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MEASUREMENTS AND UNITS 

 
h   Hour  
kg   Kilogram  
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kW   Kilowatt  
kWh   Kilowatt hour 
m   Meter 
mm   Millimeter  
mln   Million 
MNT   Mongolian Tugrugs 
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I. EXECUTIVE SUMMARY 

The diagnostic of the political, economic, legal and regulatory situation of Mongolia reveals 
that a key factor for realization of the project “Scaling up the implementation of low carbon 
district heating systems in Mongolia” is the Government’s commitment to take serious 
regulatory measures in support of low carbon renewable–based district heating system (DHS). 
In the absence of renewable-based heating-specific policies, particularly tariff regulations it is 
hardly possible to mobilize financing, realize the project and successfully operate DHS.  
 
The assessment of the existing heating system in soum centers has shown that the existing 
coal-fired heating boilers generate high level of pollution and emission and continued use of 
these boiler houses is not promising in terms of energy and economic efficiency and 
environmental sustainability. The private owners as well as operators of heating boilers at 
soum level do not have financial capacity to invest in renewable-based DHS, have a limited 
number of professional experts and lack knowledge and expertise about low carbon heating 
technologies. 
 
The project team has carried out assessment of 2-3 technologies for each of the selected 
areas; Bayanchandmani and Kharkhorin soums and Khonkhor village and recommended 
closed loop ground source heat pump (GSHP) with an electric boiler for Bayanchandmani and 
Kharkhorin soums and air source heat pump with electric boiler for Khonkhor village. 
 
Table1 - Estimated technical indicators 

 Bayanchandmani Kharkhorin Khonkhor village Total 
Design heat load 1.24 MW 5.6 MW 0.55 MW 7.39 
Capacity of heat pump 
house/heat pump station 1.24 MW 5.6 MW 0.55 MW  

7.39 
Capacity of heat pump 0.7 3.36 0.36 4.42 
Capacity of electric boiler 0.54 2.24 0.19 2.97 

 
A number of assumptions have been made to estimate investment.  
 

Table 2 Investment assumptions 

Loan duration 20 years Kharkhorin and Bayanchandmani GSHP with 
an electric boiler 

15 years Khonkhor village air source heat pump with 
an electric boiler 

Interest rate 3% per annum  
Heat tariff USD 0.0065 per kWh  
Capacity tariff for enterprises USD 3.41 per kW real capacity in peak load period 
Renewable energy support 
tariff 

USD0.0045 per kW  

Time of use electricity tariff USD 0.054 6:00-17:00 
USD 0.084 17:00-22:00 
USD 0.0337 22:00-6:00 

 
The total investment required for the project implementation in Bayanchandmani, Kharkhorin 
and Khonkhor village is USD 16,745,001, including the interest during construction period. 
Financial model assumptions and the scenarios are shown in the below Table 3. 
 
 

 

Table 3 Capital expenditures and investment scenarios 
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 Bayanchandmani Kharkhorin Khonkhor  TOTAL 
Investment scenario:   
CapEx (USD) 3.324,600 12,488,160 711,600 16,524,360 
Interest during construction 44,392 166,748 9,502 1,873,077 
Total Initial Investment 3,368,992 12,654,908 721,102 16,745,001 
Government funding (10%) 376,852 1,415,564 80,662 1,873,078.00 
External funding (90%)  2,992,140 11,239,344 640,440 14,871,924.00 

 
Table 4 Heat output assumptions 

Production output Average Total in 25 years 
Electricity used    
Kharkhorin MWh 8,890 222,258 
Bayanchandmani MWh 1,977 49,431 
Khonkhor MWh 1,068 26,700 
Heat produced  Average Total 
Kharkhorin MWh 16,164 404,106 
Bayanchandmani MWh 3,579 89,481 
Khonkhor MWh 1,588 39,689 

Sources of funds 
  
MWh 21,331 533,275 

 
Table 5 O&M fee assumptions in Public & Private Partnership scenario 

 % of Operating 
income Currency Average Total 

Kharkhorin 15% USD 52,095 1,302,371 
Bayanchandmani 15% USD 9,707 242,672 
Khonkhor 100% USD 11,198 279,951 

 
The investment scenarios show that the feasibility of the project depends on the Government’s 
ability to mobilize soft loan with the interest rate of no more than 3.0% and its commitment to 
take regulatory measures such as subsidy in the form of time of use electricity tariff, capacity 
tariff and renewable energy (RE) support tariff. It is also assumed that the Project facilities are 
owned by the Government (municipal or central), and debt principal payments are borne by 
the budget. 
 
Table 6 Subsidy assumption 

  Average Total 
1. Kharkhorin    

Renewable energy tariff USD 66,195 1,654,865 
Capacity tariff USD 47,860 1,196,507 
Principal payment USD 449,574 11,239,344 
Total subsidy USD 563,629 14,090,717 

2. Bayanchandmani    
Renewable energy tariff USD 14,722 368,046 
Capacity tariff USD 10,644 266,106 
Principal payment USD 119,686 2,992,140 
Total subsidy USD 145,052 3,626,293 

3. Khonkhor    
Renewable energy tariff USD 7,952 198,799 
Capacity tariff USD 5,749 198,799 
Principal payment USD 25,618 198,799 
Total subsidy USD 39,319 596,396 
TOTAL FOR 3 projects in 3 areas USD  747,999   18,313,406  
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Subsidies will be accounted as the Government’s equity injection into the project, increasing 
its equity amount. 
 
It is assumed that other operational costs, interest cost and O&M costs will be borne by the 
Project company(ies). 
 
The Government also should commit itself to contribute at least 10% of the total investment 
and bear responsibilities for favourable economic incentive measures to support for successful 
implementation and scaling up of the project and providing opportunities for local small and 
medium enterprises and households to connect and access heating from renewable-based 
DHS. 
  
In a case of private sector it is unfeasible to assume contribution of a considerable share of 
the necessary investment. However, the private sector may be able to obtain loan with a 
reasonable interest rate from multinational lenders if the Government wishes to issue a 
guarantee.   
 
The assessment of 3 different business models has been carried out for the selected 3 areas 
with the aim of identifying combination of best investment, management and operations 
opportunities and defining policy instruments that could effectively support the development 
of renewable-based DHS in the country: public, private and  hybrid public and private 
partnership PPP models. Of these three models the project team suggests hybrid public and 
private partnership PPP model. In our PPP model, private entity-Special Purpose Entity will 
handle operation and management (O&M) of heating plant by introducing their know-how and 
experience to promote and develop business and expand value chain and efficient 
management and procurement system. With the participation and utilizing the capability of 
private entity, project will maximize profit and by minimizing cost.  
 
In addition, we have studied potential usage of Concession agreement with Government of 
Mongolia. In the case of the Concession scheme, it could be BOT, BOO, BOOT, BT, BLT and 
DBFO, and ROT for current sites. The main condition of the Concession law requires 
concessionaire to finance the project by its own funds or funds it has raised. We considered 
Concession scheme is not affordable to private companies due to their financial constraints 
and inability. The private companies are mainly willing to participate with their current 
resources such as human resource, current infrastructures and management resource, 
however not with financial resource. Therefore, we considered Concession scheme is not 
affordable to private companies due to their financial constraints and inability. 
 
It is assumed that during the operation the Government guarantees a service contract with the 
private operator for a fixed long-term period regulates heat price and its escalation rate and 
takes regulatory measures to support sustainable operations. Power Purchase Agreement 
(PPA) defines heat sell from renewable sources for a fixed period equal to loan payment 
period. It is advised for the government to implement measures in support of renewable-based 
DHS including time of use electricity tariff and bonus accelerated depreciation1. Other market-
based incentives may include renewable energy certificate (REC) and production incentive for 
                                                 
 
 
 
1 Bonus depreciation is a method of accelerated depreciation which allows a business to make an additional deduction of 
50% of the cost of qualifying property in the year in which it is put into service. This extra depreciation allowance is only for 
new equipment.httpcs://www.thebalancesmb.com/what-is-bonus-depreciation-398144 
 

https://www.thebalancesmb.com/accelerated-depreciation-for-business-tax-savings-updated-397646
https://www.thebalancesmb.com/what-is-bonus-depreciation-398144
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renewable based DHS. In terms of operations and maintenance, it is assumed that private 
sector will take a responsibility and provide heat supply service under PPA. The private sector 
is obliged not to switch to non-renewable heating sources and take initiatives to expand 
heating service to local SMEs and households.  
 
Table 7 Recommended business model and degree of risks 

Selected areas  Existing business 
Model 

Recommended 
business model 

Financial risks Degree of control 
and risk of the 
Government 

Bayanchandmani Public Hybrid/public-
private PPP 

 High/medium Medium 

Kharkhorin  Private Hybrid/public-
private PPP 

Medium/low Medium 

Khonkhor  Public/private 
hybrid PPP 

Hybrid/public-
private PPP 

Medium/high Medium 

 
The realization of the project leads to annual reduction of CO2 by 1.9 times compared to coal-
fired heat boilers and substantial reduction of other harmful substances.  Accordingly, the 
reduction of CO2 over 20 years will be 168,800 tons. The project will bring other environmental 
benefits including reduced waste, soil pollution and land deterioration. However, it should be 
taken into account that closed loop GSHP requires sizable land, extensive drillings and use of 
antifreeze and working fluid. For this account, the technology causes land disturbance. In a 
case of air source heat pump there is no need for a large land area, but its electricity 
consumption is higher compared to GSHP and the noise level is significant.  
 
Table 8 Annual emission of GHG and noxious gas, ton 

Annual emission  CO2 CO SOx NOx Ash 

Bayanchandmani 1230 0 0 0 0 

Kharkhorin  5270 0 0 0 0 

Khonkhor  970 0 0 0 0 

Total renewable 
based 7470 0 0 0 0 

Total coal fired 15910 350 30 53.5 2950 
 

Table 9 Annual reduction of GHG and noxious gas, tn 

Emission reduction  CO2 CO SOx NOx Ash 

Bayanchandmani 1430 60 10 3 490 

Kharkhorin 6630 260 10 50 2210 

Khonkhor  380 30 10 0.5 250 

Total renewable 8440 350 30 53.5 2950 

 
In terms of social and gender impacts, the project will contribute to achievement of a number 
of goals and targets of 2030 Sustainable Development Goals and Mongolia’s long term 
policies including sustainable consumption and production, inclusive economic growth, full 
and productive employment and decent work, gender equality, access to sustainable modern 
energy, healthy lives and wellbeing, inclusive, safe, resilient and sustainable human 
settlements.  
 
Low carbon heating system will contribute to business development and income generating 
activities in selected local areas and bring new employment opportunities for the local 
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community. With reliable heating sources women gain opportunities to expand and grow their 
business and increase productivity and profitability.  On the other hand, the renewable based 
heating system will end some of the work such as coal transportation and selling and new jobs 
will replace existing traditional manual work at boiler houses.  
 
It is perceived that occupations in heating system are traditionally-male dominated and it is 
prevalent that there is low participation of women in small capacity boiler houses in rural areas. 
Existing boiler houses in rural and peri-urban setting seriously violate occupational health and 
safety (OHS) norms and procedures. With investment and introduction of renewable-based 
low carbon DHS in Bayanchandmani, Kharkhorin and Khonkhor the work environment will 
become healthier and this improvement will create gender diverse workplace opportunities.  
It should be noted that education and skills of both women and men to work in renewable-
based DHS is low, therefore the project should plan capacity building trainings to bring job 
opportunities for the local community.  
 
A gender strategy of the project should take into consideration how the project could bring 
equal benefits to women and men at different project phases and along the value chain (e.g., 
installation, operation, sales, maintenance and repair). 
 
Renewable-based heating system will increase heating accessibility in rural areas. The project 
does not target network connection to every home and ger in selected areas. However, in the 
future if household income allows the households can afford connection to the heating system 
which will have direct impacts on the lives of women. Therefore, increased availability and 
consistency of renewable-based heating supply in the areas will alleviate household burden 
of women. It should be noted that the households may be financially constrained to access 
heating despite improved and expanded heating system and increased heat production due 
to high cost of connection to the heating system. Household income in rural areas of Mongolia 
is comparatively low and sudden increase of heat price may affect low income families and 
people. For this account the project should have insight on situation of single parent (both 
female and male headed) headed households that may be in poorer conditions and have less 
opportunity to access heat supply.  
 
With low carbon heating system health and life quality of women and men will improve through 
improved outdoor and indoor air quality and reduced illnesses. Low carbon heating system 
will provide more reliable and adequate heating service to public organizations, schools, 
kindergartens and hospitals.  
 

II. STUDY OBJECTIVES AND METHODOLOGY 

2.1 Introduction to the Project and Study Objectives 

The objective of the Green Climate Fund (GCF) Readiness Project titled “Scaling-up of 
Implementation of Low-Carbon District Heating Systems in Mongolia” is to develop a GCF 
full funding proposal for scaling up the use of renewable energy sources for energy efficient 
district heating systems in Mongolia and alternate heat supply options in ‘"Ger" areas with 
private sector participation to reduce its emissions from energy use and address the air 
pollution issue. 
 
Improving the efficiency of energy generation and use is one of the key options outlined in 
Intended Nationally Determined Contribution (INDC) of Mongolia for reducing Green House 
Gas (GHG) emissions. This is also identified in the National Policy on Energy and the 
National Green Development Policy (NGDP) of Mongolia. Furthermore, the National 
Programme on Air and Environmental Pollution identifies the expansion of district heating 
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systems and use of alternative fuels to coal as key actions for addressing air pollution, which 
would also reduce the GHG emissions. 
In Ulaanbaatar and aimags coal is the main source of fuel for meeting heating requirements 
and thus the air pollution level at the city, aimag centers and soum centers is at a critical 
stage. Heat supply in Ulaanbaatar city is done through both district heating networks and 
individual heat boilers in buildings. A significant part of Ulaanbaatar (and other aimag 
centers) has "Ger" districts (traditional tents), heated by burning coal inside in individual 
stoves or getting heat supplied by coal-fired boiler houses causing indoor and outdoor air 
pollution. In soum centers, heating to public buildings (school, hospital, local government 
building, postal office etc) is provided by several small coal-fired boiler houses. The coal 
consumption of these boiler houses is high and efficiency is low.   
 
The project aims to explore the options of expanding DHS and potential use of renewable 
energy sources for generating heat, in order to reduce GHG emissions and address air 
pollution. The specific project activities include: 
• Rapid assessment of potential areas in Ulaanbaatar and other aimagcenters to select 2-

3 potential analysis areas for the DHS expansion and increase of renewable energy 
sources to share for heating purposes and situational analysis of existing district heating 
system and energy demand in the selected areas. 

• Feasibility study for district heating system expansion and increase of share of 
renewable energy sources, and identification of appropriate business and financial 
models within the enabling environment for implementation of DHS with private sector 
investment. 

• Development of implementation plan and investment proposal for enhancing the district 
heating supply systems and use of potential renewable energy sources to reduce 
emissions and air pollution level and submit to GCF.  

 
This study covers technical and economic feasibility and business model for establishing 
renewable-based low carbon district heating system (DHS) in Kharkhorin soum of 
Uvurkhangai aimag, Bayanchandmani soum of Tuv aimag and Khonkhor village of 
Bayanzurkh district, Ulaanbaatar. The study covers environmental impacts of the project 
including Greenhouse gas (GHG) emission and gender and social impact issues. 
Furthermore, the study briefly describes potential financing partners. 

2.2. Data and Estimation Methodology 

2.2.1 Calculation of heat load and consumption  

 
Data used for estimation  
 

Table 10 Data of selected areas 

Indicators  Unit Bayanchandmani Kharkhorin Khonkhor Sources 

The average outdoor 
temperature for the 
heating season 

С -7.3 -4.8 -10.2 

Mongolia 
Climate 
Directory,1985 

Design outdoor air 
temperature for heating С -29 -27 -39 

Design indoor air 
temperature for heating С 20 20 20 

The duration of the heating 
season Hrs 5800 5710 5850 
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Formulas for estimation of heat load 
 
Design heat load for heating 
 
𝑸𝑸𝒅𝒅𝒅𝒅𝒅𝒅 = 𝑽𝑽𝒃𝒃𝒃𝒃𝒃𝒃𝒅𝒅 ∙ 𝒒𝒒𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒅𝒅 ∙ (𝒕𝒕𝒃𝒃𝒊𝒊𝒅𝒅.𝒅𝒅𝒅𝒅𝒅𝒅 − 𝒕𝒕𝒐𝒐𝒃𝒃𝒕𝒕.𝒅𝒅𝒅𝒅𝒅𝒅) (1) 
 
Where:𝑽𝑽𝒃𝒃𝒃𝒃𝒃𝒃𝒅𝒅 -building volume, m3; heating characteristic of the building, kcal/m3.0C; 
𝒕𝒕𝒐𝒐𝒃𝒃𝒕𝒕.𝒅𝒅𝒅𝒅𝒅𝒅 −design outdoor air temperature for heating; 𝒕𝒕𝒃𝒃𝒊𝒊𝒅𝒅.𝒅𝒅𝒅𝒅𝒅𝒅 −design indoor air temperature 
for heating. 
 
Annual (heating period) heat consumption for heating system 
 
𝑸𝑸 = (𝒕𝒕𝒃𝒃𝒊𝒊𝒅𝒅−𝒕𝒕𝒐𝒐𝒃𝒃𝒕𝒕.𝒂𝒂𝒂𝒂)

(𝒕𝒕𝒃𝒃𝒊𝒊𝒅𝒅−𝒕𝒕𝒐𝒐𝒃𝒃𝒕𝒕.𝒅𝒅𝒃𝒃𝒅𝒅) ∙ 𝑸𝑸𝒉𝒉𝒅𝒅𝒂𝒂𝒕𝒕.𝒅𝒅𝒃𝒃𝒅𝒅 ∙ 𝒊𝒊𝒉𝒉𝒅𝒅  (2) 
 
Where:𝒕𝒕𝒐𝒐𝒃𝒃𝒕𝒕.𝒂𝒂𝒂𝒂 −The average outdoor temperature for the heating season; 𝒊𝒊𝒉𝒉𝒅𝒅 −The duration 
of the heating season. 
 
Annual heat production of heat source   
𝑸𝑸𝒑𝒑 = 𝝋𝝋 ∙ 𝑸𝑸,      (3) 
 
Where 𝝋𝝋−Coefficient taking into account heat loss in the heat network, 
 

2.2.2 Calculation of capital and operational expenditures of coal fired heating 
only boilers 

 
Data used for estimation 
 

Table 11 Indicators of selected areas 

Indicators  Unit 
Bayanchandmani Kharkhorin Khonkhor 

Boiler efficiency % 70 70 60 

Coal mine name Coal type Baganuur Bayanteeg Baganuur 

Heat value of coal kcal/kg 3,500 3,410 3,500 
Coal price (together with the cost of 
transport) thous.USD/tn 28.1 41.3 22.5 

The specific investment for heat 
plant with water boilers thous. USD/MW 112.5 112.5 112.5 

 
Formulas used for estimation 
 
Capital expenditure (CapEx) the construction of a heat plant 
 
𝑰𝑰𝑯𝑯𝑯𝑯𝑯𝑯 = 𝒌𝒌 ∙ 𝑵𝑵𝑯𝑯𝑯𝑯𝑯𝑯    (4) 
 
Operational expenditure (OpEx) 
 
Investment premium costs 
𝐂𝐂𝐢𝐢.𝐩𝐩 = 𝛃𝛃 ∙ 𝐈𝐈𝐇𝐇𝐇𝐇𝐇𝐇, thous. USD   (5)     
 
Annual coal consumption  
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𝑯𝑯 = 𝑸𝑸𝒑𝒑
𝜷𝜷𝒃𝒃𝒐𝒐𝒃𝒃𝒃𝒃∙𝑸𝑸𝒉𝒉𝒅𝒅𝒂𝒂𝒕𝒕𝒂𝒂𝒂𝒂𝒃𝒃

𝒕𝒕𝒐𝒐𝒊𝒊𝒅𝒅/𝒚𝒚𝒅𝒅𝒂𝒂𝒚𝒚   (6) 
Annual coal cost   
 
𝑪𝑪𝒄𝒄𝒐𝒐𝒂𝒂𝒃𝒃 = 𝑯𝑯 ∙ 𝒑𝒑𝒄𝒄𝒐𝒐𝒂𝒂𝒃𝒃    (7) 
 
Where:𝜷𝜷𝒃𝒃𝒐𝒐𝒃𝒃𝒃𝒃 −Boiler Efficiency; 𝑸𝑸𝒉𝒉𝒅𝒅𝒂𝒂𝒕𝒕𝒂𝒂𝒂𝒂𝒃𝒃 − heating value of coal; 𝒑𝒑𝒄𝒄𝒐𝒐𝒂𝒂𝒃𝒃 − coal price; 𝒌𝒌 − The 
specific investment for heat plant with water boilers 
 
Labour costs 
 
𝑪𝑪𝑺𝑺 = 𝒊𝒊 ∗ 𝑺𝑺𝒎𝒎,∗ 𝟏𝟏𝟏𝟏, 𝒕𝒕𝒉𝒉𝒐𝒐𝒃𝒃𝒅𝒅USD  (8) 
 
Repair, maintenance and other costs 
 
𝑪𝑪𝒚𝒚𝒅𝒅𝒑𝒑 = 𝟎𝟎.𝟎𝟎𝟎𝟎 ∗ �𝑪𝑪𝒃𝒃.𝒑𝒑 + 𝑪𝑪𝒄𝒄𝒐𝒐𝒂𝒂𝒃𝒃 + 𝑪𝑪𝑺𝑺� (9) 
 
 
Total operational expenditure (OpEx) 
 
𝑪𝑪𝒕𝒕𝒐𝒐𝒕𝒕𝒂𝒂𝒃𝒃 = �𝑪𝑪𝒃𝒃.𝒑𝒑 + 𝑪𝑪𝒄𝒄𝒐𝒐𝒂𝒂𝒃𝒃 + 𝑪𝑪𝑺𝑺 + 𝑪𝑪𝒚𝒚𝒅𝒅𝒑𝒑� (10) 
 
Unit heat production cost  
 
𝒄𝒄𝒉𝒉𝒅𝒅𝒂𝒂𝒕𝒕 = 𝑪𝑪𝒕𝒕𝒐𝒐𝒕𝒕𝒂𝒂𝒃𝒃

𝑸𝑸𝒑𝒑
, USD/MWh  (11) 

 

2.2.3 Closed - loop ground source heat pump system 

 
Data used for estimation  
 

Table 12 Data used in capital expenditure estimation 
No Indicators  Value Source 

1 
The estimated investment 
for ground source heat 
pump 

760 USD/kW  
The average price of GHP produced in 
Europe and the result of consultants of the 
project team research  work 

2 Borehole drilling cost per 
meter USD 90.0 Energy Statistics, 2018 Mongolia, ERC 

3 Average coefficient of  
performance for GHP COP 4.0 The result of the research work 

4 
Estimated absorption of 
energy from the borehole, at 
every 1 meter 

0.05…0.065 W/meter  

5 Borehole drilling cost per 
meter USD 92.0  Mongolian Green Power Ltd. 

 
Formulas used for estimation 
 
Capital expenditure (CapEx) of ground source heat pump system 
 
Investment costs for heat pump 
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𝑰𝑰𝑮𝑮𝑯𝑯𝑮𝑮 = 𝒌𝒌𝑮𝑮𝑯𝑯𝑮𝑮 ∙ 𝑵𝑵𝑮𝑮𝑯𝑯𝑮𝑮    (12) 
 
Where:  𝒌𝒌𝑮𝑮𝑯𝑯𝑮𝑮 − The specific investment for ground source heat pump 760 
USD/kW;𝑵𝑵𝑮𝑮𝑯𝑯𝑮𝑮 −capacity of GSHP, MW;  
 
Total length of boreholes   
𝑳𝑳𝒃𝒃𝒐𝒐𝒚𝒚𝒅𝒅𝒅𝒅 = 𝜶𝜶∙𝑸𝑸𝒑𝒑

𝒒𝒒𝟏𝟏𝒎𝒎
     (13) 

 
Where:𝒒𝒒𝟏𝟏𝒎𝒎 −specific heat removal of the boreholes, W/m; 𝑸𝑸𝒑𝒑 −heat capacity of GSHP, 
kW,𝜶𝜶 − participation factor in the heat production, in case of not working with other sources 
as a combination𝜶𝜶 = 𝟏𝟏; when working as a combination 𝜶𝜶 < 1, It is recommended thatthe 
combination of the GHP and Electric boiler option. It is estimated the participation factor of the 
GHP for whole system is 0.8.  
 
Number of boreholes   
𝒊𝒊 = 𝑳𝑳𝒃𝒃𝒐𝒐𝒚𝒚𝒅𝒅𝒉𝒉𝒐𝒐𝒃𝒃𝒅𝒅𝒅𝒅

𝒃𝒃𝒐𝒐𝒊𝒊𝒅𝒅
     (14) 

Where:𝒃𝒃𝒐𝒐𝒊𝒊𝒅𝒅 − single well depth, m;  
 
Total investment for all boreholes 
𝐈𝐈𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛 = 𝐋𝐋𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛 ∗ 𝐜𝐜𝐛𝐛𝐨𝐨𝐛𝐛.𝐦𝐦𝐛𝐛𝐦𝐦𝐛𝐛𝐛𝐛   (15) 
 
Where:𝐜𝐜𝐛𝐛𝐨𝐨𝐛𝐛.𝐦𝐦𝐛𝐛𝐦𝐦𝐛𝐛𝐛𝐛 − Borehole drilling cost per meter;   
 
Total investment of heat pump system 
𝐈𝐈𝐇𝐇𝐇𝐇𝐇𝐇 = 𝐈𝐈𝐆𝐆𝐇𝐇𝐇𝐇𝐇𝐇 + 𝐈𝐈𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛    (16) 
 
Operational expenditure - OpEx 
 
Investment premium costs 
𝑪𝑪𝒃𝒃.𝒑𝒑 = 𝛃𝛃𝐛𝐛𝐩𝐩 ∙ 𝐈𝐈𝐇𝐇𝐇𝐇𝐇𝐇, thous.USD   (17) 
 
Where:𝛃𝛃𝐛𝐛𝐩𝐩 −investment contribution rate, 0.05 
 
Annual electricity consumption  
𝑬𝑬𝒅𝒅𝒃𝒃𝒅𝒅𝒄𝒄 = 𝒄𝒄𝒐𝒐𝒑𝒑𝒈𝒈𝒅𝒅𝒉𝒉𝒑𝒑 ∗ 𝜶𝜶 ∗ 𝑸𝑸𝒑𝒑𝒚𝒚   (18) 
 
Where:𝒄𝒄𝒐𝒐𝒑𝒑 −Coefficient of Performance of GSHP;  𝑸𝑸𝒑𝒑𝒚𝒚,− annual heat productionof  GSHP 
and electric boilers, 𝜶𝜶 − participation factor in the heat production, in case of not working 
with other sources as a combination𝜶𝜶 = 𝟏𝟏; when working as a combination𝜶𝜶 < 1, It is 
recommended thatthe combination of the GSHP and electric boiler option. The participation 
factor of the GSHP for whole system is 0.8.  
 
Annual electricity cost   
𝑪𝑪𝑬𝑬𝒃𝒃𝒅𝒅𝒄𝒄 = 𝑬𝑬𝒅𝒅𝒃𝒃𝒅𝒅𝒄𝒄 ∙ 𝒑𝒑𝒅𝒅𝒃𝒃𝒅𝒅𝒄𝒄     (19) 
Annual labour cost 
𝑪𝑪𝑺𝑺 = 𝒊𝒊 ∗ 𝑺𝑺𝒎𝒎,∗ 𝟏𝟏𝟏𝟏, 𝒕𝒕𝒉𝒉𝒐𝒐𝒃𝒃𝒅𝒅.𝑼𝑼𝑺𝑺𝑼𝑼   (20) 
 
Total OpEx  
𝑪𝑪𝒕𝒕𝒐𝒐𝒕𝒕𝒂𝒂𝒃𝒃 = 𝟏𝟏.𝟎𝟎𝟎𝟎 ∗ �𝑪𝑪𝒃𝒃.𝒑𝒑 + 𝑪𝑪𝒅𝒅𝒃𝒃𝒅𝒅𝒄𝒄 + 𝑪𝑪𝑺𝑺�  (21) 
 
Where rate fluctuates between 2 and 10% in every case.   
 



Feasibility Study and Business Model Development for Low Carbon 
District Heating Systems in Mongolia 

20 

Unit heat production cost  
𝒄𝒄𝒉𝒉𝒅𝒅𝒂𝒂𝒕𝒕 = 𝑪𝑪𝒕𝒕𝒐𝒐𝒕𝒕𝒂𝒂𝒃𝒃

𝑸𝑸𝒑𝒑
, USD/MWh   (22) 

2.2.4 Electric boilers for heating 

Data used for estimation  
 

Table 13 Data for calculations 
No Indicators  Value Source 

1 The estimated investment 
for electric boilers  320 USD/kW Mongolian market price 

2 Electricity price USD 0.052 USD/kWh Energy Statistics, 2018 MERC 
 
Formulas 
 
Capital expenditure (CapEx) of electrical boilers 
 
𝑰𝑰𝒅𝒅𝒃𝒃𝒅𝒅𝒄𝒄.𝒃𝒃𝒐𝒐𝒃𝒃 = 𝒌𝒌𝒅𝒅𝒃𝒃.𝒃𝒃𝒐𝒐𝒃𝒃 ∙ 𝑵𝑵𝑬𝑬𝒃𝒃𝒅𝒅𝒄𝒄.𝒃𝒃𝒐𝒐𝒃𝒃  (23) 
 
Where:𝒌𝒌𝒅𝒅𝒃𝒃.𝒃𝒃𝒐𝒐𝒃𝒃 − The investment for electric boilers, USD/kW; 𝑵𝑵𝑬𝑬𝒃𝒃𝒅𝒅𝒄𝒄.𝒃𝒃𝒐𝒐𝒃𝒃 −capacity of electric 
boiler, kW. 
 
