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Abstract 
 

 

Energy planning is essential to establish trade-offs among objectives because planning 

involves anticipating needs and assessing impacts of different scenarios of energy supply. 

Due to the intensive expansion of the economy and mining sector development, Mongolia 

is facing lack of power resource and, capacity extension of power sector is an imminent 

matter nowadays. Hence, it is necessary to review the power supply options for Mongolia 

in the coming years. 

The study analyzed electricity generation scenarios for 2030 year and its costs, CO2 

emissions, and energy security. The Government scenario and four alternative scenarios 

are developed; the Government scenario in which the most of capacity is added according 

to government policy documents, while, the first alternative scenario (Least Cost) in 

which only least cost optimization is considered without any constraints or externality, 

for the second alternative scenario (Solar oriented-Renewable Development), a target of 

solar and renewable shares are set in total generation, in the last scenario (IGCC and 



 
 

UCG+CCGT oriented), reflects worldwide energy trends and creates secondary energy 

conditions in Mongolia. 

This research tends to present the electricity scenarios to the Mongolian government and 

policy makers on how to improve the security of the energy supply based on the 

empirical analysis results of the energy sector. 
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Chapter 1-Introduction 

 
Recognizing Mongolia is in a transitional phase when there is a need to 

carefully combine planning and policy to achieve the objective of maintaining 

adequate reliability in energy supply while meeting environmental, energy 

independence and other ambitious goals and in the context of constraints imposed 

by the need to attract capital and maintain tariffs within the reach of energy 

consumers1.  

This task is not unique to Mongolia and most developing countries have 

confronted similar objectives and constraints in the last two or three decades. In 

many cases these international experiences provide useful lessons but one must be 

prudent in drawing strong conclusions based on foreign experiences. Every 

country has a particular context and what may have worked well in one place may 

go wrong in another.  

Perhaps the most useful lesson of the energy reforms of the last two decades is 

that energy planning is necessary, regardless of the general policy to be adopted 

for the sector.   

It is often that one finds that energy policy and energy objectives are used 

interchangeably and, aside from semantic considerations, it must be very clear 

that these are different concepts. Energy objectives are not energy policy 

objectives are the expected results of following a policy. Thus, specific objectives 

such as “achieving energy independence”, “meeting environmental protection 

targets” or “adopting affordable tariffs” do not, by themselves, constitute policy 

unless there is clear statement of priorities and trade-offs (i.e. the extent to which 

one objective may be sacrificed in order to achieve another that may be in 
                                           
1 ADB ‘Updating Energy Sector Development Plan (TA No. 7619-MON)’, Ulaanbaatar, 
Mongolia, 2013 
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conflict). Energy planning is essential to establish such trade-offs among 

objectives because planning involves anticipating needs and assessing impacts of 

different scenarios of energy supply. Due to the intensive expansion of economy 

and mining sector development, Mongolia is facing lack of power resource and, 

capacity extension of power sector is an imminent matter nowadays. Hence, it is 

necessary to review the power supply options for Mongolia in the coming years. 

The study analyzed electricity generation scenarios for 2030 year and its costs, 

CO2 emissions, and energy security. The Government scenario and four 

alternative scenarios are developed; the Government scenario in which the most 

of capacity is added according to government policy documents, while, the first 

alternative scenario (Least Cost) in which only least cost optimization is 

considered without any constraints or externality, for the second alternative 

scenario (Solar oriented -Renewable Development), a target of solar and 

renewable shares are set in total generation, in the last scenario (IGCC and 

UCG+CCGT oriented), reflects worldwide energy trends and creates secondary 

energy conditions in Mongolia. 

The main purpose of our research is to show to government and policy makers, 

how to improve the security of the energy supply based on the empirical analysis 

results of the energy sector.  

The thesis is organized as follows: Chapter 1 presents the introduction and 

objectives. Chapter 2 presents the literature review. It includes many sources of 

information about the energy situation in Mongolia. The assessment of Energy 

Security Index, CO2 emissions and cost analysis methodologies are found in 

Chapter 3. Chapter 4 presents an analysis on the energy industry which includes 

the 2030 demand forecast and assessment of related fuel mix scenarios. Chapter 5 

shows the result of the scenarios of electricity generation fuel mix. Moreover, it 

includes one of the objectives which have mention above, to show the results of 

measured energy, security of supply, cost effectiveness of electricity generation 



- 3 - 
 

fuel mix and CO2 emission. The last chapter, Chapter 6 discusses specific policy 

recommendations, suggestions for the policy makers and conclusions.  

 

1.1 Research motivation 

 
Mongolia has a lot of energy resources which includes conventional and non-

conventional resource within its boundary but the country still import its 

electricity from Russia and China. With the massive resource in Mongolia, the 

country has not built power plants since 2004 except for the 50 MW wind farm 

built in 2013. I am motivated to provide a solution by presenting different advance 

energy technologies option and scenarios as a recommendations to the Mongolia 

government.     

 

1.2 Research question 
 

The research aims at look for answer to the following question: 
• What percentage change of fuel mix is appropriate for the composition of 

electricity generation sector in Mongolia? 

• Which scenarios more favorable in the future? 

In this thesis, we classified Mongolian electricity sector under different policy 

scenarios, which are the policies that may help to achieve an improved 

sustainability of the system, as well as the role to be played by different 

technologies in 2030. 

 

1.3 The research objective 
 

The Main goal of the projects is to review the electricity supply options which are 
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suitable for Mongolian conditions, particularly given consideration of the 

country’s primary energy resource endowments and the economic costs of 

conversion into useful heat and power and identify optimal use of capital and 

resource endowments, ensuring the efficient development of the power sector. In 

detail:  

 To identify the Mongolian primary energy resources which can be used 

for power generation and its current consumption  

 Identify the supply options to meet the growing demand of electricity  

 Get fuller understanding and achieve the appropriate electricity supply 

options for Mongolia in the coming years;  

 Appreciate the rationale, nature, characteristics, and criticality of power 

sector project evaluation in terms of power sector of Mongolia;  
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Chapter 2-Overview of energy sector in Mongolia 

and Literature 

 
2.1 Background 

 
Among the most important qualifications of energy system planning are the 

availability, characteristics and costs of fuels as primary sources of energy, on the 

one hand, and the various energy conversion technologies, on the other hand, 

which are needed to convert primary energy to electricity and heat. The purpose 

of this Section is to provide an overview of the primary energy stocks of 

Mongolia and its immediate future prospects  

In the Mongolian context, the country has abundant supplies of thermal coal. 

Mongolia’s existing energy supply system has therefore been built on this premise. 

Not only the major urban centers are heated by Coal fired plant (CFP) plants, 

during past decades open-pit coal mines were established in most Aimags (local 

provinces) to supply coal for heating in rural town centers and households.  

Renewable energy, most notably hydropower, wind and solar energy, is also 

abundantly available in Mongolia2. However, clean energy technology can be 

three to five times more costly than conventional conversion processes, especially 

as the traditional coal-based energy system of Mongolia is underpinned by the 

supply of extremely cheap domestic, and in most cases, local coal. To exploit 

renewable energy opportunities some form of subsidization for wide-spread 

adoption is needed. Mongolia has therefore established a feed-in tariff scheme, 

which has enabled first large-scale investments in non-hydro clean energy. The 

                                           
2 Ministry of Mineral Resources and Energy, ‘National Program for Renewable Energy’, 
Ulaanbaatar, 2005 
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introduction of significant amounts of non-hydro renewable energy sources also 

poses operational challenges, particularly when such sources are operated in 

remote areas.  

There is a need to recognize the country’s investment in existing heat and power 

systems. In Mongolia, the extreme cold weather conditions have laid a foundation 

for the provision of heat and power by CFP plants. More than half of the 

population obtain heat supply from a centralized energy source via a district 

heating network and have come to depend on centralized heating as an all-

important lifeline. However, for the most part, the heat and power assets of 

Mongolia have reached the end of their useful life with attendant deterioration in 

efficiency and service performance. The need for replacement is a financial 

liability but it also offers opportunities to improve efficiency and to save on the 

energy costs borne by the community.  

There is significant potential in Mongolia for hydropower generation that is, as of 

yet, almost entirely untapped. Hydropower is renewable energy but its 

construction causes changes in the natural and human environment due and 

consequently there is almost always some opposition to hydropower construction. 

The future expansion of the Mongolian power system could, however, greatly 

benefit from hydropower as it not only provides energy to the system but can also 

contribute to system regulation, and provision of peaking capacity and frequency 

control, on which aspects Mongolia now depends partially on electricity imports 

from Russia.  

The country lacks indigenous natural gas resources, and is landlocked; not only 

can it be expected that the cost of importing gas will be high, but dependence on 

neighboring countries for gas supply involves fuel supply risks that may be very 

costly to mitigate. There are also other energy resources available, such as shale 

oil, coal bed methane gas, uranium and geothermal energy. Whether the demand 

forecast of electricity requires the development of all of these resources within the 
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planning horizon of this study, will be subject of the study. Overall there are 

significant challenges in planning for a future sustainable energy system in 

Mongolia3.  

 

2.2 Energy endowments 

 

2.2.1 Coal 
Mongolia has estimated total coal resources of approximately 173 billion tons 

found within 15 coal basins. About one third of the resources are in the Gobi 

region in the south, one third in the eastern region and the balance in the rest of 

the country, of which the Central Region accounts for about half4. Bituminous 

coal is found in South Gobi and Western basins. Most of the resources in the 

central, north and western regions are sub-bituminous or lignite. Coal deposits in 

Mongolia are typically suitable for open cast mining because of their geological 

condition.  

Within this resource base there are 85 deposits and over 370 identified 

occurrences and findings. Reserves established through preliminary and detailed 

exploration are about 22 billion tons and the number is increasing annually as a 

result of intensifying exploration activities. The share of high calorific value 

thermal and coking coal is estimated at 7 to 8 billion tons. The proven reserves are 

at 12 billion tons including 2 billion tons of coking coal and 10 billion tons of 

thermal coal.  

The resource and reserve estimates carried out by the private sector companies in 

compliance with the Australian JORC or Canadian National Instrument 43-101 

                                           
3 Energy Statistics 2013, Ministry of Energy, Mongolia, 2013 
4 Ministry of Mineral Resources and Energy, Energy Balances of Mongolia, Ulaanbaatar 2010, 
2011, 2012 
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are not all publicly available, which results in varying and sometimes conflicting 

estimates of Mongolia’s resources appearing in public media. The quoted 

resources above (2012) are also not consistent and not adequately reflected in the 

reports of various international energy sector agencies and other organizations 

maintaining energy statistics.  

The following figure and table show us the locations of the aforementioned 

resources as per the Ministry of Mineral Resources and Energy. 

Figure 1: Coal basins in Mongolia 

 
Source: ADB ‘Updating Energy Sector Development Plan (TA No. 7619-MON)’Ulaanbaatar 2013 

Even though coal resources are abundant, the infrastructure needed for large scale 

coal production in Mongolia still needs to be further developed. Among the pre-

requisites of coal-fired power and heat generation are that (i) there are deposits of 

sufficient size and scale of operation to support continuous and long-term fuel 

supply, (ii) the parameters of coal such as calorific value, moisture and ash, 

among others, are suitable for the planned energy conversion technology, and (iii) 

the transport distance is not too great so that the transport logistics work well for 
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the plant, for example, coal transport via railway5.  

Coal deposits in and around the CES area produce mostly lignite with calorific 

value of around 3,000 kcal/kg. The coal supply in the CES area is dominated by 

three mines, which are Baganuur, Shivee Ovoo and Sharyn Gol. These three 

mines are all connected to the railway which enables them to supply coal to the 

capital and other major cities along the Mongolian railway system. Sharyn Gol is 

managed by a listed company, but in Baganuur and Shivee Ovoo are state-owned 

companies. There are other mines as well within CES area serving primarily the 

fuel needs of small boilers, HOBs and the retail market, and new mining 

development is on-going. 

Figure 2: Key coal mines 

Source: ADB ‘Updating Energy Sector Development Plan (TA No. 7619-MON)’Ulaanbaatar 2013 

 

 

 

                                           
5 the Ministry of Mineral Resources and Energy, Energy Balances of Mongolia, Ulaanbaatar 2012  
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Moisture in coal results in efficiency losses in energy conversion. The efficiency 

of a coal fired power generation drops by about 4 percentage points and 9 

percentage points when coal moisture content increases from 10% to 40% and 60% 

respectively. High moisture content also results in higher capital cost of the plant 

as the physical size of the boiler and flue gas channels need to be increased in 

dimension to accommodate the water vapors as a result of high-moisture coal 

combustion.  

High ash content also has an impact to the efficiency. Key deposits with high ash 

content coal (over 20%) in Mongolia include Maanit, Nuurst Khotgor, Saikhan 

Ovoo, Tal Bulag, Tevshiin Gobi, Khar Tarbagatai, Tsakhiurt,Shariin Gol and 

Alag Tolgoi.  

The increasing production of metallurgical coal will give coal washing 

technologies new impetus in Mongolia. The first coal washing plant was 

implemented in two stages by Mongolian Mining Corporation (MMC) in 2011 

and 2012 at Ukhaa Khudag mine, which is part of Tavan Tolgoi deposit. The 

capacity of the washing facility is 10 million tons, and it will be expanded to 15 

million tons by 2015. More washing facilities are likely to come on line in the 

near term.  

Generally, fluidized bed combustion boilers are less sensitive to coal calorific 

value variation, ash and sulphur content than pulverized coal combustion. At 

present all boilers in Mongolia use pulverized coal combustion method, but CFB 

technology has been proposed for CHP5 project.  

Recent development has brought and will continue to bring several new mines 

into operation in the near future. Focus of recent mine development has been 

primarily in the south of Mongolia, and for metallurgical coal and exports. Tavan 

Tolgoi in South Gobi alone, the largest one, has 7.4 billion tons in resources and 1 

billion tons of proven and probable coal reserves. The mine will produce 20 
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million tons of coal by 2017; 73% of the coal is metallurgical, while 27% is 

thermal coal that is suitable for power generation. This equals to approximately 5 

million tons of sub-bituminous coal in 2017, an amount sufficient for a 1,200 MW 

base load plant. Many bituminous coal mines are waiting for or under active 

development in the Southern Mongolia.  

Even on the basis of the known reserves at the Tavan Tolgoi fields, Mongolia has 

the potential to become a major exporter of coking coal. Present infrastructural 

constraints, not the least of which are the lack of adequate power supplies, lack of 

access to a railway system, and water supply constraints, pose the main challenges 

for the mining sector to overcome in releasing the potential.  

Mining development will cause the need for mine mouth power generation to 

serve the mining operations and this may provide opportunities for supplying 

excess power to the grid or for exports .Large mine mouth power plant on this 

basis have been proposed, among others, to Baganuur coal mine and Chandgana 

mine (owned by Canadian Prophecy Coal). Currently the southern mines’ 

electricity demand is fulfilled by a combination of on-site diesel engines and coal 

fired plants. There is a 220 kV overhead line nearly completed (2012) from 

Mandalgovi to Tavan Tolgoi region, which would connect the nearby mines to the 

CES network.  

Coal production and export are of high importance to Mongolia. Coal today 

provides primary energy for 65% of Mongolia’s total energy use, and for over 90% 

of power and heat generation. Coal represents 40-50 % of Mongolia’s export 

revenues (47% in 2011), and according to the Mongolian Economic Research 

Institute, over 10% of budget revenues and 80 % of foreign direct investment. 
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Figure 3: Coal production and Export 

 
Source: ADB ‘Updating Energy Sector Development Plan (TA No. 7619-MON)’Ulaanbaatar 2013 

In 2012 Mongolia’s coal production reached 29 million tons. Due to weaker 

demand of China for metallurgical coal than during the previous year, Mongolian 

coal production decreased. With increasing export of coking coal, the share of 

domestic consumption has decreased6. The breakdown of domestic use by sector 

is illustrated in Figure 4. 

