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E X E C U T I VE S U MMA RY
This report presents the findings of a Climate and Clean Air Coalition (CCAC) study to
assess the feasibility of a household energy finance facility to provide affordable end-user
finance for residents of Ulaanbaatar’s ger districts, for purchase of low-polluting, household
heating technology.
In recent years, the air quality of Ulaanbaatar has deteriorated and, during winter months,
the city now ranks amongst the most polluted cities globally. In spite of continued efforts
to improve the air quality, continual migration to Ulaanbaatar has caused the problem to
worsen.
Much of the population growth has been in the city’s low-income ger1 (Mongolian national
dwelling) districts, where coal, wood, and hazardous non-conventional fuels, such as household waste, are burned for heat. This has led to significant increases in the capital city’s air
pollution emissions.
Previous efforts to improve the city’s air quality have focused on stove-switching and the
subsidized sale of 144,000 efficient stoves to residents of the ger district.2 While these
programs had initial success, issues with stove breakage, continued migration to the city,
and 40 percent of the stoves distributed being resold outside of the city have combined to
undermine their initial impact.
In May 2018, a team from the CCAC led by UN Environment (UNEP) and the Frankfurt
School of Finance and Management (FS), travelled to Ulaanbaatar to meet with XacBank,
a Mongolian Commercial Bank, to investigate the feasibility of setting up a household,
end-user finance facility to assist ger residents in the purchase of cleaner household heating
alternatives in order to replace the inefficient traditional heat stoves that are presently used
in the gers.
The CCAC team met with a range of stakeholders, including ger residents, local and national
government, academics, engineers, and technology suppliers, in order to assess the available
technological solutions and make an assessment of those that are appropriate for households in the Ulaanbaatar ger districts. To evaluate which technologies are appropriate in this
context, it was necessary to consider a number of factors, as described in the following
sections.

P O L IC Y
Since the 1990s, various measures have been implemented by the government in an attempt
to reduce the severity of air pollution in Ulaanbaatar, often targeted at improving cooking
and heat stoves for households in the ger districts.
Following the 2016 Parliamentary elections, the newly formed Government of Mongolia
(led by the Mongolian People’s Party) developed the National Action Plan for Reducing Air
and Environmental Pollution. The plan contains measures designed to tackle Ulaanbaatar’s
air pollution problem. Implementation of the following steps is particularly relevant:
◼◼ a 50–100 percent discount for off-peak electricity consumption for ger district
households
◼◼ a gradual prohibition of the use of raw coal for household heating
◼◼ the expansion of the electricity distribution network and sub-stations in the ger district
◼◼ the development of standards for household electrical heaters
◼◼ tax exemptions for domestic products with advanced and environmentally friendly
technology
1. The ger is the traditional Mongolian domicile and consists of a wooden frame and a layering of
different ‘blankets.’
2. The World Bank Clean Air Project successfully disseminated 40,830 efficient stoves, and the MCC
project sold a total of 103,255 subsidized stoves.
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◼◼ the development of regulations to incentivize citizens and businesses in the area to mitigate environmental pollution, reduce heat loss, and improve energy efficiency.

E N E RGY S I TUATI ON
During winter months, temperatures in Ulaanbaatar regularly fall to –20°C, so keeping warm
becomes a fundamental aspect of survival. A range of stoves are used in the households of
the ger districts. The traditional stoves are constructed from cast iron and have poor thermal
properties, retaining heat for a maximum of three hours after firing, and producing up to 20
times the pollution levels of an improved, efficient stove.
Efficient stoves are composed of cast iron and ceramic. They retain heat significantly longer,
typically leading to fuel savings of 30 percent and a reduction in emissions of between 80
and 90 percent.
In addition to combustion stoves, a wide range of heating systems are already in place in ger
households, including electrical night storage heating and underfloor heating. Households
consume on average three to five metric tons of coal and three to four cubic meters of
firewood per year.3 Coal of varying grades can be found in and around the city. In line with
the Action Plan, from 2018 the government plans to ban the combustion of coal in certain
of zones of the city, followed by a complete ban in 2021.
Ulaanbaatar receives electricity from the central energy system (CES) grid, which mainly
consists of five coal-fired power plants. The State policy on renewable generation in
Mongolia aims to increase gradually the proportion of electricity generated from renewables
to 20 percent renewable energy installed capacity by 2023, and 30 percent renewable energy
capacity by 2030.
In the ger districts, around 95 percent of homes are presently connected to the grid, which
is unable to deal with the load. As such, during times of peak load (6–9am and 4–9pm),
transmission restrictions lead to load shedding, which is the practice of temporarily switching-off the distribution of energy to different areas in order to cope with the excess demand.
In winter months, when households use electric heaters to provide additional heat in their
homes, the total demand can rise from 1.7 kW to 4 kW, which is well in excess of the distribution capacity. To improve capacity, and in line with the Action Plan, the government plans
for a number of substations to be built in and around the ger districts. The substations and
additional improvements to transmission lines will increase the electricity supply to 2 kW by
2019 and 4 kW by 2025.
In an effort to reduce the peak electricity demand even further, the Ministry of Energy
(MoE) and the Energy Regulatory Commission (ERC) have provided a 50–100 percent
off-peak electricity discount to the ger district households with a two-phase electricity meter.
This policy was implemented in 2016 as a 50 percent reduction in the off-peak tariff, which
was later increased to 100 percent and is expected to last until 2021.4,5 There is, however,
uncertainty over how many households can take advantage of this policy since there are no
data on the number of households that possess the two-phase meter necessary to achieve
the benefits.
Current building codes and requisite standards do not cover individual housing or low-rise
construction. Even if they did, ger area residents lack adequate training in modern construction techniques. As a result, inferior quality construction with poor thermal performance is
common in ger areas.

3. The average household uses raw coal as its main heating fuel, and uses firewood to start the fire.
4. T. Atarjargal, Head of the Energy Efficiency Department, Energy Regulatory Committee.
Personal communication, 4th May 2017.
5. Action Plan for the Implementation of the National Program for Reducing Air and
Environmental Pollution, draft.
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S O C IO - E CON OMI C SI TUATI ON
The Mongolian people are traditionally nomadic, and this has been enshrined in the
Mongolian constitution. In line with this culture, in recent years migration to the city has
out-paced the supply of housing, which has, in part, led to the development of the ger
districts, areas of unplanned housing which exist on the outskirts of Ulaanbaatar and that
partially surround the city. As of 2014, there are approximately 202,000 households in the
ger district of Ulaanbaatar, of which an estimated 93,000 are living in traditional gers (46
percent).
While gers are often used as a primary residence, longer-term residents of the ger districts
commonly build their own homes in the form of more permanent structures. It is therefore
necessary to consider the quality and longevity of this type of accommodation and the practicality of a stove in heating the building.
Cost is of vital importance when selecting an appropriate heating solution. A dweller living
in a detached house in Ulaanbaatar has a monthly average monetary income of MNT
976,704 (~USD 391) and roughly 50 percent of households in Ulaanbaatar earn less than
the median household income of MNT 870,644 or USD 348 a month.
Approximately 24 percent of all workers in Ulaanbaatar work either in the informal sector
or as farmers. These types of irregular or informal incomes may make it difficult for households to make regular monthly loan repayments required by traditional mortgage finance.

A LTE R N ATI V E EN ERGY OP TI ON S FOR
HO U S E HOLDS I N THE GER DI STRI C TS
When assessing cleaner heating technology options, in addition to the factors explained
above, emphasis was given to the local availability of the technology, the compatibility
with the ger households, environmental considerations, the system cost, and potential cost
savings to the end-user.
A wide range of electric heating systems appropriate for use in ger households are available
in Mongolia, imported mainly from China, Russia, South Korea, and European countries.
The study team met with suppliers and carried out an appraisal for each of the technologies
and provided a description of the technology and its distinguishing characteristics, electrical
consumption, and lifespan, as well as a summary of the pros and cons of each technology.
The technologies identified were: 1) night storage heaters; 2) convection heaters; 3) fan heaters; 4) infrared heaters; 5) clean burning/low-emission heating stoves; 6) steam radiators; 7)
electric radiators, 8) under-floor heating systems.
In addition, the study addressed different space heating and hot water supply solutions: 9)
district heating; 10) electric water heaters; 11) domestic solar water heaters.
Most of the electric heating systems that are locally available have higher purchase costs
than the low-emission coal burning stoves. Electric heating system owners will not achieve
significant operational savings against the low-emission coal burning stoves, even if the
zero-night time electricity tariff is considered. It is anticipated that the majority of the
households will adopt the night-storage heaters, as a result of the zero-night time tariff.

P OTE N TIAL FOR E N V I RON ME N TAL B EN EFIT
The analysis finds that the widespread distribution of electric heating systems can play an
important role in eliminating ambient air pollution in Ulaanbaatar and reduce PM2.5 by
1,485 metric tons.
However, the extensive distribution of electric heating systems would not lead to an immediate reduction in greenhouse gas (GHG) emissions. This is because Ulaanbaatar receives
electricity from the CES grid, which is generated by five coal-fired power plants with a
weighted average thermal efficiency of 41.26 percent. When compared with the average coal
consumption from an efficient coal burning stove, the CO2 produced by electricity generated to supply an electric heating system will be 14.5 percent higher than the CO2 emitted by
a low-emission coal burning heating stove. This would imply a net increase in CO2 emissions
as a result of the adoption of electric heaters.
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In order to achieve any emission gains through the sale of electric heaters, it is necessary to
also reduce the household energy demand by first improving the thermal efficiency of ger
households.
As a result of the unregulated construction of ger households, the thermal properties of
structures in the ger districts are poor. However, a number of cost-effective measures can
improve the thermal quality of the ger households. These measures include thermal insulation of walls, roofs, foundation, and exchange of windows, and will lead to a significant
reduction in household energy consumption. If implemented, the specific energy consumption of the average building in the ger districts would be reduced from 393 kWh/m2/year
to 206 kWh/m2/year, a reduction of up to 48 percent at an average total cost of MNT 7
million (USD 2,700) per household. The proposed building insulation measures with electric
heating replacing a low-emission coal burning stove (where space heating demand will be
met through grid electricity) will cut coal consumption by 40 percent from baseline situation due to reduced space heating/ electricity requirements in each insulated building. This
will have significant impacts on GHG emission reduction and air quality improvement in
Ulaanbaatar.

F IN A N C IAL AN ALYSI S
A financial analysis has been carried out on each of the household space heating options
analyzed in this study, when implemented in combination with building envelope improvements (together to be referred as “ECMs” or “Energy Conservation Measures”. A simplified cost benefit analysis on the savings of an electric heating system and building insulation
measures was done. The affordability of the household loan is defined as the maximum
debt-to-income ratio (DTI) with household savings of 65 percent. For all ECMs, fuel
savings alone are insufficient to maintain a DTI ratio with savings of 65 percent.
When monthly average household savings (35 percent of monthly average income) is
included, costs of all ECM options stay below the target DTI ratio with savings of 65
percent, meaning there is no need for an additional grant to bring down the costs of ECMs
under the assumptions of a 5-year loan tenor; 14.3 percent annual interest rate, minimum
monthly household income of MNT 976,704 (USD 391). The minimum annual interest rate
of 14.3 percent is suggested by XacBank which assumes the cost of foreign currency loan
and currency swap for local lending.
While the subsidized mortgage loan program of the government offering below-market
annual interest loans at 8 percent is currently facing budget constraints leading to a sharp
decline in the approval of loans, in the current market for housing microloans, i.e. loans
used for home improvement or construction, loan products have annual interest rates
between 19.6 to 42 percent. Other consumer loan products have interest rates between 20
to 30 percent. Therefore, XacBank’s lending terms will be semi-commercial in nature and
competitive over the range of loan offered by other commercial banks.
The financial analysis also considers additional three income quintiles of ger district
households that have monthly income below MNT 976,704 per month. Depending on the
selection of ECM options, households with monthly incomes up to MNT 380,000 MNT
(USD 152) would require 53 to 70 percent grants; households with monthly incomes up to
MNT 500,000 (USD 200) would require 23 to 47 percent grants; households with monthly
incomes up to MNT 758,000 (USD 303) would require up to 12 percent grants on the ECM
costs. In other words, only top income quintile households (MNT>= 976,704 per month)
that satisfy the DTI ratio with savings of 65% do not require additional grants but concessional financing to bear the costs of ECMs.
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WAY F O RWARD: FAC I LI TY
D E S IG N A ND C HALLE N GE S
XacBank’s pilot finance facility will primarily target financing at the top income quintile ger
households that do not require any grants on investment costs and can afford to repay the
loans from savings. The pilot finance program will target a total of 11,000 ger households
over three years, to adopt building insulation and electric heating solutions in the first phase.
This is a conservative approach in comparison with the government’s electricity sub-station
roll-out plan aiming to enable 110,000 households to use electric heaters by 2021. The total
investment cost, including building envelope measures, is estimated to be between USD
2,900 and USD 4,600 per household, depending on the heating system selected by the
end-user. With a target outreach of 11,000 households, the pilot finance facility is expected
to mobilize at least USD 48 million worth of investments in ECMs comprising building
envelopes and electric heating solutions. Beyond the pilot phase, further technical assistance
from the CCAC is foreseen to support the implementation of the facility, which will help
XacBank develop tailor-made loan products and implement pilot projects by extending
financing to ger district households.
The high adoption of electric heaters is heavily contingent upon the delivery of the planned
electricity grid capacity improvements in the ger districts. If they are not delivered, heating
technologies may be less effective, or rendered useless. This may in turn result in the return
to combustion heaters. For the program to eliminate GHG emissions generated by coalfired heating stoves effectively, it would need to offer some way of removing the coal stoves
from the market so that the emissions are not simply displaced.

Financing Household Clean Energy Solutions

vii

1 . I N T RO D U C TION
Ulaanbaatar is Mongolia’s capital city and has a population of 1.345 million.6 In recent years,
the air quality of Ulaanbaatar has deteriorated and, at certain times of the year, the city
now ranks amongst the most polluted cities globally. The city’s air pollution is particularly
severe during the winter months as temperatures drop below –20°C and households burn
coal, wood, and other available fuels for heat. During this time, 50 percent of all monitoring
results indicate pollution levels are regularly in excess of the limits set by the Mongolian Air
Quality Standards and represent a risk to health.7
The continuing air quality degradation has been attributed to human-related factors, particularly a combination of industrialization and rapid urbanization that has resulted from
economic migration from rural to urban areas, as well as weather-driven migration with
surges in population movements that correspond to weather shocks.
A significant portion of migrants have settled in the city’s lower-income ger (Mongolian
traditional dwelling) districts, which now hold roughly 58 percent of the city’s population.8
In these districts, the primary fuel types are coal and wood, which are burned for heating
and cooking. This has been a significant driver of the capital city’s increasingly severe air
pollution.
The rising severity of the urban seasonal air pollution has led to mounting public pressure
on the government to act decisively. Accordingly, the recently elected government has
provided a strong mandate to resolve this issue. Since its election in June 2016, the new
government has started to develop and implement policies to combat the various sources
of air pollution. However, the government’s efforts come on the back of 20 years of work,
with differing degrees of success, and many of the gains achieved have been undermined
by continual migration to the city. This highlights the complexity of the situation that is a
combination of political, technological, financial, and cultural factors.
XacBank is a Mongolian commercial finance institution, founded in 2001, that now serves
more than 700,000 active clients. XacBank was an early pioneer of mobile and internet
banking, and has rapidly expanded its SME portfolio and serves growing businesses, many
of which started as microcredit clients. In 2016, XacBank approached the Climate and
Clean Air Coalition (CCAC) to provide technical assistance (TA) in the establishment of a
financing facility with the specific aim of providing end-user finance to households in order
to reduce the high levels of air pollution being produced in the city’s ger districts.
Between 3rd and 12th May 2017, a team from the CCAC, comprised of UN Environment
(UNEP) and the Frankfurt School UNEP Collaborating Centre (FS) travelled to Ulaanbaatar
to carry out a preliminary investigation to identify the material factors in order to assess the
feasibility of a household energy finance facility. Hosted by XacBank, the team met with
a range of stakeholders at the ministry and local government level, as well as technology
solution providers, academics, and households in the ger districts. This report outlines the
key findings of the investigation.

6. UN Data, 2017
7. R. Allen, E. Gombojav, B. Barkhasragchaa, T. Byambaa, O. Lkhasuren, O. Amram, T. K. Takaro,
and C. R Janes, 2013, An assessment of air pollution and its attributable mortality in Ulaanbaatar,
Mongolia
8. www.mongolia-properties.com
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2 . K E Y C ON S I D ER AT IONS
2 . 1 . A IR- P O L LUTI ON DRI V E RS
Urban pollution in Ulaanbaatar is mainly comprised of a mixture of suspended particulate matter (PM2.5, PM10), sulphur dioxide (SO2), volatile organic compounds, lead (Pb),
carbon monoxide (CO), carbon dioxide (CO2), nitrogen oxides (NOx), and ozone (O3).9 Of
these pollutants, particulate matter (PM) is one of the most critical drivers of health and
economic damage. During the first 10 days of January 2017, the Ministry of Environment
and Tourism (MoET) reported air pollution levels for Ulaanbaatar, and found that PM2.5
particles were 200 mcg/m3 (four times the Air Quality Standard), while PM10 was 606 mcg/
m3 (six times the standard). They also found that SO2 was 235 mcg/m3 (4.7 times the standard) and nitrogen dioxide (NO2) was 119 mcg/m3 (2.4 times the permitted level).10
Ulaanbaatar air quality studies attribute 80 percent of urban pollution to household stoves
in the ger districts, along with the 3,200 heat-only boilers. Ten percent is attributed to vehicles, as from 2005 to 2016, the number of vehicles in Ulaanbaatar increased from 75,000
to 400,000. Five to six percent is attributed to the three thermal coal-fired power plants,
and four percent is attributed to smoke, smog, and dust from ash reservoirs and the Gobi
Desert.11

2.1.1. Household cooking and heating stoves
Mongolia has a pronounced continental climate with an eight month heating season.
Midwinter (late December to early February) daytime temperatures range from –10°C to
–30°C, and can drop to as low as –45°C. During this period, households in the ger districts
typically burn a mixture of raw coal and wood for both heating and cooking. It was also
reported to the investigation team that poorer households are often forced to burn lower
quality fuel such as household waste, dried animal waste, and other non-conventional fuels,
including construction material soaked in diesel.
As of 2014, there are approximately 202,000 households in the ger district of Ulaanbaatar,12
of which an estimated 93,000 are living in traditional gers (46 percent).13 The aggregate air
pollution impacts of these households burning fuel for cooking and heating, particularly in
the winter months, are considerable.

9. D. Amarsaikhan et al. (2014). A Study on Air Pollution in Ulaanbaatar City, Mongolia. Journal of
Geoscience and Environment Protection, 2, 123–128. dx.doi.org/10.4236/gep.2014.22017
10. CAREC, 2015, Air pollution reduction measurements in Ulaanbaatar city.
11. D. Amarsaikhan et al. (2014). A Study on Air Pollution in Ulaanbaatar.
12. Ger districts exist in all nine districts of Ulaanbaatar, with particular growth over the
hills and valleys in the Sukhbaatar, Chingeltei, Songinokhairkhan, and Bayanzurkh
districts. Source: https://blogs.ucl.ac.uk/mongolian-economy/2015/06/24/
social-exclusion-in-the-ger-districts-of-ulaanbaatar/
13. www.mongolia-properties.com/research/real-estate-report-2015/
ulaanbaatar-real-estate-sectoral-analysis/introduction-ulaanbaatar
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Figure 1: Distribution of Ulaanbaatar Ger Areas

Source: Ger Areas Development Authority

It was observed that households in the ger districts use a range of heating and cooking
stoves. The stoves vary by their thermal properties, which in turn determine how much fuel
is required and how much pollution is generated. During winter, households will typically
fire their stove twice during the day: once in the morning for a few hours and again in the
evening to heat their home before they go to bed.
While we were unable to obtain an exact figure for the distribution of stoves in operation,
by using figures from previous programs we were able to estimate that there are between
86,000 and 144,000 households in the ger districts presently operating efficient/low-emission coal burning stoves.14

2.1.2. Rural-urban migration
The internal distribution of Mongolia’s population has changed significantly since the 1960s.
Between 1960 and 2010, Ulaanbaatar’s share of the population doubled from 22 percent to
44 percent. During the same period, the populations of all other regions declined.15 The pace
of Ulaanbaatar’s population increase accelerated after 1990, with a spike in the year 2000.
While some of this increase can be attributed to natural population increases, the primary
factor is internal migration. Periods of high migration often coincide with weather shocks,
such as a particularly harsh winter known as a “Zhud,” or a dry summer. The other primary
driver of migration is relocating in order to be near the labor market. Internal migration is
further reinforced by the tradition of nomadic culture, which is enshrined in the Mongolian
constitution that affords every citizen the “right to choose where to live.”16
The rapid pace of urbanization in Ulaanbaatar has proven particularly challenging in
terms of the absorption of the population growth.17 As a result, the demand for housing
in Ulaanbaatar has outpaced supply, leading to the precipitous growth of the ger districts,
which are regions of unplanned construction on the outskirts of the city.

