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1 Guideline to Appraise Air Pollution Control Measures

1.1 Purpose

The purpose of this guideline is to choose high cost-effective air pollution abatement measures and to solve
air pollution problems in Ulaanbaatar based on this technical examination guideline for air pollution
abatement measures.

1.2 Major emission sources in Ulaanbaatar

Major emission sources in Ulaanbaatar are thermal power plants, HOBs, CFWH, Ger stoves, road dusts,
reclaimed land of thermal power plant ashes, factories, etc.

1.3 Target Pollutants

Target pollutants of the guideline is PM10 (TSP, PM10, PM2.5) which is main cause of air pollution in
Ulaanbaatar, projects on PM reduction are appraised. CO2 is not contributed to urban air pollution, and
does not include target pollutants of the guideline.

1.4 Target Area and Definition

Target area is basically Ulaanbaatar. Projects include manufacturing materials outside of Ulaanbaatar, air
pollution control in Ulaanbaatar is improved by the projects outside of Ulaanbaatar.

Basis laws and regulations of the guideline are law of air, law of air pollution payment, MNS emission
regulation, MNS regulation on air quality.

1.5 Targeted projects for air pollution control measures

As shown in the air pollution abatement measures listed below, targeted projects for air pollution control
measures are selected among candidates leading to emission reduction for specified emission sources.
Combustion tests and componential analysis of fuels are also included in the projects. The order of priority
is from the top to the bottom.

Air quality monitoring does not have a direct effect to air pollution abatement, but this is included as one of
the target projects in order to grasp air pollution state. Because citizen’s understating is indispensable for
facilitating air pollution reduction, citizen’s awareness is also included.

However, tree plantation is not included in the targeted projects because it does not contribute to air
pollution improvement in winter season at all. Revitalization projects for thermal power plants are not
covered because these projects need bigger budget compared to hundreds of million yen scale expenditure
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projects which this guideline covers, and furthermore these projects are administrated by the Ministry of
Energy. Additionally expenses for administration work to select measures are not included, and therefore
this guideline does not estimate it,

Table 1.5-1 List of air pollution abatement measures

Targeted fields Reference

Improved fuel - Bio-coal briquettes, Semi-cokes, | Coal briquettes are not covered
production of semi-cokes briquettes, | because it is hard for coal
subsidy for transportation briquettes to acquire
Expenditure on the expense for | cost-effective reduction effects
combustion tests for improved fuel

Connection to the - Subsidy to the expense for a | Estimation of pollution

centralized heating connection to the centralized heating | reduction effects by abolition of
system system HOBs

Measures for - Installation of cyclones and scrubbers

HOBs -+ Support for activities to maintain

performance of existing dust collectors
New installation or replacement to
higher efficiency HOBs

Renovation for fuel conversion of
boilers with oil or gas

Conversion form - Support for purchasing electrical | Power demand for gers

Ger stoves to heaters considerably increases. Adoption
electrical heaters - Installation and revitalization for | of this project requires

power transformer stations and | understandings of ger families on
augmentation of power cables for | arise of power price, and needs a
power demand increase surplus of power supply capacity
for power demand increase
caused by the introduction of
electrical heaters.

Vehicle emission + Introduction of DEF for public buses From the investigation results
abatement + Introduction of EURO IV buses during driving, “Nano-fuel” is
measures +Introduction of low Sulphur fuels proved to have no air pollution

Introduction of low emission vehicles | abatement effect, and therefore
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other than public transportation
Encouragement of eco-friendly driving
Componential analysis of Sulphur in
fuels consumed in Ulaanbaatar, etc.

this fuel is not admitted as an air
pollution abatement project.

Coal gasification

Construction of relevant facilities
necessary for coal gasification plants

Construction of coal gasification
plant itself is not covered in this
guideline because of its large
budget.

Construction of

Estimation of pollution reduction effects

City planning is expected to be

collective by construction of collective residence implemented by another budget.
residence
Air quality Budget for new air quality monitoring | Fixed annual budget is necessary.
monitoring station

Procurement and repair for

measurement equipment

Purchases of expendables

Procurement for replacement parts

necessary for maintenance
Citizen’s Implementation of seminars for | Fixed annual budget is necessary.
awareness citizens and students
activities Preparation of education materials for

air pollutions
Measures for Development of improved CFWH Priority of CFWH project is low
CFWH Subsidy for expenses for improved | because an emission amount

CFWH combustion tests

from CFWH is not large, and
contribution to air pollution

reduction is low.

Burned ashes from
thermal power

Effective use of burned ashes

Priority of this project is low
because thermal power plants are

plants taking actions and the effect in
winter season is small.
Others Support  for energy conservation | Basic rule is for factories to pay
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measures for factories by themselves for necessary
Subsidies  for introductions  of | measures.

equipment necessary for emission
reduction

1.6 Application methods

About improved fuel, measure for vehicles, etc., it should be confirmed whether measurement results
described in the measures and pollution reduction effects before and after implementation of measures are
included. If an air pollution abatement measure does not show pollution reduction effects before and after
implementation of the measure, the document is returned to the applicant and reapplication is requested
with attachments of comments such as measurement results or analysis results should be described.

About an improved fuel, AQDCC conducts combustion tests with using subsidies, and studies a dust
reduction effect beforehand, because improved fuels are presumed to be mixed with coal briquettes which
have low air pollution abatement effects.

(1). Necessary _items for applications for air pollution abatement measure projects

(improved fuels)

+ Classification of improved fuels
Bio-coal briquettes, Semi-cokes, Semi-cokes briquettes

- Application agency, person’s name in charge, contact address
Information on production of improved fuels
Name of the manufacturer, location, person’s name in charge, contact address
Classification of raw coals and materials mixed for briquetting (hame of binders), manufacturing
processes of the improved fuel, equipment used, the number of manufacturing operators, nominal
production rate

- Target area for sale of the improved fuel, and the number of target families

- Consideration about air pollution abatement effects
Calorific value, ignition property, and hardness of the improved fuel
Exhaust gas measurement results from the improved fuel (requires to show the difference between the
raw coal and the improved fuel)
Estimation results of pollution substance concentrations and emission reduction amounts before and
after the introduction
Elapsing time of combustion per the input load (fire lasting time)
- About a price and an amount of subsidy for an improved fuel
Expenses for manufacturing, expense for transportation, and expense for sale for the improved fuel
Sales price of raw coals
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An amount of subsidy necessary for compensating for the difference between sales prices to cover the
expense for the improved fuel and that of raw coals

Dust reduction amount and the amount of subsidy per ton of the improved fuel

(2). Conversion to electrical heaters

Surplus of power supply capacity to ger regions

Capacity of the transformer stations

Durability of power supply cables for higher power supply
Adequacy of a power price

(3). Vehicle emission abatement measures

+ Application agency, person’s name in charge, contact address
Measurement results of onboard emission measurement system

+ Analysis results of Sulphur in low Sulphur fuels

- Cost for introduction of emission reduction equipment such as DPF, etc.
Estimation results before and after implementation of measures

(4). Air_ quality monitoring

- Application agency, person’s name in charge, contact address
Management system for operation and maintenance for air quality monitoring

- Grounds on new installation of air quality monitoring stations based on the layout plan in whole
Ulaanbaatar

- Time tables on procurement of necessary replacement parts and their time of replacement for preventive
maintenance

Expense for initial installation and annual operation for air quality monitoring stations

(5). Encouragement activities for citizen's awareness

- Application agency, person’s name in charge, contact address
Intended persons, expected number of the persons, its period
- Contents of awareness programs
Description of texts to be used
Expected effects of activities for citizen’s awareness
Equipment used as audio-visual aids
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1.7 Evaluation

Expenses for a targeted project are allocated to (Dair pollution abatement project and to @monitoring and
activities for citizen’s awareness at approximately 9:1((D:®@), excluding administrative expenses from the
total budget.

(1). Improved fuel

An improved fuel must be confirmed whether it satisfies the following reduction ratio compared to same
kind of raw coals.
Coal briquettes: dust reduction of not less than 15%
Bio-coal briquettes: dust reduction of not less than 20%
Semi-cokes, semi-cokes briquettes: dust reduction of not less than 40%
- An improved fuel must be evaluated how long its fire lasts compared with raw coals

Expenses for implementation of measures

Estimation of amounts of subsidies

Sales price of an improved fuel without subsidies

Target sales price when supported by subsidies, and its adequacy compared to that of raw coals
Production capacity of a subsidized improved fuel, and its expected sales price

Air pollution abatement effects by improved fuel after its introduction

A rate of an amount of emission reduction to that of subsidies

(2). Conversion to electrical heaters

The number of gers to be planned to be converted to electrical heaters

The amount of subsidies to purchase price discount of electrical heaters

Power consumption reduction for one ger in winter season by introduction of electrical heaters

Annual power cost for one ger family (present cost and expected increase)

Study of whether ger families can pay cost for power increase considering their incomes.

Study of the possibility of power cost discount for the use of electrical heaters in case that ger families
have difficulty to pay increased power cost

Study of thermal power plants of which their capacities can satisfy increased power demand caused by
introduction of electrical heaters

Study of what kinds of problems will be the causes if thermal power plants cannot satisfy the demands,
such as a lack of surplus of power generation capacity, a lack of a power transforming station capacity,
inconsistency between future business plans for power system and urban planning, etc.
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(3). Measures for vehicle air pollution

Confirmation for conducting measurement of vehicle exhaust gas with using onboard emission
measurement system

Confirmation for componential analysis of Sulphur in low Sulphur fuels planned to be introduced

Confirmation for air pollution reduction effect of not less than 20% by vehicle emission abatement

measures

Confirmation for expectation of approximately 10% air pollution reduction effect by eco-friendly driving

measures in spite of its little expenditure such as citizen’s awareness activities, diffusing activities, etc.

(4). Air quality monitoring

Expression of specified operation and maintenance structure for newly installed air quality monitoring
stations

Assessment of the structure for sustaining appropriate operation and maintenance after commencement
of air quality monitoring stations

Assessment of time tables for replacement of equipment and spare parts for air quality measurements

(5). Citizen's awareness activities

Assessment of person’s understandings in charge of implementing citizen’s awareness activities about air
pollution abatement measures

1.8 Appraisal Procedure of Projects

Appraisal procedure of projects by the guideline is shown in Figure 1.8-1.

‘ 1. Application from target agencies

i 2. First appraisal by screening using the guideline

‘ 3. Appraisal of application by working group

| 4. Decision of priority of projects and preparation of comments

‘ 6. Appraisal in conference and approval of parliament

‘ 7. Notification of appraisal

I 8. Projects implementation

!
|
|
|
| 5. Preparation documents for conference on CAF budget allocation |
|
|
|
|

‘ 9. Monitoring of projects

Figure 1.8-1 Appraisal Procedure of Projects
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1.9 Working Group

Working group appraises projects which are applied from related agencies by using the guideline, and

conduct below workings and analysis.
» Preparation schedule of the guideline
- Appraisal procedure and period for approval of the guideline
+ Appraisal for selection of projects and preparation of technical examination documents

- Examination for necessity of the guideline revision
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Reference

Figure 1.9-1 Environmental influence and price of improved fuel

Figure 1.9-2 Outline of DPF
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2 Air Pollution Control Measures

Air pollution control measures including Introduction of improved coal fuel, Ger stoves and wall stoves,

automobile emission control, and HOB emission control were discussed. Also, representative 15 air

pollution control measures were evaluated.

2.1 Control Measures

211

Introduction of improved coal fuel

Issues on introduction of improved coal fuel to Ger area was summarized as below.

