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1 Guideline on Boiler Registration and Management System 
 

1.1 Purpose of Boiler Registration and Management System (BRMS) 
Boiler Registration and Management System (BRMS) is a system to register HOBs and to enhance 
administration of HOBs which burns 50 to 5,000 tons of coal per year of coal.  The target of the regulation is 
the boilers located in the central 6 districts1  of Ulaanbaatar.  Input data for the emission inventory and 
simulation are to be calculated based on this registration data.  Boiler usage permissions or excellent boiler 
certifications are planned to be issued based on this data. 
 

1.2 Target Boilers 
Potential target boilers and stoves were identified based on the existing boiler databases, as follows;  

1. Ger Stoves Approximately 150,000 stoves 
2. CFWH (10~100kW) Approximately 1,000 boilers 
3. HOB (0.1~3.15MW) Approximately 200 boilers 
4. Boilers for Electricity and Industrial Production  

The purpose of BRMS is to monitor air pollutant emission, and to restrict using boilers if emission is over than 
standards.  In order to monitor emission, it is necessary to maintain boiler database, to manage stack gas 
measurement equipment and experts, and to measure stack gas.  As the 1st step, boiler registration and 
management system is started for 200 HOBs.  

 

1.3 Flow of Operation 
Data to be reported by the boiler registration register the database.  Project developed BRMS for data 
management.  Role Relation between roles sharing by related organization on boiler registration and the boiler 
registration database system is shown in Figure 1 and Figure 2.  Related figures in Figure 1 and Figure 2 mean 
as follows. 
 

 
Operation by user 

 
Data (document, Excel file etc.) 

 
Function of boiler registration database system 

 

                                                        
1 Khan-Uul, Bayanzurkh, Songinokhairkhan, Sukhbaatar, Chingeltei and Bayangol districts 
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Figure 1 Operation Flow (1/2) 
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Figure 2 Operation Flow (2/2) 
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2 Features of Boiler Registration Database System 
2.1 Adoption of Simple Embedded Database 
The database has necessary function as relational database, embedded database without server and network is 
adopted.  All data can store in a file, it is easy for user to submit data and backup. 

 

2.2 Input and Output System by Using Excel 
Excel is used for input and output of data, preparation of many input screens are not necessary, modification of 
system is easy.  Excel file for data input by each HOB facility is prepared.  Modification of the data from 
second years registration is only updated based on previous year’s file, the design of database is developed for 
lessening of burden of input user. 

 

2.3 Analysis Function 
System is already installed simple analyzing function (nine kinds).  Also, data are registered as database 
(SQLite2), SQLite which corresponds to access utility and SQL language is used, talkative analysis can be 
implemented.  Sample chart to be prepared by analysis function is shown as below. 

 

 

 

                                                        
2 http://www.sqlite.org/ 
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3 Utilization of Boiler Registration Data 
3.1 Collaboration of Related Organizations 
Related organization such as Engineering Facilities Department of the Ulaanbaatar City and Inspection 
Agency of the Capital City, the organizations have to prepare policies and implements audit, then needs boiler 
list.  Also, Heating Stoves of the Capital City has examined new boiler registration system.  Each organization 
registers respectively, data to be updated annually by the boiler registration database should be share by each 
organization. 

 

3.2 Collaboration of National Comprehensive Registration on Air 
Pollutant Source 

National comprehensive registration on air pollutant source is managed by NAQO and operated by AQDCC, 
which is not target source for HOB to be managed by BRMS, so it is agreement which HOB data of BRMS is 
provided to the national registration. 

3.3 Collaboration of Inventory and Simulation System 
Information such as boiler type, coal consumption, chimneys and exhaust gas treatment facilities must be 
reported to BMRS, update of inventory and simulation can be utilized.  Also, data is annually managed, so 
previous registered data can be updated based on precision improvement of data. 
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1 Emission Inventory 
Emission Inventory is the record that shows the amount of air pollutant discharged within a specific period of 
time and location of the emission source. It is an indispensable tool widely used when making policy in anti-
pollution measures. 

The objective of emission inventory use is as follows1 

(1) Knowing the actual emission volume 

The quantitative emission estimates provided by an inventory promote a better understanding of the actual 
emissions and help to raise awareness of both policy makers and the general public. Through this process, the 
major emission sources can be identified, and the priorities for emission reduction and any data gaps requiring 
additional work are revealed. 