14. The World Bank Clean Air Project successfully disseminated 40,830 subsidized stoves, while the
MCC project sold a total of 103,255 such stoves. However, 40 percent were reportedly resold
outside of the city.
15. Source: UNFPA demographic study.
16. United Nations Populations Fund, Mongolia.
17. Ibid.
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2 . 2 . IM PAC TS OF AI R P OLLUTI ON
In spite of earlier efforts to reduce air pollution, the net impact has been limited. A World
Bank scenario analysis of air pollution emissions in Ulaanbaatar between the years 2010
and 2020, indicated that without serious intervention from the Mongolian Government to
address these multiple drivers of air pollution, it and its corresponding health impacts would
be significant.18
In recent years, respiratory diseases among the urban population have increased. Various
surveys conducted by the government show that incidences of respiratory and cardiovascular disease, particularly amongst senior citizens and children living in the ger districts
(where levels of pollution are highest), have increased since 2005, implying a link with the
increasing severity of urban pollution.19 In 2005, there were 697 registered incidences of
respiratory diseases per 10,000 population, increasing to 1,730 in 2014, a multiple of 2.4. In
the same year, 494 incidences of cardiovascular diseases were documented, which doubled
to 980 by 2014. Excessive air pollution is also known to have adverse impacts on pregnant
women, and recent years have seen an increase in fetal oxygen deficiency, miscarriage, stillbirth, and low-weight neonates.20 While it would be irresponsible to attribute the rise in the
incidences of respiratory and other air pollution related disease solely to air pollution, the
correlation with the degrading air quality is alarming. Evidence shows a strong association
between seasonal levels of air pollution and pregnancy loss in Ulaanbaatar, as in winter the
number of miscarriages increases more than threefold, from 23 fetal deaths per 1,000 live
births in May, to 73 per 1,000 live births in December.21,22

2 . 3 . P O L IC Y
Since the 1990s, various measures have been implemented in an attempt to reduce the severity of air pollution in Ulaanbaatar, often targeted at improving cooking and heat stoves for
households in the ger districts. It was reported that one reason for the limited success of
previous measures was a lack of enforcement and confusing implementation, and in spite
of incremental improvements in the air quality, the scale of the situation has continued to
worsen, thus undermining any of the achieved gains.

2.3.1. Government Action Plans
Following the 2016 Parliamentary Elections, the newly formed Government of Mongolia
(led by the Mongolian People’s Party) developed its Action Plan for the period of 2016–
2020. The Action Plan is divided into four chapters and is responsible for underpinning the
economic, social, environment, and green developmental policy.
The Action Plan contains the policies and national programs that the new Government of
Mongolia will implement from 2016 to 2020. This Action Plan is based on a previous one
that the Mongolian People’s Party proposed during the 2016 election campaign, as well as
the opinions of citizens and civil society organizations, international agreements, and the
“Sustainable Development Concept of Mongolia 2030.”
As part of the Action Plan, the government has also developed a National Program for
Air and Environmental Pollution and, under the program, a National Action Plan on Air
Pollution Reduction that lays out the measures and activities to tackle air pollution reduction
for the next few years.
Various policy and legal documents have set forth commitments on comprehensive measures to reduce air and environmental pollution and to ensure healthy and safe human living
18. The World Bank, 2011, Air Quality Analysis of Ulaanbaatar: Improving Air Quality to Reduce
Health Impacts.
19. R. Allen et al., 2013, An assessment of air pollution and its attributable mortality in Ulaanbaatar,
Mongolia.
20. M. Nakao, K. Yamauchi, Y. Ishihara, H. Omori, D. Ichinnorov, and B. Solongo, 2017, Effects
of air pollution and seasons on health-related quality of life of Mongolian adults living in
Ulaanbaatar: Cross-sectional studies. BMC Public Health, 17: 594.
21. D. Enkhmaa et al., 2014, Seasonal ambient air pollution correlates strongly with spontaneous
abortion in Mongolia, BMC Pregnancy and Childbirth, 14: 146.
22. UNICEF, 2016, Clean the Air for Children: The impact of air pollution.
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conditions; these documents serve as the key legal rationale for developing the National
Program for Reducing Air and Environmental Pollution. These include the Mongolia
Sustainable Development Vision - 203023 (endorsed in 2016), the Green Development
Policy24 (endorsed in 2014), Mongolia’s Contribution to Mitigating Climate Change (2015),
the Government of Mongolia Action Plan for 2016–2020, Clause 4.1.11 and Provision 10.4
of the Mongolian Law on Development Policy Planning, Provision 14.1 of the Law on
Environmental Protection, Clause 6.1.1 of the Law on Air, and Recommendation 03/03 of
the National Security Council.

2.3.2. The National Program for Reducing
Air and Environmental Pollution
The National Program for Reducing Air and Environmental Pollution seeks to reduce pollution by “optimizing urban planning, decentralization, improvement of quality and access
to infrastructure and by minimizing air and environment pollution by encouraging better
lifestyles and environment.” To achieve this, the program has five key objectives:
I.

Reduce pollution sources by introducing environmentally friendly and advanced technology and innovation, and mitigate polluting emissions by gradually prohibiting the
use of raw coal.
II. Improve air and environmental quality by implementing an optimal policy for
urban development, planning and infrastructure, development of rural areas, and
decentralization.
III. Take comprehensive measures to reduce pollutant vehicle emissions.
IV. Enhance the legal environment by establishing a better administration, management,
financing, obligations, and accountability system for reducing air and environmental
pollution.
V. Increase community and citizen participation and obligations in the reduction of environmental pollution, encourage healthier behavior, build the capacity of environmental
monitoring, and expand research with authentic information/data.
The implementation of the program will take place in two phases over 2017–2025:
Phase one: short term, 2017–2019
Phase two: medium term, 2020–2025
In order to achieve the program’s objectives, a number of sub-actions have been developed.
A full list of the sub-actions can be seen in Annex I.
It is envisaged that the National Program and project will be financed from a number of
sources: i) national and local government budgets; ii) revenues generated from air pollution
fees; iii) revenues generated from water pollution fees; iv) loans and aid from international
organizations and donors, v) private sector financing; and vi) other sources. However, there
are no data available on the volume and proportions in which the financing will be delivered.

23. Mongolia’s Sustainable Development Vision 2030, approved by parliament Feb 2016, lays out a
plan to align with the SDG agenda in three phases: Phase I (2016–2020), Phase II (2021–2025),
and Phase III (2026–2030). Phase I, ‘Environmental Sustainability – Ecosystem Balance,’ incudes
the objective to have “no air pollution in Ulaanbaatar city.”
24. In June 2014, the Green Development Policy was approved through the 43rd resolution of the
Parliament of Mongolia (State Great Khural). The policy serves as a guideline for transition
to green development. It not only elaborates the challenges that Mongolia has to address by
embracing the strategy, but also identifies the opportunities embedded in such a transition. More
importantly, the policy calls for a “reduction of greenhouse gas emissions in the energy sector
through increased energy efficiency by 20 percent by 2030, ensuring the share of renewable
energy in total energy production to 20 percent and 30 percent by 2020 and 2030, respectively,
and by renewing energy and industrial sector technologies, reducing wasteful consumption and
losses and through optimisation of pricing policies.”
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2.3.3. The National Action Plan for Reducing
Air and Environmental Pollution
The National Action Plan for Reducing Air and Environmental Pollution is made up of five
targets, 60 activities, and 150 sub-activities that support the implementation of the National
Program. The Action Plan outlines a number of measures designed to tackle Ulaanbaatar’s
air pollution, with the following steps particularly necessary to implement:
◼◼ 50–100 percent discount for off-peak electricity consumption for ger district
households with a two-phase electricity meter25: To encourage ger residents to heat
their homes with electrical heaters instead of raw coal or other combustible materials, in
2016 the Mongolian Government reduced the nocturnal electricity tariff by 50 percent.
This tariff was subsequently eliminated altogether at the beginning of 2017. This is
implemented by the Ministry of Energy (MoE) and the Energy Regulatory Commission
(ERC) and is planned to run until 2021. The total estimated budget for the reduction is
35 trillion MNT, which is to be divided evenly for five years from 2017 until 2021.
◼◼ The establishment of zones for improving urban air quality, with a list of items
that may not be used for heating (Jan 2017): In 2017, the mayor’s office issued a
resolution dividing the city into four air-quality improvement zones.
Figure 2: Air-quality improvement zones

Source: Ministry of Construction and Urban Development

◼◼ An incremental prohibition of the use of raw coal for household heating: The
MoE and the provincial governor’s office will set fuel and stove standards for household stoves and develop enforcement measures to ensure households comply with the
standards. This will be followed by a complete ban on the use of raw coal: initially in
Zones 3 and 4 by 2018, and Zones 1 and 2 by 2021. Zones 1 and 2 will have combustion
stoves according to the emission standard, whereas Zones 3 and 4 have been identified
as areas that will use electrical heating and night-storage. In support of this measure, the
government plans to provide no less than 1,000 households in the air quality improvement zones with an improved stove and 13,000 households with improved fuel, a 50:50
coke and coal mixture.
◼◼ Establishing a “Green Credit Fund” and low-interest loans in support of the
purchase of energy efficient devices and equipment such as electric heaters: The
Green Credit Fund is to be established between 2017 and 2021, in collaboration with
the Mongolian Bankers Association. The fund will be used to provide soft loans for the
purchase of heaters, insulation materials, and equipment to improve indoor air quality.
◼◼ Encourage the use of renewable energy by households: The MoE and ERC
plan to develop and establish a system whereby the government buys surplus
25. A two-phase electricity meter costs about MNT 90,000. Source: annx.asianews.network/content/
public-voices-resulting-efficient-actions-against-air-pollution-37084
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electricity produced by households at a provisional feed-in tariff (USD 2–3 cents/kWh)
to support rooftop solar generation (2018–2021). In addition, between 2017 and 2020,
the MoE will establish solar sub-centers with up to 10 MW of generation coupled with
heat only boilers.
◼◼ Limit the expansion of the ger districts in Ulaanbaatar by limiting migration to
the city: In January 2017, Ulaanbaatar’s Mayor’s office issued the Restriction Action
decree stating that rural residents, excluding those who require long-term medical care,
those who already own an apartment, and those who have a mortgage loan, will be
restricted from taking up residence in Ulaanbaatar. This restriction will be in place until
1st January, 2018. A second decree prohibited new settlements outside of residential
zones, declaring these to be “eco areas.” The decree is contentious because freedom
of movement is a constitutional right afforded to every citizen in Mongolia. However,
the argument in favor of the decree is that the threat of air pollution in the capital has
reached a point where it could potentially affect national security, and Ulaanbaatar residents’ right to health and safety is being violated.
◼◼ Expand the electricity distribution network and sub-stations, and enable ger area
households to use 2.5–4 kW electric heaters: The MoE is implementing a development to the electricity supply infrastructure in the ger districts that will:
◻◻ connect remaining households to the electricity grid (2017);
◻◻ add an additional four sub-stations with 16 km of transmission line (2017);
◻◻ increase the capacity of transmission grids (2018–2021); and
◻◻ increase the capacity of 6–10 kW switching stations and transformers (2018–2021).
The aim is to create the technical feasibility so that 110,000 households in Ulaanbaatar can
initially use 2.5 kW electric heaters and eventually 2.5–4 kW electric heaters.
◼◼ Develop standards for household electric and gas heaters (2017): Implemented by
the Mayor’s office and the MoE.
◼◼ Develop and implement a national Energy Efficiency Program: The program will
be developed by the MoE and the ERC for approval by Cabinet Resolution in 2017,
before being implemented between 2017 and 2021.
◼◼ Develop rules, regulations, and procedures for the Energy Efficiency Law: In
addition to the Energy Efficiency Program, the MoE and ERC will develop a series
of regulations to incentivize citizens and businesses to erect energy efficient buildings,
produce and import energy efficient equipment and goods, and boost energy efficiency;
this will be supported by regulations assigning energy efficiency classification, labelling,
and controlling of electric machinery; equipment, and household appliances (2017); and
ISO 50000 standards on energy efficiency (2018–2019).
Measures to enhance enforcement and awareness:
◼◼ Implement a campaign that raises public awareness and knowledge by providing
education and training on the negative impacts of air pollution on health, and
their prevention: The Ministry of Health and the National Centre for Public Health
will develop and disburse educational materials and training, and will also launch a
public awareness campaign to increase the public’s understanding on the negative health
impacts of air pollution.
◼◼ Develop regulations to incentivize citizens and businesses in the area to reduce
environmental pollution, reduce heat loss, and improve energy efficiency: The
MoE and ERC will incentivize the reduction in environmental pollution and heat loss,
and work towards improving energy efficiency (2017).
◼◼ Tax exemptions for domestic products with advanced and environmentally
friendly technology: In 2017, the MoET and the Ministry of Construction and Urban
Development established plans to amend the VAT Law, Customs Tariff and Duties Law,
and a Government Resolution by amending Resolution 303 in order to support domestic
and value-added products. These include products and relevant equipment that reduce
air and environmental pollution.
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2 . 4 . M ATE R IA L CON SI DERATI ON S I N ASSE SSMENT
O F A TE C H N OLOGY-B ASED SOLUTI ON
During the investigation, the CCAC team met with a broad range of technology providers,
who offer a range of different technological solutions (please see Annex 2 for a list of technologies). A technological comparison of these solutions is provided in the next chapter.
This section focuses on the additional factors to be considered when selecting and assessing
the feasibility of the various technological options available in order to ensure optimum
levels of uptake and longevity.

2.4.1. Technological factors
Stoves
Households in the ger districts have traditionally used inefficient stoves for cooking and
heating. In the last few years, a number of programs have been implemented to upgrade
these stoves, with various degrees of success.
The traditional stove is constructed from iron 3–5 mm thick, and is composed of a fire box
where the fuel is placed with a stove on top. The thermal properties of the traditional stove
are poor. It retains heat for a maximum of three hours, and has high fuel consumption,
producing 20 times the emissions of an efficient stove.
Improved stoves, of the variety distributed as part of the Millennium Challenge Corporation
(MCC) subsidy program, are typically constructed of iron 2.5–3.5 mm thick, with a 5 cm
ceramic liner and a base of cast iron. They retain heat longer, typically leading to fuel savings
of 30 percent and emission reductions of 80–95 percent.
During visits to the ger districts, in addition to the coal and wood fired stoves, a wide range
of stoves and heating systems were observed, including electrical night storage heating and
electrical underfloor heating.

Fuel
There is no single reference data available on exact amount of coal consumed by the ger
district households per year. The average household in the ger districts is estimated to
consume between 3–4 metric tons of coal per year, according to the MoE. According to
XacBank’s field survey, ger district households (including gers and detached buildings) that
use low-emission coal burning stoves consume about 3.4 metric tons of coal per year on
average and it could be as high as 5 metric tons/year for traditional coal burning stoves.
Another survey conducted by MCC finds that each household burns on average 4.2 metric
tons of coal26 and 4.7 cubic meters of wood per year,27 in addition to a range of non-conventional fuels.
The traditional and improved stoves use a combination of wood and coal, with the former
used to light the stoves and, once lit, the latter used to feed them. However, it was reported
that families often burn household waste for heat (e.g. old tires), which significantly impacts
pollution, including the emission of high levels of toxic dioxins, furans, and polyaromatic
compounds.

26. Angarag.M, Head of Renewable Energy Department, Ministry of Energy. Personal
communication, 5th May 2017.
27. Summary of findings (Oct 2014), Millennium Challenge Corporation (MCC).
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Electricity generation
The energy sector of Mongolia consists of five independent electric power systems:
1. the Central Energy System (CES), which serves Ulaanbaatar and surrounding areas, and
represents the vast majority of the entire Mongolian electricity supply (95 percent of the
total national load and 86.2 percent of the total consumers) and is comprised of five
coal-powered plants, a wind power plant and an interconnection with Russia;
2. the Eastern Energy System (EES), which has one coal-fired power plant;
3. the Western Energy System (WES), which relies on the importation of electricity from
Russia and a small hydro power plant;
4. the Altai-Uliastai Energy System (AUES), which has three small hydro power plants and
two diesel generators;
5. the Southern Energy System (SES), which is comprised of two small coal-fired power
plants and an interconnection with China
Figure 3: Five electric power systems of Mongolia

Source: ERC

The energy sector is almost entirely fossil fuel-based and is dominated by coal. The nation
also has seasonal variations in electricity demand, with winter requiring additional energy
to be imported from Russia for heating. The current installed capacity in Mongolia is 1,122
MW, of which the maximum available winter load is 975 MW, due to losses from aging
plants and transmission.28 With low historical growth in energy demand, there has been
virtually no investment in new power generation since 1985. There are plans to double the
installed power capacity by 2023 and the State policy on renewable generation in Mongolia
aims to have 20 percent renewable energy capacity installed by 2023 and 30 percent renewable energy capacity by 2030.
In recent years, driven by the economic boom, domestic consumption in Mongolia has been
increasing rapidly. Demand for power is increasing by 5–7 percent each year. According
to the 2016 statistics, there are 869,849 households in Mongolia,29 of which 606,982 are
connected to the grid (69.78 percent).30 A gap in peak load of the energy system is filled by
power imports from Russia; in 2016 the gap was 1,419 GWh, which was 19.6 percent of the
total electricity generation.
All five old coal-fired power stations in the CES grid are of Russian design. These cogeneration plants produce base-load electricity, hot water for district heating, and process steam for
industry. The CES is unable to meet the daily energy demand with these plants due to their
aging infrastructure and poor peaking capabilities. The current power supply will continue
to suffice, albeit barely, for some years. However, heating Ulaanbaatar poses some serious
28. Source: 2016 Statistics on Energy Performance, ERC
29. Source: Mongolian Statistical Information Service
30. Source: ERC
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future problems. A new CHPP or heating station is needed to manage peak load, and more
power from Russia will be needed to maintain reserve capacity at an appropriate level.

Electricity distribution
It was reported by the Ulaanbaatar Ger infrastructure development department that at present, 95 percent of households in the ger districts are connected to the grid. However, during
times of peak load (6–9 am and 4–9 pm), transmission restrictions lead to load shedding,
which is the practice of temporarily switching off the distribution of energy to certain
geographical areas in order to cope with the excess demand.
During the winter months, the additional load from space heating adds a significant burden
to the grid. Presently, peak household demand in summer is 1.7 kW, which rises to 4 kW in
the winter months. Following figure shows monthly electricity consumption in Ulaanbaatar
city.
Figure 4: Monthly electricity consumption in Ulaanbaatar city

Source: Fraunhofer ISE

The electricity distribution line capacity in the ger areas is currently the key limiting factor
for the rapid scaling up of electrical appliances. The system is already over-burdened, and
any load increases are not possible over much of Ulaanbaatar, including the ger districts.
Increasing the volume of electric heaters in households will increase demand beyond the
present supply, leading to further load shedding and the inhibition of the heaters’ ability to
function at their optimal level. If 100,000 households will use a 2 kW electric heater for 9
hours a day, an additional electricity demand of 54 GWh will be required per month – this
would double the electricity demand in the ger areas.
In order to improve supply and cope with the additional demand generated by increasing
the number of electrical appliances, the government has developed plans for a number
of substations to be built in and around the ger districts. The substations and additional
improvements to transmission lines will increase the electricity supply per household to 2
kW by 2019 and 4 kW by 2025 (MoET). This is still lower than the short-term load requirements, however, and could inhibit the function of electrical appliances intended to replace
traditional coal-fired heating and cooking stoves, thus impacting their uptake.
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Micro-solar generation and community grids
Plans are being developed for rooftop PV and community grids to reduce the peak-load
burden on the grid. The Capital City Governor’s Office is proposing the installation of solar
generation sub-centers with up to 10 MW of generation capacity that will be coupled with
heat-only-boilers.
A total of 100MW of additional capacity is planned, which will provide electricity for
20,000 households. In addition, solar thermal heaters will be provided to 20,000 households.
However, uncertainty remains over the mismatch between load and generation times, as well
as the cost of additional storage that would be required to meet this discrepancy.