 Figure 4: Coal consumption in Mongolia 

 
                                           
6 the Ministry of Mineral Resources and Energy, Energy Balances of Mongolia, Ulaanbaatar 2012 
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Source: ADB ‘Updating Energy Sector Development Plan (TA No. 7619-MON)’Ulaanbaatar 2013 

Coal prices for energy production are regulated in Mongolia for the CHP plants 

and urban heating. These regulated contract prices are negotiated annually. 

Because coal is the primary cost factor behind the electricity and heat prices, 

sharp price increases have been avoided and the Government has kept prices close 

to the break-even cost levels. The mines sell coal also in the open spot market. 

This coal is typically transported by 1 ton or 5 ton trucks to markets in the urban 

centres. The spot prices for retail consumers are a multi-fold of the regulated price.  

The following graph presents the coal overground prices of four key mines that 

supply fuel to the CHP plants in CES and EES areas. It should be noted that coal 

from different mines have varying calorific values, which explains a major part of 

the contract price differences. The graph also shows a line calculated as a 

weighted average using both the calorific values and production volumes as 

weights. The graph illustrates clearly that in 2010 there was a notable price 

increase. The average cost of MNT 20,000 per ton equals to about $ 15 per ton. 

The calorific value of the ‘weighted average coal’ is 3,232 kcal/kg. 

 

Figure 5: Development of over ground Prices of Key Mines 

 
Source: ADB ‘Updating Energy Sector Development Plan (TA No. 7619-MON)’Ulaanbaatar 2013 
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Coal price will be one of the most important variables of the analysis comparing 

various construction programmers for system expansion in Mongolia. The coal 

price to be used in the economic analysis should be such that it promotes the best 

use of the country’s resources. It should be free of taxes and subsidies. In valuing 

the economic benefit of an input, such as coal, the most important issue to be 

considered is its opportunity value. Determining the opportunity value depends on 

whether or not the commodity is a traded or non-traded one.  

In the event Mongolian coal would be tradable internationally, its economic value 

could be established on basis of its FOB border price. However, even though 

Mongolian thermal coal can theoretically be traded internationally, the de facto 

situation is that by today coal from the northern mines, which feed coal to the 

CHP plants, has not been exported.  

The over ground contract prices of ‘big three’ mines in the CES area are currently 

(2012) from 23 to 27 USD per ton when expressed in US dollars and adjusted to 

calorific value of 5500 kcal/kg NAR (net as received).  

In line with an established assumption, it can be considered for the purpose of this 

study that with all abovementioned costs included, and considering the initial 

quality of lignite, there is currently no export market for the coal that is used by 

the CHP plants in Mongolia. Furthermore, a comparison of Mongolian prices 

against the mine mouth prices of mines in Chinese Inner-Mongolia, results in 

similar conclusion. Therefore, the economic value of coal is not established here 

on basis of a netback analysis. However, this assumption is made in understanding 

that the coal market conditions may vary over years and that, for example, coal of 

Sharin Gol, which is of relatively higher calorific value, may have an opportunity 

in the export markets in the future provided it is washed to the required quality. 

Other Coal Based Fuels  

Other coal based fuels include liquid fuels from coal or oil shale, and gaseous fuel 

from coal mines (CBM) or by converting coal to gas.  
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Preliminary studies of Coal Bed Methane (CBM) have been carried out in 

Mongolia. Overall the resources seem indicatively substantial but more detailed 

studies on selected deposits have not confirmed economic feasibility. Most coal 

production in Mongolia is from surface mines, whereby the potential of extracting 

CBM relates primarily to the pre-mining drainage prior to surface mining activity. 

Narin Sukhait mine has been estimated to have CBM resources of 17-34 bcm. 

Even if the resources are significant, no economic reserves have been identified. 

Tavan Tolgoi is estimated to hold a potential of 12 bcm of CBM. Nuurst Hotgor 

mine in western Mongolia has 2.5 bcm of preliminary estimated potential.  

The technical potential is significant. As a reference for the above mentioned 

volumes, approximately 2.5 bcm of CBM would be sufficient to fuel a base load 

combined cycle gas turbine plant of 100 MW for 20 years (52% efficiency, 7000 

h/a).  

Coal-to-Gas technologies can be utilized for (i) the provision of city gas through 

a piped network to consumers, and (ii) for cleaner electricity production by 

Integrated Gasification Combined Cycle (IGCC) plant. As there is no natural gas 

infrastructure in Mongolia, the easiest way of using coal based gas by injecting it 

directly to an existing gas network in the country.  

Even though there is no detailed analysis of the matter in Mongolia, economic 

justification of piped coal gas is probably low in Mongolia as cities and towns 

already have widespread district heating pipeline systems for space heating and 

hot domestic water. Therefore, gas distribution would provide only marginal value 

in the residential sector as a fuel for cooking. The cooking fuel, fuel shift prospect 

together with the remaining open possibilities for gas utilization would probably 

not be sufficient to cover the capital cost of the associated new gas network 

infrastructure, which for the heat consumers would run parallel with the existing 

heat network.  

The feasibility of piped gas from coal is more likely in towns that will be 
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developed in connection with new mining activities, and in the new Greenfield 

industrial areas which are planned for downstream processing of minerals and 

metals. In these cases gas could provide the primary source of energy for both 

heating and cooking.  

Another way of using coal based gas is IGCC technology, which is considered for 

the planned Sainshand Industrial Complex. Again, as an emerging technology the 

capital cost of IGCC is substantially higher than that of power plants using 

standard pulverized coal combustion methods at mine mouth locations. Therefore, 

unless IGCC technology is substantially credited for its better environmental 

performance, its high capital cost would make it clearly not feasible in the 

Mongolian context. There are clearly opportunities of diversifying coal use in 

Mongolia either by applying coal-to-liquid or coal-to-gas technologies. However, 

the end user requirements and product value lies in liquid fuels and chemicals 

rather than in electricity7. 

 

2.2.2 Oil and Gas  
 

Oil and gas are widely utilized across the globe for power generation. Despite 

worldwide effort to give up using oil as a primary fuel for electricity, it continues 

to have a major role as a secondary fuel to support combustion of solid fuels in 

large boilers. At the moment in Mongolia, imported oil from Russian (Mazut) is 

used as the support fuel in CHP plants. Mazut is also used as the main fuel for 

some HOBs and diesel plants in small towns.  

Mongolia is a rising oil country with substantial potential to improve its self-

sufficiency in liquid fuel supply. At present, crude oil production in eastern 

Mongolia by Petro China Dajing amounts to about 1 million tons annually. All 

                                           
7 the Ministry of Mineral Resources and Energy, Energy Balances of Mongolia, Ulaanbaatar 2012 
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production is exported for refining in China, and therefore all petroleum products 

consumed in the country are currently imported. 

Figure 6: Petroleum Exploration Blocks of Mongolia 

 
Source: ADB ‘Updating Energy Sector Development Plan (TA No. 7619-MON)’ Ulaanbaatar 

2013 

Mongolia has been divided into 25 oil exploration blocks (in total 528 thousand 

square kilometers). Current investor interest concerns operations in 13 oil basins 

of which six fields are currently being intensively explored: Tamsag basin, Zuun 

Bayan, Tsagaan Els basins and Western Mongolia. Mongolia’s total oil resources 

are estimated to amount to 1,600 million tons. Tamsag basin alone has estimated 

reserves of 600 million tons. 

The Government has decided to select appropriate technology to process domestic 

crude oil and to construct a refinery to meet domestic demand for petroleum and 

petroleum products. With this respect, MMRE is currently studying three project 

proposals.  

There are 25 oil shale deposits identified in Mongolia, of which 23 are in Tuv and 
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Dundgobi aimags. Some estimates have assumes that Uvduq Bulag, Khugshingol 

and Zuunbular deposits hold large-scale resources. Oil shale resources provide an 

alternative to fuel oil production. Equally there are plans to establish a coal-to-

liquid (CTL) plant in Mongolia. Uvdug Khudag deposit is among the best in 

Mongolia for this purpose. The mine is also favorably located alongside the 

railway that is planned to Tavan Tolgoi and Oyu Tolgoi deposits.  

Even though these emerging technologies have importance to the industrial 

strategy of Mongolia, and they provide an opportunity to develop higher value 

products to serve particularly the country’s transport sector with liquid fuel, they 

have only little bearing to the electricity and heating sectors’ primary fuel base.  

No domestic natural gas resources have been found in Mongolia. There have been 

plans to construct a natural gas pipeline from Russia to China via Mongolia from 

the huge Kovykta gas field in Siberia. However, those plans are subject political 

and economic considerations involving all three governments, and are currently 

on hold.  

Oil prices in Mongolia generally follow world market prices. CIF prices are 

subject to import tariff (10%), VAT, fuel tax and excise tax.  

 

2.2.3 Hydropower  

 
Another potential source of primary energy that will, most likely, factor into 

Mongolia’s medium term energy mix is hydropower. There is significant potential 

in Mongolia for hydro power generation that is, as of yet, almost entirely 

untapped.  

There are around 3,800 small rivers in Mongolia with a total length of 65,000 km 

with gross theoretical potential of about 6.2 GW. At present, more than 1 GW of 

these has been identified.  
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Hydropower resources can be found in the Altai ranges, Tagna and Khan Khukhii 

ranges, in the mountainous areas of Khuvsgul, Khangai, Khentii and the Khalkh 

Gol River.  

There are 13 hydropower stations in Mongolia in operation; most of them are 

small or medium sized plants. Only four plants are connected to local grids while 

the rest serve isolated grids of nearby soums (local centers). There are three plants 

larger than 1 MW, namely Durghun (12 MW), Taishir (11 MW) and Bogdiin gol 

(2 MW). 

Various studies have identified within CES region prospects to develop five 

projects in the Selenge river system. These are Sheuren 300 MW, Orkhon 100 

MW, Egiin 220 MW, Buring 161 MW, and Artset 118 MW hydropower projects. 

In addition, a 100 MW pumped-storage HPP close to Ulaanbaatar has often been 

named among the candidates for mid-term implementation. Figure 10 shows the 

hydro power resources and plants that currently operate in Mongolia.  

 

 Figure 7: Hydropower Resources in Mongolia 

 
Source: ADB ‘Updating Energy Sector Development Plan (TA No. 7619-MON)’ 

Ulaanabaatar 2013 

 

Within WRES there are three projects of 69 MW, 58 MW and 12 MW, and within 

ERES region one project of 8MW. Totally in all Mongolia the identified 
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hydropower projects could provide new capacity to about 1,000 MW.  

The resources of Selenge river, which the biggest river of Mongolia, and its 

tributaries have drawn most attention and research for hydropower development 

in Mongolia. Prospects associated with Selenge are not only the largest ones; they 

are also geographically positioned to the north of the country, within the area of 

CES, where the electricity demand is the highest. Out of many projects Shuren, 

which is located in the main stream of Selenge river, and Egiin, which is a 

tributary of Selenge, stand out most often. Another large tributary, Orkhon, joins 

the river close to Sukhbataatar city, nearly 10 km away from the Russian border, 

and has also been of interest for hydropower development.  

Water catchment area of the Selenge is 425,200 km2, of which 282,000km2or 66 

percent is located at Mongolian territory. The length of river is 1,095 km, and its 

average incline is 0.0019.  

The nominal heads of most important identified dam sites in the Selenge river 

system vary from 50 to 75 meters.  

Orkhon rises in the Khangai Mountains of Arkhangai aimag and flows northwards 

before joining the Selenge River, which then flows north into Russia and Lake 

Baikal. The Orkhon is longer than the Selenge, making it the longest river in 

Mongolia. Major tributaries of the Orkhon River are the Tuul River, which passes 

Ulaanbaatar, and Tamir River.The overall length of Orkhon is 1,124 km and the 

catchment area is132, 800 km2.  

Considering the remoteness of the area and harsh climate, raw data of the Selenge 

river has been collected very conscientiously over the years. Selenge and Orkhon 

rivers were studied already in the early 20thcentury by Russian engineers from the 

point of view of suitability for shipping. Complete long term records since 1941 

are available from two sites (Muren and Bulgan), both south of Egiin basin.Since 

then several gauge stations have been established.  
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The long term average river discharge is 247 m3/s in Shuren, 241 m3/s in 

Zuunburen, and 290 m3/s in Orkhon-Selenge. Egiin has a mean discharge of 96 

m3/s and Orkhon 65 m3/s.Selenge river has over-flooded in 1879, 1908, 

1932,1952,1971,1974, 1986 and 1993. During extreme floods the river flow has 

reached 4,000 m3/s. 

 

Figure 8: Approximate Locations of the Three Key HPP Projects in the Selenge 

River 

 
Source: ADB ‘Updating Energy Sector Development Plan (TA No. 7619-MON)’, Ulaanbaatar 2013 

 

The maximum flows occur together with the snow smelting and rain fall from 

May to August. The water flow during these four months represents 71.5 % of the 

regular (50 %) water flow. About 90 % of the annual precipitation occurs as 

rainfall from May to September. The flow is smallest in February (0.9 % of 

annual discharge at regular water flow).  

Ice formation is another important feature of local hydrology. Freezing starts 

typically in October and the northern rivers are fully frozen in November. Ice 

starts breaking in April and is free from ice by the end of the same month. 

 

2.2.4 Wind  

 
Mongolia has considerable potential for wind energy. Mongolia’s wind resources, 
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which can be classified as excellent for utility scale applications (power density of 

400-600 W/m2), occupy around 10% of the total land area. There are no resource-

based constraints for wind power development. The resources could potentially 

supply over 1,100 GW of installed capacity. All of the Aimags have at least 6,000 

MW of wind potential, three Aimags have at least 20,000 MW and nine Aimags 

more than 50,000 MW of wind power potential.  

Existing wind power installations are scattered and report rather poor performance. 

The largest wind turbines are of 150 kW capacities.  

Theoretically, the Government’s renewable energy target of 20% by year 2020 

could be reached by wind power alone. This would require approximately 600 

MW in installed wind power capacity producing 1,800 GWh of energy. The 

intermittent nature of wind power can be smoothened by geographic spread of 

projects. The wind power capacity of 600 MW would require about 100 MW of 

fast regulating capacity, such as hydropower or continued import from Russia, to 

be available.  

Figure 9 is a wind resource map for Mongolia and three licensed utility scale 

projects, which are currently under development: 

Figure 9: Wind Resources in Mongolia 

 
Source: ADB ‘Updating Energy Sector Development Plan (TA No. 7619-MON)’, Ulaanbaatar  2013 
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2.2.5 Solar  

 
Mongolia has resource potential for both solar power and solar heating. Solar 

irradiation ranges from 4.5 kW/m2per day in the northern part of the country, 

where recorded annual sunshine are less than 2,600, to 5.5-6.0 kW/m2per day in 

the Gobi area. Regions with high irradiation account for around 70% of the 

country, while those with intermediate levels of solar radiation cover 18% of 

Mongolian territory.  

The National Renewable Energy Program has promoted use of solar home 

systems for herder houses (100,000 Sun Rays Project) as well as for the use of 

solar PV for isolated soums to provide electricity for telecommunication, TV 

repeat stations, border control units and hospitals. At present there are no large-

scale grid connected solar PV projects implemented.  

A large solar PV project is proposed to be studied in the Gobi area similar to 

China’s 200 MW Golmud Solar Park or Indian 600 MW Gujarat project.  

Figure 10: Solar Resources in Mongolia 

 
Source: ADB ‘Updating Energy Sector Development Plan (TA No. 7619-MON)’,  Ulaanbaatar 2013 
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Solar heating is under-developed in Mongolia. One reason is that hot domestic 

water is provided by the district heating company. Therefore, there is no consumer 

level incentive to install individual roof-top solar heaters. Consequently, solar 

heating potential should be tapped by the district heat distribution companies and 

possibly housing companies at locations of the nearest heat exchange stations to a 

block of buildings, i.e. in the secondary networks, where domestic hot water is 

heated. Cold weather also poses challenges to low pressure water circulated 

systems and therefore frost-resisting liquids need to be used in the panels. 