(2) Input to simulation model and its application 

Emission data allocated spatially and temporally can be used as input data for atmospheric transport and 
deposition models. The simulation model is developed by comparing and verifying the calculated results and 
ground monitoring data. By comparing the model’s calculated result for future years and current environment 
standard, it is possible to evaluate effective air pollution policy required to achieve environment standard, and 
also the effect to human, animal, agricultural product, and natural ecosystem. 

(3) Forecasting and anti-pollution measure policy  

The inventory data is estimated from the active data and emission factor of socio-economic statistics. The 
future emission is estimated based on forecast of socio-economic indices (for example population growth, 
economic growth, changes in energy use per activity data) lower emission factors fuel switching and so forth. 
The estimated future emissions provide important information for setting air pollution prevention plan. 

(4) Consideration of possible reduction measures 

An emission inventory enables easy comparison of emission before and after introduction of control measures 
as a result of introduction of various prevention technologies. Furthermore by evaluating and comparing the 
cost of various prevention technologies and the result of emission reduction, prevention technology with 
higher cost effectiveness can be selected. 

 

Emission inventory is used by clarification of emission situation and future forecast. With air simulation model, 
it is used by environmental assessment, measurement of emission sources and review of policy and 
measurement (Figure 1-1). 

                                                        
1 What is an Emission Inventory?, Asia Center for Air Pollution Research, 
http://www.acap.asia/publication/pdf/emissioneng.pdf  
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Source: http://www.acap.asia/publication/pdf/emissioneng.pdf 

Figure 1-1  Roles of the emission inventory for air quality management 
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2 Preparation and Updating Method of Emission Inventory 
2.1 Stationary Sources 
2.1.1 Estimation Method of Emission 

Activities data by emission source, emission factors and emission sources and assignment index for stationary 
source is Table 2-1. 

Target stationary emission sources are power plant, HOB, factories, CFWH, Ger stove and wall stove.  

Emission amount of stationary source is basically estimated by following equation. 

  Air pollutants emission amount = Activity data × Emission Factor 

Activity data for combustion facilities in Ulaanbaatar is used coal consumption or wood consumption. 
Activities data was calculated by reported value of power plants, boiler registration data, population and 
household data and related statistics data. 

Emission factors were basically used measurement data of exhaust monitoring data by this project, other index 
was used supplementary. 

Type of emission source, power plants and HOB is treated as point source, CFWH, Ger stove and wall stove is 
treated as area source by khoroo, emission inventory was prepared. 

 

Table 2-1  Emission Amount Estimation Method by Source Type, Activity Data, Emission Factor, and 

Emission Source Type and Assignment Index 

 Emission Amount 
Estimation Method 

Activity Data Emission Factor Emission Source 
Type and 

Assignment Index 

Power Plant Emission 
Amount=Coal 
Consumption 
×Emission Factors 
by Air Pollutants 

Monthly coal 
consumption  to 
acquire from each 
power plant by 
interview 

Emission factors to be 
set by measurement 
results exhaust gas 
monitoring of this 
project. 

Conversion TSP into 
PM10 used  
PM10/TSP=0.65 from 
2nd Detailed Planning 
Survey 

Emission Source 
Type : Point Source 

HOB Emission 
Amount=Coal 
Consumption 
×Emission Factors 
by Air Pollutants 

Coal consumption 
data from 
information by 
boiler field survey 
and boiler 
registration system 

Emission factors to be 
set by measurement 
results exhaust gas 
monitoring of this 
project. 

Conversion TSP into 
PM10 used  
PM10/TSP=0.65 from 
2nd Detailed Planning 
Survey 

Emission Source 
Type : Point Source 
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CFWH Emission 
Amount=Coal 
Consumption 
×Emission Factors 
by Air Pollutants 

Coal consumption of 
HOB Market Study 
by World Bank 

Emission factors to be 
set by measurement 
results exhaust gas 
monitoring of this 
project. 

