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Executive Summary

Mongolia submitted its first Nationally Determined Contribution (NDC) to the United Nations Framework Convention
on Climate Change (UNFCCC) in September 2016. This INDC committed Mongolia to reduce greenhouse gas (GHG)
emissions by 14% in 2030 compared to a baseline scenario (excluding GHG sources and sinks from forestry [LULUCF])
(Government of Mongolia, 2016). In October 2020, Mongolia submitted an update to its INDC, increasing Mongolia’s
climate change mitigation ambition. In its updated NDC, Mongolia committed to reduce GHG emissions by 22.7% in
2030 compared to an updated baseline scenario (note: the baseline scenario was also updated from the September 2015
submission) (Government of Mongolia, 2020a). The next NDC updates should be communicated by 2025 and every five
years thereafter. Over the next four years, there is a substantial opportunity for Mongolia to undertake activities that
can contribute to an ambitious, enhanced NDC submission in 2025.

This document provides recommendations and guidance on how Mongolia could update its NDC in 2025 with greater
robustness, expanded scope, and higher ambition compared to the 2020 NDC submission. Specifically, the document
shows how Mongolia could update its NDC through three types of enhancement:

e Expand the GHGs included in the NDC document. Specifically, this report outlines how hydrofluorocarbons
(HFCs), commonly used as alternatives to ozone-depleting substances (and a subsector within the Industrial
Processes and Product Use [IPPU] Intergovernmental Panel on Climate Change [IPCC] source sector), can be
incorporated into the GHG reduction target.

Using data from the National Ozone Office of Mongolia, the GHG emissions from HFC consumption were quantified for
the first time, with 27,000 tonnes of carbon dioxide equivalent COze estimated to have been emitted in 2019. The
reduction in HFC emissions from implementation of the Kigali Amendment Phase-Down Schedule relevant for Mongolia
was also assessed. It was estimated that implementation of the Kigali Amendment to the Montreal Protocol* could
reduce 90,000 tonnes CO2e emissions in 2050 compared to a baseline scenario.
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1 Mongolia is Group 1 Country of Annex 5 Countries to the Montreal Protocol and is obligated to freeze HFC consumption from
2024.



e Update data and include long-term 2050 scenarios for low emissions development in Mongolia.

o InMongolia’s NDC, the GHG mitigation target is set for 2030. As countries update their NDCs in 2025,
it will be necessary to update the future projections to assess GHG mitigation commitments further into
the future. In addition, other countries are setting long-term (i.e., 2050) targets for decarbonization.

o Thisdocument updates Mongolia’s GHG mitigation assessment using the latest available data. In
addition to including additional sources such as HFCs, new data and information has been included for
all major source sectors, including updated activity data for more recent historical years and revised
assumptions in the baseline scenario.

o Inaddition, this document presents for the first time 2050 GHG emission scenarios aligned with
Mongolia Vision 2050. These scenarios could be the basis for identifying long-term targets for GHG
emission reductions.

The updated scenario estimates how emissions will change in the baseline scenario to 2050, when Mongolia could emit
over 90 million tonnes GHG emissions per year as a result of economic growth in the industrial, manufacturing, and
services sector as well as expanded transport infrastructure outlined in Mongolia Vision 2050. In addition to the 22.7%
reduction in GHG emissions in 2030 compared to the baseline scenario, a set of mitigation measures are put forward that
would be implemented between 2030 and 2050 to further reduce emissions. The full implementation of the mitigation
measures included in the 2030-2050 GHG mitigation assessment were estimated at approximately 40% in 2050
compared to the baseline scenario (Figure ES 0.2). These measures include expanding renewable electricity generation,
electrifying the vehicle fleet, and switching to renewable energy for heating in homes in Ulaanbaatar, other cities, and
soum Centres.
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Figure ES 0.2. Reduction in total GHG emissions estimated from the implementation of mitigation measures in 2030 and 2050
compared to a baseline scenario

o Include short-lived climate pollutants (SLCPs), air pollutants, and associated health benefits in the NDC.

o SLCPs, like black carbon, methane, and HFCs, contribute substantially to global warming, while SLCPs
and air pollutants also impact people’s health through exposure to dangerous air pollution. Many
countries have updated their NDCs by identifying actions that integrate climate change mitigation with
actions that simultaneously improve air quality and human health. In this document, future emission



pathways are outlined for air pollutants and SLCPs as well as GHGs to show how future actions on
climate change could contribute to alleviating Mongolia’s substantial air pollution issues.

The inclusion of SLCPs and air pollutants in the GHG mitigation assessment shows the local benefits that Mongolians
could enjoy in terms of reduced exposure to air pollutants and the associated health impacts. Table ES1 shows that, by
2050, the implementation of climate change mitigation actions could simultaneously reduce emissions of co-emitted air
pollutants by between 20% and 40% compared to the baseline scenario.

Table ES 0.1. GHG, SLCP, and air pollutant emissions in 2030 for Baseline, Category 1, and Additional Measures scenarios

Scenario oC BC PMy5 PMyo NOx NMVOC | CH4 co CO,
2019 33.9 9.0 67.2 834 157.5 73.5 802 456.7 20,921
emissions

Baseline 96.7 17.1 167 227 315 132 950 1,449 43,352
2030

Mitigation 92.8 15.6 158.1 217 289 130 850 1,426 33,227
2030 (-4%) (-8.4%) (-5.4%) (-4.6%) (-8.4%) (-1.54%) | (-10.6%) | (-1.6%) (-23.4)
Baseline 103.9 20.0 184.4 247.3 432.7 162.6 1073 1556 68055
2050

Mitigation 877 13.2 145.7 202.5 261.9 129.9 899 1,414 34,887
2050 (-15.6%) | (-34%) (-21%) (-18%) (-39.5%) | (-20%) (-16%) (-9.1%) (-48.7%)

The three enhancements presented in this document provide a practical way in which Mongolia could update an NDC in
2025 that builds on the existing climate change mitigation commitment submitted in the 2020 NDC. The inclusion of
HFCsincreases the comprehensiveness of the NDC in terms of the totality of GHG emissions that are included within
the climate change commitment. It would also reflect the GHG mitigation within Mongolia’s climate change target that
Mongolia has already committed to inits ratification of the Kigali Amendment to the Montreal Protocol. The extension of
the GHG mitigation assessment beyond 2030 provides a first assessment of mitigation options that could be
implemented beyond the current end date for Mongolia’s 2020 NDC, an end date which could be extended (e.g., to 2035
or 2040) in the 2025 NDC submission. This update to the GHG mitigation assessment has been undertaken in the Low
Emissions Analysis Platform (LEAP) tool, which was the basis of the 2020 NDC update and where training and technical
support has been provided to build capacity for its application in Mongolia. Finally, many countries are integrating SLCP
and air pollutant mitigation within their NDC updates to reflect local benefits from meeting their international climate
change goals and build a broader coalition of support from taking climate change mitigation action. Given the substantial
impact air quality has in Mongolia, and in particular in Ulaanbaatar, the inclusion of air pollution benefits in Mongolia’s
climate change planning could have substantial additional benefits beyond reduction in GHGs.
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1. Introduction

The Paris Agreement signed in 2015 commits all countries to take action to limit global temperature increases to 2°C and
to make efforts to limit the increase to 1.5°C (United Nations, 2015). The contribution that individual countries commit
to achieve this global goal are communicated in their Nationally Determined Contributions (NDCs). An initial set of
NDCs was submitted in 2015 (or soon after), and the Paris Agreement sets a schedule in which all countries update their
NDCs every five years, with the overall goal of successively increasing ambition to achieve globally net-zero greenhouse
gas (GHG) emissions by 2050 (Fransen et al., 2017). This schedule is depicted in Figure 1.

Communicate
new or

updated NDCs

Figure 1.1. Overview of timeline of NDC updates to achieve net-zero GHG emissions by 2050

Source: Fransen et al. (2017)

The Paris Agreement and subsequent Katowice ClimatePackage outline the requirements for countries as they submit
their NDCs. These requirements are differentiated between Annex | countries and non-Annex | countries. They include
the information that needs to be submitted alongside an overall climate change commitment included

inthe NDC to provide clarity, transparency, and understanding of the commitment. The NDCs countries submit are not
only focused on climate change mitigation. Countries can also specify how they are likely to be impacted by climate
change and what climate change adaptations are needed. These adaptation needs can be communicated viathe NDC or a
separate adaptation communication.

Mongolia submitted its INDC to the United Nations Framework Convention on Climate Change (UNFCCC) in September
2015. This INDC committed Mongolia to reduce GHG emissions by 14% in 2030 compared to a baseline scenario (excluding GHG



sources and sinks from Land Use, Land Use Change and Forestry [LULUCF]) (Government of Mongolia, 2016). In October 2020,
Mongolia submitted an update to

its INDC, increasing Mongolia’s climate change mitigation ambition. In its updated NDC, Mongolia committed to reduce
GHG emissions by 22.7% in 2030 compared to an updated baseline scenario (note: the baseline scenario was also
updated from the September 2015 submission) (Government of Mongolia, 2020a).

As outlined in Figure 1, the next NDC updates should be communicated by 2025 and every five years thereafter. Over
the next four years, there is a substantial opportunity for Mongolia to undertake activities that can contribute to an
ambitious, enhanced NDC submission in 2025. For example, over the next four years Mongolia may make progress on
the implementation of the specific mitigation actions that have been identified to contribute to the NDC target
committed to in the 2020 NDC. There are also other methodological and technical improvements to the assessment of
GHG emissions that could result in amore robust, expanded NDC to be submitted in 2025.

The document does not aim to cover how Mongolia will implement its NDC commitment or what level of implementation
of its 2020 NDC commitment will be achieved and could be communicated in the 2025 NDC update. This document aims
to provide recommendations and guidance on how Mongolia could update its NDC in 2025 with greater robustness,
expanded scope, and higher ambition compared to the 2020 NDC submission. Specifically the document aims to show
how Mongolia could enhance its NDC through the following types of action:

e Expand the GHGs covered in the NDC document by expanding the sectors and GHGs included.

o Specifically, the document outlines how hydrofluorocarbons (HFCs), commonly used as alternatives to
ozone-depleting substances (and a subsector within the Industrial Processes and Product Use [IPPU]
Intergovernmental Panel on Climate Change [IPCC] source sector), can be incorporated into the GHG
reduction target.

e Use updated data and include long-term 2050 scenarios for low emissions development in Mongolia.

o InMongolia’s NDC, the GHG mitigation target is set for 2030. As countries update their NDCs in 2025,
it will be necessary to update the future projections to assess GHG mitigation commitments further into
the future. In addition, other countries are setting long-term (i.e., 2050) targets for decarbonization.

o Thisdocument updates Mongolia’s GHG mitigation assessment using the latest available data. In
addition to the inclusion of additional sources such as HFCs, new data and information has been
included for all major source sectors, including updating activity data for more recent historical years
and revising assumptions in the baseline scenario.

o Inaddition, this document presents for the first time GHG emission scenarios for 2050, aligned with the
Mongolia Vision 2050 document (Government of Mongolia, 2020b). These scenarios could be the basis
for identifying long-term targets for GHG emission reductions.

e Include short-lived climate pollutants (SLCPs), air pollutants, and associated health benefits in the NDC.
o SLCPs, like black carbon, methane, and HFCs, make contribute substantially to global warming, while
SLCPs and air pollutants also impact people’s health through exposure to dangerous air pollution. Many
countries have updated their NDCs by identifying actions that integrate climate change mitigation with
actions that simultaneously improve air quality and human health. In this document, future emission
pathways are outlined for air pollutants and SLCPs as well as GHGs to show how future action on
climate change could contribute to alleviating Mongolia’s substantial air pollution issues.

This report first presents the information currently included in Mongolia’s NDC and the GHG mitigation assessments
that have been conducted to support that NDC (Section 2). This section highlights recommendations for how the NDC
could be made more comprehensive and more detailed through an updated GHG mitigation assessment. The GHG
mitigation assessment tool used to provide the updated analysis and recommendations in this report is described in
Section 3. The GHG mitigation assessment has been conducted using the Low Emissions Analysis Platform (LEAP) tool
(Heaps, 2020). Section 3 describes the LEAP tool as well as the LEAP model developed for Mongolia to assess emission
reduction strategies. The subsequent sections then describe the specific results and recommendations for how Mongolia
could update its NDC for 2025 based on the updated analysis, including the inclusion of additional sectors (HFCs, Section
4), development of long-term emission scenarios to 2050 (Section 5), and the inclusion of air pollutants and SLCPs
(Section 6).



2. Mongolia’s NDC and Existing GHG Mitigation
Assessments

This section has been prepared based on Mongolia’s National Inventory Report - 2017 (Annex to Initial Biennial
Update Report to UNFCCC) (Mongolia Climate Change Implementing Unit, 2017).

2.1 OVERVIEW OF INSTITUTIONAL ARRANGEMENTS AND APPROACHES FOR
COMPLING NATIONAL GHG INVENTORY

The Ministry of Environment and Tourism (MET) of Mongolia is the key ministry to develop, implement, and report
climate-related policies and measures, including GHG inventory, National Communications (NCs), and Biennial Update
Reports (BURs), and submitting them to the UNFCCC secretariat through the National Focal Point for the UNFCCC.

To facilitate smooth implementation of commitments under UNFCCC, the MET established the Climate Change Project
Implementation Unit (CCPIU) at the Environment and Climate Fund (ECF) in 2015. CCPIU was also responsible for
submitting Mongolia’s Intended Nationally Determined Contribution (INDC) in 2015. Later, in 2020, the CCPIU was
restructured as a Climate Change Research and Cooperation Centre (CCRCC), a self-funded, state-owned enterprise to
implement Mongolia’s climate policies.

The CCRCC is tasked with preparing reports (national communications [NCs], BURs) and conducting GHG inventories
under the UNFCCC implementation process. Its inventory team of four sectoral experts (Energy, Agriculture and Waste,
and LULUCEF) prepares the national GHG inventory through collecting data mainly from statistical bulletins and request
additional data from respective line ministries, and randomly from private sector.

To enable cross-sectoral governance and decision-making on climate change policy implementation, the National
Climate Committee (NCC) was reestablished in 2019. The NCC, chaired by the MET and vice-chaired by the Minister of
Energy (MOE), has 21 members who represent line ministries, government agencies, municipalities, academic
organizations, and CSOs. A Technical Coordination Council of the NCC was established in July 2021. Also, late October
2021, anew National Committee on Climate Change and Desertification led by the Prime Minister was established
replace the NCC.

UNFCCC Secretariat }

T Submissian of the NC& BUR
.

National Focal Point for UNFCCCC

? Submission of the NC& BUR / . X \
p / Relevant Ministries/Agencies \
National Climate Committee
(21 members) w <Providers of Main Data>
L J
T Request for reviewing NIR * National Statistics Office
- ~ Request for *  Ministry of Energy
Ministry of Environment and Tourism (MET) reviewing NIR R *  Ministry of Construction and Urban
Climate Change Department v Development
> * Ministry of Food, Agriculture and
<National Entity for GHG Inventory Preparation> Request for Light Industry
reviewing NIR *  Ministry of Mining and Heavy Industry
T Submission of draft NC & BUR + Ministry of Road and Transport
P ) Request for QA of N Request for DEVéI?pnTent ‘
Expert " IR Climate Change Research and Cooperation Center data revision *  Municipality of Ulaanbaatar city
Review »
L Team > <organization for actual work of GHG Inventory> P { Other relevant organizations ]
Report on QA A S Data provision \

)

of NIR TReque.st for NIRGCRF revise \ -
{Quality Control)

External Consultants
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Figure 1.2. Institutional arrangement for the GHG inventory compilation of Mongolia

Source: Gold Standard, Mongolia’s NDC Monitoring and Verification, 2021



Mongolia submitted the three NCs (2001, 2010, 2018), and its first BUR (2017) to the UNFCCC. Currently, Mongolia is
preparing its Fourth National Communications and Second BUR. The most recent GHG inventory of Mongolia was
prepared in 2017 (last inventory year was 2014), within scope of the preparation of initial BUR and Third NC.

Methods of estimating GHG emissions

Although non-Annex | parties are not obligated to use IPCC 2006, Mongolia decided to change its GHG inventories
estimation method to the IPCC 20062 and its Tier 1 and Tier 2 methods by using country-specific emission factors (EFs)
for coal types. This combination of Tier 1 and 2 resulted in improvements to Mongolia’s GHG inventory methodology and
estimation methods that caused a shift from the revised IPCC 1996 to the IPCC 2006 and uncertainty assessment. An
overview of the methods and EFs applied for the calculations of the emissions is presented in Table 2.1.

Table 1.1. Applied methods and EFs in GHG inventory

CO2 CHa4 N20 HFCs
Source and Sink Categories Metho EF Method EF | Method | EF | Method | EF
d
1. Energy
1.A Fuel Combustion T1,T2 | D,CS T1 D T1 D - -
1A.1 | Energy Industries T1,T2 | D,CS T1 D T1 D - -
1A2 Manufactl‘mng Industries and T1,T2 D, CS T1 D T1 D i i
Construction
1A.3 | Transport T1 D T1 D T1 D i .
144 | OtherSectors T1 D T1 D T1 | D . .
1.A5 | Non-Specified T1 D T1 D | T1 | D . .
1B Fugitive Emissions - - T1 D - - - -
Solid Fuels D,
1.B.1 - - T1,T2 cs
1B.2 Oil and Natural Gas ) ) T D ) ) ) )
2. IPPU - - - - - -
2.A Mineral Industry T1 D
2.B Chemical Industry NO NO
2.C Metal Industry T1 D
Non-Energy Products from
2D Fuels and Solvents m D
2.E Electronic Industry NO NO
Product Uses as Substitutes
2.F for Ozone-Depleting - - - - - - T1 D
Substances
3. Agriculture
3.A Livestock T1 D T1 D
3.8.1 | Forestland T1,T2 | D,CS
Aggregate Sources and non-
3.C CO2 Emissions Sources on - - - - T1 D
Land
4 Waste T1 D

Source: Mongolia’s GHG Inventory Report - 2017

2 MET: Mongolia’s Initial BUR, Ulaanbaatar, 2017
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Data sources for quantifying GHG emissions

A major data source of the GHG inventory is the National Statistics Office (NSO) and its statistical information service
(available at www.1212.mn). More sector-specific data is directly collected from the respective ministries, such as MOE,
Ministry of Road and Transport Development (MRTD), Ministry of Food and Agriculture and Light Industry (MOFALI),
Ministry of Construction and Urban Development (MCUD), the Energy Regulatory Commission, Ulaanbaatar
Municipality, and the National Customs Office.

Mongolia’s GHG inventory has been prepared using data from a combination of sources from national and international
institutions. According to the recommendations of IPCC 2006, using data from national statistics is preferred. In cases
where the required data were not available, data from international sources, such as the International Energy Agency
(IEA), Food and Agriculture Organization(FAQO), the World Bank (WB), and certain assumptions were used.

Table 1.2. List of important sources for GHG inventory preparation

Sectors Activity data sources

NSO Statistical Yearbook, www.1212.mn, Statistical Yearbook of Energy, IEA
statistics, MRTD, Ministry of Mining and Heavy Industry (MMHI), MOFALI,
Mongolian Civil Aviation Authority (MCAA), Ulaanbaatar Railway joint stock
company

Energy

IPPU NSO Statistical Yearbook, www.1212.mn , MOFALI, MMHI

NSO Statistical Yearbook, www.1212.mn, MOFALI Statistical Yearbook of
Agriculture

NSO Statistical Yearbook; www.1212.mn; Administration of Land Affairs, Geodesy
LULUCE and Cartography (ALAGAC); Report on Land, Food and Agriculture Organization
(FAO), www.fao.org/faostat/en/; Forest Research and Development Centre (FRDC) -
Mongolia Multipurpose Forest Inventory (NFI)

Agriculture

NSO Statistical Yearbook, www.1212.mn, WB, Ulaanbaatar city mayor's office,
MOFALI, Ulaanbaatar Water Supply and Sewerage Authority

Source: Mongolia’s GHG Inventory Report - 2017

Waste

Global warming potentials (GWPs) used

As a non-Annex | Party, Mongolia used the GWPs from the IPCC Second Assessment Report (SAR) 100-year
time horizon GWPs.

Table 1.3. 100-year time horizon GWPs

Types of Gases Gas CO2 equivalents (CO2e)

Direct gases Carbondioxide (CO2) 1
Methane (CH4) 21
Nitrous oxide (N20) 310

Fluorinated gases HFC-23 (CHF3) 11,700
HFC-32 (CH2F2) 650
HFC-125 (CHF2CF3) 2,800
HFC-134a (CH2FCF3) 1,300
HFC-152a (CH3CHF2) 140
HFC-143a (CF3CH3) 3,800

Source: Mongolia’s National Inventory Report - 2017
11
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Calculation of GHG emissions by sectors and subsectors

Total GHG emissions in Mongoliain 2014 were 34,482.73 Gigagrammes (Gg) carbon dioxide equivalent
(CO2e), excluding LULUCF. GHG emissions from the energy sector were 17,267.79 Gg COe, accounting for
50.08% of total national emissions. The agriculture sector’s 16,726.98 Gg CO.e accounts for 48.51% of the
national total. Emissions from IPPU and the Waste sector contributed 328.1 COze (0.95%) and 159.91 CO.e
(0.46%), respectively, to the national total in 2014 (Table 2.4).

Table 1.4. Mongolia’s GHG emissions/removals by sectors in 1990 and 2014

Energy 11,091.14 50.53 17,267.79 50.08
IPPU 218.66 1.00 328.06 0.95
Agriculture 10,585.30 48.22 16,726.98 48.51
Waste 55.62 0.25 159.91 0.46
Total (excluding LULUCF) 21,950.73 100.00 34,482.73 100.00
LULUCF -23,024.18 - -1,427.75 -
Net total (including LULUCF) -1,073.46 - 11,104.26 -

12



The following tables for each sector and subsector provide information on how GHG emissions were
calculated in the national GHG inventory, how data were collected, and what difficulties were encountered
during the calculation process.

