258

676

12 (day)
10 (day)

1 0 (dav)

4 432 2235 1 688 I 344

540
16

2
1

459
B

1

1

I 000
1 120

120
110

750
425
45
25

24
24
24
24

560 469 I 350 1 245

3 700
408

6 053

3 700
408 26 153 12 (3 PM-3 AM)

12 (dav)

1 Uncontrolled
2 Emissions from processes in Bombay is considered less impoftant than to the fuel

combustion emissions.
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Comments to Table:

. There is no specific file of data available regarding industrial process
emissions. Based on their survey work in Bombay, Aditya is of the opinion
that the process emissions are not significant totally in Bombay, compared to
emissions from fuel combustion. Still, process emissions will in many cases
give significant exposure in areas near industrial process plants.

There is a large discrepancy between the calculated emissions of SO2 and
NO* in Table 6, and those from the emission data file produced by AES Inc.
for the input to the KILDER model (see below), regarding industrial
emissions. The discrepancy is as follows:

a

Emissions
in Table 6

Emissions from
the AES Point source file

SO2 (t/a)
NO* (t/a)

667t0
t5 285

t8 290
5 590

Part of the discrepancy may be explained as follows:

- In the AES point source file, results from actual emission measurements
were used, where available. 'Where not available, a calculation of the
emissions was based on fuel consumption and emission factors.

- Table 5 is based on the maximum S contents of oil, while the average
actual S contents may be considerably lower.

Refuse burning, open burning on dumps.

AES has estimated the total emissions from the Dumps Deonar, Chincholi +
Gorai, and Mulund. The estimation was based on TSP, SO2 and NO*
measurements carried out by MCGB near Deonar, by means of box model.
The details are described in Annex IV to this Appendix.

NEERI has also estimated total emissions of the same compounds from open
burning on dumps in Bombay, based on some measurements of their own.

Table 7 below summarized the results.

Table 7: Summary of estimates of emissions from open burning on dumps in
Bombay.

TSP SO" NO"

AES

NEERI

kg/hr

kq/dav

54.3

950

3.4 20.4

17571

There is a fair agreement between these estimates, considering that the burning
mainly takes place during 10-15 hour periods evening-nights.
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The AES estimates have been used in Table 6

. Refuse burning, domestic

Several discussions within the URBAIR groups have not led to a conclusion
regarding the amount of refuse burnt domestically (street sweepings, vegetation
debris, domestic refuse) in Bombay.

It might be estimated that a total of 2 mill households in Bombay each burn 1 kg
of refuse per week. Using a SPM emission factor of 37 g/kg, this produces

annually some 3 700 tonnes of SPM.

. Stone crushers

The SPM emissions from 47 registered stone crushers in Greater Bombay has

been estimated by AES, as described in Annex V to this Appendix.

7. Spatial emission distribution
The total emissions from each source category has been distributed within the kmz
grid system based on

o the actual location of point sources
o the population distribution, separate for non-slum and slum populations
o the traffic activity distribution.

AES and NILU has produced the spatial emission distributions listed below. For
each distribution, an average emission rate was calculated for each grid square, in
kg/hr, representing the average emission during the operating hours of the source.

Fuel consumption Operating time
hrs/day

Distribution

Road traffic, gasoline

Road traffic, diesel

LPG, domestic
SKO, domestic
Wood, domestic
'Wood, bakeries
'Wood, crematoria
Refuse burning, dumps
Stone crushers
Balance fuel
Point sources

10 (day)
10 (day)
10 (day)
t2 (day)
24

12 (evening-night)
12

24
24

According to traffic activity on
roads, and non-slum population
According to traffic activity on
roads, and non-slum population
Non-slum population
Total population
Slum population
Total population
Total population
3 dumps
47 units
Non-slum population
Actual locations

12

12

For some further details, se Annex VII of this Appendix
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ANNEXURE - I

fì^Tl arll DôDlll 
^TtaìÀt D T TÞTFlIITTôN IN WTQtr

TOTAL POPULATION

Data Avai labìe

* Total
BMRDA.

population
(There are

and area of each Census District
a total of 88 Census Districts in

obt ai ned from
Bombay ) .

:l

* Map of Bombay.

Distribution of Populat ion

Populat ion Dens'ity per sq. km. area was calculated using data
obtained from BMRDA. However, it r^ras noticed that area with no
possible human habitation (l ike waterbod'ies/marshy lands/airport/
industria] area etc. ) was also inc'luded in many of the census
dist ricts. Hence, new populat ion densit ies were derived after
deduct i ng such areas.

* Actual habitable area of each of the census districts
was measured and mult'ip'l 'ied by popu'lation density to
popuìation per grid.

in a grid
arrive at

*

Data Const raints

Non-avai labi ì ity of Speci f ic Zoning Maps show'ing clearly the land
use patt ern.

SLUM POPULATION

Data Avai lable

Wardwi se I j st of slums in Bombay on Privat e land/Cent ra'l Govt.
I ands,/St at e Govt . I ands,/BHADA ( Bombay Hous i ng and Area Deve l opment
Authority) and M.c.c.B. land gi.ving number åt tenements in each
slum pocket. List obtained from slum Improvement Dept., M.c.G.B.
and is tor the year 1985. (¡lo updated list was available from the
Dept . ).
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* Map of Bombay from MHADA (Maharashtra Housing &
Authori ty) showi ng posi t ions of these sl ums.

Area Development

Slum Populat ion Distribut jon

No figures were avai lable on
distribution of slums in each

population in the slums. Also
Di st ri ct was not avai I abl e.

obt ai ned
Social

t enement

act ua I
Cen su s

Availab'le data on total population and number of households
from BMRDA and discussions with faculty of Tata Institute ofsciences, Deonar indicates average number of persons per
as 5. Hence totar srum popuration was derived as :

5,61 ,252
(no of tenements)

J-

x ( avg. no.
X 28,06260

of persons per tenement) (Total slum
population)

The s'lum
number of

populatjon
tenements in

was then distributed
each gri d.

in the grids based on

Data Gaps

Confì icting reports exist on
slums. Est imates indicate
t of a'l s I um popu'l at j on .

t ot a l popu'l at j on
upto 40-45% (of

of Bombay residing
total population)

rn
as

The Book "S'lums Squatter Settlements & organised Sector Worker
Housing in Ind'ia some Affordable Myths" authored by R.M. Kapoor andM.S. Mitra published by the Times Research Foundation (1987) puts
Task Force Est imates on sìum popu'lat ion for mj 1l ion pìus cities for1981 (based on 1981 population) as vary.ing from a low of 40% to ahigh of 45% of total populatìon.

It i s suspected that data gíven by Slun Inprovenent Dept. gives
number of registered slums only and hence total slum population as
worked out for TJRBAIR ís only 28,5% of total population. This is amajor data gap as this will affect the consumption pattern of
SKO,/Wood in the grìds.

NON-SLUM POPULATION

The sl um
popuìation
grid.

population in
in that grid

each gri d
to arrive at

\was sub\t ract ed f rom
non-s'lum popu I at i on i n

total
t hat
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ANNEXU E II

DATA ON DOMESTIC FUEL CONSUMPTION

DATA AVAILABLE

* LPG
* SKO

Consumpt i on
Consumpt 'ion

Domest i c
Domest 'ic

pu rposes )
pu rposes )

for
for

as indjcated by Rationing
Offìce.

( Dat a on LPG/SKO consumpt i on
seperately avai'lable for one of
data from Rationing Inspectorate

for
the
was

domest i c
Pet ro I eum

used ) .

purposes
Compan'i es

was
and

not
henc e

* Total Popuìat ion/Slum populat jon,/Non-slum
POPDISTl .WK1 fi I es.

popul at i on grì dwi se from

LPG CONSUMPTION

Tota'l LPG consumpt ion per day for domest ic purposes as ind jcated by
Rationing Inspectorate 'is 639 MTld. As this is predominantly used
in wel I to do househo'lds, the entire LPG consumpt'ion was distributed
gridwise in the non-slum population. Dai'ly use of LpG is for
cook i ng pu rposes and hence rest ri ct ed t o 1 0 hou rs,/day LpG
consumption in KS/nr was calcu'lated for this period.

SKO CONSUMPTION

The t ot a'l ' sKo consumpt 'ion f or Domest i c pu rposes and by
establ ishments is 1236 KL/a or 1062.96 T/d. Th'is wai d jstributed ìn
the grids according to total populat ion in that grid. Dai'ly use of
sKo is mainly for cookìng and to some extent water heatìng. Tota'l
dai 1y period of such use is restricted to 1o hours. Hence, sKo
consumption in KS/nr was calcu'lated for this per.iod.