Results of 2nd Detailed 
Planning Survey was 
Used 

Emission Source 
Type : Area Source 

Assignment by 
resident area for non-
apartment area by 
mesh 

Ger Emission 
Amount=Coal 
Consumption ×Coal 
Emission Factors of 
Ger +  
Wood Consumption 
×Wood Emission 
Factors of Ger  

Multiply number of 
Ger stove and wall 
stove by district and 
by Khoroo, and 
annual coal and 
wood consumption 

Emission factors to be 
decided by exhaust 
measurement data and 
statistics data such as 
Forum Manual were 
used 

Emission Source 
Type : Area Source 

Assignment by Ger 
area by mesh 

Coal and wood 
consumption par a 
stove is estimated by 
sampling survey and 
World Bank Ger 
Area Heating.  

 

2.1.2 Updating Method of Emission Inventory 

2.1.2.1 Power Plant 

Emission amount by chimney was estimated. Case of centralized smoke stack, emission amount of each boiler 
is estimated, and the total is emission from centralized smoke stack. Necessary items of power plant inventory 
are shown in Table 2-2. 

Fuel consumption is acquired monthly consumption from power plants by inquiry. Case of update, raw of 
[FuelConsumption_TPY] is updated. 

Emission factors are used exhaust gas monitoring data, and if new emission factor is acquired, row of 
[EF_SO2_kgpt] is updated. 

Emission Amount is automatically calculated by fuel consumption and emission factor. 

Location coordination of chimney, height of chimney for power plants, inner diameter, exhaust gas 
temperature and monthly operation pattern is used for simulation model. 
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Table 2-2  Necessary Items for Power Plants Emission Inventory 

 

 

 
 

Calculation sample for operation pattern for power plants is shown in Table 2-3. Monthly operation pattern is 
calculated to use monthly coal consumption of power plants as follows. 

January Operation Pattern = January Fuel Consumption / Annual Fuel Consumption×12 

 

Table 2-3  Calculation sample for operation pattern for power plants 

 
 

2.1.2.2 HOB 

Emission amount by chimney was estimated. Case of centralized smoke stack, emission amount of each boiler 
is estimated, and the total is emission from centralized smoke stack. Necessary items of HOB inventory is 
shown in Table 2-4. 

Fuel consumption is acquired monthly consumption from HOB by inquiry. Case of update, raw of 
[HOBEmission] sheet is updated information such as fuel consumption and boiler types based on boiler 
registration management system. 

253



Capacity Development Project for Air Pollution Control in Ulaanbaatar City Mongolia 

Guideline on Preparing and Revision of Emission Inventory 
  

  

SUURI-KEIKAKU CO., LTD - 6 - 

Emission factors are used exhaust gas monitoring data, and if new emission factor is acquired, row of 
[EF_SO2_kgpt] is updated. 

Emission Amount is automatically calculated by fuel consumption and emission factor. 

Location coordination of chimney, height of chimney for HOB, inner diameter, exhaust gas temperature and 
monthly operation pattern is used for simulation model. 

 

Table 2-4  Necessary Items of HOB Emission Inventory 

 

 
 

Emission factors of representative boiler is described in 「EF_ByBoiler」sheet (see Table 2-5). Boilers not to 
be described are applied average emission factors. If exhaust gas monitoring for boilers not to be described is 
implemented, emission factors to be calculated by exhaust gas monitoring insert line of 「Access」,value of 
「Average」recalculate. After insertion, about the boilers, row value of「Number_of_Emission_Factor」of 
Table 2-5 is updated. 
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Table 2-5  Emission Factors of Representative Boilers 

 
 

2.1.2.3 CFWH 

Necessary items of CFWH emission inventory is shown inTable 2-6. 

「CFWHEmission」 sheet is calculated each CFWH emission amount. [Ratio] is modified fuel consumption, 
if [Ratio] uses new fuel consumption, and [Ratio] is set to 1. Also, if fuel consumption increases by population 
growth rate, the value inputs the [Ratio]. 

If new emission factors are acquired, row of [EF_SO2] is updated. 

Emission amount is automatically calculated by multiplying fuel consumption and emission factors. 

 

Table 2-6  Necessary Items for CFWH Emission Inventory 

 
 

[EmissionByKhoroo] sheet is total of emission amount by Khoroo to be calculated by [CFWHEmission] sheet. 
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If [CFWHEmission] sheet is updated, cell of [EmissionByKhoroo] sheet is selected, click [Option]-[Refresh]-
[Refresh All], emission amount by Khoroo (Table 2-7). 

