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and Role of Renewable Energy in Mongolia 

 

Chimedregzen Baatar 

Technology Management, Economics and Policy Program                  

The Graduate School 

Seoul National University 

Abstract 

 

This study outlined five scenarios on how Mongolia’s energy systems could evolve 

until 2050. The reference scenario foresees Mongolia’s continued reliance on coal-based 

power and heat supply, in an economy based largely on copper and coal exports. In this 

scenario, primary energy demand in Mongolia is more than four times higher in 2050 

compared to 2015.  

According to the State Policy on the Energy sector 2030, the renewable energy 

share is expected to reach 30%. Thus current 20% RE share may be possibly increased to 

30% by 2030. But in order to ensure the security and sustainability of energy sector and 

supply the energy with least cost, we need an official long term planning in the energy 

sector. The installed capacity in the SP2030 scenario, it is assumed that the optimal 

expansion of generation capacity which meets energy demand will be 3554 MW by 2030 

and 4824 MW by 2050. Compared to 2019 it is expected to grow 3.4 times in 2050. 

Considering investment cost and environmental effects, the most optimal                         
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share of energy resources should be 50% by 2050 as defined through this study.  In the 

expanded Green Energy RE50% scenario, by 2050 24.1 million metric tons CO2e of 

GHG emissions which is 33.6% may be reduced compared to the Reference 1 scenario 

(SP2030 scenario). In the expanded Green Energy RE60% scenario, by 2050 26.8 million 

metric tons CO2e of GHG emissions which is 37.3% may be reduced compared to the 

Reference 1 scenario (SP2030 scenario). This study also quantified the potential GHG 

emissions in all scenarios, for example in the SP2030 scenario the total GHG is expected 

to be 71.7 million metric tons CO2e in 2050, the main emission would be carbon dioxide 

which is 96% in Mongolia.  

The results of the expanded green energy scenario RE50% suggests that energy 

efficiency initiatives can slow the growth in Mongolia’s energy demand by 15% below 

Reference1 level in 2030 and by more than 22.3% below Reference1 (SP 2030 

scenario) level in 2050. Along with increasing penetration of renewable energy, the 

measures included in the expanded green energy scenario RE40% could reduce GHG 

emissions by 2050, from 24.1 million tons carbon dioxide in the reference case to 14.8 

million tons carbon dioxide. In the expanded Green Energy RE40% scenario, by 2050 

23.2 million metric tons CO2e of GHG emissions which is 32% may be reduced 

compared to the Reference 1 scenario (SP2030 scenario) since more coal fired power 

plants are replaced with more renewable energy resources. 

Keywords: Energy planning, energy demand, LEAP, RE, electricity consumption     

Student Number: 2019-28189 
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Chapter 1                                           

Introduction 

1.1 Background  

According to REN21
1
 renewable energy in power generation continues to grow 

globally and added approximately 181 GW installed capacity worldwide in 2018. It is 

estimated that 100 GW of solar photovoltaics (PV) was added which is 55% of new 

renewable capacity, followed by wind power (28%) and hydropower (11%). Overall 

global renewable power installed capacity reached around 2,378 GW by the end of 2018 

(REN21. 2019). Through utilizing more renewable energy resources and modifying the 

process of generation activities in power plants can improve fossil fuel consumption and 

reduce emissions of GHGs and pollutants. Setting emission reduction targets, aiming at 

providing solutions to global environmental concerns, are important obligation of 

countries and it is the main goal of the United Nations Framework Convention on 

Climate Change /UNFCCC/ (Ataei and Ebadi, 2015). 

It is important for countries in the world to ensure supplying their energy demand 

through cleaner form of energy which is economical and sustainable. In order to 

accomplish this, medium to long term energy demand forecasts are necessary to ensure 

economic growth and social development based on realistic estimates                         

                                            
1 An international policy network of experts from governments, inter-governmental organization 

for renewable energy 
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(Ediger et al., 2002). The most important factor for energy planning including energy 

production and distribution is to use specific forecasting models (Valasai et al., 2017).  

The Long-range Energy Alternatives Planning system (LEAP) is a software tool 

for energy policy analysis and climate change mitigation assessment and LEAP was 

developed at the Stockholm Environment Institute (SEI) for those whose objective is to 

project national or regional energy supply and demand and calculate air pollutants and 

GHG emissions in energy use and conversion process in the mid to                           

long term (Yu et al. 2015). 

Mongolia’s power and heat supply are dominated by coal-fired units. For example, 

in 2019, 91% of electricity and more than 99% of district heat was provided by coal 

(ERC of Mongolia 2011). Most (about 90%) of the electricity and heat consumption in 

Mongolia occurs in the Central Energy System (CES), one of four relatively small, 

independent transmission grids. Mongolia is facing challenges caused by its natural 

environment, dispersed population, and pollution problems associated with old 

infrastructure. However, its natural resources, including renewable resources and 

mineral resources, its capable workforce, and the international community cooperation, 

Mongolia should consider implementing more renewable energy developments in order 

to ensure energy security, safety and reduce emissions (GGGI, 2014).  
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1.2. Problem Statements  

According to the Energy Regulatory commission of Mongolia, there are several 

major problems in Mongolia which needs to be corrected to improve the economy and 

environment. The first energy-related problem in Mongolia is licenses issued for 

renewable energy projects, for example there are over 30 licenses with total installed 

capacity of 1500 MW for only renewable energy projects in Mongolia. This is more 

than our current total installed capacity, in terms of stability and reliability it is not 

feasible and possible to implement all these projects except we start exporting the 

electricity which would be generated by these solar energy sources.  

The second major issue is related to population growth and housing which will 

increase the energy demand dramatically in the near future. The total number of 

households in Mongolia is 895,500 and only around 50% live in apartments which are 

connected to the central heating, water and other infrastructure facilities (National 

Statistics Office of Mongolia, 2019). Remaining 50% still live in gers /National 

dwelling yurt/ and houses which are not connected to central heating and fresh water 

supply. Because these gers are not connected to the central heating, in the winter time 

they burn coal around 1 million tons annually to heat their homes which is a major 

source of air pollution. However there 40,000 apartments already built, but due to high 

prices people are not being able to afford to buy them.  

The third issue is Mongolia has a big land around 1.5 million square meters with 

3.3 million people. Yet more than 50% of the population live in the capital city which is 
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very crowded, the land size of Ulaanbaatar (UB) city is 4,700 square km which is only 

0.3% of the total land of Mongolia.  

The fourth big issue is bank loan interest, and commercial bank interest rate is 

approximately 25-30% annually, the Government is trying to support people to buy 

homes and they have been implementing mortgage loan with 8% interest. If some 

receives a loan to buy a home with price of 48 million MNT from commercial bank, 20 

years later that person ends up paying 232 million MNT which is 4-5 times more than 

what they lend. Also they have to pay 30% in advance, because of these reasons people 

are still struggling to buy or own homes. This is a problem for the buyer and also for the 

seller (construction companies).  

The fifth issue is related to air pollution, according the National Statistics Office, 

in UB city there are 391,698 households and 45% of them are connected to the central 

heating system, 4% uses low pressure furnace and electric heaters and remaining 51% 

uses coal and wood to heat their homes and houses which are not connected to the 

central heating in the winter time. Some estimates suggest that in the winter time, 

around 1 million tons of coal is burned by households near UB city which causes 

serious air pollution. We need an integrated strong method to solve these problems. The 

Government has initiated many policies and activities to tackle these issues but the 

result is not showing much positive impacts. This is the main reason that it is important 

to conduct proper energy planning and forecast with renewable energy to reduce the 

emissions and ensure the reliable and stable energy supply in the future.    
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1.2 Research Questions  

The importance of optimal energy supply in meeting the country’s economic growth 

and The State Policy on the Energy sector 2030 development targets in contrast to past 

energy consumption trends and the diverse challenges that the energy sector has faced 

over time raise the following questions that are of interest in this study: 

I. What would the electricity demand be like by 2050? 

II. What are the optimal share and allocation of REs to sustain economic growth 

and clean energy for power generation by 2050? 

III. What is the impact of cost and GHG emissions on implementing RE projects in 

the long term planning?     

 

Research Objective 

The achievement of various goals and targets with respect to energy provision is 

dependent on many factors including energy planning which involves developing 

suitable plans through the analysis of the existing energy system and the proposal of 

appropriate supply strategies, and natural resources, educated man powers and financial 

abilities. 

- The main objective of this research is the Exploration of optimal fuel mix in the 

long-term power generation planning with an appropriate share of renewable 

energy and compares it with the State Policy on the Energy Sector 2030 and its 
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impact on GHG reduction and cost-optimization in the Mongolian energy 

system. 

- The second objective is that we will develop a recommendation of cost-

effective policies to achieve national energy target 2030 and beyond, with 

optimal mix of renewable energy to reduce carbon emissions.         

1.3 Scope of the Study  

The study focuses on analyzing future energy demand, electricity consumption, 

GHG gas emission reduction amount and investment potentials until 2050 based on the 

historical evolution of the power sector in Mongolia from 2015 to 2019 through the 

assessment of the actual energy consumption and the actual power generation over the 

period. The base year for this study is 2015. It also compares the results of the historical 

evolution of the sector with the results of five scenarios which are considered to be 

possible alternative development pathways to the historical evolution of the sector. The 

results are compared with regard to capacity expansion, power generation mix, costs 

(investment and power generation), and carbon dioxide emissions. The comparison is 

done in order to identify an alternative optimal energy supply strategy, so that through 

analyzing the significance of energy planning in optimal energy provision, suitable 

energy policy recommendation may be developed to help achieving national targets.    
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Significance of the Study  

 

The Government of Mongolia has a plan called the State Policy on the Energy 

Sector 2030. The main purpose or goal for this plan is to increase the renewable energy 

share to 30% by 2030. However there is no official long term planning except for this 

plan. There are three main energy related goals such as energy efficiency, safety and 

environment in Mongolia within above mentioned plan. In order to ensure the 

implementation of these goals, a precise long term planning specifically until 2050, is 

the key to achieve our targets. This study aims to examine the renewable energy 

contribution in the energy generation process within the country and energy policies 

which may positively affect the environment and economy. Based on a precise long 

term planning, the Government may develop a strategy for optimal energy mix of 

renewable energy and long term planning.  The results of the study will be useful in 

determining the importance of the energy planning process and making the long term 

energy planning until 2050 with optimal renewable energy recourses in the power 

generation capacity expansion. The results may also be useful for developing future 

energy generation as well as energy consumption strategies which will ensure the 

balance between energy supply and demand with least cost.  
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1.4 Thesis Structure  

There are six chapters in this thesis. The second chapter describes the current power 

sector in Mongolia. It explains the significance of energy sector in the areas of 

socioeconomic development in the country. It describes the policy and institutional 

structure of the power sector, moreover Mongolia’s energy planning process. It also 

includes energy consumption trends observed in the country from the                        

2015 through the 2019.  

The third chapter reviews the current literature that exists which is related to the 

study. It will provide an understanding of the contribution made by the energy planning 

process in supplying energy, such as describing different energy system modelling tools 

and their acceptability in analyzing different concepts of energy systems. It will also 

provide a summary of various studies conducted with similar objectives to this study, the 

methodologies used in the study, and their findings.  

The fourth chapter is consisted of descriptions of methodology used in conducting 

the analysis including the model selected for analyzing the data. It will also describe the 

five scenarios developed to fulfill objectives of the study, therefore the outcomes of 5 

different potential energy system development scenarios may be compared to the 

historical data of the power sector and predict the future forecasts. It will also describe the 

data required for the study as well as the assumptions utilized in conducting the study and 

analyzing the scenarios.  
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The fifth chapter explains the results obtained from the five scenarios and their 

analysis and the recommended policy implications. It will describe the analysis’ results 

for each of the five scenarios over the study period which is until 2050 in details and 

compares them with Reference 0 and State Policy 2030 Reference 1 scenarios in the areas 

of capacity expansion, power generation mix, costs (investment and power generation), 

and carbon dioxide emissions. It will also mention the key findings from the analysis’ 

results and their implications in policy development.  

The sixth chapter will include the conclusion, several policy recommendations, 

limitations of this study, and some suggestions for future studies.  The summary of the 

study objectives, the methods used in conducting this study and analysis results will be 

provided in this chapter. There are several policy recommendations based on the findings 

of this study regarding capacity expansion, power generation mix, investment costs, and 

carbon dioxide emissions. This final chapter presents also the overall conclusion of the 

study by giving a summarized version of all the results obtained from this study. This 

research was closed with explaining the limitations experienced during this study and 

suggestions on future research work for more contributions within this field of study. 

There are two major limitations mentioned in this study, the future researches may 

improve their researches through studying these limitations to improve their work.  
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Chapter 2                                                 

Status of Power Sector in Mongolia 

2.1 The Role of Energy Sector and Power Generation   

The electricity generation in Mongolia has been increasing, electricity domestic 

generation in 2015 was 5.6 billion kWh and in 2019 it reached 7.0 billion kWh which is 

25% increase compared to 2015 within 5 years and it is increasing annually around 

5.4% since 2015 and total electricity consumption in 2019 has reached 8.7 billion kWh. 

However 80% of total electricity was generated domestically and 20% was imported 

(ERC of Mongolia, 2018).  

In order to supply this increasing demand, the Ministry of Energy and the Energy 

Regulatory Commission have been working to implement a strategy to supply this 

energy demand more through domestic generation by increasing the current capacity 

and commissioning new generation sources in Mongolia. The domestic electricity 

generation is consisted of 90% by Combined Heat and Power Plants (coal fired CHPP) 

and remaining 10% is generated through renewable energy sources. In recent years, 

generation through renewable energy sources has been increasing significantly. We must 

increase the domestic electricity generation, currently several capacity increasing 

projects are in progress including CHPP #4 to increase capacity by 89 MW, Darkhan 

CHPP by 35 MW, Erdenet CHPP by 35 MW, Dornot Power Plant by 50 MW and these 

projects will be completed by 2021 (National Mid-Term Implementation Plan, 2018).  
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            Table 2.1  Power Generation in Mongolia        

  (Unit: Million kWh) 

Power Plants 2013 2014 2015 2016 2017 2018 2019 

CHPP 5,014.0 5,191.3 5,415.8 5,555.9 5,826.9 6,152.4 6,346.6 

Diesel Station 5.4 8.2 6.0 3.8 3.7 3.7 3.0 

Solar photovoltaic Plant - 0.6 0.5 0.3 19.7 51.1 109.0 

Hydro power Plant 59.9 66.3 59.3 84.7 84.5 78.7 85.4 

Wind Power Plant 52.9 125.4 152.5 157.5 154.4 339.0 459.3 

Total Generation  5,132.2 5,391.9 5,632.2 5,802.4 6,089.2 6,624.8 7,003.3 

Generation Increase %   5 4 3 5 9 6 

Source: The Energy Regulatory Commission of Mongolia 

 

Many Energy experts have emphasized that in order to ensure the energy security, 

stability and independency of the Mongolian Energy system, renewable energy 

especially hydro power plants will play in important role. However coal based power 

plants will continue to generate majority of electricity in the next a decade or so due to 

huge coal reserve and current technologies. There was a concession agreement signed in 

2015 between the Government and Private sector to build Bayanuur Power Plant with 

total installed capacity of 700 MW. Due to some technical and energy stability 

constraints, this project was delayed and currently parties are negotiating to decrease the 

unit block capacity from 350 MW to 200 MW and if parties make agreements to change 

turbine capacity to 200 MW, then it is expected to be commissioned around 2023. If this 

power plant starts its operation, it could supply 25% of total energy consumption alone 
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in Mongolia, 1 kWh electricity price would be 0.064 USD and it could substitute the all 

imported electricity. Currently Mongolian energy system buys 1kWh electricity from 

Russia at 0.09 USD. Recently the Government of Mongolia has made a decision to 

build Tavan Tolgoi Power Plant with 450 MW based on the Tavantolgoi coal reserve in 

the southern part of Mongolia by the state budget, which will supply electricity demand 

for Oyu Tolgoi Mining project by Rio Tinto. The target date to finish this power                    

plant project is 2024.                     

A number of international organization have conducted surveys and studies on 

renewable energy potentials in Mongolia and they have concluded that Mongolia has 

enough solar, wind and hydro energy potentials to supply 20% of world electricity 

demand and all demand of Republic of China alone. The State Policy on Energy which 

is approved by the Parliament has stated that in the total installed capacity, 20% by 2020, 

30% by 2030 respectively will be generated through renewable energy resources. 