(1). Pollution-abatement measures caused by the coal combustion of the ger area

What causes it? i Fuel in accord with a combustion appliance is not used. Traditional stove used by i

' nomads is a stove for the dry feces of domestic animals, but burns coal in U/B. As a .
result, it is caused the major air pollution by coal dust in the winter season with i
+ much coal use due to incomplete Combustion. '

[Update of the apparatus] i The present conditions :

1. Improved : + An improved stove has some limit against pollution-abatement measures '
stove i by quality of coal and usage of the improved stove. :

2. Other : + Second burner apparatus to burn coal dust appears in the market, but it is '
apparatus ! not popular. ;

[Fuel Shlft] ' + Many kinds of improved fuel have been made, but they could not sell '

1. Fuel shift to i without a subsidy due to the competition with existing coal price. :

improved fuel

2. Fuel shift to
gas

N

3. Fuel shift to
liquid fuel

- Because all the subsidies become the ash, it is difficult for the government !
to pay a large amount of subsidy to improved fuel.

* A plan to use SNG by the coal gasification for city gas for house & car fuel !
' isrealized. (SNG: Substitute Natural Gas) :

i+ There is a plan to use DME by GTL made of coal for house & car fuel. '
i (DME: dimethyl ether, GTL: Gas To Liquid) :

.......................

‘As for the heating in ger area, coal plays a key role with the short & middle term

i and the cooking will shift it to gas & liquid fuel in future. :

-The fuel change to LPG & CNG in ger area is up to the income of inhabitants.

¢ (LPG: Liquefied Petroleum Gas, CNG: Compressed Natural Gas) :

>The spread of improved fuel is indispensable to the pollution-abatement measures in ger
area, and the firm national strategy is absolutely necessary to make a price the same as
coal for continuation of stably supply of the improved fuel.

SUURI-KEIKAKU CO., LTD
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(2). Problem of the spread of an improved fuel

Figure 2.1-1 shows the high target area that an air pollution degree divided into four groups,
such as Target areal to Target area4 in pollution-abatement measures area, after
examination of the data of an air pollution monitoring in areas using coal in Ulaanbaatar
City.

Table 2.1-1 shows a necessary % of the improved fuel supply as an example and shows the
required amount of the improved fuel from the number of the households every each local
khoroo. As a result, 200,000 households needs improved fuel and the total required amount
becomes 570,000 tons in the case of a semi-coke.

Table 2.1-2 shows classified the total sum of the subsidy in three cases according to the supply
ratio from the required amount of the improved fuel. The price difference between of a
semi-cocks price (180,000MTN/t) and of market price of coal (130,000MTN/t) is 50,000MTN/t.
It becomes a key for the spread of an improved fuel how this price difference is made up.

Figure 2.10-2 shows an example of the production cost of the semi-coke for reference.

The following is considered as a method to fill the price gap.

1.  Government provides subsidies to producers.

1. Government makes up for coal charges in the production cost and/or railroad
transportation charges.

1i. Government imposes a tax for the subsidy to a citizen by beneficiary payment principle.
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Figure 2.1-1 Area of Ulaanbaatar City required pollution-abatement measures

Table 2.1-1 Total number of households and total quantity of improved fuel considering required
ratio of improved fuel for each region in the Ulaanbaatar City

Required ratio of improved fuel
Name of duureg Target area 1| Target area 2| Target area 3| Target area 4 Total
100% 75% 50% 25%
Bayangol 0 0 10,489 2,229
Bayanzurkh 0 41,361 0 12,355
Songinokhairkhan 62,000 0 0 1,044
Sukhbaatar 0 18,942 0 974
Khan-Uul 0 19,460 0 124
Chingeltei 32,118 0 0 4
Total No. of household at each khoroo 94,118 79,763 10,489 16,730 201,100
Total quantity of improved fuel (t/a) 329,413 209,378 18,356 14,639 571,785
12
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Table 2.1-2 Total amount of required subsidy

(3). Problem of fuel

a. Dust

Annual Required The number of Ratio Reference Quantity of | Total amount
consumption of | subsidy Ger households semi-coke of subsidy
semi-coke (MTN/t) (tly) (MTN/t)y
Casel | 201,100 | 100% | Target at all 571,785 28.6billion
households using coal
as a fuel in U/B
Annual Case 2 | 100,550 50% | Target at half of 285,892 14.3billion
consumption of 50,000 househol@s using coal
a household as a fuel in U/B
3.5t Case 3 43,000 21% | Target at households 150,500 7.5billion
under action plan in
national program
(3.5tly)
= Raw Coal
MNT/t % = Binder
Raw Coal 41,963| 26% Utility
Binder 38,383 24%
Utility 19,424 12% Personnel Cost
Personnel Cost 8,388 5% .
Maintenance Cost 6,560 4% = Maintenance Cost
Rail Freight 1,476] 1% 1% = Rail Freight
Sales fee 25,500 16% 4% <5%
Profit(15%) 21,261 13% e = Sales fee
OPEX 162,955| 100% = Profit(15%)
Depreciation cost 17,045
Total Price (MNT) 180,000
Figure 2.1-2  An example of the semi-coke plant production cost

As explained in 2.7.3.2(3), the order of a few emission factor of dust is semi-cokes, anthracite coal

briquette, coal briquette, coal in improved fuels sold in U/B City. In addition, it is undergoing testing in

Mongolia, but the coal briquette mixed with biomass called bio-coal briquette spreading abroad is also

the fuel of small emission factor same as semi-cokes.

Figure 2.1-3 shows the emission factor of each fuel and the upper limit of the emission factor in

MNS5216. Some coal becomes lower than the upper limit in Figure 2.1-3, but it is thought that the

emission factor should be lowered further more from the view point of present conditions of the air

pollution in U/B. The shift to semi-cokes and/or trial manufacture of bio-coal briquette is strongly

expected.

13
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Figure 2.1-3  The emission factor of dust of each fuel

b. SO,

The emission factor of the SO, of each fuel and upper limit level 17.4 kg/t in MNS216 are shown in
Figure 2.1-4. The quantity of outbreak of the SO; is related to quantity of sulfur contained in coal as a
raw material used in each improved fuel. SO, can be reduced by the desulfurization in a stove by
adding limestone (CaCOg3) or calcium hydroxide (Ca (OH,)) to an improved fuel. When the coal
contains 1% of sulfur, approximately 80% of SO, is reduced at 5% of addition rates of the limestone.
As limestone or calcium hydroxide is added easily at molding stage, the improved fuel briquette mixed
them has a big effect for SO, reduction.

50.0
45.0

40.0
350 MNS5216 SO,: Max. 17.4kg/t
30.0
25.0
20.0
15.0
10.0 I I
5.0
Y m  m I
&)
N 7, 8

Figure 2.1-4  The emission factor of sulphur of each fuel

SO, Emission Factor (kg/t)

c. Semi-cokes and Bio-coal briquette

There are semi-cokes and bio-coal briquette as a good improved fuel reduces the emission factor
remarkably. Their comparison shows in Table 2.1-3.

14
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Table 2.1-3 Comparison of a semi-coke with a bio-coal briquette

Semi-cokes ) )
) i Bio-coal Briquette
Semi-cokes Briquette

1.Manufacturing method * Coal is carbonized at + Coal is crushed finely and
low-temperature and volatile biomass of about 20w% is
matter of the coal decreases. mixed and is molded.

- Semi-coke is carbonized coal in
the state of the rough grain.

+ Semi-coke briquette is molded
powder of the semi-coke.

2.Characteristic - As volatile matter is decreased, | - As biomass burns earlier,
quantity of dust outbreak volatile matter of coal is
decreases at combustion. burned also, then quantity of

dust outbreak decreases.

3.Production cost *The costs of equipment such as | - Much cheaper than semi-cokes
distillation furnaces are plant
expensive.

4.Problems * Adjustment for the residual + Securing of biomass

volatile matte is important.
Firing characteristics worsen
when volatilization decreases
too much and many firing
agents required.

+ As adding biomass makes
hard to mold, low pressure of
a molding machine requires a
binder and in the case of a
high pressure molding

* Disposal of tar of the machine, no binder is
by-product becomes the required.
problem depending on a
distillation furnace.

« There are four factories, but

5. Factory in Mongolia
y g they are closed now

- Itis possible to convert existing
molding facilities to produce the

bio-mass briquette.

6. SO, measures - SO, is reduced by mixing (Same as left)

limestone or calcium
hydroxide at molding.

2.1.2 Ger stove and wall stove

The standard of the exhausting gas at combustion with a stove was revised in MNS5216 for a
ger stove and wall stove but it is a problem that quality of the fuel at the combustion

examination is not prescribed.

Though the combustion examinations of each fuel under the same condition with the same stove were
carried out many times at testing laboratory of APRD (old AQDCC), it is the fact that the result of a
measurement changes remarkably by each fuel. For the example, the result shown in Figure 2.1-3 and
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Figure 2.1-4 will prove their diversity. The evaluation of a stove will be difficult because the performance
of each stove changes depending on fuel. So, the standard fuel should be fixed at carrying out a combustion
test for the evaluation of a stove.

2.1.3 Automobile Emission Control

(1). Diesel Smoke Control Measures (Retrofitted DPF)

In UB city, the measured result of PM10 monitoring stations exceeded 1000ug/m3 per hour, and the
severe condition is still continuing.

Although there are several factors for the high PM10 concentration, PM emitted from tailpipe of diesel
vehicle is one of the main factor of the mobile emission source. Therefore, the coping strategies such as
regulation were considered in this project.

In April 2015, the traveling survey of the retrofitted DPF that correspond to high sulfur fuel was
conducted based on the proposal of APRD, which was to grasp emission reduction effect using on-board
emission measurement system (vehicle number 0011 of Appendix 2.10-1). Also, the traveling survey
without the retrofitted DPF was conducted (vehicle number 0003 of Appendix 2.10-1). In this project, as
Activity1-13, the effect of the control measure to reduce air pollution was evaluated by comparison of the
survey that was conducted before and after control measures (with DPF or without DPF). By virtue of
using the reduction effect of PM, the draft of the effective measure for preventing air pollution was made as
Activity3-9.

At the first meeting, opinions regarding the characteristics of the retrofitted DPF (such as usable for high
sulfur contained fuel) and operation issues (such as equipment cost, operational cost, and decrease of fuel
consumption) were exchanged. At the second meeting, the legal basis of installment of retrofitted DPF, the
necessity to develop legal systems for the installment, and the proposal to NCAPR were discussed.

As a result of the first and second meetings, the document that was made by Mongolian side indicated
not only the comparison of PM emission before and after measures, but also, indicated the reduction ratio
of PM automobile concentration on Peace Avenue by using simulation model. In addition, based on the
emission reduction effect of the retrofitted DPF, the cost-efficiency of PM emission reduction by installing
retrofitted DPF to the regular route bus in UB city was estimated (Table 2.1-4).