Energy sector

Table 1.5. GHG emissions from energy sector by source categories, Gg CO2e
2014

[ Difficulties in data collection and calculations
Categories Gg COze %

There is no integrated fuel and energy balance in official statistics. The
Mongolian Statistical Yearbook provides separate, very general coal,
electricity, and heat balances (see Table 2.6). Since there is no
disaggregated coal data in the national statistics, disaggregated data
from IEA statistics were used. Not all required data were available;
therefore, with the help of additional statistics and various assumptions,
some data were disaggregated and supplemented in the respective
sectors of energy transformation and final consumption.

Due to unavailability of the disaggregated data of fuel consumption
within the manufacturing industries and construction (CRF 1.A.2)
category, the liquid (diesel oil) and solid fuel (coal) consumption data for
different industries were taken as aggregated data.

There is no liquid fuel balance. In the transport category (CRF 1.A.3), data
on fuel consumption inthe road transport sector that is disaggregated by
vehicle types was not available for the period from 1990-2014;
therefore, the activity data were taken as the sum of consumption of
motor gasoline and diesel oil. The distinction of jet fuel consumption
between international and domestic aviation was relatively complicated
due to lack of activity data from the MRTD and MCAA. Therefore, the jet
fuel consumption of international and domestic aviation has been
calculated using the number of domestic flights and international landing
and take-off numbers from national statistics. The activity datain
railways have been requested from the MRTD and disaggregated into
the diesel oil consumption for locomotives and coal (mostly
subbituminous coal) consumption for passenger wagon heating (only in
the heating season, which lasts almost seven months).

Other sectors include the fuel consumption in commercial and
institutional, residential, and agriculture/forestry/fishing subcategories.
Other Sectors 1,422.37 8.24 | Inthe agriculture subcategory, coal, diesel oil, and other primary solid
biomass were consumed by stationary appliances and diesel oil by off-
road vehicles and other machinery.

Energy

. 9,474.70 54.87
Industries

Manufacturing
Industries and 2,313.48 13.40
Construction

Transport 1,997.25 11.57

Non-Specified 903.37 523 | -

", Fugitive emissions from fuels occur in the coal mining and handling, and
Fugitive oil industries. Mongolia does not yet have any petroleum refining
Emissions from 1,156.62 6.70 )

industries. The fugitive emissions from fuels were calculated from the

Fuels (Coal, Oil) surface mining and crude oil production industries.

Energy Total 17,267.79 100.0

The net calorific values (NCVs) and country-specific EFs for some coal types shown in Table 2.6 were
estimated by national experts. For example, the country-specific NCVs and country-specific EFs for coking
coal, subbituminous coal, and lignite and brown coal briquettes were taken from the report Studies on Country-
Specific GHG Emission and Removal Factors for Mongolia, prepared by Professor B. Namkhainyam and others.

13



Table 1.6. NCVs and CO: EFs used in GHG inventory estimation

LIQUID FOSSIL
Crude oil 42.3 42.3 73,300 73,300
Gasoline 44.3 443 69,300 69,300
Jet kerosene 441 441 71,500 71,500
Gas/diesel oil 43.0 43.0 74,100 74,100
Residual fuel oil 40.4 40.4 77,400 77,400
Lubricants 40.2 40.2 73,300 73,300
SOLID FOSSIL
Coking coal 28.2 21.7 94,600 93,800
Other bit. coal 25.8 25.8 94,600 94,600
Subbit. coal 18.9 23.6 96,100 87,300
Lignite 11.9 14.4 101,000 77,900
Coke oven coke 28.2 28.2 107,000 107,000
SOLID BIOMASS
Wood/wood waste 15.6 15.6 112,000 112,000

14



Industrial Processes and Product Use

Table 1.7. GHG emissions from IPPU

2014

Categories Gg COze % Difficulties in data collection and calculations
The mineral industry of Mongolia covered cement and lime production. The
GHG emissions have been estimated not directly from cement production but
from clinker production. The activity data for cement production was provided

Mineral t?y the Ministry of‘lnd ustry ‘(MOI) by official letter anql survey. MOl collects .

Industry 22589 | 68.86 | limestone extraction and clinker and cement production data from producers in
the thousands of tonnes. The extracted limestone is the main raw material in
clinker production. According to MOI experts, since limestone is the main
ingredient of clinker, to get clinker data, limestone should be decreased by 1.6
times.

The metal industry source category covers iron and steel production. Other
metallurgical productions are not occurring in Mongolia. Steel production
occurs in Mongolia in secondary facilities, which produce steel mainly from

Metal 515 157 recycled steel scrap, not from iron ore. This kind of steelmaking occurs in

Industry ) ) electric arc furnaces (EAFs). The majority of CO2 emissions from this sector
comes from the use of metallurgical coke in the production of pig iron and from
the consumption of other process by-products at the iron and steel mill. Activity
data oniron and steel production were obtained from the NSO of Mongolia.

In this source, categories have been included only of GHG emissions from
lubricant use in industrial and transport applications. Mongolia imports

Non- . . L .

Energy lubricants begause there are no oil refineries in the cquntry. I‘_ubr‘lcants canbe
used for a variety of purposes, namely motor oils and industrial oils, greases

Products . . . .. . S .
that differ interms of physical characteristics, and commercial applications. It is

from Fuels 0.59 0.18 | ... . . . . . . .

and d|ff:|cu!t to determine which fractlon. Iu!orlcan.t is consumed in n!achmery and

Solvent which is act.ually combusted and emltte.d invehicles as CO2 emissions.

Use Therefore, it has been assumed that all imported lubricants are consumed as
motor and industrial oils. The assumption is that all amounts of imported
lubricant are consumed in the same year.

HFCs and perfluorocarbons (PFCs) are serving as alternatives to ozone-
depleting substances (ODS) being phased out under the Montreal Protocol.
In Mongolia the emissions from this source category include HFC emissions
from the following application areas:

Product - Refrigeration (stationary, mobile) and air conditioning (stationary, mobile)

Uses as - Rire suppression and explosion protection

Substitutes 9643 | 2939 - Foam-blowing agents

for Ozone- ) ’ Mongolia is an importing country of all the above-mentioned applications. The

Depleting emissions from the fluorinated substitutes for ODS were estimated from the

Substances following HFCs: HFC-23, HFC-32, HFC-125, HFC-134a,HFC-143a and HFC-
152a.
The consumption of HFCs was taken from Report for HFC Inventory and
Identification of Opportunities for Introduction of Low-GWP Alternatives in
Mongolia.

IPPU Total 328.06 | 100.0
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Agriculture

Table 1.8. GHG emissions from agriculture

Categories

2014

Gg CO2e

%

Difficulties in data collection and calculations

Enteric
Fermentation

9,588.85

57.33

Activity data cover the following animal categories: cattle, horses,
camels, sheep, goats, swine, and poultry. For the period between
1990 and 2014, the activity data are taken from statistical
yearbooks of agriculture. For dairy cattle, specialized dairy breeds
are still rare (<1%) in Mongolia, and females are more appropriately
categorized as “other cattle.”

The EF values are specified by livestock category and regional
grouping in the IPCC 2006, Vol. 4, Ch. 10, Tables 10.10 and 10.11.
The EF listed under Asia region are chosen for Mongolia.

Manure
Management

251.22

1.50

The emissions level depends on the amount of manure treated and
handled within manure management systems, and the type of
manure management systems.

The main manure management systems covered by this inventory
were: pasture/range/paddock for the cattle, sheep, goats, horses,
and camels, and daily spread system for the swine and poultry. For
this case, N2O emissions during storage and treatment of these two
systems are assumed to be zero, and N2O emissions from land
application of Mongolian livestock are covered under the
aggregated sources and non-CO2 emissions sources on land (CRF
3.C) source category. Only CHas is reported under the manure
management source category.

Aggregated Sources
and Non-CO2
Emissions Sources
onLand

6,886.94

41.17

Emissions under this category, CH4 and N20 from biomass burning,
and direct and indirect N2O from managed soils, are reported in this
inventory.

Both uncontrolled (wildfires) and managed (prescribed) fires can
have a major impact on the non-CO2 emission from forests. Under
this category, burning of biomass, which consists of CH4, N2O, NOx,
and CO from biomass combustion of forestland, is estimated.

The nitrogen sources included for estimating direct N2O emissions
from managed soils in this report are: synthetic N fertilizers; organic
nitrogen applied as fertilizer (animal manure); urine and dung
nitrogen deposited on pasture, range, and paddock by grazing
animals; and nitrogenin crop residues.

Agriculture Total

16,726.98

100.0
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Waste

Table 1.9. GHG emissions from waste

2014

Gg CO2e

%

Difficulties in data collection and calculations

Solid Waste
Disposal Sites

86.39

54.02

The CHa4 emissions from solid waste disposal sites (SWDS) cover
managed and unmanaged waste disposal sites. Emissions from both
disposal sites are estimated by using the first order decay (FOD) method.
Emissions from municipal solid waste (MSW) disposal consist of domestic
and commercial sources. The emissions were estimated taking into
account population, per capita waste generation, and quantity collected
and deposited at waste disposal sites.

The amount of waste generated is available only from Ulaanbaatar city.
The exact amounts of MSW generated from other urban and rural areas
of Mongolia are not available. Therefore, the amounts of MSW from the
urban areas were calculated by multiplying per capita waste generation
rates by the number of urban populations. Data on urban population
were obtained from the dataset of the NSO.

Domestic
Wastewater

57.50

35.96

For calculation of methane from domestic wastewater, a factor U is
introduced to express each income group fraction. It is a good practice to
treat the three categories—rural population, urban high-income
population, and urban low-income population—separately. Mongolia
administratively is divided into the capital, Ulaanbaatar; 21 provinces
called aimags; and aimags into soums. Therefore, the population of
Ulaanbaatar city was considered an urban high-income group, the
population of 21 provinces as urban low-income group and the population
of soums as a rural group. The number of inhabitants by income groups
included in various types of domestic wastewater treatment was
calculated and used for estimation of methane emissions.

Industrial
Wastewater

16.02

10.02

The CH4 emissions from industrial wastewater have been calculated
using the IPCC Tier 1 method proposed by IPCC 2006. Assessment of
CHa production potential from industrial wastewater streams is based on
the concentration of degradable organic matter in the wastewater, the
chemical oxygen demand, the volume of wastewater, industrial sectors,
and methods of wastewater treatment. Industries with the largest
potential for wastewater methane emissions were identified as follows:

- Meat processing (slaughterhouse)

- Alcohol production

- Beer production

- Dairy products

- Wine production

- Vegetable oil production

Waste Total

159.91

100.0
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Forestry and other land use (LULUCF)

Table 1.10. GHG emissions from LULUCF

Categories

Forestland

2014

-24,634.30

Difficulties in data collection and calculations

The IPCC 2006 methodology was followed to estimate gains and losses. EFs like
belowground carbon and expansion factors, carbon fractions, and aboveground
biomass and belowground biomass ratios are taken from the IPCC tables (IPCC
2006, Table 4.4) and national information, such as data on growth and stocks
(The Multipurpose National Forest Inventory of Mongolia, 2016).

The information of the disturbance was consolidated in the NFI, which found
18.60% of the forested area (11.3 million hectares [hal) was burned. That results
in 2,101,800 ha. Thus, the assumption taken was 2,101,800 ha divided by 10
years equals 210,180 ha/year. Based on this assumption, the disturbed area is
taken as 200,000 ha every year in the forestland estimation.

Harvested
Wood
Products

182.37

Much of the wood that is harvested from forestland, cropland, and other types of
land use remain in products for differing lengths of time. Harvested wood
product (HWP) constitutes a carbon reservoir. The time carbon is held in
products will vary depending on the product and its uses (IPCC 2006, Vol. 4,
p12.5).

The UN FAO’s FAOSTAT database has been applied. The HWP category is a bit
different from the land use categories since the data source is rather clear and
well described in food and agriculture data provided by FAO referred as
FAOSTAT.

LULUCEF total

-24,451.93

Conclusion

e Official statistics of Mongolia do not yet show an integrated fuel and energy balance. Instead, they provide a

separate, very general balance of coal, electricity, and heat (see Table 2.1). Since there is no disaggregated coal

datain the national statistics, disaggregated data from the IEA statistics were used.

e Due tounavailability of the disaggregated data of fuel consumption within the manufacturing industries and
construction category, the liquid fuel (diesel oil) and solid fuel (coal) consumption data for different industries
were taken as aggregated data.

e Thereis also no liquid fuel balance. In the transport category (CRF 1.A.3) fuel consumption activity data was not
disaggregated by vehicle types nationwide; therefore, the activity data were taken as the sum of consumption of
motor gasoline and diesel oil.

e For calculation of the GHG emissions from the enteric fermentation of livestock, the default value of the
emission factor according to the IPCC 2006 method was used. The amount of GHG emitted from enteric
fermentation of livestock in Mongolia accounts for a large percentage of total GHG emissions. Thus, it is
necessary to develop a country-specific emission factor for Mongolia's pastoral livestock.

For the GHG inventory of the forest sector, national data on growth and stocks are used from NFI, prepared by
the Forest Research and Development Centre, Mongolia, for the period from 2014 to 2017. However, due to a
lack of data, some data were taken as assumptions (e.g., the assumption that disturbed area is taken as 200,000
ha every year in the forestland estimation).
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Nationwide waste data is insufficient and inconsistent for compiling GHG inventory. MSW data are only
available for Ulaanbaatar city. Data on MSW generated from other urban and rural areas of Mongolia are not yet
available. Therefore, the amount of urban area MSW was calculated by multiplying per capita waste generation

rates by the urban population.

19



2.2 ANALYSIS OF EXISTING METHODS AND TOOLS FOR PROJECTIONS OF GHG
EMISSIONS

This section details the analysis of the existing projections (baseline scenario) of the GHG emissions until 2030 in each
sector (energy, industry, agriculture, waste, forestry and land use) and the methodology and tools used for GHG emission
projections.

For each sector we compare how GHG emission projections were estimated differently in official climate change
research reports (NCs, INDC, BUR, and NDC), shown in tabular form.

Energy sector

The baseline scenario and mitigation scenarios for GHG emissions in the energy sector have been calculated using the
LEAP model since the development of SNC. The LEAP calculates the power supply and consumption for baseline
scenarios and also a variety of scenarios for development of climate change mitigation scenarios.

Features of LEAP:

e Energy: It's possible to develop model structure based on consumption and production data.
e Environment: It’s possible to estimate GHGs and other gases and particles emitted by the energy system.

The LEAP model is a bottom-up model that allows accurate estimates of energy production and consumption. The model
user can create the model scope, energy consumption, and production structure based on the available information.

The projection of GHG baseline emissions from the energy sector by using the LEAP model in different reports is
summarized in Table 2.11.

Table 1.11. Projection of GHG baseline emissions from energy sector, Gg CO2e

Reports 2010 2015 2020 2025 2030
Mongolia Second National Communication, 2010 14.03 20.23 | 2593 | 3280 | 4181
Intended Nationally Determined Contribution of Mongolia, 14.03 20.23 | 2593 | 3280 | 4181
2015*

Mongolia’s Initial Biennial Update Report, 2017 13.70 1740 | 2320 | 29.90 | 37.70
Third National Communication of Mongolia, 2018 13.89 1740 | 24.15 | 3296 | 37.31
Mongolia’s Nationally Determined Contribution to the UNFCCC, 14.03 18.30 | 24.99 | 32.02 | 38.84
2020

* For the INDC, new projections of GHG emission reductions were not estimated, but used existing projections prepared for Mongolia SNC
Source: Mongolia NCs, INDC, NDC, and First BUR

Comparison of the GHG emission projections from the climate reports show that the estimates are similar. The reports
estimate that GHG emissions of the energy sector will be around 30 million to 33 million tonnes of CO,e by 2025 and 39
million to 42 million tonnes of COe by 2030.

The LEAP model estimates that the baseline scenario for GHG emissions by 2030 will include energy consumption in
construction (household, trade, services), industry (mining, processing, construction), transportation (human transport,
freight), and agriculture.

Further breakdown of these sectors can be seenin Table 2.12. The breakdown of each sector depends on the availability
of information.
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Table 1.12. Sector classification of energy consumption in LEAP model calculations

Household Urban Ulaanbaatar Apartment
Ger district
Other cities Apartment
Ger district
Rural Soum Centres
Herders
Commercial and other
Mining and quarrying Erdenet
Oyu tolgoi
Tavan tolgoi

Other coal mining
Iron ore mining
Other
Processing Metal

Cement

Light industry
Food industry
Passenger Road

Rail

Air

Freight Auto transport
Railroad

Air

In the LEAP model, energy supply is calculated by taking into account transmission and distribution losses, combined
heat and power plants, and large heating plants. Small power sources are considered in groups.

The advantage of using the LEAP model is that it can comprehensively and accurately estimate energy production and
consumption, and it is possible to calculate a wide range of mitigation scenarios based on the baseline scenario. The
disadvantage is that it takes a lot of time and effort to compile a large amount of information and model it.

Currently, GHG emissions in the energy sector in Mongolia are calculated using the IPCC 2006 method (top down), while
the forecast is calculated using the LEAP model (bottom up). The results of these two calculations must be consistent.

Non-energy sector

Climate change mitigation analysis for the non-energy sector was carried out using the IPCC 2006 methodology. By this
methodology, GHG emissions are calculated by multiplying quantities of activities or products by GHG factors.

There are no country-specific EFs of the non-energy sector estimated for Mongolia's conditions. Therefore, international
default EFs are used for GHG emission calculations of Mongolia’s non-energy sector.
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Industrial process

There are significant discrepancies in GHG emissions from industrial processes. These discrepancies depend on the
scope of the estimate, the future growth trends of the sector, and what new industries are planned to be built.

For example, the SNC (2010) considered only cement and lime production and potential emissions from consumption of
HFCs. Cement production is expected to increase 4.1 times in 2020 and 6.0 times in 2030 from the 2006 level, due to an
increase in building construction and urban and industrial development. Cement production increased 3.66 times from
322.5 thousand tons to 1182.3 thousand tonnes between 2010 and 2020.

In 2018, the TNC estimated that domestic cement production would increase 10.8 times in 2030 compared to 2010 due
to the commissioning of large cement plants. However, as the TNC does not take into account potential emissions from
consumption of HFCs, Table 2.13 shows that the total amount of GHG emissions from the industrial process is small.

Table 1.13. Projection of GHG emissions from industrial process, Gg CO2e

Report 2010 2015 2020 2025 2030
Mongolia Second National Communication, 2010 1.35 1.60 1.84 2.07 2.32
Intended Nationally Determined Contribution of Mongolia, 2015* 1.35 1.60 1.84 2.07 2.32
Mongolia’s Initial Biennial Update Report, 2017 0.28 0.29 2.55 3.48 441
Third National Communication of Mongolia, 2018 0.21 0.22 0.97 1.18 1.52
Mongolia’s Nationally Determined Contribution to the UNFCCC, 1.05 1.13 2.23 7.94 12.29
2020

*Only cement production is considered.
Source: Mongolia NCs, INDC, NDC, and First BUR

Recently updated (2019) NDC figures increased estimates of methane emissions from coal and oil production and
potential emissions from consumption of HFCs in refrigeration and air-conditioning equipment in addition to cement and
lime production. As a result of this increase, the GHG emissions from the industrial process have multiplied compared to
previous estimates (see Table 2.2). In particular, the commissioning of a coal gasification plant to come online in 2025 is
expected to significantly increase gas emissions. But the increase of emissions resulted from emissions from energy
consumption in this facility. This shouldn’t be included in the IPPU emissions; the energy emissions should be under the
energy sector. In future analysis, it is important to clearly separate emissions between IPPU and the energy sector to
avoid double accounting.

For the NDC, the IPCC 2006 (top-down) method was used to calculate GHG emissions from the industrial process.

Agriculture sector

It is difficult to estimate the projection of GHG emissions from the agricultural sector, especially the livestock sector.
Livestock GHG emissions depend on the number of livestock, and the number of livestock in the future depends on
weather conditions.

Table 2.14 shows different projections of GHG emissions in the agricultural sector that are estimated differently in the
national climate communication reports. For example, the 2010 SNC estimated the prospects for livestock emissions
based on the Mongolian Livestock National Program approved by the parliament in 2010. The program projected that
the livestock population would reach 36 million by 2021 but it achieved 67 million by end of 2020. This total number of
livestock was estimated to maintain the actual carrying capacity of pastureland and prevent desertification. It resulted in
alower level of GHG emissions projection from the agriculture sector in the SNC than in other reports (Table 2.14).
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However, according to the NSO, the total animal population exceeded 36 millionin 2011 and reached 67 million in 2020.
Therefore, the 2018 TNC tried to forecast the number of livestock by using statistical models based on trend lines. In
addition to the methane emissions from enteric fermentation and manure management, the TNC estimated nitrous oxide
(N20) emissions as shown in Table 2.14.

The 2020 NDC estimates the baseline scenario for emissions from the livestock sector based on livestock growth
prospects. This report also estimates the aggregated sources and non-CO2 emission sources from land as shown in Table
2.14.

Table 1.14. Projection of GHG emissions from agriculture sector, Gg CO2e

Reports 2010 2015 2020 | 2025 2030

Mongolia Second National Communication, 2010 6.41 6.57 6.66 6.76 6.87
Intended Nationally Determined Contribution of Mongolia, 2015 6.41 6.57 6.66 6.76 6.87
Mongolia’s Initial Biennial Update Report, 2017 6.11 10.43 9.08 - -
Third National Communication of Mongolia, 2018 1054 | 17.72 | 22.69 25.30 | 28.48

Agriculture/Livestock (methane emissions from enteric fermentation 6.27 | 1047 | 1341 | 14.95 | 16.83
and manure management)

Agriculture/Livestock (total N2O emissions) 4.27 7.25 928 | 10.35 | 11.65
Mongolia’s Nationally Determined Contribution to the UNFCCC, 1063 | 1800 | 21.63 | 2217 | 22.62
2020

Agriculture/Livestock (methane emissions from enteric fermentation 6.27 | 10.65 12.76 13.08 | 1335

and manure management)

Agriculture/Livestock (aggregated sources and non-CO2 emission 4.35 7.36 8.87 9.09 9.27

sources from land)
Source: Mongolia NCs, INDC, NDC and First BUR

The actual GHG emissions from the agriculture sector, especially methane emission, is to increase significantly in the
future.

