
First Utility-Scale Energy Storage Project (RRP MON P53249-001) 
 

 
ECONOMIC ANALYSIS               

 
1. The energy sector is Mongolia’s largest contributor to greenhouse gas (GHG) emissions, 
accounting for about two-thirds of the country’s GHG emissions. According to Mongolia’s 
nationally determined contributions, GHG emissions will increase to 51.5 million tons of carbon 
dioxide (mtCO2) by 2030 in the business-as-usual scenario, with energy’s share in total emissions 
increasing to 81.5%. 1  The country targets reducing 7.3 mtCO2 of GHG emissions by 2030 
compared with the business-as-usual scenario through emission reductions from power and heat 
generation (4.9 mtCO2), industry (0.7 mtCO2), and transportation (1.7 mtCO2). The Government 
of Mongolia aims to increase the share of renewable energy in the country’s total installed capacity 
from 12% in 2018 to 20% by 2023 and 30% by 2030 in the State Policy on Energy, 2015–2030.2 
 
2. Mongolia’s central energy system (CES) grid, which covers major load demand centers 
including Ulaanbaatar, accounted for 96% of total installed capacity and 84% of electricity demand 
in the country in 2018. Coal-fired combined heat and power (CHP) is the major source of power 
generation in the CES, accounting for 93.0% of total power generation. Aging CHP no. 3 and 4 
plants produced about 80% of CHP generation in 2018.3 Because of a significant delay in new 
investment in CHP capacity addition and increasing power demand, the capacity factor of existing 
CHP plants during peak time in winter (September to April) exceeds 90%. This has resulted in 
growing dependence on imported electricity from the Siberian grid in the Russian Federation, and 
about 70% of the transmission capacity for power imports had been utilized by 2018, which is 
becoming a bottleneck for stable power supply. Increasing demand pressure on existing energy 
infrastructure has led to growing concern over potential blackout within a few years.  
  
3. Renewable energy has great potential to reduce power demand pressure on the aging 
CHP plants and the transmission capacity for power imports, while stabilizing power supply and 
decarbonizing the country’s energy sector. Renewable energy in total installed capacity must 
grow 274.2 megawatt (MW) by 2023 and 595.3 MW by 2030 to meet the national renewable 
energy share target (Table 1), of which 260 MW has been commissioned.4 The growing number 
of wind and solar photovoltaic power plants connected to the grid has also raised concerns over 
curtailment in the grid system, which is dominated by coal-fired CHP plants that are less flexible 
in regulating their own power outputs to balance against the fluctuating renewable energy power 
output in the grid. Mongolia’s renewable energy investment plan in 2015 estimated the maximum 
grid absorption capacity to be 150 MW in wind power and 225 MW in solar photovoltaic power at 
a 20% curtailment rate.5 
  

Table 1: Electricity Load Demand Projection and Required Generation Capacity 
 
Year 

CES 
Electricity Demand 

(GWh) 

CES Required 
Generation Capacity 

(MW) 

CES Required 
Renewable Capacity 

(MW) 

Targeted Renewable 
Share in Total 
Capacity (%) 

2017            5,473 1,174 120.0 10 
2023            6,739 1,371 274.2 20 
2030            9,238 1,984 595.3 30 

CES = central energy system, GWh = gigawatt-hour, MW = megawatt. 
Source: Asian Development Bank estimates.  

 
1  United Nations Framework Convention on Climate Change. 2016. Intended Nationally Determined Contribution 

(INDC) Submission by Mongolia to the Ad-Hoc Working Group on the Durban Platform for Enhanced Action (ADP). 
Bonn. 

2 Government of Mongolia. 2015. State Policy on Energy, 2015–2030. Ulaanbaatar.  
3  These plants were commissioned as follows: (i) CHP no. 3 plant—149 MW in 1974; and (ii) CHP no. 4 plant—695 MW 

in 1982.  
4 This comprises 155 MW of wind power and 105 MW of solar photovoltaic power.   
5  Government of Mongolia. 2015. Scaling-Up Renewable Energy Programme (SREP): Investment Plan for Mongolia. 

