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Notice

This report from the URBAIR project conducted under the Metropolitan
Environment Improvement Program of the World Bank, ASTEN Division, is the
version produced by the project consultants (Norwegian Institute for Air Research

and Institute for Environmental Studies in Amsterdam) for the World Bank. The
World Bank publishes the official version of this report. The contents is basically
the same, but the layout is somewhat different.

This present version of the report is distributed upon request, from NILU, until
the official World Bank version is available. The two versions can be used
interchangably, as they are basically identical.




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 short/medium/long term.

The preparation of this city-specific report for Kathmandu 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 December
1993, June 1994 and March 1995. First drafts of the reportswere prepared by
Norwegian Institute for Air Research (NILU) and Instituut voor
Milieuvraagstukken (IVM, Institute for Environmental Studies) before the first
workshops, based upon general and city-specific information available from
earlier studies. Second draft reports were prepared before the second workshops,
with substantial inputs from the local consultants, and assessment of air quality,
damage and control options, and cost analysis carried out by NILU and IVM.

The participating institutions and agencies from Kathmandu were as follows:
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The report concludes with an action plan for air pollution abatement produced by
the local working groups as a result of the deliberations and discussions during the
second workshop. NILU/IVM carried out cost/benefit analysis of some selected
abatement measures, showing the economic viability of many of the technical
control options.

It is expected that the local institutions, based upon the results from the analysis,
as presented in this report, formulate a prioritized plan of action. Here, prioritized
measures to reduce the urban air pollution should be listed and given a term for
start and completion. This prioritized action plan is expected to be the basis for the
air quality work of the municipal authorities, in developing a control strategy, and
an investment plan.

The report is organized as follows:

e An extensive Summary.

e Background information (Ch. 1), summarizing the development in the city over
the last decade regarding population, pollution sources such as industry and
road traffic, and fuel consumption.

e Air quality assessment (Ch. 2), containing summary of the present air pollution
situations, emissions, inventory, dispersion and population exposure
calculations, and suggestions for improving the data base for the assessment.

e Air pollution impact (damage/assessment and its valuation (Ch. 3), describing
and calculating the health damage from the air pollution.

e Description of institutional framework (Ch. 4).

e Abatement measures (Ch. 5), describing the effectiveness and costs of selected
technical control measures.

e Draft action plan (Ch. 6), containing the full Action Plan as developed by the
local working groups, and a summary of the cot-benefit analysis of the selected
technical control options.

e References (Ch. 7).

An Appendix report contains more detailed descriptions of the air quality data, the
emissions inventory and emission factors, population exposure calculations, and
laws and regulations.
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Summary

Past and present development of Kathmandu Valley

Kathmandu Valley, like other larger cities in developing nations, is increasing
rapidly in size and diversity. The concentration of population and industry in these
cities is high and still getting higher. This situation creates urban air pollution
problems in these cities caused by increasing emissions from vehicular traffic,
industry and domestic heating, cooking and refuse burning. In the future, potential
risk for air pollution exposures will deteriorate at an alarming rate, if the
emissions are allowed to develop uncontrolled.

Kathmandu Valley has experienced strong growth over the past few decades. The
population of the valley grew by 26% from 1970 to 1980, and further with 44%
till 1990. The population was in 1992 about 1,060,000, of which 56% was
considered urban.

The number of vehicles has increased rapidly, and has doubled over the past
decade. In 1993 the number of vehicles was about 67,000, corresponding to about
15 inhabitants per vehicle. About 20,000 were cars/jeeps, and 36,000 were
motorcycles. MC’s and trucks/buses had the strongest increase.

The local brick industry, which, together with Himal Cement is the main air
polluting industry, has expanded considerably over the later years, with the
number of registered kilns tripled over the last decade. This has resulted in a large
increase in coal consumption.

An increasing number of vehicles among other developments have caused a
significant fuel consumption increase. Over the period 1980-93, the increase has
been about 150%, 175%, 250% and 580% for gasoline, motor diesel, kerosene and
fuel oil respectively. The per capita fuel consumption in 1993 was about 27 litres
of gasoline, 150 litres of motor diesel, 125 litres of kerosene and 20 litres of fuel
oil.

Data on air pollution concentrations, on which to base an evaluation of the results
of this development on the air pollution of the valley, does not exist for earlier
years. However, atmospheric visibility data from Kathmandu airport, analysed
from 1970 and onwards, show that there has been a very substantial decrease in
the visibility in the valley since about 1980. The visibility, outside of fog
situations, is reduced when small particles, mainly from combustion processes, are
present in the air. The number of days with good visibility (>8000 meters) around
noon has decreased in the winter months, from close to every day im the 70's 1o
about 5 days in 1992/93. In the summer (monsoon) season, the visibility has
remained almost unaffected.

Present day air pollution measurements show that particles in the air in the valley

represent the most serious air pollution problem with respect to health. WHO
guidelines for TSP and PM,, are often substantially exceeded. There have been
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measured 24-hour TSP concentrations above 800 pg/m3, while the WHO air
quality guideline is 150-230 pg/m3.

The continued growth of population and GDP in Kathmandu Valley is expected to
worsen air pollution, unless corrective measures are taken.

Air Quality Assessment

Kathmandu Valley’s air quality has been assessed by reviewing available air
quality measurements, constructing an emissions inventory, performing dispersion
model calculations of long-term average concentrations, and, based on this,
calculating the distribution of population exposure to air pollution.

Air pollution measurements show that TSP and PM,q represent Kathmandu
Valley’s major air pollution problem. This can be stated, although the
measurement programs so far have not been extensive in time and spatial
coverage. Concentrations of TSP and PM;, exceed WHO guidelines substantially
and frequently. More than 50% of the days of measurements, which cover both the
dry and the wet season, had TSP concentration above the WHO guideline.
Maximum TSP concentrations measured in residential areas exceeded the
guideline by more than a factor of 2, while hot spot concentrations in traffic and
industrial exposed areas exceeded the guideline by up to a factor of 4. SO, and
NO, pollution is not as serious as TSP and PM,, overall. CO and ozone have not
been extensively measured.

The emission inventory was based upon available information, and many
assumptions were made. Main sources of TSP and PM,, emissions were (relative
contributions):

TSP PM;,
Himal Cement 36% Brick industry 28%
Brick industry 31% Domestic fuel 25%
Domestic fuel combustion  14% Himal Cement 17%
Road resuspension’ 9% Vehicle exhaust 12%
Vehicle exhaust 3.5% Road resuspension 9%

Population exposure distributions for TSP and PM,, were calculated based on:

e calculated long-term average concentrations in a km2 grid net using a gaussian,
multisource dispersion model;

e population distribution in the same km? grid net; and
e estimated additional exposure in hot-spot areas (main road network and
industrial areas).

' The calculation of resuspension from roads may represent an overestimate, as it is based on an
overall emission figure of 2 g/km.
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It was calculated that about 50% of the population lives in areas where the WHO
AQ Guideline for TSP, annual average (90 pug/m3), is exceeded.

Estimated exposure exceeding two times the AQG for TSP, annual average, is 3-
4% of the population. These are drivers and roadside workers and residents, and
residents in the brick kiln areas.

The exposure is due to the following main sources:

e For TSP: Resuspension from roads, Bull’s trench kilns, domestic fuel com
bustion, vehicle exhaust, domestic refuse burning and gasoline
vehicles.

e For PM,q: Vehicle exhaust, domestic fuel combustion, Bull’s trench kilns
and resuspension.

Additional exposure in industrial areas is due to process emissions.