Operational expenditure (OpEx) 
 
Annual electricity consumption 
𝑬𝑬𝒄𝒄𝒐𝒐𝒊𝒊𝒅𝒅𝒃𝒃𝒎𝒎𝒑𝒑 = 𝜶𝜶 ∗ 𝑸𝑸𝒑𝒑𝒚𝒚,   (24) 
 
Where: 𝑸𝑸𝒑𝒑𝒚𝒚,− annual heat productionof GSHP and electric boilers, 𝜶𝜶 − participation factor in 
the heat production, in case of not working with other sources as a combination𝜶𝜶 = 𝟏𝟏; when 
working as a combination𝜶𝜶 < 1, It is recommended thatthe combination of the GSHP and 
electric boiler option. It is estimated the participation factor of the electric boiler for whole 
system is 0.2. 
 
Annual electricity production  
𝑬𝑬𝒅𝒅𝒃𝒃𝒅𝒅𝒄𝒄 = 𝑬𝑬𝒄𝒄𝒐𝒐𝒊𝒊𝒅𝒅𝒃𝒃𝒎𝒎𝒑𝒑   (25) 
Investment premium costs 
𝑪𝑪𝒃𝒃.𝒑𝒑 = 𝜷𝜷𝒅𝒅𝒃𝒃𝒅𝒅𝒄𝒄.𝒃𝒃𝒐𝒐𝒃𝒃 ∙ 𝑰𝑰𝒅𝒅𝒃𝒃𝒅𝒅𝒄𝒄.𝒃𝒃𝒐𝒐𝒃𝒃  (26) 
Where:𝜷𝜷𝒅𝒅𝒃𝒃𝒅𝒅𝒄𝒄.𝒃𝒃𝒐𝒐𝒃𝒃 − investment contribution rate, 0.05 
 
Annual electricity cost   
𝑪𝑪𝒅𝒅𝒃𝒃𝒅𝒅𝒄𝒄 = 𝑬𝑬𝒅𝒅𝒃𝒃𝒅𝒅𝒄𝒄 ∙ 𝒑𝒑𝒅𝒅𝒃𝒃𝒅𝒅𝒄𝒄     (27) 
Where:𝒑𝒑𝒅𝒅𝒃𝒃𝒅𝒅𝒄𝒄 − Electricity price, USD/kWh 
 
Labour costs 
𝑪𝑪𝑺𝑺 = 𝒊𝒊 ∗ 𝑺𝑺𝒎𝒎,∗ 𝟏𝟏𝟏𝟏, 𝒕𝒕𝒉𝒉𝒐𝒐𝒃𝒃𝒅𝒅.𝑼𝑼𝑺𝑺𝑼𝑼    (28) 
Repair and maintenance costs 
𝑪𝑪𝒕𝒕𝒐𝒐𝒕𝒕𝒂𝒂𝒃𝒃 = 𝟏𝟏.𝟎𝟎𝟎𝟎 ∗ �𝑪𝑪𝒃𝒃.𝒑𝒑 + 𝑪𝑪𝒅𝒅𝒃𝒃𝒅𝒅𝒄𝒄 + 𝑪𝑪𝑺𝑺�   (29) 
 Unit heat production cost  
𝒄𝒄𝒉𝒉𝒅𝒅𝒂𝒂𝒕𝒕 = 𝑪𝑪𝒕𝒕𝒐𝒐𝒕𝒕𝒂𝒂𝒃𝒃

𝑬𝑬𝒑𝒑
, USD/MWh   (30) 
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2.2.5 Air/water heat pump for heating 

 
Data used for estimation  
 

Table 14 Data for calculations 
No Indicators  Value Source 
1 The estimated investment for 

air/water heat pump 565 USD/kW Air/water heat pump of China 
manufacturers 

2 Average coefficient of performance 
for air/water HP COP 2.5 The result of the research work  

 
Formulas 
 
Capital expenditure (CapEx) of Air/water heat pump 
𝑰𝑰𝒂𝒂𝒃𝒃𝒚𝒚𝑯𝑯𝑮𝑮 = 𝒌𝒌𝒂𝒂𝒃𝒃𝒚𝒚𝑯𝑯𝑮𝑮 ∙ 𝑵𝑵𝒂𝒂𝒃𝒃𝒚𝒚𝑯𝑯𝑮𝑮   (31) 
 
Where:𝒌𝒌𝒂𝒂𝒃𝒃𝒚𝒚𝑯𝑯𝑮𝑮 − The specific investment for air HP, USD/kW; 𝑵𝑵𝒂𝒂𝒃𝒃𝒚𝒚𝑯𝑯𝑮𝑮 −capacity of electric 
boiler, kW. 
 
Operational expenditure (OpEx) 
 
Investment premium costs 
𝑪𝑪𝒂𝒂𝒃𝒃𝒚𝒚𝑯𝑯𝑮𝑮 = 𝛃𝛃𝐇𝐇𝐇𝐇 ∙ 𝐈𝐈𝒂𝒂𝒃𝒃𝒚𝒚𝑯𝑯𝑮𝑮, thous. USD    (32) 
Where:𝛃𝛃𝐇𝐇𝐇𝐇 −investment contribution rate, 0.05 
 
Annual electricity consumption  
𝑬𝑬𝒅𝒅𝒃𝒃𝒅𝒅𝒄𝒄 = 𝒄𝒄𝒐𝒐𝒑𝒑𝒂𝒂𝒃𝒃𝒚𝒚 ∗ 𝜶𝜶 ∗ 𝑸𝑸𝒑𝒑𝒚𝒚     (33) 
 
Where:𝒄𝒄𝒐𝒐𝒑𝒑𝒂𝒂𝒃𝒃𝒚𝒚 −Coefficient of Performance for air/water HP;  𝑸𝑸𝒑𝒑𝒚𝒚,− annual heat production 
of Air HP and Electric boilers, 𝜶𝜶− participation factor in the heat production, in case of not 
working with other sources as a combination𝜶𝜶 = 𝟏𝟏; when working as a combination𝜶𝜶 < 1, It 
is recommended thatthe combination of the air source HP and electric boiler option. It is 
estimated the participation factor of the Electric boiler for whole system is 0.7. 
 
Annual electricity cost   
𝑪𝑪𝒅𝒅𝒃𝒃𝒅𝒅𝒄𝒄 = 𝑬𝑬𝒅𝒅𝒃𝒃𝒅𝒅𝒄𝒄 ∙ 𝒑𝒑𝒅𝒅𝒃𝒃𝒅𝒅𝒄𝒄      (34) 
Annual labour costs 
𝑪𝑪𝑺𝑺 = 𝒊𝒊 ∗ 𝑺𝑺𝒎𝒎,∗ 𝟏𝟏𝟏𝟏, 𝒕𝒕𝒉𝒉𝒐𝒐𝒃𝒃𝒅𝒅.𝑼𝑼𝑺𝑺𝑼𝑼     (35) 
 
Repair and maintenance costs 
𝑪𝑪𝒕𝒕𝒐𝒐𝒕𝒕𝒂𝒂𝒃𝒃 = 𝟏𝟏.𝟎𝟎𝟎𝟎 ∗ �𝑪𝑪𝒃𝒃.𝒑𝒑 + 𝑪𝑪𝒅𝒅𝒃𝒃𝒅𝒅𝒄𝒄 + 𝑪𝑪𝑺𝑺�    (36) 
 
Unit heat production cost  
𝒄𝒄𝒉𝒉𝒅𝒅𝒂𝒂𝒕𝒕 = 𝑪𝑪𝒕𝒕𝒐𝒐𝒕𝒕𝒂𝒂𝒃𝒃

𝑬𝑬𝒑𝒑
, USD/MWh     (37) 

2.2.6 Data and estimation of emissions    

Table 15 Emissions of harmful substances from coal combustion 

Emissions  Unit Value Source 
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CO2 ton 
Emission factor for brown coal, Baganuur 
coal mining -1.37 kg CO2/kg coal; 
Bayanteeg coal mining-1.4 kg CO2/kg coal 

B.Namkhainyam, 2013. Determination 
of Greenhouse Gas Emission Factors 
in Mongolia. Scientific report 

CO ton Content in flue gases from small capacity 
boilers, brown coal -0.031 

An Emissions Inventory of Air 
Pollutants of Ulaanbaatar, 2007 NOx ton Content in flue gases from small capacity 

boilers, brown coal -0.0014 

SOx ton Content in flue gases from small capacity 
boilers,  brown coal 0,006 

Ash ton Moisture contents in coal, average for 
Baganuur and Bayanteeg coal mining-0.26 

Reserves and Quality Indicators of 
Coal of Mongolia, 2015 

 
Annual CO2 emissions 
𝑴𝑴𝑪𝑪𝑯𝑯𝟏𝟏 = 𝑬𝑬𝑬𝑬 ∙ 𝑯𝑯𝒄𝒄𝒐𝒐𝒂𝒂𝒃𝒃, ton   (38) 
Annual CO emissions 
𝑴𝑴𝑪𝑪𝑯𝑯 = 𝟎𝟎.𝟎𝟎𝟎𝟎𝟏𝟏 ∙ 𝑯𝑯𝒄𝒄𝒐𝒐𝒂𝒂𝒃𝒃, ton   (39) 
Annual nitrogen oxides (NOx) emissions 
𝑴𝑴𝑵𝑵𝑯𝑯𝑵𝑵 = 𝟎𝟎.𝟎𝟎𝟎𝟎𝟏𝟏𝟎𝟎 ∙ 𝑯𝑯𝒄𝒄𝒐𝒐𝒂𝒂𝒃𝒃, ton  (40) 
Annual sulfur dioxide (SOx) emissions 
𝑴𝑴𝑺𝑺𝑯𝑯𝑵𝑵 = 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎 ∙ 𝑯𝑯𝒄𝒄𝒐𝒐𝒂𝒂𝒃𝒃, ton  (41) 
 Annual ash emissions 
𝑴𝑴𝒂𝒂𝒅𝒅𝒉𝒉 = 𝜽𝜽𝒂𝒂𝒅𝒅𝒉𝒉 ∙ 𝑯𝑯𝒄𝒄𝒐𝒐𝒂𝒂𝒃𝒃, ton   (42) 
 
GHG Emission from use of electricity in renewable-based DHS 
 

Table 16 GHG Emission from use of electricity in renewable-based DHS 
Emissions  Unit Value Source 

CO2 Ton 

Emission factor for brown coal, 
Baganuur coal mining -1.37 kg CO2/kg 
coal; Bayanteeg coal mining-1.4 kg 
CO2/kg coal 

B.Namkhainyam. 2013. 
Determination of Greenhouse Gas 
Emission factors in Mongolia. 
Scientific report  

𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐜𝐜, kg coal/kWh Coal consumption for electricity 
generation at CHP 

Energy Statistics, 2018 MERC 
For CHP-4, 0.55 kg/kWh 

 
Annual CO2 emission  
𝐌𝐌𝐜𝐜𝐛𝐛𝟏𝟏 = 𝐄𝐄𝐛𝐛𝐛𝐛𝐛𝐛𝐜𝐜 ∗ 𝐄𝐄𝐄𝐄 ∗ 𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐜𝐜,   (43) 
 
Where: 𝐄𝐄𝐛𝐛𝐛𝐛𝐛𝐛𝐜𝐜 −annual electricity consumption of GSHP; 𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐜𝐜 −specific coal consumption for 
electricity generation at CHP;𝐄𝐄𝐄𝐄- coal emission factor 
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III. EXTERNAL ENVIRONMENT FOR THE IMPLEMENTATION 

3.1 Political, Policy, Legal, Economic and Social Situation 

A crucial role for the implementation of renewable-based low carbon DHS in Mongolia is 
political stability and government commitment. It should be highlighted that administration of 
the Ministry of Energy is unsustainable and it tends to change after each Parliament election. 
As a result, there is low credibility for continuation of previously approved actions after the 
Election. The next Parliament election will take a place in June 2020.  
 
Mongolia has solid policy foundation for development of low carbon and renewable energy 
and district heating system. 
 
State Policy on Energy 2015-2030. The State Policy in Energy Sector was approved in 
20152 and the policy has identified the following priority areas and strategic goals: 
 
Reliable and safety energy supply: 

Ensure energy safe and reliable supply; 
Develop mutually beneficial cooperation with regional countries; and 
Develop human resources 

Efficiency and productivity: 
Transfer the sector from state-dominated to private-dominated competitive market; 
and  
Support innovation and advanced technology and enforce energy conservation 
policy. 

Environmental sustainability and green development: 
Increase renewable energy generation share and reduce the adverse impact of the 
traditional energy generation and greenhouse gas emission. 

 
The State Policy on Energy sets specific targets relevant to the district heating systems in 
aimags3 including (1) to reduce the GHG emission per 1.0 MWh heat energy production from 
0.52 ton eq. С02 to 0.49 ton eq. CO2 by 2023 and to 0.47 ton of С02 eq by 2030 
respectively and (2) to reduce the building heat loss by 20% and 40% in 2023 and 2030 
respectively. 

                                                 
 
 
 
2Cabinet of Mongolia, Resolution No63 dated 19 June 2015 State Policy on Energy Retrieved 24 April 2019 from 
httpcs://www.legalinfo.mn/law/details/11130 
3… Article 3.1.6. To increase renewable energy generation and reduce adverse impact of traditional energy to environment 
and greenhouse gas emission;  
… Article 3.2.1.4 To improve heat supply quality and to develop district heating systems in city and other urban settlements;  
… Article 3.2.6.2. To increase share of renewable energy in total designed load of the energy sector by 20% by 2020 and by 
30% by 2030;  
… Article 3.2.6.4. To use solar, wind, biomass, liquid and gas, geothermal sources, fuel cell and other new sources of energy 
for energy supply of households, businesses, and remote off-grid consumers of energy and to encourage them selling 
excessive energy to major energy supply network… 
 

https://www.legalinfo.mn/law/details/11130
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National Programme on Energy Efficiency. The National Programme on Energy 
Efficiency (2018-2022) sets targets to promote introduction and transfer of energy efficient, 
environmentally friendly technique and technologies along with respective norms and 
standards, strengthen human capacity, encourage and support knowledge exchange and 
public awareness so that the country implement energy efficient measures, and contribute to 
the country’s commitment to reduce greenhouse emissions under international agreements4.  

Energy Law. Mongolia’s Energy Law was approved in 20015with the latest update done in 
2015. Its purpose is to regulate energy generation, transmission, distribution, dispatching 
and supply activities, as well as construction of energy facilities, and energy industry 
resulting in the creation of separate entities to manage and operate generation, 
transmission, dispatch, and supply.  
 
Recent amendments involved the addition of a new regulation setting energy prices and 
tariffs. The tariff rates for electricity and heating production and the amount of fuel supplied 
are now regulated. The amendment aims to increase private sector participation, business 
development and investments in the energy sector. Key provision is that  “26.3 The 
Regulatory Committee shall be obliged to assess the grounds and accuracy of the estimated 
costs and expenses of the license holder and shall return it for recycling if it is not 
satisfactory. The Regulatory Committee shall not complete the estimation and calculation of 
the license holder on his / her own proposal”. 
Renewable Energy Law. Mongolian’s renewable Energy Law was approved in 2007 and 
renovated in 20156. Its purpose is to regulate the generation and delivery of power from 
renewable energy resources and to encourage the development of privately financed power 
projects by setting up the legal framework that will allow electricity from renewable energy to 
be bought. The law provides feed-in tariff for RE power projects, which allow recovery of 
capital and investment costs thus making RE investment attractive to developers and 
financiers. 

Table 17 Feed-in tariffs for renewable energy power sources in Mongolia (USD/kWh) 
Hydropower 
 

Wind Solar 

 Up to 500 kW 500-2 000 kW 2 000-5 000 kW 
Grid connected  0.045-0.06 0.045-0.07 0.045-0.08 0.08-0.095 0.15-0.18 
Off-grid  0.08-0.10 0.05-0.06 0.045-0.008 0.10-0.15 0.20-0.30 

Source: Parliament of Mongolia. Resolution dated 11 January 2007. Renewable Energy Law. Retrieved on 24 
April 2019 from httpcs://www.legalinfo.mn/law/details/465 

                                                 
 
 
 
4Cabinet of Mongolia Resolution No 274/2017. National Programme on Energy Efficiency. Retrieved 24 April 2019 from 
httpcs://www.legalinfo.mn/annex/details/8050?lawid=12905 
5Parliament Resolution dated 1 February 2001. Energy Law of Mongolia. Retrieved on 24  April 2019 from 
httpcs://www.legalinfo.mn/law/details/60 
6 Parliament of Mongolia. Resolution dated 11 January 2007. Renewable Energy Law. Retrieved on 24 April from 
httpcs://www.legalinfo.mn/law/details/465 

https://www.legalinfo.mn/law/details/465
https://www.legalinfo.mn/annex/details/8050?lawid=12905
https://www.legalinfo.mn/law/details/60
https://www.legalinfo.mn/law/details/465
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One of the key factors for successful implementation of the renewable-based low carbon 
DHS is energy price and heating tariff regulations in Mongolia.  

Energy price and tariff in Mongolia. The Energy Regulatory Committee (ERC) regulates 
energy prices in Mongolia. The energy tariffs differ according to the types of consumers 
(industrial and residential) and the regions. The tariff for residential and industrial consumers 
includes renewable energy levy of 11.88-13.38 MNT/kWh (USD 0.0045). 
 
Table 18 Electricity Tariff for Central and Altai-Uliastai Region 

Single rate tariff (VAT excluded) Tariff 
MNT/kWh USD/kWh* 

The central energy system   
Industrial   
Mining, processing industry 167.78 0.063 
Other industries, business entities and organizations 140.38 0.053 
Residential   
Monthly consumption below 150 kWh 110.28 0.041 
Monthly consumption above 150 kWh 130.08 0.049 
Altai-Uliastai energy system (Time of use and electricity tariffs, VAT excluded) 
Industrial   
From 07 am until 05 pm 163.48 0.061 
             Peak  from 05 pm until 09 pm 283.58 0.107 
             Off peak from 09 pm until 07 am 84.68 0.032 
Residential   
            from 07 am until 09 pm 136.08 0.051 
            Off peak from09 pm until 07 am 84.68 0.032 
* Bank of Mongolia: Exchange rate dated 25 April 2019: MNT 2637.96/USD 1.0 

Source: Mongolia Energy Regulatory Committee, 2019. Retrieved 2 April 2019 from http://erc.gov.mn/ 
 
Table 19 Heating Tariff 

Source: Mongolia Energy Regulatory Committee. 2019  
 
Energy price and potential to shift to low carbon DHS. Thermal consumers have two main 
interests; affordable heat price as well as low environmental pollution. Most of the heat 
consumed in aimag and soum centers by public organizations (schools, hospitals, 
kindergartens, etc.) and these public organizations make 70-80 percent of total consumption 
in aimag centers and about 95 percent in soum centers.  
 
The heat price in Mongolia is low, on average 55,000-70,000 MNT/kWh (USD 20-26.0) per 
kWh. However, the Renewable Energy Law provides provisions on possibility to increase heat 
price if renewable energy including geothermal and solar energy is used for heating. Based 
on this legal provision the Energy Regulatory Commission (ERC) is able to make a decision 
to set favourable heating tariff. The Aimag Energy Regulatory Board can take actions to renew 
heating tariff at aimag and soum levels following the decision of ERC. The soum governor’s 
office is able to reflect new heat price in the Contract with operators of boiler houses.  

Area Residential 
MNT/m2 
(USD/m2) 

EI  MNT/m3 
(USD/m3) 

Tap hot water, 
MNT person/month 
USD person/month 

By heat meter, MNT/kWh 
(USD/kWh) 
Residential Entity 

Ulaanbaatar 460 
(0.174) 

429 
(0.162) 

1700/2551* 
(0.644/0.967) 

11356 
(4.30) 

27692 
(10.49) 

Tuv aimag 455 
(0.172) 

900-1900 
(0.341-0.720) 

- - - 

Uvurkhangai 940 
(0.35) 

600-1200 
(0.227-0.454) 

- - - 

Gobi-Altai  400-800 
(0.151-0.303) 

1400-1850 
(0.530-0.701) 

- - - 

(VAT excluded) Notes: *Non-heating season,  EI- Entity and industry 

http://erc.gov.mn/
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The country’s fiscal capacity to invest in renewable-based low carbon DHS is weak. The 
Mongolian economy strongly recovered in 2017 and 2018. GDP growth rate increased from1.2 
percent in 2016 to 5.3 percent in 2017 and 6.3 percent in the first half of 2018. Strong growth 
momentum was supported by steady commodity exports (coal and copper)7. 
The current Government has been facing a substantial budget deficit, combined with high 
public debts8.Mongolia recorded a Government budget deficit equal to 3.40 percent of the 
country's Gross Domestic Product in 2018 and the Government debt to GDP made 79,4% in 
2017 and 58,9% in 2018 (MOF 2019). Under the pressure of significant budget deficits, some 
green and low carbon projects are omitted for the benefit of short-term cost-savings. 
 
Household income and living standard play a crucial role in energy and heat consumption and 
affordability is a serious issue.The percentage of the population living below the national 
poverty line dropped from 33.7% in 2011 to 21.6% in 2014,but increased to 29.2% in 2016 
(NSO 2016). The household income in Mongolia is not very high; in December 2017 average 
household monthly expenditure was MNT 1,092,384 (USD 414) and MNT 999,615 (USD387) 
in rural areas.  Accordingly, there is an affordability issue if the price for heating increases.  

3.2 Financing and Investment Risks 

3.2.1 Private sector investment 

The project team has met nearly 80 people such as representatives of local government 
administration, heat supply professionals and citizens' representatives. People expressed 
their support for an environmentally friendly technologies and healthy environment. However, 
the operators and owners of the boiler houses have doubted and asked the following issues: 

• Upfront investment required to build renewable-based heat pump system;  
• Mobilization of investment and possibility to obtain loan with low interest rate; and 
• Situation of operating after new technology system installation.  

The local owners and operators of boiler houses have responded that the companies’ financial 
capacity is weak, therefore it is difficult to invest in new technologies and they cannot afford 
loan interest rates of commercial banks are very high (20-30% annually). It should be 
understood that up to now private investment in low carbon DHS has not yet been made. Anu 
Service LLC has built energy efficient coal-fired boiler houses and are providing heat to 
consumers in soum centers and schools located in ger areas of Ulaanbaatar.   

3.2.2 Willingness of the Government to invest in low carbon DHS 

The policy documents of the Government clearly states the Government’s commitment and 
ambition to realize environmental and social objectives by investing in low carbon DHS and 
reduce GHG emission, pollution and waste, alleviate fuel poverty and enable better 
accessibility and reliability of heating energy for households living in ger areas. The 
Government has implemented a number of projects with the support of international 
organizations. For instance, the Government has signed the agreement with the Government 
of Korea to build new coal-fired heat plants in 10 aimags of Mongolia and allocate 10% of the 
total investment of USD 147 mlnfrom the state budget. With the support of the Green climate 
fund (GCF), the Asian Development Bank (ADB), the World Bank (WB) and the European 

                                                 
 
 
 
7The World Bank. Mongolia Overview. http://www.worldbank.org/en/country/mongolia/overview 
8World Bank: Mongolia Economic Brief, September 2016 
(http://pubdocs.worldbank.org/en/539861473145444556/Mongolia-Economic-Briefs-0916.pdf) 

http://www.worldbank.org/en/country/mongolia/overview
http://pubdocs.worldbank.org/en/539861473145444556/Mongolia-Economic-Briefs-0916.pdf
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Bank for Reconstruction and Development (EBRD) several energy efficiency and renewable 
energy projects (electricity) have been approved and implemented. However, the 
government’s financial ability to invest in low carbon DHS is limited and the country heavily 
relies on foreign loan to realize such energy infrastructure projects.  

3.2.3 Financial support by international development organisations  

There is high possibility to mobilize loan with preferential interest rate through ODA 
and multinational development lenders for low carbon DHS. Blended financing 
mechanism should be used to finance the project; grants and loan from multiple 
international organizations. The international development banks and organizations 
including ADB, IFC, EBRD and GCF should be reached out through the 
Government. Bilateral organizations including JICA, Joint Credit Mechanism (JCM) 
and SDC should also be consulted.  
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4 BACKGROUND ON MISSION TO SITE VISITS 

4.1 Places Visited and Selection of Areas for Project Feasibility Study 

The project teamvisited 11 areas in Ulaanbaatar, Khuvsgul, Uvurkhangai, Govi-Altai and Tuv 
aimags to investigate the local specifics, climate conditions, and heat supply situation during 
cold weather conditions and identify potential areas for the project. Based on the criteria the 
project team has recommended Bayanchandmani soum of Tuv aimag, Kharkhorin soum of 
Uvurkhangai aimag and Khonkhor village of Bayanzurkh district of Ulaanbaatar for project 
implementation. 
 

Table 20 Selected areas for project implementation 
Description  Kharkhorin Bayanchandmani Khonkhor 
Contribution to achieving relevant SD goals and targets 
SDG goals and 
targets  

5. Achieve gender equality and empower all women and girls  
7. Ensure access to affordable, reliable, sustainable and modern energy for all 
8. Promote sustained, inclusive, sustainable economic growth, sustainable and full and 
productive employment, and decent work for all 
11. Make cities and human settlements inclusive, safe, resilient and sustainable 
12. Ensure sustainable consumption and production patterns 
13. Take urgent actions to combat climate change and its impacts 

Contribution to achieving related objectives of national policies 
INDC Mongolia  GHG emission reduction by 14% by 2030 as compared to BAU 
Green 
Development 
Policy (NGDP) 

Promote sustainable consumption and production patterns with efficient use of natural 
resourced, reduced GHG and reduced waste (Reduce GHG in energy sector through 
increased energy efficiency by 20%, achieve 20% of share of RE by 2020 and 30% by 
2030 in total energy 

Sustainable 
development 
vision 2030 

Increase the share of RE in energy consumption, 20% by 2020, 25% by 2025 and 30% by 
2030.  
Provide greater independence of urban settlements, build roads and transportation, 
engineering infrastructure, create healthy, safe and comfortable living environment for 
citizens and improve urban planning in line with world class green development model 

State policy on 
energy 2015-
2030 

Ensure energy safety and reliable supply 
Support innovation and advanced technology and enforce energy conservation policy 
Increase a share of renewable energy generation and reduce adverse impacts of 
traditional energy generation and GHG 
Reduce GHG emission per 1.0MWh heat energy production 

National 
programme on 
energy 
efficiency 

Promote introduction and transfer of energy efficient and environmentally friendly 
technique and technologies 

Local conditions 
Economic 
development 
and growth 
potential 
 

Part of the Orkhon Valley 
is a Cultural Heritage 
protected by UNESCO. 
About 80 percent of 
domestic and foreign 
tourists visit 
Kharkhorin.Economic 
sectors include farming 
and livestock exist.  

Farming and livestock 
industry are rapidly 
developing to supply 
vegetables and dairy products 
to UB.  
Poultry industry is rapidly 
developing.  
Solar energy plant (10MW) is 
in place which will further 
expand to 21 MW.  

The village has potential to 
become thriving satellite 
town of UB. Master plan to 
build eco town is in place. 
Some companies including 
window and door 
production companies 
operate in Khonkhor. It is 
planned to build dairy 
(milk)  company.  

Proximity and 
road condition  

400 kms from 
Ulaanbaatar, close to the 
main road to Western 
aimags. Road condition is 
good  

61 kms from Ulaanbaatar, on 
the Russia-Mongolia-China 
main road. Road condition is 
good  

30 kms from UB. Road 
condition is good.  

Infrastructure  Electricity, ICT 
infrastructure is well 
developed  

Electricity, ICT infrastructure 
is well developed 

Electricity, ICT 
infrastructure is well 
developed 
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Demographic 
information 
(number of 
population, 
households, 
income) 

Population:12,600 in total 
and 10,430 in soum 
center. 
Households: 2425 in soum 
center.  
Very poor: 282 families 
Comparatively low income 
families -617 households 
Medium income:  1169 
Upper medium income: 
304 
Wealthy households-53 
 

Population: 4,218 
Households: 1,186 
 

Population: 8200 (in 
Khonkhor village 1100) 
residents. It is projected 
that the population will 
reach 25,000by 2025. 
Household: 2730 (in 
Khonkhor village 250) 
 

Financial 
capacity of 
consumers  

Consumers: public 
schools, governor’s office, 
cultural center, sports 
center, kindergartens, 
hospital, households, crop 
warehouses.  
Households: 863 
Some households living in 
small houses are 
connected to boiler houses 
and pay comparatively 
high price for heating. Out 
of total, % are 
residential, % business 
and % public entities.  

Consumers: public secondary 
school, Vocational and 
technological college, 
governor’s office, cultural 
center, kindergarten, hospital 
Households: Currently not 
connected to boiler houses. In 
the future, households will be 
connected to DHS.  
Out of total, % are 
residential, % business and % 
public entities.  

Consumers: public school, 
governor’s office, cultural 
center, school sport center, 
vegetable warehouses and 
some companies’ 
buildings,   kindergartens, 
hospital 
Households: Currently not, 
in the future medium 
income households 
Out of total, % are 
residential, % business 
and % public entities.  
 