Ulaanbaatar.  

http://www.adb.org/Documents/RRPs/?id=53249-001-3
https://www4.unfccc.int/sites/submissions/INDC/Published%20Documents/Mongolia/1/150924_INDCs%20of%20Mongolia.pdf
https://www4.unfccc.int/sites/submissions/INDC/Published%20Documents/Mongolia/1/150924_INDCs%20of%20Mongolia.pdf
https://www.climateinvestmentfunds.org/sites/cif_enc/files/srep_ip_mongolia_final_14_dec_2015-latest.pdf
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4. Battery energy storage is Mongolia’s only available option to develop peaking power and 
spinning reserve capacity. The country has no access to natural gas resources, and hydropower 
was only available option to supply peaking power and develop spinning reserve for renewable 
energy penetration into the grid. Since 2015, the government has been seeking the development 
of the 315 MW Egiin hydropower plant in the Selenge river basin upstream of Baikal lake in 
Siberia. This has not moved forward, however, owing to the Russian Federation’s concerns over 
environment impacts and the water level in Baikal lake. 
 
5. The project will install a battery energy storage system (BESS) that accommodates 
125 MW in capacity and 160 megawatt-hours in energy in Ulaanbaatar. It aims to (i) fully utilize 
fluctuating renewable power, otherwise to be curtailed, to reduce high carbon-intensive imported 
electricity from Siberia grid and restore the reserve margin for transmission capacity (para. 2); 
and (ii) expand the capacity to connect new renewable energy in the CES grid and reduce 
demand pressure on aging coal-fired CHP plants, while decarbonizing the heavily coal-dependent 
power generation system—thereby supplying 44 gigawatt-hours (GWh) of clean peaking power 
annually and enabling an additional 350 MW of renewable energy connection into the CES grid 
without curtailment.6 The project will also help strengthen the capacity of the grid operators and 
develop ancillary services regulations for the sustainable operation and maintenance (O&M) of 
the BESS system and for future scaling up.    
 
6. Economic costs. The economic analysis of the project was conducted in accordance with 
the Asian Development Bank (ADB) Guidelines for the Economic Analysis of Projects for a 
proposed project life span of 25 years.7 All prices and costs were expressed in constant 2019 
togrog (MNT), using the domestic price numeraire. The analysis used a shadow exchange rate 
factor of 1.019.8 
 
7. Total project costs were converted to economic values, excluding taxes and price 
contingencies, before applying the conversion factors. The economic capital cost of the analysis 
comprises (i) MNT288,942 million for the BESS and (ii) MNT929,000 million for 350 MW of 
additional renewable energy capacity. The economic capital costs of the BESS are costs 
associated with civil works and installation, equipment and materials, project administration, and 
consulting services. The economic capital cost for the BESS, including project administration and 
consulting services for capacity strengthening, will occur from 2020 to 2025. The economic capital 
cost for the additional 350 MW of renewable energy capacity was assumed using the renewable 
overnight cost forecast during 2015–2025 carried out by the International Renewable Energy 
Agency in 2016.9 The capital cost for the additional 350 MW of renewable energy capacity is 
assumed to occur between 2021 and 2024. 
 
8. O&M costs, assumed to remain constant in real terms, will occur throughout the project 
life span of 25 years for the BESS. Annual O&M costs for the BESS comprise 
(i) MNT1,800.18 million for the BESS operation and associated high-medium voltage connection 

 
6  Renewable energy plants with a total capacity of 370 MW are under preparation, but their implementation has been 

stalled mainly because of the grid absorption capacity of the CES. The project is designed to have 160 megawatt-
hours of energy, which enables the annual discharge of 58.4 GWh to (i) supply 44.0 GWh of peak power annually, 
and (ii) control the frequency and voltage fluctuation using 14.4 GWh of residual energy to support an additional 350 
MW of renewable energy penetration in the CES grid. 

7  ADB. 2017. Guidelines for the Economic Analysis of Projects. Manila. 
8  These conversion factors have been consistently used for ADB projects in Mongolia. 
9  International Renewable Energy Agency. 2016. The Power to Change: Solar and Wind Cost Reduction Potential to 

2025. Abu Dhabi. The analysis assumed that the 350 MW of additional renewable capacity comprises 245 MW of 
solar PV power ($193.55 million of the capital cost) and 105 MW of onshore wind power ($143.85 million of the 
capital cost), using the world average overnight cost projection of solar PV power ($790 per kilowatt [kW]) and 
onshore wind power ($1,370 per kW).   
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assets, (ii) MNT8,100.51 million for charging electricity from the existing wind firm, and 
(ii) MNT48,927.06 million for the battery pack replacement cost, 13 years after the start of full 
operation.10 Annual O&M costs for the additional 350 MW of renewable power were estimated at 
MNT35,373.47 million, which is 4% of the estimated capital cost for additional renewable energy 
capacities.  
 