The highest exposure is due to roadside concentrations, which affect drivers,
commuters, and roadside shops and residents.

The figure below shows the estimated population exposure distribution to PM,
(annual average) in Kathmandu Valley.

40,00 Threshold used in dose-effect relations

35,00

30,00

25,00 4

20,00 -

15,00

Percentage of population

10,00 -

0,00

I I T 1 I T T
8 22 38 52 68 82 98 112 128

microgram/m?3 (PM,,, Annual average)

The concept of Air Quality Management Strategy (AQMS)

The basic concept for an Air Quality Management Strategy (AQMS) contains the
following main components:

e Air Quality Assessment;
e Environmental Damage Assessment;
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Abatement Options Assessment;

Cost Benefit Analysis or Cost Effectiveness Analysis;
Abatement Measures Selection (Action plan); and
Optimum Control Strategy.

The Air Quality Assessment, Environmental Damage Assessment and Abatement
Options Assessment provide input to the Cost/Benefit Analysis, or a Cost
Effectiveness Analysis, which is also based on established Air Quality Objectives
(i.e. guidelines, standards) and Economic Objectives (i.e. reduction of damage
costs). The analysis leads to an Action Plan containing abatement/control
measures, for implementation in the short/medium/long term. The final result of
this analysis is the Optimum Control Strategy.

A successful AQMS requires the establishment/completion of an integrated
system for continued air quality management. This system requires continuing
activities on the urban scale in the following fields:

e inventory of air pollution activities and emissions;

¢ monitoring of air pollution and dispersion parameters;

e calculation of air pollution concentrations, by dispersion models;
e inventory of population, materials and urban development;

e calculation of the effect of abatement and control measures; and
e establishment and improvement of air pollution regulations.

These activities, and the institutions necessary to carry them out, constitute the
System for Air Quality Management that is a prerequisite for establishing the
Strategy for Air Quality Management (AQMS).

The figure below represents a simple visualisation of the elements of the System
for Air Quality Management, and the flow of information between them.

Dispersion Monitori
. onitorin
modelling 9
L Air Quality
Emissions > (Air pollution
concentrations)
Exposure
assessment
Auawnlenj Control
measures options ¢
regulations
¢ Damage
assessment
Cost
analysis h——l
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The process of developing an Air Quality Management Strategy (AQMS), for an
urban area includes many steps. The most important of these are:

* identifying sources

emission inventory
* quantifying sources
*  identifying sources

emission inventory
* quantifying sources
*  monitoring air pollution Assessment
*  assessing the exposure (impact) situation
* identifying source - exposure relations — modelling

*  estimating the relative importance of
various air pollution sources

* assessing environmental damage

*  investigating short and long term control (abatement)
options including urban planning needs

* performing cost-benefit or cost-effectiveness analysis Control
* developing a control strategy and an investment plan
* developing institutions/regulations/enforcement

*  awareness raising

* establishing an Air Quality Information System (AQIS) Surveillance

As shown above, the AQMS consists of two main components, which are
assessment and control. In paraliel with the AQMS development, and to
facilitate checking the effectiveness of the air pollution control actions, a third
component is necessary, which is surveillance (monitoring).

The process of attaining acceptable urban air quality is dynamic and long term. As
the urban areas develop, population, pollution sources and technology change.
Throughout this process, it is very important to have an operating Air Quality
Information System (AQIS), in order to:

e keep the authorities and the public well informed about the short-term and
long-tcrm AQ dcvclopment

e assess the results of abatement measures, and thereby
e provide feed-back information to the abatement strategy process.
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Needs for improvement of the Air Quality Assessment

At present there is no continuing air quality monitoring program, or stations, in
operation in Kathmandu Valley. A comprehensive monitoring program for the
valley is needed.

Such a program should include (using continuous monitors where possible:

e Compounds : TSP, PM,,, submicron particles, black smoke, CO (1. priority).
e Sites : Road side, city background, brick kiln area, rural, hilltop sites.
e Meteorology : Several (3-5) sites measuring wind, RH, stability, visibility.

The emission inventory should be improved, especially regarding

e fuel statistics

¢ emission factors for vehicles, domestic fuel combustion and resuspension from
roads

e Bull’s Trench Kiln emission measurements

e particle size distribution for the various emission sources.

The determination of population exposure in Kathmandu Valley is based upon a
combination of dispersion modelling and pollution measurements.

A population exposure distribution of good quality is important since it is the
basis for:

e estimating health damage
e assessing the effects on health of various measures to reduce the exposure, as
part of a cost/benefit analysis.

To improve the population exposure calculations beyond what has been developed
as part of the first phase of URBAIR for Kathmandu Valley, it is necessary to:

e establish dispersion models for the Valley capable of dealing with the complex
topographical/temperature/dispersion conditions, and also for dispersion from
roads.

e improve the input data base to such a model, regarding:
- hourly air pollution concentration data

- hourly dispersion data, spatial resolution
- hourly emission data

Impacts of the air pollution and their valuation

The adverse air quality has several impacts: to human health, materials,
vegetation and crops, buildings and monuments, ecosystems and tourism. For
practical and methodological reasons only a partial assessment and valuation of the
health impacts due to PM; was possible. The table below presents the results. In
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monetary terms the total impact comes to about NRs 200,000 million. Impact of
lead pollution due to the use of gasoline which contains lead is not included.

Impacts of air pollution (PM ;o) on mortality and health and their valuation in
Kathmandu Valley (1990).

Type of health impact Number of Value (NRs)
cases Specific Total (1,000)
Excess mortality 84 340,000 28,644
Chronic bronchitis 506 83,000* 41,988
Restricted activity days 475,298 56 26,617
Emergency room visits 1,945 470-720 1,167
(600 in calculations)
Bronchitis in children 4,847 350 1,697
Asthma 18,863 45-4,170 11,318
(600 average in calculations)
Respiratory symptom days 1,512,689 50 75,634
Respiratory hospital admissions 99 4,160 415
Total 209,051

* Shrestha’s estimate is about NRs 146,000, but based on a not discounted sum of amount over
27 years. Discounting with 5% leads to an estimate of NRs 83,000.

It is emphasised that health is not the only adverse impact of air pollution; however
given the lack of appropriate data it was not possible to assess quantitatively
different impacts such as reduction of the economic life of capital goods, tourism,
crop growing and other intangible impacts. In particular, the adverse impact on
tourism, Nepal's second industry, is a concern.

Legislation, policies and institutions regarding air pollution

The development of environmental and air pollution legislation in Nepal is in its
first phase. Prior to 1994, there were no laws pertaining specifically to pollution.
Now, an Environmental Preservation Council has been established, and also an
Environmental Preservation Division within the National Planning Commission.
The Government’s environmental policies were set out in the Eighth Five Year
Plan, in particular regarding the urban environment. Recently proposed environ-
mental legislation, which also addresses air pollution, includes Environmental
Impact Assessment (EIA) guidelines, and an Industrial Pollution Control
Regulation (IPCR). Also, laws on vehicle pollution control have been proposed
according to the recommendations from the Kathmandu Valley Vehicle Emission
Control Project (KVVECP). Standards or guidelines for ambient air quality have

needs to be further developed.

A number of institutions are involved in the air pollution sector in Kathmandu
Valley. There are capable institutions involved in air quality monitoring and to
some extent emission measurements. However, the monitoring actually taking
place needs to be further advanced, both regarding availability of monitoring
equipment, laboratories, training and increased man-power.
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Abatement measures and costs

The share of traffic emissions (exhaust & resuspension) of the total PM,, emissions
is about 20% (table 2.2). However, its impact is disproportionally larger; an increase
of traffic PM,, emissions has about twice the impact of a corresponding increase in
the emissions of domestic sources and brick kilns (NRs 570 per kg increased
emission versus NRs 260 per kg increased emissions).