Government support  
Commitment of 
government  

MOE: High support 
Aimag government: 
Unclear 
Soum government: High 
interests  

MOE: High support 
Aimag government: High 
interests 
Soum government: High 
interests 

MOE: High support 
UB Municipal government: 
High interests 

Investment feasibility  
Investment 
feasibility 

Boilers houses are 
privately owned. Full 
upfront investment by 
current owners is not 
feasible, but current 
owners and operators 
have interests to borrow 
low interest loan.  
Government may invest 
10% of the total 
investment.  
Investment interests by 
development agencies and 
banks: comparatively high  
 

Full investment by the 
Government or private sector 
is not feasible. Government 
may invest 10% of the total 
investment using state 
budget.  
Investment interests by 
development agencies and 
banks: moderate.  
 

Full investment by the 
Government or private 
sector is not feasible. 
Government may invest 
10% of the total 
investment.  
Investment interests by 
development agencies and 
banks: moderate.  
 

Environmental impacts 
Environmental 
impacts  

Current air pollution is 
relatively high compared to 
other soums due to 
population density and the 
size of the soum.  
Negative impacts on soil 
and water (Orkhon river) 
from coal transportation, 
storage, burning, ash and 
waste    

Current air pollution is 
moderate  
Negative impacts on soil and 
water from coal 
transportation, storage, 
burning, ash and waste    

Current air pollution is 
moderate  
Negative impacts on soil 
and water from coal 
transportation, storage, 
burning, ash and waste    

GHG emission Annual emission: 4,830 
tons of CO2 

Annual emission: 1,200 tons 
of CO2 

Annual emission: 1,300 
tons of CO2 
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Annual fuel consumption: 
3,700 tons of coal 
Expected emission 
reduction: 6,630 tons CO2 
a year 

Annual coal consumption: 
900 tons  
Expected emission reduction: 
1,430 tons of CO2 a year 

Annual coal consumption: 
1,000 tons 
Expected emission 
reduction: 380 tons of CO2 
a year.  

Total GHG 
emission 
reduction a year  

Total GHG emission a year: 8,440 tons CO2, 350 tons of CO, 30 tons of Sox, 30 tons of 
NOx and 2950 tons of ash  

Social consideration  
Population 
growth and 
benefits to local 
community  

Population growth thanks 
to its economic potential. 
Renewable based DHS 
will benefit a larger size of 
local community.  

Population growth thanks to 
its proximity to UB. 
Renewable based DHS will 
benefit the local community 

Population growth thanks 
to its proximity to UB. 
Renewable based DHS will 
benefit the local 
community 

Business and 
job creation  

Reliable and clean energy 
will bring opportunities for 
business expansion and 
job creation. Renewable 
based DHS will change 
work environment, enable 
better occupation and 
health safety at workplace 
and create new 
knowledge, skills and 
green jobs  

Reliable and clean energy will 
bring opportunities for 
business expansion and job 
creation. Renewable based 
DHS will change work 
environment, enable better 
occupation and health safety 
at workplace and create new 
knowledge, skills and green 
jobs 

Reliable and clean energy 
will bring opportunities for 
business expansion and 
job creation. Renewable 
based DHS will change 
work environment, enable 
better occupation and 
health safety at workplace 
and create new 
knowledge, skills and 
green jobs 

Fuel poverty  Currently, many of the 
businesses and 
households cannot access 
heating due to several 
reasons including low 
capacity and energy 
efficiency of existing boiler 
houses, disconnection to 
network, a and they use 
individual boilers or stoves 
for heating. Renewable 
based DHS will expand 
access to clean and safe 
energy for local 
community.  

Currently, many of the 
businesses and households 
cannot access heating due to 
several reasons including low 
capacity and energy 
efficiency of existing boiler 
houses, disconnection to 
network, a and they use 
individual boilers or stoves for 
heating. Renewable based 
DHS will expand access to 
clean and safe energy for 
local community.  

Currently, many of the 
businesses and 
households cannot access 
heating due to several 
reasons including low 
capacity and energy 
efficiency of existing boiler 
houses, disconnection to 
network, a and they use 
individual boilers or stoves 
for heating. Renewable 
based DHS will expand 
access to clean and safe 
energy for local 
community.  

Other social 
and gender 
issues 

Contribute to gender equality by enabling gender diverse workplaces, direct impacts 
toward alleviation of women’s housework burden such as cooking and filling stoves with 
coal and wood, better indoor quality and healthy lifestyle, reduced illnesses such as 
respiratory diseases, improved outdoor air quality for local community and improved 
indoor air quality for buildings connected to DHS including public school and hospital.  

Source: Project team, 2018 
 
Bayanchandmani soum. Bayanchandmani sum is located in Tuv aimag and is bordered by 
the Bayantsogt, Bornuur, Batsumber soums and Songinokhairkhan district of Ulaanbaatar city. 
This soum is located West-North from Ulaanbaatar on a distance of 68 kms along the main 
road that connects Russia and China. The paved road connects the soum with Ulaanbaatar, 
Darkhan, Erdenet, Altanbulag and Zamiin-Uud, major cities and villages of the country.  
 

Territory   613.15 sq.km 
Location 61 kms from Ulaanbaatar 
Population    4,218in soum center 
Individual one family building 1,204 

 
Figure 1 The location of Bayanchandmani soum of Tuv aimag 
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Source: Bayanchandmani soum center, Tuv province. Retrieved 10 March 2019 from 
httpcs://www.google.com/search?q=bayanchandmani+map&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjB86
WCrJ3iAhWIT7wKHQW1CVYQ_AUIDigB&biw=1242&bih=597#imgrc=T2N9VgQXvU-KbM: 
 
Annual average annual drought is 70.5 mm and precipitation is 216.2 mm. The warmest month 
is June +38 degrees, the coldest is January and February, -40°C, average annual temperature 
+0.7°C, in winter, in winter, in rainy days, high temperatures, extreme continental climate is a 
land.  
 
The soum center has no district heating system. Total capacity of boiler houses is 2.2 MW. 
Design heat load is 1.4 MW. Reserve capacity of boilers is 0.8 MW.  The biggest consumer is 
the Vocational and Technical College, which was built in 1974. An average outside 
temperature for the heating season is -7.3⁰C.  
 
Сoal consumption level is high because the efficiency of boilers is below 45 percent. Coal is 
transported by truck and distance is 200 kms. The price of coal per ton is USD 28.12.Once 
coal is brought into the boiler house, workers throw coal into the boiler by a shovel and coal is 
burned on the grate. Flue gases are released through the chimney and pollute the 
environment. 
 
Boilers use untreated raw water.  Specific coal consumption for the production of one kWh of 
heat is 570 kgs. Every year, approximately 900 tons of coal are burned and 1,200 tons of СО2 
are emitted. If the boiler efficiency is improved to the standard level GHG will be reduced by 
30 percent.As for Bayanchandmani soum center, the heat price is 0.19 $/m2. 
 
Kharkhorin soum. Kharkhorin soum is located at the lower end of the upper valley of 
the Orkhon River which is included within UNESCO's Cultural Heritage as “Orkhon Valley 
Cultural Landscape”. Kharkhorin soum has historicaland cultural landmarks of the country 
including the ruins of the ancient town of Kharkhorin which, for a short time, served as the 
capital of the Mongol Empire under Ogedei Khan. Another Kharkhorin landmark is ErdeneZuu 
monastery and its famous phallic rock. Kharkhorin's principal sources of income are tourism 
and agriculture. 
 

Territory   20.5  sq.km 
Location Kharkhorin, located 363 kms from Ulaanbaatar 
Population    12,600 in total and 3,400 in soum center 
Individual one family building in soum 
center 

863 

 
Figure 2 The location of Kharkhorin soum 

https://www.google.com/search?q=bayanchandmani+map&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjB86WCrJ3iAhWIT7wKHQW1CVYQ_AUIDigB&biw=1242&bih=597#imgrc=T2N9VgQXvU-KbM:
https://www.google.com/search?q=bayanchandmani+map&source=lnms&tbm=isch&sa=X&ved=0ahUKEwjB86WCrJ3iAhWIT7wKHQW1CVYQ_AUIDigB&biw=1242&bih=597#imgrc=T2N9VgQXvU-KbM:
https://en.wikipedia.org/wiki/Orkhon_River
https://en.wikipedia.org/wiki/Orkhon_Valley_Cultural_Landscape
https://en.wikipedia.org/wiki/Orkhon_Valley_Cultural_Landscape
https://en.wikipedia.org/wiki/Karakorum
https://en.wikipedia.org/wiki/Mongol_Empire
https://en.wikipedia.org/wiki/Ogedei_Khan
https://en.wikipedia.org/wiki/Erdene_Zuu_monastery
https://en.wikipedia.org/wiki/Erdene_Zuu_monastery
https://en.wikipedia.org/wiki/Kharkhorin_Rock
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Source: Kharkhorin map, 2019. Retrieved 19 Febraury 2019 from 
httpcs://www.google.com/search?biw=1093&bih=526&tbm=isch&sa=1&ei=k-DdXL-
rDIyO8wXWuKr4Dw&q=kharkhorin+map&oq=kharkhorin+map&gs_l=img.3..35i39l2.898922.902516..902751...1.
0..1.232.2113.0j14j1......1....1..gws-wiz-img.......0j0i30j0i24j0i10i30.nXY59Svgs7k#imgrc=yJF7jvavRnsCyM: 
 
Kharkhorin has abundant solar energy resource and it is located in the river basin so it may 
have underground water resource and reservoirs. Buildings in soum center are sparsely 
located, accordingly heat density is low. Air pollution is prevalent and relatively high compared 
to other soums of Mongolia due to high consumption of coal for heating and low efficiency of 
boilers below 55%.  
 
The soum center has no district heating system and 5 small boiler houses provide heat for 
consumers. Total capacity of the boiler houses is 6.8 MW. Design heat load of uses is 6.5 
MW. Average outside temperature for the heating season is -4.8⁰C. In boilers, untreated raw 
water is used. Working  conditions are poor, workers throw coal into the boiler by shovel and 
coal is burned on the grate. Flue gases are released through the chimney and pollute the 
environment. 
 
All boilers are privately owned. The company is responsible for repair and renovation of heat 
networks and boilers. Coal is transported by truck. The coal price per ton is USD 33.74-45.0. 
Specific coal consumption for the production of one kWh of heat is 540 kg.  
 
Every year, approximately 3,700 tons of coal are burnt and 4,830 tons of GHG-СО2 are 
emitted. If the boiler efficiency is increased to the standard level, greenhouse gas emissions 
will be reduced by 20 percent. Most buildings are old and have large heat losses. 
 
Administrators of the Soum Governor’s Office have great interests in improving heat supply 
systems and using renewable energy sources for heat supply, however, there may be a 
problem on the part of the private owners.  
 
An average household in the ger area of Kharkhorin soum center uses approximately 2 tons 
of coal and 2.5 m3 of wood annually. Kharkhorin soum center’s population is 3,400 or 863 
households. Annual fuel cost is USD 170.6. Soum center is located in the area where woods 
are abundant. The size of forest in Kharkhorin soum and neighboring soums is decreasing 
year by year, reducing the environment and greenhouse gas absorption capacity. Some of the 
households are living in the individual single houses which are connected to the boiler houses. 
An average of the heat load of a private house is 7 kW.A household, living in the 90 square 
meters of the area house, that is connected to the boiler house pays USD 108.07 for heat a 
year. As for Kharkhorin soum center, the heat price is 0.36 USD/m2. A household’s average 
monthly consumption is 160 kWh. An annual electricity cost is USD 100.5.  

https://www.google.com/search?biw=1093&bih=526&tbm=isch&sa=1&ei=k-DdXL-rDIyO8wXWuKr4Dw&q=kharkhorin+map&oq=kharkhorin+map&gs_l=img.3..35i39l2.898922.902516..902751...1.0..1.232.2113.0j14j1......1....1..gws-wiz-img.......0j0i30j0i24j0i10i30.nXY59Svgs7k#imgrc=yJF7jvavRnsCyM:
https://www.google.com/search?biw=1093&bih=526&tbm=isch&sa=1&ei=k-DdXL-rDIyO8wXWuKr4Dw&q=kharkhorin+map&oq=kharkhorin+map&gs_l=img.3..35i39l2.898922.902516..902751...1.0..1.232.2113.0j14j1......1....1..gws-wiz-img.......0j0i30j0i24j0i10i30.nXY59Svgs7k#imgrc=yJF7jvavRnsCyM:
https://www.google.com/search?biw=1093&bih=526&tbm=isch&sa=1&ei=k-DdXL-rDIyO8wXWuKr4Dw&q=kharkhorin+map&oq=kharkhorin+map&gs_l=img.3..35i39l2.898922.902516..902751...1.0..1.232.2113.0j14j1......1....1..gws-wiz-img.......0j0i30j0i24j0i10i30.nXY59Svgs7k#imgrc=yJF7jvavRnsCyM:
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Khonkhor village. Khonkhor village is located 30 kms from the downtown of Ulaanbaatar in 
Bayanzurkh district. A total of 2.16 percent of the total population of Bayanzurkh district or 
8,200 people (2,730 households) live in the 11thkhoroo. The Khonkhor village is located along 
the Ulaanbaatar-Nalaikh road. 
 

Territory   124,400 hectare  
Location 30 km from the Ulaanbaatar 
Population (11 khoroo)  8,200 (Khonkhor village: 1100) 
Individual one family building (11 
khoroo) 

2,730 (Khonkhor village: 250) 

 
Figure 3 The location map of the Khonkhor village 

 

 

 

 
Source: Municipal districts of Mongolia. retrieved 19 March 2019 from 
httpcs://www.google.com/search?q=ulaanbaatar+district+map&tbm=isch&source=iu&ictx=1&fir=o1AzvGMordlfH
M%253A%252CpBjohXh22ZnscM%252C_&vet=1&usg=AI4_-
kQU3UIANPC8pPZ0mZzFMxrJx0RkZw&sa=X&ved=2ahUKEwiU67X2jJHjAhWTZt4KHfL3AvMQ9QEwAXoECAg
QBA#imgrc=o1AzvGMordlfHM: 
 
Khonkhor village is located in permafrost zone and has abundant solar energy. Air pollution is 
prevalent. The village has installed district heating system with 1.4 MW boilers capacity. The 
design heat load is 0.6 MW and remaining reserve capacity of boilers is 0.8 MW. All public 
organizations, commercial enterprises and residential buildings are located nearby the boiler 
house and are connected to the district heating system. The boiler house was built in 
November of 2007. The boiler is fuelled by coal with 0.45 energy efficiency leading to high 
coal consumption. The district heating system has water leakages and supplementary water 
is supplied without any water chemical/mechanical treatment.  
 
Coal to the boiler house is transported by trucks from the capital city. The price of the coal per 
ton including transportation cost is MNT 150,000.0 MNT or USD 56.3.The workers of the boiler 
house brings the coal from outside and throw it into the boilers manually by shovel. The coal 
burning process is inefficient so flue gases are released through the chimney and pollute the 
environment a lot.  
 
The boiler house is located in the central part of village, so ash falls right in the same place. 
Specific coal consumption for the production of one kWh of heat is 560 kg.Every year, 
approximately 1,000 tons of coal are burned and 1,300 tons of СО2 are emitted. Most buildings 
connected to the district heating system are old with great heat losses. Local government of 
the village has expressed interests in renovating district heating system and shifting to low 
carbon DHS.  

https://www.google.com/search?q=ulaanbaatar+district+map&tbm=isch&source=iu&ictx=1&fir=o1AzvGMordlfHM%253A%252CpBjohXh22ZnscM%252C_&vet=1&usg=AI4_-kQU3UIANPC8pPZ0mZzFMxrJx0RkZw&sa=X&ved=2ahUKEwiU67X2jJHjAhWTZt4KHfL3AvMQ9QEwAXoECAgQBA#imgrc=o1AzvGMordlfHM:
https://www.google.com/search?q=ulaanbaatar+district+map&tbm=isch&source=iu&ictx=1&fir=o1AzvGMordlfHM%253A%252CpBjohXh22ZnscM%252C_&vet=1&usg=AI4_-kQU3UIANPC8pPZ0mZzFMxrJx0RkZw&sa=X&ved=2ahUKEwiU67X2jJHjAhWTZt4KHfL3AvMQ9QEwAXoECAgQBA#imgrc=o1AzvGMordlfHM:
https://www.google.com/search?q=ulaanbaatar+district+map&tbm=isch&source=iu&ictx=1&fir=o1AzvGMordlfHM%253A%252CpBjohXh22ZnscM%252C_&vet=1&usg=AI4_-kQU3UIANPC8pPZ0mZzFMxrJx0RkZw&sa=X&ved=2ahUKEwiU67X2jJHjAhWTZt4KHfL3AvMQ9QEwAXoECAgQBA#imgrc=o1AzvGMordlfHM:
https://www.google.com/search?q=ulaanbaatar+district+map&tbm=isch&source=iu&ictx=1&fir=o1AzvGMordlfHM%253A%252CpBjohXh22ZnscM%252C_&vet=1&usg=AI4_-kQU3UIANPC8pPZ0mZzFMxrJx0RkZw&sa=X&ved=2ahUKEwiU67X2jJHjAhWTZt4KHfL3AvMQ9QEwAXoECAgQBA#imgrc=o1AzvGMordlfHM:
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Household’s fuel consumption of the ger area. An average household in the ger area of 
Ulaanbaatar (the same for Khonkhor village) uses approximately 4 tons of coal and 1.0 m3 of 
wood annually. Annual fuel cost is USD 227.53 and annual electricity cost is USD 56.88-68.25. 
Households living in ger heat their gers burning coal in stoves and at the same time prepare 
meals. In other words, stoves play a great role in heating and cooking. As for Khonkhor village, 
the heat price is 0.21 USD/m2. 
 

Table 21 Summary of main findings of selected areas 
   Locations 
 
Description 

Bayanchandmani, Tuv aimag 
 

Kharkhorin soum, Uvurkhangai 
aimag 
 

Khonkhor village, Bayanzurkh 
district, Ulaanbaatar 

Heat 
production Total heat capacity  of boiler - 

2.2 MW 
Reserve capacity – 0.8 MW 
Boiler EE– below 45 %. 

Total capacity of boiler houses – 
6.8 MW. 
Design heat load – 6.5 
Boiler EE – below 55 %. 

Total capacity of boiler houses 
– 1.4 MW 
Design heat load of consumers 
– 0.6 MW 
Boiler EE– 82 %. 
 

Heating tariff  
 

Public sector – 0.439 USD/m3 
Commercial sector - 0.398 
USD/m3 
Residential sector -  0.170 
USD/m2 

Public sector – 0.415 USD/m3 
Commercial sector – 0.415 
USD/m3 
Residential sector -  0.354 
USD/m2 

Public sector – USD  0.375 
USD/m3 
Commercial sector - 0.375 
USD/m3 
 

Coal price 
Chilchig  - USD 28.12 

Bayanteeg – 34.11-37.90  
USD/ton 
 

Baganuur – 56.862 USD/ton 

Fuel 
consumption  

Approx. 900 tons of coal are 
burned 

Approx. 3,700 tons of coal are 
burned 

Approx. 1,000 tons of coal are 
burned 

Heat supply 
management  
 

All boiler houses and heat 
network are the local 
government property. The 
soum governor’s office makes 
a contract with a private 
company for 3 years. The 
operating private company 
gets the all sales’ revenues 
from the heating. 

All boilers are privately owned. 
The company is responsible for 
repair and renovation of heat 
network. Boiler houses are owned 
by private companies. The DHN is 
the local government’s property. 
The company, who is responsible 
for boilers, gets the special license 
from the Aimag Energy 
Regulatory Board (AERB). The 
special license validity period is 8-
10 years. The private company 
gets all heating sales revenue and 
pay taxes. Each company is 
responsible for the operations and 
maintenance of boilers. 

Boiler houses are owned by 
the private company 
Tushigkhangai LLC. DHN is 
owned by the local 
government.  The private 
company works under the 
Bayanzurkh district of 
Ulaanbaatar. 
 

Main 
consumers  
 

User’s buildings total value,  
m3 

Local administration, 
kindergarten, cultural center, 
Industrial and Technical 
college, 
HOB: total building volume – 
52,600 
Low-pressure hot water 
boilers: 11,500 m3 
 

User’s buildings total value,  m3: 
TSTR (Central)- 70,000 
Artsogt LLC (2nd school) - 16,450 
Uv post LLC (2nd kindergarten, 
School of mathematics) -  6,806 
Unet Mongol (Hospital, Hotel) – 
26,000 

User’s buildings total value,  
m3: 18,026 
The building of 11thkhoroo, the 
88th school, the 64th 
kindergarten, a health center, 
a residential building for 18 
households, public bath 
building and Khaan Bank 
building 
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5 PRELIMINARY ASSESSMENT OF POTENTIAL RENEWABLE 
ENERGY TECHNOLOGIES 

5.1 Renewable Energy Resources in Selected Areas  

The climate of Mongolia is harsh and continental due to its very unique geographical location 
in the center of the Eurasian continent such as high elevation above sea level, surrounded 
by high mountains and highly remote location from the sea (NSO 2018). Therefore, the main 
features of the Mongolian climate are characterized by the high seasonality with very distinct 
four seasons, high fluctuations and extremes in temperature and low precipitation.  
The annual mean temperature ranges from -8°C to 6°C across regions and the annual 
precipitation varies from 50 mm in the Gobi desert to 400 mm in the northern mountainous 
area (Mongolia, Intended Nationally Determined Contribution [INDC] 2015).One of the 
specific of Mongolia is sharp continental climate with long cold winter where temperature 
drops to -30-400C. Summer extremes reach as high as +40°C in the Gobi desert 
and +33°C in the capital Ulaanbaatar.  
The renewable energy resources of Mongolia have been estimated as follows9: 

• 6,417.7 MW of potential hydropower, with generation of 56.2 billion kWh per year; 
• Annual average amount of solar energy is 1,400 kWh/m2 with solar intensity of 4.3-

4.7 kWh/m2 per day.  
• Wind power of Mongolia is estimated to 836.8 billion kWh per year and potential to 

deliver over 2.5 trillion kWh per year. 
• No estimates on geothermal energy resources yet. Presently, there are 43 hot 

springs in Mongolia some of them are in use of public health, but they are not studied 
thoroughly. These are only known and exposed parts of Mongolian energy resource 
hidden in depth of the earth.  

 
In Mongolia, the most suitable renewable energy sources are solar energy and geothermal 
energy. Other sources of renewable energy are less likely to be useful due to long lasting 
winter (8 months for the heating) and outdoor temperature during this period (-30-400С). 
About 270-300 sunny days a year with average sunlight duration of 2,250-3,300 hours are 
available in the most territories of Mongolia. An annual average solar energy is 1,400 
kWh/m2/y with solar intensity of 4.3-4.7 kWh/m2 per day. 
As for the solar energy resource, Khonkhor village, Bayanchandmani soum and Kharkhorin 
soum are located in the medium solar intensive area for Mongolia which ranges between 
1730 and 1860 kWh/sq.m. Bayanchandmani and Kharkhorin soums are often sunny but the 
solar intensive decreases rapidly when the heat demand reaches maximum value in the 
wintertime. Therefore, it is impossible to use solar energy alone for heating.  
 

Figure 4 Total solar radiation, year 

                                                 
 
 
 
9Mongolia, Ministry of Energy. 2015 
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Source: Academy of Sciences fo Mongolia, 2010. Solar atlas 
 
The potential for geothermal energy in Mongolia has not yet been determined. 
Bayanchandmani soum and Khonkhor village are located near Ulaanbaatar, accordingly 
geothermal energy resources have the same potential as Ulaanbaatar.  
 
Some of the selected areas could be exploited by groundwater heat, but survey data is not 
available. Local people say that water goes up when drilling within 60 to 70 meters deep in 
our chosen sites.In a case of Kharkhorin its freezing depth depends on soil which ranges 2.1–
3.0 m. Additionally, hydrogeological surveys should be carried out to determine where the soil 
and water are most suitable. 
 
Data from foreign countries have been used since the geothermal resources for 
Bayanchandmani and Kharkhorin have not been studied. For vertical boreholes, the mean 
value of the thermal energy per meter will be be calculated at 55 W/m. 
In a case of Khonkhor village the hydrogeological survey has been carried out and it has 
concluded that Khonkhor has permafrost. 
 

Figure 5 Geothermal energy resource of Mongolia 

 
Source: Renewable energy department, Energy authority, 2010 
 

Figure 6 The main geothermal structures of Mongolia 
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Source: Ministry of Agriculture and Industry of Mongolia, 1999; Geodesy and Cartographical Institute, 2000 
 
There is no underground temperature map for Ulaanbaatar or other towns of Mongolia. 
However, the underground temperature in outer districts of Ulaanbaatar was measured in 
2003 by the Institute of Geography of the Academy of Science, Mongolia (Dash and 
Ulziisuren 2007).  
 

Table 22 Underground temperature in an outer district of Ulaanbaatar 

 
Source: Institute of Geography, Academy of Science, Mongolia, 3 January 2003  



Feasibility Study and Business Model Development for Low Carbon 
District Heating Systems in Mongolia 

38 

5.2 Introduction to Selected Renewable-based Heating Technologies 

Geothermal energy. Use of geothermal energy includes a variety of applications; power 
generation, direct heat and hot water, among others10. Geothermal energy is identified as 
being “renewable” and “green” because heat is continually being recycled from ground to 
building and the original energy supply, the sun, is a natural occurrence.There are numerous 
applications for geothermal energy, including spas, direct space heating, aquaculture, 
agricultural drying, snow melting, and power generation11.  By using heat pumpcsthe soil and 
air temperature can be increased and used for heating and preparing the hot water. Depending 
on which heat source is used, the heat pump is classified as soil, water and air. 
 
Low-carbon thermal heat sources have been successfully introduced into the heating system 
in the world, however, Mongolia has limited experience due to country’s climate conditions 
and economic and financial capacity.Due to Mongolia’s extreme climate conditions in the winter 
time it is impossible to use solely water and air as a heat source. 
 
Geothermal heat pumpcs.Underground temperatures are more stable than air temperatures 
throughout the year and deeper the level, higher the temperature. The geothermal heat 
pumpcs operate on closed loop and are considered as the most energy-efficient and 
environmentally safe heating system. The geothermal pump does not affect the exterior of the 
building, and the underground pipeline works for 40-50 years with long aging. Many countries 
such as Sweden, USA, Germany, Switzerland, Canada, Austria and China extensively use 
ground source heat pump for space heating. The most convenient heat pump in a case of 
Mongoliais the geothermal heat pump with vertical boreholes. 
 
Figure 7 Vertical closed-loop heat pump 

 
                                                 
 
 
 
10 Technology, Engineering &Management, 2011.  
Analyzing the Economic Feasibility of Installing a Geothermal Heating and Cooling System for West Campus. Retrieved 7 
May 2019 from  
httpcs://www.queensu.ca/sustainability/sites/webpublish.queensu.ca.suswww/files/files/TEAM_Geothermal_Final_Report.pd
f 
11 The U.S. Department of Energy’s (DOE) Geothermal Technologies Program (GTP) 2010. Low-Temperature Geothermal 
Resources. Retrieved 7 May 2019 from httpcs://www.nrel.gov/docs/fy10osti/47542.pdf 

https://www.queensu.ca/sustainability/sites/webpublish.queensu.ca.suswww/files/files/TEAM_Geothermal_Final_Report.pdf
https://www.queensu.ca/sustainability/sites/webpublish.queensu.ca.suswww/files/files/TEAM_Geothermal_Final_Report.pdf
https://www.nrel.gov/docs/fy10osti/47542.pdf
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Source: Ground source heat pump. Retrieved 8 May 2019 from  
httpcs://www.google.com/search?biw=1242&bih=597&tbm=isch&sa=1&ei=JebbXLfoBo3S8wXIh5CABg&q
=ground+source+heat+pump&oq=ground+source+heat+&gs_l=img.1.2.35i39l2j0l8.492172.500688..503240
...10.0..2.166.3783.0j31......3....1..gws-wiz-img.....0.JC56KAA07uk#imgrc=wDmhu0c5s7eUDM: 
 
Compared to European and East-Asian countries, two times more energy is needed to heat 
1.0 m3 volume size building in the wintertime in Mongolia. Furthermore, the temperature of 
the ground changes significantly and soil surfaces get frozen over 3 meters deep down. Based 
on the experience of some companies and projects it is recommended to install vertical 
boreholes at 100-150 meters deep. Accordingly, 50-70 percent of total investment is related 
borehole drilling. 
 
The disadvantage of the ground source heat pump (GSHP) system is that upfront investment 
is high because it requires a large number of boreholes. One way to reduce upfrontinvestment 
costand ensure heat reliability is to apply combination of ground source heat pump and an 
electric boiler.When outdoor air temperature dropcs below -250С an additional electric boiler 
can be used. Another factor is that the density of solar radiation decreases in the winter when 
heat load increases.  
 