IVOOD CONSUMPTION

Major wood consumers in Bombay $rere identifid as bakeries, other
smal ì est abl ì shment s, domest i c househol ds ( sl ums/pavement dwe'l I ers )
and crematori es
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ÌYood Consumpt ion i n Bakeri es/Smaì I Establ i shments

Data Avai lable

No figures were avai lable on wood consumption by smal l
establ ishments. The Indian Bakers Association indicated that there
are about 1100 bakeries in the city which are us'ing wood for the j r
fuel needs. The average wood consumpt i on i n each bakery was
estimated by them as @ 4o0 kg/day (Large bakeries in the city are
not us'ing wood but are usìng HSD or electricity). Based on these
figures the total wood consumpt'ion by bakeries works out to be 44a
T/day.

Basis for Distribution

The bakeries are more or less evenly spread out
hence wood consumpt i on was d i st r i but ed based
popu'lation jn a particular grid.

(KS/day) = 175
( deat hs / day )

500
(wood reqd . /body)

c'it y and
of t ot a'l

in
on

the
%

l{ood Consumpt ion in Cremetoria

Data Avai I abl e

* Wardwi se 'l i st of Hi ndu cremetori a.

* Death figures for 1991 from Health Dept., M.C,G.B

* Wood consumption per dead body 5OO Kg (obtained from a visit to
cremetori a) .

Data Derived

Deaths jn Bombay 80,000 (1991).
Hindu Deaths (approx. S0%) = 64,OOO.
Deaths/day (approx.) = 175.

Hence wood consumpt i on
for cremat i on

X

= 87,500 Kq/day
= 87,5 Î/day

No. of cremetoria (Pvt. & Municipaì )
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Hence the total wood consumption was distributed in the wards based
on location of cremetoria in the wards. Dai'ly use of wood in
cremetoria is for burning purposes for dead bodies. Such use
covered whole 24 hours period. Hence use of wood in Kg/nr was based
on 24 hours usage period.

Wood Consumption in Slums

Data Avai lable

Discussions with faculty members of Tata Inst itute of Social
Sciences, Deonar showed that wood and not charcoal (as shown by the
E.M.S. study) was used as fuel in slums. However, no figures were
avai lab'le to substantiate the total slum population using wood or
the per capita wood consumption.

Data Derived

A study on "Energy Consumptìon in Pune City" conducted by S.p.
College, Pune (1989) indicates that 20% of slum dwellers use
fi rewood and average consumpt ion is 180-200 Rg/capita/year. Since
Pune city has a colder climate compared to Bombay the lower figures
of 180 kg/capita/year was assumed for Bombay city, Based on the
above, the total wood consumption by this source per day works out
as given below :

Total Slum Popu'lation
Assumi ng 20% popul at ion
Total wood consumpt ion

= 28 I akhs
= 5.6 'lakhs

= 5,60,000 x 180
(persons) x (kf/cap/day)

= 1,00,800 T/year
= 276 T/day.

using wood
per year

This was distributed in the
gri d. Dai I y use of wood i n
Hence, to calculate the load

grids based on.slum population in the
sìum is extended over 10 hours period.
ìn kq/nr this period was considered.

Total wood consumption

Since, bakeries and crematoria are situated in predominant ìy
domestic areas the total wood consumption by these sources was added
to wood consumption by slum population for estimat'ing total wood
consumptìon for Bombay c'ity.
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Tot a I wood con s umpt 'i on (Wood) cemetries + (Wood) bakeries
+ (Wood) slums

= 87.5 + 44O + 276
= 803.5 T/d.

Gridwise di stribut ion of wood was added to arrive at total wood
consumption per grìd

Data Gaps

* From the avai lable data no energy consumpt ìon pattern could be
derived f or the urban populat ion of Bombay. Attempts to der'ive
energy consumpt'ion pattern gave r jse to very conf I icting results.

The S.P. Col'lêgê, Pune showed the f ueì consumption pattern in slums
is as below :

Energy requirements in slums

sKo 70%
Wood 20%
Ot hers 1 0X

( LPG/ot he rs )

The per capita consumpt'ion of sKo is indicated by the study as
L/capacity/year. Thi s works out to a average fi gure
135 ML/capita/day. Assuming a higher value of 1SO ML/capita/day
consumpt 'ion pat t ern o'f SKO works out as under :

50
of

t he

S'l um Popu'lat i on (ZA I akhs )==)
used in slums =

Population using SKO (20 lakhs)(@ 7O%)
300 KL/daysKo

(o I 50 MLlcapì t a/day)

Avai lable data indicates totaì domestjc consumption for SKO as 1 199
KL/day. Balance SKO of 898 KL/day when distributed on the basis of
150 MLlcapita/Ðay shows a total of 59.86 lakhs people using sKo.
Thjs means about 85% of non-slum population uses SKO which is a
unreasonably high figure.

Even assuming 45% of total population as slum
incìudìng the non-registered slums) tne total SKO
works out as under:

popu'lat i on
consumed by

(i.e.
sìums
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9g 'l ¿ ftþg=======) 44 . 1

(Totaì populatjon) (Slum
I akhS==-======) 30
Population) (SXO

133

lakhS========> 463 KL/d
users) (SXO consumed

based on
1 So MLlc ap/day )

The bal ance 73S KL/day when di st ri but edlakh non-sJum populat jon us.ing SKO whichfigure of 7O%.

The LpG consumpt .ion f or domest ì cRat'ioning Inspectorate as ZgglgSyear ) . Assumi ng requ i rement of each
12 cyl inders,/year.

Ml/cap/day shows 49
works out to a high,

@ 150
aJso

purposes has been indicated by
MT /year ( I ,64,25000 cyl i nders,/
househol d as 1 cy 'l i nde r /nonth or

No. of households using LpG works out to 1 ,64,25OOO

12

1 3. 69 I akhs.

Assumi ng average
LPG works out
Population which

size of each household as
to @ 6e lakhs which is @

is a very hjgh figure.

5; total
7O% of

PoPulation
Bombay's

ustng
total

The SKO consumpt ion
shown as 3g MT/day
such est abl i shment s

Avai I abì e data for pune i ndi cat esa very sma I 'l amount of popu I at i onexists for Bombay.

by est ab I i shment s ( Hot e I s,/Rest au rant s )which is a very
in the city.

low figure considering
has been

nume rous

t hat charcoa'l i s
(<sg). However,

used in slums by
no quantjfication

considering the above, it is very nuch apparent that data ondistribution by domestíc sector is very much rudimentary andis a urgent need to study the pattern of usage ín these secforsconsider cost effective alternatíves to reduce potlution fronsect or .

fue I
there

and
tñis

NILU OR 56/95 App.
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ANNEXURE II I

Data Avai lable

Fue J consumpt i on by Domest i c Sou rces f or Tot a.l SKO/LPG and Woodconsumptìon (incrusive of usage by estabrishments)

Emission Factors used :

Type of
So¡rce

Domest i c

Fuel burned Unit

Wood

Kerosene

Part i cul ates
(Kgluni t )

13.7
3

so2
(Kgluni t )

Ì€x
(Kgluni t )

t
t

t

0.5
1 7(s)

0.02(s) r.a

A j r,/Water and
62.

5

2.3

Furnaces LPG 0.42

SOURCE : Rapi d Assessment of sources ofpoì I ut ion WHO Offset publ i cat ion No.
Land

NILU OR 56/95 App.
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ANNEXURE IV

EMTSSIONS FROM REFUSE BURNING

di sposed 4000 T /day.

Quant ity (T/day ) Avai lable Area

ka)

vali)

2526 .5
631 .5
421.4
421 .O

2AO acres
50 acres
60 acres
20 acres

: Mr. D.K
nagement , M

Dhokale Astt. Engineer)
C. G, B.

d Wast e has t he f o'l 'low'i ng compos i t i on

4a% (by wt.)
22% (by wt. )
3Bx (by wt.)

1 00r

ition

)
)

)
)
)

)
)
)

10%

o.2%
o.2%

2%

3. 6%

20%
381í

(bv
(bv
(bv
(bv
(bv
(bv
(by

wt.
wt.
wt.
wt.
wt.
wt.
wt.

269ó (by wt.

1 00s
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Although munic'ipal offic'ials clajm that no refuse burning takes
p'lace (or is very negl igible), a number of complaints are received
and the fact that refuse burning does take place is defin'iteìy
est abl i shed.

The Ai r Qual ity Monitoring laboratory of the
sanitat ion & Projects Dept ' ) has carried out
solid waste dump site at the time of refuse
are as g'iven below :

Parameters e t ra o Samp I 'i ns Pe ri od

M.C.G.B. (Envi ronmental
a'i r monitoring near the
burning. The rePorts

TSP
soe
No2
NHg

2A1 1

702
164

1014

16:30
19:00
1 9:00
19:00

22:15
22:15
22:15
22:15

ug/n
u9/m
u9/n
u9/n

3

3

3

3

hrs.
hrs.
hrs.
hrs.

to
to
to
to

There is no documented data on rate of burning; area of dump which
is burnt or the emission factors.