 

Table 2-7  Update of CFWH Emission Amount by Khoroo 

 
 

[EmissionByKhoroo] sheet to be updated copies target Khoroo of [EmissionByKhoroo_ForGrid] sheet (see 
Table 2-8). 

 

Table 2-8  Update of CFWH Emission Inventory 

 
 

256



Capacity Development Project for Air Pollution Control in Ulaanbaatar City Mongolia 

Guideline on Preparing and Revision of Emission Inventory 
  

  

SUURI-KEIKAKU CO., LTD - 9 - 

Operation pattern by season and by time zone for CFWH is calculated by number of throwing by season and 
by time zone from World Bank ”Mongolia Heating in Poor, Peri-urban Ger Areas of Ulaanbaatar”(2009)  
(Table4.3) (see Table 2-9) 

 

Table 2-9  Operation Pattern Calculation Table for CFWH 

 
 

2.1.2.4 Ger Stove 

Estimation method for number of Ger stove to be used, percentage of household to have multiple Ger is 
“minimum case” and “expert judgment case” 2%, and “maximum 25% by survey results of World Bank 2010 
for Ger stove and wall stove. Update 2010 and 2011, number of Ger in some Khoroo is counted by satellite 
pictures, based on relation between number of household and Ger, percentage of household to have multiple 
Ger is set to 20%. 

Necessary items of emission inventory for Ger stove and wall stove is shown inTable 2-10. 

Resident population and number of household in Ger and building by Khoroo are updated. Then, number of 
Ger stove is estimated by considering household to have multiple stoves. 

Annual fuel consumption and emission factors are updated by results of exhaust gas monitoring. 

Emission amount is automatically calculated by annual fuel consumption and emission factors par a stove. 
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Table 2-10  Necessary Items of Emission Inventory for Ger Stove 

 

 
 

Emission amount is prepared sheet by stove type and fuel type, it is updated for the total to be calculate 
「TotalEmissionByKhoroo」 sheet (see Table 2-11). 

For example, to update conversion traditional ger stove into Turkey stove, new sheet is prepared and emission 
inventory of Turkey stove is prepared. 

 

258



Capacity Development Project for Air Pollution Control in Ulaanbaatar City Mongolia 

Guideline on Preparing and Revision of Emission Inventory 
  

  

SUURI-KEIKAKU CO., LTD - 11 - 

Table 2-11  Calculation of Emission Inventory by Khoroo 

 
 

Calculation process of operation pattern by season and by time zone for Ger stove is shown in Table 2-12. 
Operation pattern of Ger stove is estimated difference SO2 concentration between Ger area and apartment area 
(Table 2-12’s row L through row O).  

 

Table 2-12  Operation Pattern of Ger Stove 

 
 

2.2 Mobile Sources 
2.2.1 Estimation Method of Emission 

Table 2-13 shows activity data, emission factor, emission model type for air pollution dispersion model and 
spatial distribution parameter. 

Target of mobile source air pollutant emission inventory is exhaust gas of vehicles.  
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Air pollutants emission amount of mobile source is basically calculated by the following equation; 
  Air Pollutants Emission Amount = Activity data × Emission Factor 

Activity data on major road is major road traffic volume.  Traffic volume was calculated as “Traffic Volume = 
Link Traffic Count x Link Length”.  Link traffic count data is basically equals to the traffic count survey 
carried out by this project.  Some additional link traffic count data is estimated by traffic count data of this 
project and VDS data of Traffic Control Center of the Ulaanbaatar City.  

Activity data of non-major road vehicles is estimated fuel consumption used on non-major road.  Total fuel 
consumption in UB is estimated from total fuel import dealt by Ulaanbaatar Custom, and then fuel 
consumption on major road is subtracted. 

Emission factor on major road vehicle is calculated as follows; At 1st, emission factor of Japanese vehicles are 
modified by differences between Japan and Ulaanbaatar; 2nd, their weighted average is calculated according to 
estimated annual driving distances for each vehicle class and emission regulation, based on all the registration 
data of vehicles which passed inspection in Ulaanbaatar.  

