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List of designations
GDP-Gross Domestic Product
STF-State Forest Fund
LULUCF-Land Use, Land Use Change and Forestry
IPCC-International Panel of Climate Change
MEP RK-Ministry of Environment Protection of the Republic of Kazakhstan
MEWR RK-Ministry of Environment and Water Resources of the Republic of Kazakhstan
IEA-International Energy Agency
NIR-National Inventory Report
OR-Oil Refinery
CRF-Common Reporting Format 
GHG-Greenhouse Gases
GD -Government Decision 
LPG-Liquefied Petroleum Gas
NCV-Net Calorific Value
FEB-Fuel Energy Balance of Agency of Statistics of the Republic of Kazakhstan
HFs-Hydrofluorocarbons
PFs-Perfluorocarbons
NMVOC-Non-Methane Volatile Organic Compounds 

Chemical symbols

CO2-Carbon Dioxide
CH4-Methane
N2O-Nitrous Oxide
CO-Carbon Monoxide
NOx-Mono-Nitrogen Oxides

Measuring Units

PJ-Petajoule, 1015 J
TJ-Terajoule, 1012 J
Gg-Gigagram, thous tons
Tg-Teragram, mln tons
Kg/m3-kilogram per cubic metre
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[bookmark: _Toc330214089][bookmark: _Toc351361656][bookmark: _Toc385264127]S.1 General information on greenhouse gas emissions by source category in the Republic of Kazakhstan and their dynamics

According to results of the inventory of greenhouse gas emissions in Kazakhstan common emission of gases with direct greenhouse effect, excluding the LULUCF sector in 2012 amounted to 284.43 million tons of CO2-equivalent, including 241.23 million tons of emissions from energy-related activities, 16.74 million tons from industrial processes, 21.53 million tons from agriculture and 4.94 million tons from the "Waste" category. Absorption in the LULUCF sector amounted to 23.52 million tons. Net emissions taking into account absorption are estimated at 260.92 million tons of CO2-equivalent.  

Figure S.1 - Changes in total national emissions of Kazakhstan for 1990-2012 years in the main categories of sources

Of the total national emissions in 2012, excluding LULUCF, CO2 emissions totaled 198,59 million tons. CH4 emissions are in second place – 50,02 million tons of CO2-eq. and N2O are much lower – 9,54 million tons of CO2 eq., respectively. Emissions of HFCs and PFCs were negligible and amounted to 1,44 and 1.33 million tons of CO2 eq. Emissions of SF6 in 2012 according to available data were zero. The data of Figure S.1 shows that emissions of all GHGs in 2012 were below the emissions in the basic 1990 year, with the exception of fluorine gas, since in 1995, adopted for them as the base year, emissions were estimated only for HFCs, but were not significant.
Total national GHG emissions, excluding absorption in LULUCF in 2012, are amounted to 79,34% of the level of emissions in 1990 and compared to 2011 increased by 2,01%.
To ensure comparability of emissions from different countries it is adopted to calculate the annual emissions of the main greenhouse gases per capita. In Kazakhstan, the total specific GHG emissions in 2012 amounted to more than 16.8 tons per capita, of which more than 11,7 tons were CO2 emissions.
Table S.2 contains data on the structure of GHG emissions with direct greenhouse effect, expressed in carbon dioxide equivalent. According to Article 3, Paragraph 5 of the Kyoto Protocol the base year for Kazakhstan, as in most countries, is 1990.

Table S.2 - The contribution of greenhouse gases in the total national emissions without LULUCF, % 
	Gases
	
1990
	
1995 
	
2000 
	
2005 
	
2008
	
200
	
2010
	
2011
	
2012

	CO2

	74,02
	73,93
	73,39
	77,88
	75,54
	77,11
	77,20
	76,17
	76,11

	CH4 

	20,86
	21,44
	22,42
	18,13
	19,83
	18,28
	18,18
	19,02
	19,17

	N2O 

	5,12
	4,62
	4,05
	3,84
	3,92
	3,88
	3,61
	3,74
	3,65

	HFs
	0,00
	0,01
	0,14
	0,15
	0,46
	0,46
	0,56
	0,56
	0,55

	PFs
	0,00
	0,00
	0,00
	0,00
	0,25
	0,28
	0,45
	0,52
	0,51

	SF6
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00

	Total
	100
	100
	100
	100
	100
	100
	100
	100
	100



[image: ]
Figure S.2 - Structure of greenhouse gas emissions in Kazakhstan in 1990 – 2012, %
Data in Table S.2 and Figure S.2 shows that in the structure of the distribution of shares of each gas contribution to the direct greenhouse effect in 2011, almost three-quarters of the total national emissions were CO2 emissions – 73-78%. All other gases, expressed in CO2 equivalent, make a little less than one quarter of the total emissions. Methane and nitrous oxide are making 18-21% and 4-5%, respectively. The remaining emissions of less than one percent were accounted for fluorinated gases.  

[bookmark: _Toc385264128]S.2 Review of estimates and trends for different categories of sources and sinks
The main sources of GHG emissions in Kazakhstan according to IPCC methodology is shown in Table S3.

Table S3 - Dynamics of GHG emissions by sector of Kazakhstan, millions tons of CO2-eq.
	Sector
	1990
	1995
	2000
	2008
	2009
	2010
	

2011
	2012
	The change in the last the year, compared with base year, %

	
Energetics

	298,10
	182,40
	143,98
	201,35
	222,15
	244,04
	234,62
	241,23
	-19,08

	Industrial processes
	17,92
	8,17
	10,28
	14,82
	14,07
	15,77
	17,75
	16,74
	-6,59

	Agriculture
	38,97
	23,27
	14,56
	21,33
	22,10
	22,40
	21,61
	21,53
	-44,77

	LULUCF (net absorption)
	-7,02
	-8,04
	-22,79
	-14,40
	-17,21
	-19,38
	-21,00
	-23,52
	235,03

	
Waste

	3,50
	3,91
	3,97
	4,55
	4,65
	4,75
	4,84
	4,94
	41,12

	Total (including absorption in LULUCF)
	351,47
	209,72
	149,99
	227,65
	245,75
	267,58
	257,82
	260,92
	-25,77

	Total (excluding absorption in LULUCF)
	358,49
	217,76
	172,78
	242,05
	262,97
	286,96
	278,82
	284,43
	-20,66



The largest contribution to total national GHG emissions in Kazakhstan makes "Energy activity." In 2012, the share of this sector amounted to 241.23 million tons of CO2-equivalent, or about 84.81% of total GHG emissions (excluding LULUCF absorption). In 2012, the total emissions from "Energy activities" decreased by 19.09% compared to 1990 and increased by 2,8% compared to 2011.
The next largest sector by the emissions is "Agriculture". GHG emissions from this sector amounted to 21.53 million tons in 2012, which are below the 1990 level by almost 44,7% and lower than emissions in 2011 by 0,38%. The emissions in 2012 have reduced compared to the base year due to a significant reduction in the number of livestock and slightly increased compared to the prior year due to the increase in the number of farm animals. 
GHG emissions in the sector "Industrial processes" in 2012 are still below the base year and constitute 16.74 million tons of CO2-eq., which are 6,59% lower than the base 1990 year, the share of contribution of total emissions excluding LULUCF is 5,88%. The main sources of emissions in this sector is the production of metals (iron and steel) and aluminum, the emissions from the latter grew in relation to 2007, when Kazakhstan produced the first ton of aluminum, almost 19 times and reached 1.79 million tons of CO2-equivalent.
In the sector of "Waste" the entire series have been recalculated with the expert comments and calculations on level 2. The share of the contribution of emissions from the sector "Waste" in the total national net emissions without absorption in the LULUCF sector in 2012 amounted to 1.6%. Increase in total greenhouse gas emissions from "Waste" sector occurs mainly in the category of solid waste from the waste managed in the cities of Almaty and Astana due to a significant increase in population. The largest contributions to total emissions in the waste sector are making landfills of solid waste - from 80 to 85% in all years of inventory, and from subcategories - unmanaged landfills - from 65 to 68%. The share of the contribution of methane emissions from solid waste disposal in 1990 was 86%, and in 2010 increased to 88% of the total emissions in the sector "Waste." The share of contribution of emissions of nitrous oxide from wastewater of human vital activity through the consumption of protein in the total emissions from the sector "Waste" vary from 10 to 15% for the entire period, and accounted in the base 1990 for 14% and in 2012 - 12% .
Sector LULUCF – the tendency to changing of the calculated carbon stocks in forest lands in Kazakhstan for the period 1990-2012 years are positive that can be explained by the increase of wood supplies in young forests. The maximum area of planted saplings was in the period of 1990...1995 and, according to the Kazakh forest management enterprise of the Forest and Hunting Committee of the Ministry of Agriculture, was up to 509 000 ha (1991). These young forests after reaching the threshold of maturity of the forest the second half of the 90's, provided the basic growth of wood on forest land until 2011. In the last years of the previous century the area of ​​young forests reduced and was only 43.6...83.3 thousands of hectares Total absorption in the sector in 2012 amounted to 23.67 million tons of CO2 and increased in relation to 1990 by 7,6 times. 
[bookmark: _Toc385264129]INTRODUCTION