Waste sector

In the TNC, the GHG emissions baseline scenario estimation has included CH4 emissions from SWDS, and CH4 and N2O
emissions from domestic and industrial wastewater treatment. The SNCincluded methane emissions only from these
sources.

According to the latest NDC, in estimating and calculating potential methane emissions from centralized disposal sites of
MSW, the increase of waste generation per person is assumed at 5.5% in line with Gross Domestic Products (GDP)
growth, and the first order decay (FOD method is used in accordance with the 2006 IPCC guidelines. The population
growth trend, as well as the special characteristics of wastewater treatment and discharge systems of rural households,
soum and province Centres, settlements, and Ulaanbaatar city, are considered in the assumption of GHG emissions
trends from domestic wastewater (CH4 and N20). The further trend of GHG emissions is estimated based on statistics of
industrial wastewater emissions from 1990 to 2014, considering the sustainable increase of organic productions.
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Table 1.15. Projection of GHG emissions from waste sector, Gg CO2e

Reports 2010 2015 2020 2025 2030
Mongolia Second National Communication, 2010 0.16 0.18 0.21 0.25 0.29
Intended Nationally Determined Contribution of Mongolia, 0.16 0.18 0.21 0.25 0.29
2015

Mongolia’s Initial Biennial Update Report, 2017 0.05 0.07 0.09 0.11 -
Third National Communication of Mongolia, 2018 0.11 0.17 0.22 0.28 0.33
Mongolia’s Nationally Determined Contribution to the 0.11 0.17 0.25 0.36 0.50
UNFCCC, 2020

Source: Mongolia NCs, INDC, NDC, and First BUR

Land use, land use change, and forestry

The 2010 SNC estimates GHG emissions from changes in forest and other woody biomass stocks; forest and grassland
conversion to cultivated land; and abandonment of managed lands. The TNC did not estimate GHG emissions from
LULUCF.

The updated NDC of Mongolia estimates GHG removal from the forestry sector. Despite the critical role of GHG
absorption by soil, pastureland, and forestry, research and necessary information are scarce in Mongolia. However, the
Multipurpose National Forest Inventory and forest reference-level studies allow for potential GHG emissions removal
estimates. The NFI for the period of 2014 to 2017 and the United Nations Collaborative Initiative on Reducing Emissions
from Deforestation and Forest Degradation (UN-REDD Programme) (2016-2019) implemented in Mongolia enabled the
development of an internationally accepted report on forest resources, deforestation, and degradation information
based on reporting and certification principles under IPCC 2006 guidance.

As reflected in the forest reference-level submissions, between 2005 and 2015, on average, 139,500 ha of forest were
degraded, and 5,300 ha of land were lost (deforestation). The forest area change outlook has been estimated based on
the above reference.

Baseline scenario of GHG removal from the forestry sector is shown in Table 2.16.

Table 1.16. Projection of GHG emissions from LULUCF, Gg CO2e

Reports 2010 2015 2020 2025 2030
Mongolia Second National Communication, 2010 -1.93 -1.78 -1.42 -1.00 -0.68
Intended Nationally Determined Contribution of Mongolia, -1.93 -1.78 -1.42 -1.00 -0.68
2015

Mongolia’s Initial Biennial Update Report, 2017

Third National Communication of Mongolia, 2018

Mongolia’s Nationally Determined Contribution to the -23.71 | -2371 | -2361 | -2486 | -26.09
UNFCCC, 2019

Source: Mongolia SECOND NC, THIRD NC, INDC, NDC, and First BUR
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Conclusion

e The LEAP model is a bottom-up model that allows accurate estimates of energy production and consumption.
The model user can create the model scope, energy consumption, and production structure based on the
available information.

e The advantaged of the LEAP model is that it is possible to accurately estimate energy production and
consumption in a comprehensive way, and it is possible to calculate a wide range of mitigation scenarios based
on the baseline scenario. The disadvantage is that it takes a lot of time and effort to compile a large amount of
information and model it.

e Currently, GHG emissions in the energy sector in Mongolia are calculated using the IPCC 2006 method (top
down), while the forecast is calculated using the LEAP model (bottom up). The results of these two calculations
must be consistent.

e GHG emission projections from the climate change study reports show that the estimates are similar.

e Climate change mitigation analysis for the non-energy sector was carried out using the IPCC 2006 methodology.
Periodic reports of climate change using these methods show that emissions projections differ in some cases due
to omissions in some emission sources.
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2.3 REVIEW OF EXISTING ANALYSIS FORTHE NDC MITIGATION ASSESSMENT

The mitigation actions and measures included in Mongolia’s NDC to the UNFCCC are shown in Table 2.17.

Table 1.17. Mitigation actions and measures

1. ENERGY SECTOR

1.1 Energy sector (production)

Use of renewable energy sources

¢ Hydro power plants

¢ Wind power plants

¢ Solar power plants

¢ Heat pumps for heating utilities

Improved efficiency of energy production

* Reduce electricity and heat transmission and distribution grid losses

» Reduce the internal use of combined heat and power plants (CHPs)

¢ Improve the efficiency of power plants

» Improve the heat supply in cities and towns (improving the efficiency of heat-
only boilers [HOBs]))

8,340.5

1.2 Energy sector (consumption)

Construction:
¢ Insulate old precast panel buildings in Ulaanbaatar city
¢ Limit the use of raw coal in Ulaanbaatar city and switch to use of improved fuel

830.1

Industry:
e Energy-saving measures

1,045.2

Transportation:
¢ Switchto Euro 5 standard fuel
¢ Switchthe coal export transportation to rail transport from auto
transportation
¢ Switch the heating of passenger train to electric heating

1,048.8

1.3 Total GHG emission reduction from the energy sector

11,264.6

| 2.NON-ENERGY SECTOR

Agriculture:
¢ Regulate and reduce the livestock number
¢ Improve the livestock manure management

5,283.3

IPPU:
¢ Use waste heat from cement plants
e Use fly ash in cement production
¢ Use coal bed methane

2341

Waste:
¢ Reduce the waste volume for landfill through the improved waste treatment
and recycling process
¢ Increase the share of the population with access to improved sanitation and
hygiene facilities

106.1

Total GHG emission reduction from the non-energy sector

Source: Mongolia’s NDC to the UNFCCC, MET, Ulaanbaatar, 2020

5,623.5
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Energy sector

The mitigation of climate change in the energy sector is based on a baseline scenario for GHG emissions projections

based on the LEAP model.

Use of renewable energy sources

Sources for electricity generation using hydro, wind, and solar energy are listed in Table 2.18, 2.19, and 2.20. When
calculating the reduction of GHG emissions using hydropower plants (HPP), it was estimated that Shuren HPP in Khovd

River 100 MW will be commissioned in 2023, Egiin gol HPP 315 MW in 2026, and Shuren HPP 200 MW in 2026. Existing
Taishir and District HPPs were included in the baseline scenario for Table 2.18.

Table 1.18. Installed capacity of existing and planned hydro power plants, megawatts (MW)

HPP 2010 2023 2025 2026 2029 2030
Taishir HPP 11.0 11.0 11.0 11.0 11.0 11.0
Durgun HPP 12.0 12.0 12.0 12.0 12.0 12.0
Erdeneburen HPP - 100.0 100.0 100.0 100.0 100.0
Egiin Gol HPP - - - 315.0 315.0 315.0
Shuren HPP - - - 200.0 300.0 300.0
TOTAL 230 123.0 123.0 638.0 738.0 738.0

The installed capacity of existing and planned wind power plants is shown in Table 2.19. Existing Salkhit Wind Farm was
included in the baseline scenario.

Table 1.19. Installed capacity of existing and planned wind power plants, MW

Wind Power Plant 2010 2018 2021 2022 2025 2030
Salkhit WPP 50.0 50.0 50.0 50.0 50.0 50.0
Oyu tolgoi WPP - - - 102.0 102.0 102.0
Sainshand WPP - 52.0 52.0 52.0 52.0 52.0
Tsetsii WPP - 50.0 50.0 50.0 50.0 50.0
Govisumber WPP - - - 50.4 50.4 50.4
Uvs WPP - - 10.0 10.0 10.0 10.0
Zavkhan WPP - - 5.0 5.0 5.0 5.0
TOTAL 50.0 152.0 167.0 3194 319.4 319.4

From 2017 to 2019, six large-scale solar photovoltaic (PV) power plants with a total capacity of 75 MW were
commissioned. The installed capacity of existing and planned solar power plants by the year 2030 is shown in Table 2.20.

Table 1.20. Installed capacity of existing and planned solar power plants, MW

Solar Power Plant 2010 2017 2018 2019 2021 2022 2030
Darkan SPP - 10.0 10.0 10.0 10.0 10.0 10.0
Monnaran SPP - - 10.0 10.0 10.0 10.0 10.0
Gegeen SPP - - 15.0 15.0 15.0 15.0 15.0
Khushug SPP - - - 15.0 15.0 15.0 15.0
Taishir SPP - - - - - 10.0 10.0
Durgun SPP - - - - - 10.0 10.0
Sumber SPP - - 10.0 10.0 10.0 10.0 10.0
Tenuun SPP - - - 15.0 15.0 15.0 15.0
Ysun Bulag SPP - - - - 10.0 10.0 10.0
Altai SPP - - - - 0.5 0.5 0.5
Uliastai SPP - - - - 5.0 5.0 5.0
Murun SPP - - - - - 10.0 10.0
Khovd Myngan SPP - - - - - 10.0 10.0
Uvs Umnugovi SPP - - - - 10.0 10.0 10.0
Zavkhan Telmen SPP - - - - 5.0 5.0 5.0
TOTAL - 10.0 45.0 75.0 105.5 145.5 145.5
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Energy supply efficiency improvement

The NDC was updated based on the State Policy of the Energy Sector, which aims to improve efficiency of the energy
supply sector for both large- and small-scale energy sources. For instance, Mongolia is planning to: (1) reduce electricity
transmission losses from 13.7% (2014) to 10.8% by 2020 and to 7.8% by 2030; and (2) reduce station own use of CHPs
from 14.4% in 2014 to 11.2% by 2020 and 9.14% by 2030. Detailed descriptions of the energy efficiency targets of the
energy supply sector are shown in Tables 2.21 and 2.22.

Reduction of electricity and heat transmission and distribution losses: The assumption for the reduction of electricity and
heat transmission and distribution losses based on the State Policy on Energy is shown in Table 2.21.

Table 1.21. Electricity and heat transmission and distribution losses, %

Scenarios 2010 | 2014 @ 2017 | 2018 | 2020 | 2023 | 2030

Heat Baseline scenario 24 3.3 4.3 4.3 4.2 4.1 4.0

ea Mitigation scenario 24| 33| 43| 22| 21| 21 16

.. Baseline scenario 17.3 15.3 14.7 14.5 14.3 14.2 14.0
Electricity - -

Mitigation scenario 17.3 15.3 14.7 13.3 12.3 10.8 7.8

Source: Energy statistics, 2017; State Policy on Energy Sector, 2015

Reduction of station own use in CHPs: The assumption for the reduction of station own use in CHPs based on State Policy
on the Energy Sector is shown in Table 2.22.

Table 1.22. Internal energy use in CHPs, %

Scenarios 2010 2014 2017 2020 2023 2030
Baseline scenario 15.6 14.5 13.8 13.6 134 13.2
Mitigation scenario 15.6 14.5 13.8 11.2 11.2 9.1

Source: Energy statistics, 2017; State Policy on Energy Sector, 2015

The NDC also includes measures to improve efficiency of coal-fired power plants. Newly planned large- scale coal-fired
power plants will be constructed with supercritical-pressure technology as shown in Table 2.23.

Table 1.23. Efficiency of coal-fired power plants with different technologies, %

. . . Mitigation scenario
. Baseline scenario (High-pressure "
Coal-fired power plants (Supercritical-pressure
technology)
technology)
Tavan Tolgoi power plant 35 43
Baganuur power plant 35 43
Booroljuut power plant 30 43

Source: State Policy on Energy Sector, 2015; B. Namkhainyam, N. Tsolmon, Environment-Energy-Technology

Efficiency improvement of heat supply in aimag centres: The Midterm National Program for Implementation of State
Policy on Energy (2018-2023) aims to improve the quality and accessibility of urban heat supply. As part of this activity,
a project to improve the heat supply of 10 provincial Centres is being implemented.

Replacing existing 40% efficient HOBs with modern, high-efficiency (85%) HOBs will save 30% in coal consumption. It is
estimated that the project to improve the heat supply of these provincial Centres will be implemented in 2021.

Efficiency improvement of heat supply in soum Centres: This option for reducing GHG emissions was considered
based on the pilot project implemented in Erdenedalai soum of Dundgovi aimag. The pilot project was delivered under
the Nationally Appropriate Mitigation Actions (NAMAs) in the Construction Sector in Mongolia, implemented by the
MCUD with funding from United Nations Development Programme (UNDP) and Global Environment Facility (GEF). The
pilot project in Erdenedalai soum installed high-efficiency water-heating boilers and frequency converters in pumps with
atotal investment of 1,672 million tugrugs (MNT). This resulted in reduction of the coal consumption of the water-
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heating boilers from 4,416 tonnes (ex-ante) to 2,650 tonnes (ex-post), with a 40% reduction in coal consumption. The
MCUD is interested in scaling up this kind of the pilot project to 100 soums by 2030.

Use of ground source heat pumps for local heat supply: Since 2010, interest in using ground source heat pumps for heat
supply among individuals and businesses has grown. Mongolia piloted a project to use ground source heat pumps
(GSHPs) in Zuunmod soum of Tuv aimag in 2010. These GSHPs function normally at this time. Since then, a number of
projects have been completed, mostly by private businesses.

According to the feasibility study on GSHP use (122nd secondary school in Ulaanbaatar), the heat pump reduces GHG
emissions three times as much as the coal-fired boiler, and the investment cost of the heat pump will be 2.28 million
MNT/Kilowatt-hour (KWh) (Global Green Growth Institute, 2018).

Based on above calculations, reduction of GHG emissions from using GSHPs in the soum Centres was estimated. It is
assumed that the coal consumption of coal-fired boilers is 4,000 tonnes per year. GSHPs will be implemented in 30
soums in 2025 and in 50 soums in 2030.

Reduction of GHG emissions by implementation of the selected mitigation options

Calculations using the LEAP model of the baseline and mitigation scenarios in the energy supply sector are presented in
Table 2.24. Comparing the baseline scenario with the mitigation scenarios of GHG emissions, the measures described
above are estimated to reduce the GHG emissions by 1,930.5 Gg COe in 2020, 4,323.6 Gg COze in 2025, and 8,340.5 Gg
CO,ein 2030.

Table 1.24. GHG mitigation scenarios in energy industry, Gg CO2e

Scenarios 2010 2015 2020 2025 2030

Baseline scenario 14,032 18,301 24,998 32,018 38,837
GHG mitigation scenarios

Renewable scenario 14,032 18,301 24,998 31,129 35,868

HPP 14,032 18,301 24,998 31,551 36,218

Wind parks 14,032 18,301 24,998 31,535 38,229

Large-scale solar PV 14,032 18,301 24,998 31,718 38,470

Energy supply efficiency improvement 14,032 18,301 23,492 28,749 33,276

Reduce electricity and heat

L e 14,032 18,301 24,771 30,949 36,814

transmission and distribution loss

Reduce station own use in CHPs 14,032 18,301 23,990 29,949 35,525

Improve efficiency of coal-fired 14,032 18,301 24,998 31,650 37.871

power plants

Improve efficiency of heat supply in 14,032 18,301 24,998 31,887 38,711

aimag Centres

Improve efficiency of heat supply in 14,032 18,301 24,723 31,696 38,462

soum Centres

Use heat pumps for local heat supply 14,032 18,301 24,888 31,825 38,537
Total GHG mitigation scenario 14,032 18,301 23,068 27,695 30,497
Reduction of GHG emissions - - 1,930.5 4,323.6 8,340.5

Reduction of GHG emissions by implementation of each selected mitigation option is shown in Table 2.25. Renewable
energy sources, in particular construction of hydropower plants, is to reduce GHG emissions of Mongolia by 2,619 Gg
COze, while reduction of the station own use in CHPs is to reduce by 3,313 Gg COze¢, and reduction of electricity and
heat transmission and distribution by 2,023 Gg CO.e in 2030.
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Table 1.25. Reduction of GHG emissions from energy supply, Gg CO.e

Baseline scenario 14,032 18,301 24,998 32,018 38,837

GHG mitigation scenarios

Renewable scenario 14,032 18,301 24,998 31,129 35,868

Reduction of GHG emissions

HPP - - - 467 2,619
Wind parks - - - 483 609
Large-scale solar PV - - - 301 367
Energy supply efficiency improvement 14,032 18,301 23,492 28,749 33,276

Reduction of GHG emissions

Reduce electricity and heat

L . - - 227 1,069 2,023

transmission and distribution loss

Reduce station own use in CHPs - - 1,008 2,069 3,313

Improve efficiency of coal- ) ) i 368 966

fired power plants

Improvg ef:f|C|ency of heat ) ) i 132 126

supply in aimag Centres

Improvg efficiency of heat ) ) 276 393 376

supply in soum Centres

Use heat pumps for local heat supply - - 110 194 300
Total GHG mitigation scenario 14,032 18,301 23,068 27,695 30,497
Reduction of GHG emissions - - 1,930.5 4,323.6 8,340.5
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Energy consumption

Buildings

Prohibited raw coal and encouraged use of improved briquette fuel in Ulaanbaatar: The heat content of improved
briquette fuel is two times higher that raw lignite coal used in households. It is estimated that the fuel consumption will

be reduced two times.

Ulaanbaatar has over 200,000 households that use improved briquettes for space heating. The GHG emission reductions
based on the above conditions are shown in Table 2.26 By implementing this mitigation measure, GHG will be reduced
530.1 Gg CO2¢e by 2020 and 598.9 Gg CO2¢ by 2030.

Insulation of old precast concrete apartment buildings in Ulaanbaatar city: Ulaanbaatar city has precast multi-floor (5-,
9-, 12-) buildings built between 1970 and 1990. Building envelope of these buildings does not meet modern standards of
thermal performance, which results in high heat loss and poor living comfort of residents, especially in cold seasons.

There are 1,077 block buildings in nine districts of Ulaanbaatar built between 1965 and 2000. Retrofitting these precast
apartment buildings is estimated to reduce the heat load of 70.65 gigacalories per hour (Gcal/h) or 31% (GGGl, 2018).
This saved thermal energy is estimated to conserve around 170,000 tonnes/ year of coal to be used for thermal power

plants in Ulaanbaatar city.

Table 1.26. GHG emission reduction in the building sector

2010 2015 2020 2025 2030

Baseline scenario 3,285.8 4,006.6 4,395.5 4,737.2 5,151.2
Mitigation scenario 3,285.8 4,006.6 3,792.2 4,037.3 43211
Total GHG emission reduction - - 603.3 699.9 830.1

From this: Use of improved

briquette fuel in the ger district of

Ulaanbaatar city - - 530.1 561.0 598.9

Insulation of old precast concrete

apartment buildings in Ulaanbaatar city - - 732 138.9 2312

Industry

Energy-saving measures

The following energy-saving measures for reducing GHG emissions are considered in the industry sector:

e Efficiency improvement of industrial electric motors

e Energy-efficient lighting
e Demand-side management

Implementing energy-saving measures inindustries will reduce the amount of electricity generated by the plants from
the integrated power system and will reduce coal consumption at the coal-fired CHPs. Table 2.27 shows that GHG
emissions can be reduced by 1,045.2 Gg CO.e by implementing energy-saving measures in the industrial sector.

Table 1.27. GHG emission reduction in industrial sector, Gg COze

2010 2015 2020 2025 2030
Energy sector baseline scenario 8158 | 1,1774 1,939.6 34734 | 4,0595
Mitigation scenario in industrial sector 8158 | 1,1774 1,633.6 2,691.3 | 3,014.3
GHG emission reduction in industry sector - - 306.0 782.1 1,045.2

31



Transport
The following three options were selected to calculate GHG emission in the transport sector:

e switchto Euro 5 fuel;
e shift auto transport of coal to rail transport; or
e switchto electric heating of passenger trains.

Switch to Euro 5 fuel

As of 2018, Euro 5 fuel was 7.7% and Euro 2-4 fuel was 92.3% of the total fuel consumed in the road transport sector.
NDC Action Plan aims to increase the share of Euro 5 fuel to 80% by 2025. Improved fuel quality through
implementation of Euro 5 fuel will reduce air pollution and GHG emissions from the transport sector. With the switch to
Euro 5, fuel consumption is expected to be reduced by 20%.

Euro 5 fuel transition will reduce GHG emissions by 456.8 Gg COe by 2030 (Table 2.28).
Shift auto transport of coal to rail transport

The Asian Development Bank’s (ADB) assessment, “Breaking Barriers: Leveraging Mongolia’s Transport and Logistics
Sector,” compared fuel cost and environmental impact between roads and railways (Table 2.28). The report stated that,
while all border-crossing roads connect points in Mongolia, many of them are not paved so trucks use unpaved roads to
transport mineral exports. This results in slower transport rate, increased fuel consumption by trucks, damage or
deterioration of trucks and roads, adverse impact on the health of the drivers due to poor road quality, and pollution due
to dust on the roads. In addition, transport over unpaved roads also causes environmental pollution from the emissions
of trucks as well as dispersion of mineral ores during movement over the roads.