Electricity tariffs
Table 1 gives the 2016 electricity tariffs for different customer categories in the CES:
Table 1: Electricity tariffs in the CES
CATEGORY

TARIFF (SINGLE RATE)31

Industrial
Mining

159.85 MNT/kWh ( USD 6.4c/kWh )

Entity and industry

132.45 MNT/kWh (USD 5.3c/kWh)

Residential
Apartment

122.15 MNT/kWh (USD 4.9c/kWh)

Ger district

122.15 MNT/kWh (USD 4.9c/kWh)

Source: 2016 Statistics on Energy Performance, ERC of Mongolia.

Subsidies are being provided to the energy generation companies as existing tariff structures
cannot fully recover the cost of generation. However, energy sector subsidies have declined
from MNT 32.7 billion in 2011 to MNT 16.3 billion in 2016.32
The Renewable Energy Law gives the ERC responsibility to approve Power Energy Tariffs
from renewable energy sources. The Renewable Energy Law states that a feed-in tariff is
a charge designed to promote renewable energy, which is included in the energy price. In
order to promote investment in renewable energy production, feed-in tariffs are calculated
based on the payback period required to cover the initial investment, and which are updated
after each power purchase agreement expires. 2017 tariffs for grid connected generation and
standalone sources can be seen in Tables 2 and 3.
Table 2: Tariffs for grid connected generation
RENEWABLE ENERGY

TARIFF (USD/KWH)

Wind

0.08–0.095

Hydro

0.045–0.06

Solar

0.15–0.18

Source: ERC

31. A renewable energy-supporting tariff 3.95 MNT/kWh is included in the electricity tariffs.
32. Source: 2016 Statistics on Energy Performance, ERC of Mongolia.
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Table 3: Tariffs for off-grid generation
RENEWABLE ENERGY

TARIFF (USD/KWH)

Wind

0.10–0.15

Hydro ≤ 500MW

0.08–0.10

Hydro 501–2000 kW

0.05–0.06

Hydro ≥ 2000 kW

0.045–0.05

Solar

0.2–0.3

Source: ERC

The global trend is for tariffs to decrease due to reduction in generation costs, and/or
being replaced by auction-based price setting. This does not appear to be occurring yet in
Mongolia.
As previously discussed in section 2.3.3, the MoE and the ERC have provided a 50–100
percent discount for off-peak ger district households with a two-phase electricity meter.
However, it is uncertain how many households this will affect, since the project team was
unable to obtain a figure for the number of households in the ger districts that possess the
two-phase electricity meter necessary to take advantage of the tariff.
One aim of the policy is to promote the use of night-storage heaters, in order for residents
to benefit from the reduced or nullified electricity tariff. However, there are a number of
concerns over the feasibility of night-storage heating systems, given their cost and the poor
thermal properties of households in the ger districts.

Household energy efficiency
As of 2014, there are 202,000 families in the ger district living in some form of self-built
housing, of which an estimated 93,000 (46 percent) are living in poorly insulated gers and
109,000 in detached houses.33 Despite this fact, no government body has regulated these
owner-builders to ensure they build to a minimum level of construction and quality. Current
building codes and requisite standards do not cover individual housing or low-rise construction.34 Even if they did, ger area residents lack adequate training in modern construction
techniques. As a result, inferior quality construction is common in ger areas. Without first
improving the quality of thermal insulation in a household, the potential reduction in emissions from improved heating or cooking stoves would be significantly undermined.
Most homes are constructed with a wall thickness of 60–65 cm. This is made up of 50 cm
brick or cement, plus 10–15 cm insulation in the form of foam, rockwool, or euroblock.
Windows are typically made of glass between 0.5–0.8 cm thick. Public or commercial
buildings usually have double- or triple-glazing. In the ger area, families tend to recycle old
windows and it is also common to have double-glazed windows.
In buildings constructed before 2008, the roofs tend to be very badly insulated, usually only
with wood and a thin layer of rockwool.
The National Energy Efficiency Program is currently being developed by the MoE and the
ERC. Once it has been approved by cabinet resolution, it will be implemented between 2017
and 2021. In addition, the MoE and the ERC are developing regulations that assign energy
efficiency classifications and labelling that will be applied to household appliances, such as
cooking and heating stoves. This will include the development of IS0 standards on energy
efficiency. Identifying technologies that are aligned with these standards is a critical consideration to minimize the regulatory risk to a household energy and energy efficiency financing
program.
To ensure a household financing program has the maximum impact, one recommendation
would be to include a provision for household thermal insulation improvement.
33. Source: Mongolian Properties. www.mongolia-properties.com/research/real-estate-report-2015/
ulaanbaatar-real-estate-sectoral-analysis/introduction-ulaanbaatar
34. Source: www.usip.mn/uploads/reports/en/Affordable.pdf.
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2.4.2. Cultural factors
To aid in the identification of a feasible, technological solution for household cooking and
heating in Ulaanbaatar, the specific cultural setting must also be considered. During the field
visit, a number of factors were identified that would be relevant to the credit analysis of a
potential client or impact the success of a technology.
Gers are used primarily as temporary residences. It is common for residents of a ger district
to build their own homes in the form of more temporary structures. It is therefore necessary to consider the quality and longevity of this type of accommodation and the practicality
of the use of a stove in heating the building.
Households not only burn coal and wood, as many poorer households use a range of
non-conventional, low-quality fuels that can be more damaging to the environment.
However, of more immediate concern is the long-term risk to the residents’ health.
It is important that heat is produced quickly, or be already available upon entry to the residence. The traditional culture is for a stove to be fired upon re-entry to the house. As such,
heating solutions are required to provide a source of instant heat in order for residents to
get warm immediately, and therefore infrared heaters or convection heaters with higher radiative forcing would be applicable.
Ongoing migration to Ulaanbaatar is a critical confounding factor to the environmental
impact of the program. As with previous programs, any success achieved by a lending
program for low-pollution heating technology will be undermined if the impact of continued migration is not considered. However, part of the Government’s Action Plan is a strategy to stop the expansion of the ger district in Ulaanbaatar by limiting migration to the city.
This is coupled with a plan to increase investment and create jobs in rural areas, as well as to
provide fiscal incentives and support to those moving from urban to rural areas.
Urbanization and rural-urban migration mean that demand for housing has out-paced
the supply. The demand for housing in urban areas, and particularly in Ulaanbaatar, has
out-paced the supply, leading to deterioration in housing quality. This is not surprising given
the rapid pace of urbanization. In addition, the number of households has increased faster
than population growth, suggesting the greater ‘nuclearization’ of living arrangements. The
type of dwelling that has increased at the most rapid rate has been houses that are not fully
equipped with utilities and houses with inadequate insulation not conforming to housing
standards.

2.4.3. Monthly income and fuel expenses
According to the 2015 statistics of the Mongolian Statistical Information Services, a dweller
living in a detached house in Ulaanbaatar has a monthly average monetary income of MNT
976,704 (~USD 391).35 World Bank has categorized the average income of ger district
households into five quintiles as shown in table 4: Roughly 50 percent of households in the
ger areas earn less than the median national household income of MNT 870,644, or USD
348 a month.

35. www.1212.mn
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Table 4: Income quintile and heating fuel expenditures in ger district households
INCOME QUINTILE

HEATING FUEL
EXPENDITURE PER
HEATING MONTH (MNT)

EXPENDITURE AS
PERCENTAGE OF
MONTHLY INCOME

MNT 380,000 or less

74,378

31 percent

MNT 380,001 to MNT
500,000

81,540

18 percent

MNT 500,001 to MNT
758,000

84,170

13 percent

MNT 758,001 to MNT
1,000,000

88,630

10 percent

MNT >1,000,000

90,599

6 percent

Total

83,798

16 percent

Source: World Bank Clean Stove Initiative Survey, July 2012

As shown in Table 4, ger households spend up to 31 percent of their monthly incomes on
heating fuel expenditures. Households in the bottom income quintile spend lesser amounts
on heating fuels than households in the top income quintile. The difference is largely attributable to the fact that higher-income households tend to live in larger homes and have
higher heating requirements, especially the households in detached homes. Moreover, the
relatively small difference in coal consumption between bottom and top income quintiles
suggests that demand for coal is relatively inelastic with respect to income.

2 . 5 . P R E V IO U S I N TERV E N TI ON S
In recent years, a number of interventions attempting to reduce the pollution produced by
the ger region have focused on improving the efficiency of household cooking/heat stoves.
This includes a five-year pilot program launched by the MCC and XacBank to provide subsidized energy efficient cooking and heat stoves across the ger districts. The program was a
great success and reportedly reached 70 percent of the population at the time. However, its
impact was undermined by continued urban migration and a high percentage of households
selling their subsidized efficient stove on the black market to other regions in order to take
advantage of the arbitrage opportunity, before returning to their previous standard stoves.36
Major interventions can be seen in Table 5.
Table 5: Major cooking/heat stove interventions
INTERVENTIONS

DESCRIPTION

MCC/MCA

Subsidy program for efficient stoves. Successfully distributed
103,255 subsidized stoves37

WB

Dispersion of 40,830 efficient stoves38

CAF/Government

Subsidy for stove fuel and ger insulation

ADB

Stove emissions and efficiency testing (SEET) lab and testing
protocol

GIZ

New model of clean stove and TA

Source: Authors’ own analysis

36. There are no official data available regarding percentage of improved stoves sold on the black
market. However, from interviewing different stakeholders, our understanding is that it could be
as high as 40 percent.
37. MCC, 2014, Summary of Findings: Stove Subsidies in the Millennium Challenge Energy
Efficiency Innovation facility of the Energy and Environment Project in Mongolia
38. Of a target of 45,000.
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These programs have produced many positive outcomes, such as:
◼◼
◼◼
◼◼
◼◼

Establishment of the first lab testing facility in Asia for stoves and fuel
Development of stove standard (ERC) and testing protocol
Successful disbursement of energy efficient stoves to 97 percent of the ger districts
A 20 percent reduction in emissions

2.5.1. Lessons learned from previous interventions
There is a shortage of qualified local stove models produced at scale thus far. Current list
prices of imported stoves are unaffordable without high subsidies.
Without the subsidy, traditional stoves will out-compete low-emission stoves at current
prices. Consumers are now used to very high quality products at unreasonably low prices.
Resistance from current low-emission stove suppliers to changes in the subsidy mechanism
may be substantial, as it would introduce competition, force a change to the business model,
and perhaps prompt a switch to different stove models to meet prices that households can
afford without high subsidies.
After-sale service is of utmost importance. There is a lack of technical capacity and materials
for the maintenance of stoves after their warranty period (some materials are not available in
Mongolia). After-sales services prevent new technologies from being abandoned in case of
faults, and they also support a positive public image of the technology and instill confidence.
There are regulatory gaps and lapses in the coordination of policies that support low
emission stoves. There is insufficient attention paid to small water heating boilers, a lack
of enforcement of standards, which traditional stoves do not meet, and weak coordination
between clean stoves and alternative fuel programs.
Stove markets, including the low-emission stove re-sale market both inside and outside
Ulaanbaatar, are linked. This provides a challenge, as traditional stoves produced outside
Ulaanbaatar could re-enter the city’s market. Without subsidies and a comprehensive policy
that supports a transition to low-emission stoves, users have no choice but to buy traditional
stoves because they are available and affordable.
It is critical to ensure alignment between price and economic benefit of technology. The
re-sale of stoves to users from outside Ulaanbaatar was mainly driven by the high subsidy
levels and lack of access to stoves outside Ulaanbaatar, in effect providing an arbitrage
opportunity to households involved in the subsidy. The actual one-time subsidy paid so
far ranges from MNT 273,500–427,678 (~USD 109–171) per stove, a price range MNT
302,500–459,678 (~USD 121–184) far below the annual economic benefit obtained from
using these stoves.
Table 6: MCC subsidy program supported by XacBank
PRICE BEFORE
SUBSIDY
(MNT)

SUBSIDY
(MNT)

PRICE FOR
CUSTOMER
(MNT)

PERCENTAGE
OF SUBSIDY

Ulzi stove

456,500

425,500

31,000

93.2%

Dol stove

459,678

427,678

32,000

93.0%

Talst stove

325,490

295,490

30,000

90.8%

Bekas–107

302,500

273,500

29,000

90.4%

LOW-EMISSION
STOVE-TYPE
(BRAND NAME)

Source: Ulaanbaatar Services improvement management unit (www.usip.mn/en)
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3 . LOWE R POL L UT ING H EAT ING
ALT E RN AT I VES FOR H OUSEH OL DS
IN T H E G E R DIST R ICT S
This section describes modern systems for space heating that can be provided by local
suppliers. The information below is based mainly on surveys conducted with local manufacturers and suppliers from around Ulaanbaatar. A list of the locally available heating and hot
water systems analyzed and their suppliers and manufactures is provided in Annex 2.
While considering these systems, in the context of households in the ger district, emphasis
was placed on the following factors:
◼◼ the local availability of supply. It also presents solutions that could not be identified
during the field-survey but have the potential to be highly applicable in the ger district.
To identify the cost of such solutions, comparable prices (in USD) were researched
through desk analysis.
◼◼ appropriateness in the ger context, as laid out above (e.g., policy, culture)
◼◼ the compatibility of the systems with the requirements of typical ger households, taking
into consideration size, fuel, and any additional infrastructure needed to apply any solution in the ger districts
◼◼ the cost of the system and the requirement of any additional financing39
◼◼ energy efficiency, environmental considerations, and any resulting cost-savings achieved
by using the technology
The systems have been categorized by their heat transfer medium, which are typically air
heating systems and fluid-based heating systems, such as oil or water.

Heating principals of all heating systems
Heating principals of all heating systems are based on radiation, convection, or a
combination of both. All systems have three main basic components:
Heat source: most commonly a stove or boiler.40 However, other heat sources
include: heat pump, furnace, solar heating, and electric heating.
Heat distribution system: most commonly hot water, natural circulation, or forced
air radiators that move warm air through the room. Other distribution systems
include radiant (infrared) heating.
Control system: most commonly used are thermostats measuring the room
temperature and regulating the amount of warm air to be distributed in the room.
Figure 5 below gives an overview of all types of heating systems surveyed in Ulaanbaatar in
terms of their heat transfer processes.

39. Equipment cost collected from local suppliers/manufacturers is indicative and does not guarantee
end-user sales price.
40. Furnaces and boilers are often called central heating systems because the heat is generated in a
central location and then distributed throughout the house.
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Figure 5: Heat transfer processes in various air and hydronic heating systems
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3 . 1 . OV E RV IE W OF AI R HEATI N G SYSTE MS
3.1.1. Night storage heaters
Heat source

Electric heating element

Fuel

Electricity

Night storage heaters, also known as ‘heat storage radiators,’ are designed to charge during
the night or ‘off-peak’ periods (when the cost of electricity is lower), and then release the
stored energy during the day, or during ‘peak-time’ periods (when the cost of electricity is
high). The absorption and release of heat is maintained by room temperature controllers.
Over the charging period, an electric current heats up the heating elements that gradually
transfer heat to a high density storage material, typically ceramic or an iron oxide building
block, which in turn stores the heat until it is released slowly the next day. This process is
referred to as ‘charging the heater’. The heat absorption material is surrounded by an insulating material to optimize heat retention. Storage heaters are designed to release some heat
also during the charging period, to ensure a specific temperature is maintained.
Storage heaters usually have two controls: the input, which controls the amount of heat
stored, and the draught, which controls the rate at which heat is released. These controls
may be adjusted by the user, but can also operate automatically once the user has selected
the target room temperature.
One benefit of the heat storage system is its ability to take advantage of lower electricity
tariffs at certain times of the day. However, for the storage system to take advantage of
discounted off-peak/night tariffs, it would require a separate duel-phase electricity meter,
capable of measuring the different electrical consumptions.
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Table 7: Summary of key parameters for heat storage devices
PARAMETERS

DESCRIPTION

Capacity

1.7 kW (electric)41

Cost

MNT 4 to 5 million (~USD 1,600–2,020)

Lifetime

(>) 10 years

Pros

24 hours of warmth at the cost of 7–10 hours cheaper electricity during offpeak period
Clean, hassle free, and virtually no annual maintenance
Reliable for long life
The capital cost of night storage heating is relatively low

Cons

Users may find it difficult to handle charge and draught control; incorrect
setting may increase operating cost42
The heat stored during the night will be released into the living area during the
next day, regardless of need (inefficient use of heat)

Source: Authors’ own analysis

3.1.2. Hot air heaters
Heat source

Electric heating element

Fuel

Electricity

Hot air heaters are comprised of an electric heating element, and the rate of heating is
controlled by a thermostat. The ambient air around the heater is heated through radiation
and conduction. The heat dissipates into the room by thermal convection, where warm
air rises up, pulling cold air to the radiator to be heated.43 For optimal usage, these heaters
should be located near the floor level, since due to thermal expansion the coldest air in a
room is located just above the floor.
Table 8: Summary of key parameters for hot air heaters
PARAMETERS

DESCRIPTION

Capacity

1 to 2 kW (electric)44

Cost

MNT 180,000 to MNT 220,000 (~USD 74 to USD 84)

Lifetime

(>) 10 years

Pros

Good for heating bedrooms overnight
Usually have a thermostat; good for quiet background heating

Cons

Can take a long time to heat up a cold room, because the heated air rises and
collects beneath the ceiling, reaching the lower parts of the room only slowly.45
Surface temperatures of convection heaters are lower than radiant heaters

Source: Authors’ own analysis

41. Capacity of electric heaters is given in kW (electric), of fuel-fired heaters in kW (thermal). As for
electric heaters, the vast majority of the electricity is converted to heat (except for some small
moving parts), and the kW (electric) are practically equal to kW (thermal).
42. By leaving the output control open at night, the heaters will dissipate heat instead of storing it,
with a consequent increase in electricity consumption and cost. Alternatively, setting the input
control to minimum at night instead of the output means there will not be enough heat for the
next day.
43. Note that hot water radiators in a conventional hot water circulation heating system are operating
similarly but need to be fixed to an (inflexible) piping system fed by a hot water boiler.
44. 0.5 to 3 kW (electric) systems are available on the global market.
45. 0.5 to 3 kW (electric) systems are available on the global market.
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3.1.3. Fan heaters46
Heat source

Electric heating element

Fuel

Electricity

Fan heaters use a fan to force air over a heating element, raising the temperature of the air
and dispersing it around the room and in turn warming the room. Fan heaters have a power
setting to determine power output, and they may also have a thermostat that switches the
heating off when the desired ambient temperature is reached. Electric heating elements are
common. Although they may supply several kilowatts of heat, such heaters are usually small
and suitable only for individual room heating. Since heat is transferred straight to the air in
the room, these heaters warm rooms faster than hot air radiators, although the room climate
may be less comfortable as they will typically lower the ambient humidity.
Table 9: Summary of key parameters for fan heaters
PARAMETERS

DESCRIPTION

Capacity

0.25 to 1 kW (electric)

Cost

Below USD 50

Lifetime

Up to 10 years

Pros

Accelerates heat distribution in the room
Instant heating
Easy installation

Cons

Safety can be of concern due to unsealed body with a moving fan inside. There
is also incendiary danger
Creates a less comfortable (dry) room atmosphere

Source: Authors’ own analysis

3.1.4. Infrared heaters
Heat source

Electric heating element

Fuel

Electricity

Infrared heaters deliver heat directly from the hot surface to people and objects in the room.
Heat is produced by passing a current through an electrical heating filament which then
emits infrared radiation to the room.47 These heaters are typically mounted to walls and ceilings and heated with electricity.48 They are directional, so they can quickly provide warmth
to someone sitting directly in front of them, but do not heat up the whole room. As a result,
they may be more efficient when used for rapid or supplementary heating in specific rooms.
Like any type of electric heating, infrared radiators can be expensive to operate. They have
the quickest response time of the heating technologies assessed, and when placed in different rooms the panels can be individually controlled.