Renewable energy mix ratio was 6.9% in 2016 and it is increased to 19.3% by 2019 

(ERC of Mongolia, 2019). Because of above reasons, we have a great potential to 

develop renewable energy.  

Based on the massive resources of solar and wind energy in the Gobi areas, there 

are many renewable projects which have received their licenses and working on finding 

the finance to implement the projects. It would be more realistic if we start exporting 

energy generated by renewable resources to North East Asian countries since our 

electricity consumption is very small and current total installed capacity is 1407 MW in 
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2019. Several studies have showed that in order to ensure the stability and reliability of 

the integrated grid system of Mongolia, renewable energy observation capacity is 

limited to only 245 MW if we do not export energy to other countries. We have 

developed a policy and regulation for consumers and entities to use renewable energy 

resources to generate electricity by themselves and excess electricity may be sold to the 

National Dispatching Center to receive extra revenue. By using solar energy, it is 

possible to supply heat demand.  

The Renewable Energy Law was amended in 2019, and the major changed for 

this law was related to renewable energy purchase prices which enabled to follow 

competitive market principles and this will ensure the stability of the integrated grid and 

will limit the drastic increase on consumer’s electricity prices. Currently consumer’s 

electricity average price per kWh is around 168.14 MNT which is equal to 6 US cents 

and this is two times cheaper than prices in Russia and China, and 4-5 times cheaper 

than other developed countries.    
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Figure 2.1 Electricity Generation Structure 2019 

 

    Source: The Energy Regulatory Commission of Mongolia 

 

In 2019, the total electricity consumption reached 8,308.3 GWh and 80% which is 

6,624.8 GWh generated domestically and 1,683.6 GWh which is 20% is imported (see 

Figure 2.1). Domestic generation’s heavily dependent on coal and around 92.9% is 

generated by coal fired power plants. Remaining 468.7 GWh (7.1%) is generated by 

renewable energy resources. Among the renewable energy resources, 72% is Wind, 11% 

is solar and 17% is generated through hydro power plants (ERC of Mongolia, 2019). 

The main electricity generator in Mongolia is coal fired CHPP4 which generates                

63% of total domestic production.  
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According to the State Policy on Energy sector the renewable energy share for the 

total installed capacity, will be 30% by 2030, and this ratio is 19% by May 2020.      

The total installed capacity was 1407 MW in 2019 and renewable energy was 271.3 

MW. The Government is planning to implement several activities to reduce the 

greenhouse gas emissions and promised to reduce GHG emissions from 14% - 22%.  

As the Energy Regulatory Commission of Mongolia has stated in 2019, there are 

17 companies to develop solar energy projects and their capacities are ranging from           

8-50MW. The Required investments for these projects are from 16-94 million USD 

(Table 11). At the current stage, all these solar power plants can’t be commissioned due 

to observation capacity of the grid system in Mongolia, and neither could they find 

investments to complete their solar projects. If Mongolia starts exporting energy to 

North East Asian countries, then it will be feasible and possible for all these projects to 

be implemented successfully. Without energy export, these companies must compete 

with each other and have positive impacts not only electricity generation by clean 

resource but also other social benefits to attract foreign investors, if they develop these 

kinds of extra social and economic benefits, they will be able to finance their projects in 

the near future. These are the current projects which have licenses, but in the future, 

there will be many more projects especially renewable energy projects if Mongolia 

starts exporting energy. It is very important to forecast future energy demand and supply 

to plan the energy system for ensuring the stability and reliability. We must supply cost  

 



16 

 

effective, stable and Environmentally clean energy now and also in the future, in order 

to do that optimal forecasting may be a key factor (Rafael et., al 2019). 

   

2.2 Clean Energy in Smart City  

In recent years many developed countries are focusing on smart city initiatives 

and developments. This is a fairly new concept which integrates information and 

communication (ICT) and various physical devices connected to IoT network to 

optimize the efficiency of city operations and services (Rodger Lea, 2017). Some 

researchers say that smart city must be a green city, but in the end the main benefit for 

smart city is it improves human lives and solve many urban and energy related issues. 

Smart city is a very big subject and it manages and improves operations of  

transportation systems, power, heat and water supply networks, waste management, 

crime detection, safety and security of homes, it saves energy, resources and reduces                                 

costs (Namjun CHA et al., 2019).  

In South Korea, we can see several best practices of smart city projects including 

Sejong city, Busan Eco Delta city, Suwon 4
th
 Village, Daegu Smart city and Siheung 

Smart city etc. Future city developments will be using this smart city concept more to 

make their operation smooth and improve the services and energy efficiency. In 

Mongolia, especially in Ulaanbaatar city we have a number urban problems and energy 

related issues. Some of the problems may be settled through utilizing this smart city 

concept and smart energy system but others have to use different planning and 

https://www.researchgate.net/profile/Rodger_Lea?_sg%5B0%5D=SkVomxYyoG2wpCPpxrK_r_Vac0HPF8iXiArlAVoZYbVMEtGIMoKUeLz9f_PzDRlBzP8JDzg.VyI3m82bbVovV2unHXq_URQR0CVKrwvXxLew35R4D1IrzdZShxGcBw621DkokvmXeruSfXlnoCGTyYXomj-Eqg&_sg%5B1%5D=aKjwPEkxMz_TFM968_Unj0jufgeWFXKVc8H4OnrHne_3rr7eJnby5spAVeTypG7P7hlfuc4.8WKP1qUXWkt6jFs020w_4PS8PcZDJq30sDlVRxmb6SEh5CI5H-c0Y6keyiSimI0FSr5ZcWUWSkX0Z-ZQy3oc1g
https://www.researchgate.net/scientific-contributions/Namjun-CHA-2156807810
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approaches to overcome energy related issues. It was mentioned that GHG emissions 

are caused mostly by large cities, and more than 70% is emitted by these cities. For 

example, average per capita GHG emissions in cities may include Rotterdam 29.8 

tCO2eq, Sydney 15 tCO2eq, Shanghai 12tCO2eq, and Mexico City 4.25                    

tCO2eq etc (Javier, 2020).  

The International Energy Agency has made a forecast that by 2030 76% of energy 

related GHG emissions will come from cities. In accordance with Erickson et al., 2014, 

it was stated that the main responsible parties which will reduce the GHG emissions are 

cities where they could reduce emissions approximately 24% in 2030 and by 47% by 

2050. It was mentioned that within cities, 40% to 65% of total GHG emissions are from 

buildings and transport sectors, and 50 cities with largest populations generate 2.6 

billion tCO2 annually, and only 4% of the largest 500 cities by population in developing 

countries have access to international markets and only 20% in local markets.  

He also mentioned about 4 green challenges including Lack of government 

capacity, Lack of private sector confidence Challenges in project preparation and 

Financing challenges for subnational Governments. According to his statements, World 

Bank predicts the need to invest up to $ 400 billion on a global scale to urban resilience, 

with at least 77 million of poor people at increasing risk, and If cities fail to build their 

resilience to disasters, shocks, and ongoing stresses, climate change and natural 

disasters will cost cities worldwide $314 billion every year by 2030.  He mentioned 

that GCF PORTFOLIO IN CITIES / URBAN SECTOR there are many projects being 
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implemented for example ADB Ulaanbaatar Green Affordable Housing and Resilient 

Urban Renewal Project (total investment 544 million USD), World Bank Brazil: 

Financial Instruments for Brazil Energy Efficient Cities (FinBRAZEEC) (total 

investment 1.3 billion USD), etc.  

Since the major GHG emissions are caused by the large cities, it would be more 

effective, all mitigations to reduce emissions should be focused on working with large 

cities and their energy supply options. As it was mentioned majority of emissions are 

related to buildings and transportation sectors, international cooperation on developing 

new technologies which have low emissions should play an important role to set up a 

good example to reduce GHG emissions in this sector. For example using more electric 

buses, trucks, and developing RE and extending the use of solar, hydro and wind 

energies for their national generations etc.     

   

2.3 Main Energy-related Laws and Regulation  

The sustainable development of economic growth of Mongolia is directly related 

to the power sector operation. In order to ensure sustainability, reliability and efficient 

operations of power generation, transmission and distribution, all these processes should 

be planned and implemented through a complete and complex strategy which includes 

reducing the internal consumption of power plants, transmission and distribution losses, 

increasing the efficient utilization of total installed capacity, reducing imported 

electricity eventually stop it, improving the functional mode and planning for all 
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equipment, set out optimal mode planning, modifying the transaction and billing 

systems in the energy sector, and make official mid and long term energy planning for 

the energy system development strategy in Mongolia. The followings are the important 

energy related laws and regulations, including:                             

 “The Energy Law” which was legislated in Feb 2001;  

 “The Renewable Energy Law” which was legislated Jan 2007;  

 “The Energy Conservation Law” Nov 2015;  

 “The State Policy on Energy Sector” which was approved through the Parliament 

Resolution #63 in 2015;  

 “Mongolian Sustainable Development Policy 2030” which was approved through 

the Parliament Resolution #19 in Feb 2015;  

 “Approving the Main Strategy to Develop Economy and Social in Mongolia” 

which was approved through the Parliament Resolution #37 in May 2015;  

 “Mongolian Government Operation Plan 2016-2020” which was approved 

through the Parliament Resolution #45 in 2016; 

 “National Energy Conservation Program (2018-2022)” which was approved 

through the Parliament Resolution #274 in 2017; 

 “The State Policy on Energy Sector, Mid Term National Program” which was 

approved through the Parliament Resolution #325 in 2018;  

In terms of strategy, the Energy security, reliability and sustainability, economic 

efficiency of the energy sector, supplying consumers with quality, uninterrupted 
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electricity are directly based on optimal energy planning, generations, transmission lines,  

network, reliability of equipment, knowledge of the energy experts and human 

resources, their experiences, and knowledge capacities.  

The electricity generation and distribution processes are simultaneously carried 

out and it covers a wide range of land in term of geographical locations, and electricity 

is transmitted to consumers through long lines of network with nominal load which are 

the main different characteristics compared to other sectors. Because of above 

mentioned reasons, it requires a consistent function with the normal mode throughout 

its operations, and the key factors to fulfill these requirements are based on 

sustainability and reliability of the energy sector.      

          

2.4 The Socio-Economic Development Indicators  

The Economic development level of Mongolia could be evaluated based on the 

following indicators and performances including GDP per capita, human development 

index, competitive capacity index, and quality of life indicators.  

According to the World Bank reports, Mongolia’s GDP per capita in 2019 was 

4295 USD which belongs to the low and middle income country category. In the Human 

Development Report 2019 of United Nations Development Program, Mongolia has 

been ranked on the 92 out of 188 countries in 2019s. “International Living” 

organization has conducted surveys among 192 countries and Mongolia is listed on the 

107
th
 place based on the quality of life indicators.  According to the Global  
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Competitiveness Report  by World Economic Forum in 2019, Mongolia scored 52.6 

and listed on the 102
nd

 place out of 141 countries. The main reason that our 

Competitiveness index low is related to the development of infrastructure level and 

Govermental structure issues.  

There are 5 main creteria in the mid-term development plan of Mongolia, these 

five strategies include:  

 Developing Mongolians in terms of education, and providing them comfortable 

environment to live and to work.  

 Improving the Governance and improve the economic regions  

 Developing responsible mining sector and lay the foundation for heavy 

industrialization for the country.  

 Improving the competitiveness capacity of processing industry and develop 

expanded agriculture sector.   

 Developing the infrastructure which supports the extensive economic growth.     

In order to achieve above mentioned plans, energy sector development                   

will be the key factor for them.   

   

2.5 Energy System and Power Generation Current Status  

The Mongolian Energy system is consisted of four power systems including 

Central region integrated grid system, Eastern region integrated grid system, Western 

region integrated grid system, Altai- Uliastai region integrated grid systems and they 
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have the following major power plants including nine coal fired power plants, three 

wind power plants, five solar power plants, Durgun and Taishir hydro power plants, 

Altai and Uliastai diesel stations, (See Figure 2.2).  

 

Figure 2.2  The Power Systems in Mongolia 

 

 

In 2019, Mongolia’s electricity generation has reached 7,003.3 million kWh, an 

increase of 5.7% compared to the previous year’s generation. 91% of total electricity 

was produced by thermal power plants, 8.1% by solar and wind, 1.2% by hydro power 

sources, and 0.04% by diesel generators. Total heat energy production has reached 

10,310.9 thousand Gcal, an increase of 4.3% or 421.3 thousand Gcal, compared to the 
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previous year. During last year in 2019, 1,715.8 million kWh of electricity has been 

imported which is an increase of 32.2 million kWh or 1.9% compared to 2018 (ERC of 

Mongolia, 2019).  

CENTRAL REGION INTEGRATED POWER GRID (CRIPG) has generated 

6,561.2 million kWh of electricity and distributed 6,014.0 million kWh in the year of 

2019, the increase was 315.5 million kWh or 5.5% compared to the previous year. 

CRIPS has also generated 8,805.0 thousand Gcal of heat energy, the increase was 375.7 

thousand Gcal or 4.5% compared to the previous year.  

WESTERN REGION INTEGRATED POWER GRID’s (WRIPG) electricity 

consumption reached 172.3 million kWh in the year of 2019, the increase was 5.3% (9.1 

million kWh) compared to the previous year. 26.0% of total demand was supplied by 

Durgun Hydro station, and 74% supplied through imports from Russia and China.  

EASTERN REGION INTEGRATED POWER GRID’s (ERIPG) electricity 

consumption has reached 10.19 million kWh which is an increase by 3.85% in 2019. 

Dornot CHPP has generated 237.9 million kWh of electricity and distributed 205.4 

million kWh of electricity and 297.3 thousand Gcal of heat energy. Compared to 2018, 

the electricity increase was 2.9% and the heat distribution increase was 8.0%.  

ALTAI-ULIASTAI INTEGRATED POWER GRID's (AUIPG) electricity 

consumption has reached 81.0 million kWh in the year of 2019, this is an increase by 

6.6% (5.3 million kWh) compared to the previous year. 37.8 million kWh electricity 

was purchased from CRIPG which an increase by 2.8% (1.4 million kWh) compared 
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the previous year, and the electricity generation from renewable energy sources and 

diesel generators were 39.8 million kWh which is an increase of 9.4%                           

(3.4 million kWh).  

 The total power system installed capacity in 2019 has reached 1407 MW, coal 

fired power plants have generated 6,346.6 million kWh electricity, the renewable energy 

power plants have generated 653.7 million kWh electricity, diesel stations have 

generated 3.0 million kWh electricity, totally 7,003.3 million kWh electricity was 

generated domestically which is 80.3% of total consumption. The total imported 

electricity was 1,715.8 million kWh which is 19.7% of total consumption. 26.5 million 

kWh electricity was exported in 2019, (see Figure 2.3).  

 

Figure 2.3  Power Generation Comparison by Sources in 2019, kWh. 

 

   Source: Statistics on Energy Performance, ERC 2019 
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According to the ERC, 20% of total electricity is imported from Russia and China 

and majority of this imported electricity is consumed by the mining projects such as OT 

and others located in the Southern part of Mongolia. If Tavan Tolgoi power plant is 

commissioned, all these imports may be replaced by 100% domestic production.   

In 2019, the total electricity consumption reached 8,719.1 million kWh, it is 

increased by 410.8 million kWh which is 4.9% compared to the previous year and 

1,930.4 million kWh which is 28.4% increase compared to 2014. The total domestic 

electricity generation in 2019 was 7,003.3 million kWh (80.3% of total consumption) 

the remaining 1,715.8 million kWh electricity was imported from China and Russia. 

This domestic electricity generation is increased by 5.7% compared to the previous year 

and increased by 1,369.2 million kWh which is 24.3% increase compared to 2015. The 

following Table 2.2 shows the total domestic electricity generation and imported 

electricity for the past five years in Mongolia. 

 

        Table 2.2  The Total Electricity Generation and Import   

Unit: million kWh 

№ Electricity 2015 2016 2017 2018 2019 

1 Total Consumption 6,935.50 7,221.40 7,611.60 8,308.30 8,719.00 

2 Total Generation 5,541.70 5,802.40 6,089.10 6,624.80 7,003.30 

3 Imports 1,393.80 1,419.10 1,522.50 1,683.60 1,705.80 

4 Percentage 20.1 19.7 20 20.3 19.6 

   Source: Statistics on Energy Performance, ERC 2019 
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As shown in the Table 2.2, the power generation has consistently been increasing every 

year due to socio-economic development and population growth.  