Table 1.28. Comparison of fuel cost and environmental impact between roads and railways

Parameter Railways Roads
Primary fuel Diesel Diesel
Cost of fuel per liter (USD/liter) 0.91 0.91
Consumption per ton-km (liters/ton-km) 0.0097 0.0270
Economic cost per ton-km (USD/ton-km) 0.0088 0.0246
GHG emissions per ton-km (g CO2e/ton-km) 35 83

Source: “Breaking Barriers: Leveraging Mongolia’s Transport and Logistics Sector,” ADB, September 2018
Shifting auto transport of coal to rail transport will reduce GHG emissions by 576.0 Gg CO.e by 2030 (Table 2.28).
Switch to electric heating of passenger trains

As of 2019, the passenger wagon depot operates with 276 wagons and serves 16 trains in the territory of Mongolia and
neighboring countries. Of these wagons, only 47 have electric heating. Other wagons have coal-fired stoves for heating,
using 10,000 tonnes of raw coal a year.

Table 2.29 shows how total GHG emissions can be reduced by taking the above measures in the transport sectors. It is
estimated that the GHG emissions will decrease by 779.1 Gg CO.e by 2025 and 1048.8 Gg CO.e by 2030 compared with
the baseline scenario.

Table 1.29. Reduction of GHG emissions in transport sector, Gg CO»e

2010 2015 2020 2025 2030
Transport sector baseline scenario 1,355.3 2,003.6 2,676.3 2,877.7 3,169.6
Mitigation scenario 1,355.3 | 2,003.6 2,607.5 | 2,098.6 2,120.8
Reduction of GHG emissions 68.8 7791 1,048.8
Switch to Euro 5 fuel - - 61.6 287.7 456.8
Shift auto transport of coal to rail transport - - - 480.0 576.0
Switch to electric heating of passenger trains - - 7.2 114 16.0
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Non-energy sector

The LEAP model was not used in the non-energy sector emission reduction estimates, and the non-energy sector was

developed independently by the experts in charge of each sector.

Agriculture

Climate change mitigation options in the agriculture sector could include the following measures:

- Limit and reduce the livestock headcounts

- Improve manure management
- Protect pastureland and soil

In 2018, the MOFALI approved the “Action Plan of the Mongolian Agenda for Sustainable Livestock,” that aims to
develop the Livestock Sector by promoting sustainable pastureland management, enhancing food security, food safety,
and social inclusiveness and strengthening stakeholder partnerships and participation. One of its five objectives is to
improve efficiency and productivity of livestock production in various livestock product value chains and to develop
export-oriented livestock production. By implementing these measures, GHG emissions from the sector are estimated to
decrease by 5,283.4 Gg CO2e, or 23.4%, compared to the baseline scenario (Table 2.30).

Table 1.30. GHG emissions reduction of the animal husbandry sector, Gg CO2e

2010 2015 2020 2025 2030
Baseline scenario 10,627.6 18,002.7 21,635.7 22,177.7 22,621.2
Mitigation scenarios 10,627.6 18,002.7 20,378.8 18,798.8 17,337.9
GHG emissions reduction - - 1,256.9 3,378.9 5,283.3
Regulate and reduce the number of livestock 1,119.8 3,010.3 4,707.0
Upgrade the manure management 137.1 368.6 576.3
GHG emissions reduction, % - - 58% 15.2% 234%

IPPU sector

Based on the characteristics of the IPPU sector emissions sources and modern technological advances, the following
GHG emissions mitigation measures have been considered:

- Use waste heat from cement plants
- Usefly ashin cement production
- Use coal mine methane

- Deploy Carbon Capture and Storage (CCS) technology

By implementing these measures, compared to the baseline scenario, there is a potential to reduce GHG emissions by
234.1 Gg CO2e, or 1.9%, by 2030 (Table 2.31). CCS would capture energy sector emissions, rather than process

emissions.

Table 1.31. GHG emissions reduction of the IPPU sector, Gg CO2e

2010 2015 2020 2025 2030

Baseline scenario 1,047.5 1,133.7 2,233.0 7,939.1 12,288.6
Mitigation scenario 1,047.5 1,133.7 2,233.0 7,780.9 12,054.5
Total GHG emissions reduction - - - 158.2 2341
Use waste heat from cement plants - - - 9.7 13.4
Use fly ash in cement production - - - 43.0 86.0
Use coal mine methane - - - 105.5 134.7
Total GHG emissions reduction, % - - - 2.0% 1.9%
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Waste sector

The total GHG emissions reduction estimated from implementing the waste sector mitigation measures are presented in
Table 2.32. Compared to the baseline scenario, the assumption demonstrates the potential reduction of GHG emissions

by 106.1 Gg CO2e, or 21.2%, in 2030.

Table 1.32. GHG emissions reduction of the waste sector, Gg CO2e

2010 2015 2020 2025 2030

Baseline scenario 108.3 172.5 250.5 363.2 501.3
Mitigation scenario 108.3 172.5 244.9 309.0 395.2
Total GHG emissions reduction - - 5.6 54.2 106.1

Reduce landfill <_j|sposed waste. vo!ume by supporting i i 56 36.9 90.5

the waste recycling and processing industry

Increase the share of the population with access to

improved sanitation and hygiene facilities by increasing - - 0.0 17.3 15.6

the capacity of water supply and sanitation facilities
Total GHG emissions reduction, % - - 2.2% 14.9% 21.2%

Conclusion

Mitigation measures of Mongolia's NDC are aligned with the state policy targetm and only measures that can
reduce GHG emissions and those reductions can be quantified are selected for the NDC.

There are many provisions in government policies and programs to reduce GHG emissions, but in most cases it is
not possible to estimate the amount of emissions reductions and there is no related data or research. For this
reason, relatively few measures are included in this NDC report. In the future, the range of measures to reduce
GHG emissions must be expanded.

The LEAP model was used to estimate measures to reduce GHG emissions in the energy sector. The advantage
of using the LEAP modelis that it is possible to calculate a wide range of mitigation scenarios based on the
baseline scenario.

In the future, the Low Emissions Analysis Platform model will be available for research on climate change
mitigation in both the energy and non-energy sectors. Using the LEAP model, it is possible to estimate GHG
emissions projections and mitigation measures in an integrated manner in the energy and non-energy sectors,
and to calculate gases that cause air pollution. Furthermore, there are many advantages to GHG reduction
measures, including cost-benefit analysis.
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3. Updated GHG Mitigation Assessment for
Mongolia

The updated GHG mitigation assessment undertaken in this project for Mongolia aims to provide a basis for Mongolia to
update its NDC in 2025. To this end, the updated GHG mitigation assessment presented here has extended the GHG
mitigation assessment conducted for the 2020 NDC update in three ways:

e The GHGs included have been extended to include HFCs (under the IPPU source category) to include a more
comprehensive characterization of all GHG emissions that occur within Mongolia. This inclusion also allows the
GHG mitigation assessment and future NDC updates to link to Mongolia’s obligations under the Kigali
Amendment to the Montreal Protocol, which describes an HFC “phase-down” schedule for the replacement of
HFCs with alternative, low global warming potential alternatives.

e The assessment develops long-term emission scenarios that project GHG emissions for baseline and mitigation
scenario beyond 2030 to 2050. The 2025 NDC update will require that Mongolia assesses GHG mitigation for
beyond 2030, which is the final year for which GHG reduction targets have been set in the 2016 and 2020 NDC
submissions. The GHG mitigation assessment presented in this work estimates GHG emissions to 2050 for a
baseline scenario that is aligned with Mongolia’s Vision 2050 document and its assumptions of Mongolia’s
socioeconomic development (Government of Mongolia, 2020b). Additional mitigation measures implemented
between 2030 and 2050 are also included in the analysis, providing a first basis to identify which GHG reduction
targets could be committed to beyond those already in place for 2030.

e The GHG mitigation assessment has been expanded to assess local benefits from achieving GHG emission
reductions through the simultaneous reduction in air pollutant and short-lived climate pollutant emissions that
occurs when GHG mitigation measures are implemented. This expansion of the pollutants included in the
mitigation assessment allows the benefits of taking action on climate change to be quantified and included in the
identification and prioritization of mitigation measures.

The GHG mitigation assessment aimed to estimate emissions of GHG for three scenarios, shown in Figure 3.1: historical
emissions between 2010 and 2018; baseline projections of emissions from 2018 and 2030, and extended to 2050; and
emission estimatesin 2030 and 2050 estimated to simulate the implementation of policies and measures that aim to
reduce emissions in key source sectors. The key equation used to estimate emissions from all major sources of the
pollutants listed above is the multiplication of an activity variable multiplied by an emission factor (Equation 1). The
activity variable quantifies how big a particular sector or process is in a country (e.g., the number of terajoules of fuel
consumed in a particular sector, or the number of tonnes of production of a particular mineral, chemical, or other
product). EFs quantify the mass of pollutant emitted per unit of activity (e.g., the kilograms of black carbon emitted per
terajoule of fuel consumed).

Emissions = Activity x Emission Factor Equation 1
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Figure 3.1. Stages in conducting GHG mitigation assessment

The specific activity data, EFs, and methodologies used to quantify emissions in each source sector are defined according
to international guidelines on the quantification of GHG and air pollutant emissions. Specifically, the methodologies
follow the IPCC 2006 emission inventory guidelines (IPCC, 2006). The IPCC 2006 guidelines provide methodologies for
the quantification of GHG emissions. They also recommend that the European Monitoring and Evaluation
Programme/European Environment Agency (EMEP/EEA) air pollution emission inventory guidebook be used for other
pollutants (EMEP/EEA, 2019). These methodologies (predominantly the simplest Tier 1 methods) were followed to
develop thisinventory (see Box 1).

The overall GHG mitigation assessment was developed using the LEAP (leap.sei.org) model. The overall LEAP modeling
framework is shown in Figure 3.2. As well as accounting for emissions, LEAP also links energy supply and demand
modeling, meaning that interactions between energy supply and demand are taken into account in the development of
baseline and mitigation scenarios. For the agriculture, waste, and IPPU sectors, the mitigation assessment was also
conducted using LEAP, mainly using IPCC Tier 1 methodologies, to allow the overall GHG mitigation potential to be
assessed (IPCC, 2006).
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Figure 3.2. Representation of LEAP modeling framework
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Box 1: Overview of IPCC Guidelines for development of GHG emission inventories

Pollutants Included

The purpose of the GHG mitigation assessment was to characterize the emissions of pollutants that contribute to global
temperature increases. However, the sources of GHGs are also sources of air pollutants, which impact human health
locally. Therefore, the pollutants characterized in this inventory are those that are GHGs, like carbon dioxide and
methane, and those pollutants that contribute to the formation of particulate matter (PM) and tropospheric ozone (Os3).
These are the two pollutants that have the largest effect on human health (Murray et al., 2020) and the pollutants whose
emissions are quantified in this emission inventory that make the largest contribution to air pollution in Mongolia, as well

as Mongolia’s contribution to global climate change. The emission inventory of SLCPs, GHGs, and air pollutants covers 11
pollutants in total, listed below.

Greenhouse gases

e Carbon dioxide: A GHG with an atmospheric lifetime of hundreds of years that makes the largest contribution to
global climate change.

e Methane: A GHG and SLCP with an atmospheric lifetime of approximately 15 years. Methane emissions make the
second largest contribution to global temperature increases after carbon dioxide. Methane also contributes to the
formation of O3, which has negative effects on respiratory health.

e HFCs: A collection of greenhouses gases used predominantly as refrigerants to replace chlorofluorocarbons
(CFCs) and hydrochlorofluorocarbons (HCFCs) in the refrigeration and air-conditioning sector.

Short-lived climate pollutants
e Black carbon (BC): A component of direct PM emissions that contributes to the negative effects of air pollution
on human health. Emissions of BC also warm the atmosphere through direct absorption of incoming solar
radiation and through indirect effects, such as deposition on snow and ice and cloud interactions. With an
atmospheric lifetime of a few days, it is an SLCP. It is mainly emitted through incomplete combustion.
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Air pollutants

PM2;5 and PM10: PM (with an aerodynamic diameter less than 2.5 ym [PM25] and 10 pm [PM1o]) are small, solid
particles in the atmosphere. They are the largest contributors to air pollution that effects the human
cardiovascular and respiratory systems. The emissions of PM2s and PM1o calculated here represent direct PM
emissions to the atmosphere. However, other gaseous pollutants, such as nitrogen oxides, sulphur dioxide,
ammonia, and volatile organic compounds, also contribute to the PM2s and PM1o concentrations people are
exposed to through chemical reactions in the atmosphere that convert gaseous pollutants into solid particles.
Nitrogen oxides (NOx): An air pollutant that is a precursor to the formation of PM and O3, NOx is made up of two
pollutants: nitrogen oxide (NO) and nitrogen dioxide (NO2).

Sulphur dioxide (SO2): An air pollutant that is a precursor to the formation of PM.

Ammonia (NHs): An air pollutant that is a precursor to the formation of PM.

Organic Carbon (OC): A component of direct PM emissions that contributes to the negative effects of air pollution
on human health.

Non-methane volatile organic compounds (NMVOCs): A collection of a range of different organic molecules
emitted from a range of emission sources. NMVOCs are precursors to the formation of Oz and PM.

Carbon monoxide (CO): A gaseous air pollutant which contributes to the formation of Oa.

Source Sectors

The emission sources covered in the inventory cover all the major sources of GHGs, SLCPs, and air pollutants, with the
exception of land use and land use change emissions. Emission sources were grouped according to the IPCC source
categories (IPCC, 2006). The source sectors covered are described in Table 3.1.

Table 3.1. Source sectors covered in emission inventory

1A1a Public Electricity and Heat Production
1A1c Manufacture of Solid Fuels and Other Energy Industries

1A2 Manufacturing Industries and Construction
1A3b Road Transportation

1A3c Railways

1A4a Commercial/Institutional

1A4b Residential

1A4c Agriculture, Forestry, Fishing

1A5 Other

1B1a Fugitive Emissions from Coal Mining

2A Mineral Industry
2D Non-Energy Product Use

2F Use of ODS Alternatives
2G Other Product Manufacture and Use
2H Other

3A Livestock
3C Aggregate Sources and Non-CO2 Emission Sources on Land

3D Other

4A Solid Waste Disposal
4B Biological Treatment

4C Incineration and Open Burning
4D Domestic Wastewater Treatment and Discharge
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Energy

Within the LEAP analysis, energy sector emissions cover a wide range of sources, including transport, residential fuel
combustion, industrial fuel consumption, commercial and public services, as well as electricity generation, heat
production, and emissions associated with coal mining. An important feature of the emissions modeling for the energy
sector in LEAP is that, as outlined in Figure 3.2 above, the modeling integrates energy supply and demand. Within LEAP,
the demand for different fuels, electricity, and heat is modeled. This demand then determines the quantity of fuel or
electricity and heat that is generated. This link between energy demand and supply is useful for the development of
future emission scenarios because the effects of changes in energy demand can be taken into account in the generation
of fuels, electricity, and heat on the supply side. When assessing climate change mitigation options, this linkage is crucial.
For example, energy efficiency is acommon type of action undertaken to reduce emissions from electricity generation. In
LEAP, the changes (reduction) in energy consumption associated with the implementation of energy efficiency measures
are then reflected in the supply of fuels, electricity, or heat. Other examples of the need to assess both demand and
supply-side emission sources to fully understand the implications of climate change mitigation options in the energy
sector include: reduction in coal combustion for heating and cooking in homes (leading to emission reductions in coal
mines if production is also reduced); and introduction of electric vehicles for transport to compare reductions in exhaust
emissions to increased emissions from electricity generation.

The subsections below describe how the different subsectors in LEAP are organized to quantify emissions from the
different emission sources within the energy sector. In LEAP, emissions from these sources are quantified for historical
years and for future projections for baseline and mitigation scenarios. The data and assumptions used to estimate
emissions in each source are described in the following sections.
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Residential
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Emissions from the residential sector in LEAP are estimated using
a bottom-up methodology. The LEAP branch structure is shown
on the left. The activity variable used in the residential sector is
the total number of households undertaking activities that
produce emissions or consume electricity/heat, the latter to be
used as input to the electricity/heat generation modules
described below.

Households are disaggregated between urban and rural areas,
and further separated between Ulaanbaatar and other cities, and
soum Centres and herders, respectively. Apartments and ger
districts are accounted for separately in urban areas.

For each group of households, the percentage of households using
different fuels and technologies for cooking, heating, lighting, and
other activities is specified. For each fuel/technology, an energy
intensity (fuel consumption per household per year for a
particular activity) is specified to calculate the total fuel
consumption for that activity for those households. Pollutant and
fuel/technology-specific EFs (kilograms of pollutant emitted per
gigajoule energy consumed) are then specified to quantify
emissions from those households for a particular activity.
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Commercial and public services
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Emissions from commercial and public services in the
Mongolia LEAP data set are estimated using a top-
down methodology. There is no disaggregation of this
sector into specific subsectors (e.g., government
buildings, restaurants, hotels, schools, hospitals). The
activity variable for the commercial and public
services sector is the total fuel consumption inthe
sector. This value is divided by Mongolia’s GDP for
the purposes of projecting emissions into the future.
Emissions are calculated by multiplying the fuel
consumption by fuel-specific EFs.
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Industry
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As shown in the figure on the left, the industry sector is
modeled in the Mongolia LEAP model using a bottom-
up methodology and disaggregated into industrial
subsectors. For each industrial subsector, the
production is the activity variable. The production is
then multiplied by fuel- and technology-specific energy
intensities (fuel consumption per unit of production) to
estimate the total fuel consumption from a particular
industry. The total fuel consumption is then multiplied
by relevant EFs to estimate emissions from the
industry. The industry sector is first disaggregated
between mining and quarrying, and manufacturing
industries. The manufacturing industries included in
the Mongolia LEAP are iron and steel production,
cement production, and other industries grouped
together.
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Transport
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Emissions from transport are estimated separately for passenger
and freight transport. The activity variable for passenger
transport is the number of passenger-km taken every year (i.e.,
the number of passengers traveling multiplied by the average
distance they travel). The activity variable for freight transport is
the number of tonnes-km transported every year (i.e., the number
of tonnes of freight transported multiplied by the average
distance traveled by freight).

The total number of passenger-km and tonnes-km are
apportioned in the same way.

First, the number of passenger-km/tonnes-km are disaggregated
by mode of transport (road, rail, and air). For road transport, the
number of road passenger-kms are disaggregated between type
of vehicles, Ulaanbaatar and other regions, fuel, and vehicle
emission standards.

At the lowest level of disaggregation (i.e., for vehicle of different
emission standards), energy intensities (i.e., fuel economy) values
are used to calculate the total fuel consumption for different
types of vehicles. These values are then multiplied by fuel,
vehicles, and pollutant-specific EFs to estimate the emissions
from each road transport vehicle.

For rail and air transport, there is no disaggregation of passenger
or tonnes-km. The total passenger or tonnes-km transported by
rail and air are multiplied by fuel-specific energy intensities and
pollutant-specific EFs to estimate emissions from these transport
modes.
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Electricity and heat generation
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multiplied by pollutant-specific EFs to estimate EFs from electricity generation.

For heat-only boilers, the efficiency of heat production is used to calculate the fuel (coal) consumption from heat
production. The coal consumption is multiplied by pollutant-specific EFs to estimate the emissions from heat-only
boilers.
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Non-energy sources
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Agriculture, forestry, and other land use

In LEAP, non-energy emission sources can also be
characterized using different methods, according to
the data and preference of the user. In the Mongolia
LEAP data set, predominantly the IPCC Tier 1 (i.e., the
simplest) methodologies are used to quantify
emissions from the non-energy sectors.

Industrial processes and product use

Inthe IPPU sector, emissions are estimated by
multiplying production by an emission factor
(kilograms of pollutant per unit of production).
Emissions in IPPU are estimated for cement
production and lime production.

In addition, within the IPPU sector emissions are also
estimated for HFCs. HFC emissions are estimated
using the IPCC Tier 1 method. The consumption of
HFCsis used to estimate the “bank” of HFCsiin
equipment (e.g., refrigerators and air conditioners) in
a particular year. The annual loss of HFCs from the
bank is used to estimate emissions of HFCs from
equipment that is in use, and the HFCs in retired
equipment is used to estimate the HFCs emitted
when cooling equipment is retired.

In the agriculture sector, emissions are also calculated using the IPCC Tier 1 method. Emissions are estimated from the
livestock sector from enteric fermentation (methane) and manure management. The number of animals is multiplied by
IPCC Tier 1 default EFs to estimate emissions from the livestock sector.
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For crop production, emissions are estimated for fertilizer application by multiplying the tonnes of fertilizer applied to
fields by IPCC Tier 1 EFs for N2O. Emissions are also estimated for the burning of crop residue based on the tonnes of
crop residue generated and crop-specific EFs.

Waste

Waste sector emissions are estimated using IPCC Tier 1 methodologies for methane emissions from solid waste disposal
and domestic wastewater. For solid waste, the total waste generation is estimated based on the population and per
capita waste generation rates. The total waste generated is then disaggregated into the organic and nonorganic fraction.
The organic fraction that decomposes to form methane is then estimated using IPCC default factors. For liquid waste, the
biological oxygen demand (BOD) generated in wastewater is calculated for urban and rural populations, and
disaggregated by the main wastewater treatment types used in Mongolia. The formation of methane from each
treatment type is then modeled.