The model which was used to calculate the impacts, also allowed the estimation of

the marginal benefits of emissions reduction by source category. The table below
shows the results.

Marginal benefits from emissions reduction in different sources.

Source Emissions | Change Change Change Change in Marginatl
in in in RSD health damage | benefits
Emissio Mortality

(tonne) n (%) (1000) | (NRs thousand) | (NRs/kg)
Traffic (exhaust) 440 -10 -6 -108 -15,0374 341
Resuspension 400 -10 -2 - 35 - 4,903 122
Domestic 1160 -10 -9 -155 - 21,360 185
emissions
Brick (Bull's 1250 -10 -3 - (57 - 7,882 62
trench kilns)

The far right column of this table provides guidance in selecting measures for
emissions reduction.

Several measures appropriate to addressing Kathmandu's air quality problem are
listed below. Note that the figures are first estimates.

Vehicle emissions. Lack of maintenance has been shown to be a major cause of
vehicle emissions. The scope for PM;, emissions reduction by introduction of a
scheme for mandatory Inspection & Maintenance is estimated at 150 tonnes
annually.

Estimated monetary health benefits: NRs 25 million
Estimated costs: Nil (compensated by fuel savings)

Introduction of low-smoke lubricating oil for two-stroke mixed lubrication engines
in vehicles may decrease PM o emissions with 50 tonnes.

Estimated monetary health benefits: NRs 15 million
Estimated costs: NRs 12,500

Addressing the adulteration of gasoline will decrease the PM,, emissions by an
unknown extent.
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Other measures include the introduction of unleaded gasoline, and improving the
quality of diesel fuel. The benefit of the latter measure is estimated at NRs 7.5
million. Costs are unclear.

A final measure would be the introduction of clean vehicle standards, requiring the
use of catalytic converters in the exhaust systems of gasoline driven vehicles. The
magnitude of the annual costs per vehicle are NRs 5000.

Domestic emissions. From the perspective of energy consumption and air quality,
an appropriate measure would be to promote the use of improved cook stoves (ICS).
However, neither costs nor benefits could be assessed within the scope of this study

Bull's trench kilns. Cost figures for conceivable methods to reduce PM, emissions
from brick manufacturing were not found.

Action Plan

Through the work carried out by the local working groups, a number of proposed
actions and measures have been listed and categorized within the following
categories:

¢ Monitoring, inventory and dispersion modelling.

e Transport demand management and Infrastructure improvement.
o Land use planning and management.

¢ Fuel switch/Quality control.

e Awareness raising.

e Further studies.

¢ Institutional and regulatory framework.

A list of “obvious” technical measures for possible, proposed introduction in the
short, medium and long term has been made, given in the table below. Very rough
estimates of the costs and benefits of some of those measures were given above.
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A list of technical pollution abatement measures, important for the reduction of

the air pollution effects in Kathmandu Valley.

Abatement measure Shortterm | Medium term | Long term
Technical measures, vehicles

I/M scheme, comprehensive XXX

Improved motorcycle technology XX XX
Clean vehicle standards XX XX
Improved abatement/new propulsion techniques XX
Fuel quality

Control adulteration XXX

Low-lead gasoline XX

Unleaded gasoline XX

improved diesel quality XX XX

Low-smoke lub.oil, 2-stroke engines XXX

Road resuspension

Road cleaning, garbage collection XXX

Domestic emission

Improved cooking stoves X XX

Switch to kerosene X XX

Brick industry

Improved technology X XX
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URBAIR
Urban Air Quality Management Strategy in Asia

KATHMANDU VALLEY
Specific Report

1. Background information
1.1 Scope of the study

The present city specific report on Air Quality Management for the Kathmandu
Valley has been produced as part of the URBAIR program.

The major objective of the URBAIR program is to develop a generalised Air
Quality Management Strategy (AQMS) to be used for Asian cities, and to apply
this strategy to develop Action Plans for improvement of the air quality in the
following cities: DKI Jakarta, Greater Bombay, Kathmandu Valley and Metro
Manila.

The developed AQMS 1is based on the costs and benefits analysis of proposed
actions and measures for air pollution abatement. Benefits include the reduced
costs of health and other damage due to air pollution, which results from
implementation of the abatement measures. In this study, emphasis is put on
health damage, which is estimated based on the calculation of the distribution of
population exposed to air pollutants, based again on measured and calculated
concentrations of air pollution, through emission inventories and dispersion
modelling.

The generalised strategy is described in a separate URBAIR Guidebook on Air
Quality Management Strategy. City specific reports are produced for each of the
four cities, based on city-specific analysis. The city specific reports conclude with
prioritised Action Plans for air quality improvement, including costs and benefits
figures. The Action Plans are based on a comprehensive list of proposed measures
and actions developed by local working groups in each of the four cities.

1.2 General description of Kathmandu Valley air pollution situation

Kathmandu is the administrative, trade and educational centre of Nepal, as well as
the pivot point of communications. This densely populated area is made up of
Kathmandu and Patan, the two areas being separated by the Bagmati River, which
runs east-west between the two centres. This is a circular area roughly 7 km in

of this area are villages and scattered housing, and the city Bhaktapur is located
about 10 km east of Kathmandu city.

Figure 1.1 shows the locations of the various cities and industrial zones of

Kathmandu Valley. This area, which covers most of the valley, was used in the
modelling of dispersion and population exposure in this study.
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Figure 1.1: Air Quality Management area of Kathmandu Valley.
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Apart from agricultural activities, substantial parts of the flat valley floor are used
for brick production. There are more than a hundred brick production facilities in
the valley, and many of them are situated in areas immediately south and east of
Kathmandu City, within 5-10 km from the city centre. The coal and other energy
sources used to fire bricks in these facilities creates air pollution emissions of
significance to the air quality of the valley.

Road traffic is an important source of air pollution, both because of exhaust
emissions and the resuspension of particles from dust and refuse on the roads. A
substantial part of the vehicle fleet is in poor condition and the vehicles produce
large amounts of visible emissions.

The road traffic is quite dense from the city centre to the ring road, about 3 km
from the centre.

A cement plant is situated on the bank of the Bagmati river, about 6 km south of
the city centre. The emissions from this plant dominate the air quality situation in
its neighbourhood, and may contribute to air pollution in the city overall during
southerly winds, which prevail in the monsoon season.

Domestic emissions include cooking, heating and refuse burning. In Kathmandu,
primarily kerosene and wood are used for cooking.

Kathmandu Valley forms a basin of size approximately 30x30 km, surrounded by
hills of height about 500-1,000 m above the valley floor (which is about 1300 m
above sea level). The hills surround the valley completely, with only a narrow
outlet where the Bagmati river runs out of the valley in the southwest corner. This
bowl-like topography and generally low wind speeds during the dry (winter)
season creates poor dispersion conditions for air pollution emissions, and
predisposes the Kathmandu Valley to serious air pollution problems if emissions
are not controlled and restricted. Increasing population along with polluting
activities have resulted in a substantial increase in air pollution concentrations in
the valley, particularly in the last decade.