Preliminary studies have been carried out and a proposal for a pilot system has 

been put forward by the Ministry of Energy.  

 

2.2.6 Geothermal  
There is tens of small hot springs in Mongolia and some of them are used for 

traditional health resorts and small-scale heating. Their value as a means of supply 

of commercial energy has so far estimated marginal. Further studies are needed to 

establish whether or not geothermal energy could provide a feasible local energy 

source for district heating. Some preliminary studies estimate that the cumulative 

flows of usable heat (>35 C)from hot spring sat Aimag levels, where there are 

some, arebetween1 to 15 MWh.  

Geothermal energy, when available, can be combined with heat pump technology 

to provide district heating. Even though a ground source heat pump can use the 

top layer of the earth's crust as a source of heat, thus taking advantage of its 

seasonally moderated temperature, any heat source that is warmer or more easily 

accessible can improve the efficiency of the system and lower its capital cost. 

Therefore low grade heat sources such as city waste water plants could be 

explored as potential heat sources for heat pump technology.  
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Figure 11: Geothermal Resources in Mongolia 

 
Source: ADB ‘Updating Energy Sector Development Plan (TA No. 7619-MON)’,  Ulaanbaatar 2013 

 

2.2.7 Uranium  
Mongolia has substantial known uranium resources and geological potential for 

more. Mongolia’s reasonably assured resources are 37,500 t U to the cost level of 

US$ 130/kg U and inferred conventional resources 11,800 t U, totally 49,300 t U 

(IAEA, Uranium Resources 2009).Uranium was produced from the Dornod 

deposit in Mongolia by Russian interests until 1995. Russian, Chinese, Canadian, 

Japanese and French companies have since then sought Mongolian government 

consents for their quest after Mongolia’s uranium potential. Mongolia joined 

IAEA in 1993. 
Figure 12: Uranium Resources in Mongolia 

 
Source: ADB ‘Updating Energy Sector Development Plan (TA No. 7619-MON)’, Ulaanbaatar 2013 
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In July of 2009 parliament declared all Mongolian radioactive mineral deposits 

strategically important and other regulation in relation to the nuclear energy 

industry was formalized in a Nuclear Energy Law. A protocol for establishing a 

JV by Russian ARMZ and MonAtom was signed for revitalizing uranium mining 

at Dornod. Plans for Dornod are not finalized but there is some expectation of 

production of 1,000-1,200 tU/yr from about 2015.  

Preliminary ideas for a nuclear power plant in Mongolia have been presented 

based on Russian, Toshiba 4S and Korean Smart reactor technologies. 

Ulaanbaatar, Dornod and Western Mongolia have been mentioned as potential 

locations. However, there are no definite plans for developing nuclear energy as 

for a domestic source of power and nuclear power does not appear in any 

approved power sector planning documents.  

There are 17 ore bodies of different sizes identified. Most of them are in (i) 

Dornod, (ii) Dornogovi, Dundgovi and Omnogovi, or (iii) in Hovsgol. Figure 15 

shows some of the most notable recent uranium mining development sites in 

Mongolia. 

 

2.3 ENERGY SUPPLY AND DEMAND  

 
Mongolia’s energy needs are met mainly by domestic generation in coal-fired 

power plants and for others by hydro powers, small size renewables and diesel 

generators. Since Mongolia doesn’t have own refineries, it is 100 % dependent on 

imported petroleum products from Russia and China. 
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Table 1: Structure of Primary Energy Supply by Source in Mongolia, 1,000 TOE 

 
1990 1995 2000 2005 2010 2012 

Growth rate p.a. (%) 
’90-
’95 

’95-
’00 

’00-
‘05 

’05-
’10 

Coal 
2,365 1,695 1,798 1,895 2,324 6,884 -6.5% 1.2% 1.0% 4.2% 
63.1% 73.1% 70.2% 67.7% 65.6% 80.7% - - - - 

Oil 
1,206 345 472 584 879 1,284 

-
22.1% 

6.5% 4.3% 8.5% 

32.2% 14.9% 18.4% 20.9% 24.8% 15.1% - - - - 

Hydro 
0.00 0.00 0.25 0.28 4.73 8.96 0.0% 0.0% 2.1% 76.0% 

0.00% 0.00% 0.01% 0.01% 0.13% 0.11% - - - - 
Traditional 
Fuels & 
Others 

175 277 293 321 337 348 9.6% 1.1% 1.8% 1.0% 

4.7% 12.0% 11.4% 11.5% 9.5% 4.1% - - - - 

Total 
3,746 2,317 2,564 2,800 3,545 8,526 -9.2% 2.0% 1.8% 4.8% 

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% - - - - 
Source: Ministry of Energy, Energy Statistics, Mongolia 2013 

 

Total primary supply is dominated by coal (80.7% in 2012), electricity production 

in the country largely being based on coal. Petroleum products comprise second 

largest share at 15.1% of TPES. Other sources including combustible renewable 

have a small share of 4.1% and hydro less than 1 %. 

Figure 13: Trends of Primary Energy Supply by Source, 1,000 TOE 

 
Source: Ministry of Energy, Energy Statistics, Mongolia 2013 

Coal Oil Hydro Traditional Fuels & Others
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Mongolia also experienced a significant structural change in energy demand by 

source over the last two decades years. This occurred as a result of changing 

political orientation from centrally planned economy into one that is market-based 

and private sector driven.  

During the economic transition period from 1990 until 1995 is characterized by 

significant decrease of TPES and total final consumption (TFC) in the country, 

followed by a period of modest increase of the energy supply and demand levels 

till 2005 with a more accelerated raise reaching 8.9 % annual increase of final 

consumption for the period 2005-2012. 

 

Table 2: Final Energy Demand by Sector in Mongolia, 1,000 TOE 

  
1990 1995 2000 2005 2010 2012 

Growth rate p.a. (%) 

’90-

’95 

’95-

’00 

’00-

‘05 

’05-

’10 

Industry 
1129 502 464 721 623 937 

-

15.0% 

-

1.6% 
9.2% -2.9% 

35.2% 31.9% 26.2% 36.6% 23.9% 26.7% - - - - 

Transport 
258 220 254 248 686 984 -3.2% 3.0% 

-

0.5% 
22.6% 

8.1% 14.0% 14.4% 12.6% 26.3% 28.0% - - - - 

Residential 
425 516 585 548 812 947 4.0% 2.5% 

-

1.3% 
8.2% 

13.3% 32.9% 33.0% 27.8% 31.1% 27.0% - - - - 

Comercial/ 

Public/Others 
1392 333 467 456 490 644 

-

24.9% 
7.0% 

-

0.5% 
1.4% 

43.4% 21.2% 26.4% 23.1% 18.8% 18.3% - - - - 

Total 
3204 1571 1770 1973 2611 3511 

-

13.3% 
2.4% 2.2% 5.8% 

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% - - - - 

Source: Ministry of Energy, Energy Statistics, Mongolia 2013 

 



- 29 - 
 

 

The current structure of TFC is dominated by petroleum products (36.5%) and 

heat (24.8%), followed by coal (13.7%) and electricity (15.1%). Compared with 

the first years of transition, there is evidence of substantial more than three-fold 

decrease in of coal consumption and increase in use of other fuels. Electricity and 

Oil keep constant absolute levels in the total energy consumption during the years. 

 

Table 3: Final Energy Demand by Source in Mongolia, 1,000 TOE 
  

1990 1995 2000 2005 2010 2012 
Growth rate p.a. (%) 

’90-’95 ’95-’00 ’00-‘05 ’05-’10 

Coal 
826 201 217 148 326 482 

-

24.59% 
1.52% -7.43% 17.18% 

25.8% 12.8% 12.3% 7.5% 12.5% 13.7% - - - - 

Oil 
1,092 273 443 570 876 1,281 

-

24.21% 
10.18% 5.16% 8.96% 

34.1% 17.4% 25.0% 28.9% 33.5% 36.5% - - - - 

Electricity 
228 161 154 216 290 531 -6.65% -0.94% 6.97% 6.14% 

7.1% 10.3% 8.7% 10.9% 11.1% 15.1% - - - - 

Heat 
884 658 663 718 782 869 -5.74% 0.16% 1.62% 1.72% 

27.6% 41.9% 37.4% 36.4% 29.9% 24.8% - - - - 

Traditional 

Fuels & 

Others 

174 277 293 321 337 348 9.72% 1.10% 1.85% 0.99% 

5.4% 17.7% 16.5% 16.3% 12.9% 9.9% - - - - 

Total 
3,204 1,571 1,770 1,973 2,611 3,511 -13.3% 2.4% 2.2% 5.8% 

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% - - - - 

Source: Ministry of Energy, Energy Statistics, Mongolia 2013 
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2.4 ELECTRICITY SECTOR  
The power sector in Mongolia is designed around an integrated system of coal 

production for the generation, transmission and distribution of power and heat. 

The overwhelming majority of our heat and electric energy was being generated 

by coal fired thermo power plants and the remaining small amount by hydro, wind, 

solar and diesel stations8. 

 

Figure 14: Structure of Power Generation Installed Capacity in 2012 

 
Source: Ministry of Energy, Energy Statistics, Mongolia 2013 

 

The power sector consists of three separated electric power systems: the Central 

Energy System (CES), the Western Energy System (WES), and the Eastern 

Energy System (EES). The Central Energy System is the main system with five 

generation, one transmission and four distribution companies. It supplies energy 

to the capital city and 17 aimags in central Mongolia and covers over 97% of the 

country’s total electricity consumption. The CES power supply is comprised of 

                                           
8 National Statistical Committee, National Statistical Yearbook, Mongolia, Ulaanbaatar 1999-
2012 
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five coal burning generating plants and an interconnection to UES of Russia. With 

the high increase of the final energy consumption in the recent years and the 

expectation for further increase, there are preliminary calculations that the peak 

load of the CES in 2014 could reach 811 MW, with total installed possible 

capacity of 840 MW. 

In 2012 Major part (92.7%) of electricity is produced in CHPs, 1.1% from 30 MW 

hydro and some small solar and wind plants. About 5.8 % of the electricity is 

imported from Russia during peak load. CES with the poor peaking capability of 

the essentially base-load plants is unable to properly follow the daily system 

demand. Therefore CES imports electricity from Russia during the peak periods9.  

Losses in the transmission and distribution systems are high; technical losses were 

about 14% in distribution and about 3.44% in transmission.  

District heating is usually provided from 15th September to 15th May each year 

for all sectors, but to 1st of May for governmental offices. Steam and hot water is 

provided all year round.  

The major suppliers of coal to the power industry are the Baganuur, Nariin sukhait, 

Shivee Ovoo and Tavan tolgoit mines with annual capacities of 10 million, 3 

million, 15 million and 20 thousand tons, respectively. Total coal production is 25 

million tons in 2010, of which some 5.5 million is used for power generation.  

The most recent available data on energy consumption in Mongolia’s regional 

heat and electricity systems shows that they consume about 25 percent of total 

coal production (25 million tons) used domestically in 2010. In addition to the 

regional coal-based energy systems, there is an isolated diesel-power generator 

that accounts for 0.4 % of electricity production. 

 

 

                                           
9 National Dispatching Center of power system, Energy Balances, Mongolia, 2013 
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2.5 Literature review  

 
The issue of energy Energy security has been researched by many researchers, 

Brown and Huntington (2008), mentioned that energy security and climate 

change protection have risen to the forefront of energy policy-linked in time and a 

perception that both goals can be achieved through the same or similar policies. 

Although such complementarities can exist for individual technologies, when 

policymakers choose the mix of individual technologies with which to reduce 

greenhouse gas emissions and enhance energy security. Optimal policy is 

achieved when the cost of the additional use of each technology equals the value 

of the additional energy security and reduction in greenhouse that it provides. 

Such an approach may draw more heavily on conventional technologies that 

provide benefits in only one dimension than on more costly technologies that both 

increase energy security and reduce greenhouse gas emissions. His study strongly 

suggested that energy security analysis must extend beyond traditional themes 

such as security of fossil fuel supplies and the efficacy of energy markets to 

incorporate emergent areas of importance including energy efficiency, 

engendering stable and clear price signals, providing affordably priced energy 

services, and enhancing the sustainability of energy technologies. 

Loschel et al. (2009), has shed some light on the concepts and indicators of 

energy security. Also he suggested an additional dimension along which 

indicators of energy security may be classified that ex-post and ex ante indicators. 

This paper illustrated his concept on the basis of several simplified indicators. 

While ex-post indicators are mostly based on price developments, ex-ante 

indicators are to a greater extent aimed at illustrating potential problems. His 

illustration suggested that it is worthwhile to take into account the market 

structure along with the political stability of exporting countries.  



- 33 - 
 

Jansen and Seebregts (2009), have reviewed some approaches to quantify levels 

and externalities concerning services security with special reference to the 

European Union. The key message was that an integrated approach is needed that 

status out to map, and analyses how to meet, the requirements of end-use energy 

services from the vantage point of the end users in the long run on a sustained 

basis. The concept of energy services security is proposed with a demand side 

focus. This enables application of an integrated approach to gauge the resilience 

of society to meet the needs of its population for energy services over longer 

timescales ahead from various interrelated perspective. Propositions are made on 

the attribution of security externalities to the use of fossil fuels, policies and 

suggestions for further improvements of measures for energy services security.  

Lefevre (2009), presented an alternative approach which focuses on gauging the 

causes of energy insecurity as a way to assist policy making. He also focuses on 

the energy security implications of fossil fuel resource concentration and 

distinguishes between the price and physical availability components of energy 

insecurity. He had defined two separate indexes as the energy security price index 

(ESPI) which based on the measure of market concentration in competitive fossil 

fuel markets and the energy security physical availability index (ESPAI) that 

based on the measure of supply flexibility in regulated markets. He had illustrated 

on two case studies about France and the United Kingdom looking at the 

evolution of both indexes to 2030 of ESPI and ESPAI.  

The results shown that increasing the rate of penetration of renewable and nuclear 

energy sources in the fuel mix will have a positive effect on both ESPI and ESPAI. 

The magnitude of the energy security benefits depends on the energy security 

profile of the fuel displaced. 

Winzer (2011), reviewed the multitude of definitions of energy security. Using 

stylized case study for three European countries, also he illustrated how the 

selection of conceptual boundaries along these dimensions determines the 
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outcome. Based on a review of security of supply literature, he found that the 

common concept behind all energy security definitions is the absence of, 

protection from or adaptability to threats that are caused by or have an impact on 

the energy supply chain. 

Grave et al. (2011), developed a methodology for deriving a consistent measure 

for supply adequacy in the power generation sector. She also considered the 

secured generation capacity of intermittent renewable energy sources such as 

wind. This paper analyzed two scenarios: one with prolongation of nuclear power 

plants and one with a nuclear phase out. Her results showed that, even though 

intermittent renewable only provide very limited secured generation capacity; 

security of electricity supply in Germany can be assured until 2015. Likewise, in 

the long term, the need for backup capacity for renewable energy sources 

increases as well as the need for electricity imports.  

Sovacool et al. (2011), provided an index for evaluating national energy security 

policies and performance among the United States, European Union, Australia, 

New Zealand, China, India, Japan, South Korea, and the ten countries comprising 

the Association of Southeast Asian Nations (ASEAN). He found that the top three 

performers of our index for all data points and times are Japan, Brunei, and the 

United States and the worst performers Vietnam, India, and Myanmar. Malaysia, 

Australia, and Brunei saw their energy security improve the most from 1990 to 

2010 whereas Laos, Cambodia, and Myanmar saw it decline the most. The article 

concluded by calling for more research on various aspects of our index and its 

results. He was concluded somewhat counter intuitive given advancements in 

technology and policy over the past two decades, notably greater diversification of 

energy supply to include renewable energy and investments in energy efficiency, 

stronger consensus about the necessity of dealing with climate change, and 

arguably better integrated markets for natural gas and oil. No country improved in 

all 20 of our metrics for all time periods, and sixteen countries saw their 
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performance on more than half of their energy security metrics deteriorate over 

the period analyzed; the exceptions were Japan and Brunei, and they still saw 

more than 40 percent of their metrics worsen. His index worryingly suggests that 

countries are struggling to improve their energy security relative to each other. 