16
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Table 2.1-4 Estimated Result of Installment of Retrofitted DPF

Amount |Quan Sub) Notes (The budget was set from a hearing, such as
sl L=02 million(Tg) | tit: et relevant organizations.)
& [ ™Y |million(Tg) g :
, L . DPF:750,000 yen (Filter: 3units, spare parts: 3units) —
1.The Sl;d’:get for |Manufacturer’s suggested retail price (unit) 11.25| 100 1,125 exchange rate - 15.0 Te/yen
Import expenses (unit) 0.75| 100 75|Procedural costs from Japan to Mongolia
2.DPF , g . Regeneration device : 400,000 yen—exchange rate:
regeneration Manufacturer’s suggested retail price (unit) 6.00 50 300 15.0 Te/yen. Assume one of two.
device Import expenses (unit) 0] 75 0|Include an apparatus main body.
3.Charge for Charge for attaching (unit) 0.47| 100 47 ;rack;ecords as Zf 2(11 5. . - .
attaching DPF . ecurity expense by stopping a bus service on an
g Guarantee for bus service (2 days) 5.0/ 100 500 installation day of the DPE.
.. . 2kW/units, 3units, each of twice a day, 77.1Tg/kWh,
4During Electricity bill (year) 0.22( 100 22 237 days & year operation
regeneration of |Expenses for buildings and land(year) 50 0|Under confirmation.
DPF :
Labor cost (year) 3437 10 344 Such as DPF r.ege.neratlon and the DPF exchange
(manage 10 units in one person).
. . . . . The result of DPF attaching for 237 days is 8% fuel
. erEa.E;r:lr;% bue Loss compensation against worsening fuel consumption (year) 3.33] 100 333 ageravation against the vehicle that is 2.2km/L.
P Interest regarding initial introduction cost 0.00] 100 0[Set no interest.
Total expenses(the first year) 2,746| Total expenses(1.~5.)
Total expenses(the second year) 699|Total expenses(4.~5.)
Total expenses(the first to fifth year) 5,542|It is assumed for 2016~2020 year.
PM
Item Unit | emission Notes
reduction
PM emission reduction of automobile (t/year) 12.0]Install to non-regulation vehicle. The emission
PM emission reduction rate of automobile 100 6.4%|reduction per 1unit for DPF is 78%.
PM emission reduction of automobile for the first to fifth year (t/5year) 60.0|1t is assumed for 2016~2020 year.

Therefore, as Activity3-10, the introduction of the retrofitted DPF was evaluated as an effective measure

for preventing air pollution, through comparison of estimation result before and after measures, the

estimation of measure cost, and consideration of techniques and implementation suitability.

The members of the meeting are APRD, NAMEM, PTDCC, and MRT. Through the activities, management
ability of the member for emission regulation was reinforced. As a result, one of the air pollutant measures

was proposed as Output 7 of Indicator 2.

Also, as an outcome of the discussions with the DPF Project Group and the trainings regarding the

improvement of selecting process of mobile environment control measures for the future, which was held

in Japan (December 2015), the emission measurement of the regular route bus with installed retrofitted
DPF was requested to APRD from PTDCC (Appendix 2.1-4).

(2). Regulation of Exhaust Gas of Motor Vehicles other than MNS 5013:2009 or MNS

5014:2009

The matters relating to retrofitted DPF were considered in October 2015. Thus, for other vehicle control

measures, estimation method of emission reduction and cost efficiency were considered (the method of

thinking, utilizing data, image of the outcome, and brief utilization method have been discussed) for cases

of introducing newest exhaust gas regulation conformity vehicle and introducing low sulfur fuel (including

introduction of exhaust gas regulation conformity vehicle adapted to low sulfur diesel).

APRD and NAMEM conducted the noted emission reduction effect and cost effectiveness of introducing

vehicle emission control measures, with guidance of JICA Experts. However, JICA Experts also estimated

to compare both outputs. More specific estimation work is conducted in September 2016.
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(3). Sulfur content measurement of vehicle fuel

Low sulfur supply is indispensable for the technical control measure that is currently the mainstream in
Japan for preventing automobile air pollution. Regarding the sulfur content of fuel, the measurement was
conducted in 2014, however, some gas station has begun to sell EURO-V fuel (sulfur content is under 10
ppm) from 2016. For this reason, the sulfur content of fuel was measured again.

After confirming the fuel sold at gas stations are EURO-V fuel to the gas station staffs, diesel fuel was
purchased at 5 gas stations and analyzation was conducted. As a result, diesel of 3 stations was about 2000
ppm, and even the lowest was about 70 ppm. These fuels do not conform with EURO-V nor EURO-IV.

Although the proposal of introduction regarding low sulfur supply is indispensable, the introduction was
predicted to take a long period. Therefore, most effective measures that are possible with high sulfur supply
are needed, such as DPF made by COMOTEC Corporation that was tested in feasibility study of JICA
(“Survey on Reduction of Black Smoke in Exhaust Gas of Diesel Route Bus in Ulaanbaatar City”, referred
to as feasibility study of JICA).

(4). Introduction Measures of Eco-Drive

One of the vehicle emission control measures, Eco-drive, is a reduction method using driving
techniques with refrained acceleration, deceleration, and speed. The traveling survey was
conducted using data logger (drive recorder) that records speed, acceleration, longitude, and
latitude. Judging from the result, the method of Eco-drive, the control effect, and the future

diffusion strategy were considered

(5). Revising measures of traffic signal control

One of the vehicle emission control measures, smoothing traffic flow, was confirmed and organized the
current traffic signal control including revising the control plan in order to consider the signal control
measure.

From the result, the necessity to promote the measure and emission reduction effect regarding the signal
control was confirmed.

(6). Operation Restriction Measures for High Emission Vehicle

Regarding one of the vehicle measures, “emission factor reduction measure”, RSD (Remote Sensing
Device) is one of the restriction methods used for high emission vehicles in UB city. UB city has a severe
air pollution condition, which is a reason to consider conducting the survey using RSD.

RSD enables measurement of exhaust gas instantly (within 1 second) against vehicles while driving,
which is different from units generally used by inspection agencies. In addition, RSD is a device that
enables measurement for a large number of vehicles at a short time. If the measured value is over a certain
threshold value (it will be set in the future survey), the possible control measures will be to impose penalty
and stop the operations. As a result, the operation of high emission vehicle will become restricted,
contributing to improve air pollution.
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To consider the possibility of introduction for vehicle restriction measures against high emission vehicle,
RSD will be set at the tollgate of the boundary of UB city, and the exhaust gas concentration (NO, CO, HC,
and PM) will be measured on April 2017. In this survey, all of the vehicles passing through the tollgate will
be the target.

The exhaust gas concentration distribution of vehicles driving into UB city will be compiled and the
threshold value will be considered for high emission vehicle by using the measured result. Also, operation
method for RSD, such as measurement locations, frequencies, fines, and stopping of the operation will be
considered.

2.1.4 HOB Emission Control

(1). Seminar about boiler

A seminar about electrostatic precipitators was held for the people invited by APRD. This
seminar intended to foster and diffuse technical knowledge and introduction procedures of
electrostatic precipitators. The content of the seminar was as follows.

Date : 23t November, 2016 Venue : APRD 14FLMeeting room

Participants : 13 (excluding APRD Staffs)

Content (1) Applicability of electrostatic precipitators (based on the electric resistivity

measurement results)
(2) Guidance for introduction of electrostatic precipitators

(3) Point of issues at introduction stage

(2). Policy for the development of measures

The following two approaches may be taken to reduce dust emissions from HOBs.
(1) Reducing the amount of coal use by improving boiler efficiency
(2) Reducing the discharge of dust from the stack by installing dust collection equipment, etc.
We have decided to pursue the following goal with regard to the two approaches above.
(1) Technology to increase boiler efficiency

Most HOBs do not control the excess air ratio according to the combustion load. Therefore, we have
decided to study ways to increase boiler efficiency by optimizing the excess air ratio.

(2) Dust collection equipment

In Mongolia, dust collection equipment such as cyclone dust collectors and scrubbers has been installed.
However, many HOBs are still used with no dust collection equipment installed. Mr. Batsaya, who is
APRD's official in charge of HOBs, examined dust collection equipment installed for HOBs through
exhaust gas measurement, boiler inspections and other means, and the results indicate that some of the
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installed dust collectors are not fully used due to incomplete daily maintenance. To address this problem,
we have decided to study the quantification of dust collection equipment's collection efficiency and
technologies needed for the effective use of dust collection equipment.

(3). Increasing boiler efficiency by optimizing the excess air ratio

Since HOBs equipped with manual coal feeding are unstable in terms of combustion, DZL, which is a type
of HOB with continuous coal feeding, was used for the test. Test results are shown in Appendix 2.10-3. The
results indicate that reducing the excess air ratio did not improve boiler efficiency clearly. This is
presumably because in DZL-type HOBs, the opening in the furnace body is so large as to make it
impossible to prevent ingress of air even if the draft in the furnace is increased by reducing combustion air.
We examined these results with Prof. Oidov, who teaches boiler classes at the Mongolian University of
Science and Technology, and his views on the results were the same as ours. By contrast, commonly used
HOBs, which have large openings for coal feeding and ash removal, the boiler body is not airtight and
therefore the boiler is heavily affected by the air entering from the openings even if combustion air can be
reduced. For this reason, we determined that it would be infeasible to increase boiler efficiency based on
the excess air ratio.

However, regarding Carborobot (a type of HOB equipped only with the exhaust fan), we paid attention to a
wide variation in the concentration of O2 in the exhaust gas between sites, checked with ANU Service,
which operates a site with a low oxygen concentration in the exhaust gas, and found that securing the
airtightness of the furnace body was crucial. Appendix 2.10-4 shows what we have found.

(4). Study on dust collection equipment

a. Cyclone dust collector

The collection efficiency of cyclone dust collectors was measured in Phase 1, and the result indicated
their collection efficiency is about 60%. Appendix 2.10-5 shows the operating principles of the cyclone
dust collector, its operational precautions, cost of installation and other relevant information.

An ongoing project by Japan's Ministry of the Environment aims to develop a hot water boiler that
excels in energy and environmental conservation by using Japanese technology to modify MUHT, a type of
HOB developed in Mongolia. The project also seeks to enhance the performance of cyclone dust collectors
manufactured in Mongolia. This has successfully led to the commercialization of an advanced cyclone dust
collector with collection efficiency at around 90-95% in Mongolia.

Source: Overseas Environmental Cooperation Center, Japan, "Report on the Study on Commissioned
Project for Assistance to the 2015 Research Project on Co-benefits Type Environmental Pollution Control
in Mongolia," 2016, Ministry of the Environment
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As shown in its overview in Appendix 2.10-6, the project has identified problems with the design of
conventional cyclone dust collectors and indicated that high efficiency cyclone dust collectors can be
procured from domestic sources in Mongolia.

b. Scrubber

We studied the collection efficiency of scrubbers in cooperation with APRD's exhaust gas measurement
team. Appendix 2.10-7 shows the measurement results, operational precautions, cost of installation and
other relevant information. The study indicated that scrubbers' collection efficiency ranged from 60% to
80%.

Unlike cyclone dust collectors, scrubbers are expected to provide desulphurization effects. Therefore,
installing a scrubber can be an effective measure for HOBs that generate exhaust gas with a high SOx
content.

However, both cyclone dust collectors and scrubbers will become inoperable if dust deposits build up
inside the unit. In Ulaanbaatar, some of the installed dust collection systems are inoperable for this reason.
Since this is improvement information, we explained it in detail to APRD and the Inspection Agency of the
Capital City.

c. Electrostatic Precipitators

Diffusion of electrostatic precipitators requires not only study of applicability such as HOB fly ash
resistivity etc. but also fabrication technology of manufacturers in Mongol. APRD introduced Khasu
Megawabatt khkhk (KM), Germany Mongolian Training Center (GMTC), and Bento Co. for the surveys of
technology about design, structure manufacturing, electric instrumentation, etc. Actual conditions of these 3
companies are confirmed and described in Table 2.1-5.
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Table 2.1-5 Actual conditions to manufacture electrostatic precipitators for HOB

Company Facility for manufacturing Electric instrumentation Business interest
name
KM - Manufacturing of towers and vessels | - No capaciry for design | Very positive
(welding plate thicker than 3mm) - Experience of wire
- Expeiriences of manufacturing dust distribution work
collector for coal firing plants based | - Subcotnracting work
on Japanese drawings from South Korea,
- No capacity for structural design China, Japan, etc
GMTC - Possession of technical training - Under training of Subcontractor of KM etc.
center for welding and processing electric instruments
- Posession of welding facility engineer
- Capacity of drawings for - No training of engineer
manufacturing for design
Bento - Experience of maufacturing Japanese | -+ No experience for dust | No intention
dust collector as a subcontructor collector
- No experienc of maufacturing - No capacity of design
electrostatic precipitators

Boiler market in Ulaanbaatar City is not developed yet. There is no designer for original drawings, and
technology level of steel processing and fabrications is low. Experiences manufacturing equipment for
thermal power plant is based on design and drawings from abroad, and there is no track record of
electrostatic precipitators for industrial boilers. Furthermore, there is no experience for necessary
technologies for manufacturing electrostatic precipitators such as high voltage DC power supply, DC power
charge control, design and manufacturing technology for complicated hammering system etc., design for
draft pressure loss, etc.