The electricity generation growth is usually connected more with the Gross 

Domestic Product (GDP) among many other micro economic indicators. The following 

shows the comparison between electricity generation peak load in the central region 

integrated power grid (CRIPG) and GDP since 2007. 

 

Table 2.3 2007-2019 Total Power Generations in CRIPG and GDP 

Year 

Total 

Generation 
GDP 

Он 

Total 

Generation 
GDP 

million kWh 
billion 

MNT 
millon kWh billion MNT 

2007 3,450.5 4,956.6 2014 5,391.9 22,227.1 

2008 3,558.5 6,555.6 2015 5,634.2 23,150.4 

2009 3,724.1 6,590.6 2016 5,802.4 23,942.8 

2010 4,312.7 9,756.6 2017 6,089.2 27,895.5 

2011 4,522.8 13,173.8 2018 6,624.8 32,166.0 

2012 4,856.3 16,888.4 2019 7,003.3 37,392.0 

     Source: National Statistics Office of Mongolia, Statistics 2019   

 

The total power system installed capacity in 2019 has reached 1407MW, however 

CRIPG total installed capacity reached 1303.6 MW. CRIPG has 8 coal fired combined 

heat and power plants CHPP, 5 solar power plants, 3 wind power plants, 1 transmission 

grid, 10 power distribution grids which cover Ulaanbaatar city, Darkhan, Erdenet cities, 
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13 provinces and 70% of total land of Mongolia and supply electricity to                     

80% of total population alone.      

Own electricity consumption of СRIPG’s CHPPs decreased by 0.37 units to 

13.62%, whereas Dornot CHPP’s own consumption increased by 0.18 units to 13.64%. 

СRIPG’s transmissions and distribution losses decreased by 0.2 units to 13.8% whereas 

the ERIPG’s losses decreased by 0.35 units to 3.85% compared to the previous year. 

The transmission and distribution losses of WRIPG and AUIPG are decreased by 0.5 

units to 24.27% and 1.06 units to 21.47% respectively.  

 

Figure 2.4 Coal-fired CHPP list in the CRIPG and Their Aging, years 

(Units: year) 
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The Total Installed Capacity of Power Plants in CRIPG are shown in the 

following Table 2.4. Currently, the biggest power plants in the country are aging coal-

fired plants providing electricity and heat, the biggest coal fired power plant in 

Mongolia is CHPP 4 which has the total installed capacity 703MW. During the winter 

peak load in 2019, CHPP 4 supplied 51.8% of total peak load in the whole country 

which was 1153MW. The current oldest coal fired power plant in the CRIPG is coal 

fired CHPP2 which started its operation in 1961. Next one is Darkhan CHPP which 

started its operation in 1965. The biggest power plant CHPP4 which supplies 63% of 

total domestic electricity generation started it operation in 1983. The most recent coal 

fired power plant is Dalanzadgad CHPP which was commissioned in 2000.    

The State Policy on the energy sector 2030 has mentioned that internal 

consumption of power plants are around 14.4% and transmission and distribution losses 

are 13.7% which is 1.3-1.7 times more than the developing countries. According to the 

plan, they have planned to reduce the transmission and distribution losses from 13.7% 

to 7.8 by 2030. Another important goal which was mentioned in the State policy 2030 is 

related to the heat loss for buildings, they have stated that the heat loss for buildings 

will be reduced by 40% by 2030. It was also mentioned that for energy generators will 

have 10% reserve margin by 2023 and more than 15% reserve margin by 2030.     
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Table 2.4 The Total Installed Capacity of Power Plants in CRIPG 

№ Power Plants 
Installed Capacity 

(МW) 
Percentage (%) 

1 Coal Fired CHPP 1089 83.54 

1.1 CHPP 4 703 53.93 

1.2 CHPP 3 198 15.19 

1.3 CHPP 2 24 1.84 

1.4 Darkhan CHPP 48 3.68 

1.5 Erdenet CHPP 36 2.76 

1.6 Dalazadgad CHPP 9 0.69 

1.7 Edrenet Factory CHPP 53 4.07 

1.8 Ukhaa Khudag CHPP 18 1.38 

2 Wind Power Plants 154.6 11.85 

2.1 Salkhit 49.6 3.8 

2.2 Saishand Wind Park 50 3.83 

2.3 Tsetsii Wind Park 55 4.22 

3 Solar Power Plants 60 4.61 

3.1 Solar power plant  10 0.77 

3.2 Monnaran SPP 10 0.77 

3.3 Gegeen SPP 15 1.15 

3.4 Sumber SPP 10 0.77 

3.5 Buhug SPP 15 1.15 

4 Total 1303.6 100 

  Source: The Energy Economic Institute 2020, Feasibility Study for Tavan Tolgoi P/P 

 

In the CRIPG, 83.54% of the total installed capacity is consisted by CHPP and 

16.46% is renewable energy sources, 11.85% is wind, 4.61% is solar power plants 
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which can be seen in the above table. The main power generation source in the CRIPG 

is CHPP 4, compared to the total installed capacity which is 1303.6 MW, CHPP 4’s total 

installed capacity is 703 MW which is 53.9%.   

 

Figure 2.5 CRIPG Peak Load from 2013-2019 

 

Source: The Energy Regulatory Commission of Mongolia 

 

The peak load in the CRIPG has been increasing in the last 10 years, their annual 

average growth rate was 5.2% increase. In terms of total installed capacity, 88.4% of 

total installed capacity was utilized during the peak load. During the winter time there is 

a big difference between max and min loads, the difference reaches more than 300MW 

which cause a difficulty for the National Dispatching Center to manage the issue. In 

2013 the peak load was 910, and in 2015 it was 965 and increased to 1153 in 2019. The 

difference between 2015 and 2019 is 188 MW and the peak load is increased by 19%.  
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Table 2.5 CRIPG Peak Load Growth Rate 

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

Peak Load MW 729 782 863 910 969 965 975 1016 1117 1153 

Growth Rate, % 4.89 7.27 10.36 5.45 6.48 -0.41 1.04 4.21 9.94 3.1 

The Energy Economic Institute 2020, Feasibility Study for Tavan Tolgoi P/P 

 

The peak load in the CRIPG in 2015 decreased by 0.41% and since that time, it 

has been increasing gradually, the increase rate was 4.21% in 2017 and 9.94% in 2018 

and 3.1% in 2019. In 2015 the PEAK load was 965MW is decreased by 0.41% 

compared to the previous year. Highest growth rate was recorded in 2012 which was 

10.36%.  

 

Table 2.6 Last 10 year’s Max and Min Capacity Load Differences in the CRIPG 

№ Year 
Max Capacity 

MW 

Growth 

Rate % 

Min Capacity 

MW 

Growth 

Rate % 

1 2009 695 3.30%   3.30% 

2 2010 729 4.90% 294 - 

3 2011 786 7.80% 290 -1.40% 

4 2012 863 9.80% 272 -6.20% 

5 2013 910 5.40% 254 -6.60% 

6 2014 969 6.50% 288 13.40% 

7 2015 965 -0.40% 300 4.20% 

8 2016 975 1.00% 331 10.30% 

9 2017 1016 4.20% 404 22.10% 

10 2018 1117 9.90% 355 -12.10% 

     The Energy Economic Institute 2020, Feasibility Study for Tavan Tolgoi P/P 



32 

 

The max capacity in 2018 was 1,117 MW and the min capacity was 355 MW, 

the difference is 762 MW. In 2015, the max capacity was 965 MW and the min 

capacity was 300 MW, the difference is 665 MW.   

 

Figure 2.6 Last 10 year’s Max and Min Capacity Load Differences in the CRIPG 

 

     Source: The Energy Economic Institute 2020, Feasibility Study for Tavan Tolgoi P/P 

 

As we see the min and max capacity load of CRIPG in the Figure 2.6, min 

capacity load was increased by 25.8% in the last ten years, but the max capacity load 

was increased by 60.7% in the same period.    

When the capacity load difference increases, it makes the mode adjustment more 

difficult to manage. In other words, they have to configure 762MW capacity load 

difference within one year. The current main method to manage this load difference is 

through import and export. In order to increase the min load during nights, they have 
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been taking actions to encourage consumptions at night through lowering prices which 

has some effects for large factories and they tend to work in the evening when the 

electricity consumption is low.   

 

Table 2.7 Contribution of Power Plants to the Peak Load from 2016-2018 

№ Power Plants 
2016.12.26 2017.12.26 2018.12.06 

MW % MW % MW % 

1 CHPP 4 660 67.69 640 62.99 600 53.72 

2 CHPP 3 143 14.67 168 16.54 144 12.89 

3 CHPP 2 21 2.15 21 2.07 20 1.79 

4 Darkhan CHPP 44 4.51 44 4.33 43 3.85 

5 Erdenet CHPP 27 2.77 27 2.66 28 2.51 

6 Erdenet Factory CHPP - - - - 36 3.22 

7 Dalanzadgad CHPP - - - - 4 0.36 

8 Ukhaa Khudag  7 0.72 7 0.69 2 0.18 

9 Sainshand Wind  -   - - 45 4.03 

10 Salkhit Wind 21 2.15 44 4.33 17 1.52 

11 Tsetsii Wind  - - 20 1.97 - - 

12 Import 52 5.33 45 4.43 178 15.94 

13 Total  975 100 1016 100 1117 100 

   Source: The Energy Economic Institute 2020, Feasibility Study for Tavan Tolgoi P/P 

 

The biggest contributor for the peak load is coal fired CHPP 4 which supplied 

67.7% in 2016, 62.9% in 2017 and 53.7% in 2018. As we can see that each year the 

contribution of CHPP4 is constantly decreasing due to new renewable energy sources 
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which came on board in the energy system. There are two major coal fired power plants 

CHPP4 and CHPP3 which generate 82% of total domestic productions alone.  

  

Table 2.8 Transmission and Distribution Losses 

                                                         Unit: Percentage 

Years 

Central Region 

IPG 

West Region 

IPG 

East Region 

IPG 

Altai Uliastai 

IPG 

2012 16.19 26.74 8.84 24.17 

2013 15.82 25.58 8.29 22.19 

2014 15.29 26.34 6.90 24.68 

2015 15.07 25.35 7.40 23.51 

2016 15.02 26.73 4.97 23.52 

2017 14.73 25.94 4.10 23.40 

 Source: The Energy Economic Institute 2020, Feasibility Study for Tavan Tolgoi P/P 

 

There are several issues in the energy system in Mongolia. One of them is related 

to the transmission and distribution losses. In the CRIPG the transmission and 

distribution losses was 16.19% but it decreased to 14.73% in 2017. WRIPG and AUIPG 

have the highest rate of transmission and distribution losses. Through decreasing 

transmission and distribution losses, a signicant amount of energy may be saved. In the 

WRIPG has the highest transmission and distribution losses which is 25.94-26.74%, in 

the AUIPG has transmission and distribution losses which are between 22.19-24.68 

between 2012-2017.    



35 

 

2.6 Energy consumption trends in Mongolia 

 

According to the International Energy agency, the coal consumption in Mongolia 

decreased 7% in 2018 compared to 1990, but oil products by 73.5%, biofuels 73.6%, 

electricity 137.6%, heat 34.9% increased respectively. Compared to all the other energy 

sources, the electricity was the main energy which increased with highest rate.   

   

 

Figure 2.7 Energy Consumption Trend in Mongolia 1990-2018 

 

Source: IEA World Energy Balances 2020 https://www.iea.org/subscribe-to-data-

services/world-energy-balances-and-statistics 

 

 

 

https://www.iea.org/subscribe-to-data-services/world-energy-balances-and-statistics
https://www.iea.org/subscribe-to-data-services/world-energy-balances-and-statistics
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It was mentioned in the State Policy 2030 that the energy sector is the main 

foundation sector in order to ensure the stability of socio-economic development, safety 

and security of the country. The State policy on the energy sector’s main purpose is to 

supply increasing energy demand without any interruption and set the foundation for the 

country to become an energy exporter.  

The state policy on the energy sector has emphasized that renewable energy share 

for the total installed capacity will reach 30% by 2030. It is important because 

development of renewable energy generation has two major impacts on the Mongolian 

power system. Firstly, generation from renewable energy will support the power 

generation capacity. However, renewable energy generation will, due to its variable and 

intermittent nature, aggravate balancing difficulties and increase the complexity of 

operating the power system in Mongolia. Thus, a more flexible system operability of the 

Mongolian power system is required. Secondly, the development of spread generation 

plants will require significant development and upgrade of the transmission network, 

distribution network and substations in Mongolia.  
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Chapter 3                                    

Literature Review 

3.1 Review for role of energy planning in energy supply  

Energy sector plays in an important role for socio-economic system. On one side, 

energy supply is focused on proving basic services for citizen’s daily lives and, on the 

other hand it brings fundamental bases on progress and economic development. This is 

the reason that Sustainable Energy strategy will be fulfilled through energy policies and 

planning process which have been traditionally intended to assure energy supply on 

optimal conditions including energy security, quality and price (Julio, 2010).  

The energy is needed for everything in our modern world such as heating,           

air-conditioning for homes, moving all types of vehicles, charging phones, cooking our 

meals, using the internet etc. There are three major energy user category including 

buildings, industrial and transportation. For residential and commercial usage, energy 

consumption is supplied mainly from electricity in order to operate lightning, 

ventilation, laundry, refrigeration, computers, entertainment/relaxation and natural gas - 

for heating, cooling and cooking. Thermal, mechanical, electrical and chemical energy 

is required in the industry for production, manufacturing, mining, farming and 

construction (Udochukwu B. Akuru, 2013).  
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The most significant feature of renewable energy is that it is free to use these 

resources. Renewable energy sources are more environmental friendly and it has much 

lesser negative environmental impact compared to conventional fossil energy 

technologies. The renewable energy investments are mostly spent on physical materials 

and personnel to build and maintain the renewable energy facilities, rather than buying 

expensive energy imports (Umair, 2015). Global energy demand has been rising mainly 

due to industrial development and population growth, and as a result, development of 

new and renewable energy has become the priority in many countries. Electricity, which 

is probably the most important secondary energy source in the modern world associated 

with human and economic development, it has particularly been increasing its share in 

the overall energy mix (Bazmi & Zahedi, 2011).  

3.2 Review of previous relevant studies  

The energy planning, consumption, generation and renewable energy forecast have 

been studied by many researchers, because they are very important for countries’ 

economic growth and future planning.  

Luis Rivera-González et al. (2019) has used leap model, he mentioned that The result of 

the electricity generation by type of sources for S1 estimates an increase of 123.10% 

between 2018 to 2040, from 28,033 GWh to 62,541 GWh. Then, the GEG growth in S2 

is even more noteworthy (216.05%), which reaches 88,599 GWh. In this scenario, the 

hydroelectric and NGCC power plants would cover nearly all electricity demand.  
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Lkhagva Jambaa, (2014) has used LEAP model, his findings suggest that the total 

energy demand is expected to reach 14.39 Mtoe in 2040 in the BAU scenario, which is 

4.53% higher than the 13.8 Mtoe in the EE scenario. The industry and transport sectors 

are expected to be the main energy consumers in the next decades. These two sectors are 

expected to consume approximately 67.9% of the total energy by 2040. According to his 

results the total energy demand is expected to reach 14.39 Mtoe in 2040 in the Business 

as usual scenario, which is 4.53% higher than the 13.8 Mtoe in the Energy efficient 

scenario. He mentioned that industry and transport sectors would be the main energy 

consumers in the next a couple of decades. These two sectors are expected to consume 

approximately 67.9% of the total energy by 2040. He suggested that If the assumptions in 

the Energy Efficient scenario is implemented, the accumulated GHG emission will be 

reduced to 1273.65 million metric tons from 1321.64 million metric tons in the Business 

As Usual scenario. For the Renewable energy scenario, it could decrease the emission 

more than the Energy efficient scenario could reduce, the difference between these two 

scenarios would be 32.05 million metric tons. According to his results the estimated CO2 

emission of Renewable energy scenario is 1241.6 million metric tons, if you compare it 

with business as usual scenario it is 80.04 million metric tons lower.  

Zorig Bayaraa, (2015) has used The levelized cost of energy (LCOE) model and his 

conclusion was that in the government scenario, Mongolia will be used dominant coal-

fired plants (62.8%), Renewable (14.4%), diesel plants (13.9%) in 2030. The author has 

mentioned that they assume in most of the scenarios, the future expansion of the 
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Mongolian power system could have great positive impacts from hydropower, because 

there are two major benefits one being generating energy in the system and second one is 

it contributes to the system regulation and the provision of peak capacity and frequency 

control. These issues related to the provision of peak capacity and frequency control are 

controlled partially by electricity imports from Russia.  