1.3 Data sources
Previous studies

Some studies have been carried out on various subjects related to air pollution and
its effects, such as air quality measurements, road traffic, brick industry,
emissions, fuel and energy consumption and scenarios, which have provided much

- usetul mformation used i this URBAYK analysis. However, there are no previous,
comprehensive and complete studies of the air pollution situation of the
Kathmandu Valley, describing air quality, sources, emissions and exposure.
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The following are the most important studies providing background information,
in chronological order:

e MS Degree Thesis of Surendra Raj Devkota: Energy Utilization and Air
Pollution in Kathmandu Valley, Nepal (Devkota, 1992).

e Study of an Kathmandu Valley Urban Road Development by Japan
International Cooperation Agency (JICA, 1992).

e Energy Use and Emission of Air Pollutants: Case of Kathmandu Valley,
by Ram M. Shrestha and Sunil Malla of Asian Institute of Technology,
Bangkok (Shrestha and Malla, 1993).

e Kathmandu Valley Vehicular Emission Control Project (KVVECP), a
HMG/UNDP Joint Project (Mathur, 1993).

e Assessment of the Applicability of Indian Cleaner Technology for Small Scale
Brick Kiln Industries of Kathmandu Valley, carried out by Nepal
Environmental and Scientific Services (P) Ltd. (NESS, 1995).

Presentations at the first URBAIR workshop in Kathmandu also provided review
data on the meteorological conditions (M.L. Shrestha), as well as the industrial
and traffic (M.D. Bhattarai, S. Thapa et al.) pollution sources in the valley.

As part of an US AID funded study on vehicle emission measurements in Asia
using a remote sensing (FEAT) technique, such measurements were made also in
Kathmandu, providing useful data for their study (Steadman and Ellis, 1993). A
joint UNDP/World Bank Energy Efficiency and Fuel Substitution Study (World
Bank, 1993). Evaluated options for rationalizing the energy use in Nepal, having
the objective to develop a coherent strategy for the National Industrial Energy
Management Program (NIEMP).

URBAIR data collection

As part of the URBAIR project for Kathmandu, local consultants were contracted
to collect available data on various items:

e RONAST collected data on population, pollution sources, fuel, vehicle and
traffic statistics, and air quality measurements, air quality laws and regulations,
and institutions dealing with the field of air pollution (project leader Anil S.
Giri). As part of the task, they generated new traffic data by counting rush hour
traffic at 33 locations.

e Dr. Madan L. Shrestha collected meteorological and visibility data and
evaluated the dispersion and visibility conditions of the valley (M.L. Shrestha,
19057,
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¢ Dr. Bimala Shrestha made an assessment of health effects and costs related to
health damage (B. Shrestha, 1995).

1.4 Summary of past development in the Kathmandu Valley

Figure 1.2 gives a summary of the available data on growth trends in Kathmandu
Valley (and Nepal) over the past 20 years, regarding population, fuel
consumption, vehicles, brick kilns, and visibility.

The population in Kathmandu Valley increased by 81% from 1971 to 1991. The
urban fraction was 56% in 1991. The number of registered road vehicles has
increased by close to 100% over the last decade, while the number of registered
brick kilns have increased by 200% over this period. Liquid fuel consumption for
Nepal as a whole, has increased substantially since 1980, by more than 150% for
gasoline and motor diesel (HSD) and much more for kerosene (SKO, +250%) and
fuel oil (FO, +580%). The fuel wood consumption seems to be decreasing (by
20% from 1984 to 1987) (Devkota, 1992) having been replaced by SKO to a large
extent.

In 1990, the GDP/capita for Nepal was 170 USD. Only four countries had a lower
figure. There has been an average annual increase of 0.5% over the period
1965-90.

These growth trends have caused an increased air pollution problem in the valley,
as exemplified in figure 1.2 by the observed degradation of visibility conditions.
In the 4 month period November-February, the months with lowest visibility, the
number of days with fairly good visibility (>8000 m at 1145 local time) has
decreased from most of the days (some 115 days) in early 70’s to only about 20
days in 1992/93.

1.5 Population

Available population data for 1971, 1981 and 1991 are shown in Table 1.1 (JICA,
19923,

Table 1.1:  Population data (x10’), Kathmandu Valley (Ref.: JICA, 1992).
Kathmandu Lalitpur Bhaktapur Total
district district district
Pop. % urban Pop % urban Pop. % urban Pop. % urban

1971 354 122 110 586
1981 427 165 144 736
1991 668 62 222 53 736 35 1063 56
Growth rate %
71-81 1.9 3.1 2.7 2.3
81-91 4.6 3.0 1.8 37

In the valley as a whole, the growth rate has been 3.7% per annum.
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Figure 1.2: Development and growth trends over the last two decades,
Kathmandu Valley.
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1.6 Fuel consumption

The available data do not give a full picture of the trend in the total consumption
of various fuels in Kathmandu Valley, but some data are available, for the valley,
and for Nepal as a whole.

Motor diesel (HSD) and kerosene (SKO) are, by volume, the most used liquid
fuels in Nepal, followed by gasoline (MS) and fuel oil (FO).

The quality of the liquid fuel is governed by required specifications. Maximum
allowed sulphur contents are given in Table 2.3 (p. 28), ranging from 4% in fuel
oil and 1% in motor diesel, to 0.2% in 93 octane gasoline. Maximum lead contents
are 0.56 g/l in 83 octane gasoline and 0.80 g/l in 93 octane gasoline. The actual
contents of sulphur and lead are not known, and may be considerably less than the
maximum allowed.

As for fuelwood, Devkota (1992) gives the consumption data for the Kathmandu
Valley (Table 1.3). Fuelwood consumption has declined by about a factor of 2
between 1983 and 1990, due to diminishing resources. For domestic use,
fuelwood has been replaced by kerosene and may be by more use of agricultural
residue.

Table 1.2:  Liquid fuel consumption (10’ kl/yr), Nepal (Ref.: Gautam, 1994).
Gasoline Motor Kerosene Light Aviation Fuel oil LPG
diesel diesel oil fuel
MS HSD SKO LDO FO
75/76 10.5 30.8 32.2 9.4 11.2 il..8 0.6
80/81 11.5 (S78) 37.8 10.3 16.8 3.0 0.7
85/86 20.4 80.4 62.2 8.3 23.2 15.8 2.6
90/91 24.6 135.6 97.7 3.0 19.0 6.3 7.4
92/93 28.3 156.9 131.1 0.3 28.1 20.3 7
Change +146 +174 +247 ~-100 +67.3 +576 »
80-93%
Table 1.3: Fuelwood consumption, Kathmandu Valley (Ref.: Devkota, 1992).
Year 10°t/a Year 10° t/a
1983/1984 35.9 1987/1888 21.2
1984/1985 40.0 1988/1989 23.7
1985/1986 23.7 1989/1990 20.0
1986/1987 29.0
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In the brick industry, fuelwood has been replaced by coal. While in the early 80’s
fuel and coal were used in about the same amount in the local brick industry,
today the ratio between coal and fuelwood consumption is about 7 to 1 (NESS,
1995).

Coal is used mainly in the brick and cement industry. Available data are shown in
Table 1.4. In the Hoffman kilns coal consumption has been reduced somewhat
since 1970. In the Himal Cement Factory, coal consumption was somewhat larger
in 1990 than in 1980, while the 1992/93 data indicate substantial increased
production and coal consumption in recent years.

Table 1.4:  Coal consumption in the brick and cement industries, Kathmandu
Valley (tons/a).
Bull's trench’ Chinese’ Himal Cement® Total’
kilns (Hoffman) kilns factory
1970/71 3300
1975/76 2950
1980/81 1690 6400
1985/86 2200 5860
1990/91 2440 7980
1992/93 21000 4100 17100 47000
1993 43800
1994 54800

References 1: NESS, 1995
2: Devkota, 1992
3: Shrestha and Malla, 1993

The dominant coal consumer in the valley is the Bull’s trench kiln industry.
Shrestha and Malla’s estimate for 1992/93 appears to underestimate consumption,
which has been estimated for 1993 and 1994 in a special NESS study. Data for
earlier coal consumption in the Bull’s trench kilns are not available. However, it
has most probably increased substantially, since coal has, to a large extent,
replaced firewood.