Historical Emissions

The modeling framework highlighted in Figure 3.2 was used to estimate emissions for historical years between 2010 and
2017. For some sectors, historical activity data were available for a larger number of years (e.g., for some cases from
1990, and in other cases extending to 2018 and 2019). The full range of historical activity data available to characterize
emissions was used in the GHG mitigation assessment. Table 3.2 summarizes the main data used to estimate emissions in
all major source sectors covered in the GHG mitigation assessment. The LEAP dataset that contains the GHG mitigation
assessment can be downloaded from the following link:
https://drive.google.com/file/d/1z0HRKstlg4DjktxhOWbwtHrUWRGfcSap/view?usp=sharing

Table 3.2. Summary of data source used to estimate GHG emissions for each source sector

Source Sector

Activity Data

Source of Data

1A1a Public Electricity and
Heat Production

Historical electricity production
Fuel consumption

Power plant capacity, efficiency,
and availability

Mongolian Statistical Yearbooks

Energy Regulatory Commission: Statistics on
Energy Performance

1A2 Manufacturing
Industries and Construction

Fuel consumption in industrial
sector

Mongolian Statistical Yearbooks

1A3b Road Transportation

Vehicle registration and number
of vehicles in fleet

Fuel consumption in road

Mongolian Statistical Information Service:
https://www.1212.mn

transport sector Mongolian Statistical Yearbooks
Load factors in transport
MRTD
Distances traveled by the fleet
1A3c Railways Fuel consumption in rail sector MRTD
UB Railways
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1A4a
Commercial/Institutional

Fuel consumption in services
sector

Mongolian Statistical Yearbooks

1A4b Residential

Fuel consumption in household
sector

Number of households

Number of households cooking
using different fuels and
technologies

Mongolian Statistical Yearbooks

1A4c Agriculture, Forestry,
Fishing

Fuel consumption in agriculture
sector

Mongolian Statistical Yearbooks

2A Mineral Industry

Cement production
Lime production
Glass production

Other process uses of carbonates

Mongolian Statistical Yearbooks

2B Chemical Industry

Nitric acid production

2C Metal Industry

Pig iron production
Ferrochromium production
Lead smelting

Ferrosilicon production
Sinter production

Steel Basic Oxygen Furnace
(BOF)/EAF production

Mongolian Statistical Yearbooks

MMHI

2D Non-Energy Products
from Fuels and Solvent Use

Lubricant use

Paraffin wax use

Mongolian Statistical Yearbooks

Mongolian Customs

2F Product Uses as
Substitutes for Ozone-
Depleting Substances

Refrigeration and air conditioning
(RAC)

National Committee for Ozone Layer
Protection in Mongolia

National Ozone Authority

3A Livestock Number of animals in different
production systems Mongolian Statistical Yearbooks
Reproductive data
Feed data
MOFALI
Manure management data
3B Land GHG sources and sinks
3C Aggregate Sources and Area of land burned
Non-CO:2 Emission Sources MET

on Land

Lime and urea application

Nitrogen fertilizer applied

Mongolian Statistical Yearbooks

ALAMGC
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4A Solid Waste Disposal

Population
Waste generation rates
Waste composition

Fraction of waste sent to landfills

Mongolian Statistical Yearbooks

MET, The Asia Foundation

4B Biological Treatment

Population
Waste generation rates
Waste composition

Fraction of waste composted

Mongolian Statistical Yearbooks

MET, The Asia Foundation

4C Incineration and Open
Burning

Number of clinical beds
Population

Waste generation rates
Waste composition

Fraction of waste openly burned

Mongolian Statistical Yearbooks

MET, The Asia Foundation

4D Domestic Wastewater
Treatment and Discharge

Population

Fraction of population using
wastewater treatment systems

BOD in wastewater

Mongolian Statistical Yearbooks

MET, The Asia Foundation
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Baseline Scenario Overview

The baseline scenario projects activity in all economic sectors into the future (2030 and 2050) based on the expected
socioeconomic development of Mongolia without any policy interventions that aim to specifically reduce GHG emissions.
The aim of the baseline scenario is to provide a reference-level of emissions against which policies and measures can be
evaluated in terms of their effectiveness at reducing GHG emissions. Assumptions are made as to how the activity in
each economic sector is likely to change into the future. The overarching assumption about changes in Mongolia for each
of the sectorsis summarized in Table 3.4 Changes in activity variables, such as fuel consumption in the residential sector,
industry and services, number of vehicles, and electricity generation, were linked to socioeconomic development in
Mongolia, such as expected GDP and population growth.

The baseline projection to 2030 in the LEAP data set is consistent with the baseline used in the development of
Mongolia’s NDC. Extending the baseline to 2050 was done primarily based on Vision 2050 long-term development
policy. Vision 2050 includes an overview of the expected development of Mongolia across a large number of sectors. It
includes economic projections (GDP and value added from agriculture, industry, and services) as well as an overview of
long-term priority projects, such as the development of nuclear power, that were used to create long-term projections of
activity in key GHG emitting source sectors to 2050.

The most important drivers used in the development of the 2050 projections include projections in population, shown in
Figure 3.3. Vision 2050 projects that there will be 5.5 million Mongolians in 2050, with an average annual population
growth rate between 1.5% and 2% per year. Economic projections are also used as drivers of emissions in many sectors
for the baseline scenario. In 2018, gross domestic product (GDP) in Mongolia was 11,969 million USD (2018 prices). In
the baseline scenario, Mongolia’s Vision 2050 projects GDP to increase 167% between 2018 and 2030 (14% per year),
and to increase 142% between 2030 and 2050, an increase of 7% per year, as shown in Table 3.3 (Government of
Mongolia, 2020b).

Table 3.4 summarizes the way in which these and other key data have been used to project activity in each of the major
emitting source sectors.
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Figure 3.3. Mongolia population projections from 2009 to 2050
Source: Mongolia Vision 2050
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Table 3.3. Economic projections for Mongolia for 2030, 2040, and 2050

Indicators (vears) 2030 2040 2050
. ] _ Uss$3z2 US$54.0 US$T7.7
GDF (2018 at exchange rate) billion billion hillion
GIDP per camia TISER, 290 IS 12,004 S8 14,682
The share of GDP: 1% 100 L0
Mining 11.4% 26.8% 25.3%
Manufacturing (processing industry) 14.6% 20.3% 27.4%
. L 4 80 QT 11.6%
Transporl and logmsiics seclors B
449, 2% 43 2% 35, 7%
(Mher

Source: Mongolia Vision 2050

Table 3.4. Assumptions about socioeconomic development in Mongolia that informed the development of the baseline

scenario
Source Sector Variable used for Value Source of Data
baseline projections
1A1a Public New installed 2018 installed capacity: 1,290
Electricity and Heat capacity for MW Energy Regulatory Commission
Production electricity (ERC): Statistics on Energy
generation Performance, 2019
2030 installed capacity: 4,020 .
MW LEAP-IBC calculation
2050 installed capacity: 8,484 LEAP-IBC calculation
MW
Additional capacity through
expansion of coal thermal power
plants (additional renewables
are included as mitigation
measures)
1A2 Manufacturing Fuel consumptionin | Coal mining projection
Industries and mining, projected to increase at 2% per | MMHI
Construction manufacturing, and year
construction sectors
Iron and steel production MMHI
projected to grow from 21,000
tonnesin 2018 to 800,000
tonnesin 2030
Cement production projected to
grow at 5% per year
MCUD

1A3b Road
Transportation

Passenger-km

Passenger-km projected to grow
at 1.8% per year

State Policy on Road Transport,
2018
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1A3c Railways

Tonnes-km

Tonnes-km projected to grow at
2% per year

1A4a
Commercial/Institutio
nal

Fuel consumptionin
services sector

Fuel consumption expected to
grow at same rate as GDP

Vision 2050 long-term
development policy of Mongolia

1A4b Residential

Number of
households

Urban/rural split

Number of households
projected to grow at same rate
as population

Urbanization projected
according to urbanization rates
in Mongolia’s Vision 2050

Vision 2050 long-term
development policy of Mongolia

1A4c Agriculture,
Forestry, Fishing

Fuel consumptionin
agriculture sector

Fuel consumption expected to
grow at same rate as GDP

Vision 2050 long-term
development policy of Mongolia

2A Mineral
Production

Cement production

Lime production

Cement production projected to
grow at 5% per year

Lime production projected to
grow based on historical trends

NDC to the Paris Agreement,
2020

2.F.1 Refrigeration
and Air-Conditioning
Equipment

Annual consumption
of refrigerants (kg),
quantity of
destroyed
refrigerants (kg),
exports in used
equipment (kg),
share of HFCin
retired equipment
being recycled or
reclaimed

Growth in HFC consumption
projected to increase with GDP

National Committee for Ozone
Layer Protection in Mongolia

2.H.2 Other: Food and
Beverages Industry

Annual production of
each type of product

Production projected to
increase based on historic
trends

MOFALI

3A Livestock

Number of animals

Reproductive data

Number of animals projected to
increase

National Statistic Office

4A Solid Waste
Disposal

Waste generation

Waste generated projected to
increase with population

Vision 2050 long-term
development policy of Mongolia

52




4B Biological
Treatment

Waste generation

Waste generated projected to
increase with population

Vision 2050 long-term
development policy of Mongolia

4C Incineration and
Open Burning

Waste generation

Waste generated projected to
increase with population

Vision 2050 long-term
development policy of Mongolia

4D Domestic
Wastewater
Treatment and
Discharge

Population

Woastewater generated
projected to increase with
population

Vision 2050 long-term
development policy of Mongolia
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Development of Mitigation Scenarios

Mitigation scenarios represent the implementation of different mitigation actions in different sectors.
These mitigation scenarios can reflect the implementation of individual or packages of mitigation measures, taking into

account interactions between mitigation measures that might occur (e.g., the combined change in electricity demand and

supply). Individual mitigation measures were identified from existing plans and strategies to reflect the potential for
these measures to reduce GHG emissions between 2020 and 2050. The mitigation measures included in the LEAP
analysis that are scheduled to be implemented between 2020 and 2030 were consistent with those included in the
updated NDC and contribute to achieving a 22.7% reduction in total GHG emissions in Mongolia by 2030 compared to
the baseline scenario.

Additional mitigation measures were identified from Mongolia’s Vision 2050 development policy and other plans,
strategies, and reports for implementation between 2030 and 2050 to demonstrate how additional GHG emission
reductions could be achieved after the end date of the current NDC. Table 3.5 summarizes the mitigation measures
evaluated in LEAP, along with assumptions in the modeling about the specific targets and time frames for
implementation.

Table 3.5. Mitigation measures included in the LEAP analysis to assess GHG emission reduction potential (measures
1-27 are implemented before 2030; measures 28-49 are assumed to be implemented between 2030 and 2050)

No. | Sector Mitigation Measure Source: Plan/Strategy/
Regulation

1 Energy Erdeneburen HPP 90 MW comes online in 2025 NDC to the Paris Agreement, 2020

2 Energy Eg River HPP 314 MW comes online in 2026 NDC to the Paris Agreement, 2020

3 Energy Shuren HPP 300 MW comes online in 2028 NDC to the Paris Agreement, 2020

4 Energy Wind power plants: Oyu Tolgoi 102 MW, Govisumber | NDC to the Paris Agreement, 2020

50.4 MW, Uvs 10 MW, Zavkhan 5 MW to come online
in 2030 (implementation remains uncertain)

5 Energy Sainshand 30 MW solar power plant online in 2023 Ministry of Energy

6 Energy Solar power plants: 35.3 MW in Khovd, Gobi-Altai, NDC Action Plan, 2021
Khuvsgul

7 Energy Solar rooftop: 1.5 MW by 2025 NDC Action Plan, 2021

8 Energy Build 100 MW hydropower in central region between | Vision 2050, Long-Term Development
2031 and 2040 Policy of Mongolia

9 Energy Construct 100 MW Dornod Nuclear Power Plant Vision 2050, Long-Term Development
between 2041 and 2050 Policy of Mongolia

10 Energy Construct 100 MW Khovd Nuclear Power Plant Vision 2050, Long-Term Development
between 2031 and 2040 Policy of Mongolia

11 Energy Build 30 MW renewable energy between 2031 and Vision 2050, Long-Term Development
2040 in Altai in Western Mongolia Policy of Mongolia

12 Energy Efficiency of heat transmission and distribution NDC to the Paris Agreement, 2020

reduces to 1.6% losses by 2030 .
State Policy on Energy, 2015-2030

13 Energy Efficiency of electricity transmission and distribution NDC to the Paris Agreement, 2020

reduces to 7.8% by 2030 .
State Policy on Energy, 2015-2030
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14

Energy

Station own electricity consumption of CHPs reduces
t09.1%in 2030

NDC to the Paris Agreement, 2020

State Policy on Energy, 2015-2030

15

Energy

CHPs efficiency increases to 43% in 2030 due to use
of supercritical and ultra-supercritical technology

NDC to the Paris Agreement, 2020

State Policy on Energy, 2015-2030

16

Energy

Improvement of the heat supply in province Centres:
To develop heat supply infrastructure and improve
accessibility and quality of the city and urban areas,
the country is planning to build heat power plants and
a heat distribution network, and to improve the fuel
supply system in urban areas of Arkhangai,
Bayankhongor, Gobi-Altai, Govisumber, Dundgobi,
Zavkhan, Uvurkhangai, Khentii, Sukhbaatar, and Tuv
province Centres, as well as in other large settlements.
It is estimated that replacing old 40% efficient HOBs
with modern HOBs (85%) will save at least 30% of the
coal consumption. The project commenced with
funding from the Economic Development Cooperation
Fund of Korea in 2020.

NDC to the Paris Agreement, 2020

National Mid-Term Program on the
Implementation of the State Policy on
Energy, 2018

17

Energy

Improvement of heat supply in soum Centres: The
GHG mitigation scenarios were considered based on
the demo project implemented in the Erdenedalai
soum of the Dundgobi province to improve the heat
supply in soum Centres. This demo project was part of
Nationally Appropriate Mitigation Actions (NAMA) in
the Construction Sector in Mongoliaimplemented by
the UNDP and MCUD. In addition to replacing highly
efficient HOBs, other objectives have been included,
such as the insulation of heat distribution network
pipes, the installation of frequency converters in the
pumps, and the treatment facilities of waste water.
Prior to the implementation of the demo project,
4,416 tonnes of lignite were annually combusted in old
HOBs, but after the commencement of the project,
coal consumption decreased by 40% to reach 2,650
tonnes. The GHG mitigation scenario was calculated
considering the implementation of this kind of demo
project in one hundred soums with similar conditions
until 2030.

NDC to the Paris Agreement, 2020

NAMA:s in the Construction Sector in
Mongolia
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Energy

Use of GSHPs for rural heating utilities: Installed
capacity of GSHPs reached 2.8 MWh in 2020, and 457
wells were drilled with a total length of 50,000 meters
to operate these GSHPs. GHG reduction potential of
the heat supply of soum Centres has been estimated
based on annual coal consumption of the central
heating supply of soum Centres and is projected to be
4,000 tonnes. The coverage of the GSHPs is projected
to be 30 soums in 2025 and 50 soums in 2030.

For the successful implementation of GHG mitigation
measures, it is necessary to establish a Measurement,
Reporting and Verification (MRV) system for GHG
emissions reduction, and to develop a nationally
appropriate GHG inventory methodology to estimate
emissions from energy production and consumption in
compliance with international standards.

NDC to the Paris Agreement, 2020
NDC Action Plan, 2021
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The NDC Action Plan (2021) plans to commission five
GSHP systems of 500 kW by 2025.

19

Energy

Improve the efficiency of electric motors in factories:
This will result in efficient energy consumption by
factories and reduce energy generation at coal-fired
CHPs.

NDC to the Paris Agreement, 2020

20

Energy

Install energy-efficient lighting.

NDC to the Paris Agreement, 2020

21

Energy

Improve consumption management.

NDC to the Paris Agreement, 2020

22

Energy

Replace use of raw coal in Ulaanbaatar with
improved fuel: Since the calorific value of the
improved fuel briquettes produced using Tavantolgoi
coal is twice as high as raw coal, household coal
consumption in Ulaanbaatar’s ger districts is expected
to decrease by 50%. The implementation has been in
progress since 2019 and it was fully implemented by
(end of) 2020, covering a total of 200,000 households.

NDC to the Paris Agreement, 2020

Government Resolution #62,2018
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Energy

Insulate old precast apartment buildings: An existing
1,077 blocks (45,462 households) of precast panel
apartment buildings in Ulaanbaatar were constructed
between 1965 and 2000. Research shows that by
implementing thermo-technical rehabilitation of these
precast panel apartments, the heating system burden
can be reduced by 70.65 Gcal/h, or 31%. To generate
those 70.65 Gcal/h saved by thermo-technical
retrofitting (i.e., insulating of precast panel
apartments), the CHPs of Ulaanbaatar city would have
to combust 170,000 tonnes of coal per year.

NDC to the Paris Agreement, 2020

National 150,000 Households-Apartments
program, 2019

24

Energy

Switch to Euro 5 standard fuel: As of 2018, 7.7% of
the total fuel used in road transport was Euro 5, while
Euro 2-4 accounted for 92.3%. NDC Action Plan states
the goal to increase the share of Euro 5 standard fuel
to 800% by 2025. Improving the fuel quality and
switching to the Euro 5 standard, while reducing the
impact from the transportation sector on air pollution,
will help reduce fuel consumption as well as GHG
emissions. Reduced fuel consumption will further
reduce GHG emissions. GHG emissions will be
reduced by 20% by switching to Euro 5 fuel.

NDC to the Paris Agreement, 2020

National program on reduction of air
pollution, 2017

25

Energy

Shift the coal export transportation from road
transport to rail transport: The ADB-funded research
demonstrates the potential for a huge economic
advantage by shifting heavy-duty truck transportation
of mineral product exports to rail transport The
analysis shows that a possible fuel cost savings of USD
634 million could have been achieved between 2011
and 2015 if rail connectivity was available for mineral
exports.

Besides economic inefficiency, the heavy-duty truck
transportation of mineral resources has an enormous
negative impact on the environment, implicating
increased fuel consumption due to traffic congestion,

NDC to the Paris Agreement, 2020

ADB, 2018, Breaking Barriers: Leveraging
Mongolia’s Transport and Logistics Sector

NDC Action Plan, 2021
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accidents caused by poor road quality, and adverse
impact on the health of drivers due to harsh working
conditions.

The NDC Action Plan suggests increasing rail
transportation of coal to 50 m tonnes by 2025.

26 | Energy Switch the heating of passenger trains to electric NDC to the Paris Agreement, 2020
heating: Mongolia’s national program on the
reduction of air pollution assumes that the number of | National program on reduction of air
electric power heated passenger trains will increase pollution, 2017
from 16in 2016 to 72in 2019, 159in 2025,and 229 in
2030.

27 | Agriculture Regulate and reduce the livestock head counts: NDC to the Paris Agreement, 2020

Among these measures, the reduction of livestock
head count could have the greatest mitigation impact
in Mongolia; thus, GHG emissions reduction is
estimated based on this measure. However, reducing
livestock is a sensitive issue as it contradicts the
traditional heritage of pastoralism and thousand-year-
old lifestyle while directly affecting the livelihood of
herders. Yet the present condition of pasture and land
degradation, combined with intensifying
desertification, puts limitations on the continuous
increase of the livestock head count. Provisions to
regulate livestock head count are reflected in the
policy documents of the animal husbandry sector.
Therefore, considering the future trends of the
livestock head count, the following options can
potentially be included in the GHG emissions
reduction scenario:

1. The current interest and mindset to increase the
number of livestock would remain, with no policy
change, and the number of livestock would grow by
0.5% annually. The livestock will double from the base
year (2010) in 2030.

2. In accordance with the recommendation of the UN
Food and Agricultural Organization, the livestock
would be reduced by 5% per year from 2015 to meet
the pastureland carrying capacity.

3. If the law on pastureland were to be approved and
implemented, the livestock would be reduced by 6%
per year. Under the regulation of this law, 20% of
herders per year would take part in its implementation
startingin 2021, and by 2025 all herders would be
participating; the number of herders not participating
inthe regulation is assumed to increase by 0.5% per
year.

4. Based on the Action Plan of the Mongolian Agenda
for Sustainable Livestock, livestock currently exceeds
the pastureland carrying capacity by 25 million sheep
units. This number will be gradually reduced to the
optimal carrying capacity of 74 million sheep units by
2033. In other words, the livestock would be reduced
by 51.2 million livestock heads.

MOFALLI, 2019, Action Plan of Mongolian
Agenda for Sustainable Livestock
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28

IPPU

Use fly ash in cement production: The use of fly ashiin
the kiln grinding process reduces the raw material
demand of the cement plant and further reduces GHG
emissions. The amount of fly ash can make up 25% to
35% of the weight of cement, which reduces the
energy required to produce 1 ton of cement by 200 to
500 megaloules. GHG emissions could therefore be
reduced by 0.045 to 0.127 tonnes of CO,, which
requires an investment of about USD 0.75/t cement.
Considering an average GHG emissions reduction of
0.086 t CO,/t cement, limited sources of fly ash supply,
and assuming the production of 0.5 million tonnes of
cement in 2025 and 1 million tonnes of cement in
2030 with fly ash blend, there is a potential GHG
emissions reduction of 43.0 Ggin 2025 and 86.0 Ggin
2030.

NDC to the Paris Agreement, 2020

EPA, 2010, Available and Emerging
Technologies for Reducing Greenhouse Gas
Emissions from the Portland Cement Industry

29

Energy

Use waste heat from the cement plants: Besides
upgrading the cement plants with dry technology,
waste heat recovery in cement plants is considered.
During the cement production process, there is a
potential to generate electricity with steam turbines
or organic oil turbines reusing the waste heat dumped
by the furnace output section, clinker cooling, and
preheating sections. In various conditions, the
potential volume of electricity generationis 7-20
kWh per ton of cement. High temperature gas from
dry process stoves could be a major source of
electricity generation. In terms of unit capacity, the
investment to generate the electricity from waste
heat is USD 2-4/tonnes, while the operating costs are
USD 0.2-0.3/tonnes per year.

Since all the cement plants of Mongolia are upgraded
with dry technology, it is technically possible to
recover waste heat. By introducing the above-
mentioned technology and using waste heat in 50% of
the total cement production, it is possible to produce
13 million kWh of energy by 2030 and reduce GHG
emissions from coal and electricity consumption of the
cement plant by 13.4 Gg CO2e.