Ganzorig Shagdarsuren (2016) has mentioned that he used Unit root, Cointegration and 

Granger Causality tests and stated that In the case of electricity consumption and GDP, 

the causality running from electricity consumption to GDP is less than 5% (0.038); as 

such, there is a long-term causality between electricity consumption and GDP.  

K. G. Tay et al. (2019) has mentioned that it is very crucial to predict the future 

electricity consumption, because accurate forecasting has huge impacts for future energy 

management and saving. They have used Adaptive Neuro-Fuzzy Inference System 

(ANFIS) to forecast electricity consumption. The author has emphasized the importance 

of accurate predictions for electricity consumption because overestimation will lead to 

wasting of resources and underestimation will cause to increase operation cost for utility 

companies and make it difficult for future generation and distribution plans.  

Komi Nagbe et al. (2018) has used a different method to forecast short term electricity 

demand. They explained that the reason they have utilized a Functional state space model 

was because people are using many different types of electric appliances and it is needed 

to respond for the electricity demand in real time which made electricity demand 

forecasting more challenging. For short term forecasting, economic activities, household 



41 

 

needs and weather sources are always changing, as a result it is difficult to forecast the 

electricity demand. It was stated that State-space models (SSM) and the connection 

notion of Kalman filter are a better option to overcome nonlinearity and non-stationary 

patterns of the electrical data.       

Rafael Sánchez-Durán et al. (2019) has conducted a research on long term forecasting 

for energy transition. The author has addressed that long term energy demand forecasting 

plays an important role in planning energy infrastructure and adapting economic and 

energy policies. They have predicted the energy demand in Spain using econometrics 

techniques. From their findings, they have stated that world future energy demand shows 

a dramatic increase due to human developments especially for less developed countries. 

It was found that Spain’s energy demand will be stable in the next decade with only 2% 

annual increase. The author mentioned that Data-driven methods can be classified as 

autoregressive because they use past data in order to predict the future and they use 

external variables which influences energy demand such as temperature, economy, 

population etc. The author has described other techniques such as artificial neural 

networks, fuzzy logic, time-series analysis, regression models, support vector machines 

and genetic algorithms. They have found 4 key parameters from 1990-2015 including 

population, gross domestic product, primary energy demand and CO2 emissions.   

Neils Bohr has stated that there are many methods available today to forecast the energy 

demand. But the appropriate method should be chosen based on available data and nature 

of forecast. Researchers usually utilize more than one method to compare the results to 
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have more accurate forecast. He also explained about the economic approach for 

forecasting that this method combines economic theory with statistical methods to create 

a system of equations for energy demand forecasting. Time serious or cross-sectional 

data, causal relationships could be established among electricity demand and other 

economic variables. Dependent variable is electricity and other independent variables 

could be population, income per capita, prices of power, other alternative fuels etc.            

Aadesh Arya et al. (2012) addressed that due to limited domestic fossil fuels, the India 

has a serious plan to expand the renewable energy sources for power generation. He also 

argues that every day new trend and innovations are developed throughout world in R&D 

centers, as doing so it will reduce energy wastage and more energy will be generated by 

solar devices. He concluded that solar energy will be an optimal option and maintain 

healthy environment for human beings which are suffering from various hazards of air 

pollution. Another option is hydro power plants but this option has some issues such as 

irregular flow of water and drought etc.  

Nicolas Perez-Mora et al. (2015) have compared four short term forecasting methods for 

wind and solar energy generation in Spain. Two models were based on ARIMAX 

statistical methods and the other two were based on computational intelligence methods 

as Non-linear Autoregressive eXogenous Neural Networks (NARX). The author has 

mentioned about their study result that proposed NARX method results were much better 

than ARIMAX results for both generation forecasts. Solar forecasts were more accurate 

than wind forecasts.  
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Xiaohuan Lyu et al. (2017) has mentioned about some key concepts about future 

renewable energy financing. It was stated that due to global environmental issue and air 

pollution problems, conventional energy financing will continue to fall and on the other 

hand clean energy and renewable energy financing will continue to rise. It was also 

addressed that sustainable development of renewable energy sector can’t be separated 

from source of funds and well-functioning financial system. In order to develop 

successful renewable energy projects, their financial system must be market oriented, in 

this way renewable energy can grow rapidly with the support of suitable financial system. 

The author has concluded that financial efficiency of renewable energy sector is 

gradually increasing but the efficiency of industrial financing is still low. In order to 

increase the efficiency of industrial financing it should be based on market oriented 

environment and appropriate financial system. Therefore policy makers should improve 

their strategies for efficient financing.          

Jung-Ah Hwang  et al.  (2017) has addressed that due to climate change globally, 

policy makers are forced to take strong actions to strengthen environmental regulations. 

But on the other hand manufacturers strongly object this idea because they claim that 

these kinds of strong regulations will cause to increase the cost for their products and it 

will be the main factor to loose in the international competitions. Some researchers argue 

that environmental regulations actually make manufacturing sectors become more 

competitive in the international market.  
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In this article, they have analyzed the effects of environmental regulations on 

exports and assessed static and dynamic circumstances to determine whether 

environmental innovative knowledge and regulations have negative effects on import and 

what their correlations are. Lately researchers are discussing about the relationship 

between environmental effects and environmental policies a lot.  There is a hypothesis 

called “pollution haven hypothesis” which are tested in two categories to determine 

whether environmental policies really weaken trade, and manufactures consider 

environmental policies before allocating investments. As a matter of fact, the author 

mentioned that most of studies never found real evidences of any correlations between 

environmental regulations and trade flows, nor investments.  

Kyunam Kim et al. (2017) has explained the importance of promoting activities in order 

to encourage renewable energy sector through many different types of incentive system, 

so that the renewable energy sector may play in important role in the economic 

development. But before changing policies and regulations, new technologies and their 

affections should be assessed carefully.         

According to this paper, they considered changing the technology of renewable 

energy systems and made analysis on how policies impact the renewable energy systems.  

They have focused on PV and wind resources technologies and used data from 16 

different countries between 1992-2007 for solar PV, and 13 country’s data collected 

between 1991-2006 for wind power technology. The author has mentioned that they 

have categorized technological change system of RE in three different phases including 
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invention, innovation and diffusion. The author mentioned that there are technology 

push and market pull policies which are key the players in the technological change 

system of renewable energy including public investment, tariff incentives, renewable 

energy obligations and taxes etc.  In most cases, renewable energy technology 

renovation and development are financed by governments.  In this article, it was stated 

that there are many studies and research work conducted in the past on this renewable 

energy area and how the policies and regulations impacted the technology                    

itself and changed them.  

In the study, they have used several equations and some of them described the 

correlations between technological diffusion and renewable energy system cost etc. 

They also used some determinants such as raw material price and each country’s gross 

domestic products because raw material price is important to determine the new 

technology price and the amount of production also influences on the cost. The author 

also explained the dependencies of invention, cost reduction and diffusion which are 

used in equations models to make analysis in the article. The author mentioned about 

some results from the study that if oversees knowledge increases 100%, patent 

application increases 16.6% for solar PV and 44.8% for wind power. This finding 

suggests that inventors tend to learn things more form oversees.  So they explained the 

reason about this finding because there are only few countries including Japan, Germany, 

and others, dominating in the renovation and development for the renewable energy 

sectors. 
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Yoonmo Koo et al. (2019) This article stated that the Paris accord was approved in 2015 

and currently over 180 countries has acknowledged this agreement and out of which 45 

national administrations have carried out or planned carbon pricing policies. Each 

country has a different approach to encourage emission trading and their effectiveness is 

various.  As the author mentioned one of the main methodology to make analysis on 

climate change policy is called computable general equilibrium model which includes 

economic factors and different sectors in the market economy. The author has assumed 

that previous studies on emission trading system in Korea included large and small 

companies together and analyzed affects from climate change policies, and they feel that 

climate change policies to reduce emissions have different effects depending on the size 

of companies, thus their results may be inaccurate. It was stated in the article that 

carbon tax should be imposed on large firms instead of imposing for all entities and 

firms. It was mentioned that in order to make policies more effective to reduce 

emissions, separate or differentiated policies should be designed carefully to make 

mitigation process easily and to have bigger positive impacts for the environment.  

A.V. Voyko (2020) has stated that the world’s leading energy companies are focused on 

using cleaner form of energy to generate power for the benefit of reducing harmful 

environmental impacts. Their main purpose was to identify the motivation of energy 

companies to increase their volume of power generations from renewable energy 

resources. But their findings did not confirm their hypothesis that green energy 

generation has significant impact on their values.    
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3.3 Research Significance  

The literature reviews have emphasized that energy planning is the key factor for 

supplying energy with affordable cost and it ensures the energy accessibility, 

availability and affordability at the same when the long term energy planning is 

conducted properly with considering forecasting of energy demand, fuel cost, 

investment cost, energy generation technologies and environmental effects. As a result, 

optimal combination of energy system may be identified which will ensure the energy 

stability and security for those countries.  

There are many different modeling tools which are used to conduct the assessments 

of energy demand and supply strategies and their benefits under different circumstances 

and resource availabilities. Short-, mid- and long- term energy planning is conducted 

because precise energy planning helps to grow the economy and this is the main reason 

that accurate forecasting is important for all countries. Each country has different 

conditions, resources and energy related policies, through examining with different 

scenarios they may be able to compare the outcomes of certain policies which will 

affect the economy and environment, and make decisions based on the results of 

empirical studies. The findings and results from the studies related to energy planning 

may give valuable recommendations and information in order to make future energy 

planning and help them develop necessary policy tools to achieve their goals in terms of 

energy supply with least cost and other criteria.    
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Chapter 4  

Data and Methodology  

4.1  Analysis approach and scenario 

This study employs a bottom-up techno-economic analysis of energy and GHG-

reduction scenarios. This type of analysis is commonly used by countries in their energy 

and climate change mitigation planning, as well as for in reporting to international 

bodies such as the UNFCCC (Sathaye and Meyers 1995; UNFCCC 2012). In a bottom-

up analysis, groups of energy-saving and energy-supply measures are combined into 

broad scenarios that reflect alternative development choices. Energy demand is 

specified according to assumptions on how underlying drivers (e.g., population, mineral 

production) may evolve, and does not take into account responses to economic changes 

(such as changes in consumer spending or other macroeconomic variables) that may 

result from the measures introduced. 

An energy scenario is an option of what the energy demand would be, and how 

energy use, electricity and heat supply, and the economy will develop in the future and 

what types of environmental effects it may have. Energy scenario analyses typically 

start with a reference case, or “business as usual” scenario, which is an illustration of 

how the economy (related to energy demand) would evolve in the absence of any new 

policies. Alternate scenarios may be developed with specific aims, such as emissions 
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reduction (of GHGs and/or other air pollutants), and reflect different ways of economic 

or social development. Scenario development starts with a set of overall themes, or 

“storylines”, such as continuation of past practices, export-oriented development, or 

green growth, which are then translated into economic and demographic assumptions 

and strategies for meeting corresponding energy service requirements including 

industrial production, homes and mobility (GGGI, 2014).   The study is carried out by 

using the Long-range Energy Alternatives Planning (LEAP) system which is developed 

by the Stockholm Environment Institute (SEI) and this energy planning model included 

both the demand and supply sides of the energy system. The Leap model has been 

utilized widely in energy policy analysis in over 190 countries because it is developed 

to combine energy consumption, production and resource utilization in various sectors 

of the economy. The model also enabled to develop different options and alternatives 

energy systems using alternative scenario approaches. Thus, this model makes it 

possible to represent different energy systems with different data structures and helps 

energy policy analysts to create and evaluate different scenarios based on different 

aspects including energy requirements, economic costs and benefits as well as 

environmental impacts.  

Mongolia’s existing greenhouse gas inventory, like all inventories submitted 

by countries to the UNFCCC, is based on the emissions released within the country. 

Using this “territorial” approach, Mongolia’s emissions have been dominated by CO2 

from power and heat generation (about one third), methane (CH4) from enteric 
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fermentation (about one-third), and (to a lesser extent) combustion of fossil fuels in 

vehicles and buildings (about one-fifth) (MNET 2010).  

 

Figure 4.1 Analysis Framework for the Model  

 

 

LEAP is an integrated modeling tool that can be used to track energy 

consumption, production and resource extraction in all sectors of an economy. LEAP is 

a demand-driven tool, in that the user first describes current and future energy 

requirements for households, transport, industry, and other sectors, then uses LEAP to 

model processes such as electricity generation, coal mining, and other energy supply 

systems that provide fuels for final consumption. LEAP can be used to account for both 

energy sector and non-energy sector greenhouse gas (GHG) emission sources and sinks. 
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In addition to tracking GHGs, LEAP can also be used to analyze emissions of local and 

regional air pollutants. Finally, LEAP can track the direct costs of fuels and resources, 

of devices and systems that use energy, and of energy supply infrastructure so as to 

estimate the relative costs of different approaches to providing energy for an economy 

(GGGI, 2014).  

4.2   Scenario development 

This study has used a bottom-up techno economic analysis of energy and GHG 

reduction scenarios which are constructed and investigated in the Long range Energy 

alternatives Planning (LEAP) software which is developed by the Stockholm 

Environment Institute (SEI), an international, independent, not-for-profit research 

organization. This LEAP software tool is globally used in energy policy analysis and 

climate change mitigations in over 190 countries (SEI, 2016). The Leap model may be 

employed to calculate and analyze energy requirements, transformations and energy 

sources. Energy demand or energy supply is calculated and investigated by adding up 

the energy consumption and supply of each type of activities. There are 4 main modules 

that Leap provides in the energy modeling including key assumptions, demand, 

transformation and resources (Mina et al. 2020). Key assumptions module is consisted 

of data such as population size, population growth, nominal GDP (Gross Domestic 

Product), GDP growth, number of households and income, electric intensity 

improvement, and other parameters. Demand module consists of four sectors, and they 

are household, industry, business and public (Jaka et al. 2018).   

https://www.sei.org/
https://www.sei.org/
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This study will present five scenarios of how energy supply and demand could 

evolve in Mongolia until 2050. All five scenarios will use the same economic and 

demographic growth forecasts which were developed by the relevant Government 

organizations and made available to the public through “Vision 2050, Long Term  

Development Policy of Mongolia” by the Government of Mongolia published in 2019, 

to determine the need for energy services.  

Following is the brief introduction and description of 5 scenarios:  

Reference 0: Business as Usual or the reference scenario 

It will reflect a continuation of largely coal-based energy supply in an economy 

driven largely by mining exports, especially of coal and copper. This scenario assumes 

relatively few changes in energy supply or the intensity of demand other than gradual 

improvements in some technologies (e.g., vehicles, appliances) consistent with 

international trends likely to evolve regardless of changes in Mongolia’s policies.  

Reference 1: Government Policy on the Energy Sector 2030 scenario 

It will begin to introduce a shift to renewable energy (RE /solar, hydro, wind/ 30% 

share by 2030-2050) and increased energy efficiency based on recent plans and 

priorities which are defined of the Ministry of Energy and Ministry of Environment and 

Green Development, and energy related activities mentioned in the                          

Government Resolution 63 and 325.    
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RE 40%: Expanded Green Energy Scenario 

It will describe a future where Mongolia makes an even stronger transition to 

renewable energy (assuming RE share will reach 40% by 2050) and implements 

extensive energy efficiency measures across its economy. This scenario also builds from 

work on renewable energy and efficiency potentials conducted in the country, including 

by the work of the Ministry of Energy, the Ministry of Environment and Green 

Development.   

RE 50%: Expanded Green Energy Scenario RE50% 

It will describe a future where Mongolia makes an even stronger transition to 

renewable energy (assuming RE share will reach 40% by 2050). 

RE 60%: Expanded Green Energy Scenario RE60% 

It will describe a future where Mongolia makes an even stronger transition to 

renewable energy (assuming RE share will reach 60% by 2050). 

This study presents five broad scenarios of how energy supply and demand could 

evolve in Mongolia through the year 2050. All five scenarios use the same economic 

and demographic growth forecasts, which draw from a recent plan called “Vision 2050, 

Long Term Development Policy of Mongolia”.   
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Table 4.1 Description of Scenarios 
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“Vision 2050, Long Term Development Policy of Mongolia” was developed by 

the relevant Government organizations and made available to the public in 2019, and it 

is the current forecast of socioeconomic growth intended to be used by the Government 

of Mongolia to determine the need for energy services and other economic activities.  