To find out the rate of burnìng
t o devel op a Box Mode I and
moni tori ng data.

2) Fresh
10-15
bu rns

of the Sol'id Wastes it
back calculate from

act'ivity
to recover

of rag
metallic

dec i ded
amb i ent

pi ckers
sc rap,

was
the

To f i nd out tot al emi ss'ions
held with residents in the
owners near the Deonar dumP.
as given below :

1 ) Refuse burni ng i s an unautholi sed
ope rat ì ng at t he dumps . Ob j ect 'i ve i s
g'l ass and of he r va I uab'l es .

from refuse burning discuss'ions were
neighbourhood, N.G.O.'s and factory
The f indjngs f rom this discussions are

refuse is high in moisture content
days. General I y the drY refuse i s

till late njght 2-3 a.m.

and is 'left to
1 i ght ed at 4-5

dry
p.m

for
and

3) The nuisance of the smoke is
height of smoke plume can be
felt upto a downwind distance

fe'lt upto 3rd/4th floors and hence
guessed as 1 0- 1 5 mt . Nuì sance i s
of 3-4 km.

NILU OR 56/95 App.
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Box ModeI Calculations

above the emission from refuse burning (from Deonar site)
calcuìated as below :

F rom
we re

the
back

cj oj

u.W. D

It is assumed 'in the development of the box mode'l that

1 ) Air is transported through the volume with a face velocity of u

and

2) t he pol I ut ant s are assumed
mi xed t hroughout t he vol ume

be i nst ant aneous I y and un i forml y

t he box.
to
of

From t he avai I ab'le dat a t he f ol I owi ng va]ues were assi gned to
vari ous vari abI es :

u Avg.wind
( Obse rved

velocity
for ni ght

= 1 m/sec.
t ime from Santacruz data)

w

D

cj

Wi dt h of box normal to w'ind di rect ion 500 m

Assum'ing
Quant i t y

Depth of box normal to wind directìon
(Elevation of 4 storeyed building)

15m

Concent rat i on recorded 2O11 ut/m 3

-6 3
2O11 x 10 gn/n

Therefore 2O11 x 10
-6 oj

1 x 500 x 15

oj = 1 5.0825 gmlsec.
= 54.297 RS/hr.

WHO emission factor I KS/l for SPM from Refuse burnìng,
of Refuse burnt was calculated.

. . .4/_
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Quantity burnt/hour 54 .297 6.787 T /hr.

I

Further calculations were carried out by applyìng WHO Emission
Factors for SO2INO¡ ( by assumi ng above rate of burni ng ) . Thus
emissions at Deonar for SO2 and NOx are estimated as:

soe 3.393 Kglhr.

Nox 20.361 Kg/hr.

As no detai ls regarding other sites are avai lable
refuse burni ng i s proport ional to daj I y quant ì ty
App'lyi ng WHO emi ssi on f actors t he emi ssi on f rom

calculated as below:

i t 'is assumed t hat
of waste dumPed.

t hese dumps are

Grid No. Site Wast es
Dumped/day

soe
( kglhou r )

SPM Nox

16-17
6-36

1 7-30

Deona r
Chi nchol i +

Gorai
Mu I und

205 6
842

54.29
22 .22

16.66 1 .04

3. 39
1 .39

20 .36
8.34

6 .25631.5

Data Gaps

No
the

specific studjes have been carried out as burning of refuse and
air pollutìon 'impact of these.

out a study under M.E. I.P
will be shortly avajlable.

NEERI is currently carrYing
aspect. Results of this study

on this

NILU OR 56/95 App.
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ANNEXURE V

STONE CRUSHER EMISSION

Data Avai lable

Data on capacity of stone crushers was obta'ined from M,P.C.B
records.

The dat a col I ect ed shows
crushers in Kandival i (Ward
Dahisar (Ward R/North) and 7

that there are 19 registered stone
'R'/North); 21 registered crushers in
in Andheri (Ward K/w) area.

No data is available of any air monìtoring carried out close to
these sites.

Emissions from Crushers

Emissions from stone crushers were calculated by using EPA emission
factors as outlined be'low :

Type of Process
Dry Crushing Operation

Suspended Dust Emission
( KglMr )

Prìmary Crushjng
Secondary Crushi ng/Screenì ng
Tert ì ory Crushi nglScreenì ng
Recrushing & Screening
Fi nes Mi 'l I

0.05
0.30
1 .80
1 .25
2 .25

The capacity of each crusher and the emission from
very high loads as indicated in enclosed sheets.
box fi'le has been prepared for thjs source.

them work out to
Hence , sepe rat e

Preparat'ion of Box Fi I e

Whi 1e preparing box f i le the f ol ìowing assumpt'ion were made

1) The exact locations of the crushers on map $/ere not known but as
jt is wel I known that these crushers are very c'lose to each other
they have been clubbed together and'total emission has been shown
from one part'icular grid on'ly.

2/-
NILU OR 56195 App.



r42

2) Micro 'level detajls of each crusher ìike the types of control
measures exìsting, the method of transfer of rock, the moìsture
cont ent of rock et c. are not known and i t i s assumed i n
preparation of the box file that all crushers have no 'installed
cont ro I syst ems .

3) It has been assumed that crusher operates for 24 hours and
suspended particulate emissions reported as Kg/hour accordingly.
However, normal períod of operat íon of crushers i s between
8:OO hrs. and l9:30 hrs. and emissions should be correct.ed for

. further accuracy in the box fí le.

NILU oR 56/95 App.
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AruNexune -vI

BALANCE FUEL EMISSION FILE

Data avai lable

The consumpt'ion of varjous Petroleum fuels by jndustries jn Bombay

is available from four Petroleum Refineries selling their products
in Bombay.The data on fuel consumption obtained from emission
.inventory carri ed out f or URBAIR was compi I ed and used to prepare
box f jle (area f i'les) for industries for which adequate data was not
avai I abl e and for smal I scal e i ndust li es.

Emi ssion Inventory

Data avai'l ab'le thus tar from emjssion ìnventory indicates the
fol 1owìng :

1 ) There are about 40, OOO odd commercj al est abl i shment s and

industries in Bombay. About 500-600 of these use fuel for
combustion. (Very smal I scale and tiny units are not considered
'in preparing thi s est imate).

2) The data jndicates the following pattern of fuel use

Industry Type Estimated l*.los.,/Area Where Present Fuel

Large (Chemi callPetrochemica] ) 3 (Chembur) LSHS/GaS

LDO/LPG

a sma'll
quanti ty
LSHS.

FOILSHS &

sma'll
quant i ty
LDO.

Large (Engjneering)

Medi um (Chemi cal,/Pharmaceut ical /
Texti le)

Med j um ( Dyei ng/Print i ng,/
Bleaching uCIrks)

1O-1 5 (Western/Central Suburbs)

250-27 5 ( Western/Cent ral
Suburbs )
(Texti I e Indust i res : BombaY

Isl and )

50-75 (Western/Central Suburbs) f'O

1oo-15o (Western/Centra'l Suburbs) FOlLDoSrnal I Scal e

NILU OR 56/95 App.
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In generaì, usage of LPG and SKO

i ndust r i es . Usage of HSD

generators,/compressors and in large

is restricted
is generally

bakerì es.

to Engi neeri ng
in Diesel

Fuel Usage

Furnace Oi l

About 839 T/d of Furnace Oi I was sold in Bombay city jn 1992-93.
F.O. is used by industries in boilers for steam generation; of this
SO0 T/day was accounted folin the emiss'ions inventory data gathered
for preparation of POISOURC.DAT fi 1e. The balance 339 T/d was

dìstributed in the grids based on number of industries in each grid
for wh i ch adequat e dat a i s not avai I abl e.

LSHS

The two
toget her
city.

Pet rol eum Refi nerì es,
account for more that

Fertil'i zer Plant and the Power Plant
3/4th of the LSHS consumptjon in the

These units are not a] lowed to burn Furnace Oi I and use Associated
Gas (avai lable through pipel ine from cAIL/ONGC) aìongwith LSHS. For
some part of t he year, t he Assoc i at ed Gas supp'l y f rom ONGC was

affected and consequent'ly LSHS consumption in the city has ìncreased
considerably.

