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ABSTRACT

The Norwegian Institute for Air Research (NILU) has developed a GIS based integrated
management system, AirQUIS, which includes a user interface, comprehensive measurement and
emission inventory databases and a suite of models for use in simulating ambient air concentrations
and exposure.

This paper presents the AirQUIS module for emission inventorying and its use for air quality
assessment, modelling and management on urban/agglomeration scale. This tool contains the
necessary functionalities for producing a complete, detailed bottom-up atmospheric emissions
inventory. Excel based templates have been developed for source and emission data collection,
which can be directly imported into AirQUIS database. The emission information in the database is
directly accessed by the emission model, which generates the necessary spatial and temporal
emission data to be used by the dispersion-model. The emission inventory tool organizes the
emission data by three types of source: point, area and line. Emission data are distributed temporally
using time variation factors on the average annual emissions.

The emission inventory tool is used to assess the contributions from individual sources,
source categories and geographical areas. The GIS platform is used for the visualisation,
presentation, update and management of the emission data. Functionalities for studying the impact of
emission abatement measures on air quality are also included as part of the emission inventory
module in the air quality management system, AirQUIS.

INTRODUCTION

AirQUISY is a GIS based state of the art Air Quality Information and Management System,
developed by NILU for air quality assessment and planning purposes. The system includes: 1- On-
line data collection from monitoring stations; 2- Tools for statistical evaluation and presentation of
meteorological and air quality data; 3- A user friendly emission inventory module and 4- Models for
calculating emissions, wind fields, pollutant dispersion and exposure. The system has been applied
worldwide for air quality monitoring and to estimate environmental impacts from planned measures
to reduce air pollution. It is also a platform for optimal abatement planning and development of
action plans.

This paper presents the AirQUIS module for emission inventorying in Section 2. Practical
examples on how the AirQUIS emission inventorying module can be applied to assess emissions and
study the impact of emission abatement measures on air quality in urban areas are presented in
Sections 3 and 4, respectively. Finally, some concluding remarks are offered in Section 5.

AIRQUIS EMISSION INVENTORY MODULE

The AirQUIS Emission inventory module® contains a database for a detailed bottom-up
atmospheric emission inventory, directly coupled to the integrated Geographical Information System.
It also includes emission models to calculate emissions on the wanted spatial and temporal
resolution, as well as functionality for emission assessment and management. The database is a well
designed relation-database, and the tool has window based spreadsheets and tree-view functionality.
Excel based templates have been developed for source information and emission data collection.
These templates are a mirror of the relation database structure, where the data in the templates refer
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to data in other templates. The data collected can easily be imported into the emission inventory
database by applying normal Windows, “drag-and-drop” functionality.

Data search and filtering can be done by using the modules tree-view, or by selecting the area
of interest in the GIS. The GIS module can further be applied to geographical identification of the
emission source(s).

The emission inventory module organizes the emission data by three types of sources: point,
area and line (Figure 1).

Figure 1. AirQUIS emission inventory framework.
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“Lookup data” include fuels, compounds/parameters, units, source sectors and time
variations. Emission sources are commonly classified in a system composed by emission source
sectors, sub-sectors and activities (e.g. CORINAIR, AP42). Time variations consist of a series of
numbers representing a temporal variation with any degree of periodicity and resolution (week, day,
hour or half hour). All “Lookup data” can be user defined according to the emission inventory
requirements.

Point Sources

Single sources are called point sources. Stack and vents in refineries and industrial plants are
examples of point sources. The “Point source” module (shown in Figure 2) includes general facility
identification, emission and release characteristics for each emission point.



Figure 2. “Point source” module.
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The information is separated into four major groups: industries, stacks, cleaning devices and
processes. Figure 3 shows how an industry is organized into different inventory levels.