Kazakhstan ratified the UN Framework Convention on Climate Change (UNFCCC) in May 1995 and in August of the same year became a Party not included in any of the Annexes to the UNFCCC.
On March 12, 1999 according to the Decree of the President of Kazakhstan was signed the Kyoto Protocol to the UNFCCC, and on March 23, 2000 the Government of Kazakhstan has informed the UN Secretary General of its intention to carry out the obligations under paragraphs 2a) and 2b) of article 4 of the UNFCCC, in accordance with paragraph 2g) of the same article.
On March 26, 2009 President of Kazakhstan signed the Law of the Republic of Kazakhstan №144-IV «On ratification of the Kyoto Protocol to the United Nations Framework Convention on Climate Change". On September 17, 2009 Kyoto Protocol officially entered into force for Kazakhstan. The issue of taking voluntary quantitative commitments under the Kyoto Protocol by Kazakhstan was raised in subsequent COPs. At the Seventh Conference of the Parties in Marrakesh (Morocco) it was decided that in accordance with paragraph 7 of Article 1 of the Kyoto Protocol Kazakhstan is considered as a country for the purposes of Annex I to the Kyoto Protocol, as it submitted a notification in accordance with paragraph 2g) of article 4 of the Convention.
On December 3, 2011 the President signed a Law "On amendments and additions to some legislative acts of Kazakhstan on environmental issues," where there were articles regulating GHG emissions, under which from 1 January 2013 in the country the Carbon market of Kazakhstan is being created.
At COP 18 in Doha Kazakhstan declared its desire to participate as a country of Annex B in the second period of KP and made ​​formal commitments to 5-7% reduction of GHG emissions to the 1990 level.
A powerful impetus to the country's transition to a "green" way of development is to give upcoming exhibition EXPO-2017 in Astana.
The national inventory examines six GHG gases with direct greenhouse effect: carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulfur hexafluoride (SF6). Also, for certain categories of sources it is provided data on indirect GHG: carbon monoxide (CO), nitrogen oxides (NOx), non-methane volatile organic compounds (NMVOCs) and sulfur dioxide (SO2).
[bookmark: _Toc330214092]Estimation of GHG emissions in Kazakhstan was conducted in accordance with the IPCC “Revised Guidelines for National GHG Inventories” (1996, hereafter - Revised Guidelines) and IPCC “Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories” (2000, hereafter – Guidance on good practice). LULUCF inventory was conducted in accordance with the IPCC “Good Practice Guidance for LULUCF” (2003).
This inventory has been prepared in accordance with decisions 18/CP.8 and 14/CP.11 UNFCCC, described in the “Guidelines for the preparation of national communications from Parties included in Annex I to the UNFCCC, Part I: UNFCCC reporting guidelines for the submission of annual inventories” (FCCC/SBSTA/2006/9).
As part of reporting to the UNFCCC Secretariat Kazakhstan presents the results of the GHG inventory in a standard reporting format (CRF), as well as tables of the common reporting format for reporting information on the activities under paragraphs 3.3 and 3.4 in accordance with the decisions 14/CP.11 and 6/CMP.3.
Due to the fact that Kazakhstan has not yet been included in Annex B of the Kyoto Protocol, and all of the obligations taken by the country are voluntary, so no need to carry out calculations of emissions and removals from the LULUCF sector, taking into account the requirements of Decision 6/CMP.3 - Good practice guidance for land use, land use change and forestry (LULUCF) in accordance with paragraphs 3 and 4 of Article 3 of the Kyoto Protocol.
The structure of the report is based on the guidelines for the preparation of national inventories for Annex 1 countries.
[bookmark: _Toc385264130]1 KAZAKHSTAN AND CLIMATE CHANGE
[bookmark: _Toc330214093][bookmark: _Toc385264131]1.1 Basic information about climate change
[bookmark: _Toc385264132]1.1.1 Climate change in the Republic of Kazakhstan

In Kazakhstan, according to the instrumental record of climate, as well as on a global scale, there is increase in the average surface air temperature. Studied for 70 years, the coldest for Kazakhstan was 1969, when average areal anomaly of the annual average air temperature was minus 2.40 ºC, while the warmest was 1983, when the average air temperature anomaly was 1.55 ºC. The average annual air temperature anomaly averaged over Kazakhstan in 2011 amounted to 0.45 ºC, which is higher than the average temperature for the last 70 years.
Starting from the 80th of the last century the positive anomalies of surface air temperature have been dominating and the warming is occurring most rapidly. For example, if during the period of 1941-2011 years the average annual air temperature has increased an average of Kazakhstan to 0.30 ºC/10 years, then between 1976-2011 years it has increased to 0.43 ºC/10 years, with the proportion of explained variance of the trend of more than 25%.
Temperature increase in different regions of Kazakhstan took place at different rates, but all the trends are statistically significant for the 95% confidence interval, and the contribution of the trend to the total dispersion of average annual temperatures exceed 20%. Increase in the average air temperature in some regions of Kazakhstan for the period of 1941-2010 years ranged from 0.27 ºC/10 years (Balkhash-Alakol basin) to 0.32 ºC/10 years (Tobol-Torgay and Zhaik-Caspian basins). In the last thirty years the average annual increase in air temperatures was most significant - from 0.35 ºC/10 years (Balkhash-Alakol basin) to 0.52 ºC/10 years (Aral-Syrdarya basin).
On average, the highest rate in Kazakhstan is characterized by warming in winter and is 0.42ºC/10 years, autumn and spring temperatures have increased by 0.31 and 0.27 ºC every 10 years, respectively, in the summer rates were lower - 0.18 ºC/10 years.
During the period of 1976-2011 years the highest temperature growth rate was in the spring – up to 0.66 ºC/10 years, slightly below it the rate of warming in the autumn - on 0.54 ºC/10 years, and winter – 0.42 ºC/10 years. The air temperature increase in summer was 0.13 ºC/10 years.
During the period of 1941-2011 years annual precipitation in the whole of Kazakhstan decreased slightly - by 0.4 mm/10 years. In interbasin section there are some differences: in Esil and Nura-Sarysu basins there was observed a weak tendency of annual precipitation increasing - 0.1 ... 0.6 mm/10 years, and in the other basins the annual rainfall decreases /17/. In winter, on the average in Kazakhstan there is a tendency to increase in precipitation of 1.8 mm/10 years, in all the other seasons rainfall decreases slightly - about 1 mm/10 years.
Sensitivity analysis of moisture conditions in Kazakhstan to various changes in precipitation, with the anticipated increase in air temperature showed that the increase in precipitation even by 20-25% cannot play a positive role on ecosystems, agriculture and water resources.
Evaluation of sustainability of the territorial ecosystems is based on the available information about their condition. The characteristics of this flow of information - the number of registered parameters, frequency, reliability, depth of archive, etc., determine the completeness of monitoring and sustainability of regional ecosystems. Monitoring of territories - a necessary condition for solving the problems related to the assessment of sustainable development and the state, both natural and man-made systems.
The most part of the territory of the Republic of Kazakhstan is located in climate zones with lack of moisture, and large variations in weather conditions. Frequent droughts lead to a decline in agricultural output, such as gross grain harvest in 2010 totaled 12.2 million tons, and in 2011 - 27.4 million tons. Zone of risky agriculture, which are the main areas of arable land of Kazakhstan, have a natural and high risk of crop failure due to drought.
Possible climate change with the expected growth in air temperature can make the climate of the republic even more arid, particularly with negative impact on the agricultural crops grown in rain-fed agriculture. Thus, the yield of wheat, which is one of the major cereal crops in Kazakhstan, may be particularly vulnerable to the expected changes in climate. 
	