LSHS Consumpt ion bv Tata Thernal

Tata Thermal has 6 units f or power generat ion at Chembur. Un'it Nos.
1,2,4 are normal ly on stand by and used for peaking the supply.
Unit 3 has been decommissioned and is not in use. Unit 5 & 6 are of
5OO MW capac'ity each. All units have multi-fuel capabilities. Unit
5 can f i re LSHS,/Coa1,/Gas whereas unit 6 can f i re LSHS and Gas. The
tota'l da'i 1y^heat requirement at Tata Thermal ìs estimated at
5.25 x 1O'' Kcal/d and the fuels burnt for this consumption for
1992-93 work out as an average daily basis as (please refer enclosed
sheet s )

2710 T

1448 T

870 T

O.i ì (LSHS)
Gas
Coal

)
)

)

based
t hese

on annua I 'i sed sa I es f i gu res of
product s.

NILU OR 56195 App.
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The higher LSHS requirement may be due to reduced supply of gas

du r i ng t he year form ONGC.

LSHS Consumpt i on bv Ref i neri es

The Refineries (BPCL & HPCL) have daì]y usage of LSHS as 23O T and

534 T respectjvely (baed on MPCB Consent figures).

Fert i I i zer Factorv (RCF I

RCF uses associated gas for steam generation and as feedstock for
t he i r p1 ant s . They have no consent ed LSHS usage .

Emi ssion InventorY for URBAIR

The emi ssi on i nventory cou I d account for addi t i onal 450 T of LSHS

usage by other Large/Medium Industries.

o fr

The total average per day sale for LSHS is put at 3312 T/day.
di fference between the consumptìon figures ( jnOjcated above)
average sale per day comes out as :

The
and

4/-

{ 3312
{ Est i mat ed Avg.

331 2
( Est imated Avg.

+ Sg4 + 23O
Supply) (Refineries Own Consumptìon)

{450}
{Emi ss'ion Inventory}

= 4076 T/day

]
Supply)

2710 ]
Thermal ]

{
{Tata

152 T/day

The totaì average daily usage of LSHS is estìmated at

NILU OR 56/95 App.
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is highly variable, the dai'ly consumpt ion
I arge factori es ì n Chembur.

i at ed Gas changes t he ent i re consumpt i on
units. This makes it very difficuilt to

a'i I y consumpt'ion f ì gure based on yearly
lonsi der'ing the above, the ba'lance LSHS of
istr jbuted in the grids wh'i le preparjng
fi'les (*fUE.DAT).

,plied per day in 1992-93. Of thìs about
d for in the Emission Inventory. The
buted in the glids based on number of
r whjch adequate data ìs not available).

rppl ied on an average basis in 1992-93.
rccounted for in the Emission Inventory.
ri buted i n gri ds based on number of
which adequate data is not avai labìe.

NILU oR 56195 App.
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eÄl eUl aTï ON trc) FI TATA. T}¡trÞMÂI

2 units 50O MW each

Each 500 MW requires 5000 T/A Coal OR 2500 T/A Oi1.

Theref ore Tot al requi rement of f uel s works out as 10000 T Coa'l or
5000 T oi'l .

Therefore requirement works
5000 x '10500 x

Qty. in Tons x Kcal/kS x

out to :

1 000
convert to Kg.

= 5.25
= Tot.

x 10
Heat

10 Kcal / d
Requi rement

Tata have reported annual purchase of fuels as follows

9,26,896 T

4,95 ,Og2 T

2,97,556 T

LSHS
Gas
Coa'l

Corresponding Heat load/year works out as

9.73 x

6.67 x

1.56 x

Kcal /yr.
Kcal /yr.
Kca'l /yr.

10
10
10

12
12
10

13
TOTAL 1.796 X 10 Kcal

fol tota'l of 342 working days this gives a heat load/day as 5.25 xFo
10

Therefore Total
Total
Total

Oi I required/day
Gas supply/day
Coal supply/day

= 2710
= 1448
= 870

'r/d.
r/d.
r/d.

Comment s

This has been worked out consìdering tat total fuel purchased by the
pìant in the year has been utilized. Quantities in stock have not
been consi dered and da'i I y average consumpt ion may vary to that
ext ent .

NILU oR 56195 App.
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ANNEXURE - VII

BASIS OF PREPARATION OF POI SOURC. DAT

Data Avai lable

Data on emissions f rom indust ries was gathered f rom the appl icat'ions
made by them to obtain MPCB consents. Data was gathered for about
21O i ndust ri es belong'ing pr'imari I y to I arge and medi um sector. Data
was coì'lected on the basis of f ol lowing criteria :-

F.O.
LSHS

Dat a co'l I ect ed
of emis'ions,
avai I abl e.

physi cal det ai I s
flow rate and

of stacks and data on tYPe
monitoring data wherever

consumpt i on
consumpt ì on

T /year
T/year

> 200
> 500

included,
veìocity,

Preparation of Poisourc.dat Fi Ie

This 'is on follow'ing basìs

1) Wherever possible monitorìng data (as subm'itted by

has been used to calculate emission load. Only where
data was entirely absent, êfrissions were calculated
quant 'it y.

i s requi red to
and hence this

be submitted by Industries
dat a was ent 'i re 1 y comPut ed

I ndust ri es )

monitoring
f rom f ue'l

on tot al NOx

f rom emi ss i on
2) No dat a

emission
factors.

3) Emission Factors used f or calcu'lat ions are as given below

Type Of Fuel Unit Part i cu I at es soz Nox

Bi t umi nous Coal
Fuel Oi 1

LPG
Natural Gas

t
t
t
t

6.5 (A)
2 .87
0. 38
0.34

1e(s)
ts(s)
0.02(s)
eo(s)

7.5
7.5
2.6
3.6

NILU OR 56/95 App.
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whe re Ash
Sul phur by wt .

There is onlY one Porrer Plant in
clirectìy taken from actua'l monitored

A wi de var i at i on i s observed i n

r--al cul ated f rom emì ssion f actors.
t he fol I owi ng reasons :

NOx moni tori ng i s not requi red bY

ambient air standard prescribed for

the monitored data
Thi s maybe because

A=%
S=%

Bombay
levels

and emi ss i ons
at the pìant.

we re

Frocess em j ss i ons i n Bombay are un ì mport ant compared to t he 'l arge

rrumber of stacks connected to f uel sources. Wherever aVai lab'le
clata from such sources is col'lected and complied in Po'isour'dat
file.

4) Bu.i lding heìghts and widths were not avai lable
¡earest to the chimney and hence default width and

¡rnd 10m were given in the f i'le.

Datn GaPs

for bui I di ngs
heights of 30m

and dat a

of any of
*

s) Low amount of su'lphur in f uels compared to those avai lable in
standard specif.ications. For example : BPCL specìfìcations
for FO shows Sulphur content between 3.5 4X whereas actua'l
observed levef is between 2.5-3%. Simi'l arly for LSHS actual %

observed is between 0.5-0.7% whereas speci fications shows

su I phu r cont ent of 1%.

b) Greater amount of excess air used by the ìndustries'

c) Inaccurate monjtoring practices adopted'

The type of data in MPCB files is not up-to-date and should be

i mp roved .

"l
Jb J

Gedh#

!3

* MPCB, even when there is a

t he same
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/ìrvuex - vllt
BASIS FOR DATA FILES

Sr. File llane

llo

Ersis Sou r ce Addition¿l 0et¡ils

TORl(StlEET TITES

l. PoPotsTl,rl(l

2. FtJÊLCOllD,IIKI

rPc

{Domestic)

sl(0

(Domestic)

tood

(0ottestic)

food

(8¿keries)

lood

(Creltatori¿)

Census districtrise popu-

-lation dìstribution for

yesr 1991. 0istribution

into grids based on

actuaì atea of census

districts in each grid.

Total Usage : 639 TP0,

Period of l.Jse: l0 hrs/day,

User: llon-slu¡t

populrtion,

Totai Usage: 1236 l(L/day.

Period of Use: l0 hrs/day.

User: Slum/llon-slunt

popul¡tion,

Total Usage : 276 TP0.

Period of Use: l0 hrs/day.

tjser: 20f sìun populatìon.

BURDA Annexure-l

Annexure-l I

Rat ioning

0ffice,

Rat ioning

0ffice.

S.P. College

Pune st udy.

Total Usage : 110 TPD,

Period of tjse: l2 hrs/day

User: Bakeries.

Bakeries

Assoc i ¿t i on .

llealth D¿pt,/

Bl.lC & visits
to

crenator i a.

Tot¿l tJsaqe:81.5 TP0.

Period of Use: T hrs/o¿y.

User: Crematori¡,
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Sr

llo

F i le ll¡¡e B¿sis Sou rce Ådditionll 0etrils

Total

lood

3. El.lISilDoU,SI(T

80x F I tÊ$

4, POPDIST. OAT

5. SL|JI{D¡ST.OAT

6. 8L0e-llÌ.0AI

OOI¡ESTIC OATA TILES

7. 
.I 

SPIIARDOI{. DAT

0ridnise ¿ddit ion of

wood consumpt ion by

domest i c sou rce +

bakeries r cremator"ia,

E¡rissions from Domest ic

fue I usage.