In order to improve abovementioned situation, APRD proposed domestic production of test equipment for
the HOB at the #41 school with the assistance of JICA. However, this HOB is an old type boiler for hot
water heating with wet type dust collector, only one induced draft fan, manual coal feeding, and manual
raking of ash. Coal storage is at outside and open to the air. Furthermore, there are complaints such as dust
fall from neighbors. Therefore, Japanese side judges that this HOB is inappropriate for a model facility.
Japanese side now advises for APRD to choose another HOB.
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(5). Diffusion of measures, and utilization of measures

Air pollution abatement measures cannot be achieved only by tightening emission standards. Japan has
achieved present situation by private companies’ voluntarily efforts, support by public fund for technology
development, support by financial mechanism, introduction of foreign technology, etc. It is a big issue that
measures for HOBs necessitates engineering improvements for dust collector, funds, manufacturing
technology, and refurbishment of existing boiler and its system.

The diffusion of introduction of high performance dust collector dose not especially refer to the
technology of electrostatic precipitators as a concrete output, because backgrounds for air pollution
abatement technology is still immature, and furthermore APRD had institutional reform.

(6). Future issues to be solved

Dust collection measures deeply depends on fuels, combustion type, operation, control, etc. and various
measures are required. At the same time, overall measures including acceptance inspection capacity,
operational management capacity, etc. are required. Diffusion of air pollution abatement measures requires
development of electrostatic precipitators. It is not expected that Japanese companies join to the market in
Mongolia because the market scale is small. It is advisable to transfer technology that Mongolian
companies import rectifier, etc. and install them to the electrostatic precipitator from abroad such as China
and South Korea which are low entry barrier to Mongolia.

(7). Proposal of measures for the HOB

Based on the results of study described in Section 2.1.4(1)~(6) , we proposed the following four
measures for the HOB.

(1) Proposal 1: Installing high efficiency cyclone dust collectors

Cyclone dust collectors of optimal design are expected to provide 90% or higher collection efficiency.
Cyclone dust collectors are also easier to maintain than scrubbers, which use water, and are less expensive
to install.

(2) Proposal 2: Installing scrubbers

Although scrubbers are more expensive than cyclone dust collector, they are capable of reducing SOx in
exhaust gas.

(3) Proposal 3: Strategically using existing dust collection equipment

In some HOBS, built-in dust collection equipment, such as cyclone dust collectors and scrubbers, does not
perform at its full potential. These HOBs need improvement of equipment maintenance to enable their dust
collection function to work better. Maintenance that should be conducted is summarized in Appendices
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2.10-5 and 2.10-7. The key to maintenance is discharging dust collected from exhaust gas without letting it
build up inside the equipment.

(8). Activities for implementation and penetration of the measures

a. Awareness activities for boiler operators

APRD conducts a workshop on boiler operation annually for boiler operators.

The workshop held in April 2016 included a seminar on Proposals 1 to 3 in section 2.10.1.4 (7). Appendix
2.10-8 shows materials used in the seminar. These awareness activities through the workshop are an
independent effort by APRD.

b. Use for boiler inspections

The Inspection Agency of the Capital City conducts inspections of HOBs in cooperation with APRD and
the Regional Engineering Supply Administration Bureau, and issues correction orders to HOBs exceeding
regulatory limits for air pollution, etc. Since FY 2015 winter inspections, the Inspection Agency of the
Capital City has begun including measures 1 to 3 in inspection reports for HOBs whose exhaust gas
measurement results have exceeded the regulatory limits on dust concentration.

c. On-the-job training for HOB control measures

At the time of inspection, the Inspection Agency of the Capital City responds to consultations from
companies on measures that should be taken. As part of our activities in February 2017, we visited business
sites that had sought consultation and those that were expected to become priority inspection sites in the
next fiscal year, together with Ms. Narangerel, the Inspection Agency of the Capital City's inspector in
charge of HOBs, and an inspector in charge of the environment. We discussed with them what specific
measures these businesses should take. We believe that these activities helped officers at the Inspection
Agency of the Capital City deepen their understanding of HOB control measures. The discussions with the
Inspection Agency of the Capital City through these activities enabled us to realize that the Inspection
Agency of the Capital City is giving guidance on corrective action not in a standardized manner but in
consideration of the situation of each business operator (e.g., financial and human resources).

Appendix 2.10-9 is a report on these activities.

d. Reportto the Council on Draft Measures for Air Pollution Control

We discussed Proposals 1 to 3 with APRD and established draft measures. APRD's Mr. Batsaya reported
these measures to the Council on Draft Measures for Air Pollution Control during the meeting on May 20,
2016. As a result, it was decided that these proposals be put into practice as part of Ulaanbaatar's air
pollution reduction plan for 2017.
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Appendix 2.4-2 shows the material that APRD reported to the Council. At the time of reporting,
information on high efficiency cyclone dust collectors described in Section 2.10.1.6 was not available, and
therefore the collection efficiency shown in the report is 60%, which is the previously known figure.

Note: A summary of information on high efficiency cyclone dust collectors was completed in January 2017.

(9). Future tasks

a. HOB inspections

Organizations related to HOB inspections and their roles are summarized in Table 2.1-6.

Table 2.1-6  Inspection organizations and roles

Organization Role

Inspection Agency of the Capital | Giving guidance on corrective action, based on measurement
City results and technical studies by APRD and the Regional
Engineering Supply Administration Bureau

APRD - Measuring exhaust gas

- Studying air pollution control technologies

Regional Engineering Supply | - Studying stable supply of heat

Administration Bureau . ) ) o )
- Studying ways to improve HOBs (boiler efficiency, improvement of

the boiler room environment, etc.)

Each district and the - Confirming the locations of installed HOBs

Infrastructure and Urban o ) ) _
. - Accompanying inspection teams because HOB operation permits
Development Division ] o o
are issued by the district (this is presumably for the purpose of

confirming the compliance with permission criteria)

Source: JICA Expert team

Among these, the functions of APRD and the Regional Engineering Supply Administration
Bureau are important because they develop specific measures.

To improve the thermal efficiency and similar aspects of HOBs, the Regional Engineering
Supply Administration Bureau must be able to propose improvements suitable for the HOB model
being considered. In this regard, we have not been able to confirm that the Regional Engineering
Supply Administration Bureau has a technical capacity to meet this need. The reason for this is a
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lack of communication in the project, because the Regional Engineering Supply Administration
Bureau did not participate in the inspections in FY 2015.

APRD should also be able to propose not just environmental measures for dust collection
equipment in general but also environmental measures suitable for each model in use. For example,
dust concentration varies even among HOBs of the same model, and it is essential for APRD to
examine the factors of such variation through exhaust gas measurement and other activities.

2.2 Evaluation of Air Pollution Control Measures

JICA Experts prepared and verified 15 plans of air pollution control measures and

reduction effect of emission and concentration using the settings shown in Table 2.2-1.
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Table 2.2-1  Setting of Air Pollution Control Measure
Setting of
Target . . L
No Control measure Setting of reduction of pollutant considering
source
condensed dust
The result of combustion test is applied;
. Fuel consumption: 82% when using coal
Introduction of o . Condensed dust
. Small SO2 emission factor: 25% when using
improved fuel to whole reduces 63.75% of
1-1 . . stove for | coal o
UB city (Semi-coke o emission before
. household | PM emission factor (kg/ton):
briquette) o . control measure
0.93(traditional stove),0.27(improved
stove)
) Target area is khoroos where calculation
Introduction of . .
. .~ | Small concentration from small stove was high.
improved fuel to partial . . . .
1-2 i | stove for | Fuel consumption in this area is | Sameas 1-1
area in UB city .
. . household | corresponding to about 160 thousand ton.
(Semi-coke briquette)
Others are the same as 1-1.
. Based on the result of vehicle exhaust gas .
Vehicle . . Condensed dust is
Installment of DPF to measurement in the case of setting DPF or .
2 . exhaust L ) proportional to
large size bus not, PM emission from large size bus . o
gas reduction of emission
reduces by 80%.
) Vehicle o ) ) Condensed dust is
Introduction of EURO Emission factor of Ecobus in survey using .
3 . exhaust . . . proportional to
4 engine bus on-board equipment is applied. . o
gas reduction of emission
Emission from
o . . .| abolishing HOB is 0.
Abolishing HOBs HOBs in range described master plan in
. o Condensed dust from
4 | around Amgalan Heat | HOB 2013 are abolished and these emission . .
o others is proportional
Supply Facility change to Oton. )
to  reduction  of
emission
Installation of
. . . - . Condensed dust
5 | Appropriately-Designed | HOB Dust collection efficiency is 60%.
. doesn’t reduce
Multi-Cyclone
Installation of Condensed dust is
6 | Appropriately-Designed | HOB Dust collection efficiency is 70%. proportional to

Scrubber

reduction of emission
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Sulfur content in gasoline and diesel

. Vehicle change to respectively 1/20 and 1/100". Condensed dust is
Introduction of low ) ] o )
7 tfur fuel exhaust As this setting, SO2 emission reduces to | proportional to
sulfur fue
gas 1/20 and 1/100 and catalysts don’t | reduction of emission
damaged by high-sulfur fuel
Based on the result in Japan, fuel
. Vehicle consumption and SO2 of gasoline vehicle | Condensed dust is
Recommendation of . .
8 drivi exhaust reduces by 12% and fuel consumption and | proportional to
eco-drivin
J gas SO2 of diesel reduces by 21%, NOXx | reduction of emission
reduces by 35%, and PM reduces 45%.
Gas amount is as much calorie as the case ]
. ] Condensed dust is
Fuel Conversion from of using coal. .
9 HOB o ] proportional to
Coal to Coal Gas Emission factor applied the result of flue . o
. reduction of emission
gas measurement of HOB using coal gas.
Improvement of Dust Dust collection efficiency by power plant
) Power ) ) Condensed dust
10 | Collection System for based on improving proposal of dust
plant . . . . doesn’t reduce
PP2 and PP3 collection system in Table 2.8-1 is applied.
) Vehicle that was manufactured before ]
. Vehicle . Condensed dust is
Introduction  of low 2005 is changed to the one that apply .
11 o . exhaust o proportional to
emission gas vehicle exhaust gas regulation in 2005 (New Long . o
gas reduction of emission
Term).
. . Small With implementing Nol (Introduction of | Condensed dust is
Ignition Material for a ) ) )
12 stove for | improved fuel), the result of combustion | proportional to
Ger and Wall Stove o . o
household | test apply as emission factor. reduction of emission
) Small o Condensed dust is
Construction of Number of ger and building in target area .
13 . stove for . ] ) proportional to
apartments in ger area for air pollution control measure is 0. . o
household reduction of emission
) Vehicle ) Condensed dust is
Improvement of signal Travel speed at the road that is less than )
14 exhaust . proportional to
control system 30km/h increases 5km/h. ) o
gas reduction of emission
Vehicle Since vehicle exceeded exhaust gas | Condensed dust is
15 | Introduction of RSD exhaust standard is found by RSD and the regular | proportional to
gas inspection and maintenance are promoted, | reduction of emission

! Sulfur content of gasoline:

Settings to improve to 10ppm from 200ppm that is considerable substantial

sulfur contents of EURO4 fuel

Sulfur content of diesel: Settings to improve to 10ppm from 1000ppm that is considerable substantial

sulfur contents of EURO4 fuel
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degradation of vehicle is suppressed.