[bookmark: _Toc385264133]1.1.2 Government policy on climate change
[bookmark: _Toc330214094]The most important for the Republic of Kazakhstan, its economy and population is to create conditions for a domestic carbon market, which will become a new stage of economic development, on the one hand, and solving environmental issues on the other.
In the last few years the administration of MEWR of Kazakhstan has done a great work to establish the legal framework and conditions for introduction in the country of mechanisms aimed at reducing the environmental impact of various economic sectors. December 3, 2011 the President signed the Law "On amendments and additions to some legislative acts of Kazakhstan on environmental issues". In this document for the first time in the history of the Kazakh state and its laws, it was determined that greenhouse gases are a commodity, and Kazakhstan was going to regulate emissions of greenhouse gases in the atmosphere. This provision makes it possible to create the country's domestic market for trading greenhouse gas emissions or, as it is called, "Kazakhstan's carbon market". This become possible by the law of the Republic of Kazakhstan dated March 26, 2009 №144-IV «On ratification of the Kyoto Protocol to the United Nations Framework Convention on Climate Change."
The introduction of the carbon market to reduce industrial emissions of greenhouse gases has a number of advantages compared with the alternative approach, which provides introduction of a carbon tax:
· carbon market can help to achieve the goals of reducing the absolute amount of GHG emissions;
· price on GHG emissions is generated by the market;
· manufacturers are free to choose the most suitable to them and the least costly tool for reducing GHG emissions (investments in their own actions to reduce emissions, the purchase of emission quotas on the carbon market or investments in projects to reduce GHG emissions from other manufacturers);
· Internationalization of climate policy is supported through the creation of a global emissions trading system.
It must be emphasized that the reduction of GHG emissions is associated with higher costs in both cases: in the case of the introduction of a carbon tax and in the case of the carbon market.
The carbon market aims to encourage investment in new technologies and energy efficiency measures and promote the use of renewable energy sources. With the unification of markets in different countries and regions in the future it will be possible to use the least-cost options to reduce GHG emissions available on the global market.
The legal basis for the introduction of a greenhouse gas emissions trading scheme are the new provisions of the Environmental Code of the Republic of Kazakhstan, which entered into force on January 1, 2013. In accordance with the decree of the Prime Minister of the Republic of Kazakhstan dated January 27, 2012 №14 “On measures for implementation of the Law of the Republic of Kazakhstan as of December 3, 2012 "On amendments and additions to some legislative acts of Kazakhstan on environmental issues" 17 regulations of the Government and 16 orders of the Minister of the Environment, aimed at the implementation of the Law of December 3, 2011, were designed and approved by the Government of the Republic of Kazakhstan in 2012. In general, the amendments to the Environmental Code of the Republic of Kazakhstan dated December 3, 2011, concerning the regulation of greenhouse gas emissions, are grouped into three main areas:
1) The introduction of a national system of quotas and greenhouse gas emissions trade is based on the National Plan of quota allocation;
2) The introduction of project-based mechanisms in the regulation of emissions and removals of greenhouse gases, and implementation of projects aimed at reducing emissions and absorption of greenhouse gases;
3) Implementation of the Kyoto Protocol to the UN Framework Convention on Climate Change and the post-Kyoto agreements.
The quota system of greenhouse gas emissions will cover the major sources of greenhouse gas emissions in the energy, oil and gas, mining, chemical industry, agriculture and transport. It is expected that more than 200 companies operating in Kazakhstan, whose emissions exceed 20,000 tons of carbon dioxide equivalent, will fall initially within the scope of the system of quotas and greenhouse gas emissions trade. The contribution of these enterprises in the total national emissions of greenhouse gases in Kazakhstan is about 60%.
In addition, the new provisions of the Environmental Code also provide the implementation of internal projects aimed at reducing emissions and increasing the absorption of greenhouse gases.
The provisions of the Law of December 3, 2011 (Article 94-2, paragraphs 1 to 6) require subsoil users to fulfill the following requirements:
The activity of subsoil users, working in oil and gas, mining, chemical industries, agriculture and transport, greenhouse gas emissions of which exceed the equivalent of twenty thousand tons of carbon dioxide a year, is prohibited unless they obtain quotas for greenhouse gas emissions.
Subsoil users must not exceed quota set in the certificate for greenhouse gas emissions in the appropriate period, except in cases provided by law.
In the period 2010-2011, all the ministries and departments of the Republic of Kazakhstan had developed the 5 year programs aimed at creation of the “green economy”.
In the Strategic Plan of MEWR RK for 2011-2015, approved by Government Decision dated February 8, 2011 №98, was defined the mission of the MEWR, which is to create conditions for the conservation, restoration and improvement of the environment, to ensure the transition of the Republic of Kazakhstan to sustainable development to meet the needs of present and future generations. Transition of Kazakhstan to low-carbon development was identified as a strategic direction number 2 of the Strategic Plan. Kazakhstan’s joining the Kyoto Protocol is seen as an important step of environmental policy. In the framework of the Kyoto Protocol it is planned to develop measures to create a national system of monitoring and reporting of greenhouse gas emissions, the National Registry of Carbon Units, continue negotiations with international banks and organizations to provide technical and advisory assistance. Climate change is considered as one of major problems in Kazakhstan.
However, the diversification of the national economy, provided under the Program of Forced Industrial-Innovative Development of Kazakhstan for 2010-2014, approved by the Decree of the President of the Republic of Kazakhstan dated March 19, 2010 №958, allows Kazakhstan to plan expected reduce of greenhouse gas emissions starting from 2015. In December 2009 at the 15th Conference of Parties in Copenhagen Kazakhstan declared that it would reduce greenhouse gas emissions by 15% by 2020 and by 25% in 2050 compared to 1992. To this end, Kazakhstan should take the path of introducing low-carbon or "green" economy, which will reduce emissions of greenhouse gases and other pollutants, preventing climate change and reducing environment pollution.
A powerful impetus to the country's transition to a "green" way of development is to give upcoming exhibition EXPO-2017 in Astana.
Low-carbon development requires cooperation, coordination and interaction between all sectors of the economy with the involvement of all stakeholders, so that the full potential of the society could be used and all forces would be directed to implement the transition to a new, low-carbon approach, both in production and consumption. Therefore the Ministry of Environment and Water Resources, in its Strategic Plan for 2011-2015 has set a medium-term goal - the creation of conditions for the formation of the principles of "green" economy, primarily through public campaigns, training seminars for subsoil users on issues of introduction of environmentally friendly technologies, the use of energy efficiency and conservation, promote renewable energy sources. To move systematically towards sustainable low-carbon future it is necessary to improve the legal framework and its harmonization with international requirements in the field of prevention of climate change, development and timely adaptation measures to reduce the vulnerability of natural and human systems to existing and expected climate changes. The transition to a "green economy" would also help to address the challenges posed by climate change. The particular response measure will be investment in a low carbon, resource efficient economy, including through the mechanisms of the Kyoto Protocol.