46. Local availability of the fun heaters was unidentified during the field-survey. To identify the cost
of such solutions, comparable prices (in USD) were researched through desk analysis.
47. This is a direct transfer of heat energy from a hot surface (e.g. infrared lamp) to a relatively cooler
surface without any means of heat transfer medium such as air and water.
48. As opposed to electrical radiators, which are radiant systems with tubing that carries hot water,
but are not commonly used due to concerns over leakage in wall- or ceiling-mounted systems.
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Table 10: Summary of key parameters for infrared heaters
PARAMETERS

DESCRIPTION

Capacity

1.6 kW/ 2.1 kW/ 2.7 kW (electric)

Cost

MNT 650,000/ 750,000/ 825,000 (~USD 260/ 308/ 340)

Lifetime

5–7 years

Pros

Designed to provide instant heat
Good for large rooms where only one area of the room needs to be heated

Cons

Not suitable for bedrooms
Many emit some visible light and can also be a fire risk
Some room occupants may find ceiling-mounted systems uncomfortable
because the panels heat the top of their heads and shoulders more effectively
than the rest of their bodies

Source: Authors’ own analysis

3.1.5. Clean-burning heating stoves
Heat source

Burner/fuel combustion chamber

Fuel

Coal, wood

Traditionally, households in the ger districts have used solid fuel or biomass burning stoves
for space heating, which are fueled mainly by coal and wood. They come in a range of sizes
and shapes, and with different operating parameters. Depending on the efficiency of the
burner, these stoves may also emit large quantities of harmful air pollutants. In addition
to carbon dioxide, other pollutants include PM or soot, nitrogen oxide, carbon monoxide,
and volatile organic compounds, all of which have adverse health impacts. Due to concerns
about air pollution generated by these heaters, efforts have been made to improve stove
design. Comparatively cleaner burning stoves have been developed that are widely known as
‘clean (burning) stoves’.
Clean-burning stoves improve on traditional stoves by burning solid fuel in a controlled fashion. They achieve this by regulating intake airflow so as to provide efficient and controlled
fuel use, and the benefits of stable heating temperatures. Burners are typically made of sheet
metal, with airflow openings (to be opened and shut) and chimneys connected for taking
exhaust gas (smoke) out of the room.
Besides heating, some stoves come with the additional functionality of cooking, where food
items can be placed on the heated stove itself.
Table 11: Summary of key parameters for clean-burning heating stoves
PARAMETERS

DESCRIPTION

Capacity

3–7 kW (thermal)

Cost

MNT 302,500 to MNT 459,678 (~USD 121 to 184)

Lifetime

5–7 years

Pros

More efficient than traditional burning stoves

Cons

Emit air pollutants that are harmful for human health and the
environment

Source: Authors’ own analysis
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3 . 2 . HY D RO N IC HEATI N G SYSTE MS
3.2.1. Warm water/steam radiators
Heat source

Boiler, electric heating element

Fuel

Combustion fuel, electricity

Warm water or steam radiators use hot water or steam as a medium to transfer heat to the
surrounding air via a metallic surface. The most common types of radiators are cast iron, flat
panel, column, or baseboard radiators. Table 12 gives an overview of the most commonly
used radiator types.
Table 12: Radiator types
RADIATOR TYPES

PROPERTIES

Cast iron radiators

Made of cast iron metal
Designed to work with steam or hot water
Excellent conductors of heat, meaning the room remains warm for longer
periods
Take up a high amount of floor space

Panel radiators

Designed to allow hot water to flow freely through them
Built from very thin pieces of metal (aluminum or durable steel)
Generally operate at lower temperatures
Compact, and so require less space
Less efficient as they don’t have much surface area to heat

Column radiators

Designed to take heat from hot water or steam
Made up of two hollow steel tubes laid horizontally, with hollow columns
of steel
Efficient heaters as they have more surface area, allowing more air flow
around the columns to heat up the space
Require less space than cast iron radiators, but take up more space than
panel radiators

Source: Authors’ own analysis

In water or steam radiator types, hot water or steam travels through the radiator, transferring
heat to the exterior fins.49 As those fins heat up, they transfer heat to the surrounding air,
which then heats the room by convection.50 The water is heated by a boiler, which can be
electrical, oil, coal or gas fired.51 However, combustion fuel based systems are not recommended on environmental grounds. The boiler and pump are linked with a thermostat,
which ensures that they only operate when desired.

49. The number of radiators per house varies with the room size (m2) and number of rooms.
Typically, in a 50 m2 house with four rooms, four radiators can be installed for each room.
50. Air surrounding the radiator heats as it rises up and out of the way and new cooler air comes in to
take its place. A rotational current of air forms around the radiator causing all the air in the room
to heat up slowly.
51. Hot water or steam comes out of the boiler and flows to the radiator with the help of electrical
pumps. In case of steam boilers, the boiler heats the water until it forms into steam. The steam
then travels up through the piping system to the radiator where the thermal energy is given off
through the fins. Eventually, the steam becomes water as the heat is lost through radiators and
water flows back down into the boiler for heating once again.
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Table 13: Summary of key parameters for warm water/steam radiators
PARAMETERS

DESCRIPTION

Capacity

Boiler: 1 to 4 kW (thermal); radiator: 0.5 to 2 kW (thermal)

Cost

Boiler: MNT 1.95 million (~USD 787); radiator: MNT 100,000 to 150,000 (~
USD 40 to USD 60)

Lifetime

>15 years

Pros

Heats a space evenly
Provides comfortable heating for rooms

Cons

Requires piping work and takes up space in walls
May have energy losses through piping
Takes a longer time to heat up rooms compared with electric convection
heaters

Source: Authors’ own analysis

3.2.2. Stand-alone radiators52
Heat source

Electric heating element

Fuel

Heat transfer fluid (e.g. water, mineral oil)

Stand-alone hydronic heaters are very simple to operate, as they are not connected to boilers.
They have a fixed tube connected to an electrical heating element, which is wired into a
thermostat. The working fluid is typically water, glycol, or mineral oil, which is enclosed
inside a copper tube. The heating element warms the water or oil, which in turn heats the air.
Since they require no connection to an external water heating source, these types of heaters
are versatile and suitable for simple heating solutions in parts of a house where, for example,
connection to a central boiler is not possible. Depending on the cost of electricity, they may
also be economical.
Table 14: Summary of key parameters for stand-alone electric radiators
PARAMETERS

DESCRIPTION

Capacity

1 kW (electric)

Cost

(~USD 195)

Lifetime

(>) 10 years

Pros

Easy installation
Heated liquid keeps the room warmer for longer periods, even after the
thermostat goes off

Cons

Water refilling may be required in water-based heaters
May take longer to heat up the room compared with electric convection
heaters
More expensive than corresponding electric convection heaters

Source: Authors’ own analysis

52. Local availability of the stand-alone radiators was unidentified during the field-survey. To identify
the cost of such solutions, comparable prices (in USD) were researched through desk analysis.
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3.2.3. Under-floor heating systems
Heat source

Boiler, electric heating element

Fuel

Combustion fuel, electricity

Floor heating systems heat the room by convection, which is the natural circulation of heat
within a room as air warmed by the floor rises. Hydronic (water-based) systems are the most
popular and cost-effective radiant heating systems, pumping heated water from an electrical
boiler through a network of tubing laid under the floor. The flow of hot water through the
network of tubes is controlled using zoning valves or pumps, and thermostats can be used
to regulate room temperatures.
Electric radiant floor heating systems typically consist of heating cables or flexible heating
films that are built into the floor. The cables are resistance wires that convert electricity into
heat to warm up the floor. Temperatures are controlled by thermostats and floor sensors.
Typically, they are more expensive than water-based floor heating.
Table 15: Summary of key parameters for floor heating systems
PARAMETERS

DESCRIPTION

Capacity

1 to 4 kW (thermal)

Cost53

Hydronic system: ~USD 1,000; electric system: ~ USD 2,300 to 3,000 or USD
50/m2 to 65/m2

Lifetime

>15 years

Pros

Depending on the floor insulation, the stored heat may keep the house
comfortable for eight to ten hours
Electric floor heating can be cost-effective to charge the floor during off-peak
hours

Cons

Requires additional investment to improve thermal insulation of the floor for
heat retention
Under-floor heating has to be considered from the building pre-construction
stage. It is very difficult to retrofit an energy system with under-floor heating in
an existing building

Source: Authors’ own analysis

53. Local price of the under-floor heating systems could not be obtained during the field-survey. To
identify the cost of such solutions, comparable prices (in USD) were researched through desk
analysis.
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4 . SE LE C TI N G AN EFFICIENT
HEAT I N G S YS T EM
The following analysis focuses on key technical factors that need to be considered when
selecting a clean heating technology.

Efficiency
Heating system efficiency is measured by annual fuel utilization efficiency (AFUE).54
Typically, all electric space heating equipment that use electric resistance heating are within
the range of 95 to 100 percent efficient, due to a near total conversion of electrical energy
to heat. Combustion-based heaters lose energy during the combustion of fuel and so are
typically much less efficient. In addition, electric boilers have no exhaust gases, the release
of which is another cause of heat loss. However, additional heat losses can occur in the duct
system that connects the heat source and heat distribution system, depending on the level of
insulation.55
CRITERIA

INDICATOR

AFUE between 50 percent and 70 percent

Low

AFUE between 70 percent and 85 percent

Medium

AFUE between 95 and 100 percent

High

Equipment cost
Identifying the financial affordability of targeted ger district households is one of the key
factors when selecting solutions appropriate for them.
The cost of the low-emission stoves sold in ger areas ranges from USD 121 to USD 184.
As discussed, these stoves were highly subsidized to make them affordable to low-income
households. The cost of electric heating systems available in the local market is, in most
cases, more expensive than coal burning stoves. It is necessary to consider this additional
cost of electric heating systems, which would only be affordable to typical ger households
with the support of financing.56
CRITERIA

INDICATOR

Cost < 100 USD

Low

Cost between 100 USD–300 USD

Moderate

Cost > 300 USD

High

Operating cost
In the case of electric heating systems, the main operating cost is the cost of electricity,
which is MNT 122.15/kWh (USD 4.9c/kWh) in the ger districts. According to field interviews conducted with different stakeholders, ger households, who have electric heaters,
currently consume on average between 800–1,800 kWh of electricity per month for space
heating. This brings the total monthly cost for space heating to between USD 32 and USD
70 in peak winter months,57 and even lower to between USD 20 and USD 44 per month if
the zero-night electricity tariff is considered.
54. AFUE is the ratio of annual heat output compared to the total annual fossil fuel energy consumed
by a heating system.
55. This loss can be ignored if the heating system is placed inside the room to be heated.
56. Financing to increase affordability is discussed in Section 7.
57. The recently introduced zero night-time electricity tariff during off-peak period (9 PM to 6
AM) for ger district households will reduce monthly heating bills by 40 percent under the same
operating conditions.
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According to XacBank’s field survey, ger district households (including gers and detached
buildings) that use low-emission coal burning stoves consume about 3.4 metric tons of coal
per year on average,58 at an average cost of 150,000 MNT/ton (approximately 30 USD/
month) per heating season.59 Roughly 90 percent of ger district households still rely on
coal burning stoves for space heating. This indicates that there may not be a significant cost
reduction achievable for a household that switches from a coal burning stove to an electric
heating system, even with the zero-night time tariff.
CRITERIA

INDICATOR

Operating cost USD 30

Baseline value

Operating cost below 30 USD

Lower than baseline value

Operating cost above 30 USD

Higher than baseline value

Availability of fuel
A necessary consideration is the compatibility of heating options with locally available fuel
sources. As the ger district is connected to the electricity grid, without taking the capacity
of the local electricity network into consideration, electrical heating systems are the cleanest
way to provide heat locally, in terms of air pollution.
The area does not have gas supply infrastructure, which means combustion-based heaters
such as boilers and furnaces that require natural gas are not appropriate for the ger district.
As a result of emissions generated by burning coal, a coal-fired boiler application (e.g. boilers used for short-distance district heating) would be discouraged in favor of more modern
and efficient heating solutions. However, exceptions can be made for clean coal stoves that
replace more polluting traditional stoves, but these would only be appropriate for the designated zones where open combustion is still permitted under the law (National Action Plan).
CRITERIA

INDICATOR

Systems capable of running on electricity

Available

Systems capable of running on natural gas

Unavailable

Systems capable of running on only coal, biomass

Available for designated zones only

Local availability of systems
This takes into account the local availability of heating systems with appropriate capacity.
According to the National Program for Reducing Air and Environmental Pollution, following the electricity sub-station capacity improvement plan that the government has set, by
2021 about 110,000 households will be able to use heaters up to a capacity of 2.5 kW, and
80,000 households will be able to use heaters up to a capacity of 4 kW. The current distribution line capacity is between 1.5 and 2 kW per household. As discussed, If 100,000 households will use a 2 kW electric heater for 9 hours a day, an additional electricity demand of
54 GWh will be required per month, which would double the electricity demand in the ger
areas.
CRITERIA

INDICATOR

Heating systems below 2 kW

Locally available: can be rolled-out immediately
in limited scale

Heating systems up to 2.5 kW

Locally available: can be rolled-out in the shortterm in limited scale

Heating systems above 2.5 to 4 kW

Locally available: can be rolled-out in the
medium-long term

58. Besides raw coal as the primary heating fuel, firewood is also used to ignite the stoves. Various
field survey reports identify that coal consumption could be as high as 5 metric tons/year.
59. Price varies with the quality of raw coal.
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Estimated functional lifespan
Heating systems based on electric heating elements have an assumed lifespan of 10 years
and above, while boiler-based solutions have a longer lifespan of 15 years and above.
Combustion stoves and small-scale portable electric heaters have a shorter lifespan of 5–7
years.
CRITERIA

INDICATOR

Lifetime 10 years and above

++

Lifetime 15 years and above

+++

Lifetime 5–7 years

+

Table 16 below summarizes the different heating options available for the ger districts by the
selection criteria discussed above.
Table 16: Selection benchmark of heating appliances in the ger districts
CLEAN
HEATING
STOVES
(BIOMASS)

NIGHT
STORAGE
RADIATORS
(ELECTRIC)

CONVECTION
HEATERS
(ELECTRIC)

FAN HEATERS
(ELECTRIC)

Efficiency

high

high

high

high

low

Equipment cost

high

low

low

low-moderate

moderate

Operating cost

lower than
baseline

+/- baseline value

+/- baseline value

+/- baseline value

baseline value

Fuel availability

available

available

available

available

available for
designated zones
only

Supply

available

available

unknown

available

available

Available system
capacity (compatibility
with grid capacity)

immediate rollout is possible in
limited scale

immediate rollout is possible in
limited scale

immediate rollout is possible in
limited scale

immediate rollout is possible in
limited scale

N.A.

Lifetime

++

++

+

+

+

CRITERIA

INFRARED
RADIATORS
(ELECTRIC)

Local availability:
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STAND-ALONE
HOT WATER
RADIATORS

WARM WATER/
STEAM
RADIATORS
(ELECTRIC)

(ELECTRIC)

Efficiency

high

high

Equipment cost

high

Operating cost

+/- baseline value

+/- baseline value

+/- baseline value

Fuel availability

available

available

available

Supply

available

unknown

available

Grid capacity

technically available:
short-term in limited
scale

technically available:
immediately in
limited scale

technically available:
medium-long term in
new buildings

Lifetime

+++

+

+++

CRITERIA

medium

FLOOR HEATING
(ELECTRIC)
high
high

Local availability:

Source: FS

In summary:
◾◾ Users’ preferences over a locally available heating solution would depend upon
their consumption patterns. This, combined with the operating cost, will be the
decisive factor for choosing the solution appropriate for an individual household.
◾◾ Night storage heaters can provide users with financial benefits associated with
the zero-night electricity tariff. However, the price of a night storage heater is
prohibitively high when compared with stand-alone solutions that are locally
available. It is also worth noting that in order to achieve the benefits of the
reduced nighttime electricity tariff, a household needs to have a two-phase electricity meter.
◾◾ As far as installation and maintenance are concerned, convection/infrared heaters are easier to install and operate than boiler-radiator-based systems or underfloor heating systems.
◾◾ As far as comfort level is concerned, convection/radiator-based systems provide
more evenly distributed heat than infrared heaters, but the heat will take longer
to be delivered compared with the near instant delivery of heat from an infrared
heater.
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4 . 1 . OTHE R IN N OVATI V E HOUSE HOLD
E N E RGY S OLUTI ON S
4.1.1. Space heating with district heating
There are limited district heating networks available in Ulaanbaatar via CHPPs.60 Currently,
ger district areas are not connected via district heating networks that provide space heating
and hot water supply mainly to apartment buildings, public and private institutions, offices,
hotels, etc. The advantage of the district heating system is there is no need to install individual boilers for consumers, as direct hot water is supplied via the piping networks to
the consumer premises for space heating and hot water usage. No emission occurs at the
consumer level as there is no need for a boiler. Since the district heating network is not
available and no utility-based district heat supply is currently planned in the ger district areas,
district heating will not be considered as a near-term alternative heating solution for the
XacBank’s household energy finance facility, which targets ger district residents only.

4.1.2. Hot water supply with solar thermal
and electric water heaters
The use of domestic solar water heaters (DSWH) in conjunction with electric water heaters
will reduce grid electricity consumption.
The local market of DSWHs is relatively small. Both flat plate and vacuum tube solar collectors are available in the local market and are imported mainly from China.
DSWHs can help reduce electricity bills for water heating by using a solar collector. The
sun-facing collector heats a working fluid that passes into a storage system for later use. The
recommended design parameters for a solar water heater in Mongolia are shown in Table 17.
Table 17: Recommended design parameters for a domestic solar water heater in Mongolia

TYPE OF USAGE

AREA OF THE
COLLECTOR
M2/PER PERSON

Plate collector

1–1.5

Vacuum collector

0.5–1

AZIMUTH
POSSIBLE

TILT
OPTIMUM

POSSIBLE

VOLUME OF
THE TANK

1.5–2 times
more than daily
consumption

Summer regime

±60

30–40

20–50

Winter regime

±40

40–50

30–60

Source: Ts. Tsatsral. Decentralize water supply and sewage, 2013

A simulation was done using the T*Sol tool to analyze the performance of a DSWH in
Ulaanbaatar’s local climate conditions. For the analysis, a commonly used 4 m2 collector
system with a 200 liter tank was considered.61,62 The average daily hot water consumption
60. District heating is a heating system that distributes heat from a centralized heating plant to local
households via a network of connective pipes, also known as ‘primary heating circuits’. District
heating is not dependent on any one particular type of fuel or heat source; the heat can be created
through a range of different sources, such as natural gas, fuel oil, coal, biomass. Heat produced
by a central plant is typically transferred to homes through the distribution piping network in the
form of hot water. Each home or a group of houses on the network is connected via a substation
that consists of a heat meter, valves that regulate temperature, pressure, and flow, and a heat
exchanger. Heat exchangers transfer heat from the piping networks to individual circuits within
homes, as well as hot water (at a lower temperature and pressure) that can be used domestically.
The households are then heated using a networked series of warm water or steam radiators,
or under floor heating systems. Once the heat from the water in the piping network has been
transferred to the house, the water returns to the central heating plant where it is re-heated and
circulated again. Hot water is supplied between 80°C and 130°C in the piping networks, and
between 60–70°C into houses. Return hot water temperatures at the piping networks are between
15°C and 25°C.
61. Daily hot water consumption for a standard building (4–5 members) is assumed to be 180 liters or
35–45 liters/person. The water tank size is adjusted to the next available commercial size.
62. The default hot water consumption value of the T*SOL tool is 60 liters/person, which is adjusted
to the lower hot water demand in the ger house.
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is estimated to be 180 liters per household comprised of 4–5 members. Considering
Ulaanbaatar’s climate data, the results show that at an optimum tilt angle of 45o, a 4 m2
collector can receive solar irradiation up to 6624 kWh each year, depending on the collector
type. A flat plate collector system will yield up to 1674 kWh and a vacuum type collector
system will yield up to 2056 kWh energy annually, for water heating, and achieve a solar
fraction of up to 75 percent and 87 percent, respectively.63 This will be equivalent to saving
up to 1800 kWh/year of grid electricity if a flat plate solar collector is used, and 2210 kWh/
year grid electricity if a vacuum tube solar collector is used.64 However, due to the dependence on solar radiation, a solar water heating system would require a backup system for
cloudy days. Conventional electric water heaters could provide backup in this case.
Figure 6: Design parameters of T*SOL simulation

Source: T*SOL tool available at valentin.de/calculation/thermal/system/ww/en#

Table 18: Summary of results of a 4 m2 DSWH
COLLECTOR
TYPE

IRRADIATION
(KWH/A)

SYSTEM YIELD
(KWH/A)