According to “Vision 2050, Long Term Development Policy of Mongolia”, they 

have assumed rapid growth in Mongolia’s economy, especially in mining and industrial 

sectors, and with related effects like increasing demand for freight and personal 

transportation. 

 

4.3 Data requirements and Key Assumptions 

World Bank data, National statistical data, The Ministry of Energy statistical data, 

Statistical data from the Energy Regulatory Commission of Mongolia, most importantly 

National starter data which was develop by the Global Green Growth institute with 

partnership of the Stockholm Environment Institute – U.S. (SEI-US), and foreign and 

domestic experts and as well as consultants from the Ministry of Energy of Mongolia, 

and working with the Advisory Committee in gathering data for this starter data and 

report, was used for this analysis. The time period where historical data used was from 

2015 to 2019 and forecasting is until 2050.  

In the LEAP model, seven types of data are required to perform analysis including 

demand data, general energy data, economic data, transformation data, environmental 
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data and fuel data. The base year for this analysis was 2015. The following is the 

example of data which was used in this study.   

Economic Data 

 GDP/value added, population, household size,  

 production of energy-intensive materials (tons or $ steel) 

 transport needs 

General Energy Data 

 Characteristics of the energy supply, transport, and conversion facilities 

 Energy supply plans and energy resources and prices;  

 Capital and O&M costs, performance (efficiencies, capacity factors, etc.),  

 New-capacity online dates, costs, and characteristics;  

 Fossil fuel reserves; and the potential for renewable resource. 

Power sector:  

 Current and historical installed capacities (MW), efficiencies, costs (capital,   

   operating and maintenance, and fuel costs) 

 Actual dispatch (MW-HR) of the various types of electricity generation plants  

 Seasonal load shape of their electric system and the maximum availability and  
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   dispatch priority of each different type of power plant.  

 Capacity expansion plans etc.   

The Government of Mongolia has published a long term development policy 

forecast called “Vision 2050” which came available for the public in 2019.  Economic 

data such as GDP, population, household size, household number, income forecast until 

2050 were used from this Vision 2050 for the key assumptions of leap model for this 

study 

 

Figure 4.2 Population Growth Forecast   

 

   Source: The Government of Mongolia “Vision 2050” 2019 

 

In 2015 the population was 3.05 million and in 2019 it increased to 3.29 million 

which was 7.8% increase within 4 years. Annual average growth was 1.9%. According 

to “Vision 2050, Long Term Development Policy of Mongolia”, in 2050 the total 
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population will reach 5.4 million which is 77% increase compared to 2015, and the 

annual average growth is expected to decrease to 1.6%. The National Statistical Office 

has made a forecast for the population growth in 2015 and according to their projection, 

in 2050 the total population of  5.4 million will  be  consisted of 30.4%  (0-14 

years old), 60.6%  

(15-64 years old) and 9.0% seniors who are over 65 years of age. This means that the 

majority of population in the 15-64 age group will be increased dramatically.  

 

Figure 4.3 GDP Growth Forecast 

   Source: The Government of Mongolia “Vision 2050” 2019 
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According to the World Bank, GDP in 2019 was 13.6 billion USD, and compared 

to 2018 it is increased by 6.9%. GDP per capita was 4,133 USD. As the “Vision 2050, 

Long Term Development Policy of Mongolia” stated, GDP may grow to 65.3 billion 

USD by 2050 which is 444% increase compared to 2015 within 35 years. In 2030, they 

have predicted that GDP may reach 27.6 billion USD and GDP per capita will be 6888 

USD. It was stated that 31.4% will come from mining sector, 14.6% from industry 

sector, and 10.5% from commercial sector. By 2050 GDP may reach to 65.3 billion 

USD and 27.4% from industry sector, 25.3% from mining sector, 11.6% from 

transportation sector. They have also mentioned that other sectors such as energy and 

tourism sectors may grow constantly which means in the next 30 years, economy 

structure and main revenue sources will be changed drastically, energy and industry 

sectors will be major players.  
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Figure 4.4 Numbers of Households 

 

   Source: The Government of Mongolia “Vision 2050” 2019 

According to the National Statistical Office, the number of households in 2015 

was 859.1 thousand and in 2019 897.4 thousand which is 4.4% increase compared to 

2015. They have predicted that in 2050, the number of households may reach to 1,761 

thousand which is 105% increase compared to 2015. It means that in the next 30 years 

the number of household in Mongolia may be doubled which will cause to increase 

energy demand and utilization of all the other resources.      
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Figure 4.5 Household Size 

 

   Source: The Government of Mongolia “Vision 2050” 2019 

 

 

According to the National Statistical Office, the household size was 3.6 people in 

single family and it is predicted that in 2050 household size may decrease to 3.1 people 

per household. In the recent decades, this trend is becoming popular that when the 

economy grows, the household size is becoming smaller due to several factors.    
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Figure 4.6 Income Level 

 

     Source: The Government of Mongolia “Vision 2050” 2019 

 

According to “Vision 2050, Long Term Development Policy of Mongolia”, in 

2015 income per person was 3.9 thousand USD, they have forecasted that the income 

level may reach 12 thousand USD by 2050 which is 207% increase compared to 2015.   

The Energy Strategy studies in Mongolia, like any other country, have often 

considered GHG emissions reduction, sustainable development, and other objectives as 

mentioned before. In the areas of green growth, additional dimensions may be important. 

There are five categories to measure the progress. (GGKP 2013). Including:  

 



63 

 

 Natural asset base, such as whether natural resource stocks are being depleted;  

 Environmental and resource productivity / intensity, such as measures of 

economic activity (GDP) per unit of emissions (CO2);  

 Environmental quality of life, especially the fraction of the population exposed 

to air pollution;  

 Policies and economic opportunities, which may affect indicators in any of the 

three categories above, and which may include environmentally related taxes or 

subsidies that stand in the way of cleaner production and consumption;  

 Socio-economic context, such as standard macroeconomic variables, and 

measures of equity, social inclusion, and access to services.  

In order to analyze investment cost and benefits, the following data was used to 

compare the different scenarios and their cost. These projects have received their 

licenses and working on different phases of their projects such as finding investments to 

implement projects, making negotiations to continue the projects or making contracts to 

set their prices etc.  
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Table 4.2 Solar Power Plant Projects which have received licenses, and 

their Capacities and Investment Cost 

№ Project Location 
Capacity 

MW 

Annual 

Expected 

Electricity 

to Generate                     

million kWh 

Total 

Investment 

Cost 

Investment 

Cost for 1MW 

Unit: million 

USD 

Unit: million 

USD 

1 Tov Province Sergelen sum  30 50 48 1.6 

2 Dornogobi Province Airag  20 39 35 1.8 

3 Darkhan Uul Province  20 32 39 2 

4 Khovd Province Myangad 10 19 27 2.7 

5 Tov Province Zuun Mod 9 19 23 2.6 

6 Uvurkhangai Province 8 13 16 2 

7 Tov Province, Khushigt 50 80 94 1.9 

8 Dornogobi, Zamiin uud 15 25 26 1.7 

9 Mandalgobi 30 48 45 1.5 

10 Gobisumber Province 50 79 90 1.8 

11 Bayanchandmani 21 43 32 1.5 

12 Tov Province Sergelen sum 50 78 85 1.7 

13 Dornogobi, Erdene 30 53 55 1.8 

14 Khovd Province Myangad 10 17 15 1.5 

15 Tov Province 15 24 25 1.7 

16 Selenge Province 30 49 51 1.7 

17 Tov Province, Bayandelger 30 49 48 1.6 

  Total  428 717 754   

  Average 1 1.7   1.8 

  Source: The Energy Regulatory Commission of Mongolia by 2018 
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Table 4.3 Wind Power Plant Projects  

№ Project Location 
Capacity 

MW 

Tariff      
Total Investment 

Cost 

Investment Cost 

for 1MW 

US 

cents/kWh 

Unit: million 

USD 

Unit: million 

USD 

1 South Gobi, Khan Bogd 250 9.5 160 0.6 

2 Dornogobi, Sainshand 55 9.5 121.7 2.2 

3 Dornogobi, Dalangargalan 100 9.5 144.2 1.4 

4 Gobisumber, sumber sum 50.4 9.4 93.2 1.8 

5 Tov Province, Sergelen 50 9.5 127.6 2.6 

6 South Gobi, Bayan Ovoo 50 9.4 91.1 1.8 

7 South Gobi, Tsogt tsetsii 50 9.5 98.1 2 

  Total  605.4   835.9   

 

Table 4.4 Hydro Power Plant Projects 

№ Project Location 
Capacity 

MW 

Tariff 
Total Investment 

Cost 

Investment Cost 

for 1MW 

US 

cents/kWh 

Unit: million 

USD 

Unit: million 

USD 

1 UB, Songino khairkhan 100 11.3 100 1 

2 Bayan-Ulgii, Altan tsugts 92.8 8.4 235 2.5 

3 Khuvsgul Tumur bulag 24.6 8.6 98 4 

4 Eg River 315 8.6 995.4 3.2 

 
Total 532.4 

 
1,428.40 

 

 
Average 1 9.2 

 
2.7 

Source: The Energy Regulatory Commission of Mongolia by 2019 
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Table 4.5 Coal Fired Power Plant Projects   

№ Project Location 
Capacity 

MW 

Tariff      
Investment 

Cost 

Investment 

Cost for 1MW 

US 

cents/kWh 

Unit: 

million USD 

Unit: million 

USD 

1 Darkhan Uul, Darkhan 35   24.5 0.7 

2 CHPP 5 450   1,201.50 2.67 

3 Khovd, Darvi sum 12   14.3 1.2 

4 South Gobi, Tsogt tsetsii 18   37.3 2.1 

5 Khentii, Murun sum   600   757.1 1.3 

6 Tuv, Bayan sum       600 7 740 1.2 

7 Zavkhan, Telmen sum 100   110 1.1 

8 South Gobi, Tsogt tsetsii 450   958 2.1 

9 Tuv, Bayan sum 600 6.36 850 1.4 

10 Dornogobi, Altanshiree sum 600   840 1.4 

11 Sukhbaatar, Erdenetsagaan 21   31.2 1.5 

12 Ulaanbaatar city 50   35 0.7 

13 Dundgobi, Saintsagaan 600   1039.4 1.7 

14 South Gobi, Gurvan tes sum 195   349 1.8 

15 Gobisumber, Sumber sum 270   418.2 1.5 

16 Dornot, Choibalsan 300   488 1.6 

17 Uvs, Ulaangom sum 60   121.4 2 

18 Ulaanbaatar, baganuur dist 700 6.36 938.5 1.3 

19 Bayankhongor, Bayan-undur 2020   1362 0.7 

20 Dornogobi, Altanshiree 2640   1999 0.8 

21 Ulaanbaatar city 200   220 1.1 

22 Orkhon, Bayan-undur 48   42 0.9 
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23 South Gobi, Nomgon 700   1300 1.9 

24 Orkhon, Bayan-Undur 35   55.3 1.6 

25 Dornogobi, Urgun sum 5   8.63 1.7 

26 Dornot, Matad sum  3000   2576 0.9 

  Total  14,309   16,516.30   

  Average cost per 1 MW 1     1.42 

 Source: The Energy Regulatory Commission of Mongolia by 2019 

 

In the last several decades, global energy demand is increasing dramatically, and 

many developed countries are investing extensively in the renewable energy sector 

(Aadesh Arya, 2012). According to the Renewables 2019 Global Status Report, globally 

289 billion USD is invested in renewable energy and fuels, and total renewable energy 

installed capacity including hydro reached 2,378 GW globally by 2018. Solar PV 

capacity increased by 100 GW from previous year and reached 505 GW by 2018. 169 

countries have adopted renewable energy targets to achieve (REN21, 2019).    

All five scenarios used the same economic and demographic growth forecasts 

based on the “Vision 2050” by the Government of Mongolia to analyze the need of the 

energy demand and supply forecast from 2015-2050. The State Policy on the Energy 

sector 2030 plays in important role for this study, because it was the main policy to be 

used the future developments and comparison between scenarios. According to this 

policy the renewable energy share will reach 20% by 2020 and 30% by 2030 in terms of 

total installed capacity.     
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Chapter 5                                             

Analysis Results and Discussions  

5.1  Analysis results  

 

According to the LEAP analysis the following results have been obtained.  In 

order to make the analysis on the leap software, the key assumptions used data which 

were received from the “Vision 2050”.     

 

Figure 5.1 Total Energy Demand until 2050 by Economic Sectors 

Units: Petajoules 

 



69 

 

In 2015, the total energy demand was 165.9 petajoules, the main demand was for 

buildings 84.2 petajoules, for industry 43.6 petajoules and for transport 27 petajoules. In 

2019 the demand for buildings increased only by 2.2% compared to 2015 but for industry 

sector demand will be increased by 88% and for transport sector the demand will be 

increased by 58%. The based on the key assumptions, the results show that in 2050, the 

total energy demand will be increased to 691 petajoules which is 316% increase 

compared to 2015. Interestingly the demand for transport will be increased more than 10 

times in 2050 compared to 2015. The industry sector demand will be increased by 202% 

in 2050 and agriculture and forestry sector demand will be increased by 325% in 2050, 

and petroleum product use demand will be increased 299% in 2050 and building sector 

demand will be increased by 127% in 2050 compared to 2015 which is the lowest 

increase among these economic sectors.  

 

Table 5.1 Total Energy Demand until 2050 by Economic Sectors (Reference) 

                                                         Units: Petajoules 

Branch 2015 2020 2025 2030 2035 2040 2045 2050 Inc % 

Buildings 84 88 100 111 126 144 166 191 127 

Industry 43 84 99 112 124 126 128 132 202 

Transport 27 46 68 98 137 182 241 320 1090 

Agriculture Forestry 7 14 17 21 23 25 28 30 325 

Unspecified Petro/ 

Products Use 4 5 6 8 9 11 13 15 299 

Total  165   239   292  351   421   490   577   691  316 
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   As mentioned that the demand for buildings may be increased to 191.6 Petajoules,              

it is related to the population growth, especially the number of households are expected to 

grow to 1,761 million which is 105% increase by 2050 compared to 2015.       

 

Figure 5.2 Electricity Demand until 2050 (Reference Scenario) 

 

 

The electricity demand will increase from 9,130.2 million kWh in 2020 to 22,449.8 

million kWh in 2050 which is more than 2 times increase within 30 years. Especially the 

building sector demand will increase from 1,846.4 million kWh to 9,495.8 million kWh 

which would be more than 4 times increase.    
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Table 5.2 Electricity Demand (Reference scenario)  

Units: Million kWh 

Sectors 2015 2020 2025 2030 2035 2040 2045 2050 

Buildings 1,431 1,846 2,534 3,361 4,405 5,682 7,357 9,495 

Industry 2,787 7,084 8,598 10,758 11,250 11,289 11,348 11,430 

Transport 58 66 94 133 175 229 299 394 

Agriculture 

Forestry 35 133 227 353 497 654 859 1,128 

Total 4,312 9,130 11,454 14,607 16,329 17,855 19,865 22,449 

   Source: The Leap Analysis Results  

 

The electricity demand for the transport sector will be increased from 58.3 million 

kWh in 2015 to 394.9 million which is 6 times increased however the amount for the 

total electricity demand is only 1.7%. Building and transportation sector’s electricity 

demand will be increased 6 times compared to 2015 and the industry sector demand will 

increase from 2,787 million kWh to 11,430 million kWh which means it will be increased 

5 times.   

The Government of Mongolia has published a long term development policy 

forecast called “Vision 2050” which came available for the public in 2019.  Economic 

data such as GDP, population, household size, household number, income forecast until 

2050 were used from the Vision 2050 for the key assumptions of leap model                   

for this study.  

 



72 

 

Figure 5.3 Electricity Demand (Expanded Green Energy Scenario RE40%) 

 

 

Table 5.3 Electricity Demand (Expanded Green Energy Scenario RE40%) 

Units: Million kWh 

Sectors 2015 2020 2025 2030 2035 2040 2045 2050 

Buildings 1,431 2,083 2,837 3,751 4,754 5,645 6,747 8,078 

Industry 2,787 6,536 7,062 7,997 7,479 7,474 7,477 7,487 

Transport 58 94 165 270 410 527 682 891 

Agriculture Forestry 35 133 204 312 431 557 718 925 

Total 4,312 8,847 10,269 12,331 13,076 14,205 15,626.4 17,383 

 

In the expanded Green energy RE40% scenario, it is expected that the electricity 

demand will reach 17,383.2 million kWh which is 303% increase compared to 2015. But 
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compared to the reference scenario, electricity demand is decreased by 5,066 million 

kWh which is 22% in 2050. There are number of reason that the electricity demand is 

decreased in this expanded Green energy RE40% scenario because of decreasing 

transmission and distribution losses, improving the efficiency. The major decrease will 

occur in the industry and building sectors, It will be discussed more in the next section. 