[bookmark: _Toc385264134]1.1.3 Participation of the Republic of Kazakhstan in the implementation of the UNFCCC and the Kyoto Protocol
Kazakhstan ratified the UNFCCC in 1995 and thus assumed the obligations, which are as follows:
- periodically submit national communications containing information on the full range of actions and measures taken in the country to address the issues: inventory of anthropogenic greenhouse gas emissions; the development and implementation of activities leading to the limitation and reduction of greenhouse gas emissions; assess the impact of climate change on ecosystems and socio-economic conditions of society; research and dissemination of information on climate change to the public;
- submit to the Parties of the UNFCCC data on national inventory of anthropogenic emissions by sources and removals by sinks of greenhouse gases;
- develop and implement national programs that promote the implementation of policies and measures to reduce greenhouse gas emissions;
- provide Parties with scientific and technical information in the field of climate research and best practices of adaptation to its changes;
- comply with financial pledges to the regular budget of the UNFCCC.
In March 1999, Kazakhstan signed the Kyoto Protocol as a country not included in Annex I of the UNFCCC and Annex B of the Kyoto Protocol. In April Kazakhstan announced its intention to join the Annex I to the UNFCCC. Kazakhstan declared its intention to be bound to stabilize and reduce emissions in 2008-2012, unless it would not hinder the sustainable socio-economic growth.
On the March 26, 2009 the President of Kazakhstan ratified the Kyoto Protocol, thus putting an end to a decade of debates about the national conditions of Kazakhstan in the climate negotiations. 
The inventory of emissions and removals of greenhouse gases in Kazakhstan was performed for selected years (1990, 1992 and 1994) and since 1999 on an ongoing basis. Public authority responsible for the conduct of the GHG inventory in Kazakhstan is the Ministry of Environment and Water Resources, which is responsible for coordinating and monitoring the implementation of this work. The authority that is actually implementing the national GHG inventory and preparing the National Inventory Report of emissions is JSC “Zhasyl Damu” (former RSE “KazNIIEK”). It has conducted the inventory of emissions/removals of greenhouse gases (GHGs) in the Republic of Kazakhstan since 1993 within the framework of international projects and since 1999 - commissioned by MEWR. 
The first GHG inventory report for 1990 was prepared within the bounds of the Kazakh-American project "Greenhouse gases and climate change in Kazakhstan" (1993-1996) with technical support of the "US programs to support national research” (US Country Studies Program). The results of these inventories were the basis for the inventory process within the First National Communication of the Republic of Kazakhstan to the UN Framework Convention on Climate Change.
In 1998-1999 in the frame of Kazakhstan-Netherlands project "Climate Change Studies in Kazakhstan" with technical support of the Netherlands Climate Change Studies Assistance Program the GHG inventory for 1994 was conducted and published.
Since 2000, the inventory of greenhouse gas emissions is annually held by JSC “Zhasyl Damu” (former RSE "KazNIIEK") commissioned by the Ministry of Environment and Water Resources, which is the public authority responsible for international commitments under the UNFCCC and GHG inventory in particular.
In accordance with Article 12, paragraph 1(a) of the UNFCCC, the Kazakhstan inventory or National inventory of anthropogenic emissions by sources and removals by sinks of all greenhouse gases not controlled by the Montreal Protocol (or National Inventory), includes information on the following greenhouse gases: carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), assessment of the possible level and sources of fluoride gases (hydrofluorocarbons (HFC), perfluorocarbons (PFC) and sulfur hexafluoride (SF6)).
To improve GHG monitoring, reporting and management, Kazakhstan in Doha announced its commitment to reduce GHG emissions to 2020 by 5% and to 2050 by 25% compared to 1990, subject to the inclusion of the country in the Annex B of the Kyoto Protocol and, as the result, taking part in the mechanisms of Kyoto Protocol and the implementation of projects aimed at improving energy efficiency and reducing the carbon intensity of the economy. 