9. Economic benefits. The project’s economic benefits comprise (i) 44 GWh in annual 
savings of high carbon-intensive power imports from Siberia, with a reduction of 39,160 tons of 
annual carbon dioxide equivalent emissions;11  and (ii) 300,703 tons of annual thermal coal 
consumption savings for power generation and 802,879 tons of annual carbon dioxide equivalent 
emission reductions, which are derived from 859 GWh of annual clean electricity supply from 
additional 350 MW of renewable energy capacity.12 The cost of carbon was set at $36.3 per ton 
in 2016 prices, with an annual increase of 2%. Since a reducing power import directly benefits to 
restore the reserve capacity of the transmission line (para. 2), the benefit of power import savings 
was deemed non-incremental. The benefit of additional renewable energy power supply was also 
deemed non-incremental. Private sector interest in investing in renewable energy in Mongolia is 
strong, but no finance has yet been secured for the planned coal-fired thermal power plants and 
CHP capacity addition in the CES.13 Thus, additional renewable energy capacity supported by the 
project will also directly benefit reducing the high capacity factor of the existing CHP plants and 
create a generation reserve margin for power supply stability.   
 
10. Economic internal rate of return and economic net present value calculation. The 
economic internal rate of return (EIRR) with environmental benefit for the project is 17.16%, which 
is greater than the economic opportunity cost of capital of 9.00%. The economic net present value 
is MNT755,024.91 million. The EIRR without environmental benefit for the project is 4.65%, which 
is below the economic opportunity cost of capital of 9%, and the economic net present value is 
MNT301,017.83 million (Table 2). The project involves a high environmental benefit by catalyzing 
new renewable energy capacity. The annual economic benefit and cost flow are detailed in 
Table 2. 

 

 
10 The estimated cost of onshore wind power supply in Mongolia is MNT167.37 per kilowatt-hour (kWh), or $0.061 per 

kWh, of the economic cost of charging electricity from the existing wind power plants, on the basis of 41% of the 
actual wind power capacity factor in 2018. Since the actual capital investment cost and O&M cost are not publicly 
available, the analysis used $1,560 per kW of the global average overnight cost in 2015 for the capital cost and 
$9.36 million or 4% of the capital cost of O&M. A discount rate of 10.4% was used, which is the private sector 
weighted average cost of capital for wind power development in Mongolia estimated by the United Nations 
Development Programme in 2013.    

11 The benefit of imported electricity saving is estimated using $0.08 per kWh of an import electricity tariff in 2018. A 
carbon emission factor of 0.89 for imported electricity from the Siberian grid was applied. Imported electricity saving 
is assumed to reduce the Siberian grid’s carbon emissions directly since (i) electricity demand in Siberia and the 
Russian Federation has been constant from 2007 to 2018 and has yet to reach the demand level recorded in 1991; 
(ii) the capacity factor of coal-fired power plants is declining, reflecting stagnant demand: from 51% in 1998 to 47% 
in 2018; (iii) oil and natural gas production in the eastern part of the Russian Federation, which is a major electricity 
demand driver, is projected to decrease toward 2040; and (iv) there are no physical grid interconnections to establish 
new exports to other countries. Thus, the avoided imported electricity from Siberia is not assumed to be replaced by 
domestic demand or exports to other countries.   

12 The economic cost of coal was estimated at $148.34 per ton based on the gate price at Tavan Tolgoi coal mine, 
which is a major source of thermal coal supply in Mongolia, factoring the transportation cost including losses to CHP 
plants in Ulaanbaatar. A carbon emission factor of 1.26 for wind and solar projects in Mongolia was applied (sourced 
from ADB. 2017. Guidelines for Estimating Greenhouse Gas Emissions of Asian Development Bank Projects: 
Additional Guidance for Clean Energy Projects. Manila).   

13 The government plans to add 125 MW of capacity to the CHP no. 3 plant, 90 MW of capacity to the CHP no. 4 plant, 
and construct 700 MW of the Baganuur coal-fired thermal plant by 2023. Considering the 4–5 year construction lead 
time for thermal power plants, and that the finance is secured in 2020, commercial operation of these planned coal-
fired plants would be after 2025. 

http://www.adb.org/projects/project.asp?id=XXXXX
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Table 2: Economic Analysis for Whole Project  

Year 
Total 

Economic 
Cost 

Battery 
Capital and 
O&M costs 

New 
Renewable 

Energy 
Capacity 

Capital and 
O&M Costs 

Total 
Economic 

Benefit 

Import Power 
Saving with 

Carbon 
Reduction 

Coal 
Consumption 
and Carbon 
Saving from 

New 
Renewable 

Energy 
Capacity 

Net Benefit  
Net Benefit Without 
Environment Benefit 

2020 187,428.93 187,428.93 0.00 0.00 0.00 0.00 (187,428.93) (187,428.93) 