 

Figure 5.4 Primary Energy Demand by Fuel (Reference Scenario) 

 

Source: The Leap Analysis Results 

 

In 2015, the total energy demand was 165.9 petajoules and in 2050 it is expected 

to grow to 691 petajoules which is 316% increase within 35 years. The solid fuel 

demand will be increased by 114% in 2050 compared to 2015, the major increase will 
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occur for oil product demand which is 731% in 2050 compared to 2015. The overall the 

primary energy demand will be increased to 691 petajoules which is around 3 times 

increase compared to 2015.   

 

Figure 5.5 Electricity Demand Comparison (Ref vs Expanded Green energy)  

 

 

Table 5.4 Electricity Demand Comparison 

Units: Million kWh 

Scenario 2015 2020 2025 2030 2035 2040 2045 2050 

Reference 4,312 9,130 11,454 14,607 16,329 17,855 19,865 22,449 

Expanded Green Energy 4,312 8,847 10,269 12,331 13,076 14,205 15,626 17,383 

Difference - 282 1,185 2,276 3,252 3,650 4,239 5,066 
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According to the Reference scenario electricity demand will be 22.4 (4 times 

increase) billion kWh by 2050, but If we implement activities stated in the State Policy 

2030, reducing transmission loss (3- 2.7%) and distribution losses (14%-8%) and 

implement energy efficiency projects, the total electricity demand will be reduced 22.5% 

which is 5 billion kWh by 2050 in the expanded green energy scenarios.    

 

Figure 5.6 Electricity Capacity (State Policy 2030 scenario)  

Units: MW 

 

 

 

This study finds that, in the State policy 2030 scenario, total installed capacity 

will be 4824 MW in 2050, the total installed capacity in 2015 was 1256 MW, and this 
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means that the total installed capacity will be increased 3.8 times in 2050 (Figure 5.6). It 

is expected that several large scale coal fired power plants may come to operations such 

as Baganuur and Tavan Tolgoi power plants. According to the State Policy 2030, several 

solar power plants and one large hydro power plant called Eg are expected to put into 

operation making the renewable energy share to 30% by 2030 in term of total installed 

capacity. The total installed capacity in 2030 may be 3554 MW and the total renewable 

energy installed capacity is expected to be 1071MW.   

  

Figure 5.7 Capacity Expanded Green Energy RE50% scenario    

Units: MW 
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This study finds that, in the Expanded green Energy RE50% scenario total 

installed capacity will be 4724 MW in 2050, the total installed capacity in 2015 was 1256 

MW, and this means that the total installed capacity will be increased 3.7 times in 2050 

(Figure 20). Instead of Baganuur Power Plant, It is expected to have several large scale 

solar (450MW), hydro (315MW) and wind power plants (300MW). Yet the coal fired 

Tavan Tolgoi (450MW) power plant is expected to put into operation in 2025. As a result  

the renewable energy share by 2050 is expected to be 50% in terms of total                    

installed capacity.  

 

Table 5.5 Capacity Comparison for Scenarios    

 Units: MW 

Scenarios 2015 2020 2025 2030 2035 2040 2045 2050 

Reference 0 1256 1955 3590 3942 4092 4392 4692 5092 

SP2030 Ref1 1256 1570 2929 3554 4074 4324 4674 4824 

Expanded Green 

Energy RE40% 1256 1570 2929 3554 4074 4284 4574 4724 

Expanded Green 

Energy RE50% 1256 1570 2929 3554 4074 4284 4574 4724 

Expanded Green 

Energy RE60% 1256 1570 2929 3580 4074 4284 4574 4724 

 

According to the Reference scenario the expected capacity is 5092.2MW, 

SP2030’s expected capacity is 4824.2 MW, Expanded Green Energy Scenario’s expected 

capacity is 4724.2MW. The difference between Reference and SP2030 scenarions are 
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268MW and the difference between SP2030 and expanded green energy                   

scenario’s is 100MW.    

 

Figure 5.8 Electricity Generation SP 2030 scenario vs Reference  

Units: Million kWh 

 

 

 

In reference scenario, the electricity generation is expected to be 26,840.6 

million kWh in 2050, in the SP2030 scenario it is expected to be 24,671.4 million kWh 

which is decreased by 8% which is 2,169.2 million kWh.   
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Figure 5.9 Electricity Generations SP 2030 by Power Plants  

 

 

In SP2030 scenario, the electricity generation will be 24,671.4 million kWh in 

2050, the electricity generation will be 16,311.5 million kWh in 2030, and starting from 

2025 Tavan Tolgoi and Baganuur Power Plants are expected to be put into operation. 

These two are coal fired power plants. In this scenario CHPP5 commissioning is delayed 

until 2040. Large Wind and Hydro power plants will be commissioned starting from 2025.     
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Figure 5.10 Electricity Generation RE40% scenario Avoided vs SP2030 (Reference 1) 

 

 

In the Expanded Green Energy RE40% scenario the expected electricity 

generation is 19,418.7 million kWh , by 2050 5,252.6 million kWh the electricity may be 

avoided comparted to Reference1 scenario (SP2030) which is 21% decrease. Instead of 

commissioning coal based power plants, there will be more large solar power plants, 

large wind parks and new hydro power plants. Starting from 2025, there will be no more 

electricity import from Russia and China, instead all the electricity will be                 

generated domestically.  
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Figure 5.11 Environmental Effects (Emissions) 

Units: Million Metric Tonnes CO2 Equivalent  

 

 

In the SP2030 scenario, by 2050 8.7 million metric tons CO2e of GHG 

emissions which is 10.8% may be reduced compared to the Reference scenario, these 

emissions are mostly from solid fuel (coal lignite) and oil products (diesel, gasoline, etc.). 

By 2030, 7.9 million metric tons CO2e of GHG emissions which is 16% may be reduced 

compared to the Reference scenario. According to the results, the total GHG emissions in 

2015 was 14.4 million metric tons CO2e and it is expected to grow to 80.3 million metric  

tons CO2e by 2050 if there is no policy to reduce the emissions. The total GHG 

emissions in 2020 is expected to be 28.9 million metric tons CO2e, thus it is expected to 

grow 227.9% compared to 2020, reaching 80.3 million metric tons CO2e by 2050.  
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Figure 5.12 Environmental Effects (Emissions)  

Units: Million Metric Tonnes CO2 Equivalent  

 

In the expanded Green Energy RE40% scenario, by 2050 23.2 million metric 

tons CO2e of GHG emissions which is 32% may be reduced compared to the Reference  

scenario since more coal fired power plants are replaced with more renewable energy 

resources.  
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Figure 5.13 Environmental Effects (Emissions) 

Units: Million Metric Tonnes CO2 Equivalent  

 

 

In the expanded Green Energy RE50% scenario, by 2050 24.1 million metric 

tons CO2e of GHG emissions which is 33.6% may be reduced compared to the Reference 

1 scenario (SP2030 scenario). In the expanded Green Energy RE60% scenario, by 2050 

26.8 million metric tons CO2e of GHG emissions which is 37.3% may be reduced 

compared to the Reference 1 scenario (SP2030 scenario).  
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Figure 5.14 Environmental Effects (Emissions), by Sectors  

Units: Million Metric Tonnes CO2 Equivalent  

 

 

Table 5.6 GHG Emissions by Sectors (SP2030 scenario) 

Units: million metric tons CO2e 

Sectors 2015 2020 2025 2030 2035 2040 2045 2050 

Buildings 6.3 7.7 9.4 10.3 12.5 14.8 17.4 20.4 

Industry 2.3 1301.0 17.0 19.5 22.9 22.9 22.7 22.4 

Transport 2.0 3.8 5.4 7.7 10.5 13.8 18.2 24.1 

Agriculture forestry 0.5 1.4 1.7 2.0 2.4 2.7 3.0 3.4 

Unspecified 

petroleum Products 0.3 0.6 0.7 0.8 0.9 1.0 1.2 1.4 

Total 14.4 26.5 34.2 40.3 49.2 55.3 62.6 71.7 
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The majority of emissions come from buildings, industry and transport sectors 

(93.7%).  The measures with the greatest GHG reduction potential are (from higher to 

lower potential): energy efficiency improvement in the industry especially in mining 

sector and buildings, wind power, hydropower, higher-efficiency new coal power plants. 

If transport sector activity does not grow that fast, overall energy use, GHG emissions, 

and emissions reduction potential may be less in the transport sector than indicated here. 

 

Figure 5.15 Environmental Effect (Emissions) 

Units: million metric tons CO2e 
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Table 5.7 GHG Emissions by Types (SP2030 scenario) 

Units: million metric tons CO2e 

GHG 2015 2020 2025 2030 2035 2040 2045 2050 

Carbon Dioxide 13.3 24.8 32.2 38.1 46.6 52.4 59.6 68.6 

Methane 1.0 1.5 1.8 2.1 2.4 2.6 2.7 2.8 

Nitrous Oxide 0.1 0.2 0.2 0.2 0.3 0.3 0.3 0.3 

Total 14.4 26.5 34.2 40.3 49.2 55.3 62.6 71.7 

 

This study also quantified the potential GHG emissions in all scenarios, for 

example in the SP2030 scenario the total GHG is expected to be 71.7 million metric tons 

CO2e in 2050, the main emission would be carbon dioxide which is 96% in  Mongolia.  

The carbon dioxide emission in 2015 was 13.3 million metric tons CO2e, but it is 

expected to grow to 68.6 million metric tons CO2e by 2050 which is 5 times increase 

within 35 years.      

 

Table 5.8 The Average Investment Cost for Power Plant Projects in Mongolia 

Units: million USD 

№ Project Type 

Capacity 

MW 

Tariff Us 

cents/kWh 

Investment cost 

for 1MW 

1 Solar PP Projects 1 12.5 1.8 

2 Wind PP 1 9.5 1.38 

3 Hydro PP 1 9.2 2.7 

4 Coal Fired PP 1 7 1.42 

   Source: The Energy Regulatory Commission of Mongolia 
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There are over 30 license holders who have received licenses to implement 

renewable energy projects in Mongolia. Their total installed capacity is more than 

1600MW. They have conducted feasibility studies and cost and benefit analysis for their 

projects. The summary of their investment cost and capacity is shown in Table 5.8.   

 According to the results of the study, it is found that in reference scenario 

totally 6.2 billion USD is required until 2050 to finance the energy projects, SP 2030 

scenario needed 6.7 billion USD needed until 2050, the difference is only 500 million 

USD. RE40% scenario the total required investment is 6.2 billion USD it is around 500 

million USD less than the SP2030 scenario. In the RE40% scenario, the reweable 

energy share is increased to 40% yet the required investment is less compared to SP 

2030, the reason for this is related to replacing some more expensive coal fired power 

plant projects (CHPP 5, Baganuur CHPP 450MW) with solar power plants, and 

decreasing the electricty demand through improving efficiency and decreasing 

transmission and distribution losses.     
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Table 5.9 The Total Expenditure until 2050 

Power Plant Type Ref scenario 

SP2030 

scenario 

RE40% 

scenario 

RE50% 

scenario 

RE60% 

scenario 

Coal Fired PP 6,014.9 3,988.9 2,768.4 2,843.4 1,943.3 

Solar PP - 815.4 1,526.0 1,943.4 2,868.0 

Wind PP 200.0 630.7 919.4 11,940.4 1,064.1 

Hydro PP - 1,311.4 995.4 919.8 1,311.4 

Total Investment Cost 

Million USD 
6,214.9 6,746.5 6,209.2 6,485.9 7,186.9 

Total Installed Capacity 
5,092 4,824 4,724 4,724 4,724 

MW 

 

 

In the RE50% scenario, the total required investment (total expenditure) is 6.4 

billion USD, it is increasing by 285 million USD compared to RE40% scenario. In the 

RE60% scenario, the total required investment is 7.1 billion USD, it is increasing by 

440 million USD compared to SP 2030 scenario.  

 

5.2  Discussion  

 

The total installed capacity in 2019 was 1407 MW in Mongolia. The capacity 

expansion alternatives until 2050 by different scenarios are shown in table 5.5.  In 

2015 the total installed capacity was 1256MW and increased by 12% in 2019. The 

largest contributor for the capacity in 2019 was coal fired CHPP accounting 1136 MW 
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which is 80.7% of total installed capacity. The total renewable energy (Solar. Hydro, 

Wind) capacity was 273.1 MW which is 19.3%. In term power generation, in 2019 

7,003.3 million kWh electricity was generated accounting 90.6% by CHPP (62.6% by 

CHPP alone) and 653.7 million kWh which is 9.3% was generated by renewable energy 

resources. Among 653.7 million kWh electricity generated by renewable energy 

resources, 70.3% is generated by wind, 16.7% by solar and 13.1% by                              

hydro power plants.      

According to the State Policy on the Energy sector 2030, the renewable energy 

share is expected to reach 30%. Thus currently 20% RE share may be achieved easily to 

30% by 2030. But in order to ensure the security and sustainability of energy sector and 

supply the energy with least cost, we do need an official long term planning in the 

energy sector.  The installed capacity in the SP2030 scenario, it is assumed that the 

optimal expansion of generation capacity which meets energy demand would be 3554 

MW by 2030 and 4824 MW by 2050. Compared to 2019 it is expected to grow 3.4 

times in 2050. Considering investment cost and environmental effects, the most optimal 

share of energy resources may be defined through studies.   

According to the expanded green energy scenarios, the total installed capacity is 

expected to be 4724 which is only 100MW less than the SP 2030 scenario. However 

expended green energy RE40%, RE50%, and RE60% scenarios increased the renewable 

energy shares dramatically by 2050 which would cause to reduce GHG emissions and 

have different investment costs. Compared to SP 2030 scenario, RE40% scenario would 
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decrease the emissions by 32%, RE50% scenario would decrease the emissions by 33.6, 

RE60% scenario would decrease the emissions by 37.3% respectively. But in order to 

increase the renewable energy share to 60% by 2050, they have to close down currently 

working coal fired CHPP operations and invest more in renewable energy project which 

is economically not the best alternative to choose.    

         

5.3  Key findings and policy implications 

 

The key findings from the analysis and their policy implications are as follows: 

First, reducing transmission and distribution losses, heat losses for buildings, and 

improving efficiency, and optimization of the capacity expansion plan over the study 

period until 2050 would cause in a reduction of the installed capacity required to satisfy 

the demand. The total installed capacity for Reference scenario was 5092.44MW and in 

the expanded green energy scenario the total installed capacity is 4724.2MW. The 

difference is 368MW. In terms of electricity generation in the reference scenario the 

total generation is expected to be 26,840.6 million kWh and in the SP2030 scenario the 

total generation is expected to be 24,671.4 million kWh. Through State Policy 2030, and 

2.1 billion kWh electricity may be avoided through decreasing transmission and 

distribution losses and improving the efficiency. Comparing SP2030 scenario to 

expanded green energy scenario (EGES), the total electricity generation in the EGES is 

expected to be 19,418.7 million kWh which is 5.2 billion kWh less electricity or 21% 
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decrease compared to the SP2030 scenario. In the expanded green energy scenarios are 

required lesser installed capacity which would be sufficient to meet the electricity 

demand compared to both reference and SP2030 scenarios in 2050. Second, expanded 

green energy scenarios would cause to decrease the emissions. In the SP2030 scenario, 

by 2050 8.7 million metric tons CO2e of GHG emissions which is 10.8% may be 

reduced compared to the Reference scenario. Third, according to the results of the study, 

it is found that in reference scenario totally 6.2 billion USD is required until 2050 to 

finance the energy projects, SP 2030 scenario needed 6.7 billion USD needed until 2050, 

the difference is only 500 million USD. RE40% scenario the total required investment is 

6.2 billion USD it is around 500 million USD less than the SP2030 scenario. In the 

RE40% scenario, the reweable energy share is increased to 40% yet the required 

investment is less compared to SP 2030, the reason for this is related to replacing some 

more expensive coal fired power plant projects (CHPP 5, Baganuur CHPP 450MW) 

with solar power plants, and decreasing the electricty demand through improving 

efficiency and decreasing transmission and distribution losses. In the expanded green 

energy scenario RE50%, is the most suitable option in terms of investment cost. The 

reason is total required investment is 6.4 billion USD until 2050, it has more renewable 

energy share which is 50% by 2050, however it requires less investment comapred to 

SP2030 scenario where the renewable energy share is 30%.       
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Chapter 6. Conclusion and Academic Implication  

6.1  Summary  

In 2015 the total installed capacity was 1256MW and increased by 12% in 2019. 