Ryu et al. (2014), were compared the electricity-generation fuel mixes in two 

countries (Korea and Mongolia) with multiple energy policy goals and unique 

circumstances by looking at three scenarios reflecting the carbon emissions 

mitigation targets, differences in energy security levels and electricity-generating 

costs of each nation. Korea and Mongolia show clear differences in electricity-

generation structure related to import dependency, the potential of renewable 

energy and threats to energy security. Two objectives of policies targeting on 

carbon emissions mitigation and energy security improvement show 

complementarities in Korea as fossil fuels are replaced by renewable or nuclear 

power but emissions mitigation in Mongolia are trade-offs and improvement the 

energy security cannot be achieved with one strategy.  

In conclusion, national plans to achieve two goals differ by country as in the 

Korea; the appropriate portion of nuclear energy is the determining policy factor. 

In Mongolia, carbon capture and storage is the clear alternative for mitigating 

carbon emissions despite large renewable potential. 

 

Denholm and Margolis (2006), examined some of limits to large-scale 

deployment of solar photovoltaics (PV) in tradintional elcetric power systems and 

evaluated the ability of PV to provide a large fraction (up to 50%) of utility 

systems energy by comparing hourly output of a simulated large PV system to the 

amount of electircity actually usable in Texas, USA. His result showed that unlike 

conventional generators, intermittent sources of electricty could not respond to the 

variation in normal consumers demand patterns. And so much solar PV can be 

integrated into an electric power system before the supply of energy exceeds the 



- 36 - 
 

demand. This problem is exacerbated by conventional power systems, which have 

limited ability to reduce outpu of must-run base load generators. PV enabling 

technologies evaluated include increased system flexibility, dispatchable load, and 

energy storage. 

Detert  and Koji (2011), analyzed changing investment environment for 

renewable energy with real options approach, and explores its potential in 

developing economies through studying the case of Mongolia under coal 

uncertainty. Likewise, to evaluate comparative attractiveness of either continuing 

to use coal-based infrastructures or switching to renewable energy, he formulated 

social revenue functions for the two environments, assuming that renewable 

energy has lower external costs, and coal prices follow geometric Brownian 

motion or geometric mean-reverting processes. His conclusion was that to avoid 

welfare losses in Mongolia, the government should increase electricity price or 

switch to renewable energy earlier, espacially when people pay more for the 

removal of externalities.  

Zhang et al. (2012), reviewed concentrated solar power plants (CSPs), solar 

tower collectors (STC) advantages and presented a methodology to predict hourly 

beam irradiation from averages in selected 8 countries areas (Upington-RSA, 

Gerakdton-Australia, Marrakech-Morocco, Sevilla-Spain, Chuquicamata-Chile, 

Font Romeu-France, Sainshand-Mongolia and Ely-USA). To determine the 

optimum design and operation of the CSP throughout the year, whilst defining the 

required thermal energy storage or back-storage, an accurate estimation of the 

direct daily solar irradiation is needed. Results of the model appraoch is given for 

selcted locations, in both Northern and Southern hemisphere. Provided overall 

efficiencies will increased over the coming years, due to techniacl improvements, 

the solar energy contribution will increase, thus reducing the required backup, as 

will be discussed in follow-up paper, considering the overll design of the SPT 

plant.    
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Bussar et al. (2013), reviewed that in a future European power system with high 

shares of renewable energy system, the volatility of the generation creares a high 

demand of energy storage solutions to guarentee a secure energy supply for 

cusomers. His calculation showed geographical allocation of storage technology is 

based on various constraints. This leads to the conclusion, that energy storage and 

transmission is more economic than the installation of storage systems in each 

european regions. This can be explained by the energy-self supply boundary, 

which can be fulfilled by installing the rather cheap PV technology, but any 

reqiurements of power demand can be perfomed by the interconnection yo the 

surrounding wind dominant regions, which als has only a weak dependency on 

solar irradiation.  

Mohammadi and Mostafaeipour (2013), aimed to evaluate the potential of 

renewable energy sources of solar and wind in three free economic and industrial 

zones of Chabahar, Kish and Salafchegan in Iran. For the purpose, the available 

measured solar and wind data of the cities including horizontal global solar 

radiation, and wind speed data at 10 meters elevation were analyzed. Based on 

wind power classification at 10 meters height, Chabahar falls in class 1 and was 

recognized as an unsuitable location for wind energy development, while Kish 

and Salafchegan ranked in class 2. Analysis results for Kish and Salafchegan 

indicated that the wind potential of the cities are relatively limited, but there are 

potentials for some low capacity wind turbines which can be utilized for some 

applications such as electricity supply small buildings.  

D’haeseleer et al. (2013), focused on the technical feasibility (electricity 

generation and transmission) and CO2-impact of the German nuclear phase-out on 

the short term (2012-2022). A detialed electricity generation simulation model is 

employed, including the German transmission grid and its international 

connections. A range of different conventional and renewable energy sources 

scnerio is considered. His results presented for the change in generation mix, on 
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the flows on the transmission network and on operational reliability issues. The 

scenario analysis showed that nuclear generation will be replaced mainly by coal 

and lignite based generation. This resut increased CO2 intensitiy of the German 

electricity sector. Also results indicated that the German electricity export will be 

decreased and under certain circumstances, the system became infeasible.  

 

Joskow (2007), examined the evidence from the U.S. and some other countries 

indicates that organized wholesale markets for electrical energy and operating 

reserves do not provide adequate incentive to stimulate the proper quantity or mix 

of generating capacity consistent with mandatory reliability criteria. The main 

problem can be associated with the failure of wholesale spot markets for energy 

and operating reserves to produce prices for energy during periods when capacity 

is constrained that are high enough to support investment in an efficient mix of 

generating capacity. Finally, he found that policy reform program is compatible 

with improving the efficiency of spot wholesale markets, the continued evolution 

of competitive retail markets and restores incentives for efficient investment in 

generating capacity consistent with operating reliability criteria applied by system 

operators. 

Brown (2012), reviewed that in situ coal gasification also known as underground 

coal gasification (UCG) appears to be both technically and economically feasible 

and exhibits many potential advantages over the conventional mining methods. 

Ultimately, He concluded that UCG will compete in the marketplace with 

conventional and innovative gasification technologies to provide syngas for fuel 

and power applications, which will in turn compete against other fuels such as 

biodiesel and gasoline. In the coming years, these thechnologies will compete not 

just on an economic basis but on the costs and difficulties of managing CO2 

emissions.  

Nakaten et al. (2013), assumed that the study area is a coal deposit of 
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Carboniferous age with high rank bituminous coals located in Bulgaria. The deep 

coal seems are not suitable for conventional mining but may be exploitable by 

UCG. She was considered 120 geological sections of deep coal wells, 100 

geological sections of shallow wells. UCG-CCGT competitiveness must not be 

investigated at a local scale only, but also at national macro scale. These issues are 

addressed in Natalia Nakaten by interesting the techno-economical model 

developed to investigate UCG-CCGT economics at local scale to the macro scale 

energy system-modeling.  

Tola and Pettinau (2013), compared from the technical and economic points 

view, the performance of three coal-fired power generation technologies: ultra-

supercritical plant equipped with a conventional flue gas treament process, ultra-

supercritical plant with SNOX technology for combined removal of sulphur and 

nitrogen oxides and integrated gasification combined cycle plant based on a 

slurry-feed entrained-flow gasifier. Each technology was analysed in it 

configurations without and with CO2 capture, referring to a commercial-scale of 

1000MW. Technical assessment was carried out by using simulation models 

implemented throug Aspen plus and Gate-Cycle tools, whereas economic 

assessment was performed through a properly developed simulation model. His 

conclusion is that USC is less expensive than IGCC in their basis configuration, 

whereas the costs of CCS configurations are comparable. From the economic 

point view, the main differences between CO2-free configuration based on 

combustion and gasification are due to the operating phase.  
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Chapter 3. Methodology 
 
This chapter will propose three indicators--the energy security price index, the 

estimated carbon dioxide, and the results of a cost analysis per MWh-of the role 

of advanced energy technologies in Mongolia in the future electricity generation 

mix.  

 

3.1 How to measure policy targets 

 
Ryu et al. (2014) extended her research by updating the data sets and empirically 

examining the interactions associated with the electricity generation fuel mix in 

Korea and Mongolia.  This is because country-specific conditions, such as 

domestic fossil fuel reserves, import dependency, national renewable energy 

potential, specialization in a specific technology, and energy security threats, 

affect the interactions of energy policy targets. Therefore, by studying the 

aforementioned unique factors, energy policy-makers can best develop strategies 

for reaching the goals of their nation.  

In particular, fossil fuel price fluctuations are considered a main source of 

energy insecurity, and researchers must examine the levels of use of an electricity-

generating system by various fuel types because exposure to price risk in the 

international market depends on the fuel mix composition.  

The measure of price implications of resource concentrations has two 

components. First, the measure of the market concentration in each international 

fossil fuel market--referred to here as the “Energy Security Market Concentration 

(ESMC)”--is aimed at representing the ‘price risk’ resulting from fossil fuel 

resource concentration (See Eq. 1). Second, for a given country, exposure to these 
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price risks is incorporated in the Energy Security Price Index (ESPI), as shown in 

Eq. 2. 

 

3.2 Energy security market concentration (ESMC) 

          𝐄𝐄𝐄𝐄 = ∑ 𝑺𝒊𝒊𝟐𝒊                       (1) 

In the above equation, Sif is the percentage share of each supplier i in the 

international market for fuel f, defined by its net export potential (Sif varies from 0 

to 100). Based on the Herfindhal-Hirschman index, ESMC values vary between 0, 

which suggests a highly competitive market, and 10,000, for a pure monopoly. 

Therefore, a higher ESMC value implies higher insecurity. In the case of oil and 

coal, net exports from all countries are included in the measure of ESMC. In the 

case of natural gas, a distinction needs to be made between suppliers selling gas 

on competitive terms and suppliers selling gas through long-term regulated 

contracts. Only exports on competitive terms should be considered in the ESMC. 

According to Lefevre (2010), if the adjustment range from 1 to 3 were calculated, 

the weight given to the importance of political stability would reflect what?. 

 

3.2.1 Accounting for political stability 

𝐄𝐄𝐄𝐄𝐩𝐩𝐩 = ∑ �𝐫𝐢 ∗ 𝐄𝐢𝐢𝟐�𝐢                                        (2) 

 

The scale-up term, ri (which ranges from 1 to 3), is a political risk rating for 

country i. Two dimensions of World Bank worldwide government indicators, 

“political stability and absence of violence” and “regulatory quality,” were used to 

calculate ri. The average data from 2008 to 2012 were considered in certain years. 

The approach proposed in Eq. (2) assumes linearity in the scaling of the market 

share by political risk, but other approaches may be considered.  
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Table 4. Accounting for political stability in Mongolia 

World Bank worldwide 

government indicators 
2008 2009 2010 2011 2012 Total 

Modified 

value 

Ri (political stability) 0.57 0.60 0.59 0.60 0.45 0.56  0.56 

Ri (regulatory quality) -0.33 -0.28 -0.23 -0.20 -0.17 -0.24  0.241 

Ri (total) 0.4005 
Source: World Bank worldwide government indicators 

 

In this study, the ESMC for each fuel was calculated based on the estimated 

market share of the five top-ranked countries in net exports as projected for 2030.  

For Mongolia, the estimated calculations place the ESMC data in the following 

order: ESMCoil and ESMCimport-e. Because South Korea’s ESMC shows that it 

imports almost all its refined oil from Russia, with minor imports from China, it 

imports electricity mainly from Russia, and minimally from China during its load 

peak period. Other resources use the domestic energy potential. According to Ryu 

et al. (2014), if the adjustment range were calculated, the weighting given to the 

importance of political stability would reflect what?. In the case of oil and coal, 

net exports from all countries are included in the measure of the ESMC. In the 

case of natural gas, a distinction needs to be made between suppliers selling gas 

on competitive terms and suppliers selling gas through long-term regulated 

contracts. Only exports on competitive terms should be considered in the ESMC. 
 

3.2.2 Energy security price index (ESPI) 

               𝐄𝐄𝐄𝐄 = ∑ �𝐄𝐄𝐄𝐄𝐩𝐩𝐩−𝐢 ∗
𝐄𝐢

𝐓𝐄𝐄𝐄� �𝒊         (3) 

In the above equation, ESMCpol-f is the ESMCpol value for fuel f Ef is the 

country’s supply exposed to the ‘price risk’ of fuel f, and TPES is the country’s 

total primary energy supply. To calculate the energy security levels of the 
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electricity generation system in the country, the ESPI needs to be modified. To 

measure the electricity generation supply security, the total primary energy supply 

is replaced with the total electricity generation supply and shares each fossil fuel 

with the electricity generation supply from each fossil fuel that reflects each fossil 

fuel (What does this mean?) attributes and the efficiency of the electricity 

generation technologies. It (What?) can show the level of energy security in the 

electricity supply sector. Therefore, the ESPI can be modified as follows. 

According to Lefevre (2010), if the adjustment range from 1 to 3 were calculated, 

the weighting given to the importance of political stability would reflect what?. 

 

        𝐄𝐄𝐄𝐄𝐄𝐄𝐄 = ∑ �𝐄𝐄𝐄𝐄𝐩𝐩𝐩−𝐢 ∗ �
𝐭𝐩𝐄
𝐄𝐌𝐌

� 𝒊 ∗
𝐄𝐄𝐄𝒊

𝐓𝐄𝐄𝐄� �𝒊         

(4) 

In the above equation, (toe/MWh)f is a heat rate for electricity generation of fossil 

fuel f based on considerations of the characteristics of fossil fuel resources and the 

efficiency of the electricity generation technologies. TEGS is the total electricity 

generation supply, and EGSf is the electricity generation supply from fossil fuel f. 

The modified terms allow the conversion of a primary energy resource to 

electricity. In other words, energy security and the price index are important to 

fossil-fuel-exporting countries to reduce supply disruptions and political risk. A 

country that uses fossil fuel for a percentage of its market is represented in the 

fossil fuel supply sector. This can induce focus on competitive markets that are 

not pricing with regard to the risk of using imported fossil fuels. The countries 

whose market concentration in the supply sector are at risk of price fluctuations 

due to their exposure, to some extent, to judge particular fossil fuel importing 

country occupied by the entire fossil fuel appears as part of the representation of 

gravity (What does this mean?). 
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As a general principle, the inherent uncertainty in demand forecasting and the 

uncertainties of expectations of power plant performance, require the provision of 

a certain amount of reserves to avoid supply interruptions. Building additional 

generation capacity to provide these reserves increases the cost of the system, 

which needs to be weighed against the economic cost of supply interruptions. 

The level of reserves can be determined by incorporating the cost of unserved 

energy to internalize this trade-off in the optimization of the expansion plan. 

However, in the next three to five years, Mongolia’s Central Energy System 

reserve margin is expected to fall to a chronically low level. Add to this the 

prospect of industrial growth, and it is reasonable to adopt the reserve margin as 

the key planning criterion. The Mongolian power system reserve margin target of 

a minimum of 18% and an average of 25% was adopted for the period 2013 to 

2030. 

The Central Energy System is by far the most complex, requiring a sophisticated 

planning approach that involves economic optimization modeling of the 

integrated heat and power system. 