Figure 3. Point source emissions inventory levels.
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The “industry register” lists all the defined industries and their general facility identification.
Physical and geographical information of each stack within an industrial plant is defined in the
“stack register” (e.g. stacks height, stack gas velocity and temperature, etc). The “cleaning device
register” defines the cleaning devices within an industry, their reduction efficiencies for specific
compounds, and which stack (or cleaning device) they are connected to (Figure 3). In the process
register one defines the processes’ emission data or consumption/production data and emission
factors, as well as which cleaning devices and stacks it is connected to (Figure 3). Emission data is
stored either as:

1) Yearly emissions connected to a time variation, or

2) Yearly fuel consumption connected to a time variation and a process specific emission
factor (i.e. each process has its own unique emission factor), or

3) Coupled to a Continuously Emissions Monitoring System (CEMS) time series with
hourly or daily average values.



Area Sources

Area sources are associated with emissions from domestic heating sources, agricultural
activities and/or traffic on smaller roads, distributed in administrative regions (polygons) or in a grid.

The “Area source” module (shown in Figure 4) includes definitions of administrative regions
and emission data.

Figure 4. “Area source” module.
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Emission data is stored either as:
1) Yearly emission connected to an associated region/grid and a user defined time variation,
or
2) Yearly consumption connected to an associated region/grid based time variation, as well
as the source sector specific emission factors.

Line sources

Emission from a defined anchored coordinate based road traffic network is regarded as a line
source. The “Line source” module includes geographical location and static information of each road
link and its dynamic data, such as annual daily traffic and speed limit. In addition, the vehicle
distributions for different vehicle classes are defined on each road link.

The information is separated into four classifications: road data, dynamic data, vehicle
distribution and traffic emission factors. Road data defines the static road features (shape, width,
gradient, etc). Dynamic data gives information about the annual daily traffic (ADT) and average
speed. Vehicle distribution gives information about the percentage distribution of the different
vehicle classes (light-, medium-, heavy vehicles, etc), and the weekly, daily and hourly variations
(i.e. time variation). Traffic emission factors consist of different factors for different pollutants and
for each Emission Calculation Vehicle Class. The factors are also dependent on fuel, driving speed,
slope and aging factor.

Model calculation

Emissions are calculated based on line-, point-, and area sources. The result from the
emission model can be stored as field data sets for area sources, line and field data sets for road links
and point data sets for point sources.

For point sources, the emission from one point source is the sum of the emissions from all
processes that are emitting through that stack. For each process, the emission of a certain component
is calculated based on consumption data combined with an emission factor, or it is directly given as
an emission. After the process emission is calculated or directly given, any reduction that occurs in
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the emissions as the gas passes through one or more cleaning devices before it is emitted through the
stack must be considered.

Area source emissions are directly given for each activity as emissions from regions or
polygons defined in GIS, or they are calculated based on consumption data and an emission factor.
The total emission is the sum of the emissions from the different area sources/activities and is then
converted from the regions (polygons) values into grid cell (field) values. In addition, emissions from
line sources that have been converted to grid cell values will be added to the total area emissions.

The emission of different components from the traffic network is calculated through several
steps and it is a function of traffic volume, driving speed, road gradient, calculation year (since this
determine the technology level of the vehicles) and the composition and distribution of technology
classes. For particles (PM, s and PM ) the model takes also into account the degree of dryness on the
roads based on the meteorological information and the contribution from traffic induced re-
suspension of particles® (¥

EMISSIONS MODELLING AND ASSESSMENT

As presented in Section 2, the emission inventory module organizes the individual emissions
sources, e.g. individual stacks and road links. The Geographical Information System - GIS module®
is directly linked to the emission inventory tool to support the assessment and management of the
emission inventory. Connecting emission models to GIS enables the user to map and visualise the
spatial distribution and intensity of the emissions, improving its ability to assess and manage the
emissions. All data stored in the emission inventory database or calculated by the emission model
can be displayed on map, as for example stack heights, emission rates, annual daily traffic, or
emissions for each road link. This makes the GIS module an efficient tool for quality control of the
emission inventory and assessment of the emissions.