Table 23 Average daily solar radiation, kWh/m2.day (Ulaanbaatar) 

Monthly  I II III IV V VI VII VIII IX X XI XII 
Solar 
radiation  1.8 2.5 3.8 4.9 5.9 6.3 6.0 5.6 4.1 3.0 1.8 1.5 

Source: Solar Electricity Handbook, 2019. Retrieved 15 May 2019 from on 
httpcs://www.google.com/url?q=http://www.solarelectricityhandbook.com/solar-
irradiance.html&sa=D&source=hangouts&ust=1558001267564000&usg=AFQjCNGmHwc85VbZvquTK7Ow8HPRj
OT_aw 
 
Air source heat pump (ASHP).  Air source heat pumpcs work by extracting heat from outside 
air and are used to heat radiators, underfloor heating systems and hot water preparation inside 
the home. In warmer countries, air to air and air to water heat pumpcs are extensively used 
for space heating. 
A number of pilot projects to experiment air-source heat pumpcs have been carried in 
Mongolia. This type of heat pumpcs heat a space in a climate condition where outside 
temperature does not fall below -25oC. For this heat pump, the value of coefficient of 
performance (COP) is not constant; it falls down when theoutside temperature decreases. It 
is advisable to use air source heat pump in combination with an electric heater.  
 
Figure 8 Air source heat pump 

 
Source: Air source heat pump diagram. Retrieved 15 March 2019 from  
httpcs://www.google.com/search?biw=1536&bih=754&tbm=isch&sa=1&ei=AerbXLrMIKewmAXxvYTAAg&
q=air+heat+pump&oq=air+heat+pu&gs_l=img.1.0.0i19l2j0i8i30i19l8.177563.192156..193938...7.0..0.298.278
8.0j15j3......1....1..gws-wiz-img.......35i39j0i10i19j0i30j0i8i30.Kp8j8zZTubw#imgrc=cG_CXsjjvJ7HTM: 

https://www.google.com/search?biw=1242&bih=597&tbm=isch&sa=1&ei=JebbXLfoBo3S8wXIh5CABg&q=ground+source+heat+pump&oq=ground+source+heat+&gs_l=img.1.2.35i39l2j0l8.492172.500688..503240...10.0..2.166.3783.0j31......3....1..gws-wiz-img.....0.JC56KAA07uk#imgrc=wDmhu0c5s7eUDM:
https://www.google.com/search?biw=1242&bih=597&tbm=isch&sa=1&ei=JebbXLfoBo3S8wXIh5CABg&q=ground+source+heat+pump&oq=ground+source+heat+&gs_l=img.1.2.35i39l2j0l8.492172.500688..503240...10.0..2.166.3783.0j31......3....1..gws-wiz-img.....0.JC56KAA07uk#imgrc=wDmhu0c5s7eUDM:
https://www.google.com/search?biw=1242&bih=597&tbm=isch&sa=1&ei=JebbXLfoBo3S8wXIh5CABg&q=ground+source+heat+pump&oq=ground+source+heat+&gs_l=img.1.2.35i39l2j0l8.492172.500688..503240...10.0..2.166.3783.0j31......3....1..gws-wiz-img.....0.JC56KAA07uk#imgrc=wDmhu0c5s7eUDM:
https://www.google.com/url?q=http://www.solarelectricityhandbook.com/solar-irradiance.html&sa=D&source=hangouts&ust=1558001267564000&usg=AFQjCNGmHwc85VbZvquTK7Ow8HPRjOT_aw
https://www.google.com/url?q=http://www.solarelectricityhandbook.com/solar-irradiance.html&sa=D&source=hangouts&ust=1558001267564000&usg=AFQjCNGmHwc85VbZvquTK7Ow8HPRjOT_aw
https://www.google.com/url?q=http://www.solarelectricityhandbook.com/solar-irradiance.html&sa=D&source=hangouts&ust=1558001267564000&usg=AFQjCNGmHwc85VbZvquTK7Ow8HPRjOT_aw
https://www.google.com/search?biw=1536&bih=754&tbm=isch&sa=1&ei=AerbXLrMIKewmAXxvYTAAg&q=air+heat+pump&oq=air+heat+pu&gs_l=img.1.0.0i19l2j0i8i30i19l8.177563.192156..193938...7.0..0.298.2788.0j15j3......1....1..gws-wiz-img.......35i39j0i10i19j0i30j0i8i30.Kp8j8zZTubw#imgrc=cG_CXsjjvJ7HTM:
https://www.google.com/search?biw=1536&bih=754&tbm=isch&sa=1&ei=AerbXLrMIKewmAXxvYTAAg&q=air+heat+pump&oq=air+heat+pu&gs_l=img.1.0.0i19l2j0i8i30i19l8.177563.192156..193938...7.0..0.298.2788.0j15j3......1....1..gws-wiz-img.......35i39j0i10i19j0i30j0i8i30.Kp8j8zZTubw#imgrc=cG_CXsjjvJ7HTM:
https://www.google.com/search?biw=1536&bih=754&tbm=isch&sa=1&ei=AerbXLrMIKewmAXxvYTAAg&q=air+heat+pump&oq=air+heat+pu&gs_l=img.1.0.0i19l2j0i8i30i19l8.177563.192156..193938...7.0..0.298.2788.0j15j3......1....1..gws-wiz-img.......35i39j0i10i19j0i30j0i8i30.Kp8j8zZTubw#imgrc=cG_CXsjjvJ7HTM:
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Electric boiler. In soum centers electric boilers are occasionally used to prepare hot water 
and to heat buildings and gers. The disadvantage is that electric boilers use electricity 
generated by coal-fired power plant, accordingly there is not much benefit to reduce GHG 
emission.  
 

Figure 9 Electric boiler 

 
Source: Electric boiler. Retrieved 10 May 2019 from httpcs://infraredtechnologies.co.uk/12kw-electric-combi-
boiler-with-inbuilt-cylinder 
 
Solar energy equipment. In Mongolia, two solar energy technologies are used for building 
heating; thermal solar collector and photovoltaic panel.  
 
Thermal solar vacuum collector:  A solar domestic hot water system uses the sun’s energy 
collected by a flat-plate solar collector and transfers the heat to water or another liquid flowing 
through tubes.An active pumped system can be either an open loop where the water is directly 
heated by the solar collector, or closed loop where antifreeze or glycol mixture is heated before 
transferring its heat to the water by a heat exchanger. 
 
Figure 10 Khustai office in Mongolia heated by solar vacuum collector system 

 

Source: NREC, 2010 
 
When the outdoor temperature decreases the intensity of solar radiation decreases, in contrast 
the thermal load of buildings increases. In this situation, it is necessary to use an accumulator 

https://infraredtechnologies.co.uk/12kw-electric-combi-boiler-with-inbuilt-cylinder
https://infraredtechnologies.co.uk/12kw-electric-combi-boiler-with-inbuilt-cylinder


Feasibility Study and Business Model Development for Low Carbon 
District Heating Systems in Mongolia 

41 

to generate sufficient energy. When the outdoor air temperature rises, for example in the 
spring and summertime, energy, generated by a solar source, is not fully utilized. 
 
Solar electric panel-PV. It is used to generate electricity and use the generated electricity to 
heat a building.  In this case, there is a need to have a battery for energy storage, which is 
used when there is no sun.In the summer, when there is no heat load generated by the PV, 
electricity should be supplied to a soum center. 
 
Figure 11Solar PV for heating system 

 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Project team, 2018  
 
 
Table 24 Renewable-based technology recommendations for selected areas 

No Alternative Technology  Areas Recommendations  
Closed-loop ground source heat pump system 

1.1 

Closed-loop ground source heat 
pump system for heating and hot 
water  
 

Bayanchandmani, Tuv aimag 
Kharkhorin soum, Uvurkhangai 
aimag 

Moderate 

1.2 Closed-loop ground source heat 
pump system for only heating Kharkhorin, Uvurkhangai aimag Moderate 

1.3 
Closed-loop ground source heat 
pump with additional source-electric 
boiler 

Kharkhorin, Uvurkhangai aimag 
Bayanchandmani, Tuv aimag 

MOST RECOMMENDED FOR 
KHARKHORIN and 
BAYANCHANDMANI 

Air source heat pump 

2.1 Air-source heat pump with electric 
boiler for heating  Khonkhor village, Ulaanbaatar MOST RECOMMENDED FOR 

KHONKHOR VILLAGE 
Solar vacuum collector system  

3.1 
Combined solar collector and air-
source heat pump system with 
additional source-electrical boilers 

Bayanchandmani, Tuv aimag 
Khonkhor village, Ulaanbaatar Moderate  

3.2 
Solar vacuum system for domestic 
hot water (DHW) and public bath 
houses in ger areas  

Bayanchandmani, Tuv aimag Not recommended 

Electric heater (coal based electricity)  

4.1 Electrical heater for domestic hot 
water (by only individual users) 

Kharkhorin soum, Uvurkhangai 
aimag Not recommended 

Source: Project team, 2018 

5.3 Working Principles and Requirements of Selected Technologies  

Ground source heat pump 
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Working principles of ground source heat pump: The low potential heat will be taken from the 
ground source using the anti-freeze working fluid. This fluid runs through the U-shaped pylons 
pipes located in the boreholes. Then, working fluid goes to the evaporator of the heat pump. 
A heat pump has four main components: evaporator, compressor, condenser and expansion 
device. The refrigerant is the working fluid that passes through all these components. In the 
evaporator heat is extracted from a waste heat source. In the condenser this heat is delivered 
to the consumer at a higher temperature level. Electric energy is required to drive the 
compressor and this energy is added to the heat that is available in the condenser. The 
efficiency of the heat pump is denoted by its COP (coefficient of performance), defined as the 
ratio of total heat delivered by the heat pump to the amount of electricity needed to drive the 
heat pump12. Boreholes should be located at least 7 meters away from each other. Hot water 
will be used for the heating system. 
Theheat distribution is adjusted by changing the temperature of the heating water depending 
on the outdoor temperature. The temperature of the water should be as high as 80°C when 
the outdoor temperature is lower. 
 
Key requirements for GSHP system. In order to ensure the reliability of the heat supply of 
selectedareas, at least 3 heat pump (HP) units should be installed at the heat station. The 
heat pumpcswill be operated in parallel.If any HP is damaged the other HPs continue 
operating, thus ensuring secure and constant heat generation and supply. The HPCS shall be 
fully automated and have a heat meter. 
The water of the heating system should meet the standard requirements. The water quality is 
directly affected by the normal operation of the heat pump and efficiency of the heating system. 
If the requirement is violated, the HP will not work for a long time. The water treatment 
equipment should be installed on the HPCS. 
During peak winter heating periods, in order words, when the outdoor temperature is below -
20°C, the heating water from the heat pump will be reheated by the electric boiler (EB). 
  
Air source heat pump 
Working principles of air source heat pump. Nearly all air-source heat pumps are powered by 
electricity. They have an outdoor compressor/ condenser unit that is connected with 
refrigerant-filled tubing to an indoor air handler. As the refrigerant moves through the tubing of 
the system, it completes a basic refrigeration cycle, warming or cooling the coils inside the air 
handler. The blower pulls in room air, circulates it across the coils, and pushes the air through 
ductwork back into rooms. When extra heat is needed on particularly cold days, supplemental 
electric-resistance elements kick on inside the air handler to add warmth to the air that is 
passing through13. 
Key requirements for air source heat pump. Air source heat pump requires input of an 
experienced heat pump company to design, install and provide service to ensure efficient and 
reliable operation.  Also, manufacturers’ instructions should be followed carefully. All 
installations should meet the requirements of Mongolia, i.e., an installation standard set by the 
Mongolian Standards. The maintenance should be carried out by a service contractor, who 
should inspect the facility and equipment once a year. 
 
As with air-source heat pumps, filter and coil maintenance has a dramatic impact on system 
performance and service life. A dirty filter, coil or fan can reduce airflow through the system. 

                                                 
 
 
 
12 Heat pump operating principle. Retrieved on 24 June 2019  from http://industrialheatpumpcs.nl/en/how_it_works/ 
 
13 Principle of an air source heat pump. Retrieved 25 May 2019 from httpcs://www.e-
education.pcsu.edu/egee102/node/2090 

http://industrialheatpumps.nl/en/how_it_works/cop_heat_pump/
http://industrialheatpumps.nl/en/how_it_works/
https://www.e-education.psu.edu/egee102/node/2090
https://www.e-education.psu.edu/egee102/node/2090
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This will reduce system performance and can lead to compressor damage if it continues for 
extended periods. 

The fan should be cleaned to ensure that it provides the airflow required for proper operation. 
The fan speed should be checked at the same time. Incorrect pulley settings, a loose fan belt 
or incorrect motor speed can all contribute to poor performance. 

Ductwork should be inspected and cleaned as required to ensure that airflow is not restricted 
by loose insulation, abnormal buildup of dust or other obstacles, which occasionally find their 
way through the grilles. 
It is necessary that vents and registers are not blocked by furniture, carpets or other items that 
would impede airflow. 
 
In open systems, mineral deposits can build up inside the heat pump’s heat exchanger. 
Regular inspection and, if necessary, cleaning by a qualified contractor with a mild acid 
solution is enough to remove the buildup. Over a period of years, a closed-loop system will 
require less maintenance because it is sealed and pressurized, eliminating possible buildup 
of minerals or iron deposits14. 
  

                                                 
 
 
 
14 Natural resources in Canada, Energy guide. Heating and Cooling With a Heat Pump 2015. Retrieved  12 
May 2019 from  
httpcs://www.nrcan.gc.ca/sites/oee.nrcan.gc.ca/files/pdf/publications/infosource/pub/home/heating-heat-
pump/booklet.pdf 
 

https://www.nrcan.gc.ca/sites/oee.nrcan.gc.ca/files/pdf/publications/infosource/pub/home/heating-heat-pump/booklet.pdf
https://www.nrcan.gc.ca/sites/oee.nrcan.gc.ca/files/pdf/publications/infosource/pub/home/heating-heat-pump/booklet.pdf
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VI. TECHNICAL FEASIBILITY STUDY 

6.1 Technical Feasibility of Renewable Based DHS in Bayanchandmani 
Soum Center, Tuv Aimag 

6.1.1 Heat supply in the Bayanchandmani soum center 

 
Heating tariff. In a case of residential buildings the heating price is based on floor area and 
heating unit price per square meter is MNT 450.0 or USD 0.17 (plus 10% VAT). In a case of 
entities, the heating price is based on the volume of building. Heat unit price per cubic meter 
volume isMNT 1,050 or USD 0.393 (plus 10% VAT). 
 

Table 25 Heating tariff in Bayanchandmani soum center 

Category Tariff for heated volume/area of a building 
MNT USD 

Public sector 1,160 MNT/m3 0.439 USD/m3 
Commercial sector 1050 MNT/m3 0.393 USD/m3 
Residential sector 450 MNT/m2 0.17 USD/m2 

Source: Project team, 2019 

Heat supply for Bayanchandmani soum center. The soum center has no district heating 
system.The current heating system consists of 2 individual boiler houses and supplies heat to 
Bayanchandmani soum center. The total capacity of the boilers is 2.2 MW. The design heat 
load for heating of Bayanchandmani soum center was 1,240 kW as of 2018. Boilers are old 
and efficiency level is very low. Only raw coals are burnt and no specific facilities are used 
such as smog filters and water treatment facilities. 
 
Table 26 Technical characteristics of heat-only boiler houses and volumes of buildings 

 
No 

Name of heat 
only boiler 
houses 

Boiler type, 
number 

Capacity 
of HOB, МW 

Building volume to which heat was supplied, 
m3 

Consumers V, m3 

1 1st HOB  
 NR-18-54 

0.7 MW 
0.7 MW 

Soum governor’s office  3,000 
Kindergarten 2,000 

Cultural Center 3,600 
Total  8,600 

2 Vocational and 
technical 
college HOB 

Odkon 60 0.8 MW Industrial and Technical 
college 

30,000 

 Total   2.2 MW  38,600 

Source: Mongolian University of Science and Technology, 2018. Report on company’s economic indicators 
 

Figure 12 The heating line scheme of Bayanchandmani soum center 
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Notes: 1-Vocational and Technical college, 2-School, 3-Market, 4-Hospital, 5-Cultural center, 6-Local 
administration, 7- Kindergarten, 8-Shop and 9-Planned kindergarten, 10-Planned appartment 
Source: Project team, 2018 
 
Ownership. The boiler houses and heat network are the local government property. The soum 
governor’s office makes a contract with a private company for 3 yearsand the private company 
manages and operates the boiler house. The obligation of the soum governor’s office is that it 
ensures secure payment for heat consumption. Under the contract the operators are obliged 
to ensure reliable heat supply for public organisations. In a case of damages of heat network 
and boilers, according to the contract, the soum government pays costs incurred for the repair 
and maintenance. The operating company gets the all sales’ revenues from the heating.  
 
Fuel. The coal is sourced from Baganuur coal mining company and the coal price is MNT 
75,000.0 per ton or USD 28.12 including transportation. Coal transportation distance is 200 
kms. Coal consumption quantity per 1.0 MWh heat production is 570 kg. Every year, 
approximately 900 tons of coal are burnt and 1,200 tons of СО2 are emitted. Сoal consumption 
level is high due to low efficiency of boilers which is below 45 percent. 

6.1.2 Heat load (demand) estimation of Bayanchandmami soum, Tuv 
aimag  

Calculations were made to determine the heat demand based on the volume of buildings 
and the soum center’s climate data. 
 
Table 27 Estimated results of heat load of Bayanchandmani consumers 

No Name Volume, 
m3 

Design heat load, kW Annual heat 
consumption, MWh  

Heating  hot water 

1 Kindergarten 2,000 47.94 15.99 299.0 

2 Soum governors’ 
building  3,000 66.3 5 250.4 

3 Cultural Center 3,600 82.9 5 311.4 
4 School 10,000 197.4 15.99 755.4 

5 Vocational and 
Technical School 30,000 606.3 39.97 2,240.7 
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6 Hospital  1,500 34.5 6.00 163.8 

7 Planned 
Kindergarten 2,500 57.6 7.99 255.6 

8 Public bathhouse 250 5.8 14.4 144.0 
9 Market 2,500 20.7 4.2 103.4 
10 Planned apartment 5,200 119.8 21.32 572.6 

 Total 60,550.0 1239.2 135.9 5,096.2 

Source: Project team  
 
The design, that is, the heat load at an outdoor temperature of -39C is 1240 kW for heating, 
136 kW for domestic hot water supply. Numbers between 7 and 10 in  table 23 indicates the 
planned consumers until 2025. Their total heat load is 204 kW. 
 

Table 28 Heat Consumers, categorized by purpose(post-project phase) 

Volume of buildings, 
m3 

Which, 
Public, m3 Residential, m3/m2 Business, m3 

60,550.0 52850.0 5200/2080 2500 
 
Buildings of state organizations will occupy 87 percent of the total volume of buildings 
connected to the heat supply system. 

6.1.3 Technical feasibility of low-carbon district heating system in 
Bayanchandmani soum center 

As mentioned previously, the project team assessed 3 different technologies: 
• Closed-loop ground source heat pump system; 
• Closed-loop ground source heat pump system + electric boiler; and  
• Vacuum solar collector system.  

Of these 3 technologies, closed loop ground source heat pump with additional source-electric 
boiler has been chosen for technical feasibiilty study. Other two technologies have also been 
analysed and the report is in Annex 1.  
 
Heat sources and technical specifications  
Closed loop ground source heat pump (GSHP) system with an electric boiler composes of the 
following main components.  

• Boreholes systems; 
• Heat pumps; 
• Electric boilers; 
• Circulating pumpcs for heating system; 
• Raw water treatment equipments; and  
• Monitoring boards.  

 
This operation mode should be automated entirely. The heat pump temperature possibility is 
up to 70⁰C. In a case of severe coldness when the temperature of the heat pump decreases 
then the auxiliary heater starts to work and shifts in an operation mode in series with a heat 
pump. The auxiliary heater increases the temperature up to 90⁰C. In a case of the heat pump 
damage the auxiliary heater works with the heat pump in a parallel operation mode. 
The GSH pumps will provide 60% of the total heating and the annual heat production will be 
3.2 thousand MWh. The total capacity will be 0.74MW or 0.249 MW per pump. The electric 
boiler is assumed to provide 40% of the total heating and the capacity will be 0.5MW. In total 
the DHS will provide 1.24 MW heating.  
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Table 29 Closed loop ground source heat pump station (GSHP) with additional source-electric boiler 

60% geothermal heat pump 
Capacity  MW 0.74 

Annual heat production  Thous.MWh 3.20 

Total number of boreholes   pcs 110 

                                                     40% electric boilers 

Capacity electrical boilers MW 0.50 

Annual heat production Thous.MWh 0.8 

                                                   Summary indicators for heat pump station 

Capacity of GHP with additional source-electric boilers MW 1.24 
 
Technical parameters of ground source heat pump 

• Capacity 
• Coefficients of performance (COP) 
• Maximum temperature of working fluid 
• The water flow and inlet and outlet temperature on source side 
• The flow and inlet and outlet temperature on user side  
• Supply and return water temperature  
• Closed loop system pressure  
• Indoor temperature  
• Electricity (voltage) supply. 

 

Table 30 Borehole information 
Ground thermal conductivity [W/(m K)] Needs estimation 
Ground thermal diffusivity [mm2 /s] Needs estimation  
Depth 150 
Diameter (mm) 125 
Borehole configuration  Double U 
Grouting thermal conductivity [W/(m K)] 1.7 
BHE pipe diameter (inner -outer) mm 32-40 
U-legs shank spacing [cm] 9.4 
Pipe thermal conductivity [W/(m K)] 0.35 
BHE thermal resistance b R [m K/W] 0.062 

 
Auxiliary facilities  

• Collector tubes: 32 mm diameter 
• Return pumpcs 
• Working fluid 
• Tubes. 

Civil engineering work  
• Drilling boreholes; 
• Locating collector tubes; 
• Filling the tubes by working fluid; 
• Cement grout seal around casing;  
• Filling the borehole; 
• Installing heat pump; 
• Electricity connection; and  
• Renovating old building of boiler houses and surrounding areas (fence). 

Testing and regulation 
• Measurement and regulation work.  

Additional work 
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• Geophysical investigation; 
• Hydro geological assessment; 
• Environmental impact assessment; and  
• Connection scheme and heat network scheme.  

 
Figure 13 General scheme of ground source heat pump with an additional source- electric boiler 

 
Source: project team, 2019 
 
The Connection scheme of GSHP for Bayanchandmani shows installation of ground source 
heat pumpcs, connection to network in parallel and an additional source-the  electric boiler. 
 

Figure 14 Schematic diagram of the heat pump stations 

 
Source: Project team, 2019 
 
For Bayanchandmani soum center, new heat network will be installed. The Figure 15shows 
the design scheme of the heat network.The heat line is mainly composed of two parallel 
pipes located within the canal. Two hot water pipes are located along these two lines. 
 

Figure 15 Design scheme of the heat network 
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1-Vocational and technical college, 2-secondary school, 3-market, 4-hospital, 5-cultural center, 6-governor’s 
office building, 7- kindergarten, 8-shop, 9-planned kindergarten, 10-planned appartment 
 
Table 31 Pipeline diameter estimations of heat network 

 
 
 
 
 

 

 

 

6.2 Technical Feasibility of Renewable-based DHS in Kharkhorin Soum 
Center, Uvurkhangai aimag 

 Current situation of Kharkhorin heating system 

Heating tariff. In a case of residential buildings the heating price is based on floor area and 
heating unit price per square meter is MNT 935 or USD 0.354 (plus 10% VAT). In a case of 
entities, the heating price is based on the volume of building. Heat unit price per cubic meter 
volume isMNT 1,097or USD 0.415 (plus 10% VAT).  
 

Pipeline sections Pipeline diameter, mm Length, мeter 

0-a 150 110*2 
a-b 125 587*2 
b-c 70 802*2 
4 50 80*2 
c-d 40 70*2 
d-e 30 162*2 

e-9 Heat connection  10 
 

Total  1811.0 
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Table 32 Heating tariff of Kharkhorin soum center 

Category of consumers Price for heated volume/area of a building 
MNT USD 

Public sector 1,097 MNT/m3 0.415 USD/m3 
Commercial sector 1097 MNT/m3 0.415 USD/m3 
Residential sector 935 MNT/m2 0.354 USD/m2 

Source: Project team, 2019  
 
Heat supply for Kharkhorin soum center. The soum center has no district heating system 
and small boiler houses owned by 4 companies provide heat for consumers. Total capacity 
of the boiler houses is 6.8 MW. Design heat load of is 6.5 MW. Average outside temperature 
for the heating season is -4.80C. 
Kharkhorin has 4 companies listed below:  

• TSTR LLC;  
• Sod eel LLC (2 sub companies: Unet mongol LLCand Artsogt LLC); 
• Uv post LLC(planned operation); and  
• Gan manlai LLC. 

The locations of the boiler houses in Kharkhorin are shown in Figure14. 
 

Figure 14 The location of companies with boiler houses 

TSTR LLC

Unet Mongol LLC

UV POST LLC

Gan manlai 
LLC

 
Source: Project team, 2019 
 
The boiler house of each company, the location of heat users and the heat network diagram 
are shown in Figures 15-18.  
 
HOB of TSTR Company. The HOB of TSTR is the biggest boiler house that makes 42% of 
the total heat consumption in Kharkhorin soum center. The diameter and length of the pipes 
in the heat network are indicated in Figure 15. The heat network is the property of the local 
government. Theheat network needs renovation and improvement. The biggest diameter of 
the pipelines is 209 mm. 
 

Figure 15 HOB of TSTR Company 
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2-Sport hall, 3-Cultural center, 4-Local administration, 5, 7, 8-Apartments, 9-Business development center, 10-
The first kindergarten, 11-Sport complex, 12, 13-Apartments, 
Source: Project team, 2019  
 
HOB of Sod eel LLC (Unet Mongol Company). The health facilities obtain heat from the 
HOB of Sod eel LLC and it makes approximatley 17% of the total heat consumption of the 
current consumers.  
 
Figure 16 HOB of Unet Mongol Company 

 

 
4, 5, 6-Hospital 
Source: Project team, 2019  
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HOB of Uv-post Company. The HOB of Uv post LLC has not yet become operational. 
Therefore, the consumers, which in the near future will get heating from the Uv post LLC, are 
currently using low-pressure stoves and some of them are obtaining heat from the other HOBs. 
The heat network is under development.  
 

Figure 17 HOB of Uv-post Company (planned) 

 
Source: Project team, 2019  
 
HOB of Ganmanlai Company. HOB was built in 2015. This HOB supplies heat to single 
family individual houses. Currently, there are more than 50 single family individual houses. It 
is predicted that the number of single family houses will increase sn the near future, so will the 
demand for heat supply. 
 
Figure 18 HOB of Ganmanlai Company (all consumers are individual one family buildings) 
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Source: Project team, 2019  
 

 

 

 

Table 33 Technical characteristics of heat-only boiler houses and volumes of buildings 

 
Boiler house Boiler type Capacity, 

MW 
User’s buildings 
total value, m3 

Heating pipe length, 
м /both way/ 

1 TSTR(Central) ТМ-1,5 1 MW -  4 
pieces 70,000 3,300 

2 Artsogt LLC(2nd school) МВ-18  0.81  16,450 50 

3 
Uv post LLC 
(2nd kindergarten, School of 
mathematics) 

МВ-10 0.36  6,806 100 

4 Unet Mongol(Hospital, 
Hotel) 

МВ-22 
МВ-20 

1.05 
0.81 26,000 2,150 
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 Total   7.03 119,256 5,600 

Source: Project team 2019  
 
Ownership. All boiler houses and majority of heat network are privately owned. The private 
operating companies are responsible for repair and renovation of heat network and boilers. 
The companies that are responsible for boilers, get a special license from the Aimag Energy 
Regulatory Board. The special license validity period is 8-10 years. The private companies get  
all heat sales revenue and pay taxes.  
 
Fuel: Bayanteeg coal price is MNT 90,000-100,000 or USD 34.11-37.90 per ton. Coal 
transportation distance is 300 km. Сoal consumption is large because the efficiency of boilers 
below 55 percent. Coal consumption quantity per 1.0 MWh heat production is 570 kg.In 
boilers, untreated raw water is used.Every year, approximately 3,700 tons of coal are burnt 
and 4,830 tons of СО2 are emitted.  
 

Table 34 Coal price in Kharkhorin soum center 

Coal mining 
location 

Coal price including transportation 
Heating value, kcal/kg 

MNT/t USD/t 

Bayanteeg 90,000-100,000 33.11-37.90 6,025-6,076 
Source: Project team 2019  
 

 Heat load (demand) estimation of Kharkhorin soum, Uvurkhangai aimag  

Calculations have been made to determine the heat demand based on the volume of 
buildings and the soum center’s climate data. 
 