To evaluate the control measure effectively, evaluation sheet of air pollution control

measure was developed. The evaluation of 15 plans is shown in Table 2.2-2.
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Table 2.2-2  Evaluation Sheet of Air Pollution Control Measure (draft)

Evaluation Sheet of Air Pollution Control Measure

Name of Control Measure: (1-1) Introduction of improved fuel to whole UB city (Semi-coke briquette)

Target Source: Small stove for household

Setting to Update Emission Inventory (target area, activity data, emission factor, and so on)

The case is that all coal using at small stove for household assumes to be converted to improved fuel
(semi-coke briquette).

Fuel consumption is reduced to one of 82% when using coal. SO2 emission factor is reduced to one of 25%
when using coal. PM emission factors from traditional and improved stove using improved fuel are

respectively changed to 0.93kg/ton (traditional stove) and 0.27kg/ton (improved stove).

Emission Reduction Effect

ton/year
6,000

5,000
4,000
3,000
2,000
1,000

0

Changing to improved
fuel in all area

Baseline

PM10

o 4,774.83 1,016.21
emission

Reduction amount was 3,758.62ton and reduction ratio was 78.72%.

Setting of Considering Condensed Dust
Condensed dust reduces 63.75% of emission before control measure.

Cost for Control Measure: 17,044,900,000 Tg (811,660,000 Yen)

Coal consumption is 968,540ton for small stove and when this coal all converts to improved fuel, improved
fuel will reduce to 794,300ton. Cost of improved fuel and coal is respectively set as 180,000Tg/ton and
130,000Tg/ton. Therefore, when the fuel for small stove converts to improved fuel, the cost burden of user is
follows.

180,000 x 794,130-130,000 x 968,450 = 17,044,900,000Tg

Cost-Effectiveness: 4,535,000 Tg/ton (216,000 Yen/ton)

Comprehensive Evaluation (economical and technical feasibility)

The reduction effect of emission and concentration is very high and this effect is a key to the promotion of
fuel conversion, the securement of production, and the high quality fuel production. To promote the
conversion of improved fuel, the support by the grant from government is necessary for maker and consumer.
The more production is, the less unit price will be and the more cost-effectiveness will improve. Also, for the
reduction effect of emission and concentration by improved fuel, control measure such as the revision of MNS

on the production of improved fuel, the addition of standard items is necessary to prevent from the production

and distribution of larger emission factor than coal.
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Dispersion Simulation Result and Concentration Reduction Effect

Before After Reduction amount

Maximum ground concentration 184.77 46.91 137.86

PWE 99.17 25.70 73.47
31
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Evaluation Sheet of Air Pollution Control Measure

Name of Control Measure: (1-2) Introduction of improved fuel to partial area in UB city (Semi-coke
briquette)

Target Source: Small stove for household

Setting to Update Emission Inventory (target area, activity data, emission factor, and so on)

The case that all coal using at small stove for household gy | ‘ ?’I I.J
assumes to be converted to improved fuel (semi-coke briquette) y oL P)’zﬂ"z'f'?!? et

in a partial area. 41 \ L J il *w

Fuel consumption is reduced to one of 82% when using coal. [ L | -,rr N | L ™ C
SO2 emission factor is reduced to one of 25% when using coal. ;:f} = N i "'f.m
PM emission factors from traditional and improved stove using .;;r T . xmz..; = IJ ?i‘—ﬂ:

improved fuel are respectively changed to 0.93kg/ton (traditional stove) and 0.27kg/ton (improved stove).
Selected area is the high concentration area (red area) by dispersion simulation in 1% priority area this year
(black area)

Emission Reduction Effect

ton/year
6,000

5,000
4,000
3,000
2,000
1,000

0

Changing to improved
fuel in only target area

Baseline

PM10

. 4,774.83 4,225.65
emission

Reduction amount was 549.18ton and reduction ratio was 11.50%.

Setting of Considering Condensed Dust
Condensed dust reduces 63.75% of emission before control measure.

Cost for Control Measure: 2,901,380,000 Tg (128,160,000 Yen)

Coal consumption is 164,854ton for small stove and when this coal all converts to improved fuel, improved
fuel will reduce to 135,180ton. Therefore, when the fuel for small stove converts to improved fuel, the cost
burden of user is follows.

180,000 x 135,180-130,000 x 164,854 = 2,901,380,000Tg

Cost-Effectiveness: 5,283,000 Tg/ton (251,000 Yen/ton)

Comprehensive Evaluation (economical and technical feasibility)

Although the effect of reducing emissions only within the target area is large, concentration reduction is
suppressed by the inflow of pollutants from outside the target area. Nevertheless, a certain level of
concentration reduction effect is expected. Since there is no significant difference in cost-effectiveness

compared to cases introduced in all regions, it is realistic to verify the reduction effect in the pilot area before

introducing improved fuel to the entire of UB city.
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Dispersion Simulation Result and Concentration Reduction Effect

Before After Reduction amount

Maximum ground concentration 184.77 121.35 63.42

PWE 99.17 68.98 30.19
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Evaluation Sheet of Air Pollution Control Measure

Name of Control Measure: (2) Installment of DPF to large size bus

Target Source: Vehicle exhaust gas

Setting to Update Emission Inventory (target area, activity data, emission factor, and so on)

According to setting DPF to large size bus (1,729 units), the PM emission factor of large size bus is set as
reducing by 80%. However, like the DPF that measured its effect in this project, the condition of target DPF
was confirmed to be able to use under the condition of the high sulfur diesel oil and the extreme low

temperature in winter of UB city and to obtain the high reduction effect.

Emission Reduction Effect

ton/year
300
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200
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100

50

0
Baseline Installing DPF to bus

PM10

. 271.76 195.86
emission

Reduction amount was 75.90ton and reduction ratio was 27.93%.

Setting of Considering Condensed Dust

Condensed dust reduction is proportional to PM10 emission reduction.

Cost for Control Measure: 30,245,400,000 Tg (1,440,260,000 Yen)

Referring to the project formulation survey by JICA, DPF installation cost per unit: 830,000 Yen
(17,493,000Tg)
17,493,000Tg/unit x 1,729unit = 30,245,397,000Tg

Cost-Effectiveness; 398,490,000 Tg/ton (18,980,000 Yen/ton)

Comprehensive Evaluation (economical and technical feasibility)

DPF installation costs largely and reducing emission and concentration for the entire UB city is not large. On
the other hand, this control measure is necessary to improve the air pollution nearby road such as bus stop and

the method to examine the concentration distribution nearby road need to be established.
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Dispersion Simulation Result and Concentration Reduction Effect

Before After Reduction amount

Maximum ground concentration 72.13 46.89 25.24

PWE 17.09 12.40 4.69
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Evaluation Sheet of Air Pollution Control Measure

Name of Control Measure: (3) Introduction of EURO 4 engine bus

Target Source: Vehicle exhaust gas

Setting to Update Emission Inventory (target area, activity data, emission factor, and so on)
With the introduction of the EURO 4 engine, PM and NOx emission factor of Ecobus in survey using

on-board equipment sets to large size bus (1,729 units).

Emission Reduction Effect

ton/year
300

250

200
150
100

50

0
Installing EURO4

engine to bus

Baseline

PM10

. 271.76 194,71
emission

Reduction amount was 77.05ton and reduction ratio was 28.35%.

Setting of Considering Condensed Dust
Condensed dust reduction is proportional to PM10 emission reduction.

Cost for Control Measure: 465,403,575,000 Tg (22,162,075,000 Yen)
Purchase fee of EURO4 engine bus (Assuming Ecobus): 269,175,000Tg (12,820,000Yen)
269,175,000Tg*1,729unit = 465,403,575,000Tg

Cost-Effectiveness: 6,040,280,000 Tg/ton, (287,632,000 Yen/ton)

Comprehensive Evaluation (economical and technical feasibility)

Installation of bus with EURO4 engine costs largely and reducing emission and concentration for the entire
UB city is not large. On the other hand, this control measure is necessary to improve the air pollution nearby
road such as bus stop and the method to examine the concentration distribution nearby road need to be
established.
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Dispersion Simulation Result and Concentration Reduction Effect

Before After Reduction amount

Maximum ground concentration 72.13 46.67 25.46

PWE 17.09 12.28 4.81
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Evaluation Sheet of Air Pollution Control Measure

Name of Control Measure: (4) Abolishing HOBs around Amgalan Heat Supply Facility

Target Source: HOB

Setting to Update Emission Inventory (target area, activity data, emission factor, and so on)
HOBs in range described master plan in 2013 (in red dashed

line) are abolished and these emission change to Oton.

Target boiler is 77 boilers of total 276 boilers.

Red triangle is the location of Amgalan Heat Supply Facility

and red circles are the one of HOB.

Emission Reduction Effect

ton/year
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Baseline Abolishing HOB

PM10

. 924.16 587.41
emission

Reduction amount was 336.75ton and reduction ratio was 36.44%.

Setting of Considering Condensed Dust
Emission from abolishing HOB is 0. Condensed dust from others is proportional to reduction of emission.

Cost for Control Measure: 7,885,800,000 Tg (375,510,000 Yen)

It is set to save the cost of using coal in HOB from the cost of using coal in the Amgalan Heat Supply Facility.
(Coal consumption in Amgalan Heat Supply Facility — Coal consumption in HOB)*130,000

= (109,733ton — 49,073ton) x 130,000Tg/ton = 7,885,800,000Tg

Cost-Effectiveness: 23,417,000 Tg/ton (1,115,000 Yen/ton)

Comprehensive Evaluation (economical and technical feasibility)

The reduction effect for concentration by heat supply facility instead of HOB is expected to some extent,
however, the cost to reduce emissions by 1 ton is somewhat higher. This reason seems that the flow gas from
Amgalan Heat Supply Facility diffuses widely due to the installation of a high stack and the concentration
decreases by that much. On the other hand, it can be assumed that heat loss due to supply to distant is also

considered, so coal will be used more than used in HOB.
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Dispersion Simulation Result and Concentration Reduction Effect

Before After Reduction amount

Maximum ground concentration 12.99 10.47 2.52

PWE 4.85 2.72 2.13
39

SUURI-KEIKAKU CO., LTD



Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 in Mongolia

Technical Manual 09: Guidelines to Appraise Air Pollution Control Measures

Evaluation Sheet of Air Pollution Control Measure

Name of Control Measure: (5) Installation of Appropriately-Designed Multi-Cyclone

Target Source: HOB

Setting to Update Emission Inventory (target area, activity data, emission factor, and so on)
Cyclone is installed to all boilers without stack gas treatment equipment (164 units). Dust collection
efficiency of cyclone is set to 60%.

Emission Reduction Effect

ton/year

1,000
900
800
700
600
500
400
300
200
100

0

Before Installing cyclone
PM10 emission 924.16 446.93

Reduction amount was 477.23 ton and reduction ratio was 51.64%.

Setting of Considering Condensed Dust
Since only particle matter can be collected by cyclone, amount of condensed dust is set to be the same as
before control measure.

Cost for Control Measure: 974,160,000Tg

Since many boilers without cyclone are relatively small capacity boilers, the installment cost of a
cyclone is set as the average costs for 0.4 MW and 0.7 MW (5,940,000Tg).