1.7 Industrial development

There has been a strong growth in the number of industries in Kathmandu Valley
durmg the last decade partlcularly In 1991/92 there were about 2200 1ndust11al

1986/87 census showed 1504 1ndustr1es in Kathmandu Valley

The development of fuel consumption in the major air polluting industries, the
brick and cement industries, has been briefly covered in Chapter 1.4. The Himal
Cement Factory was established in 1974. The local brick industry has developed
over a longer period, and the number of registered Bull’s trench kilns has
increased markedly in recent years, from 102 in 1984 to 305 in 1993. The number
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of operating kilns is much lower, about 130 presently, but it can be assumed that
the number of operating kilns has increased relative to the total number.

The increase in the number of smaller industries represents an increase in the
combustion of such fuels as fuel oil, HSD and agricultural refuse, as well as some
process emissions. The exact amount of increase in such industrial combustion
and process emissions is not known. It is believed to be of less significance to air
pollution in general than the brick and cement industry, but indicates increased
local air pollution exposure.

1.8 Road vehicle fleet

In 1993 the number of registered vehicles in Kathmandu Valley was about 67,000,
distributed as follows (see Appendix 4):

e about 22,000 cars/jeeps; 21 per 1000 inhab.
e about 36,000 motorcycles; 34 per 1000 inhab.
e about 5,000 trucks/buses

No specific vehicle fleet data have been made available for previous years. The
KVVECP study reported a 64% increase in registered car/jeeps from 1980 to
1990, 118% for MCs and 93% for buses and trucks.
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2. Air quality assessment

The purpose of this chapter on Air Quality Assessment for Kathmandu Valley is
to provide an estimate of the population exposure to air pollutants in the area,
and to quantify the contributions to this exposure from the various pollution
source categories.

This estimate was derived from an analysis of the following:

e Description of the existing air pollution concentration measurements and their
variation in time and space.

e Inventory of air pollution sources, and their relative contributions.

e Description of the concentration distributions in the area, by means of
dispersion modelling.

e Calculation of the population exposure, by combining spatial distributions of
population and concentrations, taking into account the exposure on and near
roads as well as in industrial areas.

National Air Quality Standards or Guidelines have not been proposed yet for
Nepal. In this study the Guidelines of the World Health Organization (WHO) are
used to evaluate the air quality in Kathmandu.

2.1 Air pollution concentrations in Kathmandu Valley
Overview of air pollution measurements and observations

Subjective observations in the Kathmandu Valley, especially in the dry season,
indicate the following significant air pollution problems:

e Very high roadside air pollution, dominated by particles and odour, due to a
large extent of highly smoking vehicles of all types and resuspension of street
dust and litter.

¢ Black smoke plumes from numerous brick kilns.

e Generally low visibility, especially before noon.

In addition one large point source, the cement factory, has highly visible particle
emissions.

The air pollution concentrations in Kathmandu Valley have only recently been
measured directly. In 1993 measurements were made in the ENPHA study
(Karmacharya et al., 1993), within the KVVECP study (Devkota, 1993), by the
Hydrological and Meteorological Services (HMS) (Shrestha, 1994) and by NESS
(Pvt) Ltd (1994) to the following extent:
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ENPHA study

KVVECP study

HMS measurements

NESS (Pvt) Ltd measurements :

20

Measurements of TSP, PM,,, SO,, NO,, CO
and Pb in November 1992 and February 1993,
at a total of 20 sites.

Measurements of TSP, PM,;, SO, NO,,
September-December 1993.

A total of 14 sites (traffic, industrial,
residential, background), 4-22 days of
measurements at each site.

(Some CO measurements were also made.)

The short measurement periods at each site
limits the accuracy of the measurements.
However, the study does provide a picture of
the variation in space and time.

TSP measurements at the HMS Building,
Babar Mahal, January-August 1993. 10-31
days of measurement each month.

PM,, and lead in air, and lead in road dust.
Samples taken at a total of 19 sites during
September-November, 1993.

Visibility observations have been made at the Kathmandu Airport since 1969,
through hourly observations of meteorological visibility.

These observations and measurements indicate that air pollution by particles is the
primary air pollution problem in the valley, leading both to potential health risks,
and to visibility degradation. According to the measurements of SO, and NO,,
these compounds seem to represent little risk at present. The CO concentrations
can be fairly high at rush hours along the roads with the heaviest traffic.

In Appendix 1, the analysis and evaluation of the results of these measurements
and observations have been summarized. An extract of that summary follows.
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Table 2.1:  Ambient Air Quality Monitoring Stations in the KVVECP study.

S. No. | Category Locations Distance Height of
from main the station
road
(m) (m)
1 Commercial Areas:
i. Heavy traffic Singha Durbar, 2 3
(30-40,000 ADT) GPO 3 3
ii. Medium traffic Ratnapark, 4 3
(20-30,000 ADT) Lainchaur, 2 2.5
Kalimati 3 3
iii. Low traffic Thimi (NTC) 2 2.5
(<7000ADT)
2 Residential Areas Maharajgunj (TUTH), 30 3
Naya Baneswor, 20 7
Jaya Bageshwori 15 8
3 Industrial Areas Balaju, 15 4
Bhaktapur, 50 8
Patan Industrialized 5 5
districts,
Himal Cement Factory 100 10
surrounding
4 Regional background/ Tribhuvan University 50 3
control site Kirtipur

ADT: Average Daily Traffic

Air pollution concentrations

TSP concentrations

TSP concentrations measured by ENPHA, KVVECP and HMS show that the
WHO guidelines for daily averages (120-230 ug/m3) are substantially exceeded
both in traffic and residential areas, and indicate that the guideline for the annual
average (60-90 ug/m3) is also exceeded.

Results of measurements are shown in Figures 2.1 and 2.2 (average and maximum
concentrations).

The maximum 24 hour TSP measured at Babar Mahal was 467 pg/m3 (HMS
building, 15 m above ground), and ranged between the following values for the
different sites of the KVVECP study (near ground level):

Traffic sites : 319-876 pg/m3
Residential sites : 273-350 pg/m3
Industrial sites T 102-290 pg/m3
Near Himal Cement  : 560 pg/m3
Tribhuvan Univ. 1 155 pg/m3

(reg. background)
The KVVECP measurements were made in September-December 1993.

Measurements through the winter would most probably give higher maximum
concentrations.
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The ENPHA measurements showed a maximum and average of 555 pg/m3 and
308 pg/m3 at 9 sites representing Central Kathmandu City air overall. For roadside
sites, the measurements showed maximum and average TSP of 2258 pg/m3 and
1397 pg/m3 for the 11 sites measured. These values are based on a 9-hour average,
and only one sample was taken at each site.

Regarding annual average concentration, the HMS measurements indicate a
concentration around 180 ug/m3 at Babar Mahal, 15 m above ground level, which
is more than twice the WHO standard. At more exposed sites, such as in traffic
areas, and the Himal Cement area, the annual average would be much higher.

The WHO guideline values of 150-230 pg/m3 TSP were exceeded by 70% above
the lower and 50% above the higher values at the KVVECP stations.

Also at Babar Mahal, the majority of the days had TSP above the guidelines.