The largest contributor for the capacity in 2019 was coal fired CHPP accounting 1136 

MW which is 80.7% of total installed capacity. The total renewable energy (Solar. Hydro, 

Wind) capacity was 273.1 MW which is 19.3%. In term power generation, in 2019 

7,003.3 million kWh electricity was generated accounting 90.6% by CHPP                      

(62.6% by CHPP alone) and 653.7 million kWh which is 9.3% was generated by 

renewable energy resources. 

According to the State Policy on the Energy sector 2030, the renewable energy 

share is expected to reach 30%. Thus currently 20% RE share may be achieved easily to 

30% by 2030. But in order to ensure the security and sustainability of energy sector and 

supply the energy with least cost, we do need an official long term planning in the energy 

sector.  The installed capacity in the SP2030 scenario, it is assumed that the optimal 

expansion of generation capacity which meets energy demand would be 3554 MW by 

2030 and 4824 MW by 2050. Compared to 2019 it is expected to grow 3.4 times in 2050. 

The power and heat sectors provide key energy services in Mongolia and they are 

the main factors to reduce current and future greenhouse gas emissions in the country. 

Depending on how Mongolia’s power and heat systems are developed in the future, it 

will determine the future greenhouse gas emission’s reductions. As we have seen in the 

scenario results above, the industry and buildings sectors together comprise well over 
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half of Mongolia’s future GHG emissions, suggesting the importance of electricity and 

heat supply to these sectors which will have huge impacts to reduce GHG emissions. In 

accordance with the results, using more renewable energy sources for power generations 

will reduce GHG emissions greatly but there are different factors which will impact the 

implementation of renewable energy projects in Mongolia. Any ambitious efforts to 

greatly expand renewable energy and energy efficiency in Mongolia will demand 

economic cooperation, political leadership and partnerships with the international 

community, as well as concerted efforts to address and settle financial and technical 

issues. Each of the policy initiative discussed could greatly help and they need                     

to address and conduct studies for further research, pilot programs, and                        

development projects. 

 According to the results, if the efficiency measures mentioned in this study could 

be implemented, and result in electricity consumption savings similar to those projected, 

Mongolian energy planners might not need to concern as much on increasing supply in 

the future similar to reference scenario. It could make it easier to meet renewable energy 

goals either it is 30%, 40%, 50% or 60%, as there may be less pressure to rapidly scale up 

power supply using coal-fired power plants. Electricity generation using more RE sources 

such as Solar, Wind, Hydro, Hydro Pumped storage, other more efficient new Coal 

power plant, Tavan Tolgoi Coal fired will increase the stability and reliability of energy 

system in Mongolia 
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6.2 Academic Implications and Discussion of Policy   

The most essential task in the energy sector in Mongolia is to develop a long term 

energy master plan. It is extremely important that a full, detailed picture of the current 

state of the grid system is established along with thorough planning of the expansion to 

come. And it is very important that all stakeholders participate in the establishment of 

such master plan. Therefore, the very main recommendation of this study is to make a 

long term energy planning in the energy system in Mongolia. In the long term master 

plan the following issues must be considered. Including:   

I. Creating an independent and reliable power system in Mongolia and ensuring 

an efficient energy generation complex with energy losses as low as possible; 

II. Energy export plan in the near future where the energy will be generated by 

domestic sources properly located near resources and main grid system.  

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 more renewable energy 

sources (increase the renewable energy sources 50% by 2050); 

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  
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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 

sectors.  

It is often found that energy policy and energy objectives should be mutually 

achieved. 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 a clear statement of priorities.  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.   

By adopting energy planning or master plan, it is possible to broadly analyze the 

investment cost of implementing different expansion options and identify which cost 

components have the largest impact on electricity cost. Therefore, it is possible to create 

proposals of expansion plans that can be implemented to ensure that expansion 

investment cost is the lowest. The inclusion of energy planning proposals in the 

government’s investment plans for the energy sector would therefore provide guidance 

on suitable power generation technologies that can potentially help in lowering the cost 

of electricity in the country. Lastly, optimal power generation mix can help in reducing 

CO2 emissions, so that it will help achieving national targets in the areas of lowering 

emission levels and combating climate change.  

There are some limitations for this study, in the near future subway system and 

electric vehicles will be the main transportation which will increase the electricity 
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demand dramatically but these factors are not included in this study. For future studies, 

subway system and electric vehicles and their demand should be included to improve 

the current study.      

     

6.2  Conclusion  

 

This study outlined five scenarios on how Mongolia’s energy systems could evolve 

until 2050. The reference scenario foresees Mongolia’s continued reliance on coal-based 

power and heat supply, in an economy based largely on copper and coal exports.                

In this scenario, primary energy demand in Mongolia is more than four times higher                    

in 2050 compared to 2015.  

The expanded green energy scenarios (RE40%, RE50%, RE60%) sees all sectors 

of Mongolia pursue extensive energy efficiency measures, assume that all current 

proposed renewable energy projects may be implemented, and begin to transfer from the 

dominance of coal power to more renewable energy sources. These scenarios would also 

require a combination of associated improvements to Mongolia’s energy system, such as 

improved transmission and distribution losses and more efficient infrastructure.  

First, According to the Reference scenario electricity demand will be 22.3 (4 times 

increase) billion kWh by 2050, but If we implement activities stated in the State Policy 

2030, reducing transmission loss (3- 2.7%) and distribution losses  (14%-8%) and 
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implement energy efficiency projects, the total electricity demand will be reduced 22.5% 

which is 5 billion kWh by 2050.    

The results of the expanded green energy scenario RE50% suggests that energy 

efficiency initiatives can slow the growth in Mongolia’s energy demand by 15% below 

Reference1 levels in 2030 and by more than 22.3% below Reference1 (SP 2030 

scenario) levels in 2050.  

Second, along with increasing penetration of renewable energy, the measures 

included in the expanded green energy scenario RE40% could reduce GHG emissions by 

2050, from 24.1 million tons carbon dioxide in the reference case to 14.8 million tons 

carbon dioxide. In the expanded Green Energy RE40% scenario, by 2050 23.2 million 

metric tons CO2e of GHG emissions which is 32% may be reduced compared to the 

Reference 1 scenario (SP2030 scenario) since more coal fired power plants are replaced 

with more renewable energy resources. In the expanded Green Energy RE50% scenario, 

by 2050 24.1 million metric tons CO2e of GHG emissions which is 33.6% may be 

reduced compared to the Reference 1 scenario (SP2030 scenario). In the SP2030 scenario, 

by 2050 8.7 million metric tons CO2e of GHG emissions which is 10.8% may be reduced 

compared to the Reference scenario. In the expanded Green Energy RE40% scenario, by 

2050 23.2 million metric tons CO2e of GHG emissions which is 32% may be reduced 

compared to the Reference 1 scenario (SP2030 scenario) since more coal fired power 

plants are replaced with more renewable energy resources. 
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In the expanded Green Energy RE50% scenario, by 2050 24.1 million metric tons 

CO2e of GHG emissions which is 33.6% may be reduced compared to the Reference 1 

scenario (SP2030 scenario). In the expanded Green Energy RE60% scenario, by 2050 

26.8 million metric tons CO2e of GHG emissions which is 37.3% may be reduced 

compared to the Reference 1 scenario (SP2030 scenario). This study also quantified the 

potential GHG emissions in all scenarios, for example in the SP2030 scenario the total 

GHG is expected to be 71.7 million metric tons CO2e in 2050, the main emission would 

be carbon dioxide which is 96% in Mongolia.  

The carbon dioxide emission in 2015 was 13.3 million metric tons CO2e, but it is 

expected to grow to 68.6 million metric tons CO2e by 2050 which is 5 times increase 

within 35 years in the expanded green energy scenario.   

Third, according to the results of the study, it is found that in reference scenario 

totally 6.2 billion USD is required (total expenditure) until 2050 to finance the energy 

projects, SP 2030 scenario needed 6.7 billion USD needed until 2050, the difference is 

only 500 million USD. RE40% scenario the total required investment is 6.2 billion USD 

it is around 500 million USD less than the SP2030 scenario. In the RE40% scenario, the 

reweable energy share is increased to 40% yet the required investment is less compared 

to SP 2030, the reason for this is related to replacing some more expensive coal fired 

power plant projects (CHPP 5, Baganuur CHPP 450MW) with solar power plants, and 

decreasing the electricty demand through improving efficiency and decreasing 

transmission and distribution losses. The most suitable scenario is the expanded green 
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energy RE50% where the renewable energy share will be 50% by 2050, the GHG 

reduction is more than the SP2030 scenario and the total investment for the energy sector 

is lower than SP2030 scenario.  

There were two limitations for this study, subway system and electric cars would 

most likely be the main transportation by 2050 in Mongolia but this is not calculated in 

this study. These two factors will increase the electricity demand and reduce the demand 

for oil products. In this study only the current trend are used and predicted to be increased 

in the future with the same technology and methods. Therefore future researchers should 

consider subway system and electric vehicle market trend for their analysis.    
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국문요약                                            

몽골의 전력수요 및 재생에너지의 역할에 

대한 장기전망 연구 

치메드리젠 

협동과정 기술경영경제정책전공 

서울대학교 공과대학 

 

본 연구의 목적은 2050 년까지 몽골의 장기 전력공급전망 및 주요 

재생가능에너지(태양, 수력, 풍력)를 통한 전력공급 시나리오를 예측하여보고 

Long-range Energy Alternatives Planning(LEAP) 모형을 활용하여 다양한 

시나리오에 대한 분석을 실시하여 몽골의 환경에 긍정적인 영향을 미치고 

지속가능성에 기여할 수 있는 에너지 투자 옵션을 찾아보고자 하는 것이다.   

몽골 정부의 온실가스 감축 목표의 달성과 더불어 전력 비용을 

최소화 하는 옵션을 선택하기 위하여 최적의 용량 증설계획을 확인하기 

위하여, 본 연구에서는 LEAP 모형 분석을 위하여 총 5개의 시나리오를 

설정하고 분석하였다. 5개의 시나리오는 현재와 같은 구리와 석탄 수출을 
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위한 석탄 발전 중심의 기준 시나리오(Reference 0), 정부의 현행 정책목표를 

반영한 시나리오(Reference 1), 그리고 2050년까지의 재생에너지전력 공급 

목표를 40%, 50%, 60%로 높인 3개 시나리오를 선정하였다.  

기준 시나리오에 대한 분석결과, 2050년에는 에너지 수요가 2015년의 

4배 이상으로 급격하게 상승함을 확인하였다. 한편 재생에너지를 50%까지 

확대하는 시나리오에서는 에너지효율 상승으로 에너지 수요가 기준 

시나리오대비 2030년에는 15%, 2050년에는 22.3% 줄어듦을 확인하였다.  

재생에너지를 40%까지 확대하는 시나리오에서는 기준 시나리오 대비 2050년 

온실가스배출량이 24.1백만톤에서 14.8백만톤으로 감소됨을 확인하였다. 

이들과 같은 긍정적인 효과는 대부분 석탄 발전의 감소와 에너지효율의 

증가로 비롯된 것으로, 효과적인 정책수립과 최적의 용량 증설 계획을 

바탕으로 전력 계통 투자를 계획, 시행하여 이룰 수 있을 것이다.  

 

주요어 : 에너지 계획, 에너지 수요, LEAP, RE, 전력 소비 

학  번 : (2019-28189) 
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Appendix A 

Energy Demand Final Units                                                         

Scenario: Reference, All Fuels                                                              

Sectors 2015 2020 2025 2030 2035 2040 2045 2050 

Buildings 84.2 88.3 100.5 111.7 126.0 144.7 166.3 191.6 

Industry 43.6 84.8 99.0 112.8 124.3 126.1 128.6 132.0 

Transport 27.0 46.3 68.1 98.1 137.8 182.2 241.4 320.9 

Agriculture Forestry 7.2 14.5 17.9 21.0 23.5 25.7 28.1 30.7 

Unspecified 

Petroleum Products 3.9 5.3 6.8 8.3 9.7 11.4 13.4 15.8 

Total 165.9 239.1 292.2 351.9 421.3 490.1 577.8 691.0 

 

Energy Demand Final Units                                                         

Scenario: SP 2030, All Fuels                                                              

Sectors 2015 2020 2025 2030 2035 2040 2045 2050 

Buildings 84.2 84.1 91.3 95.9 101.8 116.2 132.8 152.5 

Industry 43.6 84.8 99.0 112.8 124.3 126.1 128.6 132.0 

Transport 27.0 45.3 67.0 98.1 136.4 180.6 239.8 319.1 

Agriculture Forestry 7.2 14.5 17.9 21.0 23.5 25.7 28.1 30.7 

Unspecified 

Petroleum Products  3.9 5.3 6.8 8.3 9.7 11.4 13.4 15.8 

Total 165.9  233.9  281.9  336.2  395.7  460.1  542.8  650.1  

 

Units: Petajoules 

Units: Petajoules 
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Appendix B 

Energy Demand Final Units                                                         

Scenario: Reference, All Fuels                                                              

Fuel 2015 2020 2025 2030 2035 2040 2045 2050 

Electricity 15.5 32.9 41.2 52.6 58.8 64.3 71.5 80.8 

Natural Gas - - - - - - - - 

Gasoline 13.3 27.2 36.7 48.1 59.6 67.6 76.3 85.7 

Jet Kerosene 1.5 3.1 4.5 6.3 8.5 10.6 13.1 16.1 

Kerosene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Diesel 29.8 46.9 65.0 89.0 121.1 158.4 209.8 280.4 

Residual Fuel Oil - - - - - - - - 

LPG 0.8 1.4 2.2 3.3 3.9 4.6 5.5 6.4 

Coal Bituminous 5.8 11.9 14.0 16.4 19.1 21.6 24.7 28.5 

Coal Lignite 39.3 43.0 50.1 55.6 58.7 60.8 63.0 65.6 

Wood 17.8 14.3 13.0 11.0 10.8 11.5 12.1 12.7 

Animal Wastes 5.9 6.0 6.0 5.7 5.7 5.8 5.8 5.8 

Solar 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Heat 24.9 30.3 36.5 42.9 50.4 57.4 65.3 74.6 

Bitumen 0.2 0.4 0.5 0.7 0.8 0.8 0.8 0.8 

Petroleum Coke 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 

Lubricants 0.3 0.8 1.0 1.2 1.4 1.5 1.6 1.7 

Brown Coal Briquette 0.5 1.0 1.6 2.3 3.0 3.3 3.5 3.7 

Candles from Paraffin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Elect Imports  - 7.8 5.1 - - - - - 

HOB Heat 8.9 10.9 13.1 15.4 18.1 20.6 23.5 26.8 

Total 165.9 239.1 292.2 351.9 421.3 490.1 577.8 691.0 

 

Units: Petajoules 
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Appendix C 

Energy Demand Final Units                                                         

Scenario: SP2030, All Fuels                                                              

Fuel 2015 2020 2025 2030 2035 2040 2045 2050 

Electricity 15.5 32.8 41.1 52.4 58.5 64.0 71.3 80.6 

Natural Gas - - - - - - - - 

Gasoline 13.3 26.5 35.9 48.1 58.5 66.4 75.0 84.3 

Jet Kerosene 1.5 2.9 4.3 6.3 8.2 10.3 12.8 15.8 

Kerosene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Diesel 29.8 46.8 64.9 89.0 121.0 158.3 209.7 280.3 

Residual Fuel Oil - - - - - - - - 

LPG 0.8 1.4 2.2 3.3 3.9 4.6 5.5 6.4 

Coal Bituminous 5.8 11.9 13.9 16.2 18.8 21.3 24.3 28.1 

Coal Lignite 39.3 42.5 49.1 54.0 56.6 58.3 60.2 62.4 

Wood 17.8 14.3 13.0 11.0 10.8 11.5 12.1 12.7 

Animal Wastes 5.9 6.0 6.0 5.7 5.7 5.8 5.8 5.8 

Solar 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Heat 24.9 27.7 30.7 32.8 34.8 38.9 43.6 49.0 