Table 35 Heat loads of HOB, TSTR Company 

No 
Name of users  

Volume, m3 Design heat load, kW Annual heat 
consumption, MWh Heating Hot water 

Existing heat loads 
1 Local administration 3604.2 89.20 0 258.1 

2 Cultural Center 3677.1 86.96 0 240.2 

3 The gym 2371.9 58.70 15 297.3 

4 Apartment 25 family 6336 128.30 24 575.2 

5 Sports Palace 
“Kharkhorin” 

24361 419.01 10 1242.3 

6 Restaurant Tumbaash 294 8.22 0 22.7 

7 Center for Business 
Development 

1950 52.65 0 152.3 

8 Apartment 20 family 2556 72.08 20 387.2 

9 Apartment 12 family 2452 71.45 12 317.3 

10 Apartment 12 family 1644 47.91 12 246.3 

11 Apartment 60 family 10413 205.55 65 1171.8 

12 Boarding school 150 
children 

4584 112.03 24 541.5 

13 New Cultural Center 9504 212.51 8 655.0 

14 Bank  249 6.72 0 19.5 
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Total (existing) 73996.2 1571.31 190 6126.7 

Planned heat loads 
1 1stkindergarten 1034.3 27.87 16 223.1 

2 Planned kindergarten 
150 children 

4584 116.80 25 577.3 

3 Planned secondary 
school 

9700 187.70 20 713.0 

4 Planned apartments  7500 158.63 50 902.9 

5 Police station  4188 98.00 0 283.5 

6 Orkhon company   1015.2 25.13 0 72.7 

7 Postal office  1256.1 33.49 0 92.5 

8 Zandan Shoo company 1855.2 48.42 0 140.1 

9 Shopping center “Erdene 
zuu” 

2826.8 63.21 0 174.6 

10 Menget Khairkhan 744.6 18.93 0 49.6 

11 Soum social insurance 
department building  

953.1 26.59 0 76.9 

12 World Vision  Branch Bld 958.2 26.73 0 77.3 

13 Shopping center 947.7 27.62 0 83.2 

14 Red cross branch 
building 

328.8 9.17 0 26.5 

15 Orkhon №44  318.3 8.88 0 25.7 

16 Pharmacy 413.1 11.53 0 33.3 

17 College Kharkhorin 5962.8 120.75 10 434.3 
 

Total planned  
 

1009.43 121 3986.6 
 

TOTAL 
 

2580.74 311 10113.3 

 
Table 36 Heat loads of HOB, SOD EEL company 

No 
Name of users 

Volume, m3 Design heat load, kW Annual heat 
consumption, MWh 

Heating Hot water 
Existing heat loads 
1 Hospital 9790 193.25 20 752.3 
2 Medical Center 553 16.11 5 91.1 

3 Infection subdivision 3262 79.72 7 299.7 

4 1st secondary school 7070 143.17 10 499.2 

5 Second building of 2nd 
school 

1488 36.83 5 149.0 

6 Tod Undraga restaurant  5000 99.00 0 286.4 

7 Khaan bank 1512 37.42 0 108.3 

8 3rd kindergarten 6000 132.30 25 625.7 
 

Total  34675 737.81 72 2811.6 

Planned heat loads 
1 Office building of Water supply 

and sewage department 
288 9.07 0 26.2 

2 Parking of Emergency 
department  

4500 96.75 7 326.7 

3 Khas bank 1108.2 25.93 0 75.0 

4 Food store "Orkhon tushee" 611.7 18.41 0 50.9 



Feasibility Study and Business Model Development for Low Carbon 
District Heating Systems in Mongolia 

56 

5 Electricity distribution company 
in Kharkhorin 

788.4 23.73 0 65.5 

6 Electricity transmission 
company in Kharkhorin 

1315.5 31.11 0 85.9 

 
Total planned 195.94 7 630.3 

 
TOTAL 

 
933.75 79 3441.9 

 
Table 37 Heat loads of HOBs of Ar Tsogt and Uv Post companies 

No 

Name of Users Volume, m3 
Design heat load, kW Annual heat 

consumption, 
MWh Heating  Hot 

water 
Heat loads of  Ar Tsogt company’s HOBs 

 2nd secondary school  16272 314.86 20 1080.9 

Heat loads of Uv post company’s HOB 

1 Emergency  2070 48.96 5 177.7 

2 "Мunkh Mongol" company 1500 37.13 0 107.4 

3 "Shunkhlai Elberel" company 1200 35.10 0 101.5 

4 Naran bulag  3350 75.38 0 218.1 

5 2nd kindergarten 3350 82.08 18 409.3 

6 School of mathematics  3456 77.76 10 310.0 

7 Food store Undram 1420 33.58 0 92.8 

8 Building of Branch of Mongolian People’s 
Party 

912 24.62 0 71.2 

9 Bar of Badar Khundaga  610 17.05 0 47.1 

10 Bekh savings and credit cooperative 436 12.19 0 33.7 

11 Turiin bank  850 22.95 0 66.4 

12 Gurvan tamir shopping center  380 10.62 0 29.3 

13 Bar Tetim 300 8.78 0 25.4 

14 Restaurant Chandmani 583 17.05 8 117.3 

15 ZON shop 384 11.23 0 32.5 

16 Shopping center  2765 59.45 0 164.2 

17 Restaurant King  400 11.70 10 118.8 

18 Shopping center Morin Gim 809 22.61 0 62.5 

19 Residential buildings (8 families) 1575 40.71 9 199.2 

20 Residential buildings (8 families) 680 20.77 9 139.1 

21 Apartment (43 families) 8208 192.89 40 921.2 

22 Pharmacy 327 10.30 0 29.8 

23 Secondary school (math-oriented) 1933.5 43.50 6 176.9 

24 Bag centers 405.9 11.87 0 34.3 

25 Restaurant Mengen Mod 1058.1 26.19 6 126.8 
 

TOTAL 38962.5 954.46 121 3812.4 

 
Table 38 Heat loads of Gan manlai company HOB 

No  Design heat load, kW 
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Name of Users Volume, 
m3 

Heating Hot water Annual heat 
consumption, MWh 

Existing heat loads (all individual family buildings) 

1 O.Munkhbaatar 230 7.03 1.6 34.8 
2 Z.Chimedregzen 211.88 6.47 1.6 33.1 

3 P.Munkhnasan 191.08 5.84 1.6 31.2 

4 S.Erdenebaatar 196.25 6.00 1.6 31.7 

5 TS.Daariimaa 188.25 5.75 1.6 30.9 

6 P.Bayasalmaa 216 6.60 1.6 33.5 

7 Z.Zerensodnom 170.5 5.21 1.6 29.3 

8 D.Batdemberel 168.5 5.15 1.6 29.1 

9 M.DatMunkh 166.4 5.08 1.6 28.9 

10 B.Ganzorig 234.13 7.15 1.6 35.2 

11 Ba.Erkhembayar 237.75 7.26 1.6 35.5 

12 B.Erkhembayar 230.53 7.04 1.6 34.8 

13 P.Doldbaatar 230 7.03 1.6 34.8 

14 B.Baasansuren 257.5 7.87 1.6 37.3 

15 G.Zerenbaatar 278.575 8.51 1.6 39.2 

16 S.Otgonjargal 208.4 6.37 1.6 32.8 

17 Sh.Ariunjargal 240 7.33 1.6 35.7 

18 B.Chinbat 227.5 6.95 1.6 34.5 

19 Z.Sodnom 165 5.04 1.6 28.8 

20 E.Dorjsuren 225 6.87 1.6 34.3 

21 Erdenebat 225 6.87 1.6 34.3 

22 G.Gankhuyag 209.5 6.40 1.6 32.9 

23 Boldsaikhan 211.75 6.47 1.6 33.1 

24 Nergui 257.5 7.87 1.6 37.3 

25 Menkhbayar 201.48 6.16 1.6 32.1 

26 N.Batmunkh 206.8 6.32 1.6 32.6 

27 B.Tubshintegs 266.65 8.15 1.6 38.1 

28 Z.Munkhbat 201.55 6.16 1.6 32.2 

29 Turtogtokh 174.1 5.32 1.6 29.6 

30 Otgonbayar 209.7 6.41 1.6 32.9 

31 M.Lkhabga soren 240.85 7.36 1.6 35.8 

32 G.Batkhuu 254.25 7.77 1.6 37.0 

33 G.Baterdene 165.93 5.07 1.6 28.9 

34 G.Bayarbat 152.35 4.65 1.6 27.6 

35 Batzaya 205.3 6.27 1.6 32.5 

36 A.Gantulga 234.15 7.15 1.6 35.2 

37 L.Tsogbayar 206.8 6.32 1.6 32.6 

38 Khishgee 200 6.11 1.6 32.0 

39 B.Nyamdorj 200 6.11 1.6 32.0 

40 G.Chinchuluu 342 10.45 1.6 45.1 
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41 Dumaa 216.75 6.62 1.6 33.6 

42 Davaasuren 177.5 5.42 1.6 29.9 

43 Batbayar 175 5.35 1.6 29.7 

44 Ganzorig 262.5 8.02 1.6 37.8 

45 Tseveendulam 150 4.58 1.6 27.4 

46 Erdenebat 125 3.82 1.6 25.1 

47 Byambaa 173.43 5.30 1.6 29.6 

48 Gantulga 75 2.29 1.6 20.5 

49 Narandorj 150 4.58 1.6 27.4 

50 Bat-Erdene 125 3.82 1.6 25.1 

51 Tsolmonbayar 150 4.58 1.6 27.4 

52 Mishig 125 3.82 1.6 25.1 
 

TOTAL 10544.1 322.12 83.2 1677.7 

Planned heat loads  

1 Tugul town, 8th place,  6 
families 

1297 33.53 6 152.0 

2 Tugul town, 4th place,  12 
families 

2053.5 53.08 12 261.9 

3 Tugul town, 2nd place,  12 
families 

2053.5 53.08 12 261.9 

4 Houses of 40 families 16800 355.32 30 1325.6 
 

Total planned 22204 495.01 60 2001.4 
 

TOTAL 
 

817.1 143.2 3679.1 

 

Table 39 Summary of heat load values of all boiler houses 

 
No Name of companies Volume, 

m3 
Design heat load, kW Annual heat 

consumption, MWh Heating Hot water 

1 TSTR company 118582.4 2580.74 311.0 10113.3 

2 
3 

SOD EEL, company 43286.8 934.0 79.0 3441.9 

Ar tsogt, company 16272 314.86 20.0 1080.9 

4 Uv post, company 38962.5 954.46 121.0 3812.4 

5 Gan manlai, company 32748.1 817.1 143.2 3979.2 

 Total 249851.8 5600.9 672.4 22427.7 

The total HPCS’s heat capacity is 5,600 kW. The heat load of users in 2019 is 3,900 kW and 
the remaining 1,700 kW or 30% is for future users. 
 

Table 40 Heat Consumers, categorized bypurpose(post-project phase) 

N  
Companies  

 
Volume of 
buildings,m3 

Which,  

Public, m3 Residential, m3/m2 Business, m3 

 TSTR 118592 80993 29894/11960 7705 

 
 

SodEel+Arpost 59559 52839 0 6720 

 
 

Uv Post* 38962 12027 10563/4185 16372 
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 Gankhanga 32748 0 32748/13100 0 
 Total  249861 145960 73205/29282 30797 

 

 Technology feasibility assessment: Closed loop ground source heat 
pump (GSHP) with additional source-electric boiler 

As mentioned previously, the project team has made assessment of 3 potential technologies 
for Kharkhorin:  

• Closed-loop ground source heat pump system for heating and hot water in every boiler 
house that are currently operating; 

• Closed-loop ground source heat pump system for only heating; and  
• Closed-loop ground source heat pump with additional source-electric boiler.  

Of these 3 technologies, closed loop ground source heat pump with additional source-electric 
boiler has been chosen for technical feasibiilty study. Other two technologies have also been 
analysed and the report is in Annex 2.  
 
Heat sources and technical specifications  
Closed loop ground source heat pump (GSHP) system with an electric boiler composes of 
the following main components.  

• Boreholes system; 
• Heat pumps;  
• Heat exchanger; 
• Electric boilers; 
• Circulating pumps for heating system; 
• Raw water treatment equipment; and 
• Monitoring board.  

 
It is assumed that 60% of the installed capacity of heating will be provided by GSHP and 
40% by the electric boiler. 
 
TSTR company: 206 pieces of boreholes are required and size of areas for installation is 
3,300 sq.m. The U-shaped polyethylene pipes will be placed in holes. The underground 
water is directly pumped from the production well, passed through the heat pump system 
and then is returned in the injection well that is at least 6-8 meters away from the production 
well. 
 
SOD Eel:101 pieces of boreholes are required and the size of areas for installation is 1,600 
sq.m. Ar Tsogt: 25 boreholes are required and the size of areas for installation is 403.8 sq.m. 
Uv post: 76 pieces of boreholes and 1,200 sq.m of land are required.  Gan manlai: 65 pieces 
of boreholes and 1,050 sq.m of land are required. Boreholes will be installed next to the 
boiler houses.  
 
Table 41 Estimated results of closed-loop ground source heat pump with additional source-electric boilers 

TSTR company 
Geothermal HP- 60% of total capacity  
Capacity MW 1.5 
Annual heat production  thous.MWh 6.4 
Length of boreholes  m 30900 
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Number of boreholes   pieces 206 
Annual capacity electricity consumption of heat pump  thous.MWh 1.6 

Electric boilers- 40% of total capacity 
Capacity electrical boilers MW 1.0 
Annual heat production  thous.MWh 6.4 
Annual electricity consumption of EB thous.MWh 1.6 

Summary indicators for heat pump station 
  

capacity of GHP with additional source-electric boilers MW 2.5 

Annual heat production of GHP+EB thous.MWh 8.00 
 
SOD Eel company 
Geothermal HP- 60% of total capacity 
Capacity  MW 0.6 
Annual heat production  thous.MWh 2.3 
Length of boreholes m 11400 

Number of boreholes   pcs 101  
Annual electricity consumption of heat pump  thous.MWh 0.6 
Electric boilers- 40% of total capacity 
Capacity electrical boilers MW 0.4 
Annual heat production  thous.MWh 0.6 
Annual electricity consumption of EB thous.MWh 0.6 

Summary indicators for heat pump station 
  

capacity of GHP with additional source-electric boilers MW 1.0 

Annual heat production of GHP+EB thous.MWh 2.9 
 
Ar Tsogt company 

Geothermal HP- 60% of total capacity 
Capacity  MW 0.19 
Annual heat production  thous.MWh 0.78 
Length of boreholes m 3750 
Number of boreholes   pcs 25 
Annual electricity consumption of heat pump  thous.MWh 0.19 
Electric boilers- 40% of total capacity 
Capacity electrical boilers MW 0.11 
Annual heat production  thous.MWh 0.19 
Annual electricity consumption of EB thous.MWh 0.19 

Summary indicators for heat pump station 
  

   
capacity of GHP with additional source-electric boilers MW 0.3 

Annual heat production of GHP+EB thous.MWh 0.97 
 
Uv post company   

Geothermal HP- 60% of total capacity  
Capacity  MW 0.6 
Annual heat production  thous.MWh 2.4 
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Total length of boreholes   Meter 11424.0 
Number of boreholes   Pcs 76 
Annual Electricity consumption of heat pump  thous.MWh 0.6 
Electric boilers- 40% of total capacity 
Capacity electrical boilers MW 0.4 
Annual heat production  thous.MWh 0.6 
Annual electricity consumption of EB thous.MWh 0.6 

Summary indicators for heat pump station 
  

capacity of GHP with additional source-electric boilers MW 1.0 

Annual heat production of GHP+EB thous.MWh 3.0 
 

Gan manlai company(consumers are private houses)   

Geothermal HP- 60% of total capacity 
Capacity  MW 0.5 
Annual heat production  thous.MWh 2.0 
Total length of boreholes   meter 9744.2 
Number of boreholes   pcs 65 
Electric boilers- 40% of total capacity 
Capacity electrical boilers MW 0.3 
Annual heat production  thous.MWh 0.5 
Annual electricity consumption of EB thous.MWh 0.5 

Summary indicators for heat pump station 
  

capacity of GHP with additional source-electric boilers MW 0.8 

Annual heat production of GHP+EB thous.MWh 2.5 
 
Technical parameters of heat pump 

• GSHP Capacity 
• Coefficients of performance (COP) 
• Maximum temperature of working fluid 
• The water flow and inlet and outlet temperature on source side 
• The flow and inlet and outlet temperature on user side  
• Supply and return water temperature  
• Closed loop system pressure  
• Indoor temperature  
• Electricity (voltage) supply. 

 

Table 42 Borehole information 
Ground thermal conductivity[W/(m K)] Needs estimation 
Ground thermal diffusivity [mm2 /s] Needs estimation  
Depth 150 
Diameter (mm) 125 
Borehole configuration  Double U 
Grouting thermal conductivity [W/(m K)] 1.7 
BHE pipe diameter (inner -outer) mm 32-40 
U-legs shank spacing [cm] 9.4 
Pipe thermal conductivity [W/(m K)] 0.35 
BHE thermal resistance b R [m K/W] 0.062 

 



Feasibility Study and Business Model Development for Low Carbon 
District Heating Systems in Mongolia 

62 

 
Auxiliary facilities  

• Collector tubes: 32 mm diameter 
• Return pumpcs 
• Working fluid 
• Tubes. 

Civil engineering work  
• Drilling boreholes; 
• Locating collector tubes; 
• Filling the tubes by working fluid; 
• Cement grout seal around casing;  
• Filling the borehole; 
• Installing heat pump; 
• Electricity connection; and  
• Renovating old building of boiler houses and surrounding areas (fence). 

Testing and regulation 
• Measurement and regulation work.  

Additional work 
• Geophysical investigation;  
• Hydro geological assessment;  
• Environmental impact assessment; 
• Connection scheme and network scheme.  

 

Figure 19 Schematic diagram of the heat pump stations 

 
 
Current heat networks of existing boilers of Kharkhorin soum center are operating normally. 
Therefore, after the installation of the heat pumps the existing networks will be used. The heat 
network diagram for each heat boiler is shown in Figure 21.  
The nodes of the heat users will still remain. Every user needs to have a heat meter in the 
near future. 
 
Figure 20  Main scheme of the heat network between the heat pump stations 
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Gan manlai 
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HPS

HPS

HPS

Legend: HPS-haet pump station 

 
This heat line can be used to provide the heat to current and future consumers. The2-line 
pipe length will be 1,000 meters and 150 mm in diameter. If this line is not used in the 
wintertime, the water should not be left inside the pipes. Therefore, water discharge valves 
should be installed at several points of the pipe. 
 
Figure 21 Connection and disconnection diagram of GHPCS to the main heat pipe line 
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Table 43 Calculated diameter of the heat network 

 
 
 

 

№ Pipeline diameter, mm Length, m 

1 150 1,000 
2 100 1.100 
 Total  2,100 
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6.3 Technical Feasibility of Renewable Based DHS for Khonkhor Village, 
Bayanzurkh District of Ulaanbaatar 

 Current situation of heating system of Khonkhor village 

Heat supply for Khonkhor village. The village has a district heating system with 1.4 MW 
boilers’ capacity. The design heat load is 0.6 MW and remaining reserve capacity of boilers is 
0.8 MW.  The length of district heat network is 0.8 km. Boilers generate only heat and do not 
work in the summertime. 
 
Boilers have energy efficiency of 45%, as a result its coal consumption is high. The district 
heating system has water leakages and supplementary water is supplied without any 
chemical/mechanical treatment. Coal to the boiler house is transported by trucks from the 
capital city.  
 
The building of 11thkhoroo, the 88th school, the 64th kindergarten, a health center, a residential 
building for 18 households, public bath building and Khaan Bank building are located in the 
central part of Khonkhor village and connected to the boiler house.  
 
Figure 22The district heat network of Khonkhor village including heat network length and diameter 
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2
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1-Boiler house, 2-Residential building, 3-Bath, 4-Building of the 11thkhoroo, 5-Hospital, 6-Khaan bank, 7-64th 
Kindergarten, 8-88th School, 9-Sports gym of the 88th school 
Source: Project team, 2019  
 
Table 44 Heat consumers and volumes of buildings 

No Existing users Value of buildings, m3 
1 Building of the 11thkhoroo 1,400 
2 88th school  8,071 
3 64th kindergarten  1,834 
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4 Khaan bank  621 
5 Hospital 2,200 
6 Public bath  300 
7 Residential building 3,600 
 Total 18,026 
 Planned user 
8 Sports gym of the 88th school  2,880 

Source: Project team, 2019 
 
Ownership. The boiler house is privately-owned and half of the network is privately-owned. 
Khonkhor village belongs to Bayanzurkh district and the district is obliged to ensure reliable 
heat supply for all public organisations and secure payment for heat consumption. The 
private operators are obliged to provide reliable heat for public buildings. In a case of 
damages of heat network and boilers, according to the contract, the district government pays 
costs incurred for the repair and maintenance.  
Fuel. The coal is sourced from Baganuur coal mining company and the coal price is MNT 
150,000 per ton or USD 56.9 including transportation. Coal consumption for the production 
of 1.0 MWh is 560 kg.every year, approximately 1,000 tons of coal are burnt and 1,300 tons 
of СО2 are emitted. Most buildings connected to the district heating system are old with great 
heat losses.  
 
Table 45 Coal price of Khonkhor village 

Coal mining 
location 

Coal price including 
transportation, MNT/t 

Coal price including 
transportation, USD/t 

Heating value, 
kcal/kg 

Baganuur 
(30 km) 150,000 56.9 3,200-3,600 

Source: Project team, 2019  

 Heat load (demand) estimation of Khonhor village, Bayanzurkh district 
of Ulaanbaatar 

Table 46 The estimated results of heat loads of Khonkhor consumers 

Name of users Volume, m3 
Design heat load Total heat 

consumption, MWh 
Heating  Hot water 

64th Kindergarten 1,834 52.6 15 289.9 

Local government bld. 1,400 37.5 0 108.6 

Khaan bank 621 17.2 0 51.6 

School  8,071 193.2 10 644.2 

Hospital  2,200 57.7 16 314.2 

Bathhouse  300 8.3 12 126.9 

Residential building 3,600 99.8 12 400.9 
Planned: 
Sport gym of the 88th school 

2,800 5.8 8 85.4 

Total 20,826 472.2 73 2,021.6 

 
Table 47 Heat Consumers, categorized by purpose (post-project phase) 

Volume of 
buildings,m3 

Consumers 
Public, m3 Residential, m3/m2 Busness,m3 

20,826 17226.0 3600/1440 0 
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 Technology feasibility assessment: Air source heat pump with electric 
boiler  

In a case of Khonkhor village, combined solar collector and air-source heat pump system 
with electric boiler (as a reserve source) and air-source heat pump with additional source-
electric boilerhave been identified as potential renewable based low carbon technologies. Of 
these two technologies the project team has selected air source heat pump with electric 
boiler. The other technology has been also analyzed and the report is enclosed as Annex 3. 
 
Heat sources and technical specifications of equipment. For Khonkhor village, the air-
source heat pump with additional source-electric boiler has been selected. Air-source heat 
pump with additional source-electric boiler composes of the following main components:  

• Electric boilers; 
• Circulating pumpcs for heating system; 
• Raw water treatment equipments;  
• Monitoring board.  

Technical parameters of air source heat pump 
• Input power; 
• Heating capacity; 
• Power supply;  
• Refrigerant; 
• Evaporator;  
• Condenser;  
• Working mode for heating;   
• Coefficient of performance (COP); 
• Indoor temperature;  
• Outdoor temperature.  

Auxiliary facilities  
• Return pumps 

Civil engineering work  
• Install heat pump; 
• Electricity connection;  
• Renovation of old building of boiler houses and surrounding areas (fence).  

Testing and regulation 
• Measurement and regulation work.  

Additional work 
• Environmental impact assessment. 

 

Table 48 Estimated results of air/water heat pump with additional source-electric boiler 

Air heat pump + electrical boiler 

Air/water heat pump -65%     

Capacity of air/water heat pump MW 0.36 

Heat production thous.MWh 1.51 

Total investment for air Heat Pump mln USD 0.338 

Annual Electricityconsumption of Heat pump  thous.MWh 0.61 

Total operation and maintenance costs mln.USD 0.065 

Heat production cost USD/MWh 42.8 
Electrical boilers-35% 

Capacity of electrical boiler MW 0.19 
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Heat production thous.MWh 0.65 

Total investment for electrical boiler mln.USD 0.06 

Annual Electricity consumption of electrical boiler thous.MWh 0.65 

Annual Electricity cost of Heat pump  mln.USD 0.036 
Annual operation cost (electricity +Investment 
premium+pay) mln.USD 0.046 

Heat production cost USD/MWh 71.0 
 
Connection scheme and network scheme. Khonkhor village has DHS. The heat network is 
shown in Figure 23. There is no need to renew the heat network. The modifications of the 
building nodes should not be altered, and if necessary, the owners themselves will improve. 
 
Figure 23 Schematic diagram of the air source heat pump station 

 
 
Figure 24 Scheme of the air-source heat pump with additional source-electric boiler 

 
 
Source: Project team, 2019 
 
For this technology option, the electric boiler works in series with air source heat pump. 
Therefore, the air source heat pump works when the outdoor temperature is above -20…-
25°C. The data of outdoor air temperature of Ulaanbaatar for 3 years have been taken from 
the meteorological station. The outdoor temperature of -20°C has been recorded for 411 hours 
in 3 years and 137 hours per year. In this case, the electric boiler will operate smoothly. 
 
Figure 25 The outdoor temperature of Ulaanbaatar for 3 years 
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Source: NAMEM 

6.4 Conclusion on Technological Feasibility 

The project is technically feasible for all selected areas. Renewable based heating system 
has some advantages and disadvantages which are elaborated in the Tables 42-43. The 
recommended technologies require high level of knowledge. Therefore it is necessary to 
involve highly professional experts for system design and installation. During the initial stage 
of operation professional experts should work in place and provide training and advisory 
service to local operators.   
 

Table 49 Advantages and disadvantages of closed loop GSHP with electric boiler 

Advantage Disadvantages and Requirements  
Disadvantages 

Non depleted, renewable  Capital intensive, high upfront investment  
Low emission CO2 and air 
pollutants  

Require sizable land  

Fuel price does not affect  Extensive drillings with high costs  
Stable base low energy Land disturbance  
Affordable/relatively low costs of 
production  

Closed loop GSHP requires substantial amount of antifreeze working 
fluid  

Proven technology, longer lifespan 
than air source heat pump, up to 
25 years 

Require high level of knowledge and training. Current professional 
knowledge and skills are very low.  

Electricity consumption is low Requirements 
Constant comfort  Requires professional experts for design, installation and operations 

and maintenance. Therefore, it is necessary to have a team of experts 
throughout design and installation stage and ensure that 2-3 
professional experts should work in place and provide training and 
advisory service to local operators and workers at early stages of 
operations.   

Less noise than air source heat 
pump.  

In a case of Kharkhorin there might 
potential of underground water 
resources and reservoirs. 
Therefore, during the 
hydrogeological assessment there 
is likelihood for open loop GSHP 

It is necessary to record all the parameters in order to have a 
comprehensive database that could be used for control purpose as 
well as reference data for next project  

Low maintenance and low running 
costs  

Continuous and regular re-trainings and control and monitoring. 

 
Table 50 Advantages and disadvantages of air source heat pump system with electric boiler 

Advantage Disadvantages and Requirements  
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Disadvantages  
Non depleted, renewable  Electricity consumption is higher than GSHP 
Low emission CO2 and air 
pollutants, minimal disruption 

The noise level is significant and may wary depending on 
manufacturer’s type there might be noise 

Fuel price does not affect  The unit capacity of electric boiler is comparatively low, therefore more 
suitable for small size DHS in a small settlement.  

Stable base low energy Emergency cases may include accidents and failure, therefore control 
system should be highly reliable. 

Affordable/relatively low costs of 
production  

Technology has not been proven in Mongolia in a medium and large 
scale. Therefore, there is a need for piloting the technology in a 
Mongolian condition. It is recommended to pilot the technology in 
Khonkhor village, If it is proved as a reliable technology it will show 
high potential for scaling up throughout Mongolia.  

Low upfront investment  
Compared to GSHP there is no 
need for large size land 
Easy to install, flexible 
configuration and can be 
connected to solar water heating to 
extend and improve efficiency   

Current professional knowledge and skills are insufficient 

Low maintenance  Requirements  
No additional infrastructure 
required.  

Requires highly professional experts for design, installation and 
operations and maintenance. Therefore, it is necessary to have a team 
of experts throughout design and installation stage. 2-3 experts should 
work in place and provide training and advisory service at early stages 
of operations.    

No water or liquid is used for 
heating system   

It is necessary to record all the parameters in order to have a 
comprehensive database that could be used for control purpose as 
well as reference data for next project. 

 Continuous trainings and control and monitoring. 
 
Table 51 Estimated technical indicators 

 Bayanchandmani Kharkhorin Khonkhor village Total 
Design heat load 1.24 MW 5.6 MW 0.55 MW 7.39 MW 
Capacity of heat 
pump house/heat 
pump station  

1.24 MW 5.6 MW 0.55 MW 
7.36 MW 

Annual heat 
consumption  4000 MWh 16870 MWh 2060 MWh 22,930 MWh 

Annual heat 
production  4400 MWh 17380 MWh 2160 MWh 23,940 MWh 
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VII. FINANCIAL FEASIBILITY STUDY 

7.1 Financial Assumptions 

7.1.1 General assumptions 

The Project’s main aim is to reduce the use of coal as heating resource and maximize the 
renewable heating source for town centers. In addition, the project aims to create an 
economically self-sustaining district heating system with limited state support.  
The project's economics consist of following 6 key economic parameters.  
Figure 26 Project sustainability contributors 

 
 

• Heat tariff. The tariff is regulated by the ERC. In the first two years of operations flat 
heat sell price applies. From the third year it is assumed to increase at 5% each 4 
years, thereof. Currently, heat payment is calculated based on square meters of 
residential buildings, and cubic meters of public and commercial buildings. In heating 
season of 2017-2018, heat tariff for state and private enterprises is MNT 1160 per 
cubic meter or USD 0.44U per cubic meter and for residential buildings is MNT 450 
per square meter or USD 0.17 per square meter. The rate was converted into per KWh 
tariff using the average heat usage of the buildings USD 0.065 per KWh for public and 
private entities, and USD 0.025 per KWh for residential buildings. 
We applied increase in the heat tariff, as the financial model suggests to ensure 
economically sustainable operation. 

• Capacity Utilization: Heating season will affect the capacity utilization. Adjusted 
capacity utilization affected by the heating season and peak capacity is 35%. 

• OpEx: It has a negative effect on the project output. Although the project does not 
require feedstock, its main OpEx component is electricity. Electricity tariff is regulated 
by the ERC it is comprised of Electricity usage tariff, Renewable energy support tariff, 
and Capacity tariff. 