Emission factor of non-major road vehicles is air pollutant emission amounts per fuel consumption, calculated 
by total emission amounts and total fuel consumption of major road emission inventory.  

Emission inventory of major roads is calculated for each link, as line-type emission inventory.  Emission 
inventory of non-major road is distributed from total emission to grid emission, using population statistics per 
Khoroo and built-up area boundary as distribution index, as grid-type emission inventory.  

Technical details were written in Sector Report (Air Pollutant Emission Inventory from Mobile Sources) is 
shown (Appendix 2.1-12 in Final Report). 

 

Table 2-13  Emission Calculation Equation, Activity Data, Emission Factor, Emission Model Type and 

Spatial Distribution Index 

 Emission 

Calculation 

Equation 

Activity Data Emission Factor Emission Model 

Type and Spatial 

Distribution 

Parameter 

Vehicle 
Exhaust-
Gas 
Emission 
on Major 
Roads 

Emission = Traffic 
Volume by Vehicle 
Type x Emission 
Factor by Vehicle 
Type 

Traffic count per 
link (basically equals 
to the traffic count 
data carried out by 
this project and some 
missing link data is 
estimated using 
traffic count survey 
data and VDS data 
of Traffic Control 
Center of the 
Ulaanbaatar City) x 
link length 

At 1st, emission factor 
of Japanese vehicles are 
modified by differences 
between Japan and 
Ulaanbaatar; 2nd, their 
weighted average is 
calculated according to 
estimated annual 
driving distances for 
each vehicle class and 
emission regulation, 
based on all the 
registration data of 
vehicles which passed 
inspection in 
Ulaanbaatar 

Line-type emission 
inventory 
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Vehicle 
Exhaust-
Gas 
Emission 
from Non-
Major 
Roads 

Emission = 
Estimated Fuel 
Consumption Used 
on Non-Major Road 
x Air Pollutant 
Emission Amounts 
per Fuel 
Consumption  

Estimated Fuel 
Consumption Used 
on Non-Major Road 
= Total Fuel Import 
dealt by Ulaanbaatar 
Custom x Fuel 
Consumption Rate in 
Ulaanbaatar 
(estimated) – Fuel 
Consumption on 
Major Road (one of 
the outputs of 
Vehicle Exhaust-Gas 
Emission on Major 
Roads calculation)  

Air Pollutant Emission 
Amounts per Fuel 
Consumption = 
Calculated Total Air 
Pollutant Emission on 
Major Roads / 
Calculated Total Fuel 
Consumption on Major 
Roads 

Area-type emission 
inventory 

Emission inventory 
of non-major road is 
distributed from total 
emission to grid 
emission, using  
population statistics 
per Khoroo and built-
up area boundary as 
distribution index, as 
grid-type emission 
inventory.  

 

2.2.2 Updating Method of Emission Inventory 

2.2.2.1 Vehicle Exhaust-Gas Emission on Major Roads 

Emission inventory was calculated link by link.  

Input data are shown in Figure 2-1. 

Traffic count was mainly calculated by multiplying “Traffic count in 2010 traffic count survey” by “traffic 
count increase ratio calculated by the data of VDS managed by Traffic Control Center of the Ulaanbaatar City”.  
Links where traffic is changed extraordinary (i.e. Narny Bridge road and its connecting roads in 2011) was 
counted by field survey.  

Emission factor is calculated as follows; at 1st, emission factor of Japanese vehicles were justified by 
differences between Japan and Ulaanbaatar; 2nd, their weighted average was calculated according to estimated 
annual driving distances for each vehicle class and emission regulation.  

Annual driving distances for each vehicle class and emission regulation are to be calculated based on all the 
registration data of vehicles which passed inspection in Ulaanbaatar in the emission inventory year.  

 

By executing queries one-by-one, emission inventory is calculated.  Figure 2-2 shows a sample of queries.  
Figure 2-3 is a sample of emission inventory outputs. 
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Note: Top table is traffic count table.  Middle table is travel speed table.  Bottom table is vehicle inspection table. 