Emission Factors-l{.ll.0

Populat ion dist ribut jon

in box,

Elum populat ion distrj-
-bution in box.

Average buiìding height

in grid.

Are¡ source $Pl{ f ro¡r

LPG /SK0/Total [ood.

tuel Data Annexure-lll

f rom

IlJELCOllD.Tl(I.

0¿ta from Annexure-l

P0P0tsït.rl(t

f ile,

0ata from Annexure-l

POPÛISTI.Tl(I

fiìe,

0rn

observ¿t ions,

0at¿ fron

FUE LC0t{0,rÍ I

t
El{ISr{00il.rl(1.

3l-
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$r

lo
f i le l{¡¡e Basis Source Addit ion¡l 0et¡i ls

7,2 SO2ARDOII.DAÏ

I ,3 r{oxARDot.l,0AT

L RET|JSE EURlm{û

8.1 SPI{ARST,OAT

8,2 S02ARSï.0AT

8 .3 I¡OXARST. DAT

9. STollE CRIJST{ËRS

9,0 SPI{ARCRU. OAT

Area source S0e from

LP0/SK0/Tot a l Hood,

Are¿ source l{0x from

LP0/$l(OiTotal Hood.

Dat ¡ f rom

FUEtCOilD l(I

t
Et{ISilD0T{.flK1,

0at a f rom

FtJELC0T{0,Wl(1

t
${tsilDol{,r(1,

Box llode I

caìculations.

Box [odeì

ca lcu ì¿t ions

8ox llode I

calcul¿tions,

E.T. - EPA

C¿pac it y of

crushers

I{PCB f i les.

Area source SPll

Sol id Taste

burning).

Ë,F. - [.l{.0. r

-toring data

t¡,c,G,8,

from

{ Re fuse

moni-

f rom

Ànnexure-lV

Annexure-lY

Annexure-lY

Annexure-V

Area source S0¿ from

Solid Haste (Refuse

burning),

E,F. - r,fi,0,

Area source l{0x from

Soìid *aste (Refuse

burning),

E.t, - r.il,0,

Area source SPI{ fronr

Stone mushers.

4l-
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Sr

llo

File llare 8¡sis Sou rce Additìon¡l 0et¡ils

IO. EALAIICE F|JEL OISTRIBUTIOII

I O. I SPI{ARFIJE. DAT

10.2 SO2ARIUE,OAT

10.3 IIOXARIUE.OAÏ

il. P0mt s0t,RcE 0AïA FtrËs

il.0 P0ts0tJRc,0AT

Area source SPtl

f rom Ba ì ance

consumpt i on,

Area source S0l

f rom 8a I ance

consumpt i on ,

Area source t{0

f ron Ba ì ance

consumpt ion,

Emission

industries.

Total fuel
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Emission factors, particles

1 Introduction
Emission factors (emitted amount of pollutant per quantity of combusted fuel, or
per km driven, or per produced unit of product) are important input data to
emission inventories, which again are essential input to dispersion modelling.

The knowledge of emission factors representative for the present technology level
of Asian cities is limited. For the pu{pose of selecting emission factors for the
URBAIR study, references on emission factors were collected from the open
literature and from studies and reports from cities in Asia.

This appendix gives a brief background for the selection of emission factors for
particles used in the air quality assessment part of URBAIR.

2 Motor vehicles

The selection of emission factors for motor vehicles for use in the URBAIR
project to produce emission inventories for South-East Asian cities, was based on
the following references:

. wHo (1993)

. US EPA (EPA AP42 report series) (1985)

. Vehicles Emission Control Project (VECP), Manila (Baker, 1993)

. Indonesia (Bosch, I99I)

. V/illiams et al. (1989)

. Motorcycle emission standard and emission control technology(Weaver and

Chan, 1993)

Table 1 gives a summary of emission factors from these references for various
vehicle classes. From these, the emission factors given in Table 2 werc selected,

for use as a basis for URBAIR cities.

Taking account of the typical vehicle/traffic activity composition, the following
vehicle classes give the largest contributions to the total exhaust particle emissions
from traffic:

o Heavy duty diesel trucks
o Diesel buses
o Utility trucks, diesel
o 2-stroke 2- and 3-wheelers.

Thus, the emission factors for these vehicle classes are the most important ones.
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Table l: Emission factors (S/km) for particle emissions from motor vehicles,
relevant as a basis for selection of factors to be used in South-East
Asian cities.

Fueland Vehicle Particles
o/km

Reference

Gasoline
Passenger cars

Trucks, utility

Trucks, heavy duty

3-wheelers, 2 stroke

¡llO 214 stroke

Diesel
Car, taxi

Trucks, utility

Trucks, heavy/bus

0.33
0.10
0.16
o.o7

0.12
0.33

0.33

0.21

0.211
2.OO/

0.2't/0.029
0.2810.08

0.6
0.45
0.37

0.9
0.93

0.75
1.5
0.93
1.2
2.'l

USEPAAruHO
VECP, Manila
lndonesia (Bosch)
Williams

VECP, Manila
USEPA
USEPA

USEPA

USEPAA/VHO

USEPAAruHO
VECP, Manila
lndonesia VWS
Weaver and Chan

VECP, Manila
USEPAA/VHO
Williams

VECP, Manila
EPA

WHO
VECP, Manila
USEPA
Bosch
Williams

Table 2 Selected emission factors ( g/km) for particles from road vehicles
used in URBAIR.

Comments

It is clear that there is not a very solid basis in actual measurements on which to
estimate particle emission factors for vehicles in South-East Asian cities. The
given references represent the best available basis. Comments are given below for
each of the vehicle classes.

Vehicles class Gasoline Diesel

Passenger cars/taxies

Utility veh icles/light trucks

Moto rcycles/tricycl es

Trucks/buses

0.2

0.33
0.5

0.6

0.9

2.0
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Gasoline:

Passenger cars:

159

Fairly new, normally well maintained cars, engine size
less than 2.5 l, without 3-way catalyst, running on
leaded gasoline (0.2-0.3 g Pb/l), have an emission fac-
tor of the order of 0.1 g/km. Older, poorly maintained
vehicles may have much larger emissions. The
US EPA/WHO factor of 0.33 g/km can be used as an

estimate for such vehicles.

Although the VECP study (Manila) uses 0.12 glkm, we
select the EPA factor of 0.33 g/km was selected for
such vehicles, taking account of generally poor
maintenance in South-East Asian cities.

Only the USEPA have given an estimate for such
vehicles, 0.33 glkm, the same as for passenger cars and
utility trucks.

The USEPA and V/HO suggest 0,2 glkm for such
vehicles.

The'Weaver report supports the 0.21 glkm emission
factor suggested by USEPA/V/HO. In the VECP
Manila study a factor of 2 glkm is suggested. This is
the same factor as for heavy duty diesel trucks, which
seems much too high.

Visible smoke emissions from 2-stroke 2- and 3-
wheelers is normal in South-East Asian cities. Low-
quality oil as well as worn and poorly maintained
engines probably both contribute to the large
emissions. The data base for selecting a representative
emission factor is small. In the data of 'Weaver and
Chan (1993), the highest emissions factor is about
0.55 g/km.

For URBAIR, we choose a factor of 0.5 gikm. Reali-
zing that this is considerably higher than the factor
suggested by US EPA, we also have a view to the
factor 2 glkm used in the VECP study in Manila,
which indicates evidence for very large emissions from
such vehicles.

The emission factor is much less than for 2-stroke
engines. The Weaver report gives 0.08 gkm, while
0.029 g/km is given by the VWS study in Indonesia
(Bosch, 1991).

Utility trucks

Heavy duty trucks:

3-wheelers, 2 stroke:

Motorcycles, 2 stroke:

Motorcycles, 4-stroke:

NILU OR 56195 App.



160

Diesel:

Passenger cars, taxis: The factor of 0,6 g/km given by the VECP Manila is
chosen, since it is based on measurements of smoke
emission from vehicles in traffic in Manila. The 0,45
g/km of USEPA/WHO was taken to represent typically
maintained vehicles in Western Europe and USA, as

also measured by Larssen and Heintzenberg (1983) on
Norwegian vehicles. This is supported by the Williams'
factor of 0,37 g/km for Australian vehicles.

Utility trucks The USEPA and the VECP Manila study give similar
emission factors, about 0,9 g/km.

Heavy duty trucks/
buses: The factors given range from 0,75 glkm to 2,I glkm.

It is clear that "smoking" diesel trucks and buses may
have emission factors even much larger thanZ g/km. In
the COPERT emission data base of the European
Union ( ), factors as large as 3-5 glkm
are used for "dirty" city buses. Likewise, based on
relationships between smoke meter reading (e.g.