• Electricity usage tariff comprises of 3 different tariffs based on the peak hours: a) 10:00 
PM and 06:00 AM; 06:00 AM and 05:00PM and between 05:00PM and 10:00PM. 

 

Table 52 Electricity tariff assumptions 

Time span Price unit 

06:00am - 05:00pm 140 MNT per KWh 

05:00pm - 10:00pm 220 MNT per KWh 

10:00pm - 06:00am 89 MNT per KWh 
 

• In addition, a payee must pay electricity “Capacity tariff” based on its maximum 
availability every month, and “Renewable energy support tariff” according to the Law 
on Renewable energy. 

Project 
sustainability 

Heat tariff Capacity 
utilization 

OPEX 
(Electricity 

 
Subsidy 

CAPEX Cost of 
Capital 

+ *  

* 
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• Capacity tariff - MNT 9,000 per KW of maximum capacity during the peak 
season. 

• Renewable energy support tariff - MNT 20 per KWh. 
• CAPEX: Capital expenditures will largely depend on the choice of technology and 

capacity. The choice of equipment will be determined by the geo-thermal study. 
• Design and exploration: The costs include geological investigation, hydro-

geological assessment, environmental impact assessment and system design; 
• Equipment & Construction costs: 

• Heat pump and drilling costs: The costs include costs associated with 
procurement of heat pump equipment, collector tubes, tanks, return 
pumps, working fluid and tubes and drilling.   

• Tubes installation costs including foundations and beds for equipment: 
The costs cover electricity costs, tubes filling by working fluid, cement 
grout seal around the casing, filling the boreholes, automation and 
testing and regulating.  

• Public utility improvement costs: Cost related to procurement of heat pipes and 
insulation materials, transportation, and labour costs related to civil engineering 
work/installation.  

• Contingency: It is assumed that the contingency is 20% of the total investment. 
 
The project does not include costs associated with Heat substation, Building heating 
system 
• Cost of capital: The Project returns are highly sensitive to the debt and equity 

structure and the cost of capital. The project is considering concessional loan 
mechanism to support the project economics. Assumed loan terms are as follows: 

Table 53 50 Debt financing assumptions 

Loan tenor 20 years 

Interest rate 8% per annum 

Installment in a year 2 installments 

Grace period 12 months 

*Khonkhor loan tenor 15 years (Depending on the equipment life span) 
 

7.1.2. Macro assumptions 

Prices and cost items are indexed to inflation rate by following rates shown in Table 51. Price 
adjustments occur every 4 years. Corporate income tax on the model is in line with the current 
Mongolia's Tax Law and structure. 
Table 54 Macro assumptions 

Currency 

MNT/USD rate 2,670 MNT per USD 

Currency devaluation rate 1% per year 

Tax 
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Taxable income below MNT 3.0 billion 10% 
 

Taxable income above MNT 3.0 billion 25% 
 

Inflation Indices 

Revenue 5% occurs every 4 years 

Electricity price 5% occurs every 4 years 

Salary & Others Admin costs 5% occurs every 4 years 

Maintenance 5% occurs every 4 years 
 

7.2 Financial Estimations of Low Carbon DHS in Selected Areas 

7.2.1.      Kharkhorin soum financial and investment feasibility study 

CAPEX assumptions. Currently, the private operators provide heat at combined MW 5.6 
capacity.  
Table 55 Kharkhorin current operators and capacity 

 Companies Capacity, MW (%) 
1 TSTR 2.5 (44.6%) 
2 Sod Eel+Arpost 1.3 (23.2%) 
3 Uv Post* 1.0 (17.9%) 
4 Gankhanga 0.8 (14.3%) 
 

Total  5.6 (100%) 
 
It is assumed that the project will replace all of the coal heated boilers with renewable sources. 
The below table shows the estimated Kharkhorin heat generation capacity: 
Table 56 Estimated Kharkhorin heat generation capacity 

Ground source heat generation capacity 3.36 MW 

Electric heat generation capacity 2.24 MW 

Network loss 2% % of total capacity 

Total 5.49 MW 

 
 

Table 57 Kharkhorin CAPEX 

Design & Exploration           260,000  USD 

Equipment 

Heat pump equipment          4,500,000 USD 

Collector tubes              18,000 USD 

Tanks              80,000 USD 
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Return pumps                4,000 USD 

Tubes            180,000 USD 

Total Equipment        4,782,000 USD 

Construction 

Electricity installation               1,800 USD 

Drilling work        5,000,000 USD 

Tubes installation               13,000 USD 

Automation               30,000 USD 

Testing and Regulating            100,000 USD 

Transportation             20,000 USD 

Total Construction        5,164,800 USD 

Public utility 

Heat network installation and improvement           200,000  USD 

Contingency cost        2,081,360 USD 

TOTAL KHARKHORIN CAPEX      12,488,160 USD 

 
Revenue assumptions 
The average annual heat demand is 35% of the total capacity (adjusted based on 7 months 
of heating season and daily peaks). Average annual heat production will be 16,839 MWh. 
Based on soum development plan, Kharkhorin soum’s heat demand composition is forecasted 
as follows: 
Table 58 Share of heat demand, percentage 

Public office sales % 70% 

Private office sales % 18% 

Residential sales % 12% 

 

Cost assumptions 
Electricity usage: The project comprises of 2 different heating sources 1) ground source and 
2) electric boiler. The ground source heat generator uses up to 25% of each MWh of heat 
generated. The electric boiler’s electricity usage is 1:1 for MWh of heat produced. 
Other costs including staff salaries, administration costs, maintenance and insurance costs 
are assumed.  
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Project outcome 
Within current tariff environment, the project outcome is as follows: 
 
Table 59 Project outcome, Kharkhoirin   

Total investment 12,488,160 

Heat cost (USD per KWh) USD per KWh  0.071 

converted into MNT per sqm MNT per sqm 1,699 

NPV (7,156,913) 

IRR -0.6% 

PB Period N/A 

 
It is suggested that the project requires continued support from the state budget to operate, 
as its cash-flow is insufficient to pay the interest and principal payments of the investment 
loan. 

7.2.2. Bayanchandmani soum financial and investment feasibility study 

CAPEX assumptions 
Following table shows the estimated Bayanchandmani heat generation capacity, replacing all 
current coal-based heaters: 
Table 60 Estimated Bayanchandmani heat generation capacity 

Ground source heat generation capacity 0.74 MW 

Electric heat generation capacity 0.50 MW 

Network loss 2% % of total capacity 

Total 1.22 MW 

 
Table 61 Bayanchandmani CAPEX 

Design & Exploration           80,000  USD 

Equipment 

Heat pump equipment          1,120,000 USD 

Collector tubes              5,000 USD 

Tanks              20,000 USD 

Return pumps                2,000 USD 
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Tubes            50,000 USD 

Total Equipment        1,197,000 USD 

Construction 

Electricity installation               1,200 USD 

Drilling work        1,250,000 USD 

Tubes installation                 8,000 USD 

Automation               12,000 USD 

Testing and Regulating              45,000 USD 

Transportation               5,000 USD 

Total Construction        1,321,200 USD 

Public utility 

Heat network installation and improvement           172,300  USD 

Contingency cost           554,100  USD 

TOTAL CAPEX        3,324,600  USD 

 
Revenue assumptions 
The average annual heat demand is 35% of the total capacity (adjusted based on 7 months 
of heating season and daily peaks). Average annual heat production will be 3,729 MWh. 
Based on soum development plan, Bayanchandmani soum’s heat demand composition is 
forecasted as follows: 
Table 62 Share of heat demand of Bayanchandmani  

Public office sales % 94% 

Private office sales % 4% 

Residential sales % 2% 

 
Cost assumptions 
Electricity usage: The project comprises of 2 different heating sources 1) ground source and 
2) electric boiler. The ground source heat generator uses up to 25% of each MWh of heat 
generated. The electric boiler’s electricity usage is 1:1 for MWh of heat produced. 
Other costs including staff salaries, administration costs, maintenance and insurance costs 
are assumed. (details as attached) 
 
Project outcome 
Within current tariff environment, the project outcome is as follows: 
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Table 63 Project outcome of Bayanchandmani   

Total investment 3,324,600 

Heat cost (USD per KWh) USD per KWh  0.084 

converted into MNT per sqm MNT per sqm  2,022 

NPV (2,202,613) 

IRR -2.6% 

PB Period N/A 

 
The project requires continued support from the state budget to operate, as its cash-flow is 
insufficient to pay the interest and principal payments of the investment loan. 

7.2.3 Khonkhor village financial and investment feasibility study 

CAPEX assumptions 
The below Table shows the estimated Khonkhor village heat generation capacity, replacing 
all current coal based boilers: 
Table 64 Estimated Khonkhor heat generation capacity 

Ground source heat generation capacity 0.36 MW 

Electric heat generation capacity 0.19 MW 

Network loss 2% % of total capacity 

Total 0.54 MW 

 
The technology applied to Khonkhor village differs from the rest of the project, it will not use 
ground source heater, instead it will use air-source heat pump: 
Table 65 Khonkhor CAPEX 

Design & Exploration           75,000  USD 

Equipment 

Heat pump equipment             310,000 USD 

Heat exchanger           100,000 USD 

Tanks              20,000 USD 

Return pumps                1,000 USD 

Total Equipment        431,000 USD 

Construction 
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Automation               20,000 USD 

Testing and Regulating              15,000 USD 

Transportation               2,000 USD 

Total Construction        37,000 USD 

Public utility 

Heat network installation and improvement           50,000  USD 

Contingency cost           118,600  USD 

TOTAL CAPEX        711,600  USD 

 
Revenue assumptions 
The average annual heat demand is 35% of the total capacity (adjusted based on 7 months 
of heating season and daily peaks). Average annual heat production will be 3,729 MWh. 
Based on soum development plan, Khonkhor’s heat demand composition is forecasted as 
follows: 
Table 66 Share of heat demand, Khonkhor 

Public office sales % 97% 

Private office sales % 3% 

Residential sales % 0% 

 
Cost assumptions 
Electricity usage: The project comprises of 2 different heating sources 1) air-source and 2) 
electric boiler. The air-source heat pump uses up to 50% of each MWh of heat generated. The 
electric boiler’s electricity usage is 1:1 for MWh of heat produced. 
Other costs including staff salaries, administration costs, maintenance and insurance costs 
are assumed. (details as attached) 
 
Project outcome 
Within current tariff environment, the project outcome is as follows: 
Table 67 Project outcome of Khonkhor village  

Total investment 711,600 

Heat cost (USD per KWh) USD per KWh  0.077 

converted into MNT per sqm MNT per sqm  1,845 

NPV (406,760) 
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IRR -0.7% 

PBPeriod N/A 

 
The project requires continued support from the state budget to operate, as its cash-flow is 
insufficient to pay the interest and principal payments of the investment loan. 

7.2.4 Summary of financial feasibility  

Key investment criteria that a private investor will seek are as follows: 
Table 68 Criteria for investment  

Project level economic output 

NPV USD (9,766,286) 

IRR % -1.00% 

 
The forecast suggests that current tariff environment does not produce an attractive outcome 
for private investors. 
 
Bankability analysis 
As the debt principal payment is borne by the subsidy scheme, the project’s bankability is not 
dependent on the DSCR, however interest coverage ratio is forecasted as follows: 
Table 69 Public & Private partnership model – Bankability ratio 

Bankability      
    
Kharkhorin    
ICR Average >2.0x 3.06x 
 Minimum >1.3x 0.61x 
Bayanchandmani    
ICR Average >2.0x 2.76x 
 Minimum >1.3x 0.51x 
Khonkhor    
ICR Average >2.0x 3.47x 
 Minimum >1.3x 0.77x 

 
From commercial perspective, the project does not meet bankability requirements imposed by 
common financiers. 

7.3. Financial Scenario Analysis 

The project outcome on current tariff environment shows the project will not sustain without 
further state support on loan principal and interest payment. Therefore, the project team has 
made analysis of different scenarios for further suggestion to ensure the project’s economic 
sustainability.   

Scenario 1. Initial investment increase  
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To reduce the debt burden, the Scenario 1 assumed to increase the government initial 
investment up to 41.4% of the total investment, which is USD 7,001,994: 

Table 70 Scenario 1: Investment from the government   
 

 
Total initial 
investment 

Including:  
Government 
Investment CAPEX Interest during 

construction 

Kharkhorin 12,784,600 12,488,160 296,440 5,291,704 

Bayanchandmani 3,403,518 3,324,600 78,918 1,408,758 

Khonkhor village 728,492 711,600 16,892 301,532 

TOTAL 16,916,610 16,524,360 392,250 7,001,994 
 

• Heat tariff must be set to cover the average heat generation cost of USD 0.071 per 
KWh. The suggested heat tariff is USD 0.12 kwh (320 MNT), and increases at 5% rate 
every 4 years. 

• No subsidy from the state budget is forecasted. 

Scenario 2: Tariff and subsidy increase  

• The Scenario 2 assumed to have minimal Government initial investment up to 13.1% 
of the total investment, which is USD 2,240,812: 

Table 71 Scenario 2: Government investment share 
 

 
Total initial 
investment 

Including:  
Government 
investment CAPEX Interest during 

construction 

Kharkhorin 12,932,820 12,488,160    444,660   1,693,476 

Bayanchandmani 3,442,978   3,324,600      118,378   450,838 

Khonkhor village 736,938   711,600        25,338   96,498  

TOTAL 17,112,736 16,524,360      588,376     2,240,812 
 

• Heat tariff must be set to cover the average heat generation cost of USD 0.071 per 
KWh. Suggested heat tariff is USD 0.12 kwh (320 MNT), and increases at 5% rate 
every 4 years. 

• Capacity tariff and Renewable energy tariff payment must be substituted from the state 
budget. 

Table 72 Capacity and renewable energy tariffs’ subsidies in a case of scenario 2 
 

Capacity tariff Renewable energy tariff Total annual subsidy 
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Kharkhorin 49,854 68,958 118,813 

Bayanchandmani 11,088 15,337 26,424 

Khonkhor 5,989 8,284 14,273 

Total                66,931                 92,579         159,510  

 

Scenario 3: Subsidies from the state budget and heating tariff increase 

• The Scenario 3 assumed to have minimal government initial investment up to 13.1% 
of the total investment, which is USD 2,240,812. 

Table 73 Scenario 3: Government investment  
 

 
Total Initial 
investment 

Including:  
Government 
Investment CAPEX Interest during 

Construction 

Kharkhorin 12,932,820 12,488,160    444,660   1,693,476 

Bayanchandmani 3,442,978   3,324,600      118,378   450,838 

Khonkhor village 736,938   711,600        25,338   96,498  

TOTAL 17,112,736 16,524,360      588,376     2,240,812 
 

• Heat tariff can be gradually increased by 35% over 4 years’ period. 
• Capacity tariff and Renewable energy tariff payment must be substituted from the state 

budget as in the Scenario 3.  

Table 74 Capacity and renewable energy tariffs’ subsidies under Scenario 3  

 
Capacity tariff Renewable energy tariff Total annual subsidy 

Kharkhorin 49,854 68,958 118,813 

Bayanchandmani 11,088 15,337 26,424 

Khonkhor 5,989 8,284 14,273 

Total                66,931                 92,579         159,510  
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Table 75 Scenario comparison 

  Current Scenarios 

  PPP, current 
environment 

1. Equity 
increase+tariff 

increase 

2. Equity low, 
tariff increase, 

subsidy 

3. Equity low, 
tariff low, 
subsidy 

Kharkhorin soum 

Total 
CAPEX 

12,488,160 12,488,160 12,488,160 12,488,160 

Equity 
investment 

10% 40% 10% 10% 

Debt portion 90% 60% 90% 90% 

Loan interest 
rate 

8% 8% 8% 8% 

Heat tariff USD per KWh  0.07 USD per KWh  0.12 USD per KWh  0.12 USD per KWh  0.07 

Heat cost USD per KWh  0.071 USD per KWh  0.08 USD per KWh  0.07 USD per KWh  0.07 

NPV (7,156,913) 288,219 1,639,236 527,497 

IRR -0.6% 8.3% 9.7% 8.4% 

PBPeriod N/A 11.8 10.7 13.3 

Bayanchandmani soum 

Total 
CAPEX 

3,324,600 3,324,600 3,324,600 3,324,600 

Equity 
investment 

10% 40% 10% 10% 

Debt portion 90% 60% 90% 90% 

Loan interest 
rate 

8% 8% 8% 8% 

Heat tariff USD per KWh  0.07 USD per KWh  0.12 USD per KWh  0.12 USD per KWh  0.07 

Heat cost USD per KWh  0.084 USD per KWh  0.09 USD per KWh  0.08 USD per KWh  0.08 
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NPV (2,202,613) (308,118) (8,144) (362,787) 

IRR -2.6% 6.8% 8.0% 6.9% 

PBPeriod N/A 13.3 12.1 14.8 

Khonkhor village 

Total 
CAPEX 

711,600 711,600 711,600 711,600 

Equity 
investment 

10% 40% 10% 10% 

Debt portion 90% 60% 90% 90% 

Loan interest 
rate 

8% 8% 8% 8% 

Heat tariff USD per KWh  0.07 USD per KWh  0.12 USD per KWh  0.12 USD per KWh  0.07 

Heat cost USD per KWh  0.077 USD per KWh  0.09 USD per KWh  0.08 USD per KWh  0.08 

NPV (406,760) 349,585 492,265 343,629 

IRR -0.7% 14.2% 16.6% 12.0% 

PBPeriod N/A 8.1 7.1 10.9 

 

7.4. Conclusion  

The scenario analysis clearly implies that the crucial element of project feasibility is to have 
heat tariff level that can support the project cash-flow.  

A key regulatory reform is related to heat tariff increase although the government’s co-funding 
as well as commercial bank interest rate play a substantial role. The heat tariff reform will bring 
a promising future for scaling up low carbon DHS in other small towns and soums of Mongolia 
and motivate the private sector to engage in the low carbon DHS projects. This will also attract 
international funding agencies.  

VIII. BUSINESS MODEL 

8.1 Existing Business Model in Project Areas 

Table 76 Current business model in project areas 
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Existing business model Previous business model 

Bayanchandmani Kharkhorin Khonkhor 

Owned and operated by 
Private entity 

Owned and operated by Private 
entity PPP model 

Locally owned boiler 
houses and network. 
Government does not 
have sufficient 
knowledge, technical 
expertise and human 
resources to run and 
operate the DHS. 
Therefore private 
companies operate boiler 
houses through contract 
(3 years).  
Disconnection, low 
efficiency, ageing and 
declining competiveness 
are prevalent. 
Financial capacity is low 
and lack of investment in 
improving energy 
efficiency.  
Operation and 
maintenance cost is high, 
lifetime of boilers is short 
due to use of untreated 
water. 
 
 

Private companies own and 
operate boiler houses. 
Local government makes 
contract with a private company 
to ensure heat supply to public 
organisations. Heat price is 
regulated by the Aimag energy 
regulatory board. 
No district heating system, 4 
private companies own individual 
coal-fired boilers and network. 
Disconnection, low efficiency, 
ageing and declining 
competiveness are prevalent.  
Private companies are 
responsible for reliability of heat 
supply, repair and maintenance, 
operation and extension. Private 
owners’ financial capacity is low 
and lacks investment in 
improving energy efficiency.  
Operation and maintenance cost 
is high, lifetime of boilers is short 
due to use of untreated water. 

District heating system is in place 
providing heat to few 
organisations. Private company 
owns and operate coal-fired 
boiler houses and partially own 
network.  
Heat price is regulated by ERC 
and Bayanzurkh district is 
responsible for trilateral contract 
arrangements between 
Bayanzurkh district, private and 
public organization.  
Private company is responsible 
for reliability of heat supplyfor 
public organisations, operation, 
repair and maintenance and 
extension. Currently, their 
financial capacity is low and lacks 
investment in improving energy 
efficiency.  
Disconnection, low efficiency, 
ageing and declining 
competiveness are prevalent. 
Operation and maintenance cost 
is high, lifetime of boilers is short 
due to use of untreated water. 
 

 
Source: Project team, 2018 

 
 
Source: Project team, 2018 

 
Source: Project team, 2018 

 
 
Table 77 Emission of greenhouse and harmful gases 

Emission Measurement 
Bayanchandmani Kharkhorin Khonkhor 

Quantity 
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Annual CO2 emissions tn СО2 2.66 11.9 1.35 

Annual CO emissions tn СО 0.06 0.26 0.03 

Annual Sulfur dioxide 
(SOx)  
Emissions 

tn SOx 0.01 0.01 0.00 

Annual nitrogen oxides 
(NOx) emissions tn NOx 0.003 0.05 0.01 

Ash annual emissions tn ash 0.49 2.21 0.25 

8.2 Introduction to Business Model 

A significant amount of capital investment is necessary for renewable based low carbon 
DHS development in a Mongolian condition.  However, the investments in renewable based 
DHS at local level bring benefits to society as a whole that cannot be fully reflected in 
investment returns, leading thereby to underinvestment by the private sector [1](UNEP, C40 
Cities Climate Leadership Initiative Good Practice Guide District Energy). Besides, the 
operations of renewable-based boiler houses require strengthened management and 
expertise for operations which both the Government and private sector may not have. As 
seen from the international experiences worldwide, the business models for renewable 
based low carbon district heating system in many cases involve the government’s partial or 
full ownership of the project. UNEP provides some detailed analysis of different business 
models in its guideline (UNEP, 2015) [2]. 
 
The “Wholly Public” Business Model 
  
The public sector, in its role as local authority or public utility, has full ownership of the 
system, which allows it to have complete control of the project and makes it possible to 
deliver broader social objectives, such as environmental outcomes and the alleviation of fuel 
poverty through tariff control. 
  
Hybrid Public and Private” Business Models 
  
“Hybrid Public and Private” business models have a rate of return that will attract the private 
sector, but the public sector is still willing to invest in the project and retain some control. 
These business models can be a public and private joint venture where investment is 
provided by both parties that are creating a district energy company, or where the public and 
private sector finances different assets in the district energy system (e.g., production of 
heat/cooling versus transmission and distribution); a concession contract where the public 
sector is involved in the design and development of a project, which is then developed, 
financed and operated by the private sector, and the city usually has the option to buy back 
the project in the future; and a community-owned not-for-profit or cooperative business 
model where a municipality can establish a district energy system as a mutual, community-
owned not-for-profit or cooperative. In this model, the local authority takes on a lot of risk 
initially in development and if it underwrites any finance to the project. 
  
Private” Business Models 
 
“Private” business models are pursued where there is a high rate of return for the private 
sector, and require limited public sector support. They are developed as a wholly privately 



Feasibility Study and Business Model Development for Low Carbon 
District Heating Systems in Mongolia 

85 

owned Special Purpose Vehicle but may benefit from guaranteed demand from the public 
sector or a subsidy or local incentives. 

8.3 Potential Business Model Options 

Table 78 Business model overview 

 

Product Heat supply 

Income source Heating fee from public and private consumers 

Consumers Main consumer consists of state-owned hospitals, schools and administration 
buildings and, other local facilities 

Value proposition Low carbon/renewable based heat at 3 sites which bring environmental 
(emission reduction) and socio-economic co-benefits  

Ownership structure 
options 

Public - wholly owned by Public entity 

Private - wholly owned by Private entity 

PPP - owned by Public and Private entities 
O&M options Public 

Private 

Recommended ownership 
structure 

Publicly-owned (local government ownership) 

Recommended O&M 
structure 

Private entity is in charge of operations & management 

Business model PPP - Public private partnership model 
 
Public investment through state and local government budget as well as subsidy 
is assumed. The private sector engages in the project design (prototype, 
construction design), construction and operations.  Relevant to this, risks 
can be shared between public and private partners, each of which may 
have a skill set related to that risk. The government takes regulatory 
measures, in particular heat tariff increase for both residential, public as 
well as private consumers and shift to heat metering for  project 
development and implementation.   Local government guarantees long-
term power purchasing agreements (PPA) while Energy regulatory 
commission ensures heat tariff increase. 

 

8.3.1 Publicly owned and managed business model case 
Figure 26 Public owned and managed business model scheme 
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• Government will establish a new special purpose company (SPC) or continue with a 

current company including infrastructure and other resources at each site if there is an 
existing public operator company.  

• If there is private operator under operation, the Government shall conclude 
Cooperation Agreement to ensure a selective transfer of manpower and infrastructure 
for operations.  

• The Government will provide necessary permission and licenses to execute the 
project. 

• SPC handles heating plant operations including O&M, sales and rehabilitation.  
• The Government will bring a certain amount of investment.   
• Financial institution will provide the remaining portion of financing based on Facility 

agreement. 
• The Government will provide a guarantee to payback a loan to a financial institution. 
• Based on PPA, the Government ensures purchase of heat from SPC.  

 
The model can be applied to the Mongolian case due to the following reasons:  
 

• Private sector lacks a financial capacity to develop a low-carbon DHS.  
• Private sector cannot secure low cost financing from various sources.  
• The Government shows willingness and commitment and is able to mobilize and 

secure low-cost financing.  
 
Risks and Governance: The local government decides to set up locally-owned operating 
company, takes responsibility for management, operations and maintenance and bears all 
risks and responsibilities. Currently, the local government does not have sufficient knowledge, 
technical expertise and human resources to run and operate the renewable based DHS. 
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Finance: The project realization is sensitive to financing mechanism (blended financing, 
leverage with other profitable projects). The advantage of having public business model for 
the project is that the Government is able to secure at least 10% of the total capital investment 
from the state budget for the project realization and mobilise low cost financing through 
overseas development assistance (ODA) and multinational lenders and have blended 
financing such as non- refundable grants, preferential loan with grace and long-term payback 
period and low interest rate. Under this model, the Government fully bears financial liabilities 
and risks because full debt obligation is with the Government.  
 
The Government is required to implement favourable regulatory measures such as heat sell 
price, time of use electricity tariff, production incentive (PE) and renewable energy certificate 
(REC). Based on the decision of the Energy Regulatory Commission on heating tariff the 
Aimag Energy Regulatory Board can set affordable, but reasonable heating tariff for different 
consumers. The Government has also power to make a decision to engage private sector for 
technical design and construction work as well as operation after the construction.  
  
Control: The project will play a crucial role for the country’s strategic goals and objectives 
such as reducing greenhouse gas emission, waste and pollution, ensuring energy efficiency, 
improving energy security and enabling better and reliable heat supply for local community. It 
will also create green jobs and knowledge transfer at national level and positively influence 
community public health. Full ownership by local government will enable the Government to 
set heat sell price at affordable rate by subsidizing, invest in network extension in the future 
and encourage local households and local businesses to connect to the DHS. Also, the local 
government is able to prohibit use of non –renewable sources for heating for new and existing 
businesses and encourage businesses to share costs of network connection. 
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8.3.2 Privately-owned and managed business model case 

Figure 27 Privately-owned and managed business model scheme 

 
• A private investor will establish a new special purpose company (SPC) or continue 

with an existing company to use the infrastructure and other resources at each site if 
there exists a private operator company. In a case of already existing private 
company, SPC shall conclude Cooperation Agreement to enable a selective transfer 
of manpower and infrastructure.  

• The Government will provide necessary permission and licenses to execute the 
project. 

• The Government will receive tax, RE tariff and capacity tariff payment.  
• The private operator will conclude PPA with government detailing the terms of the 

PCA such as heat sell price, tariff rate, purchase of heat by public entities and any 
other subsidies, tax waive, concession etc.  

• SPC handles heating plant operations including O&M, sales and rehabilitation.  
• The private company has to bring a certain amount  of investment. 
• The financial institution will provide remaining portion of financing based on Facility 

agreement. 
• The private company will provide Guarantee to payback a loan to financial 

institution.  
 
 
 
Risk and Governance: The model presents that the private sector takes full responsibility, 
liability and risks for the project implementation, DHS management and operations. In this 
case, the private company still needs to establish an agreement with the local government 
authority to secure sales and mitigate risks throughout the entire project.  
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Finance: In this business model case, a substantial share of financing by a private sector 
company through own investment is assumed. The government is able to support the private 
sector through providing guarantee and helping find a right financier. It is unlikely that full 
private ownership is feasible in Mongolia because the loan interest rates by commercial banks 
are too high for private businesses. Due to high upfront investment and low profit the private 
investors are likely to be reluctant to investment in DHS in selected areas. 
 
Control: The private sector company determines the governance structure, since the project 
is wholly owned by the company. The local government has control and monitoring by being 
represented in the Board of the company. 
 

8.3.3 Hybrid-Publicly owned, privately managed entity (PPP) 

Figure 28 Hybrid – Publicly-owned and privately managed business model scheme 

 

 
 
The government will establish new special purpose company (SPC) or continue with 
existing  companies to use their infrastructure and other resources at each site if there is any 
public operator company.  

• In a case of other public operators in place, the operation shall be transferred to a 
private operator, thus SPC shall conclude a Management Agreement with the private 
operator to ensure selective transfer of manpower and infrastructure.  

• In a case of other private operators under operation, the government shall decide 
whether to cooperate or not with the current operator company. In any case, SPC shall 
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conclude the Management Agreement with the private operator and selective transfer 
of manpower and infrastructure are necessary.  

• The government shall select an appropriate and capable operator company. 
• The private operator handles heating plant operations including O&M, sales and 

rehabilitation.  
• The government will provide necessary permission and licenses to execute the project. 
• The government will receive tax, RE tariff and capacity tariff payment.  
• The private operator will conclude Management Agreement with government. 
• The government will bear certain amount of investment. The financial institution will 

provide remaining portion of financing based on Facility agreement. 
• The government will provide a guarantee to payback a loan to the financial institution. 
• The government pays the private operator (partner) a predetermined management and 

contingency fee for the service, 10% of operations income and 5% contingency.  
 