The maximum TSP 24-hour concentrations measured, 467 pg/m3 at the Babar
Mabhal building, and 319-876 pg/m3 at traffic exposed sites in the KVVECP study,
were more than twice the upper level of the 24 hour WHO standard.

The 2258 pg/m3 maximum in the ENPHA measurements represents a estimated
24 hour average value of about 1100 pg/ms3.

These measurements point to a severe TSP pollution problem in the Kathmandu
Valley, and in Kathmandu City in particular.

No measurements have been made in the brick kiln areas. However, the high
concentrations at Thimi may be partly the result of contributions from the brick
kiln emissions.

__500 50
E 4501 — CJTSP (max)
Sa00 } et E=E3 TSP (mid) la0 o
a v == i [
7 350 + —e— No of rainy ':
300 + days 130 £
250 1 =
200 + & /\_‘ {20 2
[
150 + il -
100 + il : 1 10
it e
50 + Ll
O o J-,’Jl’ 1 Il 1"‘1"?: il O
jan feb apr may jun jut aug

Figure 2.1: Summary of TSP measurements, Babar Mahal Building.
(Ref.: Shrestha, 1995.)
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(Ref.: Devkota, 1993.)
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PM ,p-concentrations

PM|, has been measured by ENPHO, KVVECP, and by NESS. The results of the
KVVECP measurements are shown in Figure 2.3. The PM 4-concentrations were
above the WHO recommended guideline (70 pg/m3) on all of the days with
measurements, except for the industrial sites Balaju and Patan (which had the
lowest TSP and PM, levels), the Ratnapark traffic site and at Trubhuwan
University. At this last site, about 50% of the measured days had PM,, above the
guideline. The low values at Balaju and Patan are not representative, since
measurements were made only for a few days in September.

The highest PM,¢-concentrations measured were 201 pg/m3 at GPO (heavy traffic)
in November, and 194 pg/m3 at the Himal Cement site, in December, compared to
the WHO recommended guideline, 70 pug/ms3.

About 50% of all the measurements in the KVVECP study were above the
recommended guideline.

The ENPHO PM,; measurements in Kathmandu City gave an average and
maximum concentration of 89 pg/m3 and 127 pug/m3 respectively at the general air
sites, and 296 pg/m3 and 498 ug/m3 at the 11 roadside sites (9 hour average
values). The results support the results of the KVVECP study.

The NESS PM,, measurements, representing one 1 hour average samples during
daytime, at each of 9 sites, gave much higher values, up to 2100 pg/m3, with an
average of 800 pg/m3. Reasons for the apparent discrepancies between these
results and those from the ENPHO and KVVECP studies may possibly be found
when comparing the different samplers and laboratories used.

The ratios between measured PM,, and TSP are given in Table 2.1.

Table 2.2:  Ratios between PM,, and TSP, from KVVECP and ENPHO

measurements.
Based on
Average Max.
concentration concentration
KVVECP
Traffic sites 0.39 0.34
Residential sites 0.48 0.48
Industrial sites 0.47 0.51
Himal Cement site 0.39 0.35
Tribhuvan Univ. 0.70 0.52
(Background site)
ENPHO
Traffic sites 0.21 0.18-0.25
General sites 0.29 0.23
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Figure 2.3: Results of PM,, measurements, KVVECP study September-
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(Ref.: Devkota, 1993.)
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The ratios are generally in the range 0.4-0.5, except at the background site, where
it was 0.70 on the average. This last ratio is in the range typically found at sites in
other parts of the world not exposed to a high degree of resuspension. The low
PM,, ratio for the other sites (0.4-0.5) indicate that the resuspension is rather
strong. In the case of the Himal Cement site, the size distribution of cement
factory emissions dominate the low ratio found there.

SO,-concentrations

Results from the KVVECP measurements are shown in Figure 2.4. According to
the measurements, the SO, concentrations in September-December 1993 were
rather low, except at Kalimati (traffic site) and Jaya Bageshwori (residential),
where several days showed SO, concentrations above the guideline (100-
150 pg/m3), with maximum 225 pg/m3. These measurements indicate that
although there is not a general SO, concentration problem in Kathmandu, local
sources may create high local concentrations.

No measurements have been made in areas exposed to brick kiln emissions.

NO,-concentrations

Figure 2.5 shows results from the KVVECP measurements.

The concentrations were generally low, and well below the 24-hour WHO
guideline (150 pg/m3).

The Jaya Bageshwori site had elevated NO, concentrations, as was also the case
for SO,, pointing to a local source.
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Figure 2.4: Results of SO, measurements, KVVECP study September-December,
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Figure 2.5: Results of NO, measurements, KVVECP study September-December,

1993. (Relatively short measurement periods at each site.)

(Ref.: Devkota, 1993.)
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Visibility
Madan L. Shrestha (1994) has made a thorough and valuable analysis of the

visibility data from the Kathmandu Airport for 1963-1993. A summary of Dr.
Shrestha’s findings are described in Appendix 1.

It is clear from the observations that the visibility in Kathmandu Valley has
generally deteriorated in the dry season (November-March), especially since
around 1980. In the monsoon season, visibility seems unaffected.

This is demonstrated in Figure 2.6, which shows the number of days in the winter
months with fair-to-good visibility (>8000 m) at noon local time. Before 1980,
this was the case for most days, while at present, very few days have good
visibility at noon.
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Figure 2.6: No. of days in Kathmandu Valley with fair-to-good visibility
(>8000 m) in the winter months.
(Ref. M.L. Shrestha, 1995).

This is further supported by Figure 2.7, which shows the number of foggy
mornings (around 9 a.m.). This has, for the winter months, increased from 35-40
around 1970, to more than 60 at present.
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Days

70 75 80 85 90 Year

Figure 2.7: No. of foggy days at 9 a.m., Kathmandu Valley, 1969-93.
(Ref.: M.L. Shrestha, 1995).

The nature of the “lifting” of the morning fog is visualized in Figure 2.8. In the
relatively unpolluted atmosphere of the early 70’s this normally took place before
10 a.m. At present time, fog dispersal is typically delayed for 3 hours, and on hazy
days, good visibility is usually obtained only after 1p.m.-2p.m. For some days, the
haze remains throughout the day.
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Figure 2.8: No. of days in January with good visibility (>8000 m) at given hours
of the day.
(Ref.: M.L. Shrestha, 1995).

Visibility reduction is caused mainly by particles (aerosol) of the size range
comparable to the wavelength of light, e.g. 0.2-0.5 pm diameter. These are

combustion aerosols from sources such as cars (diesel and gasoline), coal
combustion, combustion of fuelwood, agricultural residue. This aerosol contains
hygroscopic particles, such as particles containing sulphate (SO,), condensed
organic compounds, etc. Thus, the morning fog is caused by water vapour
absorbed in the hygroscopic aerosol. As the temperature increases, the water
vapour evaporates. In the afternoon, the still-reduced visibility is caused by the
dry aerosol which is left.
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The relative humidity (RH) in Kathmandu Valley is, on average, over 70%
throughout the day in the monsoon period (June-September). Even so, the day-
time visibility is not reduced in these months, indicating that the concentration of
hygroscopic aerosol is rather low in the monsoon season.

In the winter months, the RH falls below 70% at 9-10 a.m. on the average. Still,
there is visibility reduction throughout the morning, but it improves gradually
until 12-1 p.m., at which time the RH in the winter is typically below 50%. This
corresponds to the situation in which that a typical urban aerosol absorbs water
vapour gradually already from an RH of 30-40% and upwards. Sulphate particles
have a deliquescence point of 72%, which means that the RH must approach 72%
before such particles grow substantially and cause visibility reduction. Thus,
sulphate particles may be part of the visibility reducing aerosol, but other types of
aerosol, e.g. organic aerosol, make important contributions.