[bookmark: _Toc385264135]1.2 National Greenhouse Gas Inventory System

The national GHG inventory system was created in Kazakhstan. Preparation of national GHG inventories is conducted on an ongoing basis since 2000, and funded from the state budget. Prior to the ratification of the Kyoto Protocol, the work was carried out within the framework of MEP researches. After its ratification in 2009 the budget program was created, which is funded from the state budget and includes a component associated with the preparation of annual national GHG inventories. So, from now on we can speak of the National system of monitoring and evaluation of GHG emissions. Regulatory framework of the national system is Government Regulation, which approved the Rules of maintaining the inventory of sources of emissions and removals of greenhouse gases (hereinafter - the Rules). These Rules are developed in accordance with paragraph 3 of article 158-2 of the Environmental Code of the Republic of Kazakhstan as of January 9, 2007, and shall govern the conduct and content of the state inventory of sources and sinks of greenhouse gases (hereinafter - State inventory). They have been approved by the Regulation of the Government of the Republic of Kazakhstan dated July 17, 2012 №943. The authorized body in the field of environmental protection - MEWR - organizes the development and maintenance of the State inventory.
These legal acts determine that a national system is developed and put into effect in order to ensure transparency, consistency, comparability, completeness and accuracy of the state inventory of anthropogenic emissions by sources and removals by sinks of greenhouse gases (hereinafter - state inventory of greenhouse gases) in accordance with the international requirements.
In accordance with the Governmental Regulation №943 the Authorized body in the field of environmental protection (further MEWR) organizes the development and maintenance of the state inventory.
- State inventory is maintained by a specialized organization, assigned by the authorized body in the field of environmental protection, which is carrying out R&D activities in the field of climate change and greenhouse gas emissions. (State inventory is maintained by a specialized organization, assigned by the authorized body in the field of environmental protection, which is carrying out R&D activities in the field of climate change and greenhouse gas emissions (RSE "KazNIIEK" MEWR RK reorganized into JSC “Zhasyl Damu” in april 2013 ).
- Preparation of the annual state inventory shall be made within twelve months from May 1 of the year following the reporting year.
- The authorized body in the field of environmental protection adopts the annual plan for the preparation of the state inventory on an annual basis in the first half of the year following the reporting year.
- In the preparation of the state inventory is used the information and data on volumes of production and operations, resulting in anthropogenic emissions by sources and removals by sinks of greenhouse gases, presented by the public authorities in the annex to this Rules, and the records of subsoil users, submitted in accordance with paragraph 9 of Article 94-2 of the Environmental Code of Kazakhstan.
Estimation of emissions and removals of greenhouse gases is based on the collection of information from the following government agencies: the Ministry of Economic Development and Trade, Ministry of Finance, Ministry of Industry and New Technologies, Ministry of Oil and Gas, Ministry of Agriculture, Ministry of Transport and Communications, Ministry of Health, Ministry of Internal Affairs, the Ministry for Emergency Situations, the Agency of Statistics, the Agency of Land Management. The Agency of Statistics of the Republic of Kazakhstan is mainly submits Statistical Yearbooks on industrial production and production of major products, Fuel and Energy Balance of Kazakhstan. Large enterprises and mining companies in Kazakhstan also provide information.
Analysis, processing raw data, entering data into a database and performing calculations is held by JSC “Zhasyl Damu”. During the QA/QC activity the data and emission factors are compared with data of previous years, the IPCC data and data from countries with similar conditions.
Taking into account the experience of the greenhouse gas inventory for the previous years, necessary changes and clarifications are made into the forms used to provide initial information on the activities of enterprises and organizations, resulting in the emission and absorption of greenhouse gases (GHGs).
System for the collection of initial data for GHG inventory in Kazakhstan includes:
 - Review, study and use of published statistical handbooks, procedures, reference books of enterprise environmental passports, reports containing information on GHG emissions and waste;
- Preparation and sending requests to the ministries, departments and regional offices of MEP RK for the information that is not available in the above mentioned materials;
- Consultations with experts and expert judgment of GHG emission indicators which are not available in the state and departmental statistical reports;
- Determination of the coefficients of greenhouse gas emissions under the IPCC Guidelines, as well as national and specific for companies, in their absence – from other sources;
- Evaluation the uncertainties of initial published and calculated data.
Information used for the calculation of emissions and sinks by sector (Energy, Industrial processes, Solvents and other products, Agriculture, LULUCF, Waste) is combined into three groups: the volume of fuel consumption by industry and the volume of production; GHG emission factors; indicators that are specific to each sector.
Indicators of the first group are mostly data of state or departmental statistics, as well as information received from companies in Kazakhstan. The indicators of this group are in the public sources (published data) or collected by experts within their sectors at the requests of agencies, enterprises and regional offices of MEWR RK.
Of the indicators of the second group, we used the values ​​of the GHG emission factors for each sector, divided into components, which are given in the IPCC Guidelines.
Indicators that are specific to each sector are taken according to IPCC Guidelines as default or according to available national data, which are determined using the results of research and, in some cases, the method of expert estimates. Based on data provided by the ministries and departments, using the materials and the results of previous studies, greenhouse gas emissions at the enterprise level and subcategories-CRF are then calculated and summarized in the tables of a common reporting format (CRF).
However, the system of GHG inventory in Kazakhstan needs further improvement and adaptation to national conditions and specific production, namely in accordance with the Governmental Regulation №943 the content of the State inventory of sources and sinks of greenhouse gases includes:
1) Information on the sources of greenhouse gas emissions, the amount of emissions generated by them, and the number of removals of greenhouse gas emissions by sector:
trends in greenhouse gas emissions;
overview of key source categories;
overview of the energy sector;
overview of industrial processes;
overview of the sector of solvent and other products use;
overview of the agricultural sector;
overview of land use, land use change and forestry;
overview of the waste sector;
overview of other sectors;
recalculations and improvements;
2) Information about the operators of facilities and amounts of emissions and removals of greenhouse gases within the boundaries established for facility operators:
activity type of the facility operator;
name of the facility;
facility location, geographic coordinates;
description of the industrial process;
amount of emissions and removals of greenhouse gases for the certain period.
The national factors and coefficients for some source categories of the sector "Industrial Processes", national low heat values for local fuels and the carbon content in them for the sector "Energy" have already been developed and used in the preparation of current national GHG inventory.
In 2011-2012 several techniques that take into account national circumstances have been developed and submitted for endorsement to the Ministry of Justice of the Republic of Kazakhstan. Subsequently, they will be a basis for using local emission factors for the sectors - "Transport", "Industrial Processes", "Agriculture," "LULUCF" and "Waste".
Using the national emission factors for calculation of GHG emissions and sinks will increase the accuracy of the inventory of greenhouse gas emissions and reduce the level of uncertainty in the estimates.
The National greenhouse gas inventory system is funded from the national budget in accordance with the legislation of Kazakhstan.
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[bookmark: _Toc330214097]Kazakhstan inventory follows the provisions of the IPCC methodology for calculating emissions, choosing Series, assessing uncertainties and analyzing key sources. There is a "decision tree" to select the appropriate Series of methodology for each sector/category, which is based on an analysis of the key sources - those sources of emissions which constitute up to 95% of all emissions in the country in a given year. Sources of GHG emissions are updated annually in order to avoid underestimation of emissions from any activity that appeared in the year of inventory or to take into account the introduction of new technologies. Thus, all of the sources in Kazakhstan are obligatorily included in the inventory in the presence of the methodology and emission factors to estimate emissions from these sources.
Conducting an annual state inventory includes the following activities:
1) Collection of information that contains the initial data for the estimation of emissions and removals of greenhouse gases.
2) The analysis and processing of data, performing calculations and preparing the state inventory.
3) Quality control and quality assurance of the state inventory.
4) Submission of the state inventory for assessment of conformity requirements with international treaty of the Republic of Kazakhstan in the reduction of greenhouse gas emissions.
In accordance with the Governmental Regulation №943
P.9. In order to prepare the State inventory the authorized body in the field of environmental protection determines the list of public bodies, which have the data and information that is required for a full compilation of the state inventory.
P.10. In accordance with a specific list of state bodies the authorized body in the field of environmental protection sends them requests for the submission of data for the state inventory.
P.11. State bodies, from which the information is required for the preparation of the state inventory, submit the requested data and information within one month of receiving a request.
P.12. Data collection for the inventory of greenhouse gas emissions from facility operators, which are sources of greenhouse gas emissions, including those used for the preparation of the state inventory is performed by the authorized body in the field of environmental protection.
P.13. Preparation of the state inventory is performed by a specialized organization through the collection, analysis and processing of data obtained from state bodies, as well as data from the inventory of greenhouse gases produced by facility operators.
P.14. Specialized organization provides submission of the state inventory for the assessment procedure in accordance with an international treaty of the Republic of Kazakhstan in the field of climate change.
P.15. Specialized organization implements quality assurance activities before the submission of the state inventory to the authorized body in the field of environmental protection.
P.16. Quality assurance activities are performed by external organizations, experts of relevant government agencies and independent experts.
During the preparation of the GHG inventory the quality assurance and quality control (QA/QC) procedures of the original data, emission factors and inventory results are performed through internal review of the calculations to detect abnormal fluctuations in the time series of emission estimates and values ​​of inventory. Implementation of QA/QC procedures is ensured by providing expertise on key categories by leading experts from research and industry organizations in relevant sectors.
Elimination of errors and omissions in the calculations.
- Preparation of a preliminary version of the GHG inventory in accordance with the format of the UNFCCC.
- Placement of the GHG inventory on the web pages of the MEWR RK and JSC “Zhasyl Damu" for comments and suggestions from stakeholders and independent experts.
- Further improvement of the GHG inventory based on comments received.
- Preparation of the final version of the GHG inventory.
- Submission of the GHG inventory to the UNFCCC Secretariat.
- Documenting and archiving of all data used in the preparation of the GHG inventory.
In comparison with previous inventories this work was substantially amended and includes a significant number of calculations performed according to data of individual companies, the complete range of emissions in 1990-2012 is presented, which increases the completeness and quality of the inventory calculations. For all sources, giving a significant contribution to the total emissions in Kazakhstan, there have been selected the most detailed level of assessment of emissions in line with international requirements.
Estimate of emissions and removals of greenhouse gases is based on the collection of information from the following authorities:
Ministry of Economy and Budget Planning, (former name - the Ministry of Economic Development and Trade;
Ministry of Finance;
Ministry of Industry and New Technologies;
Ministry of Oil and Gas;
Ministry of Agriculture;
Ministry of Transport and Communications;
Ministry of Health;
Ministry of Internal Affairs;
Ministry for Emergency Situations;
Agency of Statistics;
Ministry of Regional Development (Agency of Land Management is its members since 2013);
Another improvement was the calculation of the gas leak, replacing ozone-depleting substances - Perfluorocarbons and Hudroflurocarbons. These substances are used in refrigerating and air conditioning equipment and have a very high global warming potential. Their calculation has more fully reflected the situation with greenhouse gas emissions in the country and will give opportunity in the future to control this source of emissions.
Quantitative assessment of greenhouse gas emissions was conducted in accordance with existing international Guidelines on national inventories of anthropogenic emissions by sources and removals by sinks of all greenhouse gases not controlled by the Montreal Protocol. In the National inventory report the greenhouse gases emissions in the atmosphere are presented by five categories of sources: energy activities, industrial processes, agriculture, land use change and forestry and waste. There are also data on the emissions of the following greenhouse gases: carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), perfluorocarbons (PFCs), hydrofluorocarbons (HFCs) and sulfur hexafluoride (SF6).
This report presents estimate of GHG emissions in accordance with the requirements for countries of Annex 1 to the UNFCCC. The electronic reporting tables in a common reporting format (CRF) were developed, which are submitted to the UNFCCC Secretariat.
Public authority responsible for the GHG inventory in Kazakhstan is the Ministry of Environment and Water Resources (MEWR RK), to which is given the responsibility to coordinate and monitor the implementation of this work.