Bitumen 0.2 0.4 0.5 0.7 0.8 0.8 0.8 0.8 

Petroleum Coke 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 

Lubricants 0.3 0.8 1.0 1.2 1.4 1.5 1.6 1.7 

Brown Coal Briquette 0.5 0.9 1.5 2.1 2.7 2.9 3.0 3.1 

Candles from Paraffin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Elect Imports - 7.8 5.1 - - - - - 

HOB Heat 8.9 10.0 11.0 11.8 12.5 14.0 15.6 17.6 

Total 165.9 233.9 281.9 336.2 395.7 460.1 542.8 650.1 

 

Units: Petajoules 
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Appendix D 

Electricity Demand Final Units                                                         

Scenario: Reference                                                              

Sectors 2015 2020 2025 2030 2035 2040 2045 2050 

Buildings 1,432 1,846 2,534 3,362 4,405 5,682 7,358 9,496 

Industry 2,787 7,084 8,599 10,759 11,250 11,290 11,348 11,430 

Transport 58 66 95 134 176 229 300 395 

Agriculture Forestry 36 133 227 353 498 654 860 1,129 

Total 4,313 9,130 11,455 14,608 16,329 17,856 19,866 22,450 

Scenario: SP 2030 

Branch 2015 2020 2025 2030 2035 2040 2045 2050 

Buildings 1,432 1,835 2,511 3,321 4,341 5,615 7,287 9,423 

Industry 2,787 7,084 8,599 10,759 11,250 11,290 11,348 11,430 

Transport 58 65 93 134 174 227 298 393 

Agriculture Forestry 36 133 227 353 498 654 860 1,129 

Total 4,313 9,118 11,430 14,567 16,264 17,786 19,793 22,375 

 

Scenario: Expanded Green Energy (RE40,50,60%) 

Branch 2015 2020 2025 2030 2035 2040 2045 2050 

Buildings 1,432 2,084 2,837 3,751 4,754 5,646 6,748 8,078 

Industry 2,787 6,536 7,063 7,997 7,480 7,475 7,477 7,488 

Transport 58 95 165 271 411 527 683 891 

Agriculture Forestry 36 133 205 312 432 558 719 926 

Total 4,313 8,848 10,270 12,331 13,077 14,205 15,626 17,383 

Units: Million kWh 

Units: Million kWh 

Units: Million kWh 
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Appendix E 

Direct (Demand) plus Indirect (Transformation) Emissions Allocated to Demands 

Scenario: Reference, All GHGs 

 

Fuel 2015 2020 2025 2030 2035 2040 2045 2050 

Natural Gas - - - - - - - - 

Gasoline 0.9 1.9 2.5 3.3 4.1 4.7 5.3 5.9 

Jet Kerosene 0.1 0.2 0.3 0.5 0.6 0.8 1.0 1.2 

Kerosene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Diesel 2.2 3.4 4.7 6.5 8.8 11.6 15.4 20.5 

Residual Fuel Oil 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 

LPG 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.5 

Coal Bituminous 0.6 1.2 1.4 1.6 1.9 2.1 2.4 2.7 

Coal Lignite 10.0 19.4 25.9 33.3 36.3 38.9 42.2 46.4 

Wood 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Animal Wastes 0.3 0.4 0.4 0.4 0.4 0.4 0.5 0.5 

Petroleum Coke 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Brown Coal Briquette 0.0 0.1 0.2 0.2 0.3 0.3 0.4 0.4 

Candles from Paraffin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Russian Crude Oil - 1.9 1.9 1.9 1.9 1.9 1.9 1.9 

Total 14.4 28.9 37.8 48.2 54.9 61.3 69.6 80.3 

 

 

Units: Million Metric tons CO2 Equivalent 
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Appendix F 

Direct (Demand) plus Indirect (Transformation) Emissions Allocated to Demands 

Scenario: SP 2030, All GHGs 

 

Fuel 2015 2020 2025 2030 2035 2040 2045 2050 

Natural Gas - - - - - - - - 

Gasoline 0.9 1.8 2.5 3.3 4.1 4.6 5.2 5.8 

Jet Kerosene 0.1 0.2 0.3 0.5 0.6 0.8 0.9 1.2 

Kerosene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Diesel 2.2 3.4 4.7 6.5 8.8 11.6 15.4 20.5 

Residual Fuel Oil 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 

LPG 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.5 

Coal Bituminous 0.6 1.2 1.4 1.6 1.8 2.1 2.3 2.7 

Coal Lignite 10.0 17.1 22.4 25.5 30.8 33.0 35.5 38.0 

Wood 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Animal Wastes 0.3 0.4 0.4 0.4 0.4 0.4 0.5 0.5 

Petroleum Coke 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Brown Coal Briquette 0.0 0.1 0.2 0.2 0.3 0.3 0.3 0.3 

Candles from Paraffin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Russian Crude Oil - 1.9 1.9 1.9 1.9 1.9 1.9 1.9 

Total 14.4 26.5 34.2 40.3 49.2 55.3 62.6 71.7 

 

 

Units: Million Metric Tons CO2 Equivalent 
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Appendix G 

Direct (Demand) plus Indirect (Transformation) Emissions Allocated to Demands 

Scenario: Expanded Green Energy RE40%, All GHGs 

 

Fuel 2015 2020 2025 2030 2035 2040 2045 2050 

Natural Gas - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Gasoline 0.9 1.7 2.2 2.7 3.1 3.4 3.6 3.9 

Jet Kerosene 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

Kerosene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Diesel 2.2 3.0 3.7 4.6 5.7 7.1 8.9 11.4 

Residual Fuel Oil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

LPG 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.5 

Coal Bituminous 0.6 1.2 1.3 1.5 1.7 1.9 2.1 2.4 

Coal Lignite 10.0 16.3 18.8 20.1 23.1 24.2 25.6 27.7 

Wood 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Animal Wastes 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 

Petroleum Coke 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Brown Coal Briquette 0.0 0.1 0.1 0.2 0.2 0.2 0.2 0.3 

Candles from Paraffin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Russian Crude Oil - 1.6 1.4 1.2 0.9 0.9 0.9 0.9 

Total 14.4 24.8 28.6 31.4 36.2 39.3 43.2 48.5 

 

 

Units: Million Metric Tons CO2 Equivalent 
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Appendix H 

Direct (Demand) plus Indirect (Transformation) Emissions Allocated to Demands 

Scenario: Expanded Green Energy RE50%, All GHGs 

 

Fuel 2015 2020 2025 2030 2035 2040 2045 2050 

Natural Gas - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Gasoline 0.9 1.7 2.2 2.7 3.1 3.4 3.6 3.9 

Jet Kerosene 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

Kerosene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Diesel 2.2 3.0 3.7 4.6 5.7 7.1 8.9 11.4 

Residual Fuel Oil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

LPG 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.5 

Coal Bituminous 0.6 1.2 1.3 1.5 1.7 1.9 2.1 2.4 

Coal Lignite 10.0 16.3 18.0 21.6 22.3 23.4 24.7 26.7 

Wood 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Animal Wastes 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 

Petroleum Coke 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Brown Coal Briquette 0.0 0.1 0.1 0.2 0.2 0.2 0.2 0.3 

Candles from Paraffin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Russian Crude Oil - 1.6 1.4 1.2 0.9 0.9 0.9 0.9 

Total 14.4 24.8 27.8 32.9 35.3 38.4 42.2 47.6 

 

 

Units: Million Metric Tons CO2 Equivalent 
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Appendix I 

Direct (Demand) plus Indirect (Transformation) Emissions Allocated to Demands 

Scenario: Expanded Green Energy RE60%, All GHGs 

 

Fuel 2015 2020 2025 2030 2035 2040 2045 2050 

Natural Gas - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Gasoline 0.9 1.7 2.2 2.7 3.1 3.4 3.6 3.9 

Jet Kerosene 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

Kerosene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Diesel 2.2 3.0 3.7 4.6 5.7 7.1 8.9 11.4 

Residual Fuel Oil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

LPG 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.5 

Coal Bituminous 0.6 1.2 1.3 1.5 1.7 1.9 2.1 2.4 

Coal Lignite 10.0 16.3 17.8 21.3 21.5 22.7 22.9 24.0 

Wood 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Animal Wastes 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 

Petroleum Coke 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Brown Coal Briquette 0.0 0.1 0.1 0.2 0.2 0.2 0.2 0.3 

Candles from Paraffin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Russian Crude Oil - 1.6 1.4 1.2 0.9 0.9 0.9 0.9 

Total 14.4 24.8 27.6 32.6 34.5 37.7 40.5 44.8 

 

 

Units: Million Metric Tons CO2 Equivalent 
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Appendix J 

Environmental Effects (Emissions) in Physical Units,  

Branch: Transformation\Generation\Processes 

Scenario: Reference, All Fuels, Effect: Carbon Dioxide 

 

Branch 2015 2020 2025 2030 2035 2040 2045 2050 

CHP5 - - 1,661 2,081 2,468 2,596 2,812 3,018 

New Coal Fired PP - - 472 592 1,403 2,951 4,796 7,434 

Telmen Thermal PP - 528 316 396 470 494 535 575 

Uhaa Khudag PP - 82 49 61 73 76 83 89 

Diesel - 48 22 18 22 23 25 27 

CHP Amgalan - - - 637 636 635 633 632 

CHP Dalanzadgad 1 111 447 451 450 449 448 447 

CHP Choibalsan 2 332 341 350 348 346 343 341 

CHP2 2 282 - 3,590 3,582 3,574 3,566 3,559 

CHP Darkhan 3 307 314 322 320 318 316 314 

CHP Erdenet 3 451 455 510 509 508 507 505 

CHP Erdenet Factory - 664 670 676 674 673 671 670 

CHP3 15 2,347 2,367 2,387 2,382 2,377 2,372 2,367 

CHP4 3,833 5,484 5,517 5,549 5,541 5,533 5,525 5,517 

Tavan tolgoi PP - - 1,423 1,783 2,115 2,224 2,409 2,586 

Baganuur - - 2,213 2,773 3,290 3,459 3,748 4,022 

Shivee Ovoo - 1,453 870 1,091 1,294 1,360 1,474 1,582 

Chandgana Thermal PP - - - - - - - - 

Total 3,859 12,087 17,136 23,269 25,577 27,596 30,264 33,683 

Units: Thousand Metric tons 
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Appendix K 

Environmental Effects (Emissions) in Physical Units,  

Branch: Transformation\Generation\Processes 

Scenario: SP 2030, All Fuels, Effect: Carbon Dioxide 

 

Branch 2015 2020 2025 2030 2035 2040 2045 2050 

CHP5 - - - - - 1,207 2,487 3,169 

New Coal Fired PP - - - - - - - - 

Telmen Thermal PP - - - - - - - - 

Uhaa Khudag PP - 108 59 70 57 66 75 96 

Diesel - 71 29 23 18 21 24 31 

CHP Amgalan - - - 637 636 635 633 632 

CHP Dalanzadgad 1 111 447 451 450 449 448 447 

CHP Choibalsan 2 332 341 715 710 706 701 696 

CHP2 2 282 285 287 3,582 3,574 3,566 3,559 

CHP Darkhan 3 307 314 557 553 550 547 543 

CHP Erdenet 3 451 455 803 801 800 798 796 

CHP Erdenet Factory - 664 670 676 674 673 671 670 

CHP3 15 2,347 2,367 2,387 4,716 4,706 4,696 4,686 

CHP4 3,833 5,484 5,517 5,549 5,541 5,533 5,525 5,517 

Tavan tolgoi PP - - 1,483 1,754 1,431 1,646 1,884 2,401 

Baganuur - - 2,307 2,728 2,226 2,560 2,931 3,735 

Shivee Ovoo - - - - - - - - 

Chandgana Thermal 

PP - - - - - - - - 

Total 3,859 10,156 14,273 16,638 21,398 23,125 24,986 26,977 

Units: Thousand Metric tons 
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Appendix L 

Environmental Effects (Emissions) in Physical Units,  

Branch: Transformation\Generation\Processes 

Scenario: RE 40%, All Fuels, Effect: Carbon Dioxide 

 

Branch 2015 2020 2025 2030 2035 2040 2045 2050 

CHP5 - - - - - - - - 

New Coal Fired PP - - 289 245 48 114 211 731 

Telmen Thermal PP - - - - - - - - 

Uhaa Khudag PP - 100 41 35 7 16 30 52 

Diesel - 65 19 11 2 5 9 16 

CHP Amgalan - - - 633 599 612 625 635 

CHP Dalanzadgad 1 109 444 450 422 433 444 452 

CHP Choibalsan 2 355 376 812 768 786 803 815 

CHP2 2 288 294 298 3,521 3,600 3,678 3,732 

CHP Darkhan 3 326 344 625 591 605 618 627 

CHP Erdenet 3 441 450 797 754 771 788 800 

CHP Erdenet Factory - 678 691 700 663 678 692 702 

CHP3 15 2,395 2,441 2,472 4,629 4,734 4,835 4,907 

CHP4 3,833 5,581 5,654 5,691 5,384 5,506 5,624 5,707 

Tavan tolgoi PP - - 1,033 875 170 406 753 1,305 

Baganuur - - 803 680 132 316 586 1,015 

Shivee Ovoo - - - - - - - - 

Chandgana Thermal PP - - - - - - - - 

Total 3,859 10,337 12,880 14,325 17,690 18,582 19,696 21,495 

Units: Thousand Metric tons 
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Appendix M 

Environmental Effects (Emissions) in Physical Units,  

Branch: Transformation\Generation\Processes 

Scenario: RE 50%, All Fuels, Effect: Carbon Dioxide 

 

Branch 2015 2020 2025 2030 2035 2040 2045 2050 

CHP5 - - - - - - - - 

New Coal Fired PP - - - - - - - - 

Telmen Thermal PP - - - - - - - - 

Uhaa Khudag PP - 100 56 18 5 17 37 66 

Diesel - 65 26 5 1 5 11 20 

CHP Amgalan - - - 607 580 598 617 631 

CHP Dalanzadgad 1 109 444 429 407 421 436 448 

CHP Choibalsan 2 355 376 779 745 768 792 809 

CHP2 2 288 294 3,570 3,411 3,518 3,627 4,326 

CHP Darkhan 3 326 344 600 573 591 609 623 

CHP Erdenet 3 441 450 765 731 754 777 795 

CHP Erdenet Factory - 678 691 672 642 662 683 698 

CHP3 15 2,395 2,439 2,371 4,485 4,626 4,769 4,876 

CHP4 3,833 5,581 5,651 5,460 5,216 5,380 5,547 5,671 

Tavan tolgoi PP - - 1,388 450 127 423 919 1,649 

Baganuur - - - - - - - - 

Shivee Ovoo - - - - - - - - 

Chandgana Thermal PP - - - - - - - - 

Total 3,859 10,337 12,157 15,726 16,923 17,762 18,824 20,612 

Units: Thousand Metric tons 



119 

 

Appendix N 

Environmental Effects (Emissions) in Physical Units,  

Branch: Transformation\Generation\Processes 

Scenario: RE 60%, All Fuels, Effect: Carbon Dioxide 

 

Branch 2015 2020 2025 2030 2035 2040 2045 2050 

CHP5 - - - - - - - - 

New Coal Fired PP - - - - - - - - 

Telmen Thermal PP - - - - - - - - 

Uhaa Khudag PP - 100 49 14 4 13 54 75 

Diesel - 65 23 4 1 4 16 23 

CHP Amgalan - - - 600 554 583 591 620 

CHP Dalanzadgad 1 109 442 423 388 409 416 439 

CHP Choibalsan 2 355 375 770 711 748 759 796 

CHP2 2 288 293 3,526 3,256 3,428 3,477 3,647 

CHP Darkhan 3 326 342 592 547 576 584 613 

CHP Erdenet 3 441 448 756 698 735 745 781 

CHP Erdenet Factory - 678 689 664 613 645 654 686 

CHP3 15 2,395 2,431 2,342 4,281 4,507 4,572 4,795 

CHP4 3,833 5,581 5,632 5,392 4,980 5,242 5,317 5,577 

Tavan tolgoi PP - - 1,222 344 70 213 - - 

Baganuur - - - - - - - - 

Shivee Ovoo - - - - - - - - 

Chandgana Thermal PP - - - - - - - - 

Total 3,859 10,337 11,946 15,426 16,102 17,103 17,186 18,052 

Units: Thousand Metric tons 
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