 

3.3 Carbon dioxide emission of fossil fuel 

 
Energy systems are for most economies largely driven by the combustion of fossil 

fuels. During combustion the carbon and hydrogen of the fossil fuels are 

converted mainly into carbon dioxide (CO2) and water (H2O), releasing the 

chemical energy in the fuel as heat.  
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Greenhouse Gas Emissions from Stationary Combustion 

 

 𝐄𝐄𝐢𝐄𝐄𝐢𝐩𝐄𝐄𝐄𝐆𝐄 𝐢𝐟𝐄𝐩 = 𝐅𝐟𝐄𝐩 𝐜𝐩𝐄𝐄𝐟𝐄𝐩𝐭𝐢𝐩𝐄𝐢𝐟𝐄𝐩 ∗ 𝐄𝐄𝐢𝐄𝐄𝐢𝐩𝐄 𝐢𝐟𝐜𝐭𝐩𝐫𝐄𝐆𝐄,𝐢𝐟𝐄𝐩 

 (5) 

Emissions of GHG gas, fuel, technology = Emissions of a given GHG by a type of 

fuel (kg GHG) 

Fuel consumption = Amount of fuel combusted (TJ) 

Emission factor GHG gas, fuel, technology = Default emission factor of a given 

GHG by type of fuel (kg gas/TJ). For CO2, its 3 (What does this mean?) includes 

the carbon oxidation factor, assumed to be 1. 

The Mongolian energy system uses only one type of fossil fuel: lignite. The use 

of lignite is, described below, measured in tons of coal equivalent. According to 

the tool, values need to be selected for the net calorific value, the CO2 emission 

factor, and the oxidation rates. 

CO2 is calculated in accordance with the 2006 IPCC Guidelines for National 

Greenhouse Gas Inventories, as follows: 

 The fuel consumption in energy units (TJ) is calculated either from the plant 

energy output by applying the plant’s Net Efficiency or from the actual fuel 

consumption of the plant by applying the Calorific Value of the fuel tonnage 

based on the Lower Heat Value (LHV). 

 The fuel energy is multiplied by the fuel-specific Carbon Emission Factors 

(CEFs), expressed as (t C/TJ), to derive the Net Carbon Emissions in the 

combustion. 

 The Net Carbon Emissions is multiplied by the Fraction of Carbon Oxidized to 

derive the Actual Carbon Emissions.  

 The Actual Carbon Emissions is multiplied by 44/12 to find the Total Carbon 

Dioxide (CO2) emitted from the fuel combustion. 
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3.4 Cost analysis for the fuel mix 

 
The levelized cost of energy (LCOE) is a handy tool for comparing units, 

including the cost of investment, fuel, operation, and management, of different 

technologies over their economic life. It would correspond to the cost of an 

investor, assuming the certainty of production costs and the stability of electricity 

prices. The calculation of the LCOE is based on the equivalence of the present 

value of the sum of the discounted revenues and the present value of the sum of 

the discounted costs. In fact, the LCOE is equal to the present value of the sum of 

the discounted costs divided by the total production adjusted for its economic time 

value. Another way of looking at LCOE is that it is equal to the price of the output 

(in our case, electricity) that would equalize the two discounted cash flows. In 

other words, if the electricity price is equal to the levelized average lifetime costs, 

an investor would precisely break even on the project. This equivalence of 

electricity prices and LCOE is based on the following two important assumptions 

(Lefevre, 2010). 

a) The interest rate “r” used to discount both costs and benefits is stable and does 

not vary during the lifetime of the project under consideration. Also, in keeping 

with tradition, this edition of the Projected Costs of Generating Electricity worked 

with both 5% and 10 % discount rates. 

b) The electricity price “Pelectricity” is stable and does not change during the 

lifetime of the project. All outputs, once produced, are immediately sold at this 

price. 

The actual equations should clarify these relationships. With annual discounting, 

the LCOE calculation begins with Equation (1) expressing the equality of the 

present value of the sum of the discounted revenues and the present value of the 

sum of the discounted costs. The subscript “t” denotes the year in which the sale 
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of the production or the cost disbursement takes place. All the variables are in real 

terms and thus, net of inflation, which is not considered. On the left-hand side, the 

discounted sum of all the benefits is given, and on the right-hand side, the 

discounted sum of all the costs is given. The different variables indicate the 

following: 

Electricityt:    The amount of electricity produced in year “t”; 

Pelectricity:    The constant price of electricity; 

(1+r)-t:     The discount factor for year “t”; 

Investmentt:   Investment costs in year “t”; 

O&Mt:    Operations and maintenance costs in year “t”; 

Fuelt:     Fuel costs in year “t”; 

Carbont:    Carbon costs in year “t”; 

Decommissioningt:   Decommissioning cost in year “t”; and 

LCOE=Pelectricity=∑ ((𝐄𝐄𝐈𝐄𝐄𝐭𝐄𝐄𝐄𝐭𝐭 + 𝐎&𝑀𝐭+𝐅𝐟𝐄𝐩𝐭 +𝐭

𝐄𝐟𝐫𝐂𝐩𝐄𝐭+𝐃𝐄𝐜𝐩𝐄𝐄𝐢𝐄𝐄𝐢𝐩𝐄𝐢𝐄𝐄𝐭) ∗ (𝟏 + 𝐫)−𝐭 /(∑ (𝐄𝐩𝐄𝐜𝐭𝐫𝐢𝐜𝐢𝐭𝐄𝐭 ∗𝐭  (𝟏 + 𝐫)−𝐭))    

(6) 

The preceding equation is the formula used in this study to calculate the 

levelized average lifetime costs based on the costs of investment, operations and 

maintenance, fuel, carbon emissions, and decommissioning provided by OECD 

member countries and selected non-OECD member countries, and industry 

organizations (Projected Cost of Generating Electricity 2010 edition, International 

Energy Agency). It is also the formula used in previous editions of the IEA/NEA 

series on the cost of generating electricity, as well as in most other studies on the 

topic. 

While calculating costs, several internal cost factors have to be considered. 

(Note the use of “costs,” which is not the actual selling price, since this can be 

affected by various factors such as subsidies on some kinds of energy, and sources 

and taxes on others) 
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Capital costs (including waste disposal and decommissioning costs for nuclear 

energy) tend to be low for fossil fuel power stations; high for wind turbines, solar 

PV, and nuclear energy; and very high for waste to energy, wave and tidal energy, 

and solar thermal energy. 

 Fuel costs - high for fossil fuel and biomass sources, very low for nuclear and 

renewable energy 

 Factors such as the costs of waste (and associated issues) and different insurance 

costs are not included in the following: works power, own use, or parasitic load-

-i.e., the portion of generated power actually used to run the stations pumps and 

fans has to be accounted for. 

Another key issue is the decision on the value of the discount rate r. The value 

chosen for r can often “weigh” the decision towards one option or another, so the 

basis for choosing the discount must be carefully evaluated. The discount rate 

depends on the cost of capital, including the balance between debt-financing and 

equity-financing, and the assessed financial risk (Projected Cost of Generating 

Electricity 2010 edition, International Energy Agency). 

In the case of Mongolia, most cost data are based on international references, as 

there is limited experience of recently realized utility-size power projects in the 

country. Efforts have been made to adjust the available cost information to 

Mongolian conditions. Feasibility studies of real projects in Mongolia have been 

used as references whenever possible. 

A higher reference value is given to the average cost data from China and 

Russia non-OECD countries than to plant costs from Europe or the USA. 

Provisions have been made to consider factors such as a land-locked location, 

transport distances of equipment deliveries, and the market (competition, 

perceived country risk, etc.).  

The construction phase in Mongolia is influenced by its climatic conditions, 

which may prevent the implementation of certain outdoor construction works 

http://en.wikipedia.org/wiki/Waste
http://en.wikipedia.org/wiki/Nuclear_decommissioning
http://en.wikipedia.org/wiki/Fossil_fuel
http://en.wikipedia.org/wiki/Power_station
http://en.wikipedia.org/wiki/Waste_to_energy
http://en.wikipedia.org/wiki/Wave_power
http://en.wikipedia.org/wiki/Tidal_power
http://en.wikipedia.org/wiki/Cost_of_capital
http://en.wikipedia.org/wiki/Financial_risk
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during the harshest winter months. The construction period is defined here as 

starting from the signing of the first contract for equipment delivery or 

construction. The harmonized estimates are as follows.  

 

Figure 15. Typical plant development and construction lead times 

 
Source: ADB ‘Updating Energy Sector Development Plan (TA No. 7619-MON),’ Ulaanbaatar 

2013 

 

The construction period is an important factor that contributes to the LCOE, as 

the discount rate causes the near costs to weigh more than the distant cash flows 

of the project benefits.  

The investment costs ($/MWh), which are commonly also called the “overnight 

costs,” i.e., the capital costs, excluding the financing terms, are expressed here as 

the “per gross capacity of the plant.” The costs include all equipment and 

construction costs, but also the so-called owner’s costs such as for project 

planning, technical design, project management, and construction time interest. 

However, the resulting capital costs ($/MWh) and LCOE ($/MWh) from the cash 

flow model have been calculated and expressed on the net power and energy 

produced by the plant (net on sent-out basis)--i.e., the plant’s internal use of 

Typical plant development and construction 
lead times 

Study & consent

Construction leads

Life time
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electricity and heat is deducted from the gross production of the turbine generators. 

Decommissioning costs are assumed to be 5% of the plant capital cost, except 

for nuclear power plants, for which they are estimated at 15%. The 

decommissioning cost is assumed here to be incurred in one year after the life of 

the plant. Because the decommissioning cost, when discounted over the life of the 

plant, has a relatively minor impact on the LCOE, the chosen simplification can 

still be regarded as acceptable.  

Finally, the costs of alternative technologies are based on the 2010 Non-

organization for Economic Cooperation and Development (non-OECD) data, (i.e., 

of China and Russia), which were calculated by LCOE per MWh. Even though 

estimates of costs are inevitably very uncertain, more reasonable policy decisions 

can be made under the principle of the least cost among the alternatives. 

 

 

3.5 Estimate “maximum” capacity of solar in Mongolia (FCS) 

 
Figure 17. Mongolian renewable resource 

 
Source: ADB ‘Updating Energy Sector Development Plan (TA No. 7619-MON),’ Ulaanbaatar 

2013 
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Table 8. Mongolian Solar Resource Estimates 

No. 
Electricity 

zones 

Wet 

season 

average 

(kWh/m2/ 

day) 

Dry season 

average 

(kWh/m2/day) 

Applicable 

land (km2) 

Total 

wet 

season 

GWh 

Total 

dry 

season 

(GWh) 

Total 

power 

(GWh/year) 

1 Central 2.99 5.19 3924.65 2124.0 3747.9 5872 

2 Western 2.99 5.19 4210.61 2278.7 4021.0 6300 

3 Eastern 2.99 5.19 4514.84 2443.4 4311.5 6755 

4 
Altai-

Uliastai 
2.99 5.19 5269.53 2851.8 5032.2 7884 

5 Gobi 2.99 5.19 5541.89 2999.2 5292.3 8291 

Total 23461.52 12697.1 22404.8 35102 

 

Source: US National Renewable Energy Laboratory, Mongolian National Renewable Center, 2010 

 

Install capacity (MW) =  𝐴𝐴𝐴𝐴𝐴𝐴 𝐺𝐺𝐴𝐺𝐺𝐴𝐺𝐺𝐺𝐴 𝐴𝐴𝐺𝐴𝐴𝐺 (𝑀𝑀ℎ)
(365 𝑑𝐴𝑑)(24ℎ/𝑑𝐴𝑑)�𝐶𝐴𝐶𝐴𝐶𝐺𝐺𝑑 𝐹𝐴𝐶𝐺𝐺𝐺 (%)�

  (7) 

Number of operating hours in the wet season = 1,116 

Number of operating hours in the dry season = 1,488 

Installed capacity in the wet season = 56 GW 

Installed capacity in the dry season = 75 GW 

Total installed capacity in the whole year = 131 GW 

Estimated supply load difference by season 

 

𝛼 = 𝑃𝐺𝐺𝑃𝐴𝑃𝐺𝐴𝐺𝐺𝑑 𝐺𝑜 𝑤𝐺𝐺 𝑠𝐺𝐴𝑠𝐺𝐴
𝑃𝐺𝐺𝑃𝐴𝑃𝐺𝐴𝐺𝐺𝑑 𝐺𝑜 𝑑𝐺𝑑 𝑠𝐺𝐴𝑠𝐺𝐴

= 37%
63%

= 0.587    (8) 

Installed capacity in the wet season = 56 GW x 0.587 = 33 GW 

Installed capacity in the dry season = 75 GW x 0.587 = 44 GW 
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3.6 Estimated supply load difference of technologies by season 

 
We assumed three kinds of technologies from solar energy (PV, concentrated 

solar power, and concentrated solar power with storage) in accordance with the 

Mongolian solar resource estimates. The weighted average availability of those 

three technologies were based on the following paper on concentrated solar power 

plants: Review and Design Methodology, H. L. Zhang, 2013. 

 

Table 9. Reliability of solar technologies in Mongolia 

Items 
PV CSP CSP with storage 

Dry 
season 

Wet 
season 

Dry 
season 

Wet 
season 

Dry 
season 

Wet 
season 

Installed capacity (MW) 1000 1000 1000 1000 1000 1000 

Average power (kWh/m2/day) 5.185 2.987 5.185 2.987 5.185 2.987 

Land occupancy (km2) 12.8 15.2 15.2 

Number of operating hours 1488 1116 1488 1116 3415 3000 
Total number of operating hours per 
year (8760 h) 2604 2604 6415 

Number of non-operating hours 1388 1016 1388 1016 3315 2900 
Total number of non-operating hours 
per year 2404 2404 6215 

Number of operating hours per year (%) 0.1698 0.1273 0.1698 0.1273 0.3898  0.3425  
Number of non-operating hours per year 
(%) 0.1584  0.1160  0.1584  0.1160  0.3784  0.3311  

Total number of operating hours per 
year (%) 0.2971 0.2971 0.7323  

Maximum power per year (GW) 98.8  42.7  117.3  50.7  269.1  136.2  

Total maximum power per year (GW) 141.4 167.9 405.3 

Secured capacity per year (GW) 156.5  49.5  185.8  58.8  1018.5  450.9  

Total secured capacity per year (GW) 205.96  244.6  1469.4  
 

As the preceding table shows, CSP with storage technology is more beneficial 

than other solar technologies. 
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Table 10: Assumptions of generation technologies 

Technologies 
Fuel 

Type 
Use from 

Life 

time 

Study & 

consent 

Constr

uction 

leads 

Running 

hours 

Weighted 

Average 

Availability

 % 

Investment 

costs 

($/MWh) 

Decommisio

ning costs 

($/MWh) 

Fuel&carbon 

costs 

($/MWh) 

O&M 

costs 

($/MWh) 

LCOE 

($/MWh) 

5% 5% 5% 

Coal fired 

power plant 
coal domestic 40 3 7 8000 50 9.61 0.03 23.06 1.68 34.38 

Diesel plant diesel import 25 1 3 8000 42.2 31.22 0.14 73.58 15.69 120.63 

Hydro plant hydro domestic 80 2.3 6.2 3550 36.6 21.92 0.10 0.00 1.37 23.39 

Imported 

Elec. 
import import - - - 8000 100 0.00 0.00 0.00 0.00 55.00 

Wind farms wind domestic 25 1 3 8000 25 65.33 -1.26 0.00 15.47 79.54 

Solar PV solar domestic 25 1 2 2604 14.2 162.60 -5.76 0.00 15.65 172.49 

IGCC 
gas, 

coal 
domestic 40 2 5 8000 57 27.75 0.10 23.24 8.32 59.41 

UCG+CCGT 
gasified 

to coal 
domestic 40 2 5 8000 58 13.85 0.05 33.64 5.50 53.04 

CSP solar domestic 30 1 2 2604 24 175.59 1.11 0.00 26.89 203.59 

CSP with 

storage (15h) 
solar domestic 30 1 2.5 6145 34 212.59 1.11 0.00 26.89 240.59 

Sources: ADB project-updating Energy Sector Development Plan in Mongolia (TA №7619-MON) 

Projected cost of Generating Electricity 2010 edition, International Energy Agency 

Energy Statistics 2013, ministry of Energy, Mongolia 

Concentrated solar power plants: Review and design methodology, H.L Zhang, 2013 
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3.7 Data and Scenarios Development 

 

Figure 18: Hierarchy of scenarios 
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Least cost oriented scenario 

Energy security price index 

Cost analysis for the fuel mix 

Carbon dioxide emission of fossil 

 

IGCC and UCG+CCGT oriented scenario  

Government scenario 
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The Government Scenario is designed based on "the Program on Integrated 

Energy System of Mongolia", which is official policy document of Power sector 

of Mongolia and enacted by Mongolian Parliament in 2002 and updated in 2007. 