SOLAR
FRACTION

EFFICIENCY

Flat plate

6,624

1,674

75 percent

25.3 percent

Vacuum tube

6,624

2,056

87 percent

31.0 percent

Source: T*SOL tool available at valentin.de/calculation/thermal/system/ww/en#

63. The solar fraction is the portion of the total hot water heating demand met by the solar water
heater. The higher the solar fraction, the greater the solar contribution to water heating, which
reduces the energy required by the electric water heater.
64. An energy factor of 0.93 is considered, which is based on the amount of hot water produced per
unit of electricity consumed over a typical day (for a conventional electric water heater).
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Table 19: Summary of key parameters for a solar DHW system
PARAMETERS

DESCRIPTION

Capacity

4 m2 collector system

Cost65

~USD 5,000 (vacuum tube collector system)

Lifetime

10–15 years

Pros/Cons

Flat plate collector is easy to operate and maintain. However, its efficiency is
less than a vacuum tube collector
Vacuum tube collector has higher efficiency due to fewer heat transmission
losses. However, tube replacement can be difficult in case of damage

Source: Authors’ own analysis

While local state-of-the-art electric water heaters66 are available, more sophisticated systems
such as hot water heat pumps67 and tank-less (instantaneous) water heaters68 are typically
designed for larger buildings and apartment blocks that have a higher water consumption
and are connected to the water supply network.
For ger district households, simple small-scale electric water heaters could be suitable to
meet daily hot water demand partially, if not fully. However, demand for such systems is
currently very low. Ger district residents typically shower in kiosks/stalls in their neighborhoods. As the ger district is not connected to the water grid, the added transport and
containerization costs make it financially unaffordable for residents to use water even at a
normal consumption level (the per-liter cost of water is higher for ger residents than apartment dwellers). Therefore, in the current situation, ger district residents might not be willing
to add additional costs for purchasing hot water supply systems. However, such systems can
also be tried in small businesses/MSMEs located in the ger districts.
Table 20: Summary of key parameters for electric water heaters
PARAMETERS

DESCRIPTION

Capacity

1 to 2 kW (electric); storage capacity: 80 to 100 liters

Cost

MNT 550,000 to MNT 990,000 (~USD 220 to USD 400)

Lifetime

Up to 10 years

Pros

Low upfront cost
No combustion is needed for heating

Cons

Hot water may cool off inside the tank if it is not being fully used

Source: Authors’ own analysis

65. Local price of a DHW system could not be obtained during the field-survey. To identify the cost
of such solutions, comparable prices (in USD) were researched through desk analysis.
66. In an electric water heater, the water is heated by an electric resistance element until the water
reaches the desired temperature (49°C to 60°C), as controlled by a thermostat. The hot water is
consumed on-demand from the storage tank.
67. A hot water heat pump extracts up to 70 percent of the energy required for heating the water
from the surrounding air or waste heat from indoor air. Driven by electricity, it can use one unit
of electrical energy to transfer more than one unit of energy for heating the water. As such, each
kWh of electricity used in an electric hot water heat pump could “pump” three kWh of energy
from the surrounding air for heating the water. The ratio of the energy transferred to the electric
energy used in the process is called its coefficient of performance (CP), which is typically between
3 and 4 units.
68. Tank-less or instantaneous electric water heaters heat the water as needed instead of continually
heating water stored in a tank, and they are also referred to as “on demand” water heaters for
this reason. The system uses a heat exchanger to raise the water temperature. This exchanger is
activated by the incoming flow of water, which heats the cold water to the pre-set temperature.
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5 . IM PROV I N G BUIL DIN G
EN V E L OPE S I N G ER DIST R ICT S
The analysis in this section refers to the ‘Energy Performance Survey’ made by the
Building Energy Efficiency Centre (BEEC), which surveyed 200 houses in the ger area of
Ulaanbaatar, located in the city’s Zone 1. The main goal of the survey was to determine
the general thermal efficiency of a ger household, by insulation. It includes the geometric
thermal performance, which is shown by the R-value of building envelope and heat energy
sources.69

5 . 1 . B A S E L IN E SC EN ARI O
5.1.1. General building parameters
The houses sampled are mainly single-story buildings, without a basement and with an
unheated attic roof space. The following outlines the general geometric parameters of these
buildings:
◼◼ Useful floor area of the buildings is between (its heated area) 30 and 50 m2, the average
being 48 m2
◼◼ Internal volumes of the buildings are 70 to 100 m3
◼◼ Average length and width (external) of houses are 8.25 m x 6.1 m
◼◼ Average height (internal) is 2.28 m
◼◼ Compactness (ratio of envelope area and internal volume) is 1.09
◼◼ Glass wall ratio is 8 percent
◼◼ Average window area is 4.96 m2
Table 21: Window area (average of 200 houses)
DIRECTION
Window area, m

2

NORTH

SOUTH

EAST

WEST

0.23

3.1

0.72

0.91

Source: BEEC

5.1.2. Building envelope
Buildings that were built between 1970 and 1990 are mainly constructed from wooden
planks and clay plaster, both externally and internally. From 1990 onwards, different materials were used in the building envelope, such as timber, brick, and light concrete blocks.
Since 2010, more buildings were constructed with light structures such as timber frames and
light steel frames. However, most envelopes are not insulated. The most common building
envelope materials are explained below.

Outer walls:
The most common materials used in wall construction are timber, brick masonry, or lightweight concrete. Table 22 provides an overview of commonly used materials, thicknesses,
and corresponding R values of external walls.70

69. The building envelope is the physical separator between the interior and exterior of a building.
Components of the envelope are typically: walls, floors, roofs, doors, and windows.
70. R-value is defined as an insulating material’s resistance to conductive heat flow, and is measured
or rated in terms of its thermal resistance: the higher the R-value, the greater the insulating
effectiveness. The R-value depends on the type of insulation, its thickness, and its density.
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Table 22: R-value of the external wall of existing houses
TYPE OF WALL

External wall #1

External wall #2

External wall #3

External wall #4

External wall #5

External wall #6

External wall #7

LAYER OF MATERIALS

THICKNESS

Internal plaster

0.01

Light concrete block

0.24

External plaster

0.01

Internal plaster

0.02

Timber

0.15

External plaster

0.02

Internal plaster

0.02

Timber

0.15

Brick masonry

0.12

Internal plaster

0.01

Brick masonry

0.36

External plaster

0.02

Internal plaster

0.01

Brick masonry

0.36

EPS (expanded polystyrene)

0.05

External plaster

0.01

Internal plaster

0.01

Light concrete block

0.24

EPS

0.04

External plaster

0.01

Internal plaster

0.02

Timber

0.07

Mineral wool

0.03

Brick masonry

0.12

R – VALUE,
M2K/W

1.23

0.93

1.09

0.75

1.75

2.23

1.31

Source: BEEC

The average R-value of external walls in the surveyed 200 houses was found to be 1.31
m2K/W.
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Roofs:
Roofs are typically sloped with an attic floor and an unheated space beneath them. The
roof composition is fixed to a loadbearing structure that is typically made of wooden beams.
Insulation is mainly comprised of 5–10 cm of slag/ keramzit insulation or 2–3 cm of
mineral wool that is placed on the attic floor. Roofs are waterproofed by metal sheets fixed
to wooden planks.
Table 23: R-value of roofs
TYPE OF ROOF

LAYER OF MATERIALS
Internal PVC71 board

Roof #1

0.05

Wooden plank

0.03

Vapor proof layer

0.001

Slag or keramzit

0.08

Internal gypsum board

0.86

0.009

EPS/Mineral wool

0.05

Wooden plank

0.03

Vapor proof layer

0.001

Slag or keramzit

0.05

Attic space

R – VALUE,
M2K/W

0.005

Air layer

Attic space

Roof #2

THICKNESS,
M

1.66

-

Source: BEEC

The average R-value of roofs in the surveyed 200 houses was found to be 1.66 m2K/W.
◼◼ Windows: Double-glazed unit with single PVC frame or separate wooden frame. The
average R-value of windows in the 200 houses surveyed was found to be 0.43 m2K/W,
which corresponds to a U-value of 2.3W/m2K.72
◼◼ Doors: Most of the buildings surveyed were found to have an internal and external
door to protect against direct exposure to cold air. Internal doors are wooden without
glazed parts and external doors are typically metal. The average R-value of doors in the
surveyed 200 houses was 1.66 m2K/W.
◼◼ Floors: Ground floors are simply made of concrete or wooden planks. They are often
covered by vinyl or carpet. The average R-value of floors in the 200 surveyed households was found to be 1.66 m2K/W.

5.1.3. Technical systems
◼◼ Heating sources: Households in general use improved stoves for heating, which are
connected to a heating wall. However, traditional stoves can also be seen in many houses.
The main fuel used for heating is raw coal, while wood is also used for initial ignition.
◼◼ Electricity: Electricity is mainly used for lighting, hot water preparation, and partly for
cooking, as many households have electric cookers. The lighting systems in buildings are
usually a combination of incandescent light bulbs and energy-saving fluorescent lamps.

71. Poly Vinyl Chloride
72. U-value (or heat-transmittance coefficient) is the measure of the rate of heat loss through a
material. The lower the U-value, the less heat lost. The U-value is measured as the amount of heat
lost through one square meter of the material for every degree difference in temperature either
side of the material. It is indicated in units of Watts per meter squared per degree Kelvin i.e. W/
m2K.
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◼◼ Hot water: Hot water is typically prepared using stoves, as well as electric cookers. The
estimated water consumption is 5–10 liters per person per day.
◼◼ Ventilation: Natural kitchen exhaust vents can be found in many houses.

5.1.4. Baseline energy performance
The baseline energy performance is calculated using baseline data provided in Sections
5.1.1 and 5.1.2 to estimate the total annual energy consumption of the building, comprising
energy for space heating, ventilation, domestic hot water heating, and lighting. The resulting
value is expressed per square meter of floor area.
Table 24: Energy balance of common houses
ENERGY TYPE

UNIT

VALUE

1

Transmission heat loss

kWh/a

18,228

2

Ventilation heat loss

kWh/a

2,844

3

Solar heat gain

kWh/a

2,387

4

Internal heat gain

kWh/a

457

5

Energy balance / consumption

kWh/a

Specific energy consumption (SEC)

kWh/m .a

6

18,370
393

2

Source: BEEC

Calculated in this way, the specific energy consumption of the buildings is found to be 393
kWh/m2/year on average.

5 . 2 . R E CO M M E N DE D B UI LDI N G EN V E LOP E
From the baseline energy performance figure (393 kWh/m2/year), it can be inferred
that the buildings surveyed in the gers are of a low thermal quality, as well as having low
efficiency of heat transfer to heated spaces. Table 25 summarizes the thermal quality of
building constructions (‘Real values’) as compared to Mongolian building standards BNbD
23-02–2009 (‘Design values’).
Table 25: R-values of buildings envelope – recommended
NO

SPECIFICATION

UNIT

DESIGN

REAL

1

Internal air temperature

oC

20

2

Mean external air
temperature of heating
season

oC

–9.6

3

Duration of heating
season

days

240

4

Heating degree days

oC.day

External wall

m K/W

3.89

1.31

Roof

m2K/W

5.75

1.66

Floor of unheated attic

m2K/W

5.10

1.66

Window

m2K/W

0.60

0.43

Design condition

5
6
7

Thermal resistance
building code
requirement (BNbD
23-02–2009)

8

2

7104

Source: BEEC
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To achieve the ‘Design Values’ as recommended by the Mongolian building code, the following physical properties are suggested for building envelope components.

Walls:
◼◼ Thermal insulation on external surface of the walls.
◼◼ 15 cm thick EPS, mineral wool, glass wool, and sheep wool (for building).
◼◼ Insulation of external wall must be closely connected to roof insulation and external
insulation of linier foundation. This helps to reduce thermal bridge heat losses.

Roofs:
◼◼ Vapor condensation must be avoided in roofs.
◼◼ An insulation layer of 200 mm fabric insulation, such as mineral wool, glass wool, and
sheep wool.
◼◼ Metal roofs must be water tight.

Floors:
◼◼ Floor insulation can be difficult when compared with the insulation of other envelopes.
It is recommended to insulate at least the external surface of the building foundation
with XPS (extruded polystyrene) material of 5 cm thickness.

Windows and doors:
◼◼ Low insulation windows not only create transmission heat losses but also infiltration
heat losses from drafts. Changing from double-glazed to triple-glazed windows, along
with a thick PVC frame, can be more effective in the Mongolian climate. The R-value of
triple-glazed windows is below 0.6 m2K/W.
Considering these recommended measures, as explained above, a new specific energy
consumption is derived in Table 26:
Table 26: Evaluation of measures combination
ENERGY TYPE

UNIT

VALUE

1

Transmission heat loss

kWh/a

9,100

2

Ventilation heat loss

kWh/a

2,844

3

Solar heat gain

kWh/a

1,953

4

Internal heat gain

kWh/a

457

5

Energy balance /
consumption

kWh/a

9,654

6

SEC

kWh/m2.a

206

Source: BEEC

These measures (thermal insulation of walls, roof, foundation, and exchange of windows)
will lead to a significant reduction in energy consumption. If implemented, the specific
energy consumption of the average building surveyed would be reduced from 393 kWh/
m2/year to 206 kWh/m2/year, a reduction of up to 48 percent.
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5 . 3 . CO STS
Table 27 shows the average cost of insulation in a 48 m2 house, including material and labor
cost.
Table 27: Cost of insulation measures
TYPE OF INSULATION

UNIT COST

TOTAL
M2

TOTAL
COST

1

15 cm external insulation
of wall (EPS, MW)

65,000
MNT/m2

66.23

4.3 million
MNT

2

Roof additional 20 cm
mineral wool

25,000
MNT/m2

50.33

1.3 million
MNT

3

Foundation 5 cm XPS

25,000
MNT/m2

8.61

0.2 million
MNT

4

Triple-glazed windows

25,000
MNT/m2

4.95

1.2 million
MNT

Total

7.0 million
MNT

Source: BEEC
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6 . EM I S S I ON RE D UCT ION A N D
EST I M AT E D E NER G Y SAV IN G S
This section analyzes two key environmental aspects related to the use of electric heating
systems in the ger districts:
◼◼ Air pollution reduction
◼◼ Energy savings and CO2 emission reduction
The social impacts of air pollution reduction are also discussed.

6 . 1 . THE P OTE N TI AL FOR AI R
P O L LU TION RE DUC TI ON
The MCC-funded stove-switching program set performance standards for low-emission
stoves. The main standards dealing with household stoves are MNS5216–1:2011. Later on,
the Ulaanbaatar Clean Air Project adapted the standards to get higher efficiency and pollution reduction impacts from the low-emission stoves approved under the project. The key
features of these standards are presented in Table 28.
Table 28: Stove standards
STOVE
CAPACITY

PARTICULATE
MITIGATION

CO EMISSION

THERMAL
EFFICIENCY

kW

mg/net MJ
(maximum)

grams/net MJ
(maximum)

percent

MNS5216:2011

3–7 kW

285

14

70 percent

Ulaanbaatar
Clean Air
Project

> 3 kW

70

7

>70 percent

STANDARDS

Source: Ulaanbaatar Clean Air Project

When the stove-switch program started in 2011, coal burning stoves of individual ger
district households contributed about 60 percent of the annual fine PM concentrations in
Ulaanbaatar, which were up to 10 times the international standards for PM.
The stove-switching program has led to a decrease in emissions and improvements in ambient air quality. The final evaluation report73 of the MCC intervention concludes that the
stove-switching program contributed to decreasing the PM2.5 concentrations by almost 50
percent against its target of a 57 percent reduction.74 The reasons for lower achievements in
reducing PM2.5 can be attributed to the following facts: a) there was no significant reduction in fuel consumption or expenditures; and b) the population has continued to grow in
the ger district areas, increasing the heating demands from coal burning stoves.

73. Impact Evaluation Results of the MCA Mongolia Energy and Environment Project
Energy-Efficient Stove Subsidy Program (https://www.mcc.gov/resources/doc/
summary-measuring-results-of-mng-eep#page-content).
74. Based on 103,255 low-emission stoves and other energy efficient products distributed until 2014.
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Table 29: Performance of indicators specific to the stove-switching program under the Millennium
Challenge Account Mongolia (MCA-M)
INDICATORS

BASELINE

Percent difference in PM2.5
emissions

-

Absolute difference in total
ambient PM2.5 contributions
from MCA stoves versus
traditional stoves in gers and
standard houses (metric tons)

-

Percent reduction in median fuel
costs

-

Carbon monoxide concentration
in project households (ppm)

4.5 ppm

TARGET

PERCENT
COMPLETE

–28 percent –57 percent

49 percent

ACTUAL
ACHIEVED

–1,150

–2,635

44 percent

–7 percent –15 percent

47 percent

3.6 ppm

4.5 ppm

120 percent

Source: MCA Mongolia Energy and Environment Project Energy-Efficient Stove Subsidy Program

The widespread distribution of electric heating systems can therefore play an important role
in eliminating ambient air pollution in Ulaanbaatar and reducing PM2.5 by 1,485 metric tons
to meet the MCC target.

Health impacts of improved ambient air quality
Air pollution is a major cause of serious respiratory problems among urban residents, contributing to increased health disability of the working population and
decreased life expectancy.
Although health impacts were not directly measured under the MCC program, by
using dose-response functions we can estimate that PM2.5 emission reductions
resulted in fewer incidences of various respiratory-related diseases, including
cancer (–9 percent), chronic obstructive pulmonary disease (–8 percent), acute
lower respiratory infections in children aged 0–4 years (–8 percent), ischemic
heart disease (–5 percent), and stroke (–2 percent). This would have resulted in 47
avoided deaths and 1,643 disability-adjusted life years.

6 . 2 . E M IS S IO N RE DUC TI ON S P OTEN TI AL
Energy and CO2 savings from electric heating systems are dependent on three primary
factors:
1. Efficiency of the baseline stove,
2. Efficiency of the power plants supplying grid electricity to the ger districts,
3. Energy performance of buildings (i.e. single family houses) in the ger districts.
The energy consumption of a household is a function of the building’s thermal efficiency.
The space heating requirement will increase if the area heated is poorly insulated and viceversa. The purpose of the analysis is to investigate the net energy and CO2 savings that can
be achieved in the ger districts by switching from baseline coal-burning stoves to electric
heating systems.
There are, however, a number of limitations when making this comparison from the available field surveyed data on coal (low-emission coal stoves) or electricity (electric heating
appliances) consumption.
◼◼ Coal or electricity consumption data are correlated with the income quintile of households and/or other independent variables (e.g. dwelling type and size, temperature), and
are not linked to the annual heating demand of the building (i.e. if the annual heating
demand was fully met with the current consumption data).
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◼◼ Comfort level and energy consumption behavior is dependent on the individual, and
there is no mechanism to identify an indoor reference temperature and daily heating
needs upon which fuel and electricity consumption will largely vary.
◼◼ The zero-night time electricity tariff may result in more electricity being consumed at
night.
Therefore, for the purposes of this comparison, it is necessary to set the annual heating
consumption of a building/ger constant, assuming standard insulation conditions in each of
the households, and derive full space heating requirements from low-emission coal burning
stoves and electric heating systems.
As discussed earlier that houses still use traditional stoves and 40 percent of the MCC stoves
are reported to have been resold outside of the city, we considered low-emission coal burning stoves as the baseline and analyzed three potential cases including traditional coal burning stoves also as a replacement option occurring less frequently:
Case 1: An electric heater replaces a low-emission stove in a standard uninsulated building.
Case 2: An electric heater replaces a low-emission stove in an improved insulated building.
Case 3: An electric heater replaces a traditional stove in an improved insulated building.