Hartridge smoke units, HSU) and mass emissions, it
can be estimated that a diesel truck with a smoke meter
reading of 85 HSU, as measured typically on
Kathmandu trucks and buses (Rajbahak and Joshi,
1993), corresponds to an emission factor of roughly 8

gikm!

As opposed to this, well maintained heavy duty diesel
trucks and buses have an emission factor of 0,7-I
g/km.

As a basis for emission calculations for South-East
Asian cities we choose an emission factor of 2 glkm.
This corresponds to some 20Vo of the diesel trucks and
buses being "smoke belchers". A larger fraction of
"smoke belchers", such as in Kathmandu, will result in
a larger emission factor.

3 Fuel combustion

oil
The particle emission factors suggested by USEPA (AP 42) is taken as a basis for
calculating emissions from combustion of oil in South-East Asian cities. The
factors are given in Table 3.
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Table 3: Emissionfactors for oil combustion (Ref.: US EPA, AP 42). (kg/m:)

Emission factor
Uncontrolled I Controlled

Utility boilers
Residualoila)

Grade 6
Grade 5

Grade 4
I ndustrial/commercial boilers

Residual oil
Distillate oil

Residential f urnaces
Distillate oil

1.25(S)+0.38
1.25

0,88

(as above)
0.24

0.3

x0.008 (ESP)
x0.06 (scrubber)
x0.2 (multicyclone)

x0.2 (multicyclone)

S: Sulphur content in % by weight
a): Another algorithm for calculating the emission factors is as follows: 7,3x4 kg/m3, where

A is the ash content of the oil.
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Population exposure calculations

The basis for the calculations of the exposure of the Bombay population to TSP is
the following:

1. The population distribution, calculated per kmz as described in Appendix 2,

Chapter 2, and shown in Figure 2 inthat appendix.

2. The TSP distribution in Bombay, calculated by dispersion modelling as annual
average concentration in km2 grids (city background) described and shown in
Chapter 2.3.2 in the main report.

These two distributions are combined, and give an estimate of the residential
exposure frequency distribution shown in Table 1 of this Appendix, l. and 2.

columns.

This residential exposure is modified to account for additional roadside exposure

experienced by drivers, commuters and roadside workers. This modification is

done in the following way:

. 300,000 drivers are given fairly high annual exposures:
100,000 at 195 VglrrÊ
100,000 at205 pg/nf
100,000 at2I5 tqlm3

o 1,500,000 commuters are given a moderately high annual exposure (see 3rd
column, Table 1)

500,000 at 125 VE/mz
500,000 at 155 Vglm3
500,000 at ll5 Vglms

which is thought to coffespond to commuting on intermediate, high and very
high traffic density roads.

These 1.8 million people are then subtracted from the residence distribution,
somewhat arbitrarily at equal rate from exposure classes between 95 pg rñ and

185 ¡rg/ml (see 4th column, Table 1), i.e. the residents of the commuters and

drivers are thought to be in moderately-to-fairly highly exposed areas.

This modification gives the total exposure frequency distribution of Table 2,

column 5.

Columns 6 and 7 of Table 1 give the resulting cumulative distributions

Figure 1 shows the calculated exposure distributions

The residential distribution show that most people are exposed to annual

concentrations between 110-140 VglrrÊ (annual average TSP). Small fractions of
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the population are exposed to higher concentrations near specific particle sources,
which are stone quarries. The roadside exposure causes a considerably increased
exposure for a considerable part of the population.

Table l: Calculated distributions (Vo) of population exposure to tSP (annual
average, FS/ms¡ in Bombay, 1993.

Exposure
class

TSP, ¡rg/m3

Residential
exposure,
freq. distr.

Traff ic exposure modif ication Total
exposure
freq.distr.

Cumulative distr

Add Subtr Residential Total

55

65

75

85

95

105

115

125

135

145

155

165

175

185

195

205

215

225

235

245

255

265

275

285

295

305

315

325

33s

0

0

1.085

6.007

8.405

10.800

19.008

22.662

19.600

3.900

1.100

1.400

0.846
'1 .868

0.143

0.218

0.466

0.302

0.606

0.093

0.518

0.1 08

0

0.020

o.270

o.152

0.266

0

0

5.09

5.09

5.09

1.02

1.02

1.02

1.83

1.83

1.83

1.83

1.83

1.83

1.83

1.83

1.83

1.83

0

0

1.085

6.007

6.575

8.970

17.178

25.922

17.770

2.070

4.360

-0.430

4.106

0.038

1.163

1.238

1.486

0.302

0.606

0.093

0.51 8

0.108

0

0.020

0.270

0.152

0.266

0

0

99.843

99.843

99.843

98.758

92.751

84.346

73.546

54.538

31.876

12.276

8.376

7.276

5.876

5.03

3.162

3.019

2.801

2.335

2.033

1.427

1.334

0.816

0.708

0.708

0.688

0.418

0.266

0

0

99.873

99.873

99.873

98.788

92.781

86.206

77.236

60.058

34.1 36

16.366

't4.296

9.936

10.366

6.260

6.222

5.059

3.821

2.335

2.033

1.427

1.334

0.816

0.708

0.708

O.68B

0.418

0.266

0

0
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Figure I: Calculated distributions of population exposure to TSP (annual
average) in BombaY, 1993.

100

90

80

70

- 
Res¡dential exposure

-Total 
exposure

g60
o

õ50
f,
E.? 40

30

20

10

0

55 75 95 115 135 155 175 195 215

TSP (ug/m3)

235 255 275 295 315 335

NILU OR 56/95 App.



t69

AppendixT

Spreadsheet for calculating effects of control
measures on emrssrons

NILU OR 56/95 App.



17t

Spreadsheet for calculating effects of control measures on
emissions

1 Emissions spreadsheet

The spreadsheet is shown in Figure 1. (Example: TSP emissions, Greater
Bombay, Base Case Scenario, 1992.) Figure 2 shows emission contributions in
absolute and relative terms.

The purpose of the spreadsheet is to calculate modified emission contributions,
due to control measures, such as:

. new vehicle technology

. improved emission characteristics, through measures on existing technology

. reduced traffic activity/fuel consumption

. other.

The emissions are calculated separately for large point sources (with tall stacks)
and for area sources and smaller distributed point sources. The reason is that air
pollution concentrations and population exposures are calculated differently for
these two types of source categories.

The colums and rows of the worksheet are as follows:

Columns

a)q Emission factor, g/km for vehicles, kg/mz or kg/ton for
fuel combustion and process emissions.

For vehicles, emission factors are given for "existing" and
"new" technology.

b) F,T Amount of "activity"
T (vehicle km) for traffic activity
F (m: or ton) for fuel consumption in industrial
production.

c) qT,qF Base case emissions, tons, calculated as product of
columns a) and b).

d) fq, fF, fT, f- Control measures. Relative reduction of emission factor
(fq), amount (fF, fT) or other (f-) resulting from control
measures.
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Emissions spreadsheet, Greater Bombay
TSP, Base case, 1992

Figure I: URBAIR spreadsheet for emissions calculations

Emiss¡on Amount

factor

BasÈ

casa

Em¡ss¡ons

Control measures Modilisd

em¡ss¡on9

Folatlve

smissions

Þer caleqorv

Rslalive

Þm¡ssions

lotal

LARGE POINT SOURCES
q F

(r0E3 r/a){kdo

qF

(loñnss)

lq lF l. qFfqfFl
{10E3 tonnss)

(dqF fq fFf)

{Þsrc€nl)

(dqF lq fFf)tot

lÞ6rc6ntl

Power plânt LSHS

Coal
Gas
LSHS

LSHS

FO

Påtrochem. ind.

Large/med. ind.

0.10

0.50

0.28

o.28

5.40

927

298

496

279
164
'183

93
't 49

30

78

46

988

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00
'1.00

1.00

1.0c

1.0c

1.0c

1.0c

1.0c

1.0c

93

149

78

46

988

ô,t

10.8

2.2

5.6
3.3

71.4
Sum large po¡nt sourcss
Modil¡ed emisslons/êmies¡ons. ooint sourc.

1384 f384
I

100.0

DISCRETE AREA SOURCES

Waste dumps
Stone crushêrs

1.00

1.00

1.00
't.00

1.00

1.00

Sum d¡scrots aroã sources I
Modilied emissions,/êmiss¡ons. d¡scr. arse sourc.