Most power generation options and their commencement time are assumed from 

this document.  

Heat demand in Mongolia is supplied by five coal-fired CHP plants nowadays. 

Recently, Government of Mongolia made an Agreement with a Korean 

Consortium to build new CHP plant (№5) with 450 MW capacities in Ulaanbaatar. 

Hence, in the government scenario and the least cost scenario, CHP plants in 

Ulaanbaatar are assumed to operate base levels. 

The Least cost oriented scenario (no externalities) is reflects least-cost 

development without any externality cost and constraints (Only least cost 

optimization). Based on costs of generating electricity including the capital, 

operating and maintenance and fuel costs of those technologies, cheapest options 

will be chosen. Key data is inherited from Data assumptions of generation 

technologies 

The solar oriented scenario (renewable development) reflects increase of 

renewable share on total electricity production (Renewable target). In the 2012, 

less than 2 % electricity was generated from renewable resources in Mongolia. 

According to ‘National Program for Renewable Energy’, which was approved by 

Mongolian Parliament in 2005, there is task to increase this share up to 3-5 % in 

2010 and 20-25 % in 2020. In this scenario, it is assumed that renewable share on 

total production will reach at 50 % in 2030. Maximum capacity of solar potential 

in Mongolia (compared between solar PV, concentrated solar plant and 

concentrated solar plant with storage) was assumed as Unlimited and hydro was 

assumed as 500 MW (more hydro research will be done in near year). 

The IGCC and UCG+CCGT oriented scenario reflects worldwide energy 

trends and creates secondary energy conditions in Mongolia. This scenario is 
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designed and based on 2030 which considers the Mongolia available potential 

coal gasification production due to its natural resources. In addition, we will be 

built domestic refineries and IGCC, UCG+CCGT; we can close the gap of 

imported oil consumption. On the other hand, the Mongolian energy sector’s 

transformation brings with it a critical need to modernize its aging energy 

infrastructure and to reform its power, heat distribution and changing electricity 

price.  

Demand response: we included demand response in all of the scenarios. In order, 

to introduce demand-side response in a simple way into the example, it is 

convenient to conceptualize “demand response” as a ‘generation’ technology 

option through which demand is paid to reduce consumption. This turns out as 

well to be the way that system operators often think about demand response under 

operational conditions. The payments induce demand response are set to reflect 

the marginal value consumers place on consuming less energy in the very short 

run or VOLL (see Stoft, 2002, chapter 2-5). The numerical example in all 

scenarios used a constant value of $4000/MWh for VOLL. This value is well 

within the range of available estimates used in practical applications (e.g., in the 

old E&W pool and in Australia) and estimated in the literature (Joskow, 2007). 
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Chapter 4-Analysis on Mongolian energy sector 

and scenarios 
 

4.1 Review of Government of Mongolian Energy Policy 

 
Review the Government of Mongolia's present and proposed energy sector policy, 

strategies, laws, regulations, and sector organizations. Identify gaps between 

achievements and goals in the sector policy and strategy. 

A useful point of reference providing clear statements of the energy policy of the 

Government of Mongolia is the documented Program on Integrated Power Energy 

System of Mongolia (PIPES) ratified by the Parliament in late 2007. The PIPES 

program included a set of energy strategies as follows: 

To create in Mongolia an independent and reliable power system and to create an 

efficient energy generation complex with energy losses as low as possible;  

ii. Export power to be generated by sources properly located throughout the 

country;  

iii. Restructure energy generation sources and make power supply in urban and 

settled areas reliable by defining the Energy Economic Policy, introducing new 

and efficient technology and equipment and utilizing renewable energy sources;  

iv. Secure power supply reliability in regional areas by constructing hydropower 

plants and high voltage transmission lines to connect these plants, to strengthen 

the energy system in the Western Region in order to produce further effective 

regime and work and form IPSM through connecting thereof to the Central 

Energy System; and  

v. Develop laws and legal basis and management system in the market economy 

principles and increase participation of the private sector in the fuel and energy 
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sectors.  

These statements fell under three main energy policy streams 1) Energy & 

Economic Growth Policy, 2) Environmental Policy, and 3) Energy Independence 

Policy. It is useful to examine these statements separately and in the context of 

international practices in energy policy. 

To create in Mongolia an independent and reliable power system and to create 

an efficient energy generation complex with energy losses as low as possible10; 

The underlying policy is to become largely independent as an energy producer, 

without compromising the reliability of the energy system or unduly increasing 

energy losses.   

The policy has not been implemented effectively. Since 2007, Mongolia’s 

dependence on Russia has been increasing steadily. The Mongolian electricity 

System Reserve Margin has been declining to a point where dependence on 

Russian is at a high level. It is clear from the operations statistics that the reserve 

margin has been managed to maintain an adequate security of supply but this has 

been done by increasing dependence on Russia for needed capacity. Whilst the 

cost of imported Russian energy acts as a signal to invest in Mongolian capacity it 

seems clear that the signal has not provided the stimulus necessary to maintain 

energy independence.   

The historical performance of the CES has been modeled to determine the Loss of 

Load Probability (LOLP), Expected Energy Not Served, and Reserve Margin of 

the CES for the years 2004 to 2011.The simulation results show the deterioration 

in the Reserve Margin since 2004.   

 

 

 
                                           
10 Program on Integrated Power Energy System of Mongolia (PIPES) ratified by the Parliament in 
late 2007 
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 Table 11: Historical reliability of performance  

year LOLP % RM % 
EENS 

MWh 

Russia 

MW 

2004 1.07 20 9,120 120 

2005 1.10  20 9,230 160 

2006 1.07 19.7 10,000 160 

2007 1.71 12.7 15,180 160 

2008 3.43 4.5 18,850 120 

2009 2.8 2.9 15,550 160 

2010 2.3 3.1 20,050 180 

2011 5.37 -4.3 41,000 200 
ADB project-updating Energy Sector Development Plan in Mongolia (TA №7619-MON) 

 

Export power to be generated by sources properly located throughout the 

country. 

The underlying policy appears to support a regional development strategy. It 

addresses a concern that power plants built for export to China should be located 

in the southern half of the country or closer to the border of China, and in the case 

of expert to Russia in the northern half of the country.  

As no export has taken place since 2007 this policy is not operative. 

Restructure energy generation sources and make power supply in urban and 

settled areas reliable by defining the Energy Economic Policy, introducing new 

and efficient technology and equipment and utilizing renewable energy sources; 

The underlying policy is to support renewable energy production using new 

technology.  Clearly the Mongolian Renewable Energy Law supports this policy 

and policy targets have been set under the law 

The use of renewable energy in a developing country with abundant, low cost coal 

is likely to be constrained by affordability.  
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Renewable energy, most notably hydropower, wind and solar energy, is also 

abundantly available in Mongolia. However, clean energy technology can be three 

to five times more costly than conventional conversion processes, especially as 

the traditional coal-based energy system of Mongolia is under pinned by the 

supply of extremely cheap domestic, and in most cases, local coal.  To exploit 

renewable energy opportunities some form of subsidization for wide-spread 

adoption is needed. Mongolia has therefore established a feed-in tariff scheme, 

which has enabled first large-scale investments in non-hydro clean energy. The 

introduction of significant amounts of non-hydro renewable energy sources also 

poses operational challenges, particularly when such sources are operated in 

remote areas.   

 

4.2 Demand forecasting of electricity 

 
There exists no official electricity demand outlook for Mongolia nowadays. 

Therefore, the recently developed ADB project ‘Updating Energy Sector 

Development Plan (TA No. 7619-MON)’ is used in the study. In the ADB project, 

it is assumed that Electricity demand grows at a compound rate of around 8 to 10% 

per annum over the next five years on the grounds that Mongolia’s recent 

economic performance will be sustained during this period. There is some 

uncertainty regarding the demand growth beyond five years with timing of growth 

dependent on the manner and rate at which industrialization will occur – on the 

one hand a ‘minerals and mineral processing’ boom could be anticipated while on 

the other hand ‘livestock-based industries’ would see a more modest growth rate 

in electricity consumption.  

According to the project, the demand growth due to minerals and mineral 

processing is not expected to taper off over a 20 to 30 year planning horizon. The 
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spurt from industrial growth will likely gradually dissipate after 2030, after which 

efficiency improvements and a general shift from energy-intensive industries to a 

more diversified economy over time will see economic growth continue with 

reduced electricity demand growth.  

The impact of electricity price increases are not included in the electricity demand 

forecasts; an increase in efficiency might be expected if low-term increases were 

high and impacted on industrial and other consumption patterns. Demand-side 

management programs could also potentially reduce the overall demand growth 

marginally over this period but are also not included in the demand forecasts. 

Taking these factors into account, there may be scope to adjust the timing of 

supply expansion but in terms of a relative comparison the impact will be 

common between plans, and in any case is likely not to be material in terms of 

investment needs. 

 

Figure 19: Electricity low demand of Mongolia (not including mining’s) 

 
ADB project-updating Energy Sector Development Plan in Mongolia (TA №7619-MON) 

M
W

 

Electricity low forecast of Mongolia  
(not including minings) 

organic growth

current installed capacity
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As shown in the figure, electricity demand was expected to increase from 918 

MW in 2014 to 2517 MW in 2030 respectively.  

A low demand forecast – this forecast includes ‘organic’ growth associated with 

existing domestic, commercial and industrial consumers. In the context of 

Mongolia’s current demand, Oyu Tolgoi (OT) and Tavan Tolgoi (TT) are 

significant large loads and forecasts with and without OT and TT have been 

prepared to understand the impact of these mines.  

In the study, the low demand forecast was used in all scenario development. 

Here was not possible to involve heat only production technology under 

electricity production branch that is also produce heat as a co-product (from 

Combined Heat and Power technology) besides electricity. The heat demand is 

not considered in the study. But we assumed that total demand of 2030 is 2517 

MW and at same time winter day time’s demand will be existed 2110 MW and 

winter night time’s demand will be 1712. Whereas in 2030, summer time’s 

demand will be existed 1485 MW and summer time’s night demand will be 1098 

MW. 

 

4.3 Scenarios analysis 

 
In this study, ESMC for each fuel is calculated based on the estimated market 

share of the five top-ranked countries in net exports as projected for 2030.  

Table 12: Projected cost ($/MWh) of alternative technologies, carbon dioxide 

(CO2) emissions per MWh and ESMCpol-f in the power geneartion sector of 

Mongolia 2030 
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Resourc
e 

Candidate 
tegchnologie

s 
ESMCpol-f 

CO2 
(TCa) 
per 

MWh 

Investme
nt costs 

($/MWh) 

Fuel&carbo
n costs 

($/MWh) 

O&Mb 
cost 

($/MW
h) 

Total 

cost 

($/MW

h) 

Coal 
Coal-fired 
plantc - 0.4138 9.61 23.06 1.68 34.35 

Oil Diesel plant 1066.7 0.2785 31.22 73.58 15.69 120.49 

Wood 
and 
(argal) 

Traditional 
fuels & 
others 

- 0.1290  0.00  3.50  0.00  3.5 

Coal and 
Gasifer IGCC - 0.3391 27.75 23.24 8.32 59.31 

Gasifer 
to coal 

UCG+CCGT - 0.2303 13.85 33.64 5.50  52.99 

Renewa
ble 

Wind farm - 0.0000  65.33 0.00  15.47 80.8 

Hydro plant - 0.0000  21.92 0.00  1.37 23.29 

Solar PV - 0.0000 162.6 0.00 15.65 172.49 

CSP with 
storage (15h) - 0.0000  212.59 0.00  26.89 239.48 

Imported electricity 1613.8 - - - - 55.00  

a- tonne of carbon 

b- Operation and management 

c- Pulverized coal combustion with lignite coal  

 

For Mongolia, we estimate calculations place the ESMC data in the following 

order: ESMCoil, ESMCimport-e. Because of our countries ESMC related that all 

refined oil is imported mainly from Russia with some minor import from the 

China, South Korea and importing electricity from Russia with import of small 

size from the China in load peak. Other resources use from internal energy 

potential. If we build new domestic refineries, medium scale hydro power plant, 

integrated gasification combined cycle (IGCC) plants and underground coal 

gasification plus combined cycle gas turbine (UCG+CCGT), we can close the gap 
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of imported oil consumption and imported electricity. In 2030, we will be started 

to supply by internal resources and potential for the consumers. 

As shown in table 12, Coal-fired plant (CFP) and integrated gasification 

combined cycle (IGCC) plants in Mongolia operate with lower fuel cost than 

diesel plant and underground coal gasification plus combined cycle gas turbine 

(CCGT). But these technologies emit more CO2 than other technologies. The 

diesel plant’s cost is higher than other based on coal technologies. Whereas we 

can shift from diesel plant to another technologies. The integrated gasification 

combined cycle (IGCC) is an electrical power generation system which offers 

efficient generation from coal with lower effect on the environmental coal power 

plants. Among coal-fired plants, IGCC technology has been successfully 

demonstrated over the years. Renewable technologies, except hydro power plant, 

are the costliest candidates. The concentrated solar plant with storage is the most 

expensive candidate in Mongolia, costing almost 8 times that coal-fired plant’s 

cost. Likewise, coal-fired plants show the most emissions. Therefore we designed 

country scenarios in which alternatives are used for coal-fired plants. However, 

imported electricity costs more than that generated by the coal-fired plants, which 

are mainly used for electricity generation in Mongolia. By that peak-load imports 

can be inferred. Underground coal gasification plus combined cycle gas turbine 

(UCG+CCGT) plant’s CO2 emission is less than other based on coal technologies. 