NDC to the Paris Agreement, 2020

EPA, 2010, Available and Emerging
Technologies for Reducing Greenhouse Gas
Emissions from the Portland Cement Industry

30

Energy

Use coal mine methane: By using coal mine methane,
GHG emissions are expected to reduce CO; emission
equivalent to the amount emitted by coal energy
production. Hence, it assumed a net caloric value of
coal of 25.8 TJ/Gg and the emission factor of 94.6 t
CO/TJ(IPCC 2006, Vol. 2 Energy) and the efficiency
of electricity generation from coal at 33.3% (by the
LEAP model). The percentage of fugitive emissions
was calculated by comparing the amount of methane
used to the total of methane emitted from surface and
underground coal mines. If this mitigation measure is
implemented, 131.6 million kWh of electricity will be
generated from waste methane by 2030 and GHG
emissions could be reduced by 134.7 Gg CO2e, or the
fugitive emissions during the coal extraction could be
reduced by 4.8%.

NDC to the Paris Agreement, 2020
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Energy

Deploy CCS technology: CCSis a technology that can
capture CO, emissions produced from the use of fossil
fuels in electricity generation and industrial processes
of steel and cement production, preventing the CO,
from entering the atmosphere. Once captured, the
CO2 must then be transported by pipeline or vehicle to
be stored at a geologically suitable site that is deep
underground. However, due to the technological and
financial difficulties of implementing this technology,
it has been considered a “conditional measure” under
which 50% of CO, emitted from coal-to-gas plants
would be captured and stored deep underground. This
measure could be implemented in 2028; however, it
has not been included in the baseline scenario.

NDC to the Paris Agreement, 2020

32

Waste

Increase amount of recycled wastes and ensure
population has access to improved sanitation and
hygiene facilities: Country aims to increase the
amount of recycled waste by 20% (of total waste)
between 2016 and 2020, 30% between 2021 and
2025, and 40% between 2026 and 2030, and to
ensure 40% of the population has access to improved
sanitation and hygiene facilities between 2016 and
2020, 50% between 2021 and 2025, and 60%
between 2026 and 2030.

NDC to the Paris Agreement, 2020

National Green Development Policy, 2014

33

IPPU

Implementation of Kigali Amendment Phase-Down
Schedule for Article 5, Group 1 countries .

Kigali Amendment to Montreal Protocol,
2019

34

Waste

Collect and dispose 64% of urban waste by 2030:
NDC Action Plan states to sort and dispose 109,000
tonnes of solid waste (Tsagaandavaa dumpsite) and
360 tonnes of household waste (Ulaanbaatar)
annually from 2022.

Vision 2050, Long-Term Development
Policy of Mongolia, 2020

NDC Action Plan, 2021

35

Waste

Recycle 30% of waste by 2030: NDC Action Plan
2021 states to recycle 26,500 tonnes of construction
wastes per year from 2022. Also start recycling.

Vision 2050, Long-Term Development
Policy of Mongolia, 2020

NDC Action Plan, 2021

36

Energy

Renewable electricity generation. Hydro, wind, solar
PV, solar thermal power plant (parabolic trough, solar
power tower), 50%-60% of renewable energy (RE) in
total electricity generation in 2050. About 2,000 MW
RE is one of the alternative scenarios. The solar
rooftop should be included, but total RE should not
exceed 50% of total energy generated. It should be
possible with battery and other storage technology.
Also, with oil refineries, the constant liquefied
petroleum gas (LPG) supply is not a problem, so
balancing plants operating on LPG also should not be a
problem.

Projection Scenario

37

Energy

Renewable energy for heat generation. Solar water
heater; concentrated solar thermal power plants for
soum and aimags Centres: 60% of settlements running
on RE and the rest on LPG.

Projection Scenario

59



38

Energy

Use ground source heat pump system for 15% to 30%
of Ulaanbaatar heating by 2050.

Projection Scenario

39

Energy

Take aggressive energy efficiency measures on energy
consumption side.

Projection Scenario

40

Energy

Institute aggressive energy efficiency measures on
housing heating supply. New and insulated
apartments could result in 20% reduction in heating
demand through improved insulation, etc.

NDC Action Plan (2021) states to retrofit 2,000
private houses and construct affordable apartments
for 10,000 households by 2025.

Projection Scenario

41

Energy

Ger areas households move to apartments and houses.

Projection scenario based on national
150,000 Households- Apartments program

42

Energy

Limit the number of older vehicles: To reduce the
number of passenger cars, which are increasing year
by year, excise taxes are imposed on vehicles (e.g.,
depending on the capacity and age of the engine
cylinders). However, the number of aging vehicles
with high cylinder capacity has not decreased. In 2018,
approximately 77.4% of vehicles were aged 10 years
and over.

State Policy on Road Transport, 2018

43

Energy

Increase the share of left-hand drive vehicles in the
total number of vehicles: In 2019, 413,690, or 44.3%,
of all registered vehicles have a steering wheel on the
left and 520,452, or 55.7%, have a steering wheel on
the right. Compared to the previous year, the number
of left-hand drive cars increased by 1.5% and the
number of right-hand drive cars increased by 12.2%.
Approximately 72.1% of vehicles involved in road
accidents have the right steering wheel. Mongolia’s
road network is designed for cars with the steering
wheel on the left.

The government aims to phase out right-hand drive
vehicles from the market gradually and to increase the
share of left-hand drive vehicles to 60% in 2021 and
80% in 2026. The 2019 National Road Safety Program
also aims to increase this rate to 65% by 2024.
However, no actions have been taken to achieve these
goals. The following measures should be taken to
reduce the number of right-hand drive vehicles: (1)
increase customs and excise taxes on right-hand drive
vehicles; (2) decide in 2021 to ban right-hand drive
vehicles from entering traffic (prohibited in
Ulaanbaatar from 2025 and in rural areas from 2028);
(3) prohibit the export of right-hand drive cars (this
may not be the best option).

State Policy on Road Transport, 2018

a4

Energy

Increasing the use of electric cars: Use of electric
vehicles has being increasing globally, but the share of
electric cars in the Mongolian market is very small. As
of 2018, 173 electric vehicles were registered. The
State Policy on Road Transport (2018) does not have a
specific provision about electric vehicles, but it states

State Policy on Road Transport, 2018
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to promote use of eco-vehicles to 30% by 2026, which
includes electric and hydrogen vehicles.

45

Energy

Increase the number of vehicles using LPG: As of
2018, 20,398, or 2.34%, of total vehicles were gas-
powered vehicles. State Policy on Road Transportdoes
not include a clear provision to increase the number of
LPG vehicles. There is only a general provision to
increase the share of eco-vehicles in total vehicles to
30% by 2026.

The excise tax on LPG cars and electric vehicles is set
to be twice as low as the excise tax on passenger cars
running on gasoline and diesel fuel, but the share of
these vehicles in the total number of vehicles is
insignificant.

State Policy on Road Transport, 2018
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Energy

Mass Transit (Including Light Rail Transit, Metro): It
was originally planned to build bus rapid transport
(BRT) a 14.9 km special bus route to the Chinggis
Khaan International Airport, Naadamchdiin Zam,
Yarmag Bridge, Chinggis Avenue, and Sukhbaatar
Square by 2020, but this has not yet begun. There are
plans between 2020 and 2025 to build a 7.8 km road
from Sukhbaatar Square, University Street,
Sukhbaatar Street, Nogoon Nuur Street, Altai Street,
and Chingeltei Avenue to the Seventh bus terminal;
and a 10 km road from Sapporo Intersection and Ard-
Ayush Avenue to the intersection of Enebish Avenue,
Ikh Toiruu, Namyangju Street, Ikh Khuree Street, and
Dunjingarav International Trade Centre (source:
Capital City Transportation Authority).

The estimated cost is USD274.4 million, and ADB will
provide USD215.9 million in loans over 32 years at
1.5% per annum. The project also included plans to
build a 64.5 km long special road in Ulaanbaatar;
however, this work was stopped for unknown reasons.

In 2013, Japanese International Cooperation Agency
(JICA) conducted a study to build a 17.64 km metro
with 14 stations from Tolgoit to Amgalan. According
to the study, the investment required to build the
subway was estimated at USD79.76 million/km, or a
total of USD1,407.0 million at this time, but it is not
reflected in government policies and programs.

State Policy on Road Transport, 2018
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Energy

Converting public transport to compressed natural
gas (CNG): About 100 of the city’s large public
transport buses have been tested using CNG for the
past two years. The experiment concluded that it was
technically feasible and economically viable to use
large quantities of CNG, and that savings could be
made by replacing diesel engines with CNG engines.
However, the supply of fuel is difficult because CNG is
not produced domestically. MMHI is responsible for
supplying CNG fuel. It is currently unclear how public
transport will be converted to CNG.

State Policy on Road Transport, 2018
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Energy

Traffic management: To reduce traffic congestionin
Ulaanbaatar, measures such as limiting the number of
vehicles in traffic; regulating the opening hours of
schools, kindergartens, private enterprises, and
universities; increasing the number of tunnels and
bridges; and introducing intelligent camera
technology are being implemented but have not
yielded significant results.

State Policy on Road Transport, 2018
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Energy

Encourage walking and cycling: Within the
framework of Mongolia's long-term development
policy, Vision 2050, the action planfor 2021-2030
includes the construction and expansion of sidewalks
and bicycle paths, increase the number of bridges, and
establishment of a monitoring system. In addition, the
Mayor's Action Plan for 2020-2024 includes the
construction of sidewalks and bicycle paths and the
development of a pedestrian and bicycle road
network.

State Policy on Road Transport, 2018
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4. Inclusion of Additional GHGs Within
Mitigation Assessment: HFCs

As outlined in Section 1, in its NDC, Mongolia currently considers carbon dioxide, methane, and nitrous oxide as the
GHGs reflected inits NDC target. Other NDCs have extended the GHGs included in NDCs to include HFCs and other
alternatives to ODS. HFCs have been used as replacements for ODS such as CFCs, and HCFCs. They are most commonly
used in RAC, but they are also used in fire suppression equipment, aerosols, solvents, and foam-blowing agents. HFCs do
not destroy the ozone layer and hence were suitable alternatives to CFCs and HCFCs when these chemicals were
regulated under Montreal Protocol of 1987. However, HFCs are powerful GHGs with GWPs often hundreds of
thousands times greater than carbon dioxide on a 100-year timescale. The major HFCs and their common applications
are listed in Table 4.1.

Table 4.1. Substances considered as part of HFC emission inventory and their major applications

HFC-23 12,400 X X

HFC-32 677 X

HFC-125 3,170 X X X X
HFC-134a 1,300 X X X

HFC-143a 4,800 X X

HFC-152a 138 X X X X
HFC-227ea 3,350 X X X

HFC-236fa 1,330 X X X

HFC-245fa 858 X X

HFC-365mfc 804 X X

HFC-43-10mee 1,650 X X

Source: IPCC 2006 Table 7.1

While HFCs are GHGs, since 2019 HFCs have been regulated internationally through the Kigali Amendment to the
Montreal Protocol. Once Mongolia joins the Kigali Amendment® that puts in place a schedule for the reduction of HFC
imports, as shown below in Figure 4.1. Mongolia, as an Article 5, Group 1 Party to the Montreal Protocol, is to have a
phase-down schedule that includes: a freeze in HFC consumption in 2024; a 10% reduction in 2029 levels compared to
2021 levels; a 35% reductions in 2035 levels compared to 2021 levels; a 50% reduction in 2040; and an 80% reductionin
2045. Due to the high GWP of HFCs, the implementation of the Kigali Amendment and the reductionin HFC
consumption, can be an additional contribution that Mongolia can make to mitigating climate change. This opportunity is
not currently reflected in Mongolia’s climate change planning documents, such as the NDC, NCs, or BURs.

3 Cabinet of Mongolia supported to submit a draft of the law on adoption of Kigali Amendment to the Montreal Protocol to the
Parliament (30 December 2020); and the Minister of Foreign Affairs submitted the law to the Parliament on 06 October 2021.
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Figure 4.1. HFC Phase-Down Schedule under the Kigali Amendment, with Article 5 Parties Group 1 to the Montreal
Protocol relevant phase-down schedule for Mongolia

Source: http://www.gluckmanconsulting.com/wp-content/uploads/2017/07/Kigali-FS- 1-Introduction.pdf

IPCC Methods for Quantifying HFC Emissions

This report has, for the first time, developed a national emission inventory for HFCs for historical years and created
future projections of HFC emissions for baseline and mitigation (implementation of Kigali Amendment) scenarios. The
IPCC (2006) Tier 1 approach to estimating HFC emissions has been applied, using data from the National Ozone
Authority. The IPCC Tier 1 approach to estimating HFC emissions is as follows.

The activity data are the sales of chemicals (HFCs). This approach requires information on annual chemical consumption
for different applications where HFCs are used, as well as estimating the stockpile (or bank) of HFCs accumulated for
those applications where emissions are delayed. A bank quantifies the amount of HFC currently contained within
equipment in a country and includes HFC imported in the country in a particular year as well as the HFC remaining in
equipment that was imported in previous years.

The core equations used to derive HFC emissions for each application are:

Net Consumption = Production + Imports - Exports - Destruction (Equation 1)

For applications where banks of HFCs are not accumulated, annual emissions are estimated according to Equation 2.
Annual Emissions = Net Consumption x Composite Emission Factor (Equation 2)

For those applications where banks of HFCs are accumulated, annual emissions are estimated according to Equation 3.
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Annual Emissions = Net Consumption x Composite Emission for year 1
+ Total Banked Chemical x Composite Emission Factor for bank (Equation 3)

The following sections describe the IPCC 2006 methodologies in detail for the different applications (i.e., categories
where HFCs are consumed).

Source sector categories (“applications” in IPCC terminology) in IPCC 2006 methodology:

Solvents (Nonaerosol)

HFCs are used in solvent applications. Emissions from these applications are calculated according to Equation 4:
Emissions; = S¢* EF + St.1*(1-EF) - D¢1 (Equation 4)

Where:
St is the quantity of HFC sold in year t, tonnes

St-1 is the quantify of HFC sold in year t-1, tonnes
EF is the fraction of chemical emitted in the first year after manufacture (50% by default)

Dt-1 = quantity of solvents destroyed in year t-1, tonnes

By default, it is assumed that 50% of the HFC sold in solvent applications in a particular year is emitted in that year, and
50% is emitted in the second year. Country-specific values can be added if better information is available for a specific
country.

Aerosols (Propellants and Solvents)

HFCs are used as propellants for aerosol cans and other applications. Emissions from these applications are calculated
according to Equation 4:

Emissions;= St * EF + St-1*(1-EF) (Equation 5)

Where:

e  Stisthe quantity of HFC sold in year t, tonnes
e  St-1is the quantify of HFC sold in year t-1, tonnes

e EFisthefraction of chemical emitted in first year after manufacture (50% by default)

By default, it is assumed that 50% of the HFC sold in aerosol applications in a particular year is emitted in that year, and
50% is emitted in the second year. Country-specific values can be added if better information is available for a specific
country.

Foam-Blowing Agents

HFCs are used in foams, in particular for insulation applications. HFC emissions from these applications can be estimated
using a Tier 1 method applying Equation 6:

Emissions: = Mt * EFry. + Bank: * EFaL + DLt - RD¢ (Equation 6)
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Where:

Emissionst = emissions from closed-cell foam in year t, tonnes

Mt = total HFC used in manufacturing new closed-cell foam in year t, tonnes

EFryL = first year loss emission factor (fraction)

Bankt = HFC charge bank blown into closed-cell foam manufacturing between year t and year t-n, tonnes

EFAL = annual loss emission factor, fraction

DL: = decommissioning losses in year t = remaining losses of chemical at the end of service life that occur when
the product/equipment is scrapped, calculated from the amount of remaining chemical and the end-of-life loss
factor, which depends on the type of end-of-life treatment adopted, tonnes

e RD:=HFC emissions prevented by recovery and destruction of foams and their blowing agents in year t, tonnes
e n=product lifetime of closed-cell foam

For Tier 1 applications for closed-cell foam, it should be assumed that the product lifetime n = 20 year, first year losses =
10% of the original HFC charge/year, and subsequent annual losses = 4.5% of the original HFC charge/year
Data sources for HFC used in manufacturing and in imports and exports:

Refrigeration and Air Conditioning
The use of HFCs in different RAC applications can be subdivided further, with IPCC 2006 listing these subcategories as:

Domestic refrigeration
Commercial refrigeration
Industrial processes
Transport refrigeration
Stationary air conditioning
Mobile air conditioning

The HFCs used for each subcategory differ. IPCC emphasizes that RAC will likely be a key HFC emission source for most
countries, and this dictates that a Tier 2 method analyzing at the subcategory level is preferable. However, they also
provide a Tier 1 method, which considers the RAC application as a whole (with no disaggregation).

In the Tier 1 method, emissions from RAC are estimated assuming that:

Equipment servicing begins three years after installation

Banks emit 15% of emissions annually (averaged across all RAC applications)
Two-thirds of refrigerant sales are for servicing, one-third is for new equipment
Average equipment lifetime is 15 years

Transition to a new refrigerant technology takes place over 10 years

The Tier 1 method requires the following information for activity data:

Sales of specific refrigerants

Year of refrigerant introduction
Growth rate in sales of new equipment
Percentage of new equipment exported
Percentage of new equipment imported

With these data, the development of a bank of HFC from RAC is developed from the introduction of the particular
refrigerant up to the year of interest, accounting for emission losses from that bank in each year between the
introduction year and the year of interest, production of the HFC in the country in each year, and any imports/exports
during the same time period.
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Fire Protection

HFCs are also used in fire protection equipment foams, in particular for insulation applications. HFC emissions from
these applications can be estimated using a Tier 1 method applying Equation 7:

Emissions: = Bank: * EF + RRL: (Equation 7)
Where:
e EF =fraction of agent in equipment emitted each year
e RRL:=Recovery Release or Loss: emissions of agent during recovery, recycling, or disposal at the time of
removal from use of existing fire protection equipment in year t, tonnes
And

e  Bankt = SUM(Productioni + Importsi - Exportsi - Destructioni - Emissionsi-1) - Rolt (Equation 8)

The Bank is the balance of the HFC in newly produced fire protection equipment plus imports, and HFC in exported fire
equipment and destroyed fire equipment added from the first year of chemical production/use to the year of interest.

Other Applications

This category covers a wide range of categories not addressed by those above. For the Tier 1 approach, it is suggested
that these other applications are separated into two groups: high-emitting categories (similar to aerosol propellants) and
low-emitting applications (similar to air conditioning) where emissions occur over alarger number of years. These
categories are termed “emissive” and “contained” in IPCC 2006, and they require to know the percentage of HFC
consumption in the Other Applications category that is assigned to each of these categories.

Emissive Category: By default, for the emissive category, the HFC sold in a particular year is assumed to be emitted 50%
in the first year and 50% in the second year, and hence emissions for a particular year are calculated according to
Equation 9:

Emissions: = St * EF + St.1*(1-EF) (Equation 9)

Where:

e Stisthe quantity of HFC sold in year t, tonnes;

e  St1isthe quantify of HFC sold in year t-1, tonnes

e EFisthefraction of chemical emitted in first year after manufacture (50% by default)

Contained Applications: Equation 10 is used to estimate emissions for those applications where the loss rate is lower
and takes place over a much longer period of time than emissive applications:

Emissions = Product manufacturing emissions + Product life emissions + Product disposal emissions (Equation 10)
Product manufacturing emissions = Annual sales * Manufacturing EFs

Product life emissions = Bank * leakage rate
Product Disposal emissions = Annual disposal * Disposal Efs
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HFC Emissions in Mongolia

In Mongolia, the data available on HFC imports was available at different levels of disaggregation. The National Ozone
Authority was able to provide data on HFC imports separated by equipment, by application, and as total HFC imports
without disaggregation by application. The longest time series data available was for total HFC imports without
disaggregation, and therefore this data were used to quantify the HFC emissions. It was also assumed that most HFC
consumption in Mongolia takes place in the RAC sector, as this is usually the dominant source of HFC emissions, and the
data available on HFC imports disaggregated by application indicate that RAC is the primary emission source. The total
imports of HFCs in Mongolia is shown in Table 4.2.

Table 4.2. Imports of HFCs between 2004 and 2020 in Mongolia

Alternative e
substances 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2000 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
Riida |Pure 26 | 35 | 11 |23 370028 | 29 | 120|150 84 | 45 | 10| 18 | 105|201 | 105 | 100
Fli2a |Pue 00 [ 00 | 00D [ 00 | OO [ 00 [ 00D [ 00 [ 00 [ 0.0 [F25H 00 [F355 00 | 00 [ 00 | 00
R410A  |Blend (R32-50.0/ R123-50.0) 00 | 00 | 02 |08 0% | 30 | 19 | 20 )25 | 42|23 |25 |04 | 22| 98 | 36 | 20
R404A  |Blend (RI25-44.0/R1432-32.0/R134a4.0)] 00 | 00 | 01 [LI LD 34 | 1227 LT | 60 | L5 | 12|09 |39 |35 |10 13
HFCs R407C  |Blend (R32-23.0/RI23-25.0/R134a-5200 | 00 | 00 | 00 | 00 | 00 | 05 07 |07 |27 [ L7 20|01 | L1 | 11| 15|00
R407A  |Blend (R32-20.0/ RA2540.0/R134a- 4000 | 00 [ 00 | 00 [ 00 | OO [ 05 [ 00 [ 00 [ 00 [ 00 [ 05 [ 00 | 00 [ 00 | 00 [ 00 | 00
R307A  (Blend (R123-30.0 / R143a-30.0) 00 [ 00 | OO [ 00 | OO [ OO [ OO [O5 [ 00 (00 |04 [07 [O0L (00|00 (00|00
R32 Pure 00 | 00 | 00 | Q0O [0OO0 | OO [ 0Q0O | 0O | OO ([00 |00 |00 (00|00 ] 01 | 00| 00
HFO |R1234vf |Pure 00 | 00 |00 | 00 |00 | 00 [ 00 |00 |00 [00 ] 00 |00 |00 |00 | 00|00 ] 02

Using the IPCC Tier 1 methods described above for the Refrigeration and air conditioning sector (RAC), the bank of HFC
in equipment in Mongolia is calculated assuming that RAC equipment imported into Mongolia has a 15-year lifespan
(IPCC default value), and that there is a 15% HFC annual loss from equipment (IPCC default value). When equipment
reaches the end of its life, it was also assumed, in line with IPCC default values, that there is no recovery and destruction
of HFC and that all remaining HFC is emitted to the atmosphere. The calculation of HFC emissions based on this data is
available in the following Excel spreadsheet:
https://drive.google.com/file/d/1R43ENbMQzAbyWYUx1KEWWbOAemr5L1G8/view?usp=sharing

Emissions were estimated between 2004 and 2020 for historical years. For a baseline scenario, emissions were projected
to 2050 based on GDP growth rates from the Mongolia Vision 2050 document. A mitigation scenario was modeled that
implements the Kigali Amendment Phase-Down schedule for Article 5, Group 1 countries to the Montreal Protocol,
shownin Figure 4.1.