Figure 2-1  Input Data for Updating Vehicle Exhaust-Gas Emission Inventory on Major Roads 
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Note: List of queries is shown in the left panel.  Some of the query contents are shown in the right panel 

Figure 2-2  Query Samples for Updating Vehicle Exhaust-Gas Emission Inventory on Major Roads 

 

 
Figure 2-3  Sample Emission Inventory by Updating Vehicle Exhaust-Gas Emission Inventory on Major 

Roads 

 

2.2.2.2 Vehicle Exhaust-Gas Emission on Non-major Roads 

Emission inventory was calculated by 3 steps; to estimate total vehicle fuel consumption on non-major roads, 
to estimate total air pollutant emission, and then to allocate girds spatially.  
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Total vehicle fuel consumption on non-major roads was calculated by subtracting “Total fuel consumption on 
major road (calculated in “Vehicle Exhaust-Gas Emission on Major Roads”) from “Total fuel consumption in 
Ulaanbaatar”.  “Total fuel consumption in Ulaanbaatar” was estimated by multiplying “Total fuel import at 
Ulaanbaatar Custom” (Figure 2-4) with “Ulaanbaatar’s share on fuel consumption assumed”.  

“Vehicle Exhaust-Gas Emission on Major Roads” is calculated by executing step-by-step “Queries”.  Figure 
2-5 shows a sample of queries.  Figure 2-6 is a sample of emission inventory outputs. 

 

 
Note: This data is Total fuel import at Ulaanbaatar Custom 

Figure 2-4  Input Data for Vehicle Exhaust-Gas Emission on Non-major Roads 

 

 
Note: List of emission inventory queries is shown in the left panel.  Query of calculating total emission and query of 
allocating emission to grid are shown in the right panel 

Figure 2-5  Query Samples for Updating Vehicle Exhaust-Gas Emission Inventory on Non-major Roads 
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Note: List of emission inventory tables is shown in the left panel.  Total emission and allocated grid emission are 
shown in the right panel 

Figure 2-6  Sample Emission Inventory of Vehicle Exhaust-Gas Emission Inventory on Non-Major 

Roads 

 

2.3 Other Area Source  
2.3.1 Estimation Method of Emission 

Table 2-14 shows activity data, emission factor and emission model type for air pollution dispersion model and 
spatial distribution parameter for “Other Area Source Air Pollutant Emission Inventory”. 

“Ash ponds of power plants” is only the one selected target source for “Other Area Source Air Pollutant 
Emission Inventory”. 

Air pollutants emission amount is calculated by the following equation; 

  Air Pollutants Emission Amount = Activity data × Emission Factor 

Activity data for ash ponds is “Area of ash ponds parts where wind can fly up ash”, measured by interview to 
power plants, site survey and satellite image survey.  Emission factor is calculated from the output of lost ash 
volume survey carried out by this project.  

Emission is summarized as area-type emission inventory.  
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Table 2-14  Emission Calculation Equation, Activity Data, Emission Factor, Emission Model Type and 

Spatial Distribution Index 

 Emission 

Calculation 

Equation 

Activity Data Emission Factor Emission Model 

Type and 

Spatial 

Distribution 

Index 

Ash ponds 
of power 
plants 

Air Pollutants 
Emission amount＝
Area of ash ponds 
parts where wind 
can fly up ash x 
Emission Factor 

Area of ash ponds 
parts where wind 
can fly up ash 

Emission factor is calculated 
by ash pond site survey on 
ash volume change survey 
carried out by this project.  
PM10 emission is calculated 
by TSP emission weight x 
PM10 share which is 
calculated particle size 
distribution test data 

Area-type 
emission 
inventory 

 

2.3.2 Updating Method of Emission Inventory 

2.3.2.1 Ash Ponds of Power Plants 

Emission was calculated for each ash pond cell. 

Input data and calculation process data are shown in Table 2-15. 

On “PM10 Ratio” Sheet, PM-10 share of ash are input, and summarized.  It should be updated whenever 
combustion characteristics of power plants are changed.  

On “Emission“ Sheet, source data, such as ash ponds area, share of area where wind may flown ash up, depth 
of wind-eroded ash depth, dry density of ash, were filled, then flown-up ash volume of the survey period was 
calculated.  Additionally, monthly emission share was assumed on “Pattern” Sheet”, and then summed-up as 
yearly emission on “Emission” Sheet”.  “Share of area ash surface is free” should be updated yearly because it 
is changed annually, according to soil cover and ground water resume.  “Wind-eroded ash depth” and PM-10 
Share should be updated whenever it is updated.  