As an example, shown in Figure 5, the presentation of the road link network and
corresponding annual daily traffic (ADT) on GIS gives the user the possibility to identify and quality
control the traffic data. On GIS, data can both be displayed as colour codes or as numerical values.

Figure 5. Examples of presentation of road network and annual daily traffic (ADT) for each road
link using GIS.
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Other possibilities implemented in the AirQUIS system for assessment of traffic emissions
are:

e Display calculated traffic emissions on each road (line emissions) or within each grid cell
(area emission);

e Calculation of emissions from different vehicle classes, e.g. light duty vehicles and heavy-
duty vehicle, distinguish between diesel and gasoline cars as well as between different
emission standards.

The visualization of area distributed emissions or point sources on GIS together with
information about land use or population distribution give a good basis for quality control and
assessment. Figure 6 displays annual NOx emissions (tons/year) from woodburning for domestic
heating and NOx emissions (g/s) from individual stacks in Oslo.

Figure 6. NOx emission from domestic woodburning distributed on administrative levels (tons/year)
and emissions from individual industrial stacks (g/s).
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The emission inventory module in AirQUIS includes an aggregation functionality®, which
provides an efficient way to analyse and aggregate emission and consumption data for area sources
and point sources from a bottom-up inventory. The user may aggregate consumption and emission
data within geographical regions, source sectors, industrial plants, and owners or a combination of
these properties. The output from the aggregation module is either a table or a GIS map presenting
the aggregated consumption or emission data.



As an example, the Aggregation functionality was used to calculate the point source
emissions of NOx by source sectors in Oslo (Figure 7). The major NOx emission point sources in
Oslo are plants for district heating and shipping.

Figure 7. Emissions of NOx (tons/year) from individual stacks for Oslo aggregated by source
sectors.
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Another feature of this functionality is the possibility of aggregating emissions from area and
point sources within regions. One example is the aggregated emissions of NOx from woodburning
for domestic heating and from point sources in Oslo, as presented in Figure 8.

Figure 8. Total NOx emissions from area distributed emissions from woodburning and point sources
distributed on administrative levels (tons/year).

lv STACKS [AIRGUIS THEME] ]

v ELYER.SHP
O
v WAMKN.SHF

O

[v EMISSION FOR OSLO_MOX_R:_R
Less than 1
3-B

£-9

9-12

12-20

20- 40

40 - B0

B0 - 80

Greater than 80



4. EMISSIONS MANAGEMENT

Emissions management is a very important part of air quality management (AQM), as shown
by the integrated DPSIR (Drivers-Pressures-State-Impact-Response) framework (Figure 9). AQM
involves several tasks closely connected to the knowledge, assessment and management of emissions
and emission control measures:

1) Assess the present air pollution situation, relative to standards and guidelines.

2) Develop control options based upon firm knowledge of the sources and its impact.

3) Analyse the effect of abatement measures on emissions, air quality and impacts on health
and the environment.

4) Analyse the cost-effectiveness or cost-benefit ratios of the different abatement measures.

5) Select optimal control strategies.

Figure 9. The DPSIR framework will represent an integrated way of handling the air pollution
problems.

The emission inventory module in AirQUIS includes an efficient tool, the Abatement
Functionality, to study the impact of changes in emissions on air quality. The Abatement
Functionality makes it possible to carry out changes in emission conditions for line, area and point
sources in order to analyse the impact on emission, dispersion or exposure. The changes on emission
conditions for area and point sources can be done each individual source, for one or several source
sectors, for a geographical area that can be selected using the GIS, or for specific fuel types'”. For
line sources, the emission factors, annual daily traffic, speed and vehicle distribution can be changed
for user specified roads, selected geographical areas, road classes, specific fuel types or vehicle
classes.