[bookmark: _Toc385264137]1.4 Description of methodologies and data sources used 

Greenhouse gas emissions inventory is based on IPCC methodological guidelines, the national methodological developments and the results of individual research, namely:
1. Updated guidelines for the preparation of national communications from Parties included in Annex 1 to the Convention, Part 1: Updated UNFCCC reporting guidelines on annual inventories (document FCCC/SBSTA/2006/9 following incorporation of the provisions of decision 14/CP.11);
2. Revised Guidelines for National Greenhouse Gas Inventories, IPCC, 1996;
3. Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories, IPCC, 2000;
4. Good Practice Guidance for Land Use, Land-Use Change and Forestry, IPCC, 2003.
More information on the methodologies and approaches is given in the relevant chapters of the report. The global warming potentials (GWP) of the IPCC (1995), based on the climatic effects of greenhouse gases over a 100-year period were used to recalculate the emissions of greenhouse gases in carbon dioxide equivalent (CO2-eq.). GWP for methane is 21, for nitrous oxide - 310. GWP of carbon dioxide is assumed to be 1.
The current National Inventory Report (NIR) of the Republic of Kazakhstan includes materials describing the inventory data for 1990-2012 years. In addition, the quantitative data of the inventory is contained in the tables of common reporting format (CRF), which are submitted to the UNFCCC in electronic format. The estimates of emissions and removals of greenhouse gases included in the inventory are made for all sectors and most source categories of the Intergovernmental Panel on Climate Change (IPCC). Methodological framework of the national greenhouse gas inventory is based on IPCC Guidelines, national methodical works and the results of individual research.
In the National inventory report the greenhouse gases emissions in the atmosphere are presented in five categories of sources: Energy activities, Industrial processes, Agriculture, Land use, land use change and forestry, and Waste. The results of calculations of GHG emissions are presented for the period of 1990-2012 years. This is due to the fact that 1990 is the base year in most countries for the purposes of the UNFCCC and reductions of emissions are to be compared with this year. 
[bookmark: _Toc330214098]
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Analysis of key categories was conducted in accordance with Chapter 7 of the IPCC Good Practice Guidance (IPCC, 2000) for the Tier 1 method. The summarized results of the analysis of the key sources are contained in the tables of Appendix 2 to this report. The key for the inventory are considered sources that fall within 95% of at least one of the criteria (level or trend). In a report in 2014 QC analysis was performed by source category and gas without and with LULUCF.
The total number of the key sources of GHG emissions in 1990 in terms of level was 22 categories without LULUCF and 19 categories with LULCF. In 2012 the number of key source categories was 23 without LULUC while with LULUCF was 15.
 The greatest contribution to the total emissions in 1990 made up CO2 emissions from the category 1.AA.1A (production of electricity and heat), which share in the base year was 29.52% without LULUCF and 30,10 % with LULUCF of total national emissions (Table 2.1 of Annex 2). In second place is the category 1.B.1.a, methane emissions from coal mining and processing, fugitive methane emissions in CO2 equivalent which accounted for 10.11% excluding LULUCF and 10,31% including LULUCF. In third place on the share of contribution to the 1990 baseline emissions is category 1.AA.4.A Commercial and Institutional sector, whose share in total national emissions amounted to 7,66 excluding LULUCF and 7,81% including LULUCF.
QC analysis showed a different trend in 2012. "Production of electricity and heat" (sector 1.AA.1A) is still in first place. The sub-category 1.AA.5 (Other sources of CO2 emissions) moved to a third place. Sub-category 1.A.5 that includes emissions from burning of the fuel sold to companies and population, that’s  used to be on 13th place was on second place at emissions sources list.
Table 2.6 provides summary analysis of QC in Kazakhstan at all considered sources. Of a total of 6 sources examined in the sector "Energy" the key sources on the level or trend are 16, in sector "Industrial processes” 6 out of 11 existing sources are key sources, in the "Agriculture" 3 of the 4 examined sources are key sources. There is only one key category in the sector of "Waste" - emissions of methane from the "Disposal of solid waste at landfills".
It is further planned to analyze the QC taking into account the fuel types and uncertainties of emissions.
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During the GHG inventory for the period of 1990-2009 years the basic elements of QA/QC procedures have been used in accordance with the requirements of the IPCC Good Practice Guidance. QA/QC system corresponds with procedures of Tier 1 of the Good Practice Guidance with individual elements of Tier 2 related to QC for key categories. Implementation of QA/QC procedures is an integral part of the inventory preparation.
In order to control the quality of the national inventory the Executive body develops and implements an annual plan for QA/QC.
Plan for QA/QC includes:
· General QC procedures;
· QC procedures for source categories;
· QA procedures;
· Procedures of reporting, documenting and archiving.
QA/QC plan includes the activities of the QA/QC, NIR preparation schedule from the beginning of the development of the inventory to its submission to the Secretariat, the description of the verification procedures, as well as assignment of persons responsible for the quality control procedures and deadlines. Procedures of the QA/QC plan include assigning the person responsible for verification, setting his work schedule and time check, validation of source data, cross-check of calculations between experts by sector, the involvement of international experts. Preparation of the annual inventory report requires constant monitoring the quality of inventory data. Quality control is carried out by visual checks, cross-checks, automated checks of the data that is recorded in an electronic database and recalculations.
QA/QC plan is based on the methodology of the Intergovernmental Panel on Climate Change and must be periodically revised in order to improve the inventory.
General QC procedures include the following activities:
1. Verification of documenting the assumptions and criteria for the selection of activity data, emission factors and other estimation parameters: the accuracy of recording and archiving.
2. Check for errors associated with copying the original data; verify the correctness of links to data sources, cross-check the input data.
3. Check the correctness of the calculations of emissions and removals: the correctness of calculation formulas.
4. Check the correctness of the units of measurement, parameters, conversion factors and emissions.
5. Check the integrity of the database files.
6. Check the consistency of data between the categories.
7. Check the consistency of assessment and uncertainty of input data.
8. Check the consistency of the time series: compare estimates of emissions with previous inventories.
9. Check the completeness of the data.
10. Check the trends in the data on the activities and availability of explanations of unusual trends in activity data, emission factors and estimates.
11. Conduct a review of internal documents and archives, availability of duplication of internal documentation.

Table 1.1 – Lists of checking of all the initial activity data, indicating responsible people and the timing of the beginning and  an end of test by sector:
	Procedures
	Implementation of verification
	Actions to eliminate errors
	Comments

	
	Responsible persons
	Date of beginning
	Date of end
	Responsible persons
	Date
	

	Quality control of input data

	Activity data check
	
	
	
	
	
	

	Checking the trends in the input data
	
	
	
	
	
	

	Checking the correctness of references to data sources
	
	
	
	
	
	

	Verification of emission factors
	
	
	
	
	
	

	Verification of conversion factors
	
	
	
	
	
	

	Verification of the calculating formulas
	
	
	
	
	
	

	QC of the calculations of emissions/removals

	Checking the calculation of estimates
	
	
	
	
	
	

	Checking trends in the emission series
	
	
	
	
	
	

	Verification of uncertainty estimates of emissions / removals
	
	
	
	
	
	



Checklists are used to cross-check between the experts, who prepare the inventory for each sector. The cross-check may be held by independent experts from other institutions, not involved in the inventory, on a contractual basis. 
The Executive body provides quarterly reporting in form of monthly information reports on greenhouse gas emissions inventory and preparation of inventory and spreadsheets in CRF format, which are submitted to the Authorized Body in accordance with the "Action Plan - Road Map" of the Authorized Body.
During the preparation and after the completion of an inventory of greenhouse gas emissions NIR can be reviewed by independent external auditors. 
Quality assurance of inventory is conducted on the basis of the external review. Experts from other organizations are involved in the external peer review. The Authorized Body accepts and considers the national GHG inventory report only if there are two external reviews.
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[bookmark: _Toc330214102]Annual QA/QC procedures were performed in accordance with the Governmental Regulation №943.
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QA/QC plan is compiled annually before the start of the inventory and preparation of the National Inventory Report on emissions and sinks of greenhouse gases. The plan includes the following activities: 
	Date of performance
	Activity

	April 15
	Commencement of the National inventory: confirmation of readiness, preparation of technical tasks for the experts by sector, provision of methodological and other materials.