6.2.1. Assumptions
◼◼ Efficiency of the heating equipment: The average laboratory thermal efficiency of
the low-emission coal stoves is 77 percent.75 However, a study conducted by MCC found
that the field efficiency of these stoves is about 54 percent, which is 30 percent less than
the recorded laboratory results.76 The thermal efficiency of a traditional coal burning
stove is considered to be 25 percent.
◼◼ Efficiency of power plants: Ulaanbaatar receives electricity from the CES grid, which
mainly consists of five coal-fired power plants with a weighted average thermal efficiency of 41.26 percent.
Figure 7: Efficiency of coal-fired power plants

Source: Statistical Data of Energy, ERC (2016) and authors’ own analysis

75. Ulaanbaatar Clean Air Project Progress Report (2015)
76. Impact Evaluation Results of the MCA Mongolia Energy and Environment Project
Energy-Efficient Stove Subsidy Program (https://www.mcc.gov/resources/doc/
summary-measuring-results-of-mng-eep#page-content).
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◼◼ Efficiency of electrical heating systems: The electricity conversion efficiency of electrical heating systems is considered to be 100 percent in the analysis.
◼◼ Energy content of the coal: More than 75 percent of ger district households use raw
coal for heating purposes from the Nalaikh mine.77 In the CES power plants, major coal
supplies come from the Baganuur, SharynGol, and Shivee-Ovoo mines. Calorific values
of coal collected from these mines are similar and are about 14.7 MJ/kg or 3508 kcal/kg.78
◼◼ Heating season: This analysis considers a heating season of eight months from 15
September until 15 May).
◼◼ Annual heating demand in the ger district: According to a building energy audit
conducted in Ulaanbaatar, a single family house in the ger districts has an annual demand
of about 393 kWh/m2 per year heating.79 Assuming the average size of a single family
house is 41 m2 (average number of rooms excluding kitchen and toilet is about two) in
the ger districts, its heating demand reaches 16,113 kWh (thermal) per year or 2,014
kWh (thermal) per month on average during the heating season.
◼◼ CO2 emission factor of the grid: An estimated weighted average emission factor of
the CHPPs in the CES is 0.8640 tCO2/MWh. This is derived from the CO2 emission
factor of each CHP plant and its respective share in the total power generation mix. The
CES also imports electricity from Russia (2.8 percent) and has a renewable energy share
(3.6 percent) mainly produced from the 50 MW Salkhit wind farm. If we consider the
share of imported electricity and renewable energy in the CES, the emission factor of
the CES grid will be lowered to 0.796 tCO2/MWh.
The overall grid emission factor is estimated to be 0.711 tCO2/MWh by considering CHPP
plants supplying electricity to other grids (DorCHPP, UkhCHPP, and DzCHPP) and the
share of total imported electricity.
Table 30: Grid emission factor

SL. CHPPS

POWER
GENERATION
(GWH)

SHARE IN
TOTAL POWER
GENERATION
(PERCENT)

EMISSION
FACTOR (TCO2/
MWH)

1.

CHPP–2

155.6

2.15 percent

1.666

2.

CHPP–3

1,022.3

14.16 percent

0.896

3.

CHPP–4

3,628

50.24 percent

0.797

4.

DCHPP

272.2

3.77 percent

1.178

5.

ECHPP

150

2.08 percent

0.866

Weightage average emission factor of CHPPs in the CES (1–5)

0.8640

6.

Elec. import in CES

201.4

2.79 percent

-

7.

RE

242.6

3.36 percent

-

Weightage average emission factor of the CES grid (1–7)

0.796

8.

DorCHPP

211.1

2.92 percent

1.714

9.

UkhCHPP

111.1

1.54 percent

2.069

10.

DzCHPP

5.6

0.08 percent

4.277

11.

Elec. import from
other grids

1,217.7

16.86 percent

-

Weightage average emission factor of the national grid (1–11)

0.7111

Source: National Dispatch Centre, Ministry of Energy, Mongolia 2016

77. The World Bank (2009): Heating in Poor, Peri-Urban Ger Areas of Ulaanbaatar
78. Ibid.
79. SEVEn (2013): Energy Audits of Chosen Typical Buildings in Mongolia.
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◼◼ CO2 emission factor of coal: The CO2 emission factor of local lignite coal is 1.37
tCO2/ metric tons of coal.80
◼◼ Building energy performance: The baseline building energy performance of a singlestory ger district house/building is considered to be 393 kWh/m2/year. The improved
building energy performance of a single-story ger district house/building is considered
to be 206 kWh/m2/year. This includes thermal insulation of the building envelope and
installation of triple-glazed windows.

Formulas:
The formula used for calculating CO2 emissions of an electric heating system is as follows:
CO2 emissions
(electric stove)
(grid,WAV) =
= Weighted average emission factor of all CHPPs
= Share of electricity generated by each CHPP
= CO2 emission factor of each CHPP
= number of CHPPs in the grid systems
The formula used for calculating CO2 emissions of a coal burning stove is as follows:
CO2 emissions
(coal stove)

80. Source: B. Namkhainaym. Environment and energy, 2015
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6.2.2. Comparison of CO2 emissions
Case 1: An electric heater replaces a low-emission
stove in a standard uninsulated building
Table 31 shows the assumptions used for estimating CO2 emissions from a low-emission
stove and an electric heating system in standard building with an annual (thermal) heating
demand of 393 kWh/m2.
Table 31: Assumptions for case 1
LOW-EMISSION STOVE

VALUE UNIT

Annual heat demand (thermal)
Calorific value
of coal

16,113 kWh/year
58,007 MJ/year
14.7 MJ/kg
54 Percent

Thermal efficiency
CO2 emission factor of lignite
coal

1.37 tCO2/tcoal

ELECTRIC HEATER
Annual heat demand (thermal)
Weighted average CO2 emission
factor of the national grid
Heating system electrical
efficiency

VALUE UNIT
16,113 kWh/year
58,007 MJ/year
0.7111 tCO2/MWh

100 percent

Source: Authors’ own analysis

These results imply that the CO2 emitted by the power sources (CHPPs, renewable energy,
and import electricity) to supply the required electricity to an electric heating system will be
14.5 percent higher than the CO2 emitted by a low-emission heating stove to meet the same
space heating demand.
Figure 8: An electric heater replaces a low-emission stove in an uninsulated building

Source: Authors’ own analysis

The reasons for an electric heating system emitting more CO2 for space heating are as
follows:
◼◼ The old age, poor peaking capacity, and low efficiency (41.26 percent on average) of all
CHPPs.81
◼◼ High transmission and distribution losses, particularly in CES (15.02 percent) and WES
(26.73 percent)
◼◼ Low share of renewable energy in the overall generation mix (less than 5 percent at
present)
81. CHPPs typically achieve total system efficiencies of 60 to 80 percent for producing electricity and
useful thermal energy. Source: United States Environmental Protection Agency, www.epa.gov/
chp/chp-benefits.
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Therefore, the net CO2 savings will be negative if annual heating demand is kept constant
for both cases.
Therefore, given the emission factor of grid supplied electricity, in order to achieve a CO2
reduction through the implementation of electric heating stoves across the ger districts, it is
essential that any program would need to be accompanied by a strategy of home insulation
improvement.

Case 2: An electric heater replaces a low-emission
stove in an improved insulated building
Table 32 shows the assumptions used for estimating CO2 emissions from a low-emission
stove and an electric heating system in an improved insulated building with an annual (thermal) heating demand of 206 kWh/m2.
Table 32: Assumptions for case 2
LOW-EMISSION
STOVE
Building SEC
Annual heat
demand (thermal)
Calorific value of
coal

393 kWh/m2.a

Building SEC

16,113 kWh/year

Annual heat
demand (thermal)

58,007 MJ/year

Weighted average
CO2 emission
factor of the
national grid

14.7 MJ/kg
54 Percent

Thermal efficiency
CO2 emission
factor of lignite
coal

ELECTRIC
HEATER

VALUE UNIT

Heating system
electrical
efficiency

1.37 tCO2/tcoal

VALUE UNIT
206 kWh/m2.a
8,446 kWh/year
30,406 MJ/year
0.7111 tCO2/MWh

100 percent

Source: Authors’ own analysis

As previously discussed, the space heating energy requirement of a standard ger district
house/building can be reduced from 393 to 206 kWh/m2/year by improving the thermal
insulation of the building envelope and windows by, for example, changing windows from
double to triple glazing.
The result implies that replacing low-emission stoves with electric heating systems supplied
by electricity from the grid will lead to further reductions in fuel (coal) consumption of 40
percent in an insulated house under the same design conditions (20°C indoor temperature).
Combined, these energy conservation measures (ECMs) will have a significant impact on
both GHG emissions and air quality in Ulaanbaatar.
Table 33: Comparison between baseline and ECMs
PARAMETERS

BASELINE

ECMS

Building SEC

393 kWh/m2/year

206 kWh/m2/year

Heating solution

Low-emission stove

Electric heating

Fuel

Coal

Grid electricity

Fuel consumption

7.31 metric tons/year

4.38 metric tons/year

Reduction on fuel (coal) consumption/
CO2 emission

-

Up to 40%

Source: Authors’ own analysis

43

Emission reduction and estimated energy savings

Figure 9: An electric heater replaces a low-emission stove in an improved insulated building

Source: Authors’ own analysis

Case 3: An electric heater replaces a traditional
stove in an improved insulated building
Table 34 shows the assumptions used for estimating CO2 emissions from a traditional coal
burning stove and an electric heating system in an improved insulated building with an
annual (thermal) heating demand of 206 kWh/m2.
Table 34: Assumptions for case 3
TRADITIONAL
STOVE
Building SEC
Annual heat
demand (thermal)
Calorific value of
coal

VALUE UNIT
393 kWh/m2.a
16,113 kWh/year
58,007 MJ/year
14.7 MJ/kg
25 Percent

Thermal efficiency
CO2 emission
factor of lignite
coal

1.37 tCO2/tcoal

ELECTRIC
HEATER
Building SEC
Annual heat
demand (thermal)
Weighted average
CO2 emission
factor of the
national grid
Heating system
electrical
efficiency

VALUE UNIT
206 kWh/m2.a
8,446 kWh/year
30,406 MJ/year
0.7111 tCO2/MWh

100 percent

Source: Authors’ own analysis
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Figure 10: An electric heater replaces a traditional stove in an improved insulated building

Source: Authors’ own analysis

The result implies that replacing traditional coal burning stoves with electric heating systems
supplied by electricity from the grid will lead to further reductions in fuel (coal) consumptions of 72.2% in an insulated house under the same design conditions (20°C indoor
temperature).
One of the global standards of any energy efficiency investment is at least 20 percent CO2
emission reduction threshold be achieved from the proposed alternatives to the baseline
situations. Except for case 1, an electric heater replacing either a low-emission stove or
a traditional stove in an insulated building meets the 20 percent CO2 emission reduction
threshold, while the low-emission stove is the baseline heating equipment to be replaced.

In summary:
Table 35: Summary of three cases
CASE

EXPLANATION

1 – Electric heater
replaces lowemission stove,
without insulation

The electric heater is replacing a low-emission stove
which does not independently meet the 20% CO2
emission reduction threshold.

2 – Electric heater
replaces lowemission stove, plus
insulation

The electric heater is replacing a low-emission stove
which does not independently meet the 20% CO2
emission reduction threshold. Additional insulation
measures are installed to improve the emissions impact.

Up to 40.0%

3 – Electric heater
replaces traditional
stove, plus
insulation

The electric heater is replacing a traditional stove which
independently meets the 20% CO2 emission reduction
threshold. While additional insulation investments are
not required to meet the threshold, the household
desires an insulation retrofit, leading to an improved
emissions impact.

Up to 72.2%

Source: Authors’ own analysis
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% ANNUAL CO2 EMISSION REDUCTION

(14.5%)

7 . F IN A N C I AL A NA LYSIS
A financial analysis has been carried out on each of the household space heating options
analyzed in this study, when implemented in combination with building envelope improvements. The financial analysis is conducted through a simplified cost benefit analysis on the
savings of using ECMs comprising an electric heating system and building insulation measures instead of a traditional coal stove. As discussed earlier, household space heating options
can be broadly divided into four major categories:
1. Night storage
2. Boiler-based system with warm water/steam radiators (electric)
3. Underfloor heating
4. Small stand-alone convection and infrared heaters
Key financial assumptions used in the analysis are presented in Table 36 which is mainly
based on XacBank’s lending terms. The minimum annual interest rate of 14.3 percent has
been suggested by XacBank which assumes the cost of foreign currency loan and currency
swap for local lending. Other home and consumer loan products have been reviewed as part
of the financial analysis.
Many households are unable to afford conventional sources of housing finance
from banks. Roughly 24 percent of all employees in Ulaanbaatar work either in
the informal sector or as farmers. These types of irregular or informal incomes
may make it difficult for households to make the regular monthly loan repayments
required by traditional mortgage financiers.
The Government Mortgage Loan Program offers below-market interest loans at
8 percent for up to 10 years for dwellers living in detached houses. The program
also defines the reasonable ability-to-repay as using up to 45 percent of household
monthly income to pay for home loans. A subsidy on down payment has been
offered to the low-income population that cannot afford the 30 percent minimum down payment as required by lenders. However, the program is under strict
budget limitations as part of the conditions of the International Monetary Fund
(IMF)-led economic recovery program. The number of loans granted under that
program has fallen sharply and therefore there is uncertainty over whether all
interested households will be able to receive subsidized home mortgages.82
As a result, many households are unable to afford conventional sources of housing finance from banks and so must resort to informal borrowing, which can be
expensive or fleeting. In the current market for housing microloans, i.e. loans used
for home improvement or construction, loan products have annual interest rates
between 19.6 to 42 percent. Other consumer loan products have interest rates
between 20 to 30 percent. Therefore, XacBank’s lending terms will be semi-commercial in nature and competitive over the range of loan offered by other
commercial banks.

82. www.usip.mn/uploads/reports/en/Affordable.pdf
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Table 36: Key financial assumptions83
PARAMETERS

ASSUMPTIONS

Debt

80%

Equity

20%

Annual interest rate

14.3%

Loan tenor

5 years

Grace period

0 year

Maximum debt-to-income ratio (DTI) with household
savings

65%

Discount rate

8%

Useful lifespan for traditional coal stove

5 years

Average annual income of households living in buildings/
houses83

MNT 11,720,448 (USD 4,688)

Average expenses of households (of annual income)

65%

Investment costs (USD)
ECM 1 with night storage (USD)

4,600

ECM 2 with boiler system (USD)

3,700

ECM 3 with underfloor heating (USD)

3,800

ECM 4 with small heater (USD)

2,946

Source: XacBank, authors’ own analysis

The financial analysis is carried out in three steps.

Step 1: Net present value (NPV) and internal rate of return (IRR) calculation:
The NPV and IRR were calculated on the savings of the proposed ECMs (i.e. building envelope measures and one space heating technology) and compared with the baseline, which is
considered to be a coal-based low-emission stove in a standard building of low thermal
properties.

Step 2: Cash flow analysis:
An analysis of the operating, investing, and financing cash flows for each of the proposed
ECMs, achieved by switching from coal burning stoves in a standard building to electric
heating technologies used in insulated buildings. The objective is to understand whether
additional cash flow from fuel savings is sufficient to maintain a DTI ratio with household
savings of 65 percent.

Step 3: Cash flow analysis including household savings:
If the additional cash flow from fuel savings is not sufficient to maintain a DTI ratio with
household savings of 65%, a further analysis is carried out that includes household savings
(household income minus household expenditure) to understand whether the DTI ratio
with household savings of 65 percent or below can be maintained under the given financial
assumptions.
If household savings are insufficient to reduce the DTI ratio below 65 percent, an additional grant component would be included into the cash flow analysis to meet the DTI
requirement.

83. Average monthly income of MNT 976,704
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Flexibility to include a grace period on the principal amount of the debt has been built in.
However, including a grace period with a shorter debt tenor increases the need for a grant
component due to higher debt burden compared to the savings achieved through fuel and
household savings. This can be adjusted based on the financing structure of XacBank.
Figure 11: Financial analysis methodology
Ste
p1

Ste
p2

Ste
p3

Baseline & ECM
costs

ECM cashflow analysis

ECM cashflow analysis

CAPEX

OPEX

NPV, IRR

CAPEX

OPEX

Fuel savings

Financing
cost

CAPEX

OPEX

Fuel savings

Check debt/
savings ratio
with fuel
savings

Financing
cost

Household
savings

Check debt/
savings ratio
with household
savings

Check need
for grants as %
of CAPEX
Source: FS

Step 1: NPV and IRR calculation
With the exception of ECM 1, all other proposed ECMs have negative IRR, indicating that
the sum of post-investment cash flows (replacement and fuel costs) is less than the initial
investmCAPEent. However, in the case of ECM 1, the negative NPV indicates the financing cost (14.3 percent) is higher than the IRR of the projected savings. This is also true of
all the other ECM cases.
Table 37: Step 1 analysis
SAVINGS BY ECM =
BASELINE - ECM
(INVESTMENT,
REPLACEMENT,
AND FUEL COSTS)
NPV of savings
IRR of savings

ECM 3

ECM 4

BOILER SYSTEM
+ BUILDING
ENVELOPE

UNDERFLOOR
HEATING +
BUILDING
ENVELOPE

STAND-ALONE
SMALL HEATER
+ BUILDING
ENVELOPE

(1,356)

(2,726)

(2,847)

(1,914)

3.2%

–6.4%

–7.0%

–2.6%

ECM 1

ECM 2

NIGHT STORAGE
+ BUILDING
ENVELOPE

Source: Authors’ own analysis
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Step 2: Cash flow analysis
As shown in Table 38, for all the ECM cases, fuel savings alone are insufficient to maintain a
DTI ratio with household savings of 65 percent.
Table 38: Step 2 analysis
DEBT/SAVINGS RATIO WITH
FUEL SAVINGS

YEAR 1

YEAR 2

YEAR 3

YEAR 4

YEAR 5

ECM 1 with night storage

421%

378%

337%

297%

259%

ECM 2 with boiler system

1,938%

1,664%

1,421%

1,204%

1,009%

ECM 3 with underfloor heating

1,990%

1,709%

1,459%

1,236%

1,036%

ECM 4 with small heater

1,543%

1,325%

1,131%

958%

803%

Source: Authors’ own analysis

Step 3: Cash flow analysis including household savings
All ECM cases stay below the target DTI ratio of 65 percent, meaning there is no need
for an additional grant to bring down ECM investment costs under the given financial
assumptions.
Table 39: Step 3 analysis
DTI RATIO WITH HOUSEHOLD
SAVINGS

YEAR 1

YEAR 2

YEAR 3

YEAR 4

YEAR 5

ECM 1 with night storage

65%

58%

52%

46%

40%

ECM 2 with boiler system

60%

54%

48%

42%

37%

ECM 3 with underfloor heating

62%

55%

49%

43%

38%

ECM 4 with small heater

48%

43%

38%

34%

29%

Source: Authors’ own analysis

Detailed financial analysis is presented in annex 3.
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Sensitivity analysis of household incomes
The financial analysis also considers additional three income quintiles of ger district households that have monthly income below MNT 976,704. Depending on the selection of ECM
options, households with monthly incomes up to MNT 380,000 MNT (USD 152) would
require 53 to 70 percent grants; households with monthly incomes up to MNT 500,000
(USD 200) would require 23 to 47 percent grants; households with monthly incomes up to
MNT 758,000 (USD 303) would require up to 12 percent grants on the ECM costs. In other
words, only top income quintile households (MNT>= 976,704 per month) that satisfy the
DTI ratio with savings of 65% do not require additional grants to bear the costs of ECMs.
Figure 12: Sensitivity analysis of household annual income

Source: Authors’ own analysis
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8 . ESTA B L I S HI N G A H OUSEH OL D
EN E RG Y F I N AN CE FACIL IT Y
8 . 1 . IN STA L L ATI ON TARGET
A key objective of the facility is to reduce energy consumption and indoor air pollution
in Ulaanbaatar by extending finance to the ger district households, so that residents can
adopt smoke-free heating solutions and building insulation improvements. Building upon
XacBank’s experience in distributing their Eco Loan products to ger district households, the
proposed facility will seek to provide lending to ger district households for the purchase of
electric heaters to replace coal stoves in combination with improvements to home insulation.
The facility will demonstrate a pilot finance program that targets 11,000 households in the
ger district areas. Targeting only 10 percent of households, this is a conservative approach
in comparison with the government’s electricity sub-station roll-out plan aiming to enable
110,000 households to use electric heaters by 2021. Every loan product will be based on at
least two ECMs, comprising a building envelope and an electric heating solution. It is therefore mandatory for an end-user to take out a household energy loan for building envelope
insulation improvement measures and choose at least one electric heating solution. In this
way, the finance facility will maximize emission reduction benefits and reinforce its target to
alleviate the air pollution crisis in Ulaanbaatar by extending finance to the most vulnerable
yet highly affected community.
The following table shows the facility’s dissemination target.
Table 40: Dissemination target of the facility
NIGHT
STORAGE

BOILER
SYSTEM

UNDERFLOOR
HEATING

OTHER
SYSTEMS

Price/technology (USD)

1800

900

1000

146

Insulation/household (USD)

2800

2800

2800

2800

Total Investment/household (USD)

4,600

3,700

3,800

2,946

80%

5%

5%

10%

Total number of households adopting EE

8800

550

550

1100

Total investment cost (USD mill.)

40.48

2.035

2.09

3.24

47.84

Financing needs of the facility (USD mill.)

32.38

1.628

1.672

2.592

38.276

TECHNOLOGY/HOUSEHOLD

% of households adopting EE

TOTAL
(USD MILL.)