0.00 0

DISTRIBUTED AREA SOURCES
Veh¡cles q T

(10E9 vohkÍúá(dkm)

qT

(lonn6s)

fq fT f- qT fq fTf

(10E3 tonnes)

(dqT fq fTf)

(Þsrc€nl)

(dqT fq fTf)

{Þ6rcônl)

Cars, taxis
MC/TC

0.20

0.50

2.4e,

1.47

492 1

1

1

1

1

1

492 13.4

20.c

2.C

3.C

Sum gasol¡ne

Modilied smiss¡ons/sm¡ssions, qâsol¡ns
1227 1227

1

5.C

D¡sssl sxhaust
Cars, taxis
Trucks
Buses

u.þ

2.O

'1.21

0.62

.0.22

762
124C

44C

762
't240

440

20.8

s3.8

12.4

3.1

5.0
'f.8

Sum d¡es8l

Modilied emissions/emiss¡ons, diosel
2442 2442

1

100.0 9.9

Sum total veh¡clê êxhaust I

Modil¡sd om¡ssions/sm¡ssions, tolal vehiclè êxhaust
3669 3669

1.0c

'14.8

Bgguspons¡on 2.O 6.04 12080 1 I 1208C 48.8
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0.28

U.Ub
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40
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1 1.76

11.20
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1.00

1.00
'1.00

1.00

1.00

'1.00
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1.00

1.00

1.00
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1.0c

1.0c

1.0c

1.0c

1 5.68

664.2C

11.7ê,

1'1.2C

0.42

0.2

7.4

0.1

0.1

0.0

0.1

2.7

0.0
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0.0

Sum ¡ndustrial
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Dung
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10.00

10.00

37.00

295
480

233

't 04

4395.00

28.80

13.98

0.00

0.00

3848.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.OO

1.00

1.00

1.00

'1.0c

1.0c

1.0c

1.0c

1.0c

1.0c

4395.0C

28.8C

13.98

0.0c

0.0c

3848.0C

48.9

0.3

0.2

0.0

0.0

42.8

'17.8

0.1

0.1

0.0
0.0

15.6

Sum domsslic
Modif ied emiss¡ons/sm¡ssions, domestic

4285.74 82S5.78

1.0c

33.5

Sum fuol combusl¡on
Modlf lsd em¡ssionsy'€misslons, f uel

8989.04 8909.04

1.0c

100.0 36.3

Miscellaneous q M qM fqfMt qMlqfMl (dqM tq fMl)misc
(o€rc€nl)

(dqM lq fMf)tot

Construclion
Sum miscollanoous
Modif¡od om¡ss¡ons/om¡ss¡ons, mlsc.

0 I 1 0

#Drv/01
0.0 o.o

Sum total distributed area sources 
I

Modified emissions/emissions. distr. area sources
2473A.O4 24738.04 100.0(
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Figure 2: Emissions contributions from various source categories.

qFfqfFf- Modified emissions, due to control measures.

Ð d(qFfqfFf-) Relative emission contributions from each source, per
source categofy:
- vehicles
- fuel combustion
- industrial processes

- miscellaneous

g) d(qFfqfFf) Relative emissions contributions, all categories summed.

Rows

a) Separate rows for each source type and category, "existing" and "new"
technology.

b) "Background" Fictitions emissions, corresponding to an

extra-urban background concentration.

c) Modified emission/emissions Ratio between modified and base case

emissions.
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18 May 1993 ANNEX 2

Project Description

This Project Description describes the work to be carried out under the Contract of 18 May 1993
between Norwegian Institute for Air Research (NILU) and Aditya Environmental Services,
Bombay.

Information shall be collected regarding the items described below. The information to be col-
lected shall go beyond the information contained in the material referenced in the Draft Report
from NILU and Institute of Environmental Studies (IES) of the Free University of Amsteråam
prepared for the'Workshop, and summarized in that report.

Available information shall be collected regarding the following items, and other items of interest
for Air Quality Management Strategy Development in Bombay:

. Meteorological measurements in and near the city

. Activities/population data for Bombay:

Fuel consumption data: Total fuel consumption
- per type (high/low sulphur oil, coal, gas, firewood and

other biomass fuels, other)
- per sector (industry, commercial, domestic)

Industrial plants: - Location (on map), typeþrocess, emissions, stack data
(height, diameter, effluent velocity and temp.)

Vehicle statistics: - No. of vehicles in each class (passenger cars, trucks
(small, med.,large), buses, MC (2 and 3-wheels,
2 and 4 stroke

- Age distribution
- Average annual driving distance per vehicle class

Traffic data: Definition of the main road network marked on map.
Traffic data for the main roads:
- annual average daily traffic (vehicles/day)
- traffic speed (average, and in rush hours)
- vchicle composition (pass.cars, MCs, trucks/buses)

Per city district (as small districts as possible)
- total population
- age distribution

Population data:
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a

a

Air pollution emissions Emission inventory data (annual emissions)
- per compound (SO2, NO*, particles (in size fractions: <2 pm,

2-10 pm, >10 ¡rm), (VOC,lead)
- emissions per sector (industry, transport, domestic, etc.)

Air pollution data: - concentration statistics per monitoring station:
annual average, 98-percentile, maximum concentrations
(24tu, I hr)

- trend information
- methods description, and quality control information on

methods

a Dispersion modelling: Reports describing studies and results

Air pollution laws and regulations:
Summary of existing laws and regulations

Institutions: Description of existing institutions working in, and with
responsibilities within, the air pollution sector, regarding:
- monitoring
- emission inventories
- law making
- enforcement

The information shall include:
- the responsibilities and tasks of the institutions
- authority
- manpower
- expertise
- equipment (monitoring, analysis, data hard/software)
- funds

It is important that the gathering of information is as complete as possible regarding each of the
items, so that we have a basis of data which is as updated and complete as pìssible. Remember
that this updated completed information data base is to form the basiJ for an action plan regarding
Air Quality Management in Jakarta. Such an action plan will also include the need to coleót moré
data. In that respect, it is very important that the gathering of existing data is complete.

a
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Project Description

Itn"BAlt

Topía for ¡ercaæh

À Pbyrfcal lnpacl¡

t. Descdbc avaÍl¡blc su¡díe¡ on æluioru hnpccn air pollution a¡¡d hcahh.

2. Decidc oa ùc æceptabiliry of dosc - cflcc rrluíorhips from USA (rrblcs 5i.7 - S.g).
t Moraliry: l0 pg/d TSP lcsds to 0.682 (rurge:0.184J9) pc¡rcatage ctrange ia

møtrliry.
b. Wort losr dayr (WLD): I ttg/mt TSP b¡d¡ o 0.00145 pcæentagc chrcrge in

WLD.
c. Ratricrcd aaivity days (R A'D): I ¡rglml TSP lcsd¡ ro 0.0028 pc¡crf¡ggc churgc

b R'itD pü ye¡[.
d. R.esplrucrry hosphel di¡csscs (RHD): I p¡ TSp bads o 5J9 (rangr: 3.147.71\

csscs of RHD pcr 100.000 pcnorir pcr yc!r.
c. Emcrgørcy ¡ootn vi¡i¡r (ERv): 1 pg/nr, TSp lc¡¡Js to 12"9j (rurgc: ?.!-tg.s)

crsc¡ of ERV pcr 100,000 pc¡soor pcr yes.
L' Bronchki¡ (child¡cn): I pgôd TSP lcldr ¡o 0.00086 (rurgc 0.00013-0.00129)

chûUÊ h b'ronchiti¡.

t. Anhr!¿ ¡¡¡æks: I pgÅf Tsp tcsd¡ ro 0.0t53 (r¡¡rgc: 0.00f,r4.00?9) dpngc ln
¡l'íly asórn¡ sn¡clÉ pcr rsrhmaric pcs6os.

h. R¡spi¡lrôry cympror¡s dayr (RSD): I pglmt TSp bads æ l.l3 (rgrgq 0.9ùl..fl)
RSD pcr pcrson p€r )rcEf.

l. Dissrôl¡c blood prcssuæ @BP): clrrngc in DBp =L74 ([pb ln bloodl- - tpb h
bloodl¡, dú, Pt ln blood¡ ir blood tc¡d bvcl (pddt}

j. coroorry hcart di¡c¡sc (CHD): chongc in pobabitiry of e CHD cvcn¡ h úrc
followíng tcr¡ yes:¡ i¡ [l + cry - ( - 4.996 + 0.û30365(DBpr)l],_

I I + erp - ( .,1.996 + 0.0030365 (DBPJ ] ft

L Dec¡cn¡cnr lQ points: IQ dccæmcnt = 0.9?5t change in air lc¡d (xg/tu).
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I

Calcr¡l¡tis¡ cxrøptc"
t-er popolarlør bc t0 millioo pcopt€-
I¡t th¡csbofd vaù¡c of TSp bc 7S pglmt (rhe WHO nandard!
I¡¡ úc coaccnrrüíoo TSP bc 3l? pg/td.

