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1 emission factor
 

Fuel
type

Fuel usage
(t/year) TSP PM10 SO2 Nox CO

Coal 3.49 5.4 3.3 7.5 2.4 173
Wood 3.27 3.82 3.82 0.01 1.2 69.2
Coal 4.49 3.4 2.1 6.7 1.9 173

Wood 2.99 3.82 3.82 0.01 1.2 69.2
Wall
stove

Ger
stove
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Initial cost per reduced emission Running cost per reduced emission

2
 2  SAH  

Project verification Base case
Proposed
case

Energy
saved

Heated floor area for
building

m² 43 43

Heating load for
building

W/m² 100 85.69

Total heating MWh 11.83 10.14 14%

Fuel type Electricity Electricity

Seasonal efficiency 100% 100%
Fuel consumption -
annual

MWh 11.83 10.14 MWh

Fuel rate
USD/
kWh

0.044 0.044 USD/ kWh

Fuel cost USD 520.60 446.09

Heating system, Solar air heater  with electric heater
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1 Electric heater 520.60 300.00 780.90 45.00 825.90

2
SAH +electric
heater 446.09 650.00 669.13 97.50 766.63

Coal
t/ year

Wood
t/year

Coal
price
USD/t

Wood
price
USD/t

3 Improved stove 3.00 2.33 78.00 62.00 378.15 300.00 567.23 45.00 612.23

4
SAH+ Traditional
stove 3.44 2.67 78.00 62.00 433.61 250.00 650.42 37.50 687.92

5
SAH + Improved
stove 2.58 2.29 78.00 62.00 343.39 550.00 515.09 82.50 597.59

Room

size m2

Price
USD/

M2

Heating

area  m2

Heating
rate USD
/M

6
District heating
system 41-80 3.00 24.00 1560.00 240.00 234.00 474.00

7
Relocation into
apartments 43.00 987.01 41-80 3.00 24.00 42441.43 36.00 ###### ######

Options

10.14

Fuel rate
USD/kWh

0.04

150,000 households
over 10 yrA per households

Fuel
consumption
MWh/ year

11.83

0.04

- 249 -



 

 

DHS

 

 

 

4.  
 
(1)  

3 3

SAH DHS

4

 

30

3 DHS

8,250

10,150

DHS

 

500

470 590m2

khashaa

500 20

8 km
12)

1.3

500 26

 

3
1,500

840,147

1,500 DHS

SAH

15,333

1,500 SAH

3  

Heat transfer,
design
construction

Thermal ,
electricity
capacity

Relocation to
apartment

572 872 44,415 45,859 30 45,859 24 720 14,406 46,579

Connecting DHS 7,378 872 1,180 9,430 30 9,430 24 720 14,406 10,150

SAH+electric heater 2,000 3,760 650 6,410 10 1,950 446 13,383 1,743 15,333
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(Current heating )
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Ger area

 Relocation
into

apartment DHS

SAH
+electric

heater

 Relocation
into

apartment  DHS
 SAH+
electric

Total
options

2,015 185,000 6,000 4,200 16,000 279.47 42.63 245.33 567.43
2,016 192,400 6,000 4,200 16,000 279.47 42.63 245.33 567.43
2,017 200,096 6,000 4,200 16,000 279.47 42.63 245.33 567.43
2,018 208,100 6,000 4,200 16,000 279.47 42.63 245.33 567.43
2,019 216,424 6,000 4,200 16,000 279.47 42.63 245.33 567.43
2,020 225,081 6,000 4,200 16,000 279.47 42.63 245.33 567.43
2,021 234,084 6,000 4,200 16,000 279.47 42.63 245.33 567.43
2,022 243,447 6,000 4,200 16,000 279.47 42.63 245.33 567.43
2,023 253,185 6,000 4,200 16,000 279.47 42.63 245.33 567.43
2,024 263,313 6,000 4,200 16,000 279.47 42.63 245.33 567.43

60,000 42,000 160,000 2,794.74 426.30 2,453.28 5,674.32
262,000 5674.32Total 

Number of household Total cost million USD
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5  
Pipe cost
USD/m

Apartment to
DHS
household/500m

 DHS
househoold/
500m

Total  cost
Relocation
apartment

Total cost
DHS

Total cost
SAH+
electric

0 0 0 0 45859 9430 6410
500 590.22 26 20 103788 34336 15576

1000 590.22 26 20 161718 59241 15576
1500 590.22 26 20 219647 84147 15576
2000 590.22 26 20 277577 109052 15576
2500 590.22 26 20 335506 133958 15576
3000 590.22 26 20 393435 158863 15576
3500 590.22 26 20 451365 183769 15576
4000 590.22 26 20 509294 208674 15576
4500 590.22 26 20 567223 233580 15576
5000 590.22 26 20 625153 258485 15576
5500 590.22 26 20 683082 283391 15576
6000 590.22 26 20 741012 308296 15576
6500 590.22 26 20 798941 333202 15576
7000 590.22 26 20 856870 358107 15576
7500 590.22 26 20 914800 383013 15576
8000 590.22 26 20 972729 407918 15576  
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SCENARIO ANALYSIS ON TSP AND PM10 EMISSIONS REDUCTION 

POTENTIAL IN GER AREA OF ULAANBAATAR 
 

Enktsolmon OTGONBAYAR and Toru MATSUMOTO 
 

We conducted cost-effectiveness analysis of air pollution abatement measures in residential sector of 
ger area in Ulaanbaatar, Mongolia. This study compared seven options that combination of solar air heat-
er (SAH) with improved stove, traditional stove and electric heater, and connection to the district heating 
system (DHS), and relocation of ger area households into apartments, taking into account direct benefits 
(fuel savings), and investment costs. The fuel cost savings and reduction of total suspended particulate 
(TSP) and particulate matter (PM10) emissions during the investment timeframe estimated each measures. 
Cost effectiveness analysis helps to prioritize options that achieve emissions reduction in ger area. 
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