Source: Authors’ own analysis

As seen in Table 40, the pilot finance program will target a total of 11,000 households over
three years, to adopt building insulation and electric heating solutions in the first phase.
Table 41 shows the annual dissemination target of the facility.
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Table 41: Yearly installation target
YEARLY INSTALLATION TARGET
No. of households with ECMs

YEAR 01

YEAR 02

YEAR 03

TOTAL

1,100

3,850

6,050

11,000

Source: Authors’ own analysis

While the building envelope insulation improvements will be the same for each household
seeking a household energy loan, the end-user will be able to choose between the different
electric heating solutions (as described in Section 3). It is anticipated that the majority of the
households (an estimated 80 percent) will adopt the night-storage heaters, as a result of the
zero-night time tariff.
The total investment cost, including building envelope measures, is estimated to be between
USD 2,900 and USD 4,600 per household, depending on the heating system selected by the
end-user. With a target outreach of 11,000 households, the pilot finance facility is expected
to mobilize at least USD 48 million worth of investments in ECMs comprising building
envelopes and electric heating solutions.

8 . 2 . G OV E R N AN C E STRUC TURE OF THE FAC I LI T Y
It is anticipated that XacBank’s finance facility would seek external financing sources to
on-lend to end-users for installing improved building envelope measures and electric heating
solutions. Although no capital cost buy-down grant is foreseen for the target group with
a monthly average income of MNT 976,704, the financial analysis shows the need for
concessional financing (14.3 percent p.a.) to scale up energy conservation investments in the
low income generating ger district households. Without ensuring an affordable repayment
scheme for the households, where there is high-upfront cost that surpasses the income/
savings profile of the households, it will be difficult for the facility to reach its financing
target. The local bank interest rate (20 to 30 percent p.a. on consumer loan products) is
prohibitively high, making building envelope investments financially inviable for households.
External financing sources might potentially include multilateral development banks, the
Green Climate Fund, and the ‘Green Credit Fund’ of the Mongolian Bankers Association.
XacBank has been accredited by the Green Climate Fund for availing financing in green
climate projects. Moreover, the Asian Development Bank’s Ulaanbaatar Green Affordable
Housing and Resilient Urban Renewal Project, which has been very recently approved
by the Green Climate Fund, can also be a potential financing window for XacBank as a
possible participating bank under the project. Besides securing external financing sources,
XacBank needs to establish multi stakeholder cooperation at the local level to ensure the
facility functions properly and its progress follows the National Program for Reducing Air
and Environmental Pollution. This includes suppliers, government agencies, and experts.
To ensure quality equipment is funded through the facility, interested suppliers will be asked
to enlist their electric heaters and building envelope products under the facility. Prospective
borrowers will get loans only on those products listed by the facility. To aid XacBank enlist
quality equipment under the facility, an independent technical standards committee (TSC)
can be formed by XacBank. The task of the TSC will be to create product technical standards, incorporate product labelling (once it is implemented by the national authority) in
the facility, review product enlistment applications from the suppliers, and approve products for use under the facility. The TSC will suggest any improvements, product modifications, and measures to be taken (e.g. after-sales service) to protect performances of the
equipment financed under the facility. The committee may also advise XacBank in taking
strategic decisions to scale-up financing for electric heating solutions in accordance with
the capacity enhancement plan of the power distribution network in Ulaanbaatar. A threeto four-member committee can be formed by, for example, representatives of the ERC,
Ulaanbaatar Electricity Distribution Network, and an academic from a technical university
(e.g., Mongolia University of Science and Technology), where the XacBank representative
will act as member-secretary and arrange TSC meetings on an ad-hoc basis.
XacBank will also need to form a dedicated in-house team for executing day-to-day operational tasks. Although the bank has a dedicated eco-banking unit, external TA from CCAC
will be vital for the run-up to the facility implementation tasks. It is expected that the TA
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will be front-loaded. As the facility progresses, the bank is expected to manage the facility
independently with little external help. During the inception and early implementation stages,
external supports will be required for developing procedural setup, procurement guidelines,
terms of reference for TSC, promotional plan and materials, customizing loan products,
staff awareness building, and reporting to the external funding agencies. External TA can
also be provided to XacBank to monitor and assess the social, economic, and environmental
impacts of its new energy loans to be extended under the facility.
Figure 13: Governance structure of the TA facility
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partners

CCAC TA
supports

Repayment &
reporting
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Seeks equipment
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Pay for
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Source: FS
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9 . C ON C L U S I ONS
◼◼ A wide range of electric heating systems are locally available that are imported mainly
from China, Russia, South Korea, and European countries. The selection of technologies in the ger districts will depend on customers’ choice, their consumption of heating,
and their purchasing ability. However, It is anticipated that the majority of the households (an estimated 80 percent) will adopt the night-storage heaters, as a result of the
zero-night time tariff.
◼◼ Switching to electric heating systems is expected to be accompanied by a reduction in
air pollutants, in turn leading to an improvement in the air quality of the ger districts. At
the same time, as a result of the poor standard of insulation of ger households, the low
efficiency of the coal-fired power stations that supply the grid in Ulaanbaatar, and the
higher efficiency of the low-emission stoves that are most widely used at present by ger
households, GHG emission savings will be negative.
◼◼ Improving the standards of building insulation is essential to reduce the electricity
demand made by electrical heaters. The BEEC analysis shows that by improving the
building envelope and replacing windows, a ger household can reduce specific energy
consumption requirements by 48 percent. It is highly recommended that building insulation improvements should be considered, especially for detached houses, and such strategies should be included as an integral part of the finance facility. A fundamental aim of
the facility is to provide efficient and environmentally-friendly space heating solutions
in the ger districts. An emission reduction analysis using ECMs (where space heating
demand will be met through grid electricity) shows that it will cut coal consumption
by 40% from baseline situation (a low-emission coal burning stove in a poorly insulated building) due to reduced space heating /electricity requirements in each insulated
building.
◼◼ The use of solar hot water systems in conjunction with electric water heaters will reduce
the electricity demand on the grid. The T*SOL analysis shows that a household can save
up to 2056 kWh of electricity annually simply by implementing a solar hot water system.
◼◼ Most of the electric heating systems that are locally available have higher purchase costs
than the low-emission coal burning stoves. Also, electric heating system owners will not
achieve significant operational savings against the low-emission coal burning stoves, even
if the zero-night time electricity tariff is considered. It is foreseen that CCAC’s external
TA supports will be needed to help XacBank implement its finance program, develop
procedural setup and affordable consumer loan products for the ger district residents. In
the financial analysis, a DTI with household savings of 65 percent is targeted for energy
conservation investments. All investment types, including building envelope and one
particular electric heating solution, should stay below this limit when end-user financing
is provided at a 14.3 percent annual interest rate for a five-year loan period. It should
also be noted that investment costs assumed in the project are indicative and based on
field surveys. Actual costs might vary during implementation, which needs to be taken
into account while designing financial loan products for households.
◼◼ The financial model and subsequent pilot financial facility are based upon outcomes
from discussions with national ministries and local government, and is based on policy
proposed by the government of Mongolia and contingent upon policy measures as
outlined in the National Action Plan. Failure to implement policy and deliver infrastructural improvements to ger districts will decrease the viability of electric heating systems.
While it is not within the scope of this report to comment on the government’s ability to
deliver the proposed changes, in order to mitigate the risk partially, the model suggests
a conservative approach, initially targeting 1,110 households. This approach, based on
the government’s planned expansion of distribution substations in the ger districts, will
enable a proposed 110,000 households to use 2.5 kW electric heaters and eventually
2.5–4 kW electric heaters.
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◼◼ The instigation of an energy efficiency labeling law on the equipment will be crucial to
ensuring the quality of electric heating solutions that are promoted in the ger districts.
The TSC proposed under the facility can play a pivotal role to mitigate technology
risks, setup equipment standards, and advise XacBank on strategic decisions to scale-up
financing for electric heating solutions in accordance with the capacity enhancement
plan of the power distribution network in Ulaanbaatar.
◼◼ Learning from previous examples, for a program to eliminate effectively GHG emissions generated by heaters, it is necessary to identity a way of removing coal stoves from
the market, so that the emissions are not simply displaced. Some form of buy-back
approach would serve to remove the old stoves, while also incentivizing the purchase of
electrical heaters.
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ANNEX 1 :
T H E N ATI ON A L PROGRA M
F O R R E D UC I N G A IR A ND
ENVIRON M E N TA L POLLUTION
O B JE C TIV E S A N D SUB - OB J E C TI V ES:
1. To reduce pollution sources by introducing environmentally
friendly and advanced technology and innovation, and mitigation of
pollutant emissions with step-by-step prohibition of raw coal.
I.
II.
III.
IV.
V.
VI.
VII.
VIII.
IX.
X.

XI.

XII.
XIII.
XIV.

XV.

XVI.
XVII.

Establish a special zone for improving urban air quality, with a list of items that may not
be used for heating; ensure strict compliance with this regime.
Incrementally prohibit the use of raw coal other than in thermal power plants.
Encourage the supply of improved fuel to ger areas that meet standard requirements;
expand production of improved fuel to substitute for raw coal.
Give 50–100 percent discount for off-peak electricity consumption for ger district
households with a two-phase electricity meter.
Create and implement a legal environment to support domestic construction industry
with environmentally and health friendly and advanced technology.
Implement programs and projects focusing on better ger and home energy efficiency
and heat loss reduction.
Introduce technological renovations on centralized heating and heat-only boilers in
urban areas; increase capacity; build new facilities.
Install advanced and environmentally friendly technology in sewerage systems in
Ulaanbaatar’s central waste water treatment plant and other settlement areas.
Improve infrastructure and availability of machinery for sorting, collecting, and transporting ger district ash and solid waste and support recycling of garbage/waste.
Improve waste management and support commercial use of waste; establish a special
facility for storage and destruction of toxic waste; mitigate the uncontrolled spread of
toxic waste.
Enact regulations to ensure packaging, accumulators, batteries, luminescent lights, tires,
and lubricants are returned to the manufacturer or an incentive system if such goods are
recycled.
Intensify exploration and research into coal-bed methane; support action for coal
processing and enrichment and coal-to-gas production.
Convert passenger train heating to electric heating step-by-step; cease the use of raw
coal in urban areas.
Renew and ensure compliance with standards for reduction of pollution and waste from
production and services, with introduction of environmentally friendly technology and
efficient use of natural resources.
Support research into clean technology and innovation to reduce air and environmental
pollution and decrease GHG emission, with increased financing and support from international funds.
Establish a “showroom for environmentally friendly technology” to display energy efficient advanced technology to the public.
Look into establishing a “Green Credit Fund” and low-interest loans in support of citizenry purchases of energy efficient devices and equipment, such as electric heaters and
other environmentally friendly equipment with lower heat loss.
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2. Improve air and environmental quality by implementing optimal
policies for urban development, planning and infrastructure,
developing rural areas, and decentralization processes.
I.

II.
III.

IV.
V.
VI.

VII.
VIII.
IX.
X.
XI.

XII.
XIII.
XIV.

Mitigate the current negative situation where over 40 percent of the population live
in Ulaanbaatar by developing and implementing a population settlement and habitat
plan; create proper conditions for equal distribution and settlement of the population;
implement policies on regionally diversified development of the production, service, and
agriculture sector.
Limit the expansion of ger districts in the capital city; limit migration to the capital;
prevent any increase in the number of chimneys.
Create a legal environment for re-settlement and re-planning; implement rail and highway projects for cargo transport; study the possibility of moving government agencies
and universities out of the capital city.
Establish better methods of directing investment to rural areas; create jobs through
SMEs development; improve rural livelihoods; support migration to rural areas.
Expand the electricity distribution network and sub-stations; enable households to use
2.5- 4 kW electric heaters.
Establish infrastructure for single houses in ger districts by implementing the Affordable
Housing Program to speed up the building of apartment blocks and provide long-term,
low-interest mortgages to youth and citizens with low or medium income.
Link users without access to a centralized utility infrastructure to an independent utility
infrastructure; establish a sub-center; support the use of renewable energy technologies.
Take steps to improving urban and ger district sanitation facilities and ensure compliance with standards.
Demolish heat-only boilers in Ulaanbaatar; establish centralized or independent utility
networks step-by-step.
Build elevated roads and improve traffic movement to reduce main road congestion in
Ulaanbaatar.
Move tanneries, wool processing factories, vehicle markets, and construction materials
markets out of the city incrementally; promote cluster development for production
based on green technology and innovation.
Limit the operation of sand and gravel quarries near settled areas; start reclamation of
degraded land.
Develop green areas in urban settlements according to urban development/planning
standards; increase the person-greenery ratio.
Ensure compliance with protection zone regimes at the Tuul River and its tributaries,
such as the Selbe, Uliastai, Bayangol, Zuun, Baruun Salaa, and Tolgoit rivers; prepare for
gradual resettlement of families living in flood-prone zones and dams.

3. Comprehensive measures to reduce poisonous
substance emission from vehicles.
I.
II.
III.

IV.
V.
VI.
VII.
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Take action to ban from all roads vehicles not meeting standard requirements and
endangering human health and the environment.
Support the import and use of Euro–5 standard fuel; prohibit the import of non-standard fuel step-by-step; improve the fuel quality monitoring system.
Research and test the possibilities of converting vehicles into gas-powered or electric
vehicles and introducing environmentally friendly technology and vehicles, converting
public transportation vehicles into gas-powered vehicles gradually.
Expand the road network; introduce a smart traffic management system; improve quality
and access to public transport; reduce vehicle emissions.
Conduct an assessment on the sustainable waste management system for the road and
transport sector; establish a vehicle recycling industry.
Establish service complexes on intercity roads with green solutions.
Plan and implement a new and comprehensive road water removal system; clean road
dust with designated machinery; melt road snow and ice with less toxic substances.

Annex 1: The National Program for Reducing Air and Environmental Pollution

4. Legally enable the establishment of administration,
management, financing, obligations, and accountability
systems for reducing air and environmental pollution.
I.
II.

III.
IV.
V.
VI.
VII.
VIII.
IX.
X.
XI.

Establish an Anti-Air Pollution Fund, centralizing all budgets and resources for reducing
air pollution, with an integrated management/administration.
Clarify individual and entity responsibilities and obligations regarding reduction and
reclamation of air, water, and soil pollution; tighten up enforcement of environmental
legislation.
Develop and implement a regional development policy; develop regional centers and
aimags (provinces).
Reform the policy and legal environment for urban development and greeneries.
Develop and implement an Environmental Health National Program.
Develop and implement an Energy Efficiency National Program.
Give tax exemptions/discounts for products with advanced and environmentally friendly
technology to reduce pollution, and for value-added goods produced domestically.
Develop and implement a Gas Supply Master Plan and relevant rules, regulations, and
standards.
Legislate to limit gradually the import of second-hand or old vehicles; support the
import of electric or liquid petroleum gas-powered vehicles; implement the regulations.
Develop or renew regulations in accordance with the Air and Water Pollution Fee Law.
Develop new rules, regulations, procedures, and standards for the Energy Efficiency Law.

5. Increase community and citizen participation and obligations on
environmental pollution reduction; healthier living; stronger environmental
monitoring; expanded research with authentic information/data.
I.

II.
III.

IV.
V.
VI.
VII.
VIII.

IX.
X.
XI.

Disseminate information on the harmful effects of air and environmental pollution;
teach proper and sustainable behavior; organize awareness-raising training and advertising on civic obligations.
Strengthen sanctions and citizen/entity duties about the discharge or burning of waste
and ash in non-designated areas.
Conduct Air Pollution Monitoring in the ger districts; check on the burning of old
tires and lubricants; list target groups/households in cooperation with civil society
organizations.
Incentivize, encourage, and award individuals, entities, and organizations for active work
in and commitment to reducing air and environmental pollution.
Take action to mitigate the air and environmental pollution impact on health and to
protect people from potential risk.
Take steps to reduce/eliminate indoor air pollution (homes and buildings).
Improve the study, monitoring, and awareness-raising of air pollution impacts on human
health, particularly children, and stabilize operations.
Update the central environmental laboratory and local laboratories to international
standards; supply modern analytic tools to test for heavy metals such as Benzedrine and
volatile organic compounds.
Expand air quality monitoring; build human resource capacity; increase the number of
automatic monitoring stations and ensure their stable operation.
Conduct inventories on emission and pollutant sources; update the digital database.
Conduct studies and analyses on physical impacts such as noise and electro-magnetic
fields; establish a monitoring system.

Financing Household Clean Energy Solutions
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ANNEX 2 :
LIS T OF S U PPL I E RS
NO

COMPANY NAME

AREA OF ACTIVITY

PRICE
(INDICATIVE)

OPERATIONAL
YEARS

COUNTRY OF
MANUFACTURING

Heating/hot water systems
1

Minj Kharz Bulag LLC

Floor heating system

1 m2 - 45,000 MNT

9 years

South Korea

2

Minj Zand LLC

Floor and wall heating
system

1 m2 - 68,000 MNT

13 years

South Korea

3

Antverpen LLC

Infrared heater and
electronic heater

25 m2 - 145,000 MNT

13 years

Mongolia, Russia,
Poland, USA

4

Mon-Ashid LLC
www.eco-ilch.mn

HOB

15 m2 –295,000 MNT

12 years

Russia, China

5

Ultrasonic
www.ultrasonic.mn

Heating equipment

1,200,000–2,500,000
MNT

16 years

Germany

6

Gerelteh Narnii Tuya
LLC

HOB

280,000–480,000
MNT

7 years

Mongolia

7

Monwatt LLC
www.monwatt.mn

Electric heating system -

5 years

Germany

8

Tsengeliin zug LLC

Electric heating system

400,000–600,000
MNT

2 years

Mongolia

9

Khovd Tul LLC
www.greywater.mn

HOB

35 m2 - 465,000 MNT

3 years

Mongolia

10

Abu Trade LLC

Electric heating system

10 m2 - 250,000 MNT;
30 m2- 400,000 MNT.