2.2 Air pollutant emissions in Kathmandu Valley
Total emissions

An emissions inventory covering in principle all source categories, has been
established for the Kathmandu Valley based on all data and information available.
Emissions data are given for TSP, PM;, and SO,. The details of the emissions
inventory development are described in Appendix 4.

The calculated and estimated total emissions presented in Table 2.2, are based on
the emissions factor data given in Table 2.3, and the fuel consumption and traffic
activity data of Table 2.4

The inventory covers the main source categories. Shrestha and Malla (1993) is the
main reference regarding fuel consumption. The emissions from road vehicles are
relatively well determined, based on fuel consumption, traffic activity and
emissions factors. Emissions from industrial/commercial activities other than
brick combustion are based on Shrestha and Malla’s figures, and their emissions
factors. The emissions from Bull’s trench brick kilns have been estimated by
NESS (1995), while for Chinese kilns the emissions are based on coal
consumption and on estimated emissions factors. The Himal Cement factory
emissions used are as provided by the company (Bhattarai, 1993).

For resuspension from roads, the same TSP emissions factor is used as for Manila
and Bombay: 2 g/km. This emissions factor is uncertain, but has been based upon
factors given by US EPA in AP42.

There are uncertainties in the data used, both concerning fuel consumption and
emissions factors, which cannot be determined at this time. The emissions
inventory is comprehensive in that it covers all sources, and it is believed to be
useful to give an estimate of the importance of the various air pollution problems
of the valley. Viewed together with the air pollution measurements, and calculated
concentrations from dispersion modelling based on the emissions inventory, the
quality of the emissions inventory can be further evaluated.
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The amount of open refuse burning, not for cooking purposes, is unknown. As a
first estimate, the same estimate as used for Bombay, is used: 1 kg of refuse burnt
per week per household (some 200,000 households in KV), with an emissions
factor of 37 g/kg (Economopoulos, 1993; Semb, 1985).

The estimated emissions in Table 2.3 give the following relative source contri-
butions to the total emissions:

Source category Contribution %
e PM,, SO,

Road vehicles

gasoline LS 4.5

diesel 2.2 7.6
Resuspension from roads g3 8.5
Domestic fuel combustion 14.1 24.7
Brick industry 2n I y5e)
Himal Cement 362 1740
Other industry/commercial 3.5 6z
Refuse burning 8.2 4.0

The contributions to the concentrations in the air in populated areas, and thus the
contribution to population exposure, may differ substantially from these
contributions to total emissions. This difference depends on the height of the
emissions (ground level or high stack), the distance from the source to populated
areas, and the dominating wind directions.

ISP

Total emissions of some 16,500 tonnes/a has been estimated. No estimate has
been worked out for the construction source.

The Brick industry, domestic fuel combustion and resuspension from roads are
estimated to be the dominant sources, for the valley as a whole.

PM,,

Total estimated emissions are some 4,700 tonnes/a. For PM,,, the main sources
are estimated to be the brick industry and domestic fuel combustion. Then comes
road vehicles, and resuspension, Himal Cement and other industrial/commercial
activities as fairly equal contributors.
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Table 2.3:  Total annual emissions in Kathmandu Valley, 1993 (tons/a).

TSP PMyg S0,
Transport sector
Vehicles exhaust
Gasoline Cars/taxis 38.4 -
TC 67.5 -| 4.2-105'
MC 107.5 -
Diesel Jeeps 68.4 -
Minibuses 225 -
Buses 45.0 -| 78-390'
Trucks 114 -
Tractors 21.6 -
TC 85.8 -
Sum vehicle exhaust 570 570 | 82-495'
Resuspension from roads 1530 ~400 0
Energy/industry sector
Fuel combustion
Industrial/commercial
(excl. brick/cement) Fuelwood 61.9 31
Coal 48 24 172
Charcoal 20 10
HSD 1.8 2
LDO/FO?
Kerosene/LPG 0.1
Agri.residue 450 225
Sum industrial/commercial 582 292
Domestic Fuelwood 1832 916
Agri.residue 454 227
Anim.waste 30 15
Kerosene/LPG 2.3 2.3
Charcoal 10 5
Sum domestic 2328 1165
Industrial processes
Brick industry
Bull’s Trench 5000 | 1250 | 4.8-4465°
Chinese 180 45
Sum brick 5180 1295
Himal Cement Stack ~2000 ~400 615
Diffuse dust ~4000 ~400
Other
Refuse burning 385 190
Construction 7
Sum 16565 4712
' High value: Based on max. allowable S content
Low value: Based on actual S content, according to IOC Ltd. certificate

? NESS (1995): Estimates based on different methodologies.

NILU OR 55/95



43

PMio

%S
L TSP 0z NG, max.
Fuel combustion (kg/t)
Residual oil (FO) ind./comm. 1.258+0.38 0.85 208 7 4
Distillate oil ind./comm. 0.28 0.5 208 2.84 HSD: 1*
(HSD, LDO) residential 0.36 > 1.62) 0.5 208 2.6 LDO: 1.8°
LPG ind./dom. 0.06 1.0 0.007 2.9 0.02
Kerosene dom. 0.06 1.0 178 2.5 0.25
Natural gas utility 0.061 1.0 208 113 - f
ind./dom. 0.061 20S 2.5
Wood dom. 15 0.5 0.2 14
Fuelwood ind. 3.6 0.5
Coal dom./comm. 10 0.5
Charcoal dom./comm. 20 0.5
Agri.residue 10 0:5
Anim. waste 10 0.5
Refuse burning, open 37 0.1 0.5 3
Road vehicles (g/km) A B
Gasoline Cars 0.2 1 2471 83 Octane (RON)
0.25
MC/TC 0.5 1 0.07 93 Octane (RON)
0.20
Diesel Cars, jeeps, tractors 0.6 0.9 1 1.4 T
Minibuses, tempos 0.9 145 1 13
Buses, trucks 2.0 3.0 13

1) A: Ash content, in %; S: sulphur content, in %

2) Well - poorly maintained furnaces
3) Actual S contentin 87 RON gasoline, according to 10C Ltd quality certificate: 0.009%

4) Actual S content, according to 10C Ltd quality certificate: 0.20%
5) Actual S content, according to IOC Ltd quality certificate: <1%

A Used for Manila, Jakarta, Bombay
B Proposed and used for Kathmandu Valley.
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Table 2.5:  Fuel consumption and traffic activity data for Kathmandu Valley.
Emission source/ Category Fuel Traffic activity
fuel type consumption 10° veh. km/a
Vehicles kl/a
Cars Gasoline 28.015 192
Tempos (TC) B 135
Motorcycles (MC) “ 215 542
Jeeps Diesel 22.955 76
Minibuses/buses “ 30
Trucks “ 15
Tractors s 38
Tempos - 24 225
Industry 10° tonnes/a

Himal Cement
Bull's trench kilns
Chinese kilns

Other industry/
commercial

Domestic

Refuse burning

Coal/fuelwood/rice husk
Coal

HSD/LDO

Coal/charcoal
Wood/agricultural residue
SKO/LPG

Wood/charcoal
Agric.res./anim.waste

SKO/LPG

Refuse

42/5.7/15.8
20

AL
4.8/1.0
17.2/45

1.0/?

122/0.5
45.4/3.0
35/4

10

Spatial distribution of emissions

The total emissions have been distributed within the grid system based on the
actual location of point sources, industrial areas, and road links, and based upon
the population distribution (as described in Appendix 4).