Abatement measure on industrial emissions (Point sources)

As an example on how the abatement module can be applied to study the impact of emission
reduction from industry, a case study for Taiyuan (China) is presented here®®. The emission of SO,
from Taiyuan Iron and Steel Company is reduced by 2000 tons/year, which corresponds to an
emission reduction of 25 % for each of the Iron and Steel Company’s stacks. In the “Abatement
Scenario” this is defined as a change in the emissions from all the point sources in the industrial plant
area selected using the GIS, as shown in Figure 10. The calculated average concentration of SO, for
the period is shown in Figure 11 on the left; this abatement scenario leads to a reduction of the SO,

8



average concentration in the area close to the Iron and Steel Company, compared to the base case
scenario shown in Figure 11 on the right.

Figure 10. Selection of polygon containing Iron and Steel Company’s stacks.
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Figure 11: Left: Average calculated SO, concentration in pug/m’ for the base case emission scenario.
Right: Average calculated SO, concentration in pug/m’ for emission abatement at Taiyuan Iron and
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Abatement measure on emissions from domestic heating (Area sources)

A case study for impact of emission reduction on domestic heating is presented for Taiyuan,
China'®. The burning of coal in domestic boilers is a major source of SO, in Taiyuan. Thus, the
Abatement Functionality was used to study the impact of burning briquettes instead of raw coal in
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Xiaodiangu, which is a residential area in Taiyuan. The change from raw coal to briquettes gives a
40 % reduction in the SO, emissions. Figure 12 shows how the area of Xiaodiangu was selected from
the GIS in AirQUIS. The abatement scenario was defined by a reduction of 40 % on SO, emissions
from domestic heating within this specified area. Figure 13 (left) shows the calculated average SO,
concentration in Taiyuan without any abatement, while Figure 13 (right) shows the SO,
concentration for the same period with the replacement of raw coal by briquettes for domestic
heating in Xiaodiangu area. The change of fuel for domestic boilers gives a larger reduction in SO,
concentration than the previous scenario with changes in industrial emissions.

Figure 12. Selection of polygon containing the Xiaodianqu in Taiyuan.
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Figure 13. Left: Average calculated SO, concentration in pg/m’ for the base case emission scenario.
Right: Average calculated SO, concentration in pg/m’ with briquettes instead of raw coal in
Xiaodiangu in Taiyuan.
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Abatement measure on traffic emissions in Oslo (line sources)

As an example of application of the abatement module for traffic emissions a case for Oslo is
presented®. In Oslo, traffic is one of the main sources to air pollution. The abatement tool has been
used to study the impact of the reduction of the speed limit on major roads is Oslo on the
concentration of PM,y. The abatement measure consists in reducing the speed limit from 80 to 60
km/h on the highways into Oslo from the northeast. The three different highways are selected by
polygons on the GIS interface.

Figure 14 shows the hourly-calculated concentrations from the base case and abatement
scenarios at a receptor point located at Furuset, close to the high way. The 20 km/h reduction of the
speed limit has a significant effect on the maximum hourly concentration values.

Figure 14. Hourly concentration of PM, at Furuset. Green line is base case scenario and dashed
blue line is abatement scenario.
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CONCLUDING REMARKS

Air quality assessment requires a variety of tools for data handling and model calculations.
The air quality management system AirQUIS has been developed in order to provide easy access to
such tools. The combination of a graphical user interface and a flexible database makes the system
user friendly and efficient in spite of its complexity.

The AirQUIS module for emission inventorying is a user-friendly tool for producing a
complete, detailed bottom up atmospheric emissions inventory for any region or urban areas. The
emission inventory tool with the GIS platform for the visualisation, presentation, update and
management of the emission data has been successfully used in assessment, modelling and
management of air quality on urban/agglomeration scale.

Furthermore, this type of management systems represent an important tool in assessing
present and future urban air quality. Recalculations with prescribed changes in emissions can give
valuable information on the qualitative effect of various types of abatement measures. Moreover,
assessment and presentation on GIS can be helpful in detecting problem areas, as far as air quality is
concerned, and thereby provide local authorities with important information with respect to city
planning.
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