	May 25
	Analysis of calculations’ settlement and identification of data needed, gaps, making requests to public authorities and other organizations.

	June 15
	JSC “Zhasyl Damu” receives data on the activities of other organizations and agencies.

	June 25
	Analyzing the information received, the completeness and adequacy of the data to produce an inventory. Starting the estimation of emissions and sinks of greenhouse gases on the submitted data.

	July 25
	Analysis of the progress, gaps and ways of getting more information. Scheduling of the QA/QC procedures.

	October 25
	Preparing the layout of greenhouse gases inventory (CRF tables and the national report). Defining the order of inventory layout’s quality assurance and quality control.

	October 30
	Reconciliation of QA/QC activities.

	November 1 - December 20
	Quality assurance and quality control of the greenhouse gas emissions inventory

	December 25
	Review of the quality assurance results.

	December 26
	Discussion of comments and suggestions on the preliminary results of the calculations. Identification of the ways t improve and making a decision on further actions.

	February 5
	Preparation of a draft national inventory report and CRF tables based on the comments and suggestions and submission it to the Department of the Kyoto Protocol of MEWR RK.

	February 6 - 20
	Quality control of the inventory report.

	February 21
	Submission of the draft inventory report with comments and suggestions to the Department of the Kyoto Protocol of MEWR RK.

	February 25
	Submission of the final version of the inventory report to the Department of the Kyoto Protocol of MEWR RK.

	March 1
	Submission of the inventory report to the state authorities to discuss and endorse.

	April 15
	Submission of the inventory report to the UNFCCC Secretariat.

	April 24
	Publication of the inventory data and the accompanying materials in the press, on a Web sites of Zhasyl Damu and MEWR RK.


[bookmark: _Toc330214103]
In July of each year, a schedule of quality assurance and quality control procedures of national greenhouse gas emissions inventory is produced:
	Date of performance
	Types of work
	Periodicity

	July 25
	Scheduling of QA/QC procedures. 
Defining responsible people.
	Annually

	July 26 - October 1
	• Quality control of individual sections of the national greenhouse gas inventory. 
• Adjustment of the relevant sections of the national inventory report and CRF tables (as required).
	Tier 1 - annually with the completion of the individual source categories and sections 
Tier 2 – once in 3 years for each of the key source categories

	October 25
	Determination of the order to ensure the quality and structure of the inventory.
	annually

	October 30
	Submission of the structure of the inventory to the Department of the Kyoto Protocol.
	annually

	November 1 - December 20
	Ensuring the inventory structure quality
Testing the individual sections of the national greenhouse gas inventory report.
Introducing amendments to the relevant sections of the national inventory report and CRF tables (as required).
	Tier 1 - annually as the completion of the individual source categories and sections
Tier 2 - 3 times a year for each of the key source categories

	December 25
	JSC “Zhasyl Damu” receives the inventory report’s structure with comments and suggestions.
	annually

	December 26 - February 3
	Identifying ways to improve the inventory report, making adjustments.
	annually

	February 5
	Preparation of a draft national inventory report and CRF tables and their submission to the Department of the Kyoto Protocol of the MEWR.
	annually

	February 6 - 20
	Ensuring the quality of the draft national inventory and CRF tables.
Reviewing the data, settings and other factual information.
In-depth review of the National inventory report and CRF tables.
	annually

	February 21
	Submission of the draft inventory report with comments and suggestions to the Department of the Kyoto Protocol of the MEWR.
	annually

	February 25
	Submission of the final version of the inventory report to the Department of the Kyoto Protocol of the MEWR.
	annually



[bookmark: _Toc356488956][bookmark: _Toc385264143]1.6.3.1 Common QC procedures

Quality control procedures were carried out during the preparation of the inventory report by its developers with the assistance, if necessary, of specialists from other organizations to obtain the necessary additional information. Quality assurance procedures are carried out with the involvement of the external organizations, ministries and institutions. 
Quality control activities were carried out in accordance with the checking tables that included both common quality control procedures (Tier 1) and detailed procedures (Tier 2). The main part of the procedures was carried out by sector experts, namely the comprehensive validation of initial data, emission factors, calculations, completeness of documentation, etc. The person responsible for QA/QC inspected the general trends, compliance of methodologies and etc.
[bookmark: _Toc294523184][bookmark: _Toc351361671][bookmark: _Toc356488957]
[bookmark: _Toc385264144]1.6.3.2 QA procedures
Basic QA procedures are prepared in accordance with Table 8.1 of the Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories (IPCC, 2003) and consist of the following operations:
	Types of work
	Description of basic activities
	Responsible
	Periodicity

	Checking the dimensions of the activity data and parameters
	Check the dimension of calculation formulas.
Check the dimension of the activity data and parameters from the beginning to the end of calculations.
	Zhasyl Damu staff performing the calculation in his sector
	Annually, for each source category

	Checking the calculation of emissions and removals of greenhouse gases
	Consistency analysis of time series calculations, activity data and parameters. Identification of gaps and explanation of their reasons.
Analysis of calculation formulas’ correspondence to IPCC methodology. Assessing the validity of the application of national procedures and parameters.
Selective repeat the calculations (if necessary). Detection and elimination of errors, their recalculations.
	Zhasyl Damu staff performing the calculation in his sector
	Annually, for each source category

	Checking recalculations
	Comparison of inventory data of adjacent years. Detection of inconsistencies and their causes.
Validating the changes in methodology, corrections and performed recalculations.
	Zhasyl Damu staff performing the calculation in his sector
	Annually, for each sector

	Checking the completeness and integrity of the data
	Analysis of completeness and consistency of activity data, parameters and calculations.
Analysis of correctness of data presentation and their descriptions.
	Zhasyl Damu staff performing the calculation in his sector
	Annually, for each sector



	The order of cross-checking the quality of national greenhouse gas emissions inventory report is conducted in accordance with the following types of work:
	Types of work
	Description of separate activities
	Responsible
	Periodicity

	Verification of activity data, parameters and the assumptions
	Analysis of the descriptions of choosing the activity data and parameters.
Analysis of the validity of the assumptions in the calculations.
	Zhasyl Damu staff performing the calculation in his sector
	Annually, during the  preparation of the inventory report

	Checking the data consistency between source categories
	Set the parameters that are common to several source categories.
Check consistency of values ​​obtained using the general parameters.
Check for proper data transfer between different source categories.
	Zhasyl Damu staff performing the calculation in his sector
	Annually, during the  preparation of the inventory report

	Checking the contents of the inventory report
	Check availability and proper presentation of the bibliography and links to materials used.
Custom validation of values ​​in CRF tables and inventory report.
	Zhasyl Damu inventory quality control team member
	Annually, after the preparation of the inventory report

	Checking the completeness of the inventory
	Check the reported estimates for all source categories and all years from the base year.
Check of data gaps and estimates of emissions by source category and check their proper documentation.
	Zhasyl Damu inventory quality control team member
	Annually, after the preparation of the inventory report


[bookmark: _Toc294523185][bookmark: _Toc351361672][bookmark: _Toc356488958]