Table 4.3 shows the historic emissions of HFC. In 2020, an estimated 27 Gg CO2e emissions will be emitted as HFC. The
largest contribution to these HFC emissions were HFC 13443, followed by HFC-404A and HFC-410A. The 27 Gg CO2e
emissions from HFCs in 2020 represents approximately 0.1% of total GHG emissions in Mongolia, based on the NDC
base year GHG emissions of 25.8 million tonnes of CO2e emissions. The projected increase in HFC emissions for the
baseline scenario is shown in Figure 4.2. Based on expected GDP growth, HFC emissions in 2050 are projected to
increase to over 100 Gg CO2e emissions by 2050, and to almost 40 Gg CO2e emissions by 2030.
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Table 4.3. Historic emissions of HFCs (tonnes CO2e) in Mongolia between 2004 and 2020

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
R134a 507 1113 1161 1426 1927 2191 2427 4422 6687 7327 7096 6235 5647 6840 9921 10766 11250
R152a 0 0 0 0 0 0 0 0 0 0 52 44 110 93 79 67 57
R410A 0 0 58 309 508 1297 1649 1979 2416 3265 3447 3601 3163 3312 5628 5829 5517
R404A 0 0 59 701 1224 3052 3317 4392 4760 7593 7368 6997 6475 7813 9876 9013 8535
R407C 0 0 0 0 0 122 104 259 390 992 1261 1554 1347 1417 1467 1622 1379
R407A 0 0 0 0 0 144 123 104 89 75 208 177 150 128 109 92 79
R507A 0 0 0 0 0 0 0 299 254 216 420 789 709 603 512 435 370
R32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 4 4
R125
R143a
TOTAL HFC 507 1113 1278 2435 3659 6806 7619 11455 14596 19469 19853 19396 17601 20205 27597 27830 27191
(tonnes
COze)

HFC emissions 2000-2050

120000
100000
g 80000
™
S
2 60000
(1]
=
S 40000
P—
20000
0
DO O O O 0O A A =~ o ~ &6 &SS8 858 88 & 8608 68 609 60 69 s S s s =5 W
[ IR s T s I s T s [ s T o O s Y s N s Y s S s T N s N e N s O s O s N s S o N s O s I o N o B s O |
L O I o e I o I Y O Y o N e O e Y e Y I e [ e Y e I e [N I ™ I o Y o [ ™ I e (N ot O [ |

Figure 4.2. Historic and baseline scenario HFC emissions from 2000 to 2050 in Mongolia in which HFC consumption
grows based on projected increases in GDP

The implementation of the Kigali Amendment has a large effect on reducing HFC emissions by 2050, shown in Figure 4.3.
The implementation of the Kigali Amendment is projected to lead to a peak in HFC emissions in approximately 2028
(note that under the Kigali Amendment Phase-Down Schedule, consumption of HFC is scheduled to freeze in 2024, but
there is still an increase in emissions after the freeze until 2028). By 2050, the implementation of the Kigali Amendment
could reduce HFC emissions to less than 10,000 tonnes CO2e emissions per year, approximately one-third of the current
emissions (17,000 fewer tonnes CO2e emissions compared to 2020 levels). Therefore, the implementation of the Kigali
Amendment could provide an additional contribution to Mongolia’s climate change commitment. Compared to a baseline
scenario, implementation of the Kigali Amendment could avoid about 90,000 tonnes CO2e emissions per year in 2050
and about 13,000 tonnes CO2e emissions in 2030.

Note that emissions of HFCs represent a small fraction of total GHG emissions in Mongolia. Section 5.1 estimates that in
2019 Mongolia emitted 38 million tonnes of CO2e emissions. In 2019, HFC emissions correspond to 27,000 tonnes COze
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emissions (i.e., 0.1% of national total GHG emissions in Mongolia in 2019). The projected baseline increase in HFC
emissions between 2020 and 2050 increases the contribution of HFC to national total GHG emissions slightly, but the
reduction in GHG emissions from implementation of the Kigali Amendment (i.e., 90,000 tonnes CO2e emissions avoided
in 2050) still represents a small fraction (0.24%) of current national total GHG emissions for Mongolia.

HFC emissions 2000-2050
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Figure 4.3. Historic and baseline scenario HFC emissions from 2000 to 2050 in Mongolia reflecting implementation of
the Kigali Amendment Phase-Down Schedule for Article 5, Group 1 countries to the Montreal Protocol
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5. Long-Term (2050) Emission Scenarios and
Low Emission Development Options

Section 3 outlined the methodology, data, and assumptions used to develop the LEAP model of GHG emissions for
Mongolia and to extend its capability to assess GHG emissions over the long term, from 2010 to 2050. This section
outlines the results from this analysis, presenting the updated historic emission estimates between 2010 and 2019 for
GHG emissions, followed by baseline and mitigation scenario projections from 2019 to 2050.

5.1 HISTORICAL GHG EMISSIONS

The total emissions of GHGs are shown in Figure 5.1, and between 2010 and 2019 range between 24 million tonnes
CO2e emissions in 2010 and 38.7 million tonnes in 2019, excluding the forestry and other land use sector (Figure 5.1). On
average, the energy sector is estimated to be the largest GHG emitting sector, with a 2010-2019 average net emission of
19 million tonnes. Within the energy sector, electricity generation (and heat coproduction) is the largest subsector, as
shown in Figure 5.2, followed by households (coal consumption), HOBs, and transport. Agriculture emissions are the
second major source of GHG emissions (Figure 5.1), while IPPU and waste sectors make minor contributions.
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Figure 5.1.Total GHG emissions in Mongolia between 2010 and 2019 (units: million tonnes CO2e emissions)
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Figure 5.2. Contribution of subsectors to total energy sector GHG emissions between 2010 and 2019 in Mongolia
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The emissions for each pollutant individually between 2010 and 2019 estimated in this analysis are shown in Table 5.1.
This includes CO2, which is included in the total GHG emissions described above, as well as SLCPs and air pollutants. For
SLCPs, the amount of BC emitted into the atmosphere in Mongoliain 2019 is estimated at 9,000 tonnes. The main
sources of BC emissions are households and vegetation fires, in common with other particulate air pollutants (Figure

5.3).

Table 5.1. Total national emissions of GHGs, SLCPs, and air pollutants in Mongolia between 2010 and 2019 (thousand

tonnes)

Pollutant 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Carbon 14,765.2 | 15,4375 | 15,978.7 | 16,438.5 | 17,473.7 | 18,0128 | 18,443.9 | 19,3294 | 20,4700 | 20,920.5
Dioxide

Carbon 660.0 839.0 3,280.7 1,731.6 1,131.9 1,928.3 1,559.2 981.3 4544 456.7
Monoxide

Methane 433.0 472.2 617.2 5944 653.0 733.1 785.3 825.4 802.3 802.4
Non- 78.6 89.1 220.0 138.5 107.5 150.2 129.7 100.0 727 73.5
Methane

Volatile

Organic

Compounds

Nitrogen 133.7 165.0 323.9 272.5 212.7 284.0 239.5 160.2 150.5 157.5
Oxides

Nitrous 1.73 1.91 2.06 2.37 2.23 2.28 2.35 2.79 2.85 2.86
Oxide

Particulates 110.7 1304 505.4 2424 168.9 274.4 224.3 171.2 834 834
PMjo

Sulfur 254.0 258.9 293.5 289.3 301.6 313.8 317.8 328.4 339.2 346.3
Dioxide

Ammonia 132.8 147.0 195.0 191.3 205.6 234.4 247.6 253.6 246.9 246.9
Particulates 85.2 96.9 366.0 169.2 122.6 192.4 158.8 132.1 67.1 67.2
PM2s

Black 9.6 114 26.0 18.6 14.1 19.9 171 115 8.9 9.0
Carbon

Organic 47.9 54.0 239.3 98.2 69.3 113.6 91.8 80.3 33.9 33.9
Carbon
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5.2 BASELINE GHG PROJECTIONS TO 2050

Having identified the main source sectors of GHGs (including HFCs), SLCPs, and air pollutants, as summarized in Section
5.1, the next stepis to revise the baseline emission projections to 2030 and 2050. The purpose of the baseline scenario is
to act as areference against which the mitigation potential of specific policies and measures can be compared. The
baseline scenario reflects the expected socioeconomic development in Mongolia without the implementation of specific
policies and measures designed to reduce emissions. The baseline scenario assumptions and inputs are described in
Section 3. The objective of this assessment was to estimate the potential for reducing GHG emissions through the
implementation of nationally relevant and appropriate mitigation measures in Mongolia. To do so, the first step was to
develop a baseline scenario to predict the likely evolution of emissions in the future (2030 and 2050) without the
implementation of additional policies and measures.

The total GHG emissions in the baseline scenario are projected to 2030, in which an estimated 64.6 million tonnes of
CO2e emissions will be emitted (Figure 5.4). This represents a 67% increase in total GHG emissions between 2019 and
2030, which mainly occurs due to increases in emissions from the energy sector. Within the energy sector, increases in
electricity generation result in most of the increase.

Between 2030 and 2050, national total GHG emissions increase from 64.6 million tonnes to 92.8 million tonnes, a
further 43% increase in GHG emissions. In total, between 2019 (the last historical year for which GHG emissions were
estimated) and 2050, GHG emissions increase from 38.6 million tonnes in 2019 to 92.8 million tonnes in 2050, more than
doubling Mongolia’s total GHG emissions. Between 2030 and 2050, further increases in energy sector emissions
contribute the majority of the increase in GHG emissions across all sectors.
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Figure 5.5. Total GHG emission projections from 2010 to 2050 for the baseline scenario for the energy sector only
(units: million tonnes CO2e emissions)

As shown in Table 5.2, the increase in activity across all sectors between 2019 and 2030 and 2050 also results in a
substantial increase in emissions of SLCPs and key air pollutants in the baseline scenario. In 2050, BC emissions are three
times higher in 2050 compared with 2019 levels, as are particulate matter (PM2:s) and nitrogen oxide (NOx) emissions.

Table 5.2. Base case projections of GHGs, SLCPs, and air pollutants to 2030 (units: kilotonnes)

Carbon Dioxide 14,765.2 20,920.5 43,351.7 56,814.9 68,055.2
Carbon Monoxide 660.0 456.7 1,448.7 1,495.6 1,556.4
Methane 433.0 802.4 950.0 1,016.3 1,073.7
Non-Methane 78.6 73.5 131.7 1454 162.6
Volatile Organic

Compounds

Nitrogen Oxides 133.7 157.5 315.3 374.3 432.7
Nitrous Oxide 1.73 2.86 4.39 5.70 7.05
Particulates PM1o 110.7 834 227.2 236.3 247.3
Sulfur Dioxide 2540 346.3 760.7 995.6 1,176.9
Ammonia 132.8 246.9 295.6 316.4 334.1
Particulates PM2; 85.2 67.2 167.0 174.9 184.4
Black Carbon 9.6 9.0 17.1 184 20.0
Organic Carbon 47.9 33.9 96.7 99.8 103.9
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5.3 MITIGATION SCENARIOS FOR LONG TERM GHG EMISSION REDUCTIONS

In total, 49 mitigation measures were identified for inclusion in the GHG mitigation assessment in LEAP, with their
implementation envisioned between 2020 and 2050. The selection of these mitigation measures is outlined in Section 3.
The full implementation of the measures would reduce total GHG emissions by 19.1% (equivalent to 12 million tonnes of
CO2e emissions) in 2030 compared to a baseline scenario (Figure 5.6).In 2050, the full implementation of these
measures reduces GHG emissions by 40% compared to the baseline scenario emissions in 2050 (or 37.3 million tonnes
CO2e emissions avoided in 2050 compared to a baseline scenario).

Table 5.3 lists the GHG emission reduction potential of the individual mitigation measures in 2030 and 2050. Note that
the total GHG emission reduction for the measures is smaller than the sum of the emission reduction of all measures.
This is due to interactions between individual mitigation measures that reduce the combined GHG emission reduction
potential. For example, energy efficiency measures can contribute to the overall emission reductions as it reduces energy
demand for electricity generated from renewable resources. Baseline scenario did not include energy efficiency
measures. Note also that, for some measures, insufficient information was available to model their implementation;
therefore, emission reduction potentials have not been estimated. The mitigation measures that increase electricity and
heat produced from renewable energy sources are the measures which contribute the largest emission reductions in
2030 and 2050. Reduction in livestock herd size and the implementation of stringent energy efficiency measures which
reduce electricity and heat demand also make substantial contributions to GHG emission reduction potential.
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Figure 5.6. Reduction in total GHG emissions estimated from the implementation of mitigation measures in 2030 and
2050 compared to a baseline scenario
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Table 5.3. Summary of GHG emission reduction potential in 2030 compared to a baseline scenario (emissions: 78.3 million tonnes CO2e) for mitigation measures
extracted from plans and strategies in Mongolia

Energy Erdeneburen HPP 90 MW comes online in 2025 NDC to the Paris 0.33(-0.52%) 0.41(-0.44%)
. . Agreement, 2020
(energy industries)
State Policy on Energy,
2015-2030
Energy Eg River HPP 314 MW comes online in 2040 NDC to the Paris 1.2(-1.86%) 1.41(-1.52%)
Agreement, 2020
(energy industries)
State Policy on Energy,
2015-2030
Energy Shuren HPP 300 MW comes online in 2028 NDC to the Paris 1.15(-1.77%) 1.35(-1.46%)
Agreement, 2020
(energy industries)
State Policy on Energy,
2015-2030
Energy Wind power plants: Oyu Tolgoi 102 MW, NDC to the Paris 0.52(-0.80%) 0.63(-0.68%)
. . Govisumber 50.4 MW, Uvs 10 MW, Zavkhan 5 MW Agreement, 2020
(energy industries) | t, come online in 2030 (implementation remains
uncertain) State Policy on Energy,
2015-2030
Energy Sainshand 30 MW solar power plant online in 2023 Ministry of Energy, 2021 0.07 (-0.1%) 0.08 (-0.1%)
(energy industries)
Energy Solar power plants: 35.3 MW in Khovd, Gobi-Altai, NDC Action Plan, 2021
Khuvsgul
(energy industries)
Energy Solar rooftop: 1.5 MW by 2025 NDC Action Plan, 2021
(energy industries)




(energy efficiency)

of super critical and ultra-supercritical technology

Agreement, 2020

State Policy on Energy,
2015-2030

8 Energy Build 100 MW hydropower in central region Vision 2050, Long-Term
) ) between 2031 and 2040 Development Policy of
(energy industries) Mongolia
9 Energy Construct 100 MW Dornod Nuclear Power Plant Vision 2050, Long-Term 0 1.07(-1.16%)
) ) between 2041 and 2050 Development Policy of
(energy industries) Mongolia
10 Energy Construct 100 MW Khovd Nuclear Power Plant Vision 2050, Long-Term 0 1.07 (-1.16%)
) ) between 2031 and 2040 Development Policy of
(energy industries) Mongolia
11 Energy Build 30 MW renewable energy between 2031 and Vision 2050, Long-Term 0 0.08 (-0.1%)
i . 2040 in Altai in Western Mongolia Development Policy of
(energy industries) Mongolia
12 Energy Efficiency of heat transmission and distribution NDC to the Paris
- reduces to 1.6% losses by 2030 Agreement, 2020
(energy efficiency)
State Policy on Energy,
2015-2030
13 Energy Efficiency of electricity transmission and distribution | NDC to the Paris 1.01(-1.56%) 2.39(-2.58%)
- reduces to 7.8% by 2030 Agreement, 2020
(energy efficiency)
State Policy on Energy,
2015-2030
14 Energy Station own electricity consumption of CHPs NDC to the Paris 0.74(-1.14%) 1.75(-1.89%)
- reduces to 9.1%in 2030 Agreement, 2020
(energy efficiency)
State Policy on Energy,
2015-2030
15 Energy CHPs efficiency increases to 43% in 2030 due touse | NDC to the Paris 2.36 (-3.64%) 6.49 (-6.99%)
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16

Energy

(heat supply)

Improvement of the heat supply in province
Centres: To develop heat supply infrastructure and
improve accessibility and quality of the city and
urban areas, the country is planning to build heat
power plants and a heat distribution network, and to
improve the fuel supply system in urban areas of
Arkhangai, Bayankhongor, Gobi-Altai, Govisumber,
Dundgobi, Zavkhan, Uvurkhangai, Khentii,
Sukhbaatar, and Tuv province Centres, as well asin
other large settlements. It is estimated that replacing
old 40% efficient HOBs with modern HOBs (85%)
will save at least 30% of the coal consumption. The
project commenced with funding from the Economic
Development Cooperation Fund of Korea in 2020.

NDC to the Paris
Agreement, 2020

National Mid-Term Program
on the Implementation of
the State Policy on Energy,
2018

0.46 (-0.71%)

0.62(-0.67%)

17

Energy

(energy heat
supply)

Improvement of heat supply in soum Centres: The
GHG mitigation scenarios were considered based on
the demo project implemented in the Erdenedalai
soum of the Dundgobi province to improve the heat
supply in soum Centres. This demo project was part
of NAMAs in the Construction Sector in Mongolia,
implemented by the United Nations Development
Programme (UNDP) and MCUD. In addition to
replacing highly efficient HOBs, other objectives
have been included, such as the insulation of heat
distribution network pipes, the installation of
frequency converters in the pumps, and the
treatment facilities of waste water. Prior to the
implementation of the demo project, 4,416 tonnes of
lignite were annually combusted in old HOBs, but
after the commencement of the project, coal
consumption decreased by 40% to reach 2,650
tonnes. The GHG mitigation scenario was calculated
considering the implementation of this kind of demo
project in one hundred soums with similar conditions
until 2030.

NDC to the Paris
Agreement, 2020

NAMA:s in the Construction
Sector in Mongolia

18

Energy

Use of GSHPs for rural heating utilities: Installed
capacity of GSHPs reached 2.8 MWh in 2020, and

NDC to the Paris
Agreement, 2020
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(heat supply)

457 wells were drilled with a total length of 50,000
meters to operate these GSHPs. GHG reduction
potential of the heat supply of soum Centres has
been estimated based on annual coal consumption of
the central heating supply of soum Centres and is
projected to be 4,000 tonnes. The coverage of the
GSHPs is projected to be 30 soums in 2025 and 50
soums in 2030.

For the successful implementation of GHG
mitigation measures, it is necessary to establish an
MRV system for GHG emissions reduction, and to
develop a nationally appropriate GHG inventory
methodology to estimate emissions from energy
production and consumption in compliance with
international standards.

The NDC Action Plan (2021) plans to commission
five GSHP systems of 500 kW by 2025.

NDC Action Plan, 2021

19 Energy Improve the efficiency of electric motors in NDC to the Paris 1.13(-1.75%) 3.10(-3.35%)
. factories: This will result in efficient energy Agreement, 2020
(energy efficiency) | onsumption by factories and reduce energy
generation at coal-fired CHPs.
20 Energy Install energy-efficient lighting. NDC to the Paris
Agreement, 2020
(energy efficiency)
21 Energy Improve energy demand management. NDC to the Paris
- Agreement, 2020
(energy efficiency)
22 Energy Replace use of raw coal in Ulaanbaatar with NDC to the Paris -0.8 (1.23%) 0.8 (-0.85%)
improved fuel: Since the calorific value of the Agreement, 2020
(energy improved fuel briquettes produced using Tavantolgoi

construction)

coal is twice as high as raw coal, household coal
consumption in Ulaanbaatar’s ger districts is
expected to decrease by 50%. The implementation
has been in progress since 2019 and it was fully

Government Resolution
#62,2018
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implemented by end of 2020, covering a total of
200,000 households.

23 Energy Insulate old precast apartment buildings: An NDC to the Paris
existing 1,077 blocks (45,462 households) of precast | Agreement, 2020
(energy ) panel apartment buildings in Ulaanbaatar were
construction) constructed between 1965 and 2000. Research
shows. t.hat. by implementing thermo-technical National 150,000
reha!allltatlon of these precast panel apartments, the Households-Apartments
heating system burden can be reduced by 70.65 program, 2019
Gcal/h, or 31%. To generate those 70.65 Gceal/h
saved by thermo-technical retrofitting (i.e., insulating
of precast panel apartments), the CHPs of
Ulaanbaatar city would have to combust 170,000
tonnes of coal per year.
24 Energy Switch to Euro 5 standard fuel: As of 2018, 7.7% of NDC to the Paris
the total fuel was Euro 5, while Euro 2-4 accounted Agreement, 2020
(road transport) for 92.3%. NDC Action Plan states the goal to
increase the share of Euro 5 standard fuel to 800% National program on
by 2025. Improving the fuel quality and switching to reduction of air pollution,
the Euro 5 standard, while reducing the impact from | 2017
the transportation sector on air pollution, will help
reduce fuel consumption as well as GHG emissions.
Reduced fuel consumption will further reduce GHG
emissions. GHG emissions will be reduced by 20% by
switching to Euro 5 fuel.
25 Energy Shift the coal export transportation from road NDC to the Paris

(rail transport)

transport to rail transport: The ADB-funded
research demonstrates the potential for a huge
economic advantage by shifting heavy-duty truck
transportation of mineral product exports to rail
transport. The analysis shows that a possible fuel
cost savings of USD 634 million could have been
achieved between 2011 and 2015 if rail connectivity
was available for mineral exports.