 
Under a service contract, the government (public authority) hires a private company or entity 
to carry out one or more specified tasks or services for a period, typically 3-5 years. 
The public authority remains the primary provider of the infrastructure service and contracts 
out only portions of its operation to the private partner. The private partner must perform the 
service at the agreed cost and must meet performance standards set by the public sector. 
Governments will use competitive bidding procedures to award Management contracts, which 
tend to work well given the limited period and narrowly defined nature of these contracts. 
 
Under a Management contract, the government pays the private operator (partner) a 
predetermined fee for the service, which will 10% of operating income and 5% contengency. 
Therefore, the contractor’s profit increases if it can reduce its operating costs, while meeting 
required service standards. The government is responsible for funding any capital investments 
required to expand or improve the system. 
 
The contract can specify discrete activities to be funded by the private sector. The private 
partner interacts with the customers, and the public sector is responsible for setting tariffs. A 
Management contract will upgrade the financial and management systems of a company and 
decisions concerning service levels and priorities made on a more commercial basis which 
will allows mutually beneficial scheme.  
 
Risk and governance: The model suggests that the Government takes responsibility for the 
majority of the total investment on its own or through ODA and from multinational lenders. It 
is assumed that there should not be much consideration about return on investment and debt 
obligation will stay with the Government. Further, the model should have turnkey features; 
private sector engagement in design, supply, installation, construction and testing, as a result 
the investment risk will be reduced. In the interests of reliability and security and control it is 
better that the local government takes responsibility for network improvement and extension. 
Finance: Under hybrid public-private partnership model, it could be assumed that a higer 
percentage of investment will come from private financing. However, neither government nor 
private sector is able to allocate such amount of funding on their own. Therefore, both 
government and private sector may be able to a) invest own money; b) borrow through ODA 
and from multinational development organisations such as GCF and EBRD at different interest 
rates; or c) borrow from Mongolian commercial banks.  
 
After construction design and state commissioning, during the operation the Government 
guarantees a service contract with the private sector for a fixed long term period, ensures 
reasonable heat sell price and the escalation rate and takes regulatory measures to support 
sustainable operations of the heat system. For this account, heat sell tariff from renewable 
sources is defined in PPA and the period of the PPA should equal to loan payment period.  
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The advantage of the model is that both government and private sector share skills as well as 
power to deal with investment and operations risks and guarantees sales revenue over fixed 
period of time which in turn enables sustainability of the project over time.  
 
It is advised for the government to implement measures in support of renewable based DHS 
should include time of use electricity tariff, RE support tariff, capacity tariff and bonus 
accelerated depreciation15. Other market-based incentives may include renewable energy 
certificate (REC) and production incentive for renewable based DHS. At the same time, private 
companies should take responsibility to expand heating opportunities for households and local 
businesses.  
 
Control: The model suggests that the local government has ownership at early stages of the 
project. After several years of operations Government may decide to transfer ownership to 
private sector. At this stage it may decide to sell renewable-based heat pump (HP) station at 
depreciated price or gradually shift through management contract. The Government still sits 
in the Board of Management. 
 

8.4 Concession Possibilities 

The Concession Law of Mongolia 2010 (“Concession Law”) was developed by taking guidance 
from UNCITRAL Model Legislative Provisions on Privately Financed Infrastructure Projects, 
OECD Basic Elements of Law on Concession Agreements, EC Green Paper on Public Private 
Partnerships and Community law on Public Contracts and Concessions as well as considering 
recommendations of UNDP, ADB and USAID. Thus, Concession law of Mongolia has 
numbers of familiarities with international practice as well.  
According to Concession law of Mongolia, there are 7 types of concession as follows:  

1. “Build-Operate-Transfer” (BOT) a concessionaire builds the concession item by using 
its own funds or funds it has raised, operates it within the period specified in the 
agreement and transfers the concession item upon the expiration of the agreement to 
the state or local ownership in accordance with the conditions specified in the 
agreement;                                            

2. “Build-Transfer” (BT) a concessionaire builds the concession item by using its own 
funds or funds it has raised, and transfers the concession item to the state or local 
ownership in accordance with the conditions specified in the agreement;                                                             

3. “Build-Own-Operate” (BOO) a concessionaire builds the concession item by using its 
own funds or funds it has raised, and owns and operates the concession item in 
accordance with the conditions specified in the agreement;                                                                                    

4. “Build-Own-Operate-Transfer” (BOOT) a concessionaire builds the concession item by 
using its own funds or funds it has raised, owns and operates it within the period 
specified in the agreement, and transfers it upon expiration of the agreement to the 
state or local ownership in accordance with the conditions specified in the agreement;                                                             

5. “Build-Lease-Transfer”(BLT) a concessionaire builds the concession item by using its 
own funds or funds it has raised, transfers the possession of the concession item to 
the authorized entity under a financial lease arrangement as specified in the 
agreement, and transfers it to the state or local ownership upon the expiration of the 
lease;                                                           
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6. “Design-Build-Finance-Operate” (DBFO)a concessionaire designs the concession 
item, builds it by using its own funds or funds it has raised, operates it within the period 
specified in the agreement, and transfers it to the state or local ownership upon the 
expiration ofthe agreement in accordance with the conditions specified in the 
agreement;  

7. “Renovate-Operate-Transfer” (ROT) a concessionaire renovates the concession item 
by using its own funds or funds it has raised, operates it within the period specified in 
the agreement, and Official Translation Approved by the Ministry of Foreign Affairs of 
Mongolia on 24 February 2010 transfers the concession item together with the 
renovated item to the state or local ownership in accordance with the conditions 
specified in theagreement. 
 

In newly build sites, it could be BOT, BOO, BOOT, BT, BLT and DBFO, and ROT for current 
sites. The main condition of Concession Law is it requires that concessionaire finance the 
project by its own funds or funds it has raised.  In this project case, it’s difficult for private 
companies to finance the project. Because current operators don’t have a financial capacity 
and they are not in the position to meet financial requirements from banking and financial 
institutions. For the private companies, they are mainly willing to participate with their current 
resources such as human resources, current infrastructures and management resources. 
Therefore, we considered the Concession scheme as not suitable and affordable to private 
companies due to their financial constraints and inability.  
 

8.5 Evaluation of Models 

Table 79 Evaluation of business models 

Evaluation 
Criteria 1. Government 2. Private 3. PPP 

Decrease CO2 
emission Possible Possible Possible 

To realize 
extend 
infrastructure 
to increase 
revenue 

Initiative by Government to 
reduce heat/energy poverty 
and provide equal access is 
required. Infrastructure 
development and expansion 
is possible through state 
budget as a result, 
accessibility to heat may 
increase among vulnerable 
communities 

Always keen to 
implement measures to 
increase revenue 

Always keen to implement 
measures to increase 
revenue. Infrastructure 
development and expansion 
is possible through state 
budget as a result, 
accessibility to heat may 
increase among vulnerable 
communities 

Decrease cost 
to maximize 
profit 

Initiative by Government to 
reduce cost is required. 
Operating expenditure may 
decrease as a result of not 
paying management fee   

Always keen to 
implement measures to 
decrease cost to 
maximize profit 

Always keen to implement 
measures to decrease cost to 
maximize profit 

Risk of 
Government 
subsidy 

GoM’s support for setting 
favourable environment such 
as appropriate heat sell price, 
tax, subsidy including fiscal 
subsidy in the forms of RE 
and capacity tariff support is 
highly possible 

Receiving fiscal subsidy 
in the forms of RE and 
capacity tariff support is 
difficult.  

Fiscal subsidy in the forms of 
RE and capacity tariff support 
is quite possible because 
SPC is owned by the 
Government. 

Profit to 
Government 

Difficult to generate adequate 
profit 

Quite possible due to 
Operator’s management 

Quite possible due to 
Operator’s management 
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capacity. The 
Government will receive 
tax, RE and capacity 
tariff 

capacity. The Government 
will receive tax, RE and 
capacity tariff and dividend 

Governance of 
the SPC 

Conflict of interest occurs 
There is a risk to expose 
political intervention, because 
politicians may be assigned 
as a Board member(s) 
Risk not to make 
business/rational decision 
may be increased 

Clear focus on profit or 
value maximization 

Clear focus on profit or value 
maximization 

Heat providing 
contract 
concluding 
speed 

Because GoM is involved, 
contract terms’ negotiation 
can be achieved easily.  
The GoM approval seems to 
be easy, and there will be 
minimal risk to face a setback 
during the contract 
negotiation 

Might as not fast as 
public entity. But private 
entity has a know how 
and efficient skills to 
conclude contracts 

Because GoM is involved, 
contract terms’ negotiation 
can be achieved easily.  
The GoM approval seems to 
be easy, and there will be 
minimal risk to face a setback 
during the contract 
negotiation 

Management 
Lack of monitoring and effort 
to improve the management 
of SPC.  

GoM can enjoy the 
synergy of its 
policy/development plan 
such as subnational and 
secondary city planning 
and development etc. 
Participation of previous 
operator would bring the 
benefit of indirect 
transfer of know-how for 
the management DHS 
plant.  

GoM can enjoy the synergy 
of its policy/development plan 
such as subnational and 
secondary city planning and 
development etc. 
Participation of previous 
operator would bring the 
benefit of indirect transfer of 
know-how for the 
management DHS plant.  

 
Table 80 Risk allocation of business models 

Category Type of risks 1. Public 2. Private 3. PPP 

Market risk Market risk Government Private Pub/Private 

Management risk Operational cost risk Government Private Pub/Private 

Policy and Institutional 
risk 

Policy change risk Government Private Pub/Private 

Law change risk Government Private Pub/Private 

Tariff revision risk Government Private Pub/Private 

Tax system change 
risk Government Private Government 

Social risk Employment system 
risk Government Private Private 

Inevitability risk   Government Private Pub/Private 

 
Figure 29 Advantages of PPP Model  



Feasibility Study and Business Model Development for Low Carbon 
District Heating Systems in Mongolia 

94 

 
 
It is indispensable to utilize the capability of the private operator to maximize profit and by minimizing cost. 
Private sector has know-how and management experience in operating heating plant. As defined in 
below, private operator has capacity to increase productivity as well as efficiency and effectiveness.  
 
Figure 30 Cost reduction methodology 
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8.6 Recommended Business Model - Hybrid-Publicly Owned, Privately 
Managed Entity (PPP) 

To implement low carbon district heating system project in selected areas, our project team 
compared and analyzed 3 potential business models as a) Public b) Private c) Hybrid-Public 
and private partnership (PPP).  
 
As we have acknowledged, the objective of this project is to reduce CO2 emissions and reduce 
air pollution. In regards with our business model, the first priority is to generate reasonable 
profit and maintain the high performance of operation during lifetime of heating plant.  
 
Based on our study, we are recommending Hybrid-Publicly owned, privately managed entity 
(PPP) business model as shown in below scheme.  
 
Figure 31 Hybrid – Publicly-owned and privately managed business model scheme 

 
Having government ownership will enable friendly policy and legal environment to implement 
and operate the project and directly bring public consumers who are already existing in project 
areas and support with incentives and subsidies to mitigate financial burden. In addition, the 
most important component is initial investment of Government and loan repayment guarantee 
to financial institutions.  
 
In our PPP model, private entity will handle operation and management (O&M) of heating plant 
by introducing their know-how and experience to promote and develop business and expand 
value chain and efficient management and procurement system. With the participation and 
utilizing the capability of private entity, project will maximize profit and by minimizing cost.  
In case of Concession scheme with Government, it’s difficult to proceed with it due to financial 
burden to private entities. 
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8.7 Business Model Conclusion 

Low carbon (renewable-based) DHS can be a major contributor for Mongolia to achieve a 
national target of reducing GHG emission, however, scaling up renewable-based technology 
is dependent on regulatory framework, financing structure and design of the system. 
The assessment of 3 different business models has been carried out for the selected 3 areas 
with the aim of identifying combination of best investment, management and operations 
opportunities and defining policy instruments that could effectively support the development 
of renewable-based DHS in the country.  
The analysis of different business models shows that hybrid-PPP model is suitable for the 
project. Having government ownership will enable favorable policy and legal environment to 
implement and operate the project and directly bring public consumers who are already 
existing in project areas and support with incentives and subsidies to mitigate financial burden. 
In addition, the most important component is the initial investment of Government which is 
defined as 10% at this stage and loan repayment guarantees to financial institutions.  
In our PPP model, the private entity will handle operation and management (O&M) of heating 
plant by introducing their know-how and experience to promote and develop business and 
expand value chain and efficient management and procurement system. It is indispensable to 
utilize the capability of Private Operator to maximize profit by minimizing cost. 
In the case of the Concession scheme, it could be BOT, BOO, BOOT, BT, BLT and DBFO, 
and ROT for current sites. The main condition of the Concession law requires concessionaire 
to finance the project by its own funds or funds it has raised. We considered Concession 
scheme is not affordable to private companies due to their financial constraints and inability.  
Although the assessment is carried out in 3 areas many of the results and conclusions can be 
translated to other soums. Most of the soums in the country share the similar characteristics 
regarding their DHS: disconnections, coal-fired heat generation, an aging infrastructure and 
declining competitiveness.  
However, the recommended business model will only bring favorable changes if a number of 
policy instruments and regulatory measures are carried out by the Government. We 
recommend the following policy and regulatory instruments: 

• Investment support includes non-refundable grants, loans with low interest rates or 
government guarantees and guarantee for currency exchange rate fluctuation;  

• Operating support such as cost reduction and revenue generation after the investment 
is realized.  

• Subsidy for electricity buy price (time of use electricity price); 
• Use of RE support tariff and capacity tariff;  
• Heat purchase obligations through PPA;  
• Guaranteed heat sell price for renewable-based district heat producers and application 

of escalation rate throughout the project duration;  
• At local level, make obligatory not to switch to individual non-renewable heating 

source;  
• Prohibit or limit existing and new businesses to install non-renewable heating boilers 

at certain areas and encourage them to source heating from renewable-based DHS;  
• Explore and introduce bonus accelerated depreciation16 for renewable-based DHS;  
• Tax exemption or reduction, particularly in the first few years; and  
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• Other applicable policy instruments such as green certificate systems and production 
incentive.  

• The Law of Mongolia on Renewable Energy, which states that it is possible to set up 
the appropriate and affordable tariff for the heating, taking into account the tariff of 
renewable energy as a result of environmental impacts and the greenhouse gas 
emissions reduction. However, household income of local community is not so high, 
therefore it is necessary to keep the heat tariff at affordable rate. 

 
In a case of Mongolia, for heating plants with a capacity of over 5 MW, the Energy Regulatory 
Committee (ERC) sets the tariff for heating in the local areas, city, aimag and soum centers. 
Aimag Energy Regulatory Board sets the heating tariff for heat generators with a capacity of 
up to 5 MW. As of 2018, the heating tariff for Bayanchandmani soum center is 1,050 MNT/m3 
or 0.393 USD/m3, the heating tariff for Kharkhorin soum center of Uvurkhangai aimag is 1,097 
MNT/m3or 0.41 USD/m3, and heating tariff for Khonkhor village of Ulaanbaatar is 990 MNT/m3 
or 0.37 USD/m3. 
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IX. ENVIRONMENTAL IMPACT ASSESSMENT 

9.1 Environmental Impacts of Different Types of Boiler Houses of 
Bayanchandmani soum, Tuv aimag 

Existing coal-fired water boiler house. Coal-fired water boiler houses have the highest 
negative environmental impacts including air pollution, emission and soil pollution. The boiler 
house with efficiency of 70% uses approximately 1900 tons of coal a year. By constructing 
such a coal-fired boiler house the following pollution and emission is generated due to coal 
burning: 

• Besides emission, around boilers at the radius of nearly 300 meters ash is spread 
in the soil and pollutes soil surface.  

• Coal fired water boiler houses of Bayanchandmani soum center emit sulfur dioxide 
(SOx) and nitrogen oxides (Nox) and ash to the air. The annual SOx is 10 tons, 
annual NOx is 3.0 tons and in regard to CO 60 tons are emitted a year. Ash 
emission to the air is estimated to be 490 tons a year.  

• In regard to CO2, 2,660 tons are emitted to the air. Although there is not much 
negative impact from CO2 at local level, its impact on global warming is significant 
and it leads to desertification, reduced rainfall, increased frequency of natural 
disasters including heavy rain and flood.  

• Ash from coal burning pollutes soil and negatively affects air quality causing 
various disease among the community.  

 
Besides environmental pollution, work environment conditions are poor; poor indoor air 
quality, smog, ash and bad smell. Working conditions in coal-fired boiler houses are 
characterized by various manual work including ash and waste removal.  
 
Coal itself is a depletable natural resource and coal mining has a lot of environmental impacts 
including land deterioration. Coal is transported by trucks from mine sites located in a far 
distance. Such transportation mode contributes to land deterioration because in rural areas 
the improved road is not available. Once brought to the boiler house location, coal is stored in 
an open space in the fence of the boiler house. Ash is not properly stored, transported and 
disposed at soum level. 
 

Table 81 Emissions of greenhouse and harmful gases caused by coal-fired boiler Bayanchandmani soum, ton 
CO2 

Emission  Measurement  Quantity  
Annual CO2 emissions tn СО2 2,660.0 
Annual CO emissions tn СО 60.0 
Annual Sulfur dioxide (SOx)  
Emissions tn SOx 10.0 

Annual nitrogen oxides (NOx) emissions tn NOx 3.0 
Ash annual emissions tn ash 490.0 

 
Renewable-based DHS of Bayanchamdmani soum. A primary benefit of renewable-based 
DHS is that it can play an important role in reducing the levels of carbon dioxide (CO2) emitted 
into the atmosphere.The technologies such as closed-loop ground source heat pump system 
and closed-loop ground source heat pump with additional source-electric boilerreplace coal-
fired thermal energy generation, offset coal usage and significantly reduce CO2 emission and 
other negative environmental impacts such as land deterioration and soil pollution. However, 
electricity consumption for operations of heat pumps causes CO2 emission since electricity is 
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generated through coal consuming power plants. The amount of CO2 emissions and CO2 
reductions for both technologies are shown in the Table 82. 
The annual emission reduction of CO2 is calculated by difference between annual CO2 
emission of coal –fired and selected renewable-based heating system.  
 
Table 82 Annual CO2 emission and reduction by renewable-based heat pump system, Bayanchandmani soum
  

Closed-loop ground source heat pump system 
Annual CO2 emissions thous.tn СО2 0.77 
Annual emission reduction CO2 thous.tn CO2 1.89 
Closed-loop ground source heat pump with additional source-electric boiler 
Annual CO2 emissions thous.tn СО2 1.23 
Annual emission reduction CO2 thous.tn CO2 1.43 

 

Table 83 Comparison of CO2 emissionand reduction, selected heat sources, Bayanchandmani soum 

Heat sources Unit  Emission, СО2 Emission reduction, 
СО2 

Coal-fired boiler house thous.tn  2.66 - 
Closed-loop ground source heat 
pump system 

thous.tn 0.77 1.89 

Closed-loop ground source heat 
pump system+electric boiler  

thous.tn  1.23 1.43 

 

9.2 Environmental Assessment of Different Boiler Houses in Kharkhorin 

Coal fired HOBs in Kharkhorin. The environmental impacts of coal-fired HOBs would be the 
same, however the magnitude of negative environmental impacts such as pollution and 
emission is much higher and more extended compared to the negative impacts in other areas 
due to its size, capacity and coal consumption. Therefore, its contribution to air pollution is 
significant. The HOBs with a capacity of 5.2 MW use 8500 tons of coal a year and about 20-
25 percent of the coal turns to ash.  
 
Table 84 Emissions of greenhouse and harmful gases of coal fired HOBs of Kharkhorin soum center 

Emission  Unit  Quantity  
Annual CO2 emissions thous. tn СО2 11.9 
Annual CO emissions thous. tn СО 0.26 
Annual Sulfur dioxide (SOx) emissions thous. tn SOx 0.01 
Annual nitrogen oxides (NOx) emissions thous. tn NOx 0.05 
Ash annual emissions thous. tn ash 2.21 

 
Environmental impacts of renewable-based heating boiler houses: Kharkhorin case 
In case of closed loop ground source heat pump, it requires a large size of land and drilling 
will take a place. However, the land could be used as a playground, sports space or garden.  
 

Table 85 Annual CO2 emission and reduction by renewable-based technologies, Kharkhorin 

Closed-loop ground source heat pump with additional source-electric boiler ( in each of the 4 boiler 
houses)  
Annual CO2 emissions thous.tn СО2 6.6 
Annual emission reduction CO2 thous.tn CO2 5.3 

 

Table 86 Comparison of CO2 emission and reduction, selected heat sources, Kharkhorin 
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Heat sources Unit Emission, СО2 Emission reduction, 
СО2 

Coal-fired boiler house thous.tn 11.9 - 
GSHP for heating and 
hot water 

thous.tn 4.56 7.34 

GSHP for heating only  thous.tn 3.35 8.55 
GSHP with electric boiler  thous.tn 6.6 5.3 

 

9.3 Environmental Impacts of Different Heating Boiler Houses in 
Khonkhor village 

Coal-fired water boiler house of Khonkhor village. The coal-fired water boiler house in 
Khonkhor village uses 1,000 tons of coal a year of which 25% turn to ash. The emission 
amount of green house and harmful gases is described in Table 87. 
 
Table 87 Emissions of greenhouse and harmful gases produced by coal fired boiler house, Khonkhor village 

Emission Unit Quantity 
Annual CO2 emissions thous. tn СО2 1.35 
Annual CO emissions thous. tn СО 0.03 
Annual Sulfur dioxide (SOx) emissions thous. tn SOx 0.00 
Annual nitrogen oxides (NOx) emissions thous. tn NOx 0.01 
Ash annual emissions thous. tn ash 0.25 

 
Environmental impacts of renewable-based heating boiler houses: Khonkhor village. In 
a case of Khonkhor village, combined air source heat pump system with additional source -
electric boiler will not require a significant size of land.  
 

Table 88 Comparison of CO2 emissions and reduction, selected heat sources, Khonkhor village 

Air-source heat pump with additional source-electric boilers  
Annual CO2 emissions thous.tn СО2 1.35 
Annual emission reduction CO2 thous.tn CO2 0.39 

 

Table 89Comparison of CO2 emission and reduction, selected heat sources, Khonkhor 

Heat sources Unit Emission, СО2 Emission 
reduction, СО2 

Coal-fired  thous.tn  1.35 - 
Air-source heat pump with 
additional source-electric 
boilers 

thous.tn  0.39 0.96 

9.4 Conclusion 

The realization of the project leads to annual reduction of CO2 by 1.9 times compared to coal-
fired heat boilers and reduction of other harmful substances. Accordingly, the reduction of 
CO2 over 20 years will be 168,800 tons. The project will bring other environmental benefits 
including reduced waste, soil pollution and land deterioration.  
However, it should be taken into account that closed loop GSHP requires sizable land, 
extensive drillings and use of antifreeze and working fluid. For this account, the technology 
causes land disturbance. In a case of air source heat pump there is no need for a large land 
area, but its electricity consumption is higher compared to GSHP and the noise level is 
significant. 
 



Feasibility Study and Business Model Development for Low Carbon 
District Heating Systems in Mongolia 

101 

Table 90 Annual emission of GHG and noxious gases, ton 

Annual emission  CO2 CO SOx NOx Ash 
Bayanchandmani 1230 0 0 0 0 
Kharkhorin  5270 0 0 0 0 
Khonkhor  970 0 0 0 0 

Total renewable based 7470 0 0 0 0 

Total coal fired 15910 350 30 53.5 2950 
 
Table 91Annual reduction of GHG and noxious gases, ton 

Emission reduction  CO2 CO SOx NOx Ash 

Bayanchandmani 1430 60 10 3 490 
Kharkhorin 6630 260 10 50 2210 
Khonkhor  380 30 10 0.5 250 
Total renewable 8440 350 30 53.5 2950 

 

X. SOCIAL AND GENDER ISSUES 

 
 
Ensure sustainable consumption and production patterns, inclusive and sustainable economic 
growth, full and productive employment and decent work  
 
In rural areas, many of the households run small and family-owned businesses. For instance, 
in Kharkhorin, women are engaged in small business such as food processing, bakery, 
cafeteria, trading, sewing, souvenir makingand tourism related activities. In Bayanchandmani, 
women are engaged in activities such as vegetable growing, trading and dairy food 
processing. Low carbon heating system will contribute to business development and income 
generating activities and women gain opportunities to expand and grow their business and 
increase productivity and profitability. 
 
Investment in low-carbon DHS will bring new employment opportunities and these 
opportunities should be evenly distributed among men and women. It is perceived that 
occupations in heating system is traditionally-male dominated and it is prevalent that there is 
low participation of women in jobs in small capacity boiler houses located in rural areas.  

UN Sustainable Developments Goals and Targets 2030  
• End poverty in all its forms everywhere  
• Ensure healthy lives and promote wellbeing at all ages  
• Achieve gender equality and empower women and girls 
• Ensure access to sustainable modern energy  
• Promote inclusive and sustainable economic growth, full and productive employment 

and decent work  
• Reduce inequality within and among countries  
• Make human settlements inclusive, safe, resilient and sustainable  
• Ensure sustainable consumption and production patterns. 

 
Source: httpcs://www.un.org/sustainabledevelopment/sustainable-development-goals/ 
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Existing boiler houses in rural and peri-urban setting seriously violate occupational health and 
safety (OHS) norms and procedures.Labour conditions such as manual work at existing coal-
fired boiler houses limit women’s employment participation in the sector. Waste and emission 
such as dust, smog and ash hinder both men and women to enjoy working in a safe and 
healthy environment. Therefore, the project should develop OHS procedure to be reinforced 
at workplace when create renewable –based heating system.  
 
With investment and introduction of renewable-based low carbon DHS in Bayanchandmani, 
Kharkhorin and Khonkhor the work environment will become healthier and this improvement 
will create gender diverse workplace opportunities. However, gender strategy of the project 
should take into consideration how the project could bring equal benefits to women and men 
at different project phases and along the value chain (e.g., installation, operations and s ales 
and maintenance and repairs).It should be noted that the renewable based heating system 
will end some of the work such as coal transportation and selling and new jobs will replace 
traditional manual work at boiler houses. The people who provide such service or work in 
existing boiler houses are likely to be challenged to gain new knowledge or shift to new 
business. Currently, education and skills of both men and women from local areas is 
insufficient to work in the renewable-based DHS, therefore the project should plan capacity 
building trainings to bring job opportunities to local community.  
 
Ensure access to sustainable heating service for all.  
In rural areas and ger areas of Ulaanbaatar there is lack of proper access to heating services 
because of inefficiency and low capacity of heat only boilers and connection limits. Gers and 
houses are not connected to heating system, as such coal-fed stoves are mainly used by 
families to keep warm. In houses in ger areas as well as soum centers, floor heating is used 
occasionally for heating and electric boilers are used to prepare hot water. 
 
Renewable-based heating system will improve reliability of heating sources and increase 
heating accessibility in rural areas. The project does not target expansion of heating system 
and network connection to every home and ger in selected areas. However, in the future if 
household income allows the households can afford connection to the heating system which 
will have direct impacts on the lives of women. It will save time in fueling stoves and give 
opportunities for fuel savings. Therefore, increased availability and consistency of renewable-
based heating supply in the areas will alleviate household burden of women. It should be noted 
that the households may be financially constrained to access heating despite improved and 
expanded heating system and heat production due to high cost of connection to the heating 
system.  
 
As mentioned in Part 3 of this study, household income in rural areas is comparatively low and 
sudden increase of heat price may affect low income families and vulnerable people. In 
particular, the project should have insight on situation of single parent (both male and female 
headed) headed households that may be in poorer conditions and have less opportunity to 
access heating supply.  
 
Make human settlements inclusive, safe, resilient and sustainable and ensure healthy 
lifestyles and promote wellbeing.  
With low carbon heating system health and life quality of women and men will improve through 
improved outdoor and indoor air quality and reduced illnesses. Low carbon heating system 
will provide more reliable and adequate heating service to public organisations; schools, 
kindergartens and hospitals. Children will have an opportunity to study in schools with better 
indoor air quality. 
 