5,940,000Tg x 164units = 974,160,000Tg

Cost-Effectiveness: 2,907,419.57 Tg/ton, 246,622,784.81 Tg/(ug/m3)

Comprehensive Evaluation (economical and technical feasibility)

If cyclone is installed to all HOBs, cost-effectiveness is small.

Also, grant is necessary to install each facility.

On the other hand, if installation is focused to be conducted to the area which will have high effect on air
pollution from HOB, the concentration reduction effect around the area of facility is expected to some
extent.
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Dispersion Simulation Result and Concentration Reduction Effect

Before After Reduction amount

Maximum ground concentration 12.99 8.17 4.72

PWE 4.85 3.10 1.76
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Evaluation Sheet of Air Pollution Control Measure

Name of Control Measure: (6) Installation of Appropriately-Designed Scrubber

Target Source: HOB

Setting to Update Emission Inventory (target area, activity data, emission factor, and so on)

Wet scrubber is installed to all boilers without stack gas treatment equipment (164 units). Dust collection
efficiency of the scrubber is set to 70%.

Emission Reduction Effect

ton/year
1,000
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800
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Baseline Installing Scrubber

PM10

. 924.16 367.22
emission

Reduction amount was 556.94ton and reduction ratio was 60.26%.

Setting of Considering Condensed Dust

Wet scrubber assumes to be able to collect also gaseous substances other than particulate matter and

condensed dust reduction is proportional to PM10 emission reduction.

Cost for Control Measure: 6,015,030,000 Tg (286,430,000 Yen)

Since many boilers without cyclone are relatively small capacity boilers, the installment cost of a
cyclone is set as the costs for 0.7 MW (36,677,000Tg).
36,677,000Tg x 164units=6,015,028,000Tg

Cost-Effectiveness: 10,800,000 Tg/ton (514,000 Yen)

Comprehensive Evaluation (economical and technical feasibility)

The cost for reducing the PM10 emissions by 1 ton is about five times the cost when cyclone is installed, and
the cost effectiveness is small. In addition, Conditions for installation are the stable securement of water for
flow gas treatment and the ability of the adequate wastewater treatment.

On the other hand, like a cyclone, if installation is focused to be conducted to the area which will have
high effect on air pollution from HOB, the concentration reduction effect around the area of facility is
expected to some extent.
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Dispersion Simulation Result and Concentration Reduction Effect

Before After Reduction amount
Maximum ground concentration 12.99 557 7.42
PWE 4.85 2.15 2.70
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Evaluation Sheet of Air Pollution Control Measure

Name of Control Measure: (7) Introduction of low sulfur fuel

Target Source: Vehicle exhaust gas

Setting to Update Emission Inventory (target area, activity data, emission factor, and so on)
As fuel equivalent to EURO4 assumes to be introduced, the limits of sulfur content in gasoline and diesel oil
are both 10ppm. Therefore, sulfur content in gasoline and diesel oil reduces to respectively 1/20 and 1/100

and it is set that the function of catalysts recovers by disappearing its damage by high-sulfur fuel.

Emission Reduction Effect

ton/year
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Baseline Low sulfur fuel

PM10

. 271.76 116.94
emission

Reduction amount was 154.82ton and reduction ratio was 56.97%.

Setting of Considering Condensed Dust
Condensed dust reduction is proportional to PM10 emission reduction.

Cost for Control Measure: 16,195,200,000Tg (771,200,000 Yen)

The cost of fuel satisfying EURO4 standards is set to go up 42Tg/L (2Yen) comparing with the fuel sold in
UB city. The annual consumption of gasoline and diesel oil is respectively 205,398.52ton and 92,201.65ton
and the density of them is respectively set as 0.7519 and 0.8201 by the fuel analysis result of JICA project;
(205,398.52*10%kg/0.7519kg/L +92,201.65*10°kg/0.8201kg/L) *42Tg/L = 16,195,199,239Tg

Cost-Effectiveness: 104,607,000 Tg/ton (4,981,000 Yen/ton)

Comprehensive Evaluation (economical and technical feasibility)

Among the control measure of vehicle exhaust gas, this measure had a relatively high effect of reducing
emissions and concentrations. In order to introduce this measure, it is necessary to revise MNS concerning
liquid fuel and manage the quality of fuel in order to properly import fuel satisfying EURO 4 standards.
Depending on the transportation management method, the fuel price rise may fluctuate.

44
SUURI-KEIKAKU CO., LTD



Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 in Mongolia

Technical Manual 09: Guidelines to Appraise Air Pollution Control Measures

Dispersion Simulation Result and Concentration Reduction Effect

Before After Reduction amount
Maximum ground concentration 72.13 30.93 41.20
PWE 17.09 7.69 9.41
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Evaluation Sheet of Air Pollution Control Measure

Name of Control Measure: (8) Recommendation of eco-driving

Target Source: Vehicle exhaust gas

Setting to Update Emission Inventory (target area, activity data, emission factor, and so on)
Based on the result in Japan, fuel consumption and SO2 of gasoline vehicle reduces by 12% and fuel

consumption and SO2 of diesel reduces by 21%, NOXx reduces by 35%, and PM reduces 45%.

Emission Reduction Effect

ton/year
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Baseline Eco-driving

PM10

. 271.76 149.47
emission

Reduction amount was 122.29ton and reduction ratio was 45.00%.

Setting of Considering Condensed Dust
Condensed dust reduction is proportional to PM10 emission reduction.

Cost for Control Measure: 52,965,000 Tg (2,522,000 Yen)

50 times of the lecture for promoting eco-driving x the 1 hour lecture fee (150,000Tg/time)

(The number of this lecture assumes to be 50 people.)

Purchase fee of 50 sets of the drive recorders for test of eco-driving: 909,300Tg/unit (43,300Yen/unit)
150,000Tg x 50+909,300Tg x 50 = 52,965,000Tg

Cost-Effectiveness: 433,000 Tg/ton, (21,000 Yen/ton)

Comprehensive Evaluation (economical and technical feasibility)

The reduction effect of emission and concentration by eco-driving is grate. The cost-effectiveness is also
grate, however, on the characteristics of this measure, the visualize method is only the one by using drive
recorder. In addition, Since it is decided whether or not eco-driving is promoted depending on the
consciousness of driver, it is assumed that the reduction effect of emission and concentration has a large

range.
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Dispersion Simulation Result and Concentration Reduction Effect

Before After Reduction amount
Maximum ground concentration 72.13 40.72 31.41
PWE 17.09 9.83 7.27
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Evaluation Sheet of Air Pollution Control Measure

Name of Control Measure: (9) Fuel Conversion from Coal to Coal Gas

Target Source: HOB

Setting to Update Emission Inventory (target area, activity data, emission factor, and so on)

Gas amount is as much calorie as the case of using coal.
Emission factor applies the result of flue gas measurement of HOB using coal gas.
Supplying range is set to within a 10km radius from coal gas generating plant (within the blue circle of

distribution map).

Emission Reduction Effect

ton/year

1,000
900
800
700
600
500
400
300
200
100

0

Changing to coke oven
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. 924.16 560.10
emission

Reduction amount was 364.05ton and reduction ratio was 39.39%.

Setting of Considering Condensed Dust

Condensed dust reduction is proportional to PM10 emission reduction.

Cost for Control Measure: 3,791,123,000 Tg (180,530,000 Yen)

According to the brochure of Grand Power, the cost for gas supply was 65Tg/m°. Therefore, the difference
between the value multiplying the amount of gas supply by this cost and the coal purchase cost was
calculated.

Gas: 167,144,963m?> x 65Tg/m° = 10,864,422,600Tg

Coal: 54,410ton x 130,000Tg/ton = 7,073,300,000Tg

This difference was 3,791,122,600Tg.

Cost-Effectiveness: 10,414,000 Tg/ton, (496,000 yen/ton)

Comprehensive Evaluation (economical and technical feasibility)

The reduction effect of emission and concentration is estimated to be large. Since the cost of gas supply is
expensive, the cost-effectiveness is smaller than the installing cyclone. On the other hand, the
cost-effectiveness is larger than the other control measure for HOB. In the case of implementing the gas
supply over a wide range, there seem to be a difference in the unit price depending on the supply method. In
addition, since gas has the higher risk of explosion than other fuels, the system to supply gas safely is

necessary.
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Dispersion Simulation Result and Concentration Reduction Effect

Before After Reduction amount
Maximum ground concentration 12.99 12.57 0.42
PWE 4.85 3.79 1.06
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Evaluation Sheet of Air Pollution Control Measure

Name of Control Measure: (10) Installation of bag filter to PP2 and PP3

Target Source: Power plant

Setting to Update Emission Inventory (target area, activity data, emission factor, and so on)

PP2: Since bag filters have already installed in Boiler 1 and 2, it is set when new bag filters are installed in
Boiler 3t0 5.
PP3: It is set that all bag filters are installed for each 13 boilers.

Dust collection efficiency of bag filter is set as 99.8%.

Emission Reduction Effect

Reduction amount was 12,051.72ton and reduction ratio was 56.81%.

Setting of Considering Condensed Dust

Since only particle matter can be collected by bag filter, amount of condensed dust sets the same as before

control measure.

Cost for Control Measure: 25,620,000,000 Tg (1,220,000,000 Yen)

PP2: 5,775,000,000Tg (275,000,000 Yen), PP3:19,845,000,000Tg (945,000,000 Yen)

This cost is the reference price of the bag filter main unit when manufactured in Japan, and does not include
installation costs, export expenses, reserve funds, and trial operation costs.

Also, the setting condition of gas velocity for bag filter is different in maker and material of the filter cloth is
different, too.

In addition, it is necessary to pay attention to the combustion condition of boiler and constraint condition such

as load to boiler.

Cost-Effectiveness: 2,126,000 Tg/ton (101,000 Yen)

Comprehensive Evaluation (economical and technical feasibility)

The reduction effect of emission from power plant seems to be grate by installation of bag filter to power
plant. Also, since the stacks of power plant are high, the reduction effect of concentration is expected in a
wide area.

On the other hand, since for supplying electricity and hot water, batch installation is impossible, installation is
necessary to conduct step by step by stopping the operation of a few boilers.

Also, as the power plants themselves cannot bear the cost of these facilities, funds and technical assistance

from overseas donors are necessary.
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Dispersion Simulation Result and Concentration Reduction Effect

Before After Reduction amount
Maximum ground concentration 32.84 14.06 18.78
PWE 2.36 0.82 1.54
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Evaluation Sheet of Air Pollution Control Measure

Name of Control Measure: (11) Introduction of low emission gas vehicle

Target Source: Vehicle exhaust gas

Setting to Update Emission Inventory (target area, activity data, emission factor, and so on)

Vehicle that was manufactured before 2005 (116,533 vehicles) is changed to the one that apply vehicle

exhaust gas regulation in Japan of 2005 (New Long Term).

Emission Reduction Effect
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Reduction amount was 56.98ton and reduction ratio was 20.97%.

Setting of Considering Condensed Dust

Condensed dust reduction is proportional to PM10 emission reduction.