Also its cost is simillar IGCC. In other hands, UCG+CCGT has some 

environmental benefits relative to conventional mining including (i) in discharge 

of tailings, (ii) rediced sulfur emissions (iii) reduced discharge of ash and (iv) the 

additional benefits of carbon capture and sequestration. Coal resources that are not 

suitable for conventional mining are ideally suited for UCG+CCGT. This 

technology is based on 2030 which considers the Mongolian available potential 

coal gasification production due to its natural resources.  
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Table 13: Levelised cost of energy ($/MWh) of current and alternative technologies, carbon dioxide (CO2) emissions per MWh  

and ESPI in the power geneartion capacity 1000MW of Mongolia 2030 

 

Resource 
Candidate 

technologies 

fuels 

use 

from 

ESPIgend 

Reliability (secured capacity) 

LCOE 

million$ 

Fixed cost 

million 

$ (Fuels& 

carbon cost 

+O&Mb) 

CO2 

million 

(TC)a  

Export 

(Annual sales 

energy 

amount 

(GW/year)) 

Running 

hours 

Weighted 

average 

availability 

Annual 

Generation 

energy 

amount 

(GW/Year) 

Coal 
Coal-fired 

plantc internal - 8000 h 50% 4000 137.5 98.9 1.6 3320.0 

Coal and 

Gasifer 
IGCC internal - 8000 h 57% 4560 270.9 143.9 1.5 3784.8 

Gasifer to 

coal 
UCG+CCGT internal - 8000 h 58% 4640 246.1 181.6 1.0 3851.2 

Solar 
CSPe with 

storage (15h) 
internal - 6145 h 34% 2089 502.9 56.1  - 1838.6 

 
a- tonne of carbon 

b- Operation and management 

c- Pulverized coal combustion with lignite coal 

d- Energy security price index-generation  
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e- Concentrated solar power with storage 

 

Sources: 

 ADB project-updating Energy Sector Development Plan in Mongolia (TA №7619-MON) 

 Projected cost of Generating Electricity 2010 edition, International Energy Agency 

 Energy Statistics 2013, ministry of Energy, Mongolia 

 Concentrated solar power plants: Review and design methodology, H.L Zhang, 2013 
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As a table 13 shown, we examined to compare that between concentrated solar 

plants with storage (CSP), coal fired plant (CFP), integrated gasification 

combined cycle plan (IGCC) and Underground coal gasification-fuel combined 

cycle gas turbine (UCG-CCGT). Also we chose same capacity 1000 MW and 

considered in four kinds of plants. Besides ESPIgen is O because of we use 

internal resources. In terms of weighted average availabilities, considering the 

latest technologies in the world, coal-fired plant (CFP-50%), integrated 

gasification combined cycle plan (IGCC-57%) and Underground coal 

gasification-fuel combined cycle gas turbine (UCG-CCGT-58%) higher efficiency 

than concentrated solar plants with storage (CSP-34%). And also those kinds of 

technologies average power are higher than CSP and their annual generation 

energy amounts will be generated (CFP-4000GW/Year, IGCC-4560GW/Year, 

and UCG-CCGT-4640GW/Year than CSP-2089GW/Year). It means that 

technologies can work in more reliability. Moreover CSP with storage technology 

is depending on solar radiation (6145 hours per year) whereas others are depend 

on fuel example is coal (8000 hours per year), gasified to coal and underground 

gasified fuel (8000 hours per year). A likewise those technologies annual sales 

energy amount are shown obviously that coal fired plant (CFP), integrated 

gasification combined cycle plan (IGCC) and Underground coal gasification-fuel 

combined cycle gas turbine (UCG-CCGT) can sale more electricity per year than 

concentrated solar plants with storage (CSP) amount of energy sales and those 

technologies can cost recovery as short terms. Additionally, CSP with storage 

technologies LCOE are these kinds of technologies around 2 or 3 times higher 

than others technologies. In terms of land occupancy, CSP with storage 

technologies require higher land than other technologies. But CSP with storage 

technologies don’t emit CO2. So that IGCC (1.5 million CO2) and UCG-CCGT 

(1.0 million CO2) technologies emit less CO2 than CFP (1.6 million CO2). In 

terms of export, based on coal and gasify technologies are more reliability than 
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CSP technology.   

 

4.4 Analysis of Government scenario 

 

THE GOVERNMENT GENERATING CAPACITY MIX (by 2030 year) 

 

Government scenario means a base for measuring the change induced by change 

in fuel mix. In the study, electricity-generation mix for 2030 year, assuming the 

business as usual, is used for government scenario. It showed similar fuel mix as 

that of 2014, which actually operates.  Our intension was to focus on the change 

of energy security and the total cost that includes fixed carbon emission target, 

which is induced by only fuel mix changes. This led us to select fuel mix of 2030 

(BAU) as Government scenario. This government scenario was modified under 

data using current technologies and availability future projects.   

Table 14: the Government scenario’s generating capacity mix estimated the COST 

in 2030 

 

Technologies 
Demand 
capacity 
by 2030 

Share 
(%) 

Weighted 
Average 

Availabilit
y % 

Operati
on 

Hours 

Investmen
t costs 

($/MWh) 

Fuel&car
bon costs 
($/MWh) 

O&M 
costs 
($/M
Wh) 

Total cost 
(Us dollar) 

5% 
Coal-fired plant 1580 62.8 50 8000 9.61 23.06 1.68 434184000 

Diesel plant 350 13.9 42.2 8000 31.22 73.58 15.69 337372000 

Hydro 130 5.2 36.6 3550 21.92 - 1.37 10748335 
Traditional fuels 
& others 10 0.4 10 8760 - 3.50 - 306600 

Imported Elec. 200 7.9 100 8000 - - - 88000000 

Wind 130 5.2 25 8000 65.33 - 15.47 84032000 

Solar PV 100 4.0 14.2 2604 162.6 - 15.65 46416300 

Demand response 17 0.7 - 20 - - 4000 1360000 

total 2517 100.0 - - - - - 100241923
5 
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The government scenario included committed plants, namely new CHP5 (design 

capacity of 450 MW), expansion capacity of CHP4 in 100 MW and Darkhan 

thermal power plant, refurbishment capacity of CHP3 100 MW, the 50 MW 

capacity of “Newcom” wind farm, capacity of 110 MW Shuren Hydro power 

plant and 100MW solar PV. In addition, in order to achieve 20% share of 

renewable energy objective, the government scenario has extended renewable 

potential (share of wind 5.2%, Solar 4.0%, and Hydro 5.2%). In accordance with 

the above projects, Mongolia will be used dominant coal-fired plants (62.8%), 

Hydro (62.8%), diesel plants (13.9%). In figure, it is estimated that the total costs 

of technology by fuel is around 1.0 billion us dollar in 2030. The cost of imported 

electricity will be increased by 2030. Because of the Mongolian national policy 

measures taken by the government that its implementation is very slow and there 

is a bold step considered as imports increase in power consumption. 

 

Table 15: the Government scenario’s generating capacity mix estimated the ESPI in 2030 

Technologies 
Demand 
capacity 
by 2030 

Share 
(%) Use from 

International 
Market Share, 

Sif (%)  

Political 
Risk 

Rating 
(Ri) 

ESMCpol-f 
(toe/ 

MWh)f 
ESPIge

n 

Coal-fired 
plant 1580 62.8 Domestic - - - - - 

Diesel plant 350 13.9 Russia 
&China 51.61 0.4005 1066.769 0.099 16.49 

Hydro 130 5.2 Domestic - - - - - 
Traditional 
fuels & others 10 0.4 Domestic - - - - - 

Imported 
Elec. 200 7.9 Russia 

&China 63.48 0.4005 1613.899 0.094 6.81 

Wind 130 5.2 Domestic - - - - - 

Solar PV 100 4.0 Domestic - - - - - 
Demand 
response 17 0.7 - - - - - - 

total 2517 100.0 - - - 2680.668 0.193 23.29 
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As shown table 15, we assumed to calculate that ESPIimport electricity, ESPIoil kept the 

number of energy security price index in Mongolia. It means that security index is 

worse in the government scenario to 23.29 due to security. Because of the policy 

has not been implemented effectively. Since 2007, Mongolia’s dependence on 

Russia has been increasing steadily. The Mongolian electricity System Reserve 

Margin has been declining to a point where dependence on Russian is at a high 

level. It is clear from the operations statistics that the reserve margin has been 

managed to maintain an adequate security of supply but this has been done by 

increasing dependence on Russia for needed capacity. Whilst the cost of imported 

Russian energy acts as a signal to invest in Mongolian capacity it seems clear that 

the signal has not provided the stimulus necessary to maintain energy 

independence. 

 

Table 16: the Government scenario’s generating capacity mix estimated the CO2 

in 2030 

 

Technologies 

Demand 

capacity by 

2030 

(2517MW) 

Weighted 

Average 

Availability % 

Operation 

Hours 

CO2 

(TC/per 

MWh) 

total CO2 by 

fuels (TC) 

Coal-fired plant 1580 50 8000 0.4138 5230432 

Diesel plant 350 42.2 8000 0.2785 779800 

Hydro 130 36.6 3550 - - 

Traditional fuels & others 10 10 8760 0.129 11300.4 

Imported Elec. 200 100 8000 - - 

Wind 130 25 8000 - - 

Solar PV 100 14.2 2604 - - 

Demand response 17 - 20   - 

total 2517 - - - 6021532.4 



71 
 

 
Under the government scenario, the CO2 emissions are from coal-fired plant 

(5230432 TC/MW), diesel plant (779800 TC/MW) and traditional fuels and 

others (11300.4 TC/MW). The coal-fired plant and diesel plant emits more CO2. 

Because of The use of renewable energy in a developing country with abundant, 

low cost coal is likely to be constrained by affordability. Therefore Mongolian 

government has focused on coal. On other hands, In Mongolia, the extreme cold 

weather conditions have laid a foundation for the provision of heat and power by 

CHP plants. More than half of the population obtain heat supply from a 

centralized energy source via a district heating network and have come to depend 

on centralized heating as an all-important lifeline. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



72 
 

4.5 Analysis of Oriented scenario;  
4.5.1 Least cost oriented scenario 

Figure 20: LEAST COST GENERATING CAPACITY MIX 
Total cost (USD million)         
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Table 17: Least cost of generating capacity mix estimated the COST in 2030 
 

Technologies 

Demand 
capacity 
by 2030 

(2517MW
) 

Weighted 
Average 

Availability
 % 

Running 
Hours 

Investment 
costs 

($/MWh) 

Fuel 
&carbon 

costs 
($/MWh) 

O&M 
costs 

($/MWh) 

Total cost 
(usdollar) 

5% 

Hydro plants 500 36.6 1778 21.92 0.00 1.37 20704810 
Coal fired 

power plants 1000 50 8760 9.61 23.06 1.68 30090600
0 

UCG+ 
CCGT 
plants 

1000 58 5333 13.85 33.64 5.50 28259567
0 

Demand 
response 17 - 20   4000 1360000 

605566480 

 
Joskow (2007) mentioned that more importantly, from an investor’s perspective 
the comparative total costs of the three technologies depends in part upon how 
many hours each years it is anticipated that each will be economical to “dispatch” 
to supply electricity. If generating unit is expected to operate economically 
(profitably) for 8760 hours per year, the base load technology in the example is 
the lowest cost choice.  
For this example in Mongolian case in 2030, (See Table 17 ) displayed the least 
costs portfolio of generating capacity and demand response, the total costs for 
each technology and for the system in the aggregate, and the most efficient 
utilization running hours for each technology with weighted average availability.   
According to our examined in the least cost mix, the CFP, UCG+CCGT and 
Hydro power plants are the cheapest than other technologies for Mongolian case. 
And CFP will be operated as base load for Mongolian energy system in 2030 
(1000 MW). Also the coal is an abundant resource and currently, it operates as 
base load in Mongolia. The UCG+CCGT technology will be operated as 
intermediate load in 2030 (1000MW). In terms of Hydro, it can meet to supply 
electricity for peak load. Because of this technology can operate during peak load 
as well the ability to maneuver.  
Likewise, we calculated total cost of each technology. The CFP is 300.9 million 

us dollar. The UCG+CCGT is 282.5 million us dollar. Whereas the hydro power 

plant is 20.7 million us dollar. But we also solved that the demand response is 1.3 

million us dollar.  

Table 18: Least cost of generating capacity mix estimated the CO2 in 2030 
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Technologies 

Demand 
capacity by 

2030 
(2517MW) 

Weighted 
Average 

Availability % 

Running 
Hours 

CO2 
(TC/per 
MWh) 

total CO2 
by fuels 

(TC) 

Hydro plant 500 36.6 1778 -  
Coal fired power 

plant 1000 50 8760 0.4138 3624888 

UCG+CCGT 1000 58 5333 0.2303 1228189.9 

Demand response 17 - 20 
  

4853077.9 

 

As table shown, we assumed to calculate carbon dioxide of the least cost 

technologies in 2030 respectively. The coal-fired plant will be emitting about 

3624888 CO2 tone of carbon. The UCG+CCGT technology will be emitted totally 

1228190 CO2 tone of carbon. Whereas the hydro power plant does not emit CO2. 

Likewise, UCG+CCGT technology emitted less CO2 than the CFP. When total 

CO2 of least cost mix of generating technologies will be emitted CO2 totally 

4853077.9 tone of CO2 in 2030.  
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4.5.2 SOLAR ORIENTED SCENARIO (RENEWABLE 

DEVELOPMENT) GENERATING CAPACITY MIX (by 2030year) 
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Table 19: Estimates 1000 MW capacity CSP with storage technology can generate 

energy in one year 
Technology 1 2 3 4 5 6 7 8 9 10 11 12 

CSP with 

storage 
247.8 347.3 448.6 527.1 761.0 810.1 

1076.

8 
969.3 814.0 672.9 372.1 247.8 

 
The Government’s renewable energy target indicates indirectly a preference for 

decreased reliance on coal as the only fuel source for electricity. It has been 

assumed in the Energy Master plan that Government policy, as well as Ministry 

directives, will support the promotion of greater diversity of the energy mix, 

through inclusion of renewable options.  

We examined that selected 3 kinds of solar technologies (solar PV, CSP, CSP 

with storage) compared to calculate their generating electricity in Mongolian 

central electricity zone’s availability land occupancy (see above comparison from 

methodology section). Whereas the CSP with storage technology was more 

generate and more reliability than solar PV and CSP. Because of the CSP with 

storage technology can store electricity for 15 hours per day. Also its operating 

hours is 6145 hours in per year. Likewise, we assumed to calculate that CSP with 

storage technology’s capacity produced two kinds of cases which maximum 

capacity (A) and secured capacity (B) in this scenario. But we examined only 

maximum capacity of solar in solar oriented scenario (Renewable Development). 

In addition, we constrained the maximum electricity generation to 61.6% by 2030 

for renewable resources. We placed CSP with storage technology on the baseline 

of the study in Mongolia as well as the actual capacity for their development.   
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Table 20: case A: Solar oriented scenario (Renewable Development)  

generating capacity mix estimated the COST in 2030 

 

Technologie

s 

Demand 

capacity by 

2030 

Share 

(%) 

Weighted 

Average 

Availabilit

y % 

Operatio

n Hours 

Investment 

costs 

($/MWh) 

Fuel 

&carbon  

costs 

($/MWh) 

O&M 

costs 

($/MWh) 

Total cost 

(us dollar) 

5% 

Hydro plant 500 19.9  36.6 1778 21.92 0.00  1.37 20704810 

Wind farms 250 9.9  25 8000 65.33 23.06 1.68 180140000 

CSP (SPT) 

with storage 
800 31.8  34 6145 212.59 0.00  26.89 1177283680 

Coal fired 

power plant 
200 7.9  50 2604 9.61 23.06 1.68 17889480 

IGCC 750 29.8  57 8000 13.85 33.64 5.50  355860000 

Demand 

response 
17 0.7  100  20 

 
  4000 1360000 

Total 2517 100     
 

    1753237970 

 

During 2012 close to 100% of Mongolia’s total production came from coal-fired 

sources. 

Given the heavy reliance on coal as a source of electricity, Government has seen 

the need to move to other alternatives from an environmental perspective. In 

countries where coal markets have been liberalized, diversification is also a 

security of supply imperative that can be mitigated to some extent by 

diversification. Given that Mongolia has limited opportunity to diversify, to some 

extent the introduction of Hydro power, wind and solar power modeled under the 

solar oriented scenario (renewable development) automatically leads to 

diversification. As table shown, the total costs of technologies are around 1.7 

billion us dollar. The CSP with storage technology is highest cost (1.1 billion us 

dollar) than other technologies. Because of we assumed to use maximum that CSP 

with storage technology can generate electricity in base load with IGCC 

technology. Therefore we have increased share of CSP with storage (31.8%) and 
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other renewable technologies (hydro 19.9% and wind 9.9%).  