2 years

Mongolia, Turkey, China

11

Tom Kom Service LLC
www.totcomservice.mn

Floor heating system

1 m2 - 36,000–65,000
MNT

17 years

South Korea

12

Eco Jiguur LLC

Floor heating system
and electric heater

10 m2 – 180,000 MNT -

13

Bauhaus LLC
Heating and hot water 15m2 - 180,000 MNT;
www.bauhaus-mongolia.
system
20 m2 –240,000 MNT
mn

14

Anu Service LLC
www.anuservice.mn

HOB

160 m2 - 2,700,000
MNT

China, South Korea

10 years

Germany

16 years

Czech Republic,
Hungary, Russia

15

Eco Iert LLC

Heating system

Boilers: 1,000,000–
100,000,000 MNT.
Radiators: 20 m2 375,000 MNT

16

DGB LLC

Electric floor heating

1 m2 - 58,000 MNT

5 years

Japan, South Korea,
India

17

Munkhiin Amar Dulaan
LLC

Hot water system

36 m2 - 600,000 MNT

9 years

Mongolia

18

“Хоот дабль валл” LLC

Electric heater

30 m2 - 980,000 MNT

9–10 years

Mongolia

19

“Нью Анверса” LLC

Nano (electric) heater

15 m2 - 500,000 MNT;
35 m2 - 1,000,000
MNT

10 years

South Korea
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Mongolia

NO

COMPANY NAME

AREA OF ACTIVITY

PRICE
(INDICATIVE)

OPERATIONAL
YEARS

COUNTRY OF
MANUFACTURING

20

“Очирсолонго” LLC

Electric heater

100 m2 - 500,000 MNT 5 years

Mongolia

21

“Кореа кабель” LLC

Floor heating

1 m2 - 50,000 MNT

5 years

South Korea

22

“Dulaan Elstei” LLC

Floor heating

1 m2 – 45,000 MNT

8 years

South Korea

Floor heating: 1 m
–38,000 MNT; Electric
heating 360,000 MNT
(1 kW)

13 years

South Korea

1 year

Mongolia

2

23

“Tasuma” LLC

Floor heating, Electric
heater

24

“МБАБ” LLC

Electric heating/stove

380,000 MNT (1 kW)

25

IW Vacuum LLC

Steam-based heating
system

80 m - 5 million MNT;
300 m2 - 12 million
1 year
MNT

South Korea

26

Wooin Global LLC

Vacuum steam boilers,
floor heating

100 m2 - 4 million
MNT; 350 m2 - 9
million MNT

3 years

South Korea

Coal briquettes

25 kg – 5000 MNT

3 years

Mongolia

2

Refined fuels
27

USU Coal LLC

28

“Үртсэн шахмал
түлшний үйлдвэр”
НӨҮГ

Sawdust briquettes

1 kg – 200 MNT

7 years

Mongolia

29

“Khanan khishig” LLC

Clean Coal charcoal
purifier

1 liters - 10,000 MNT

2 years

South Korea (plans to
produce in Mongolia)

Wooden waste
1 kg – 2500 MNT
briquettes from forests

2 years

Mongolia

30

MSRT LLC

Renewable energy
31

Sopoco LLC
www.sopoco.mn

Solar PV

-

6 years

Mongolia

32

Sanko Solar Mongolia
LLC
www.Sankousolar.com

Solar PV

75 W – 187,500 MNT;
270 W – 591,000
MNT

6 years

Mongolia

33

Green Solar Energy
LLC

Inverter, battery,
boilers, heaters, solar
heat technology

-

4 years

Import from China,
South Korea, Japan

-

Mongolia

-

Mongolia

Building insulation
34

Bilguun trade LLC

Manufacture of
insulating polystyrene
XPS technology

35

Metroplast LLC

UPVC windows
manufacturer

m3 - 250,000 MNT
-

Financing Household Clean Energy Solutions
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ANNEX 3 :
F IN AN C I A L A N A LYSIS
ASSUMPTIONS
General
Exchange rate

0.00040 USD/MNT

No. of households in ger houses/buildings

110,000

Project Lifetime

households

20 years

Baseline (heating demand 393 kWh/m2/year)
Coal consumption

5 tons/year

Cost of coal (subsidized)

150,000 MNT/ton

60 USD/ton

Annual fuel cost

750,000 MNT/ton

300 USD/ton

Yearly increase

2%

Increase year start

2

Avg. cost of stove

386,042 MNT

Lifetime of stove

154 USD

5 years

Investment Cost ECM
1. Building insulation
Lifetime of insulation

7,000,000 MNT

2,800 USD

20 yrs

2. Electric heaters
Night storage heater
Lifetime of night storage heater
Replacement cost of capex
Hydronic heater (boiler system)
Lifetime of underfloor system
Replacement cost of capex
Underfloor hydronic heating system
Lifetime of underfloor system
Replacement cost of capex

4,500,000 MNT

1,800 USD

15 yrs
100%
2,250,000 MNT

900 USD

15 yrs
70%
2,500,000 MNT

1,000 USD

15 yrs
70%

Hot air heater

200,000 MNT

80 USD

Fan heater

125,000 MNT

50 USD

Infrared heater

650,000 MNT

260 USD

Standalone hydronic radiator

487,500 MNT

195 USD

Average Cost of Other Systems

365,625 MNT

146 USD

Lifetime of other systems
Replacement cost of capex
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7 yrs
100%

Electricity cost
Avg. Electricity tariff
Zero-night tariff (9 PM - 6 AM)

122.2 MNT/kWH

0.049 USD/kWh

0.0 MNT/kWH

0.000 USD/kWh

EE measures (heating demand 206 kWh/m2/year)
Electricity consumption for heating
Annual electricity cost (without night tariff)
Night Savings
Annual electricity cost with night tariff
Annual tariff increase
Tariff increase year start

8,446 kWh/year
1,031,679 MNT

413 USD

40%
619,007 MNT

248 USD

1%
2

Household Income
Average annual income of urban households
GDP growth rate
Income inflation increase year
Average annual expense of urban households (of annual income)

11,720,448.0 MNT/year
4%
2
65%
7,618,291 MNT/year

Inflation
Expense inflation increase year

4,688 USD/year

3,047 USD/year

5%
2

Financing Structure
Debt

80%

Equity

20%

Annual interest rate

14.30%

Loan tenor

5 years

Grace period

0 years

Debt : income ratio
Discount rate

65%
8%
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N I G HT S TO R AG E S YS TE M W ITH B U I L D I N G E N V E LO P E
YEAR

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

(154)

(300)

(306)

(312)

(318)

(325)

(154)
(331)

(338)

(345)

(351)

(359)

(154)
(366)

(373)

(380)

(388)

(396)

(154)
(404)

(412)

(420)

(428)

(437)

(154)

(300)

(306)

(312)

(318)

(325)

(486)

(338)

(345)

(351)

(359)

(520)

(373)

(380)

(388)

(396)

(558)

(412)

(420)

(428)

(437)

(2,800)
(1,800)

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1,800)
-

-

-

-

-

Total Costs of ECM

(4,600)

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1,800)

-

-

-

-

Savings by using ECM

(4,446)

300

306

312

318

325

486

338

345

351

359

520

373

380

388

396

(1,242)

412

420

428

437

Operating cashflow
Fuel Savings

300

306

312

318

325

331

338

345

351

359

366

373

380

388

396

404

412

420

428

437

Net operating cash flow

300

306

312

318

325

331

338

345

351

359

366

373

380

388

396

404

412

420

428

437

Baseline
Investment for stove
Replacement cost of stove
Fuel costs of coal
Total Costs of Coal Stoves
Insulation and Night Storage System
Cost of insulation
Initial Cost of night storage system
Replacement cost of night storage system
Electricity Cost of night storage system

NPV of savings
IRR of savings

(1,356)
3.2%

ECM Cash Flow

Investing cashflow
Initial Investment
Replacement
Additional savings

(4,600)
-

-

-

-

-

-

154

-

-

-

-

154

-

-

-

-

(1,800)
154

-

-

-

-

Net investing cash flow

(4,600)

-

-

-

-

-

154

-

-

-

-

154

-

-

-

-

(1,646)

-

-

-

-

3,680
920
-

300
(736)
(526)

306
(736)
(421)

312
(736)
(316)

318
(736)
(210)

325
(736)
(105)

486
-

338
-

345
-

351
-

359
-

520
-

373
-

380
-

388
-

396
-

(1,242)
-

412
-

420
-

428
-

437
-

-

(962)

(851)

(740)

(628)

(517)

486

338

345

351

359

520

373

380

388

396

(1,242)

412

420

428

437

3,680

(962)
2,944

(1,813)
2,208

(2,553)
1,472

(3,181)
736

(3,698)
-

(3,212)
-

(2,874)
-

(2,529)
-

(2,178)
-

(1,819)
-

(1,299)
-

(926)
-

(546)
-

(158)
-

238
-

(1,004)
-

(592)
-

(172)
-

257
-

694
-

421%

378%

337%

297%

259%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

4,688
(3,047)
1,641

4,876
(3,200)
1,676

5,071
(3,360)
1,711

5,274
(3,528)
1,746

5,485
(3,704)
1,780

5,704
(3,889)
1,815

5,932
(4,084)
1,848

6,169
(4,288)
1,881

6,416
(4,502)
1,914

6,673
(4,727)
1,945

6,940
(4,964)
1,976

7,217
(5,212)
2,005

7,506
(5,473)
2,033

7,806
(5,746)
2,060

8,118
(6,033)
2,085

8,443
(6,335)
2,108

8,781
(6,652)
2,129

9,132
(6,985)
2,148

9,497
(7,334)
2,164

9,877
(7,700)
2,177

65%

58%

52%

46%

40%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

1

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

65%

58%

52%

46%

40%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Investing cashflow
Loan
Equity
Cash flow available for debt service
Repayment
Interest on debt
Net operating, investing and financing cash flow
Cummulative
Debt outstanding
Debt/Savings ratio with fuel savings
Household annual income
Household annual expenses
Household Savings
Debt/Income ratio with household savings
Grant required to meet Debt/Income ratio
Debt/Income ratio with grants
Grant as % of investment
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0.02%

B O I L E R S YS TE M W ITH B U I L D I N G E N V E LO P E
YEAR

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

(154)

(300)

(306)

(312)

(318)

(325)

(154)
(331)

(338)

(345)

(351)

(359)

(154)
(366)

(373)

(380)

(388)

(396)

(154)
(404)

(412)

(420)

(428)

(437)

(154)

(300)

(306)

(312)

(318)

(325)

(486)

(338)

(345)

(351)

(359)

(520)

(373)

(380)

(388)

(396)

(558)

(412)

(420)

(428)

(437)

(2,800)
(900)

(248)

(250)

(253)

(255)

(258)

(260)

(263)

(265)

(268)

(271)

(274)

(276)

(279)

(282)

(285)

(630)
(287)

(290)

(293)

(296)

(299)

Total Costs of ECM

(3,700)

(248)

(250)

(253)

(255)

(258)

(260)

(263)

(265)

(268)

(271)

(274)

(276)

(279)

(282)

(285)

(917)

(290)

(293)

(296)

(299)

Savings by using ECM

(3,546)

52

56

60

63

67

225

75

79

83

88

247

97

101

106

111

(359)

122

127

132

138

Operating cashflow
Fuel Savings

52

56

60

63

67

71

75

79

83

88

92

97

101

106

111

116

122

127

132

138

Net operating cash flow

52

56

60

63

67

71

75

79

83

88

92

97

101

106

111

116

122

127

132

138

Baseline
Investment for stove
Replacement cost of stove
Fuel costs of coal
Total Costs of Coal Stoves
Insulation and Boiler System
Cost of insulation
Initial Cost of boiler system
Replacement cost of boiler system
Electricity Cost of boiler system

NPV of savings

(2,726)

IRR of savings

-6.4%

ECM Cash Flow

Investing cashflow
Initial Investment
Replacement
Additional savings

(3,700)
-

-

-

-

-

-

154

-

-

-

-

154

-

-

-

-

(630)
154

-

-

-

-

Net investing cash flow

(3,700)

-

-

-

-

-

154

-

-

-

-

154

-

-

-

-

(476)

-

-

-

-

2,960
740
-

52
(592)
(423)

56
(592)
(339)

60
(592)
(254)

63
(592)
(169)

67
(592)
(85)

225
-

75
-

79
-

83
-

88
-

247
-

97
-

101
-

106
-

111
-

(359)
-

122
-

127
-

132
-

138
-

-

(963)

(875)

(786)

(698)

(610)

225

75

79

83

88

247

97

101

106

111

(359)

122

127

132

138

2,960

(963)
2,368

(1,838)
1,776

(2,624)
1,184

(3,322)
592

(3,932)
-

(3,706)
-

(3,631)
-

(3,552)
-

(3,469)
-

(3,381)
-

(3,134)
-

(3,038)
-

(2,936)
-

(2,830)
-

(2,719)
-

(3,078)
-

(2,956)
-

(2,830)
-

(2,697)
-

(2,559)
-

Debt/Savings ratio with fuel savings

1938%

1664%

1421%

1204%

1009%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Household annual income
Household annual expenses
Household Savings

4,688
(3,047)
1,641

4,876
(3,200)
1,676

5,071
(3,360)
1,711

5,274
(3,528)
1,746

5,485
(3,704)
1,780

5,704
(3,889)
1,815

5,932
(4,084)
1,848

6,169
(4,288)
1,881

6,416
(4,502)
1,914

6,673
(4,727)
1,945

6,940
(4,964)
1,976

7,217
(5,212)
2,005

7,506
(5,473)
2,033

7,806
(5,746)
2,060

8,118
(6,033)
2,085

8,443
(6,335)
2,108

8,781
(6,652)
2,129

9,132
(6,985)
2,148

9,497
(7,334)
2,164

9,877
(7,700)
2,177

60%

54%

48%

42%

37%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

60%

54%

48%

42%

37%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Investing cashflow
Loan
Equity
Cash flow available for debt service
Repayment
Interest on debt
Net operating, investing and financing cash flow
Cummulative
Debt outstanding

Debt/Income ratio with household savings
Grant required to meet Debt/Income ratio
Debt/Income ratio with grants
Grant as % of investment
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U N D E R- F LOO R H E ATI N G W ITH B U I L D I N G E N V E LO P E
YEAR

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

(154)

(300)

(306)

(312)

(318)

(325)

(154)
(331)

(338)

(345)

(351)

(359)

(154)
(366)

(373)

(380)

(388)

(396)

(154)
(404)

(412)

(420)

(428)

(437)

(154)

(300)

(306)

(312)

(318)

(325)

(486)

(338)

(345)

(351)

(359)

(520)

(373)

(380)

(388)

(396)

(558)

(412)

(420)

(428)

(437)

(2,800)
(1,000)

(248)

(250)

(253)

(255)

(258)

(260)

(263)

(265)

(268)

(271)

(274)

(276)

(279)

(282)

(285)

(700)
(287)

(290)

(293)

(296)

(299)

Total Costs of ECM

(3,800)

(248)

(250)

(253)

(255)

(258)

(260)

(263)

(265)

(268)

(271)

(274)

(276)

(279)

(282)

(285)

(987)

(290)

(293)

(296)

(299)

Savings by using ECM

(3,646)

52

56

60

63

67

225

75

79

83

88

247

97

101

106

111

(429)

122

127

132

138

Operating cashflow
Fuel Savings

52

56

60

63

67

71

75

79

83

88

92

97

101

106

111

116

122

127

132

138

Net operating cash flow

52

56

60

63

67

71

75

79

83

88

92

97

101

106

111

116

122

127

132

138

Baseline
Investment for stove
Replacement cost of stove
Fuel costs of coal
Total Costs of Coal Stoves
Insulation and Underfloor System
Cost of insulation
Initial Cost of boiler system
Replacement cost of boiler system
Electricity Cost of boiler system

NPV of savings

(2,847)

IRR of savings

-7.0%

ECM Cash Flow

Investing cashflow
Initial Investment
Replacement
Additional savings

(3,800)
-

-

-

-

-

-

154

-

-

-

-

154

-

-

-

-

(700)
154

-

-

-

-

Net investing cash flow

(3,800)

-

-

-

-

-

154

-

-

-

-

154

-

-

-

-

(546)

-

-

-

-

3,040
760
-

52
(608)
(435)

56
(608)
(348)

60
(608)
(261)

63
(608)
(174)

67
(608)
(87)

225
-

75
-

79
-

83
-

88
-

247
-

97
-

101
-

106
-

111
-

(429)
-

122
-

127
-

132
-

138
-

-

(990)

(900)

(809)

(719)

(628)

225

75

79

83

88

247

97

101

106

111

(429)

122

127

132

138

3,040

(990)
2,432

(1,890)
1,824

(2,699)
1,216

(3,418)
608

(4,046)
-

(3,821)
-

(3,746)
-

(3,666)
-

(3,583)
-

(3,495)
-

(3,249)
-

(3,152)
-

(3,050)
-

(2,944)
-

(2,833)
-

(3,262)
-

(3,141)
-

(3,014)
-

(2,882)
-

(2,744)
-

Debt/Savings ratio with fuel savings

1990%

1709%

1459%

1236%

1036%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Household annual income
Household annual expenses
Household Savings

4,688
(3,047)
1,641

4,876
(3,200)
1,676

5,071
(3,360)
1,711

5,274
(3,528)
1,746

5,485
(3,704)
1,780

5,704
(3,889)
1,815

5,932
(4,084)
1,848

6,169
(4,288)
1,881

6,416
(4,502)
1,914

6,673
(4,727)
1,945

6,940
(4,964)
1,976

7,217
(5,212)
2,005

7,506
(5,473)
2,033

7,806
(5,746)
2,060

8,118
(6,033)
2,085

8,443
(6,335)
2,108

8,781
(6,652)
2,129

9,132
(6,985)
2,148

9,497
(7,334)
2,164

9,877
(7,700)
2,177

62%

55%

49%

43%

38%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

62%

55%

49%

43%

38%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Investing cashflow
Loan
Equity
Cash flow available for debt service
Repayment
Interest on debt
Net operating, investing and financing cash flow
Cummulative
Debt outstanding

Debt/Income ratio with household savings
Grant required to meet Debt/Income ratio
Debt/Income ratio with grants
Grant as % of investment
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S TA N D - A LO N E S M A L L H E ATE R S W ITH B U I L D I N G E N V E LO P E
YEAR

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

(154)

(300)

(306)

(312)

(318)

(325)

(154)
(331)

(338)

(345)

(351)

(359)

(154)
(366)

(373)

(380)

(388)

(396)

(154)
(404)

(412)

(420)

(428)

(437)

(154)

(300)

(306)

(312)

(318)

(325)

(486)

(338)

(345)

(351)

(359)

(520)

(373)

(380)

(388)

(396)

(558)

(412)

(420)

(428)

(437)

(2,800)
(146)

(248)

(250)

(253)

(255)

(258)

(260)

(263)

(146)
(265)

(268)

(271)

(274)

(276)

(279)

(282)

(146)
(285)

(287)

(290)

(293)

(296)

(299)

Total Costs of ECM

(2,946)

(248)

(250)

(253)

(255)

(258)

(260)

(263)

(412)

(268)

(271)

(274)

(276)

(279)

(282)

(431)

(287)

(290)

(293)

(296)

(299)

Savings by using ECM

(2,792)

52

56

60

63

67

225

75

(67)

83

88

247

97

101

106

(35)

271

122

127

132

138

Operating cashflow
Fuel Savings

52

56

60

63

67

71

75

79

83

88

92

97

101

106

111

116

122

127

132

138

Net operating cash flow

52

56

60

63

67

71

75

79

83

88

92

97

101

106

111

116

122

127

132

138

Baseline
Investment for stove
Replacement cost of stove
Fuel costs of coal
Total Costs of Coal Stoves
Insulation and Boiler System
Cost of insulation
Initial Cost of boiler system
Replacement cost of boiler system
Electricity Cost of boiler system

NPV of savings

1,914)

IRR of savings

-2.6%

ECM Cash Flow

Investing cashflow
Initial Investment
Replacement
Additional savings

(2,946)
-

-

-

-

-

-

154

-

(146)
-

-

-

154

-

-

-

(146)
-

154

-

-

-

-

Net investing cash flow

(2,946)

-

-

-

-

-

154

-

(146)

-

-

154

-

-

-

(146)

154

-

-

-

-

2,357
589
-

52
(471)
(337)

56
(471)
(270)

60
(471)
(202)

63
(471)
(135)

67
(471)
(67)

225
-

75
-

(67)
-

83
-

88
-

247
-

97
-

101
-

106
-

(35)
-

271
-

122
-

127
-

132
-

138
-

-

(756)

(685)

(614)

(543)

(472)

225

75

(67)

83

88

247

97

101

106

(35)

271

122

127

132

138

2,357

(756)
1,886

(1,441)
1,414

(2,055)
943

(2,598)
471

(3,070)
-

(2,845)
-

(2,770)
-

(2,837)
-

(2,753)
-

(2,666)
-

(2,419)
-

(2,322)
-

(2,221)
-

(2,114)
-

(2,149)
-

(1,879)
-

(1,757)
-

(1,630)
-

(1,498)
-

(1,360)
-

Debt/Savings ratio with fuel savings

1543%

1325%

1131%

958%

803%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Household annual income
Household annual expenses
Household Savings

4,688
(3,047)
1,641

4,876
(3,200)
1,676

5,071
(3,360)
1,711

5,274
(3,528)
1,746

5,485
(3,704)
1,780

5,704
(3,889)
1,815

5,932
(4,084)
1,848

6,169
(4,288)
1,881

6,416
(4,502)
1,914

6,673
(4,727)
1,945

6,940
(4,964)
1,976

7,217
(5,212)
2,005

7,506
(5,473)
2,033

7,806
(5,746)
2,060

8,118
(6,033)
2,085

8,443
(6,335)
2,108

8,781
(6,652)
2,129

9,132
(6,985)
2,148

9,497
(7,334)
2,164

9,877
(7,700)
2,177

48%

43%

38%

34%

29%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

48%

43%

38%

34%

29%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Investing cashflow
Loan
Equity
Cash flow available for debt service
Repayment
Interest on debt
Net operating, investing and financing cash flow
Cummulative
Debt outstanding

Debt/Income ratio with household savings
Grant required to meet Debt/Income ratio
Debt/Income ratio with grants
Grant as % of investment
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United Nations Environment Programme – Finance
Initiative is a partnership between United Nations
Environment and the global financial sector created
in the wake of the 1992 Earth Summit with a mission
to promote sustainable finance. More than 200
financial institutions, including banks, insurers, and
investors, work with UN Environment to understand
today’s environmental, social and governance
challenges, why they matter to finance, and how to
actively participate in addressing them.

Frankfurt School - UNEP Collaborating Centre for
Climate & Sustainable Energy Finance is a strategic
cooperation between the Frankfurt School of
Finance & Management and the UN Environment.
The Centre is committed to facilitating the necessary
structural change of energy supply and use around
the globe by helping to catalyse private sector capital
flow towards investments in sustainable energy and
climate change mitigation and adaptation.
www.fs-unep-centre.org

www.unepfi.org
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