The resulting distribution of the emissions, summed for all source categories, is
shown in Figure 2.9, in the form of isolines. This emissions distribution forms the
input of the dispersion calculations.

The figure shows high emissions densities particularly in Kathmandu itself, due to
a combination of vehicle exhaust, road resuspension and domestic fuel
combustion, as well as in the areas with concentration of brick kilns, west of
Kathmandu and SE of Patan. Also, the Himal Cement factory shows the
maximum level in the distribution.
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Figure 2.9: Spatial emissions distribution in Kathmandu Valley, 1993. Total
emissions (kg/h, averaged over the winter 6 months) per sq.km,
represented as isolines.

2.3 Dispersion model calculations, Kathmandu Valley
2.3.1 Dispersion conditions

General description of topography/climate/dispersion

The Katmandu valley is located between the Himalaya in the north and the
Mahabharat mountains in the south. The city is located on a plain at about
1 325 m a.s.l. and is surrounded by hills and mountains.

and the east-western valleys of which the Katmandu valley is the most important.
The Bagmati river runs through the valley, and the river plain is covered with
fertile river deposition. The Himalayan range rises north of the central valleys,
with Mount Everest (8 848 ma.s.) and several other mountain tops above
8 000 m.

The Siwalik mountains make the border between Terai and Nepal's core region,
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The large height differences and the monsoon circulation govern the climate. In
the lowest parts of the country the climate is subtropical, at higher elevations one
finds a cooler temperate climate, and in the high mountain ranges there are tundra
and glacial climates.

During the winter there is a build-up of a strong high pressure centre over central
Asia, the northern hemisphere's cold pole. In the northern parts towards the
Himalaya the prevailing winds come from northwest. In the spring the Asian high
pressure weakens and the northwest monsoon disappears. The summer monsoon
is a continuation of the southeast monsoon from the southern hemisphere. After
crossing the equator, the airmass is bent towards the east, which causes the
southwest summer monsoon. The southwest monsoon is driven by a low-pressure
area located over central Asia. This flow when reaching Nepal becomes southeast
due to physical and dynamical reasons.

Local wind conditions in the Kathmandu Valley have been measured at the
Tribhuwan Air Port for many years. Figure 2.10 shows selected monthly wind
roses for the period 1971-75 and for 1993 (Shrestha, 1994).

In the summer and early autumn the prevailing wind regime in Kathmandu valley
is the southwest monsoon. In the winter the prevailing winds are more westerly.
The high mountains in the north prevents the outbreak of cold Siberian winds
from the northeast. The pattern is dominated by weak winds. The measurements
give a very high frequency of calm, typically 60-70% of the time in all months.
Because of the high occurrence of calm and low wind speeds, the dispersion
conditions in Kathmandu are poor.

The mean annual air temperature in Kathmandu is 18° C. The coldest month is
January, with a mean temperature of 10° C. The warmest month is July/august
with 24° C.

The annual rainfall in Katmandu is 1400 mm. The wettest month is July with an
average rainfall of about 370 mm and the driest months are November/December
when the average rainfall is less than 6 mm.

High altitude combined with extreme diurnal radiation variations lead to a
potentially strong cooling during the night and warming during the day. In the dry
season, the cooling in the night may cause the formation of deep inversion layers,
where the air temperature increases with height. When the inversion layer is deep
enough, it takes time for the insulation to break up the inversion. The atmosphere
then acts as a lid over the city and the concentrations of pollutants can build up
considerably

Dispersion conditions

The dispersion of air pollution emissions is dominated by wind conditions and the
vertical stability of the atmosphere.

Wind statistics from the meteorological station at Tribhuvan airport have been
obtained from the Hydrological and Meteorological Service.
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Figure 2.10 shows wind roses from Tribhuvan Airport for selected months

(Shrestha, 1995) for the period 1971-75, and for 1993.

From these data, observations of the distribution of stability classes, as well as
observations of and the diurnal wind pattern, a combined wind/stability matrix has
been constructed. Such a matrix representing the statistics of dispersion
climatology can be used as input to dispersion models for calculation of long-term
average concentrations of pollutants, based also on emissions data. The combined

matrix is given in Table 2.5.

Table 2.6:  Wind/stability frequency matrix for the winter months (Jan-March,
Oct-Dec) 1993, Tribhuvan Airport.
.8 m/s 1.8 m/s 3.3 m/s 6.3 m/s
1 2 3 4 1 2 3 4 1 2 3 4 1 2
30 .6 5 1.0 6 A .0 A B .0 .0 .0 .0 40 .0
60 5 A 1.0 15; = .0 2 A .0 Al .0 .0 {0 .0
90 1.6 3 2.8 1.6 sil .0 52 A .0 A 3 .0 .0 x|
120 .8 3 2.6 1.6 .0 .0 3 2 .0 .0 .0 .0 .0 .0
150 1.9 .6 6.3 3.8 2 A 6 4 .0 2 &1 0 .0 o)
180 1.6 5 5.4 3.2 .3 A 1.0 6 31 .8 3 il .0 3
210 4.7 1.0 3.1 1.6 9 2 6 3 4 14 2 2 .0 6
240 3.5 .8 2.3 sl ) 2 6 3 5 1.6 3 3 .0 3
270 1.8 4 3.2 1.8 5 A 8 85 4 1.4 6 4 .0 .8
300 i/t Al 1.3 &4 3 1 5 3 .2 .6 2 2 .0 5
330 .8 2 1.5 .8 2 .0 3 2 &l =2 #1 al .0 A
360 5l Al 1.1 5 =l .0 £l A .0 10 .0 .0 .0 o]
Stability 1 2 3 4
Windprof. exponent .20 .28 .36 42
Mixing height 1200. | 1000. [ 400. { 200.
Stability classes Velocity classes (m/s)
| Unstable 0.3-1.5 (0,8 m/s average)
N Neutral 1.5-2.0 (1.8 m/s average)

SS :Weakiy stable

S

Stable

2.5-4 (3.3 m/s average)
>4 (6.3 m/s average)

The frequencies of calm are distributed in the direction sectors within each of the stability classes of the
0.3-1.5 m/s velocity class, proportional to the joint occurrence of wind and stability.
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1971-75

November

% calm Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
1971/75 71 66 69 68 69 63 70 70 77 74 74 79
1993 62 56 47 41 48 62 67 68 65 62 60 65

Figure 2.10: Wind roses for 1971-75 and 1993, Tribhuvan Airport
(Shrestha, 1995).
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2.3.2 Dispersion model calculations, city background
Model description

Dispersion modelling in this first phase of URBAIR concentrates mainly on the
calculation of long-term (winter) average concentrations representing the average
within km? grids (“city background” concentrations). Contributions from nearby
local sources in specific receptor points (e.g. street side, industrial hot spots) is
evaluated additionally.

It is clear that for the completely enclosed Kathmandu Valley, a dispersion model
should be used which accounts for topographical and temporal effects (due to
insulation) on the wind field, turbulence and dispersion conditions of the valley.
Within the resources and time available for the URBAIR project, such a model
could not be established and tested for Kathmandu Valley. Suitable dispersion
models are available, but a proper description of the time-varying wind field
which is the necessary input to such models, requires data from several wind
monitoring sites within the valley, as well as vertical profiles of wind and
temperature.

The dispersion model used for URBAIR in Kathmandu Valley is a multisource
Gaussian model which treats area, point and volume sources separately. Such a
model is sufficient for calculating a first approximation of the contribution from
various source groups to long-term average air pollution concentrations.
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