On “Pattern” Sheet, monthly emission share is assumed, and then monthly TSP and PM-10 emission are 
calculated.  Monthly emission share should be updated whenever new information is available (For example, 
year-round ash erosion data). 

By updating information above, “monthly emission” is calculated on “Pattern” Sheet, where and “Yearly total 
emission” is calculated pm “Emission”.  
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Table 2-15  Input Data for Updating Ash Pond Erosion Emission Inventory 
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1 Simulation Model 
 Pollutant emitted in air from sources (e.g. Power plant, factory and vehicle) is intricately changed by wind 
transportation, diffusion, and generation and transubstantiation of secondary pollutant by photochemical 
reaction. Air diffusion model is to replicate condition of this change based on emission inventory and 
meteorology data. 

 Simulation model is constructed by using emission inventory and meteorology data as input data and 
comparing between calculation value and measurement value in air monitoring station. This is the tool for 
discussing effective air pollution measure from this model’s result. Flow of formulation of simulation model is 
shown in Figure 1-1. 

 

 
Figure 1-1  Flow of Formulation of Simulation Model 

 

The first role of air diffusion simulation model is to quantitatively find the relation between pollutant emission 
and air pollutant concentration. By executing Air diffusion simulation, the following things are quantitatively 
find.  

1) In what source has the cause of contamination brought the atmosphere influence how much? (evaluation 
of contribution by sources) 

2) Prediction how future concentration changes (Future concentration prediction) 

3) Effect of reduction of air pollutant concentration by measure for sources (evaluation of air pollution 
measure) 

These can be used in control measure by source, environment assessment and development of policies. 

Secondary role is to find the system of generation of complicated air pollution phenomena. Air pollution 
phenomena are constructed by complicated process, emission of pollutant, wind transportation, diffusion, 

Comparison between 
calculation value and 
measurement value 

Meteorology data 

Monitoring data 

Emission inventory 

Simulation by diffusion model 

Fixing model 

Simulation of present conditon 

Measure for source 

Planning of proposal of measure 
for air pollution 
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transubstantiation of secondary pollutant by photochemical reaction, and System of generation is predicted by 
air diffusion simulation.  

The third role is usage of study of atmospheric chemistry. By executing air diffusion simulation of distribution 
of chemical substance in huge area scale (continental etc.), the global condition and circulation of chemical 
substance that it is difficult to understanding by only observation can be clarified and the budget of chemical 
substance in the global air can be estimated.  
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2 Abstract 
The purpose of this guideline is to understand air pollutant structure in Ulaanbaatar by executing concentration 
diffusion simulation, view of concentration distribution map, comparison between calculation value and 
measurement value and making cross-section view of concentration by source types. Using concentration 
diffusion simulation, effect of concentration reduction by emission reduction based on measure for air 
pollution can be confirmed. 

Flow of calculation of concentration diffusion simulation and analysis of calculation result is shown in Figure 
2-1. 
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Figure 2-1  Flow of Calculation of Concentration Diffusion Simulation and Analysis of Calculation 

Result 

 

Abstract of each process in above flow is follow.  

Source Emission Data Meteorology Data and Cloud 
Amounts Data 

3.2 Executing 
“SourceInpFileMaker.exe” 

Making “inp” file 

3.3 Executing “Iscst3.exe” 

Making calculation result file 

3.4 Executing “Mk_Cmesh.exe” 

Making concentration data by 
mesh 

3.5 Executing “CALMESH.exe” 

Making concentration data by mesh for 
“ArcView” 

Making meteorology data for 
executing “Iscst3.exe” 

3.1 Execution of tool for 
converting meteorology data 

4.1 Importing concentration data to 
“Microsoft Access” 

4.2 View of concentration 
distribution map 

4.3 comparison between 
calculation value and 
measurement value 

4.4 Making Cross-section 
View of Concentration by 

Source Types 
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3 Implementing and Revision Method of Simulation 
3.1 Making Meteorology Data for Implementing of Simulation 
Meteorology data and cloud cover data is got at NAMEM, error count is found out and aberrant values are 
detected and rejected. In case that available data is lower than 60% in calculation period, try to get other data 
(e.g. meteorology data which is measured in air monitoring station) because the accuracy of simulation result 
become worse. How to make arranging each data and meteorology data for executing simulation is referred to 
“7.1.2 Conversion to Simulation Data” in “Technical Manual (Inventory and Simulation)”.  