 

Table 21: case A: Solar oriented scenario (Renewable Development) 

generating capacity mix estimated CO2 in 2030 

 

Technologies 

Demand 

capacity 

by 2030 

Share 

(%) 

Weighted 

Average 

Availability % 

Operation 

Hours 

CO2 

(TC/per 

MWh) 

total CO2 

by fuels 

(TC) 

Hydro plant 500 19.9 36.6 1778 0.00 0 

Wind farms 250 9.9 25.0 8000 0.00 0 

CSP (SPT) with 

storage 
800 31.8 34.0 6145 0.00 0 

Coal fired power 

plant 
200 7.9 50.0 2604 0.4138 215507 

IGCC 750 29.8 57.0 8000 0.3391 2034600 

Demand response 17 0.7 100.0 20 
 

0 

Total 2517 100 
   

2250107.04 

 

As table shown, we can see that coal-fired plant and IGCC technologies are 

emitted CO2 in the solar oriented scenario (renewable development). We created 

this scenario with 61.6% increase in electricity generation by renewable before of 

the relatively high potential for development of renewable energy there and 

because the Mongolian government announced a policy to increase 

implementation of renewable-energy sources up 20% by 2020.  
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4.5.3 IGCC and UGC+CCGT ORIENTED GENERATING 

CAPACITY MIX (by 2030 year) 
 

Currently, the Mongolia lacks indigenous natural gas resources, and is 

landlocked; not only can it be expected that the cost of importing gas will be high, 

but dependence on neighboring countries for gas supply involves fuel supply risks 

that may be very costly to mitigate. Whether the demand forecast of electricity 

requires the development of gasified to coal resource within the planning horizon 

of this study, will be subject of the study. Therefore, we assumed to shift as 100% 

from coal to gasify that IGCC and UCG+CCGT oriented scenario reflected 

worldwide energy trends and creates secondary energy conditions in Mongolia.  

Table 22: the IGCC and UGC+CCGT oriented generating mix estimated the 

COST in 2030 

 

Technologies 
Demand 
capacity 
by 2030 

Share 
(%) 

Weighted 
Average 

Availability
 % 

Operation 
Hours 

Investme
nt costs 

($/MWh) 

Fuel& 
carbon 
costs 

($/MWh
) 

O&M 
costs 
($/M
Wh) 

Total cost 
 (us dollar) 

5% 

Hydro plant 500 19.9 36.6 1778 21.92 0.00 1.37 20704810 

IGCC 1000 39.7 57 8000 27.75 33.64 8.32 519555600 

UCG+CCGT 1000 39.7 58 8000 13.85 33.64 5.50 282595670 
Demand 
response 17 0.7 100 20   4000 1360000 

Total 2517 100      824216080 

 

Also we are looking to reform the Mongolian energy sector and the 

transformation brings with it a critical need to modernize its aging energy 

infrastructure, and to reform its power and heat distribution systems. In terms of 

cost, these technologies are the IGCC (519.5 million us dollar in 1000 MW) and 

UGC+CCGT CC (282.5 million us dollar in 1000 MW). Whereas the total cost of 
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this scenario is around 824.2 million us dollar. And also the IGCC and 

UGC+CCGT technologies weighted average availability is more than coal-fired 

plants. 

 

Table 23: the IGCC and UGC+CCGT oriented generating mix estimated the CO2 

in 2030 

 

Technologies 

Demand 

capacity by 

2030 

Share 

(%) 

Weighted 

Average 

Availability % 

Operation 

Hours 

CO2 

(TC/per 

MWh) 

total CO2 

by fuels 

(TC) 

Hydro plant 500 19.9 36.6 1778 0.00 0 

IGCC 1000 39.7 57 8000 0.3391 2712800 

UCG+CCGT 1000 39.7 58 8000 0.2303 1842400 

Demand response 17 0.7 100 20 0.00 0 

Total 2517 100 
   

4555200 

 

The IGCC and UCG+CCGT technologies are an electrical power generation 

system which offers efficient generation from coal with lower effect on the 

environment than conventional coal power plants. Among coal-fired power plants, 

IGCC has been successfully demonstrated over the years. Whereas UCG+CCGT 

has some environmental benefits relative to conventional mining (i) in discharge 

of tailing, (ii) reduced sulfur emissions (iii) reduced discharge of ash and (iv) the 

additional benefit of carbon capture and sequestration. Coal resources that are not 

suitable for conventional mining are ideally suited for UCG+CCGT. As shown in 

table, the total CO2 by fuel is 4555200 tons of carbon. Whereas UCG+CCGT 

technology’s CO2 tones of carbon per MWh (0.2303) is less than IGCC (0.3391). 

Also these technologies emit CO2 tones of carbon MWh less than CFP CO2 tones 

of carbon.  
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The fact that in many countries, including many city areas in Korea, have natural 

gas distribution networks, explains why some eligible cities lack district heating 

as buildings are heated with gas. The construction of the IGCC and UCG+CCGT 

plant will represent a watershed in the history of the energy industry, proving that 

Mongolia can attract significant private sector investment proving that the 

Government is committed to improving the environmental performance of the 

existing fleet both in terms of total emissions and water consumption. In addition 

to the introduction of a modern design the IGCC and UCG+CCGT plants, 

Mongolia also has an opportunity to diversify its generation mix.     

 

Chapter 5. Results 
 

5.1 Scenario comparison in Mongolia 
We assumed in most of the scenarios that the future expansion of the Mongolian 

power system could greatly benefit from hydropower, as it not only provides 

energy to the system but can also contribute to the system regulation and the 

provision of peak capacity and frequency control, on which aspects Mongolia now 

depends partially on electricity imports from Russia. Likewise, we included the 

demand response in all the scenarios. To introduce demand-side response into the 

example in a simple way, it is convenient to conceptualize the demand response 

(17MW-$4000/MWh) as a ‘generation’ technology option through which demand 

is paid to reduce consumption. 
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Figure 23. Expecte electricity generation mix change in Mongolia by the year 

2030 

 
 

The Government scenario (the reference scenario) will remain dominated by 

coal (share: 62.8%) in energy generation as the base load, and will be increased 

and extended to fossil fuels to meet the energy demand in 2030. To achieve the 

planned 20% share of renewable energy, the government scenario has extended 

the renewable potential (shares of wind: 5.2%, solar: 4.0%, and hydro: 5.2%). The 

scenario did not replace imported electricity (share: 7.9%).  

In the least-cost scenario, the dominance of large coal can be clearly seen in 

Figure what?. Only the capacity of the CFP-sized coal was added to meet the 

increasing electricity demand, including around 7.9% hydropower for peak hours. 

In 2030, CFPs are expected to have a 51.7 % share, and the UCG+CCGT-sized 

what?, a 39.7% share. According to our examined least-cost mix, the CFP (LCOE: 

$34.38/MWh), UCG+CCGT (LCOE: $53.04/MWh), and hydropower plants 

(LCOE: $23.39/MWh) are the cheapest technologies for the Mongolian case. 
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In the solar-oriented scenario (renewable energy evelopment), the share of 

renewable energy sources will be expanded in 2030. Considering the Mongolian 

available potential production due to its natural resources, renewable energy 

sources increased to 61.6% of the entire fuel mix. Especially, we increased the 

share of the advanced CSP with storage technology (31.8%) based on our 

empirical analysis results of the Mongolian solar potential. With this result, the 

Mongolian government announced a policy to increase the use of renewable 

energy sources to up to 20% by 2020. 

In the IGCC- and UCG+CCGT-oriented scenario, given the heavy reliance 

on coal as a source of electricity, the Mongolian government has seen the need to 

shift to alternatives sources. We assumed a 100% shift from coal to gas, because 

the IGCC- and UCG+CCGT-oriented scenario reflected worldwide energy trends 

and creates secondary energy conditions in Mongolia. Also, the weighted average 

availability of the IGCC (57%) and UGC+CCGT (58%) technologies is higher 

than that of coal-fired plants (50%).  
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Figure 24: Change of energy security price index, rate of cost increase and rate of 

CO2 in Mongolia by 2030  

 

 
 

 

As shown in figure, The Government scenario (reference scenario) has showed 

that ESPIimport-el, ESPIoil kept the number of energy security price index in 

Mongolia. It means that security index is worse in The Government scenario 

(reference scenario) to 23.9 due to security threats resulting from the number of 

imported electricity and imported oil in 2030. Whereas other scenarios (The 

Least cost scenario, The Solar oriented scenario (Renewable Development), and 

The IGCC and UCG+CCGT oriented scenario) have showed same numbers of 

energy security price index (0) in 2030. Because of we will be used to build new 

domestic refineries and UCG+CCGT technologies; can close the gap of imported 

oil consumption and electricity as domestic resource in 2030.  

While the Least cost scenario (4853077.9 tons of carbon), the Solar oriented 

scenario (Renewable Development) (2250107.1 tons of carbon), and the IGCC 

and UCG+CCGT oriented scenario (4555200 tons of carbon) illustrated lower 

CO2 emission than the Government scenario (reference scenario) (6021532.4 
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tons of carbon).  

As we expected the IGCC and UCG+CCGT oriented scenario (1.1 billion us dollar) 

has similar cost compare to the Government scenario (reference scenario) (1.0 

billion us dollar). Of course, it is clear that, the Least cost scenario (0.6 billion us 

dollar) has the lowest cost value than other scenarios costs.  

 

5.2 Policy implications 

 
Policy makers must uderstand interactions with other targets when reviewing the 

cost-effectiveness of controlling domestic factors, including adjusting fuel mixes 

to avoid fossil fuel. A policy of reducing the proportion of imported electricity 

and imported oil results in the improvement of the security index, and the Least 

cost scenario, the Solar oriented scenario (Renewable Development), and the 

IGCC and UCG+CCGT oriented scenario will be reduced to target levels of 

carbon emission. As the results in Mongolia, expanding renewable energy or 

making a shift to alternative technologies as IGCC and UCG+CCGT advanced 

technologies are the best choices for carbon emissions mitigation especially 

because it lowers energy security at lower cost than was evident in any of the 

other scenarios. Eventually Mongolia must evaluate the ability to develop 

desirable levels of renewable energy to use. Of course, IGCC and UCG+CCGT 

technologies have been the most significant factor in four scenarios. In this study, 

by focusing on energy supply to measure energy security, we examine the degree 

of the price risk exposure resulting from supply concentrations in the international 

markert. The resulting index includes data on international market supply 

concentration, the political risk associated with supplier countries, and the 

proportion of fossil fuels in the country being analyzed. Considering the range of 

the policies addressing security threats, supply concentration and the risk exerted 
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by the supplying country can be classified as international factors, and proportion 

of fossil fuels is considered a domestic factor. Reducing the proportion of fossil 

fuels is a direct and fundamental solution through which policy can improve the 

security level of certain countries. Mongolia implemented a domestic strategy to 

lower the proportion of imported electricity to reduce the level of energy 

insecurity arising from oil price risk. Certain national strategies are necessary to 

increase the level of energy security and are determined through selection of the 

proportion of allocated budgets and the cost effectiveness of avoiding 

international factors or controlling domestic factors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



87 
 

Chapter 6. Concluding Remarks 
 

6.1 Conclusion 

 
Mongolia is attracting great interest due to its mineral reserves and its rapid 

economic development. The Mongolian energy sector is in great need of 

economic transformation, which brings with it a critical need to modernize its 

aging energy infrastructure and expand its power and heat distribution systems. 

Realizing this challenge, the country has made significant efforts to develop a 

legal environment that would improve business rules in the power and heat sectors, 

and encourage the development of environment-friendly technologies. 

This thesis focused on the fossil fuel resource supply concentration and used the 

ESPIgen to evaluate the electricity generation fuel mix. Three factors--carbon 

emissions, energy security, and the electricity generation cost—were considered 

based on the evaluation of the electricity generation fuel mix. The Government 

scenario and four alternative scenarios were developed: the Government scenario, 

in which most of the capacity is added according to government policy documents; 

the first alternative scenario (Least Cost), in which only least-cost optimization is 

considered without any constraint or externality; the second alternative scenario 

(Solar-oriented Renewable Development), in which solar and renewable share 

targets were set in the total generation mix; and the third scenario (IGCC- and 

UCG+CCGT-oriented), which reflects worldwide energy trends and creates 

secondary energy conditions in Mongolia. The purpose of this study was to 

discuss the criterion of carbon mitigation based on the policy direction. The 

resulting optimals are likely to change based on changes in circumstances, but this 

study predicts the electricity generation costs in 2030 base on current situations. 

The development speed of renewable energy technologies has the potential to 
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change the dissemination commitment of policies and market conditions. Also, 

the prediction of the market concentration of fossil fuel resources might evolve 

depending on the emergence of unconventional energy sources, such as secondary 

energy, and changes in the Mongolian situation.   

The main purpose of our research is to show governments and policy-makers 

how to improve the security of energy supply based on the results of an empirical 

analysis of the energy sector.  

In Mongolia, this thesis illustrated a trade-off situation in which the IGCC and 

UCG+CCGT technologies are the inevitable ways of reducing carbon emissions, 

but the hydro or renewable development potential is the key factor of the future 

energy supply. If we build new domestic refineries and UCG+CCGT technologies, 

we can close the gap between imported oil consumption and electricity.  

In addition to the introduction of the modern IGCC, UCG+CCGT, and CSP 

with storage technologies, Mongolia also has an opportunity to diversify its 

electricity generation mix from the described scenarios.  

 

6.2 Limitations 

 
This study had some limitations. First, we did not account for domestic carbon 

emissions unless they were produced domestically. That is, we did not necessarily 

calculate carbon emissions in areas where electricity generation took place. The 

standard of carbon emissions was applied only to power generation. Therefore, 

the past process of power generation, which included the construction of the 

power plants or electricity transmission and related distribution losses, were not 

considered. Second, the what? was calculated by LCOE per MWh in this study 

without any externality cost and license cost of technologies. The LCOE is a 
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handy tool for comparing units, including the cost of investment, fuel, operation, 

and management, of different technologies over their economic life.   

 

6.3 Recommendations for further research 
The scenarios analyzed in this study reviewed possible future paths for the 

electricity supply options in Mongolia. Some improvements are needed for future 

studies.  

First, future studies should focus on the integration of the heat demand and 

supply of Mongolia into the optimization, which had some limitations in this 

thesis.  

Second, further studies should include the nuclear energy scenario. In the next 

study, other kinds of power sector optimization models can be used, and then the 

results can be compared with those of this study. 
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초록 

 

에너지 계획은 여러 목적들 간의 상충효과를 보기 위해서 필수적이라고 

할 수 있는데, 이는 계획이 요구를 예상하고 에너지 공급의 여러 시나리오에 

대한 효과를 평가하는 것을 포함하기 때문이다. 몽골에서 경제와 채광 분야가 

집중적으로 확장됨에 따라 몽골은 전력 자원 부족에 직면하였고 오늘날 전력 

분야에서의 생산 능력 확대는 시급한 문제가 되었다. 따라서 몽골의 미래 

전력 공급 옵션들에 대해 살펴볼 필요가 있다. 

본 연구는 2030 년에 대한 전력 발전 시나리오를 세우고 비용, CO2 배출, 

에너지 안보에 대해 분석하였다. 이를 위해 정부 시나리오(Government 

scenario)와 4 개의 대안 시나리오(alternative scenario)를 구성하였다. 정부 

시나리오는 정부의 정책 문건들에 따라 생산 능력을 최대로 활용하는 

시나리오로 구성하였으며, 첫 번째 대안 시나리오(Least Cost)는 어떤 

제약이나 외부성을 고려하지 않고 비용 최소화의 최적 조건을 이용하여 

구성하였다. 두 번째 대안 시나리오(Solar oriented-Renewable 

Development)는 태양 에너지와 신재생 에너지에 집중하는 시나리오이며, 세 

번째 대안 시나리오(IGCC and UCG+CCGT oriented)는 세계적인 에너지 

트렌드를 반영한 시나리오로서 몽골의 2 차 에너지 조건을 제시하였다. 본 

연구는 에너지 분야의 실증 분석 결과를 통해 몽골 정부와 정책 입안자가 

에너지 공급의 안보를 개선함에 있어 실행할 수 있는 전력 시나리오를 

제공한다. 
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