Agreement, 2020

ADB, 2018, Breaking Barriers:
Leveraging Mongolia’s
Transport and Logistics Sector
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Besides economic inefficiency, the heavy-duty truck
transportation of mineral resources has an enormous
negative impact on the environment, implicating
increased fuel consumption due to traffic congestion,
accidents caused by poor road quality, and adverse
impact on the health of drivers due to harsh working
conditions.

The NDC Action Plan suggests increasing rail
transportation of coal to 50 million tonnes by 2025.

NDC Action Plan, 2021

26 Energy Switch the heating of passenger trains to electric NDC to the Paris
) heating: Mongolia’s national program on the Agreement, 2020
(rail transport) reduction of air pollution assumes that the number of
electric power heated passenger trains will increase National program on
from 16in2016to 72in 2019, 159in 2025, and 229 reduction of air pollution’
in 2030. 2017
27 Agriculture Regulate and reduce the livestock head counts: NDC to the Paris 2.01(-3.11%) 3.28(-3.54%)
(livestock) Among these measures, the reduction of livestock Agreement, 2020

head count could have the greatest mitigation impact
in Mongolia; thus, GHG emissions reduction is
estimated based on this measure. However, reducing
livestock is a sensitive issue as it contradicts the
traditional heritage of pastoralism and thousand-
year-old lifestyle while directly affecting the
livelihood of herders. Yet the present condition of
pasture and land degradation, combined with
intensifying desertification, puts limitations on the
continuous increase of the livestock head count.
Provisions to regulate livestock head count are
reflected in the policy documents of the animal
husbandry sector. Therefore, considering the future
trends of the livestock head count, the following
options can potentially be included in the GHG
emissions reduction scenario:

1. The current interest and mindset to increase the
number of livestock would remain, with no policy
change, and the number of livestock would grow by

MOFALI, 2019, Action Plan
of Mongolian Agenda for
Sustainable Livestock
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0.5% annually. The livestock will double from the
base year (2010) in 2030.

2.In accordance with the recommendation of the UN
Food and Agricultural Organization, the livestock
would be reduced by 5% per year from 2015 to meet
the pastureland carrying capacity.

3. If the law on pastureland were to be approved and
implemented, the livestock would be reduced by 6%
per year. Under the regulation of this law, 20% of
herders per year would take partin its
implementation startingin 2021, and by 2025 all
herders would be participating; the number of
herders not participating in the regulation is
assumed to increase by 0.5% per year.

4. Based on the Action Plan of the Mongolian Agenda
for Sustainable Livestock, livestock currently
exceeds the pastureland carrying capacity by 25
million sheep units. This number will be gradually
reduced to the optimal carrying capacity of 74
million sheep units by 2033. In other words, the
livestock would be reduced by 51.2 million livestock
heads.

28

IPPU (mineral
industries)

Use fly ash in cement production: The use of fly ash
in the kiln grinding process reduces the raw material
demand of the cement plant and further reduces
GHG emissions. The amount of fly ash can make up
25% to 35% of the weight of cement, which reduces
the energy required to produce 1 ton of cement by
200 to 500 MJ. GHG emissions could therefore be
reduced by 0.045 to 0.127 tonnes of CO,, which
requires an investment of about USD 0.75/t cement.
Considering an average GHG emissions reduction of
0.086 t CO2/t cement, limited sources of fly ash
supply, and assuming the production of 0.5 million
tonnes of cement in 2025 and 1 million tonnes of
cement in 2030 with fly ash blend, there is a potential

NDC to the Paris
Agreement, 2020

US Environmental
Protection Agency (EPA),
2010, Available and
Emerging Technologies for
Reducing Greenhouse Gas
Emissions from the Portland
Cement Industry
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GHG emissions reduction of 43.0 Ggin 2025 and
86.0 Ggin 2030.

29

Energy (energy
industries)

Use waste heat from the cement plants: Besides
upgrading the cement plants with dry technology,
waste heat recovery in cement plants is considered.
During the cement production process, there is a
potential to generate electricity with steam turbines
or organic oil turbines reusing the waste heat
dumped by the furnace output section, clinker
cooling, and preheating sections. In various
conditions, the potential volume of electricity
generation is 7-20 kWh per tonne of cement. High
temperature gas from dry process stoves could be a
major source of electricity generation. In terms of
unit capacity, the investment to generate the
electricity from waste heat is USD 2-4/tonne, while
the operating costs are USD 0.2-0.3/tonne per year.

Since all the cement plants of Mongolia are upgraded
with dry technology, it is technically possible to
recover waste heat. By introducing the above-
mentioned technology and using waste heat in 50%
of the total cement production, it is possible to
produce 13 million kWh of energy by 2030 and
reduce GHG emissions from coal and electricity
consumption of the cement plant by 13.4 Gg CO2e.

NDC to the Paris
Agreement, 2020

EPA, 2010, Available and
Emerging Technologies for
Reducing Greenhouse Gas
Emissions from the Portland
Cement Industry

30

Energy (energy
industries)

Use coal mine methane: By using coal mine methane,
GHG emissions are expected to reduce CO; emission
equivalent to the amount emitted by coal energy
production. Hence, it assumed a net caloric value of
coal of 25.8 TJ/Gg and the emission factor of 94.6 t
CO,/TJ (IPCC 2006, Vol. 2 Energy) and the efficiency
of electricity generation from coal at 33.3% (by the
LEAP model). The percentage of fugitive emissions
was calculated by comparing the amount of methane
used to the total of methane emitted from surface

NDC to the Paris
Agreement, 2020
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and underground coal mines. If this mitigation
measure is implemented, 131.6 million kWh of
electricity will be generated from waste methane by
2030 and GHG emissions could be reduced by 134.7
Gg CO2e, or the fugitive emissions during the coal
extraction could be reduced by 4.8%.

31

Energy (CO,
transport and
storage)

Deploy CCS technology: CCSis a technology that
can capture CO; emissions produced from the use of
fossil fuels in electricity generation and industrial
processes of steel and cement production,
preventing the CO, from entering the atmosphere.
Once captured, the CO, must then be transported by
pipeline or vehicle to be stored at a geologically
suitable site that is deep underground. However, due
to the technological and financial difficulties of
implementing this technology, it has been considered
a “conditional measure” under which 50% of CO,
emitted from coal-to-gas plants would be captured
and stored deep underground. This measure could be
implemented in 2028; however, it has not been
included in the baseline scenario.

NDC to the Paris
Agreement, 2020

32

Waste (SWD,
domestic
wastewater,
treatment)

Increase amount of recycled wastes and ensure
population has access to improved sanitation and
hygiene facilities: Country aims to increase the
amount of recycled waste by 20% (of total waste)
between 2016 and 2020, 30% between 2021 and
2025, and 40% between 2026 and 2030, and to
ensure 40% of the population has access to improved
sanitation and hygiene facilities between 2016 and
2020, 50% between 2021 and 2025, and 60%
between 2026 and 2030.

NDC to the Paris
Agreement, 2020

National Green
Development Policy, 2014

33

IPPU (product uses
as substitutes for
ODS)

Implementation of Kigali Amendment Phase-Down
Schedule for Article 5, Group 1 countries .

Kigali Amendment to the
Montreal Protocol, 2019
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34 Waste (solid waste | Collect and dispose 64% of urban waste by 2030: Vision 2050, long-term
disposal -SWD) NDC Action Plan states to sort and dispose 109,000 | development policy of
tonnes of solid waste (Tsagaandavaa dumpsite) and Mongolia, 2020
360 tonnes of household waste (Ulaanbaatar) .
annually from 2022. NDC Action Plan, 2021
35 Waste (SWD) Recycle 30% of waste by 2030: NDC Action Plan Vision 2050, long-term
2021 states to recycle 26,500 tonnes of construction | development policy of
wastes per year from 2022. Also start recycling. Mongolia, 2020
NDC Action Plan, 2021
36 Energy (energy Renewable electricity generation. Hydro, wind, Projection Scenario 6.72(-7.25%)
industries) solar PV, solar thermal power plant (parabolic
trough, solar power tower), 50%-60% of RE in total
electricity generation in 2050. About 2,000 MW RE
is one of the alternative scenarios. The solar rooftop
should be included, but total RE should not exceed
50% of total energy generated. It should be possible
with battery and other storage technology. Also, with
oil refineries, the constant LPG supply is not a
problem, so balancing plants operating on LPG also
should not be a problem.
37 Energy (heat Renewable energy for heat generation. Solar water Projection Scenario 2.77 (-2.99%)
supply) heater; concentrated solar thermal power plants for
soum and aimags Centres: 60% of urban settlements
running on RE and the rest on LPG.
38 Energy (heat Use ground source heat pump system for 15% to Projection Scenario 1.41(-1.52%)
supply) 30% of Ulaanbaatar heating by 2050.
39 Energy (energy Take aggressive energy efficiency measures on Projection Scenario 6.59 (-7.10%)
efficiency) energy consumption side
40 Energy (energy Institute aggressive energy efficiency measures on Projection Scenario 0.48 (-0.52%)
efficiency) housing heating supply. New and insulated

apartments could result in 20% reduction in heating
demand through improved insulation, etc.
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NDC Action Plan (2021) states to retrofit 2,000
private houses and construct affordable apartments
for 10,000 households by 2025.

41 Energy Ger areas households move to apartments and Projection scenario based
(construction) houses. on national 150,000
Households- Apartments
program
42 Energy (road Limit the number of older vehicles: To reduce the State Policy on Road
transport) number of passenger cars, which are increasing year | Transport, 2018
by year, excise taxes are imposed on vehicles (e.g.,
depending on the capacity and age of the engine
cylinders). However, the number of aging vehicles
with high cylinder capacity has not decreased. In
2018, approximately 77.4% of vehicles were aged 10
years and over.
43 Energy (road Increase the share of left-hand drive vehicles in the | State Policy on Road
transport) total number of vehicles: In 2019, 413,690, or Transport, 2018

44.3%, of all registered vehicles have a steering
wheel on the left and 520,452, or 55.7%, have a
steering wheel on the right. Compared to the
previous year, the number of left-hand drive cars
increased by 1.5% and the number of right-hand
drive carsincreased by 12.2%. Approximately 72.1%
of vehicles involved in road accidents have the right
steering wheel. Mongolia’s road network is designed
for cars with the steering wheel on the left.

The government aims to phase out right-hand drive
vehicles from the market gradually and to increase
the share of left-hand drive vehicles to 60% in 2021
and 80% in 2026. The 2019 National Road Safety
Program also aims to increase this rate to 65% by
2024. However, no actions have been taken to
achieve these goals. The following measures should
be taken to reduce the number of right-hand drive
vehicles: (1) increase customs and excise taxes on
right-hand drive vehicles; (2) decide in 2021 to ban
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right-hand drive vehicles from entering traffic
(prohibited in Ulaanbaatar from 2025 and in rural
areas from 2028); (3) prohibit the export of right-
hand drive cars (this may not be the best option).

44

Energy (road
transport)

Increasing the use of electric cars: Use of electric
vehicles has being increasing globally, but the share
of electric cars in the Mongolian market is very small.
As of 2018, 173 electric vehicles were registered.
The State Policy on Road Transport (2018) does not
have a specific provision about electric vehicles, but
it states to promote use of eco-vehicles to 30% by
2026, which includes electric and hydrogen vehicles.

State Policy on Road
Transport, 2018

0.07 (-0.1%)

45

Energy(road
transport)

Increase the number of vehicles using LPG: As of
2018, 20,398, or 2.34%, of total vehicles were gas-
powered vehicles. State Policy on Road Transport
does notinclude a clear provision to increase the
number of LPG vehicles. There is only a general
provision to increase the share of eco-vehicles in
total vehicles to 30% by 2026.

The excise tax on LPG cars and electric vehicles is set
to be twice as low as the excise tax on passenger cars
running on gasoline and diesel fuel, but the share of
these vehicles in the total number of vehicles is
insignificant.

State Policy on Road
Transport, 2018

46

Energy (road
transport)

Mass Transit (Including Light Rail Transit, Metro): It
was originally planned to build BRT a 14.9 km special
bus route to the Chinggis Khaan International
Airport, Naadamchdiin Zam, Yarmag Bridge,
Chinggis Avenue, and Sukhbaatar Square by 2020,
but this has not yet begun. There are plans between
2020 and 2025 to build a 7.8 km road from
Sukhbaatar Square, University Street, Sukhbaatar
Street, Nogoon Nuur Street, Altai Street, and
Chingeltei Avenue to the Seventh bus terminal; and a

State Policy on Road
Transport, 2018
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10 km road from Sapporo Intersection and Ard-
Ayush Avenue to the intersection of Enebish Avenue,
Ikh Toiruu, Namyangju Street, Ikh Khuree Street, and
Dunjingarav International Trade Centre (source:
Capital City Transportation Authority).

The estimated cost is USD274.4 million, and ADB will
provide USD215.9 million in loans over 32 years at
1.5% per annum. The project also included plans to
build a 64.5 km long special road in Ulaanbaatar;
however, this work was stopped for unknown
reasons.

In 2013, JICA conducted a study to build a 17.64 km
metro with 14 stations from Tolgoit to Amgalan.
According to the study, the investment required to
build the subway was estimated at USD79.76
million/km, or a total of USD1,407.0 million at this
time, but it is not reflected in government policies
and programs.

47

Energy (road
transport)

Converting public transport to CNG: About 100 of
the city’s large public transport buses have been
tested using CNG for the past two years. The
experiment concluded that it was technically feasible
and economically viable to use large quantities of
CNG, and that savings could be made by replacing
diesel engines with CNG engines. However, the
supply of fuel is difficult because CNG is not
produced domestically. MMHI is responsible for
supplying CNG fuel. It is currently unclear how public
transport will be converted to CNG.

State Policy on Road
Transport, 2018

0.01(-0.01%)

48

Energy (road
transport)

Traffic management: To reduce traffic congestion in
Ulaanbaatar, measures such as limiting the number
of vehicles in traffic; regulating the opening hours of
schools, kindergartens, private enterprises, and
universities; increasing the number of tunnels and
bridges; and introducing intelligent camera

State Policy on Road
Transport, 2018
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technology are being implemented but have not
yielded significant results.

49

Energy

Encourage walking and cycling: Within the
framework of Mongolia's long-term development
policy, Vision 2050, the action planfor 2021-2030
states that the construction and expansion of
sidewalks and bicycle paths, increase the number of
bridges, and establishment of monitoring system. In
addition, the Mayor's Action Plan for 2020-2024
includes the construction of sidewalks and bicycle
paths and the development of a pedestrian and
bicycle road network.

State Policy on Road
Transport, 2018

0.09 (-0.1%)
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The emission reduction potential from implementation of mitigation measures in each sector differs. Table 5.4
summarizes the overall reduction in GHG emissions in 2030 and 2050 for each of the IPCC source categories.
The sector with the largest reduction in emissions is energy, where a 50% reduction in net GHG emissions in
2050 compared to the baseline scenario is achieved through implementation of renewable electricity and heat
production, energy efficiency, and transport measures.

Table 5.4. Sectoral reductions in GHGs in 2030 and 2050 compared to a baseline scenario

Energy 21.85 44.3 33.6 (-24%) 68.1 34.1(-50%)
IPPU 0.50 0.84 0.8 (-5%) 222 2.22(0%)
Agriculture 15.91 19.1 17.1(-10%) 21.8 18.5(-15%)
Waste 0.41 0.5 0.48 (-4%) 0.69 0.69 (0%)

Figures 5.6 and 6.7 also show the remaining GHG emissions in 2030 and 2050 after implementation of the
mitigation measures included in the LEAP analysis. This allows those sectors where additional mitigation could be
targeted to further reduce Mongolia’s GHG emissions. The largest remaining sources of GHG emissions after
implementation of all measures considered in this assessment are electricity generation and agriculture.
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6. Co-Benefits for Reducing Short-Lived
Climate Pollutants, Decreasing Air
Pollutants, and Improving Human Health

The third area where this report provides information that could be used to enhance Mongolia’s updated NDC in
2025 is the inclusion of SLCP and air pollutant benefits from implementation of Mongolia’s climate change
actions. Exposure to air pollution from indoor and outdoor sources was associated with 4.9 million premature
deaths in 2017 due to respiratory and cardiovascular diseases. It is also linked to other nonfatal health effects,
such as difficulties during pregnancy, asthma, and emergency room visits. The two pollutants with the greatest
impact on human health are fine particulate matter (PMz2:s) and ground-level ozone (O3). In 2019, almost 3,200
premature deaths in Mongolia were associated with exposure to air pollution.

At the same time, emission of air pollutants is warming the atmosphere. Since preindustrial times, global average
temperatures have risen by 1.1°C, while the Paris Agreement sets the goal of limiting the increase in global
average temperatures to “well below 2°C,” and ideally to 1.5°C. Current climate change commitments are
estimated to lead to a warming of more than 3°C by 2100, so more action is needed to meet the Paris Agreement
targets (Robiou du Pont et al., 2017; Robiou du Pont and Meinshausen, 2018; Rogelj et al., 2016). The
consequences of climate change include increased frequency of extreme weather events, such as storms, floods,
droughts, and heat waves; impacts on agriculture and food security; and impacts on human health and
biodiversity (IPCC, 2014).

The issues of climate change and air pollution are closely linked because, in many cases, GHGs and air pollutants
are emitted from the same sources. Also, some of the substances contribute to climate change and the adverse
effects of air pollution, such as methane, BC, and ground-level ozone (i.e., SLCPs) (Figure 6.1). These two linkages
offer considerable opportunities to design strategies and identify measures that can simultaneously reduce air
pollution and mitigate climate change (CCAC SNAP, 2019). Global and regional studies have shown that there is
arange of strategies and actions that can be taken to target major sources of SLCPs and simultaneously improve
local air pollution while reducing countries’ contribution to global climate change (UNEP/WMO, 2011; UNEP,
2019, 2018).
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Figure 6.1. Summary of pollutants that are classified as air pollutants, SLCPs, and GHGs
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Following the findings of the United Nations Environment Programme/ World Meteorological Organisation
(UNEP/WMO) Integrated Assessment of Black Carbon and Ground-Level Ozone (2011), a broad consensus has
emerged on the need and urgency to address the adverse effects of air pollution and climate change
simultaneously. Mitigation measures targeting the main sources of BC and methane (a precursor of ground-level
ozone) were assessed for their impact on air quality and climate. In total, 16 measures that delivered 90% of the
climate benefits were identified from hundreds of assessed measures globally. Of these, nine measures targeted
BC, including in the residential, agricultural, transport, and industrial sectors, and seven measures targeted
methane in the agricultural, oil and gas, and waste sectors. The assessment concluded that full implementation of
these measures would deliver substantial air quality and climate benefits, estimating that 2.4 million premature
deaths would be avoided in 2030 compared to the baseline situation, as well as an additional 52 million tonnes of
four staple crops (rice, wheat, maize, and soybeans) due to reduced crop damage caused by ozone exposure.
These air quality benefits are felt directly at the local level in the countries and regions where the emission
reductions take place. At the same time, implementation of these measures would also avoid a 0.5°C increase in
global temperature, which would go a long way to limiting global temperature increase when combined with
rapid and ambitious CO2 reductions. BC, methane, ground-level ozone, and HFCs have been labeled SLCPs
because of the relatively short time they spend in the atmosphere once emitted (days to two decades) and their
impact on climate and air quality (with the exception of HFCs, which have only a climate impact). This means that
actions on SLCPs can quickly produce multiple benefits for air quality and climate change (Shindell et al., 2012).

As outlined above, the GHG mitigation assessment conducted for Mongolia also quantified emissions of SLCPs
and air pollutants, and their emission reduction potential. The mitigation assessment showed that there is
substantial potential to reduce SLCPs and air pollutants alongside GHGs. Table 6.1 shows the magnitude of
emissions of SLCPs and air pollutant emissions quantified alongside GHGs in this GHG mitigation assessment.
For BC, over half of the 9,000 tonnes emitted in 2019 are emitted from the household sector, due to the burning
of coal for heating, and from vegetation fires. The household sector similarly is a major source of other fine
particulate matter (PM2s) emissions, while the transport sector is a major source of nitrogen oxides air pollution.

Table 6.1 summarizes the reduction in SLCP and air pollutant emissions resulting from the implementation of the
mitigation measures summarized in Table 5.3. The full implementation of the mitigation actions included in this
GHG mitigation assessment could reduce BC emissions by 8% in 2030 and 34% in 2050 compared to a baseline
scenario, and could result in larger reductions for other key health-damaging air pollutants, such as PMa2s. The
most effective measures to achieve these reductions are those that convert households from heating using coal
to cleaner fuels, due to the majority of BC and PM2s emissions originating from the residential sector. Table 6.1
underlines the substantial co-benefits for SLCPs and air pollutants that could be achieved through climate
change mitigation actions considered in this assessment.

Table 6.1. GHG, SLCP and air pollutant emissions in 2030 for Baseline, Category 1, and Additional Measures

scenarios
Scenario oC BC PM2s PM1o NOx NMVOC CHa4 co CO;
2019 33.9 9.0 67.2 834 157.5 73.5 802 456.7 20,921
emissions
Baseline 96.7 17.1 167 227 315 132 950 1,449 43,352
2030
Mitigation 92.8 15.6 158.1 217 289 130 850 1,426 33,227
2030 (-4%) | (-8.4%) (-5.4%) (-4.6%) (-8.4%) (-1.54%) (-10.6%) (-1.6%) (-23.4)
Baseline 103.9 20.0 184.4 247.3 432.7 162.6 1,073 1,556 68,055
2050
Mitigation 877 13.2 145.7 2025 261.9 129.9 899 1414 34,887
2050 (-15.6%) (-34%) (-21%) (-18%) (-39.5%) (-20%) (-16%) (-9.1%) (-48.7%)
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ABOUT THE GLOBAL GREEN GROWTH INSTITUTE
The Global Green Growth Institute was founded to support and promote a model of economic growth known as

“green growth”, which targets key aspects of economic performance such as poverty reduction, job creation,
social inclusion, and environmental sustainability.
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