Cost for Control Measure: 932,264,000,000 Tg (77,688,670,000 Yen)

Low emission vehicle manufactured in around 2008 costs about 8 million Tg in Mongolia.
8,000,000Tg x 116,533units = 932,264,000,000Tg

Cost-Effectiveness: 16,361,250,000 Tg/ton (1,363,440,000 Yen/ton)

Comprehensive Evaluation (economical and technical feasibility)

In UB city, passenger cars whose production year is old are still running, which is the cause of air pollution.
However, the cost effectiveness is smaller than other vehicle control measures, and it is a heavy burden to
replace expensive cars individually. On the other hand, since this control measure is necessary to improve the
air pollution nearby road such as bus stop, the method to examine the concentration distribution nearby road is

established and the introduction of low emission vehicle is necessary to promote by the grant from

government or municipal administration.
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Dispersion Simulation Result and Concentration Reduction Effect

Before After Reduction amount
Maximum ground concentration 72.13 54.12 18.01
PWE 17.09 13.02 4.08
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Technical Manual 09: Guidelines to Appraise Air Pollution Control Measures

Evaluation Sheet of Air Pollution Control Measure

Name of Control Measure: (12) Ignition material that dust emission is lower

Target Source: Small stove for household

Setting to Update Emission Inventory (target area, activity data, emission factor, and so on)

The case is that all coal using at small stove for household assumes to be converted to improved fuel
(semi-coke briquette) and the more reduction of PM emission is expected by introduction of the ignition
material that dust emission is lower. Improved fuel and ignition material is set as follows;

Fuel consumption is reduced to one of 82% when using coal. SO2 emission factor is reduced to one of 25%
when using coal. PM emission factors from traditional and improved stove using improved fuel are
respectively changed to 0.93kg/ton (traditional stove) and 0.27kg/ton (improved stove). Also, PM emission

factor from stove using ignition material is set to 2.87kg/ton.

Emission Reduction Effect

Reduction amount was 293.76ton and reduction ratio was 28.91%.

Setting of Considering Condensed Dust
Condensed dust reduction is proportional to PM10 emission reduction.

Cost for Control Measure: 80,844,020,000 Tg (3,849,715,000 Yen)

The cost of a bag of improved ignition material, which weighs 500g, is set as 500Tg and the cost of a bag of
conventional wood, which weighs 15kg, is set as 5000Tg.

Purchase cost of improved ignition material: 121,266.03ton/0.0005 x 500=121,266,030,000Tg

Purchase cost of conventional wood: 121,266.03ton x 5000Tg/0.015ton=40,422,010,000Tg

Therefore, when converting the wood to the ignition material, the user’s cost burden is following.
121,266,030,000Tg - 40,422,010,000 = 80,844,020,000Tg

Cost-Effectiveness: 275,204,000 Tg/ton, (13,105,000 Yen/ton)

Comprehensive Evaluation (economical and technical feasibility)

The conversion to the ignition material, which is difficult to discharge soot, further reduces the emission of
PM10, however, it is more expensive than conventional wood, so it is not very cost effective. It is necessary to
consider the introduction into the entire of UB city based on the evaluation by experimental introduction in a
high concentration area. Also, there was a big difference in PM concentration of individual ignition material
in the flue gas measurement of the project. In order to obtain the reduction effect of emission and
concentration by the improved ignition material, it is necessary to take measures to prevent the manufacture
and distribution of the improved ignition material having a larger PM emission factor than the conventional

wood material.
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Dispersion Simulation Result and Concentration Reduction Effect

Before After Reduction amount
Maximum ground concentration 184.77 38.87 145.90
PWE 99.17 21.25 77.92
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Evaluation Sheet of Air Pollution Control Measure

Name of Control Measure: (13) relocation from ger and house to apartments constructed in ger area, and

connecting central heating system

Target Source: Small stove for household

Setting to Update Emission Inventory (target area, activity data, emission factor, and so on)

All of ger and building in the 1% priority area for air pollution control measure are changed to apartment
building and all heat supply is conducted by the central heating system.

Thus, number of ger and building in the 1 priority area for air pollution control measure is 0.

Emission Reduction Effect

ton/year
6,000
5,000
4,000
3,000
2,000
0
Constructing
Baseline apartments in the 1st
priority area
e:':::ign 4,774.83 2,012.32

Reduction amount was 2,762.52ton and reduction ratio was 57.86%.

Setting of Considering Condensed Dust
Condensed dust reduction is proportional to PM10 emission reduction.

Cost for Control Measure: 1,996,800,000,000 Tg (95,085,714,000 Yen)

2,496 apartments (50 households / buildings) are necessary for transferring gers and buildings in the 1%
priority area (124,797 households) to the apartment connected to the central heating system.

When the necessary space for developing an apartment is set as 800m?, the price required to develop 1m? is
set as 1 million Tg/m?, the cost of developing an apartment will be as follows.

2,496 apartments x 800m? x 1,000,000Tg/m? = 1,996,800,000,000Tg

Cost-Effectiveness:; 722,818,000 Tg/ton, (34,420,000 Yen/ton)

Comprehensive Evaluation (economical and technical feasibility)

As apartment construction is a large-scale development, the cost to reduce emissions is very high.

Dust generated during the construction of the apartment is also likely to be a problem, so environmental
assessment is implemented and it is also necessary to improve the work environment for construction and
consider the environment to the surrounding area.

In addition, it is necessary to select the development area based on the measurement result at ambient

monitoring station and the concentration distribution by dispersion simulation.
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Dispersion Simulation Result and Concentration Reduction Effect

Before After Reduction amount
Maximum ground concentration 184.77 93.85 90.92
PWE 99.17 29.09 70.08
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Evaluation Sheet of Air Pollution Control Measure

Name of Control Measure: (14) Rising travelling speed by improvement of signal control system

Target Source: Vehicle exhaust gas

Setting to Update Emission Inventory (target area, activity data, emission factor, and so on)

Travelling speed is set to increase by 5km/h in the major road where link travelling speed is less than 30km/h
by travelling speed survey. The main target is near the center of UB city and large market where traffic

congestion is becoming chronic.

Emission Reduction Effect

ton/year
300

250
200
150
100
50
0

Improving signal
control system

Baseline

PM10

- 271.76 251.02
emission

Reduction amount was 20.74ton and reduction ratio was 7.63%.

Setting of Considering Condensed Dust

Condensed dust reduction is proportional to PM10 emission reduction.

Cost for Control Measure: 737,000,000 Tg (3,510,000 Yen)

It is necessary to train human resources about one month to become able to use the traffic flow simulation
system. Also, traffic count survey is necessary as input data for carrying out traffic flow simulation.
Therefore, the following expenses are estimated.

Mongolian staff cost x 2 people + instructor fee for training (0.5 months’” worth of Japanese expert ) + Traffic
count survey

700,000Tg x 2 + 26,000,000Tg + 47,000,000Tg= 1,400,000Tg

Cost-Effectiveness: 3,554,000 Tg/ton (169,000 Yen/ton)

Comprehensive Evaluation (economical and technical feasibility)

The reduction of emission and concentration is small however, since there already has been the latest traffic
flow system in UB city, no investment related to equipment will occur.
On the other hand, since it is necessary to train personnel for using traffic flow system and to implement the

traffic count survey, it is expected that it will cost that much.
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Dispersion Simulation Result and Concentration Reduction Effect

Before After Reduction amount
Maximum ground concentration 72.13 65.84 6.29
PWE 17.09 15.73 1.36
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Evaluation Sheet of Air Pollution Control Measure

Name of Control Measure: (15) The reduction effect of un-passed inspection vehicle or poor maintenance

vehicle by introduction of RSD (Remote Sensing Device)

Target Source: Vehicle exhaust gas

Setting to Update Emission Inventory (target area, activity data, emission factor, and so on)

RSD survey makes it possible to efficiently measure the vehicle exhaust gas concentration during actual
driving.

It is assumed that by improving the regulation effect of vehicle exhaust gas concentration using RSD,
defective maintenance cars will disappear and all vehicles will satisfy the vehicle exhaust gas regulation

standards for vehicle inspection.

Emission Reduction Effect

ton/year
300

250
200
150
100
50
0

Abolishing high
emission vehicle by RSD

Baseline

PM10

o 271.76 193.69
emission

Reduction amount was 78.07ton and reduction ratio was 28.73%.

Setting of Considering Condensed Dust
Condensed dust reduction is proportional to PM10 emission reduction.

Cost for Control Measure: 630,000,000 Tg (30,000,000 Yen)
It costs 30,000,000 Yen (630,000,000Tg) for RSD, its peripheral equipment, and survey cost.

Cost-Effectiveness: 8,070,000 Tg/ton (384,000 Yen/ton)

Comprehensive Evaluation (economical and technical feasibility)

With the introduction of RSD, it becomes possible to measure vehicle exhaust gas concentration in the state
where the vehicle is actually running. By doing this, it is possible to grasp the exhaust gas concentration of the
car that it is driving and at the same time promote the transfer to the low emission vehicle. In addition,
although the price of the equipment is expensive, it seems that it is more cost effective than other control

measure for vehicle exhaust gas.
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Dispersion Simulation Result and Concentration Reduction Effect

Before After Reduction amount
Maximum ground concentration 72.13 51.35 20.78
PWE 17.09 12.05 5.04
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Technical Manual 10 Guideline for Boiler Management and Registration

Introduction

Based on “Certified Regulation of HOB Facilities” (the City Council Resolution No.147) in September
2014 and “Administrative Instruction of Boiler Inspection and Certification” in September 2015, the Boiler
Inspection and Certification of the year 2015 was implemented. The improvement orders to HOB faculties
were provided based on the result of the Boiler Inspection and Certification. Task of each organization
regarding boiler certification is described in “Certified Regulation of HOB Facilities”. Also, task of
each organization regarding boiler inspection, flue gas measurement and boiler registration is described in
“The Administrative Instruction of Boiler Inspection and Certification” which was made by JICA Expert
Team, C/P and C/P-WG. The achievement of the Boiler Inspection and Certification of 2015 was the
establishment of full implementation of boiler management and registration. The details of achievements
were 1) The Boiler inspection without the flue gas measurement, 2) Registration of boiler, 3) The flue gas
measurement, 4) Notification of emission measurement results and improvement orders and 5)
Confirmation of performance of improvement orders. As a result of coordination between APRD, IACC,
UECC, EFDUC, infrastructure and Urban Improvement Division of each district, Inspector of each district
and JICA Expert Team, the related activities were implemented. “The Certified Regulation of HOB
Facilities” and “The Administrative Instruction of Boiler Inspection and Certification” represents “The

Guideline for Boiler Management and Registration”.

The Boiler Inspection and Certification has been implemented from December 2016. Based on “The
Certified Regulation of Boiler Facilities” and “The Administrative Instruction of Boiler Inspection and
Certification”, the full implementation of boiler management and registration was expected to be

implemented continuously after the termination of this project.

April, 2017
Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 in Mongolia

JICA Expert Team
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Technical Manual11: Manual for CEMS Operation

Introduction

It is important to monitor air pollutant emission continuously by Continous Emission Monitoring System
(CEMS) for any air pollutant emission sources that emits larger volume of air pollutants, and of which
damage of air pollutant reduction measures, such as electrostatic precipitator, may cause serious air

pollution events.

Throughout this technical cooperation project, Mongolian side requested CEMS for CHP-4 in the JCC
dated on 25™ Feb 2015. Accordingly, JICA decided to provide CEMS. PDM is revised on 11" May
2015 by adding activities and Objectively Verifiable Indicators for CEMS installation and usage.

In October 2016, CEMS was installed to CHP-4. Emission measurement and its monitoring at CHP-4’s
control center were started in December 2016. Data sharing system plan were proposed in the training
course in Japan in December 2016. The system was developed in January 2017, then its administrator

privilege was transferred to Ministry of Environment and Tourism (MET) in May 2017.

This manual is prepared in the following conditions;
1) Manuals for equipment supplied by manufactures are the primary manuals.

2) Necessary information that is not covered by manufactures’ manual is prepared by this Technical
Cooperation Project, and then compiled as Manual for CEMS Operation. Manufactures’ manuals

are not combined into this Technical Cooperation Product because they are copy righted.

Since the most of the necessary information are compiled in Manufactures’ manuals, Manual for CEMS

Operation consists of parts lists only for which budget should be allocated by CHP-4.

Related organizations are strongly recommended to maintain and use the CEMS for years by utilizing this

manual well.