-> Cha¡rgp h oorrality t ü.2 t 0.682 r t6j%.
L¡t crrde loortality bê 1% pcr yesr.

yc8¡.

3 For thosc clo¡c +ffcct rcLe,tionships thal arc acccprabtc, b¿se va¡æ mu.f bc gul¡cæd,
4.92

t c¡r¡dc monsJrry

b. pcscot work days loct
ctê

B. Vrlu¡tioa

Monalþ.
L Willingncss ¡o pay.

Iû USA rcscach hå¡ bê¿r¡ carricd out on üc rcluion b*wccu dsts of þbe urd
wagcs. & appcend thÄ I promilb of cbangc ln Ésk of mort¡tiry lc¡ds ¡o ¡ waEE
dific¡cr¡cc of ca. s1000. If thi¡ figurc is applicabtc to dl pcrsons of r targc
populadon (¡ay t0 mìili6¡), ¡hc whorc popuLulon valt¡c¡ t promiltc drurgc ln
'i<þ of monality æ $1000 t l0 t ld = S 10 billlon. A¡ inc¡ec¡e in ¡isk of I
promilb will lcd to cs. 10.000 dca¡h c¡scs, Eo pcr de¿dr c¡sc úrc v¡\,1¡ion i¡ SI million t shor¡ld bc dccidêd if ln oû¡c¡ counuics, c.q. chlcs, rhis val,r¡rloo
shouu bc correc¡cd for wagc diffe¡c¡¡c:s (e.g. if rhc avcrage wage ls 10 ti¡¡cs
lowe¡ Ûra¡l in uSÀ thc valu¿¡ion of I dca¡h c¡¡e is $zi,0o0). ¡f ¡his approach ir
Eccspubh thc only Informuion nccdcd ir rvcragc waga

b. hoductioo loss.
If thc appmarå of wiuingncss to pay i¡ not acæptablc, É¡c al¡crnæivc ir valuing
bum¡n lifc drrough production los¡, i.c. foregone in<pr¡:¿ of ôc dcccsscd. Again.

NILU OR 56/95 App.



3

185

thc lnfgrr.¡Âtioo nccdod b rvcngc wage. Mo¡¡ovcr. informadon i¡.¡rccdcd oo óo
¡wrìage nu¡nbc¡ of prn thu pcople havc ¡ joh Howcvcr, tlrosc wlóorr r Job
¡hould d¡o bc rsrþcd r v¡lua A¡t csdn¡¡æ of tt¡c t¡csmê fro'm f¡fornd
tct¡vtdÊr ca¡r bo ¡n lndicatíon" Otl¡crwi¡o ¡ vrh¡c dc¡ivcd from ¡hc wagpr (c.¡.
balf ¡hc rvê¡age wsgc) can ba ¡ (sonuwhat üöirary) cstlmuíon.

2- lvlorbÍdiry.
B¡d¡¡r¡rc¡ ge nccdcd, for dl ca¡cE of morbidity, of û¡c dtrati,oo of rhc llln¡¡¡, te !r
3o dsrivo rn csdmation of forcgonc producdon duc to lllncsg. fu¡t r¡ h ü¡o ct¡s of
mortaltry (8. l.b.) wtgcl crn bc uscd for valuuion of ¡ lost wortlng day. Mortovcr,
tho hoepkal cost¡ xtd othc¡ mcdícal cors r¡E ¡o bc cstim¡¡cd. Thc¡c cosu cd[ do ¡oc
yet iocludc ütc subjcaÍvc costt of illnesq which can ba estím¡¡cd usíng thc
wllllngrrcr¡ rô pay þ prËycol e dry of illnc¡s.

Wlllfngncsr so pay to pæve¡r r day of ill¡csr.
Vduadôû in IJSA, basod oo n¡rvcyt arnong rcçondcotg Índíc¡rc thar ûc willingncg
tô Pay to Prcvcnt a day of illncs ir c¿ Sl5. Thls ¡mor¡nr coul¡t, jus litc rhc unq¡rn
of willlngncss to pay for rirl¡ ¡6 huma¡ l¡êâ'trh, b¿ cor¡ac¡cd for wagc diftænær. Thc
tcccptabiüry of n¡ch a procedrrc ir, pcrhaps, ¡ourcw{r¡t lowcr.

4. IQ poinn.
Læs of IQ of chiJd¡cn mry lc.ld o t lowc¡ earning crpaciry. A USA e¡rirnaæ i¡ c¿
$4600 ¡rcr child, p€r IQ point rummcd ovc¡ ¡t¡c chtld'¡ l¡fcrirnê. If rhk ls rcccprblc.
¡lrc ñ$¡rÊ cu¡ld þ c¡r¡cacd for wagc diffcrc¡¡cc¡ bctwccn USA rnd rt¡c clry.

C. Otbcr lmpact¡

l. Buildings.
A¡ ccdm¡¡c by Jactcson q aL (sec URBAIR rlpo¡t rabtc 5.18) ls dr¿ pævcrtcd
clcaning costll Pcr hor¡s¿hold pc¡ ycü r¡c $.12 for a ¡eduaion l¡¡ TSp concc¡rtna¡ion:
f¡om 235 Pg/¡¡rt to 115 Pg/¡Tf. This would i"nply a bcncfi¡ of $0.35 pcr houscbotd pcr
P/mt rcducCon. This figu¡c could bc corrcctcd for wagc diffcrcnccs bc¡wær¡ USA
t¡rd ths cÍry. If tha¡ i¡ acccprablc, úÊ lnforrnsrion næded is rhc numbcr of houscholC¡
ln ürc ciry.
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2- Mgrumcn¡.
I¡ ir diñlcolt to tsy which vEluc is an¡chcd tô monumcnts, !s úrcy arc oftcn unQue
ald úÊfu v¡Iuc i¡ of r subþdvc char¿crcr. Ncvcrthcl¿ss, drc restor¡¡lon and ctcanlng
cær¡ of rnoûuû¡cnts could bc an indiculon of ¡bc o¡dcr of magnltrrdo of damage to
EôûurlcnE. Rcvcntr of tou¡l¡m mfght also givc a ccrtaln indicæion of drc valuarlon
of ñ¡ttr¡c damagc to monumcnts.

D. nan¡rt
fn most casc{t. tlrc valuatlon of damagc is not very precirc, and cc¡tai¡ly no( moæ rh¡¡
¡n indc¡doq of rt¡c o¡dcr of magnin¡dc,

E Technologtc¡l Reductlon Opttons

To gívc r ¡eli¡blc qttiroaæ of ürc cost¡ of technologícat rcducdon opcions, onc ne¿d¡
r rtllabtc I'níqi6¡ lnvcnrory in which ls f¡cludcd thc ourcnrty used æchnologies ånd
th¿ ¡ge rnd replaccmcrit Pcríod of ùc irutallcd cquiprrænt. h thc ¡bec¡rcc of dris, the
tudy ry ü¡c city tcem might wish to conc€nEare on I clsc study (c.g. rraffic, fcrtilizcr
industry, largc combusrion rourccc).

Thc 6¡!l stcp i5 to identify oprlons. Coopcruion wi¡h IES ir possiblcr ooÇr a cåsc
¡a¡dy l¡ ídc¡nific¿

Tþ seco¡rd stÊp b o cæim¡¡cthc costs, l.e invcstmcst coJB and O&M (opctuion and
maintc¡ar¡¿c) costs. Bâscd on ¡hc cconomic lifctinp of ¡Irc invcstcd e4uipnrcnç dro
inræar¡rcnt costs cå¡ bc transfo¡mcd to rnnut cosur using urftlng-ofr proccdrutr.
Co¡t¡ wfll oftco dcpcnd to a hrge cxænr on locsl conditioru. Corrccion¡ of ôc cosu
r¡e dæcrltrcd in chepær 6 of thc IJ'RBAIR rcport.

Tbc ú¡rd ræp is to cstimuc thc cmission ¡eduaions of rhc va¡lous rcduction optionr.

Thc founh sæp is to ¡srk the oprions according o cosr-cffcctivcner¡. For this purpose
thc va¡iot¡s typcs of pollution have to bc brougbt undcr a common denomin¡¡or. A
nrggcstioo could bc ¡o calct¡Iarc a weighcd sum of thc pollutants, using rs wcighu rhc
lnuuff by which a¡¡¡bic¡¡t ¡¡¡ndards a¡s c¡c¿cdcd on avêratc.

Thc cåtculadoo of ¡hc coot-cffcctlvcness consist¡ thcn of rhc c¿tculådon of ürc rado
of rcducdø ovc¡ a¡rnual cost (R/C). Tüc options wirtr the. hþhesr ra¡lon RIC a¡c ü¡e
mo$ cost.€ffc¡tívc one¡.
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