2021 336,263.09 76,143.00 260,120.09 0.00 0.00 0.00 (336,263.09) (336,263.09) 

2022 344,574.26 27,599.36 316,974.91 88,696.60 13,826.43 74,870.16 (255,877.66) (297,586.32) 

2023 273,731.31 18,813.62 254,917.68 127,338.86 13,914.59 113,424.27 (146,392.45) (207,958.72) 

2024 174,974.12 12,956.47 162,017.65 204,947.30 14,004.51 190,942.80 29,973.18 (71,632.23) 

2025 47,187.91 10,027.89 37,160.01 245,556.05 14,096.22 231,459.82 198,368.14 74,938.64 

2026 47,187.91 10,027.89 37,160.01 286,997.12 14,189.78 272,807.34 239,809.21 93,723.29 

2027 47,187.91 10,027.89 37,160.01 289,918.83 14,285.20 275,633.64 242,730.93 93,723.29 

2028 47,187.91 10,027.89 37,160.01 292,898.99 14,382.53 278,516.46 245,711.08 93,723.29 

2029 47,187.91 10,027.89 37,160.01 295,938.74 14,481.81 281,456.94 248,750.84 93,723.29 

2030 47,187.91 10,027.89 37,160.01 299,039.29 14,583.07 284,456.22 251,851.39 93,723.29 

2031 47,187.91 10,027.89 37,160.01 302,201.86 14,686.36 287,515.50 255,013.95 93,723.29 

2032 47,187.91 10,027.89 37,160.01 305,427.67 14,791.71 290,635.96 258,239.76 93,723.29 

2033 47,187.91 10,027.89 37,160.01 308,718.00 14,899.18 293,818.82 261,530.09 93,723.29 

2034 96,114.96 58,954.95 37,160.01 312,074.14 15,008.79 297,065.35 215,959.18 44,796.23 

2035 47,187.91 10,027.89 37,160.01 315,497.39 15,120.59 300,376.80 268,309.49 93,723.29 

2036 47,187.91 10,027.89 37,160.01 318,989.12 15,234.63 303,754.49 271,801.21 93,723.29 

2037 47,187.91 10,027.89 37,160.01 322,550.68 15,350.95 307,199.73 275,362.77 93,723.29 

2045 47,187.91 10,027.89 37,160.01 353,730.80 16,369.28 337,361.51 306,542.89 93,723.29 

2046 47,187.91 10,027.89 37,160.01 357,987.19 16,508.30 341,478.89 310,799.29 93,723.29 

      EIRR (with environment benefit)                             17.16% 

      ENPV (with environment benefit)                      755,024.91 

            EIRR (without environment benefit)                          4.65% 

            ENPV (without environment benefit)             (301,017.83) 

( ) = negative, EIRR = economic internal rate of return, ENPV = economic net present value, O&M = operation and maintenance. 
Source: Asian Development Bank estimates.  
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11. Sensitivity analysis. A sensitivity analysis for the project with environmental benefit was 
conducted to assess the impact of changes in assumptions (Table 3). The project is economically 
viable in any adverse condition. The sensitivity analysis indicates that the EIRR for the project will 
decrease to (i) 15.19% if there is a 10% shortfall in economic benefits, (ii) 15.69% if there is a 
capital cost overrun of 10%, (iii) 16.82% if O&M costs increase by 10%, (iv) 16.30% if the 
economic cost of coal declines, (v) 16.09% if the additional renewable energy capacity is reduced 
by 10%, and (vi) 17.07% if the project completion is delayed by 1 year.  
 

Table 3: Sensitivity Analysis 

Scenario EIRR 
(%) 

ENPV 
(MNT million) 

Base case 17.16 755,024.91 

10% CAPEX increase 15.69 665,493.03 

10% OPEX increase 16.82 722,381.18 

10% economic benefit decline 15.19 557,346.81 

10% cost of coal decline 16.30 670,094.97 

10% of additional renewable energy capacity reduced 16.09 620,869.33 

1-year delay in project completion 17.07 727,193.31 

CAPEX = capital expenditures, EIRR = economic internal rate of return, ENPV = economic net present value, 
MNT = Mongolian togrog, OPEX = operational expenditures. 
Source: Asian Development Bank estimates. 
 

 