May, 2017

Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 in Mongolia

JICA Expert Team
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Figures
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Figure: Location of Dust Monitoring System and Gas Analyzer
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RECOMMENDED SPARE PARTS AND CONSUMABLE LIST

Dust _monitor

NO. NAME SKETCH MATERIAL QUANTITY UNIT REMARKS
SPECIFICATION Number of pcs PT;gE INTERVAL
Per one monitor ( )
1 Lamp 6834 1 0.5year
Halogen lamp
(Philips )
2 | O-ring P-9 2 1 year
Fluorine-containing
rubber
3 | O-ring P-11 2 1 year
Fluorine-containing
rubber
4 | O-ring P-16 2 1 year
Fluorine-containing
rubber
5 | O-ring P-20 2 1 year
Fluorine-containing
rubber




Dust _monitor

NO. NAME SKETCH MATERIAL QUANTITY UNIT REMARKS
SPECIFICATION Number of pcs F(’;'g')z INTERVAL
Per one monitor
6 | O-ring S-30 1 1 year
NBR ( nitrile rubber)
7 | O-ring S-34 1 1 year
NBR ( nitrile rubber) —
8 | Motor 4|K40A-B 1 3year
(Oriental Motor)
9 | Pump MSV-140-1 1 3year
(Blower)
MITSUVAC




Dust _monitor

NO. NAME SKETCH MATERIAL QUANTITY UNIT REMARKS
SPECIFICATION Number of pcs PT;gE INTERVAL
Per one monitor ( )
10 | Fan 109S005UL(AC100V) 1 8year
Purge air system box
Sanyo electric
11 | Fan 109S085 1 8year
DDM-fc Control Box
Sanyo electric
12 | Power Supply PCB 9255-402 1 Syear
(Heat sink assy.)
Tanaka electric lab.







RECOMMENDED SPARE PARTS AND CONSUMABLE LIST

Gas analyzer

NO. NAME SKETCH MATERIAL Number of pcs UNIT REMARKS
per 1 analyzer PRICE
SPECIFICATION (4 primary filters) (UPY) INTERVAL
1 FILTER ELEMENT SUS304 2uM 4 Recommend replacement
(FOR PRIMARY cycle is 1 month
FILTER)
P/N: 3200044260
2 | O-RING JISB2401 P75 FKM 4 Recommend replacement
(FOR PRIMARY cycle is 6 months
FILTER)
P/N: 3200043880
3 | HOLDER CAP FKM 4 Recommend replacement
(FOR PRIMARY cycle is 3 months
FILTER)

P/N: 3200044258




Gas analyzer

NO. NAME SKETCH MATERIAL Number of pcs UNIT REMARKS
SPECIFICATION (4p§£ifn§r”ya}ﬁf§rs) PRICE INTERVAL
(JPY)
4 | ELEMENT CAP FKM 4 Recommend replacement
(FOR PRIMARY cycle is 3 months
FILTER)
P/N: 3200044259
5 | FILTER ELEMENT GC-90 g 55 50 Recommend replacement
(For secondary Filter) cycle is 1 month
P/N: 3200043784
(50 pcs)
6 | FILTER ELEMENT PA-5L @ 55 20 Recommend replacement

(For secondary Filter)
P/N: 3200043874
(20 pcs)

cycle is 1 month




Gas analyzer

NO. NAME SKETCH MATERIAL Number of pcs UNIT REMARKS
o per 1 analyzer PRICE
7 | MIST CATCHER MC-050A 6pcs Recommend replacement
P/N: 3014006594 cycle is 2 months
(6 pcs)
8 | SCRUBBER ESU-050A 1 Recommend replacement
P/N: 3200092415 cycle is 1 year
9 | DIAPHRAGM FOR PUMP GP-2201 2 Recommend replacement
ASSEMBLY P/N: 3200043977 cycle is 6 months




Gas analyzer

NO. NAME SKETCH MATERIAL Number of pcs UNIT REMARKS
per 1 analyzer PRICE
10 | AIRFILTER 3um 1 Recommend replacement
P/N: 3200044378 cycle is 1 year
11 | CATALYST TUBE FOR NOx 1 Recommend replacement
CONVERTER COM-50 cycle is 1 year
P/N: 3014038045
12 | SILICA GEL 500g 1 Recommend replacement

P/N: 3200044017

cycle is 1 year




Gas analyzer

NO. NAME SKETCH MATERIAL Number of pcs UNIT REMARKS
o per 1 analyzer PRICE
13 | PROTECTIVE FILTER SF-025 1 Recommend replacement
P/N: 3014038043 cycle is 1 year
14 | PRINTED BOARD Not available EN-DAC-03A (6CH) 1 It is needed to be replaced
ASSY. P/N: 3200092535 when it is broken
(Estimated replacement cycle
is 5 year)
15 | PRINTED BOARD Not available EN-DAC-03A (12CH) 1 It is needed to be replaced

ASSY.

P/N: 3200092536

when it is broken
(Estimated replacement cycle

is 5 year)




Gas analyzer

NO. NAME SKETCH MATERIAL Number of pcs UNIT REMARKS
per 1 analyzer PRICE
16 | PRINTED BOARD Not available EN-PIO-02A 1 It is needed to be replaced
ASSY. (NO TERMINAL) when it is broken
P/N: 3200092533 (Estimated replacement cycle
is 5 year)
17 | PRINTED BOARD Not available EN-PIO-02A 1 It is needed to be replaced
ASSY. (TERMINAL BLOCK) when it is broken
P/N: 3200092534 (Estimated replacement cycle
is 5 year)
18 | REGULATOR Not available Uw13-M501-AV 1 It is needed to be replaced

VSP402450115
P/N: 3011046277

when it is broken
(Estimated replacement cycle

is 5 year)




Gas analyzer

NO. NAME SKETCH MATERIAL Number of pcs UNIT REMARKS
per 1 analyzer PRICE
19 | O-RING, P3 Not available B2401 P3 FPM 1 It is needed to be replaced
P/N: 3030053470 when it is broken
(Estimated replacement cycle
is 5 year)
20 | O-RING, W Not available FPM FOR SOLENOID 1 It is needed to be replaced
VALVE (ADV-2-5) when it is broken
P/N: 3030053472 (Estimated replacement cycle
is 5 year)
21 | SOLID RELAY Not available G3R-ODX02SN 1 It is needed to be replaced

DC5-24
P/N: 3010037475

when it is broken
(Estimated replacement cycle

is 5 year)




Gas analyzer

NO. NAME SKETCH MATERIAL Number of pcs UNIT REMARKS
per 1 analyzer PRICE
22 | AC INVERTER Not available CXA-L0505-NJL 1 It is needed to be replaced
P/N: 3100002411 when it is broken
(Estimated replacement cycle
is 5 year)
23 | PRINTED BOARD Not available AP-TMC-02 1 It is needed to be replaced
ASSY. P/N: 3200092505 when it is broken
(Estimated replacement cycle
is 5 year)
24 | PRINTED BOARD Not available AP-CPU-01 (NO LAN) 1 It is needed to be replaced

ASSY.

P/N: 3200092527

when it is broken
(Estimated replacement cycle

is 5 year)




Gas analyzer

NO. NAME SKETCH MATERIAL Number of pcs UNIT REMARKS
per 1 analyzer PRICE
25 | PRINTED BOARD Not available EN-ADC-02 1 It is needed to be replaced
ASSY. P/N: 3200092524 when it is broken
(Estimated replacement cycle
is 5 year)
26 | PRINTED BOARD Not available EN-ADC-02 1 It is needed to be replaced
ASSY. (3 ELEMENTS) when it is broken
P/N: 3200092528 (Estimated replacement cycle
is 5 year)
27 | COOLER Not available ENDA-5000 GCR-50 1 It is needed to be replaced

P/N: 3014034521

when it is broken
(Estimated replacement cycle

is 5 year)




Gas analyzer

NO. NAME SKETCH MATERIAL Number of pcs UNIT REMARKS
per 1 analyzer PRICE
28 | MPA-DET Not available MPA-DET 1 It is needed to be replaced
P/N: 3014059189 when it is broken
(Estimated replacement cycle
is 5 year)
29 | AS5.NO Not available DETECTOR, AS5.NO 1 It is needed to be replaced

P/N: 3014056317

when it is broken

(Estimated replacement cycle

is 5 year)
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Introduction
It is important to monitor air pollutant emission continuously by Continous Emission Monitoring System
(CEMS) for any air pollutant emission sources that emits larger volume of air pollutants, and of which
damage of air pollutant reduction measures, such as electrostatic precipitator, may cause serious air

pollution events.

Throughout this technical cooperation project, Mongolian side requested CEMS for CHP-4 in the JCC
dated on 25™ Feb 2015. Accordingly, JICA decided to provide CEMS. PDM is revised on 11" May
2015 by adding activities and Objectively Verifiable Indicators for CEMS installation and usage.

In October 2016, CEMS was installed to CHP-4. Emission measurement and its monitoring at CHP-4’s
control center were started in December 2016. Data sharing system plan were proposed in the training
course in Japan in December 2016. The system was developed in January 2017, then its administrator

privilege was transferred to Ministry of Environment and Tourism (MET) in May 2017.

The CEMS data sharing system is planned to be accessed by related organization after MET’s permission,

and to be used mainly by Inspection Agency of Capital City (IACC).

Related organizations are strongly recommended to use the CEMS data sharing system to monitor large

scale emission sources, and to expand the system to cover CEMS data of CHP-3.

May, 2017
Capacity Development Project for Air Pollution Control in Ulaanbaatar City Phase 2 in Mongolia

JICA Expert Team
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Note: CEMS data transfer system from CHP-3 is not yet implemented because its access
password is not yet found

Figure: Diagram of CEMS Data Transfer System
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5. XaBcpair

1. Xomkunr xuiik Oyt Anam KOHTPOdpyya 20 MHHYT TyTaM/[l 3yyX XOOPOH I IIMDKIK Oaiiraa
Oereen yr xyranaar lymnaans! Llaxunraan CraHi 4 bIH XapHLCaH 3pX OYXHid HHKEHEPYY
TOXUPYYJIHA.

2. Anam KOHTPOIIPYYA 3YyX XOOPOH[ IIMDKHUX YeIl 3XHUN 3 MUHYTHIH XOMKWITHIH Yp AYH
XO0OPOHA00 XOJIMIACOH, Oypyy Hp>K OyH TyJ T3Ar33P MAIRAJUIMHUT rer1eJfifH CaHraac xacu
Oaiiraa.

3. ynaansr laxunraan CtaHi 4 193p myriacad MIIIRIUIMAT 5 MUHYT TyTamJl Cems.agaar.mn
JI3PX COPBIP JIYY MK Oaiiraa. S MUHYTBIH HHTEPBAJIBIT COJIUX 00J1 XapHylCaH HHKCHIPT
Hb, 3¢BJ1 Astvision —1 xanmax 60IHO.

ACTBUMLUH XXK






	Technical Manual 09 Guidelines to Appraise Air PollutionControl Measures
	Contents
	1 Guideline to Appraise Air Pollution Control Measures
	2 Air Pollution Control Measures

	Technical Manual 10 Guideline for Boiler Management andRegistration
	Introduction
	Certified Regulation of Boiler Facilities
	Administrative Instruction of Boiler Inspection and Certification

	Technical Manual 11 Manual for CEMS Operation
	Introduction
	01 Spare Parts and Consumable List for Dust Monitor (TANAKA Electric Laboratory) 
	02 Spare Parts and Consumable List for Gas Analyzar (Horiba) 

	Technical Manual 12 Manual for CEMS Data Sharing
	Introduction
	CEMS Data Sharing (in Mongolian)