 

3.2 Making “inp” File Using Emission Data 
Emission data in Microsoft Access (Hereinafter, it is referred to as “Access”.) is exported to Excel and csv file 
is made from Excel data. Setting csv file and meteorology data made in 3.1, “inp” file is made by doing 
executing file to make “inp” file. The detailed setting method is referred to “8.1.1 Export emission data and 
conversion to csv file” and “8.1.2 Making “inp” File from Emission Data” in “Technical Manual (Inventory 
and Simulation)”.  

 

3.3 Executing “Iscst3.exe” (Executing File for ISC-ST3) 
ISC-ST3 model is executed using “inp” file made in 3.2 and meteorology data. The detailed setting method is 
referred to “8.1.3 Executing “Iscst3.exe” in “Technical Manual (Inventory and Simulation)”. 

 

3.4 Making Concentration data by Mesh 
Concentration data by mesh is made from calculation result file made in 3.3. The detailed setting method is 
referred to “8.1.4 Executing “Mk_Cmesh.exe” in “Technical Manual (Inventory and Simulation)”. 

 

3.5 Conversion to Format for Importing Access 
Concentration data by mesh made in 2.4 is converted to format for importing Access. The detailed setting 
method is referred to “8.1.5 Executing “CALMESH.exe” in “Technical Manual (Inventory and Simulation)”. 
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4 Usage Method of Calculation Result 
4.1 Importing Calculation Result to Access 
To view in ArcGIS, the file made in 3.5 is imported in Access. The detailed method of importing is referred to 
“8.2 Importing Simulation Result File to Access” in “Technical Manual (Inventory and Simulation)”.  

 

4.2 View of Concentration Distribution Map 
The result data of simulation imported to Access is joined by feature class of mesh and concentration 
distribution map is made. Joining result data and setting legend are referred to “8.4 View of Concentration 
Distribution Map” in “Technical Manual (Inventory and Simulation)”.  

As examination case of air pollution measurement, concentration distribution maps in the case assumed 
replacing ger stove to HOB in Ger area are shown in Figure 4-1. Maximum ground concentrations before and 
after measure is shown in Table 4-1. In the area ger stove is replaced to HOB, concentrations of SO2 and PM10 
are significantly reduced. Each maximum ground concentration is reduced by 89% and 98% compared to 
before measure. 

 

Table 4-1  Maximum Ground Concentrations of Before and After Measure 

Unit: µg/m3 

 
Before After 

SO2 78.52 8.62 
PM10 59.10 1.21 

 

As above example, executing simulation before implementing measure, validation for effect of measure can be 
done and simulation result can become criteria from various measures.  
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4.3 Comparison between Calculation Value and Measurement Value 
To confirm accuracy of calculation result, correlation between calculation value and measurement value in air 
quality monitoring station should be verified. Example of result of comparison between calculation value and 
measurement value in each air monitoring station are shown in Figure 4-2 and Table 4-2. Monitoring station 
which available data is lower than 60% in calculation period is excluded because comparison between 
calculation value and measurement value is worse (monitoring point hatched gray in Table 4-2). 

In correlation diagram in Figure 4-2, relation between calculation value and measurement value is one by one, 
correlation coefficient is very high. This result shows very highly accurate simulation is constructed. 

 

 
Figure 4-2  Example of Comparison Result between Calculation Value and Measurement Value (SO2) 
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4.4 Making Cross-section View of Concentration by Source Types 
Only concentration distribution map made in 3.2 does not show in which area, by emission of which source 
and what rate it is. Then, cross-section view of concentration by source types crossed eastern to western or 
south to north. By making cross-section view, exceed value over annual environmental standard value by area, 
contribution concentration by source type and this rate can be grasped, and it is assumed that structure of air 
pollution and making proposal measure for sources matched in an area are helpful. 
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Figure 4-3  Example of PM10 Simulation Result 
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Target is red square area in Figure 4-3 

Figure 4-4  PM10 Concentration Air Pollution Source Types Crossed South to North 
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