In developing the social and gender action plan it is advised to undertake the following: 
Gender action plan:  
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• Assess potential impacts of project on men and women and evaluate gender-related 
risks of the project;  

• Plan how the project will engage women and men equally in different phases of the 
project from design stage; 

• Carry out gender analysis of need, demand and priorities related to heating service and 
design activities to target these needs and priorities of men and women;  

• Examine the different situations of men and women, their work load and roles 
• Identify how to address gender-based barriers including access to heating service, 

connection to heating system and access to credit, work opportunity in the system, 
management and operation of heating system; 

• Access men’s and women’s knowledge on using and accessing renewable based 
technologies and their attitudes on transferring to new heating system based on 
renewable-based technology;  

• Suggest a variety of effective communication tools to reach both men and women to 
promote renewable energy technologies, efficient energy use and building energy 
efficiency in order to encourage them to take actions towards reducing building heat loss 
and insulate their homes and buildings;  

• Provide educational and information dissemination activities among local community and 
inform both men and women about benefits of renewable based heating system and 
opportunities that the project will bring; 

• Include actions to promote gender diverse workplace and decent work conditions (equal 
opportunity to men and women, equal pay for job, equal recognition, working hours etc.);  

• Apply a gender approach to renewable energyinvestment tools including PPA and zero-
night tariff, economic incentives, and credit facilities; and  

• Define gender-responsive indicators and targets and identify how and at what frequency 
the data will be collected and used to track gender-related issues of the project; 

Social safeguard plan: 
• Review situation of workers employed by existing heating boilers and workplace 

conditions and identify challenges, opportunities and plan measures to safeguard 
their employment, set up decent work conditions and create green jobs;  

• Review soum local businesses including family businesses that depend on current 
heating boilers (such as coal transportation) and impacts of the project on these 
businesses; 

• Explore heating needs and priorities of local businesses headed by local people 
(both women and men) that have and have not connection to heating system;  

• Examine attitude and readiness of local business to shift to renewable based heating 
system and service and identify opportunities and challenges for local business 
including affordability, knowledge and credit assessment;  

• Examine whether there are barriers that must be addressed, such as land ownership 
before technologies can be adopted; 

• Explore poverty and household livelihood situation of selected areas to better reveal 
heating service affordability. For this account, carry out analysis of women-headed 
families and vulnerable families and their dependence on heating service at 
household level as well as business and employment level;  

• Carry out analysis of impacts of the project on lifestyle of local community;  
• Undertake assessment of the newtechnology on women and children;  
• Carry out rapid health impact assessment and benefits of new technologies for health 

improvement of local community;  
• Design actions and measures that reduce negative impacts of the project on 

household livelihood and local businesses.  
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XI. CONCLUSIONS 

The diagnostic of the political, economic, legal and regulatory situation of Mongolia reveals 
that a key factor for realization of the project is the Government’s commitment to take serious 
regulatory measures in support of low carbon renewable –based DHS and improve its 
reliability and efficiency. In the absence of renewable-based heating-specific policies, 
particularly tariff regulations it is hardly possible to mobilize financing and realize the project. 
It should also be noted that the private heating system operator does not have incentives to 
reduce adverse impacts of the existing coal-fired DHS on the environment and community.  
 
Based on the rapid assessment of the existing heating system in soum centers it has been 
concluded that the current state of coal-fired heating systems/boilers have high pollution and 
emission and are not promising in terms of energy and economic efficiency. The private 
owners as well as operators of heating systems/boilers at soum level lack financial capacity 
to invest in renewable-based DHS, have a limited number of professional experts and lack 
knowledge and understanding of low carbon technologies. 
 
The project team has made analysis of 2-3 technologies for each selected areas; 
Bayanchandmani, Kharkhorin and Khonkhor village and suggested closed loop ground source 
heat pump with electric boiler for Khonkhor village and Kharkhorin soum and air source heat 
pump with additional electric and solar collector for Bayanchandmani soum. 
 
Table 92 Estimated technical indicators 

 Bayanchandmani Kharkhorin Khonkhor village Total  
Design heat load 1.24 MW 5.6 MW 0.55 MW 7.39 
Capacity of heat pump house/heat 
pump station  1.24 MW 5.6 MW 0.55 MW 7.36 

Annual heat consumption  4000 MWh 16870 MWh 2060 MWh 22,930 
Annual heat production  4400 MWh 17380 MWh 2160 MWh 23940 

 
The investment scenarios show that the feasibility of the project depends on the Government’s 
ability to mobilize preferential loan with the interest rate of below 3.0% and commitment to 
regulatory measures such as subsidy in the form of time of use electricity tariff, RE support 
tariff and capacity tariff. It is also assumed that the Project facilities are owned by the 
Government (municipal or central), and debt principal payments are borne by the budget. 
 
The Government should also commit itself to contribute at least 10% of the total investment 
and bear responsibilities for favourable economic incentive measures to support for successful 
implementation and scaling up of the project and providing opportunities for local small and 
medium enterprises and households to connect and access heating from renewable-based 
DHS.  
 
The total investment required for the project implementation in Bayanchandmani, Kharkhorin 
and Khonkhor village is USD 16,524,360, if the interest during construction period is included, 
it would be USD 16, 745,001.  
 
Table 93 Investment scenario  

 Bayanchandmani Kharkhorin Khonkhor  TOTAL 
Investment scenario:   
CapEx (USD) 3.324,600 12,488,160 711,600 16,524,360 
Interest during construction 44,392 166,748 9,502 1,873,077 
Total Initial Investment 3,368,992 12,654,908 721,102 16,745,001 
Government funding (10%) 376,852 1,415,564 80,662 1,873,078.00 
External funding (90%)  2,992,140 11,239,344 640,440 14,871,924.00 
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Table 94 Investment assumptions 

Loan duration 20 years Kharkhorin and Bayanchandmani GSHP with 
an electric boiler 

15 years Khonkhor village air source heat pump with 
an electric boiler 

Interest rate 3% per annum  
Heat tariff USD 0.0065 per kWh  
Capacity tariff for enterprises USD 3.41 per kW real capacity in peak load period 
Renewable energy support 
tariff 

USD0.0045 per kW  

Time of use electricity tariff USD 0.054 6:00-17:00 
USD 0.084 17:00-22:00 
USD 0.0337 22:00-6:00 

 
Table 95 Subsidy assumptions 

  Average Total 
1. Kharkhorin    

Renewable energy tariff USD 66,195 1,654,865 
Capacity tariff USD 47,860 1,196,507 
Principal payment USD 449,574 11,239,344 
Total subsidy USD 563,629 14,090,717 

2. Bayanchandmani    
Renewable energy tariff USD 14,722 368,046 
Capacity tariff USD 10,644 266,106 
Principal payment USD 119,686 2,992,140 
Total subsidy USD 145,052 3,626,293 

3. Khonkhor    
Renewable energy tariff USD 7,952 198,799 
Capacity tariff USD 5,749 198,799 
Principal payment USD 25,618 198,799 
Total subsidy USD 39,319 596,396 
TOTAL FOR 3 Project USD  747,999   18,313,406  

 
Subsidies will be accounted as the Government’s equity injection into the project, increasing 
its equity amount. 
 
The assessment of 3 different business models has been carried out for the selected 3 areas 
with the aim of identifying combination of best investment, management and operations 
opportunities and defining policy instruments that could effectively support the development 
of renewable-based DHS in the country: public, private and hybrid public and private 
partnership PPP models. Of these three models the project team  suggests hybrid public and 
private partnership PPP model.  In our PPP model, private entity will handle operation and 
management (O&M) of heating plant by introducing their know-how and experience to promote 
and develop business and expand value chain and efficient management and procurement 
system. With the participation and utilizing the capability of private entity, project will maximize 
profit and by minimizing cost.  
 
In the case of the Concession scheme, it could be BOT, BOO, BOOT, BT, BLT and DBFO, 
and ROT for current sites. The main condition of the Concession law requires concessionaire 
to finance the project by its own funds or funds it has raised. We have considered the 
Concession scheme is not affordable to private companies due to their financial constraints 
and inability.  
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It is assumed that during the operation the Government guarantees a service contract with the 
private sector for a fixed long-term period regulates heat price and its escalation rate and takes 
regulatory measures to support sustainable operations. PPA defines heat sell from renewable 
sources for a fixed period equal to loan payment period.It is advised for the government to 
implement measures in support of renewable based DHS should include time of use electricity 
tariff, RE support tariff, capacity tariff and bonus accelerated depreciation17.Other market- 
based incentives may include renewable energy certificate (REC) and production incentive for 
renewable based DHS. In terms of operations and maintenance, it is assumed that private 
sector will take a responsibility and provide heat supply service under PPA. The private sector 
is obliged not to switch to non-renewable heating sources and extend heat supply to new local 
consumers including households and businesses.  
 
The realization of the project leads to annual reduction of CO2 by 1.9 times compared to coal-
fired heat boilers and substantial reduction of other harmful substances.Accordingly, the 
reduction of CO2 over 20 years will be 168,800 tons. 
 
The project will bring other environmental benefits including reduced waste, soil pollution and 
land deterioration. 
  
In terms of social and gender impacts, the project will contribute to achievement of number of 
energy related goals and targets of 2030 Sustainable Development Goals and Mongolia’s long 
term policies including sustainable consumption and production, inclusive economic growth, 
full and productive employment and decent work, achieving gender equality, access to 
sustainable modern energy, healthy lives and wellbeing, inclusive, safe, resilient and 
sustainable human settlements.  
 
Although the feasibility study has been carried out in 3 areas many of the results and 
conclusions can be translated to other soum centers of Mongolia. Most of the soums in the 
country share the similar characteristics regarding their DHS: disconnections, coal-fired heat 
generation, an aging infrastructure and declining competitiveness.  
 
  

                                                 
 
 
 
17Bonus depreciation is a method of accelerated depreciation which allows a business to make an additional 
deduction of 50% of the cost of qualifying property in the year in which it is put into service. This extra 
depreciation allowance is only for new equipment.httpcs://www.thebalancesmb.com/what-is-bonus-
depreciation-398144 
 

https://www.thebalancesmb.com/accelerated-depreciation-for-business-tax-savings-updated-397646
https://www.thebalancesmb.com/what-is-bonus-depreciation-398144
https://www.thebalancesmb.com/what-is-bonus-depreciation-398144
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ANNEX 

Appendix 1. Recommended Technologies for Bayanchandmani Soum 

Closed loop ground source heat pump system  

Solar vacuum system with an additional electric heater for domestic hot water  
A hot water technology using solar energy has been chosen. Due to the solar radiation 
intensity declines sharply in the winter, it requires a large number of vacuum solar collectors 
to able to operate reliability. To get rid of this problem, an option with auxiliary heaters was 
chosen. It is estimated the capacity ratio of solar heaters and electric boilers are 80:20. 
DHW of buildings is supplied from the vacuum solar systems separately. In case of winter, it 
is necessary to clean collectors due to the air pollution.  
 
The solar irradiation data is collected for Ulaanbaatar region over a period using Retscreen 
software and solar angle calculator, which is shown in the below Table18. The lowest value 
has been recorded in the month of December and it has been used in the calculation of 
collector area.  
 

Daily solar radiation on horizontal and Incidence angle 

 Months Daily solar radiation – 
horizontal, kWh/m2/day 

Incidence angle, 
Degree Celsius 

1 January 1.59 26° 
2 February 2.66 34° 
3 March 4.08 42° 
4 April 4.94 50° 
5 May 5.72 58° 
6 June 5.92 66° 
7 July 5.32 58° 
8 August 4.62 50° 
9 September 3.93 42° 
10 October 2.92 34° 
11 November 1.79 26° 
12 December 1.39 18° 
 Annual average 3.74  

 

The view of the solar collectors, Ulaanbaatar 

 

                                                 
 
 
 
18 Retscreen software and solar angle calculator for Ulaanbaatar, Mongolia.  
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The Optimum tilts of solar collectors by month 

 
On the 21st December, the sun will rise 63°east of due south and set 63° west of due south.  
On the 21st March/21st September, the sun will rise 91° east of due south and set 91° west of 
due south. On the 21st June, the sun rise 120° east of due south and set 120° west of due 
south.  
 

Heat distribution of solar collector and electric heaters 

 
 
Preparing the hot water demand of the soum center, near the main consumers is a viable 
option. For this option, investment cost will not be spent on building a heat network.  
If the vacuum solar system with a power supply for hot water supply is placed at one point, it 
will be cost effective.  
 
Solar vacuum system for bath house in ger area of soum center  
 
A bath is an important object for the rural areas. Since bathing is not possible at home, an 
integrated hot water bath is necessary for the soum center. It is possible to apply the 
recommended option to the building point directly due to planning the bath place. For the bath 
place, it is convenient to supply the heat by a combined system such as vacuum solar collector 
+ electric boiler. It is substantial to choose the hot water tank with an auxiliary heater. The 
electric element functions as back-up when solar energy is not available or when hot water 
demand exceeds the solar-heated supply. 
 

Bath house in soum center 

Heat load on hot water kW 15.0 
Capacity of electric heater kW 8.0 

1 2 3 4 5 6 7 8 9 10 11 12

Heat consumption 97,92 97,92 97,92 97,92 97,92 97,92 97,92 97,92 97,92 97,92 97,92 97,92

Heat supply from SH 34 47,3 73,6 94,3 113,2 120 116 107,8 79,2 57,5 34,7 28,8

Heat supply from EB 63,9 50,6 24,3 3,6 -15,3 -22,1 -18 -9,9 18,7 40,4 63,15 69
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Capacity of solar heater kW 5.2 
Annual Electricity consumption of electric boiler kWh 29510.0 
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Appendix 2. Kharkhorin Renewable Based Technologies 

Closed-loop ground source heat pump system for heating and hot water in every home 
boiler house that are currently operating (Recommended option 1) 
This option is to build heat plants using the closed-loop ground source heat pump to supply 
of heat load (heating and hot water) by 100 percent. It is not possible to build a central heat 
pump station in one place, because it requires a large area for many boreholes. We propose 
to build a 4-5 heat pump stations in the boiler rooms, which are available. 
 

Diagram of Closed-loop ground source heat pump system for heating and DHW 

 
Source: Project team, 2019 
 
Calculated results of Closed-loop ground source heat pump system (TSTR company) 

Heat capacity GSHP system kW 2890 

Number boreholes Pcs 295 
Length  m 44250 
Annual electricity consumption of Heat pump  thous.MWh 2.67 

 
Calculated results of Closed-loop ground source heat pump system (SOD EEL company) 

Heat capacity GSHP system kW 940 

Number boreholes Pcs 110 
Length  m 16500 

 

Calculated results of Closed-loop ground source heat pump system (Ar tsogt company) 
Heat capacity GSHP system kW 332.4 

Length m 5250 
Number boreholes Pcs 35.0 
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Calculated results of Closed-loop ground source heat pump system (Uv Post Company) 
Heat capacity GSHP system kW 1065 

Length  m 16650 
Number boreholes Pcs 111.5 

 
Calculated results of Closed-loop ground source heat pump system, Gan manlai, company 

Heat capacity GSHP system kW 959 

Length  m 15000 
Number boreholes Pcs 100 

 

Closed-loop ground source heat pump stations for user’s only heating  
 

Diagram of Closed-loop ground source heat pump system for heating 

 
Source: Project team, 2019 
 
Calculated results of Closed-loop ground source heat pump stations (TSTR company) 

Geothermal HP for heating 
  

Capacity  MW 2.6 
Annual heat production  thous.MWh 8.0 
Length  m 39600 
Number boreholes Pcs 264 

 
Calculated results of Closed-loop ground source heat pump stations (SOD EEL company) 

GSHP for heating 
  

Capacity MW 0.8 
Annual heat production  thous.MWh 2.4 
Length m 12150 
Number boreholes Pcs 81.0 
Annual electricity consumption of Heat pump  thous.MWh 0.7 

 
Calculated results of Closed-loop ground source heat pump stations (Ar Tsogt Company) 
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GSHP for heating 
  

Capacity MW 0.3 
Annual heat production  thous.MWh 1.0 
Length m 4800 
Number boreholes pcs 32 
Annual electricity consumption of Heat pump  thous.MWh 0.2 

 

Calculated results of Closed-loop ground source heat pump stations (UvPost Company) 

GSHP for heating 
  

Capacity MW 1.0 
Annual heat production  thous.MWh 3.0 
Length m 14700 
Number boreholes Pcs 98.0 
Annual electricity consumption of Heat pump  thous.MWh 0.7 

 
Calculated results of Closed-loop ground source heat pump stations (Gan Manlai Company) 

GSHP for heating 
  

capacity  MW 0.8 
Annual heat production  thous.MWh 2.5 
Length m 12450 
Number boreholes Pcs 83 
Total investment for all boreholes mln.tug 3060.2 
Annual electricity consumption of Heat pump  thous.MWh 0.6 
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Appendix 3. Khonkhor Village Renewable Based Technology 

Combined solar collector and air-source heat pump system with additional source-electric 
boilers  
 
The typical hybrid heating system is shown in Figure 41, containing solar collector, air-
source heat pump and water tank as thermal energy storage (TES)equipment. The collector 
absorbs solar radiation and converts it to heat energy, which is delivered to the heat 
exchanger to produce hot water. Then the water flows into the tank for heat charge during 
the daytime when solar radiation is high enough, whereas it flows out for heat discharge in 
the night. On the other hand, the electric air-source heat pump is installed in parallel with the 
solar heating system, working as the auxiliary heat source. 
 

Scheme of combined solar collector and air/water source heat pump for heating and DHW 
 

 

When the outdoor temperature decreases, the thermal load of buildings increases and the 
intensity of solar radiation decreases. In order to use solar energy efficiently, it is necessary 
to use a tank to heat the building. As the outside air temperature rises, for example in the 
spring and summertime, power will not be fully utilized. 

The relationships between the annual average heat load and average capacity from the vacuum solar collector 
/for DHW and Heating/ 
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The relationships between the annual average heat load and average capacity from the vacuum solar collector 
/only for heating/ 

 
 
When the solar vacuum collector capacity is 0.19 MW, 80 pieces of vacuum solar collectors 
are required. One solar vacuum collector’s dimension is as below: 
Height – 2 m and width – 2.5 m including 20 pieces of tubes. It is estimated the distance 
between rows is 6.7 m. 
Solar vacuum collectors will be installed next to the boiler house. Totally 1350 m2 area is 
required. It is possible to install all types of equipment in the enclosure of the boiler house.  
 

The row spacing distance 

 
Calculate the exact row spacing distance by the below given formula: 

𝑳𝑳𝒎𝒎𝒃𝒃𝒊𝒊 = 𝑵𝑵 ∙ �
𝒅𝒅𝒃𝒃𝒊𝒊𝒔𝒔
𝒕𝒕𝒂𝒂𝒊𝒊𝜶𝜶

+ 𝒄𝒄𝒐𝒐𝒅𝒅𝒔𝒔� = 𝟎𝟎.𝟕𝟕𝒎𝒎 
x – collector length, m 
𝜶𝜶– solar radiation angle, [18 degree] 
𝒔𝒔 - module angle, [72 degree] 

As a result, the user loads can be fulfilled by heat pump, TES discharge and direct solar 
heating together. Results of the calculation are shown in the below Table. In this case, 
electric boiler is installed as a reserve source.  
 
Calculated results of combined solar collector and air/water heat pump 

Air/water source HP+Solar collectors for heating and hot water 

65% air source heat pump 
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Capacity  MW 0.36 
Annual heat production  thous.MWh 1.51 
Annual electricity consumption of Heat pump  thous.MWh 0.61 
35% solar collectors 
Capacity of solar collectors MW 0.19 
Annual heat production of solar collectors thous.MWh 0.65 
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Appendix 4. Time Schedule of Project Implementation 
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Appendix 5. Financial Model Assumptions 

 

Inputs unit explanation Chosen

Scenario selection
Public 

ownership, 
100% Private 

model
100% Public 

model
Public ownership, 
Private operation

Description
Asset owned by 

private,
Asset owned by 

public
Asset owned by 

public
 Loan acquired by 

private
 Loan acquired by 

public
 Loan acquired by 

public
No O&M Fee No O&M Fee 30% O&M Fee

General Assumption Ерөнхий өгөгдөл

Currency
MNT/USD MNT 2,670                2,670                  2,670                  2,670                  
Currency devaluation rate % per year 1% 1% 1% 1%

Inflation Indices
Revenue % 5% 5% 5% 5%
Electricity cost % 5% 5% 5% 5%
Salary & other opex % 5% 5% 5% 5%
Maintenance % 5% 5% 5% 5%
No inflation % 0% 0% 0% 0%
[Spare] % 5% 5% 5% 5%

Tax
Taxable income >3.0 billion MNT % 25% 25% 25% 25%
Taxable income <3.0 billion MNT % 10% 10% 10% 10%
Tax Treshhold ₮ 3,000,000,000   3,000,000,000     3,000,000,000     3,000,000,000     

Working capital
Account receivables days day 30                    30                      30                      30                      
Account payable days day 30                    30                      30                      30                      

Project Dates and Timings

Forecast begins date 01/01/19
Forecast period year 25                    
Forecast ends date 01/31/44

Construction commencement date 04/01/20 04/01/20 04/01/20 04/01/20
Construction continue days 180.00              180.00                180.00                180.00                
Construction end date 09/28/20

Operation commencement date 10/28/20

Capital Expenditure

Kharkhorin Subsidy available? Subsidy Subsidy Subsidy Subsidy
Design and exploration cost 260,000            260,000              260,000              260,000              

Equipment
Heat pump equipment  USD 4,500,000         4,500,000            4,500,000            4,500,000            
Collector tubes USD 18,000              18,000                18,000                18,000                
Tanks USD 80,000              80,000                80,000                80,000                
Return pumps USD 4,000                4,000                  4,000                  4,000                  
Tubes USD 180,000            180,000              180,000              180,000              
Total Equipment USD 4,782,000         

Construction
Electricity installation USD 1,800                1,800                  1,800                  1,800                  
Drilling work USD 5,000,000         5,000,000            5,000,000            5,000,000            
Tubes insallation  USD 13,000              13,000                13,000                13,000                
Automation  USD 30,000              30,000                30,000                30,000                
Testing and Regulating USD 100,000            100,000              100,000              100,000              
Transportation USD 20,000              20,000                20,000                20,000                
Total Construction USD 5,164,800         

Public utility
Heat network installation and improvenent USD 200,000            200,000              200,000              200,000              

Contingency cost USD 2,081,360         
TOTAL KHARKHORIN CAPEX USD 12,488,160        

Bayanchandmani Subsidy available? Subsidy Subsidy Subsidy Subsidy
Design and exploration cost 80,000              80,000                80,000                80,000                

Equipment
Heat pump equipment  USD 1,120,000         1,120,000            1,120,000            1,120,000            
Collector tubes USD 5,000                5,000                  5,000                  5,000                  
Tanks USD 20,000              20,000                20,000                20,000                
Return pumps USD 2,000                2,000                  2,000                  2,000                  
Tubes USD 50,000              50,000                50,000                50,000                
Total Equipment USD 1,197,000         

Construction
Electricity installation USD 1,200                1,200                  1,200                  1,200                  
Drilling work USD 1,250,000         1,250,000            1,250,000            1,250,000            
Tubes insallation  USD 8,000                8,000                  8,000                  8,000                  
Automation  USD 12,000              12,000                12,000                12,000                
Testing and Regulating USD 45,000              45,000                45,000                45,000                
Transportation USD 5,000                5,000                  5,000                  5,000                  
Total Construction USD 1,321,200         

Public utility
Heat network installation and improvenent USD 172,300            172,300              172,300              172,300              

Contingency cost 554,100            
TOTAL BAYANCHANDMANI CAPEX USD 3,324,600         

Khonkhor Subsidy available? Subsidy Subsidy Subsidy Subsidy
Design and exploration cost 75,000              75,000                75,000                75,000                

District Heating System
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Equipment
Heat pump equipment  USD 310,000            310,000              310,000              310,000              
Heat exchanger USD 100,000            100,000              100,000              100,000              
Tanks USD 20,000              20,000                20,000                20,000                
Return pumps USD 1,000                1,000                  1,000                  1,000                  
Tubes USD -                       -                         -                         -                         
Total Equipment USD 431,000            

Construction
Electricity installation USD -                       -                         -                         -                         
Drilling work USD -                       -                         -                         -                         
Tubes insallation  USD -                       -                         -                         -                         
Automation  USD 20,000              20,000                20,000                20,000                
Testing and Regulating USD 15,000              15,000                15,000                15,000                
Transportation USD 2,000                2,000                  2,000                  2,000                  
Total Construction USD 37,000              

Public utility
Heat network installation and improvenent USD 50,000              50,000                50,000                50,000                

Contingency cost 118,600            
TOTAL KHONKHOR CAPEX USD 711,600            

Financing

Debt facility
Kharkhorin loan
Tenor year 20                    20                      20                      20                      
Interest rate % 3% 3% 3% 3%
Installment in a year # 2                      2                        2                        2                        
Drawdown date date 05/01/20 05/01/20 05/01/20 05/01/20
Grace period month 12                    12                      12                      12                      
Principal payment start date date 10/31/21

Bayanchandmani loan
Tenor year 20                    20                      20                      20                      
Interest rate % 3% 3% 3% 3%
Installment in a year # 2                      2                        2                        2                        
Drawdown date date 05/01/20 05/01/20 05/01/20 05/01/20
Grace period month 12                    12                      12                      12                      
Principal payment start date date 10/31/21

Khonkhor loan
Tenor year 15                    15                      15                      15                      
Interest rate % 3% 3% 3% 3%
Installment in a year # 2                      2                        2                        2                        
Drawdown date date 05/01/20 05/01/20 05/01/20 05/01/20
Grace period month 12                    12                      12                      12                      
Principal payment start date date 10/31/21

Public Financing
Public investment USD -                       

Equity Financing
Debt portion % of CAPEX 90% 60% 90% 90%
Equity portion % of CAPEX 10%
WACC % = debt interest 3%

Production

Production
Kharkhorin

Heat generation capacity Ground source MWh 3.36                 3.36                    3.36                    3.36                    
Heat generation capacity electric MWh 2.24                 2.24                    2.24                    2.24                    
Network loss % 2% 2% 2% 2%
Total production capacity MWh 5.49                 

Bayanchandmani
Heat generation capacity Ground source MWh 0.74                 0.74                    0.74                    0.74                    
Heat generation capacity electric MWh 0.50                 0.50                    0.50                    0.50                    
Network loss % 2% 2% 2% 2%
Total production capacity MWh 1.22                 

Khonkhor
Heat generation capacity air/water MWh 0.36                 0.36                    0.36                    0.36                    
Heat generation capacity electric MWh 0.19                 0.19                    0.19                    0.19                    
Network loss % 2% 2% 2% 2%
Total production capacity MWh 0.54                 

Capacity utilization
Capacity Utilization % 35% 35% 35% 35%

Sales

Sales distribution
Kharkhorin

Public office sales % 70% 70% 70% 70%
Private office sales % 18% 18% 18% 18%
Residential sales % 12% 12% 12% 12%

Bayanchandmani
Public office sales % 94% 94% 94% 94%
Private office sales % 4% 4% 4% 4%
Residential sales % 2% 2% 2% 2%
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Khonkhor
Public office sales % 97% 97% 97% 97%
Private office sales % 3% 3% 3% 3%
Residential sales % 0% 0% 0% 0%

Heat tariff
Public office price USD per MWh 0.065                0.065                  0.065                  0.065                  
Private office price USD per MWh 0.065                0.065                  0.065                  0.065                  
Residential price USD per MWh 0.025                0.025                  0.025                  0.025                  

Cost items

Utility cost
Usage

Electricity Kharkhorin of ground heater % of Heat capacity 25% 25% 25% 25%
Electricity Bayanchandmani of ground heater % of Heat capacity 25% 25% 25% 25%
Electricity Khonkhor for air heater % of Heat capacity 50% 50% 50% 50%

Tariff
Electricity price average MNT per kw.h 140                  

      Price (6:00-17:00) MNT per kw.h 11.00                                     140                  140                    140                    140                    
      Price (17:00-22:00) MNT per kw.h 5.00                                       222                  222                    222                    222                    
     Price (22:00-06:00) MNT per kw.h 8.00                                       89                    89                      89                      89                      

Renewable energy support tariff MNT per kw.h 20                    19.9                    19.9                    19.9                    
Capacity tariff MNT per month 9000 9000 9000 9000

Operation cost
Kharkhorin Employee number

Management
Supervisor person 1 1 1 1
Accountant person 1 1 1 1
Bookkeeper person 1 1 1 1
Office manager person 1 1 1 1

Workers at the boilers
Technician person 6 6 6 6
Other person 3 3 3 3

Bayanchandmani Employee number
Management

Supervisor person 1 1 1 1
Accountant person 1 1 1 1
Bookkeeper person 1 1 1 1
Office manager person 1 1 1 1

Workers at the boilers
Technician person 3 3 3 3
Other person 1 1 1 1

Khonkhor Employee number
Management

Supervisor person 1 1 1 1
Accountant person 1 1 1 1
Bookkeeper person 0 0 0 0
Office manager person 0 0 0 0

Workers at the boilers
Technician person 2 2 2 2
Other person 1 1 1 1

Salary
Management
Supervisor MNT per person monthly 888,000 800,000 800,000 800,000
Accountant MNT per person monthly 666,000 600,000 600,000 600,000
Bookkeeper MNT per person monthly 666,000 600,000 600,000 600,000
Office manager MNT per person monthly 666,000 600,000 600,000 600,000
Workers at the boilers
Technician MNT per person monthly 555,000 500,000 500,000 500,000
Other MNT per person monthly 555,000 500,000 500,000 500,000
Social security fee % 11% 11% 11% 11%

Insurance
Insurance fee for building structure % per year 1% 1% 1% 1%

Depreciation policy
Khonkhor year 15                    15                      15                      15                      
Kharkhorin & Bayanchandmani year 25                    25                      25                      25                      

Maintenance cost
Kharkhorin Annual maintenance USD for unit 5,000                5,000                  5,000                  5,000                  
Bayanchandmani Annual maintenance USD for unit 3,000                3,000                  3,000                  3,000                  
Khonkhor Annual maintenance USD for unit 2,000                2,000                  2,000                  2,000                  

Annual maintenance occurrence occered every … year 1                      1                        1                        1                        
Other cost

Safety procedure cost USD per year per town 6,000                6,000                  6,000                  6,000                  
Communcation USD per year per town 1,000                1,000                  1,000                  1,000                  

O&M fee
Kharkhorin O&M fee for private operator % of Operating Income 15% 0% 0% 15%
Bayanchandmani O&M fee for private operator % of Operating Income 15% 0% 0% 15%
Khonkhor O&M fee for private operator % of Operating Income 100% 0% 0% 100%
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