[bookmark: _Toc385264145]1.6.3.3 Procedures of documenting and archiving
Documenting and archiving of all the initial information and the results of calculations of emissions and removals of greenhouse gases is conducted in accordance with the following procedures:
1. Administrative and organizational support of the national greenhouse gas emissions inventory preparation process:
· Collection and storage of data on the qualifications of the persons responsible for the preparation of national greenhouse gas inventory;
· Collection and storage of job descriptions for experts responsible for the preparation of individual sections of the national greenhouse gas inventory;
· Accounting and registration of administrative, structural, functionary and other changes that take place in the preparation of national greenhouse gas inventory;
· Recording, registration and storage of materials on quality assurance and quality control of greenhouse gas inventory;
2. Control of the internal documentation, activity data and emission factors, parameters and procedures for calculating emissions and removals of greenhouse gases:
· Registration of submitted to the Zhasyl Damu data on activity, parameters and other information for the preparation of national greenhouse gas inventory;
· Accounting and control of the distribution of incoming information for the preparation of national greenhouse gas inventory and its presentation to the customers;
· Checking of availability and order of storage of descriptions of procedures for collecting activity data and parameters, procedures of calculation, assumptions, digital and text materials of calculations and other internal information necessary for the preparation of individual sections of the national greenhouse gas inventory.

[bookmark: _Toc330214106][bookmark: _Toc356488959][bookmark: _Toc385264146]1.6.3.4 Description of the required improvements in procedures
Improvements in the QA/QC procedures are planned to be introduced annually based on the results of the review of the national inventory during the in-depth review of the National inventory report by the UNFCCC Secretariat. Particular attention should be paid to improving the methodological approaches, increasing the level and degree of detail estimates. Recommendations received from the review of the 2010…2013 national inventory reports were taken into account in the preparation of current report.  
[bookmark: _Toc330214107]
[bookmark: _Toc385264147]1.7 Evaluation of uncertainties

The methodology for the calculation of uncertainties is presented in the sections pertaining to a particular activity, using IPCC methodology and national peculiarity. Results of uncertanties evaluation of total 2012 GHG inventory are given in Appendix 3 in accordance with IPCC effective programme, 2000, chapter 7. The total uncertainty of emissions inventory is 5.2%. 

[bookmark: _Toc330214108][bookmark: _Toc385264148]2 TRENDS IN GREENHOUSE GAS EMISSIONS
[bookmark: _Toc330214109][bookmark: _Toc385264149]2.1 Trends in total greenhouse gas emissions

[bookmark: _Toc330214110]According to results of the inventory of greenhouse gas emissions in Kazakhstan total emissions of gases with direct greenhouse effect, excluding the LULUCF sector in 2012 amounted to 284,43 million tons of CO2-equivalent, including 241.23 million tons of emissions from energy-related activities, 16,74 million tons from industrial processes, 21.53 million tons from agriculture and 4.94 million tons from the category "Waste". Absorption in the LULUCF sector was 23,52 million tons. Net emissions are estimated 260,92 million tons of CO2-equivalent taking into account absorption.  
[image: ]
Figure 2.1 - Changes in total national emissions of Kazakhstan for 1990-2012
by the main categories of sources

Of the total national emissions in 2012, incuding LULUCF, CO2 emissions totaled 198,59 million tons. CO2 net emission, excluding absorption in LULUCF sector was 222,256 mln tons. CH4 emissions in second place – 50,02 million tons of CO2-eq. and N2O emissions are much lower – 9,54 million tons of CO2-eq. Emissions of HFCs and PFCs were negligible and amounted to 1,44 and 1.33 million tons of CO2-eq. Emissions of SF6 in 2011, according to available data were zero.
Total national GHG emissions, excluding absorption in LULUCF sector in 2012 amounted to 79.34% of the level of emissions in 1990 and compared to 2011 increased by 2,01%.
To ensure comparability of emissions from different countries it is adopted to calculate the annual emissions of the main greenhouse gases per capita. In Kazakhstan, the total specific GHG emissions in 2012 amounted to more than 16.8 tons per capita, including more than 11,7 tons of CO2. 

[bookmark: _Toc385264150]2.2 Emission trends by gas

[bookmark: _Toc330214111]Table 2.1 contains information about the structure of GHG gases with direct greenhouse effect, expressed in carbon dioxide equivalent. According to Article 3, paragraph 5 of the Kyoto Protocol the base year for Kazakhstan, as in most countries, is the 1990.

Table 2.1 - Contribution of greenhouse gases in the total national emissions, %

	Gases
	
1990
	
1995 
	
2000 
	
2005 
	
2008
	
200
	
2010
	
2011
	
2012

	CO2

	74,02
	73,93
	73,39
	77,88
	75,54
	77,11
	77,20
	76,17
	76,11

	CH4 

	20,86
	21,44
	22,42
	18,13
	19,83
	18,28
	18,18
	19,02
	19,17

	N2O 

	5,12
	4,62
	4,05
	3,84
	3,92
	3,88
	3,61
	3,74
	3,65

	HFs
	0,00
	0,01
	0,14
	0,15
	0,46
	0,46
	0,56
	0,56
	0,55

	PFs
	0,00
	0,00
	0,00
	0,00
	0,25
	0,28
	0,45
	0,52
	0,51

	SF6
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00

	Total
	100
	100
	100
	100
	100
	100
	100
	100
	100



[image: ]

Figure 2.2 - Structure of the greenhouse gas emissions in Kazakhstan in 1990-2012, %

The data in Table 2.1 and Figure 2.2 show that CO2 takes 73-78% or almost three-quarters of the total national emissions in 2011. All other gases, expressed in CO2 equivalent, make a little less than one quarter of the total emissions. Methane and nitrous oxide are making 18-21% and 4-5%, respectively. The remaining amount of emissions of less than one percent accounted for fluorine gases – PFCs and HFCs .

[bookmark: _Toc385264151]2.3 Emission trends by source category

The main sources of GHG emissions in Kazakhstan under IPCC categories are:
- Energy activities;
- Industrial processes;
- Usage of solvents and other products;
- Agriculture;
- Land use, land use change and forestry (LULUCF);
- Waste.
Trends of overall GHG emissions by sector of Kazakhstan are presented in Table 2.2.

Table 2.2 Trends of GHG emissions by sector of Kazakhstan, million tons of CO2-eq.
	Sector
	1990
	1995
	2000
	2008
	2009
	2010
	


2011
	2012
	Change in the last reporting year compared to the base year, %

	
Energetics
	298,10
	182,40
	143,98
	201,35
	222,15
	244,04
	234,62
	241,23
	-19,08

	Industrial processes
	17,92
	8,17
	10,28
	14,82
	14,07
	15,77
	17,75
	16,74
	-6,59

	Agriculture
	38,97
	23,27
	14,56
	21,33
	22,10
	22,40
	21,61
	21,53
	-44,77

	LULUCF (net absorption)
	-7,02
	-8,04
	-22,79
	-14,40
	-17,21
	-19,38
	-21,00
	-23,52
	235,03

	
Waste

	3,50
	3,91
	3,97
	4,55
	4,65
	4,75
	4,84
	4,94
	41,12

	Total (including absorption in LULUCF)
	351,47
	209,72
	149,99
	227,65
	245,75
	267,58
	257,82
	260,92
	-25,77

	Total (excluding absorption in  LULUCF)
	358,49
	217,76
	172,78
	242,05
	262,97
	286,96
	278,82
	284,43
	-20,66



The largest contribution to total national GHG emissions in Kazakhstan makes "Energy activity". In 2012, the share of this sector amounted to 241.23 million tons of CO2-equivalent or about 84,81% of total GHG emissions (excluding absorption in the LULUCF). In 2012, the total emissions from "Energy activities" decreased by 19,09% compared to 1990 and increased by 2,8% compared to 2011.
More than half of the emissions from fuel combustion are produced by the production of heat and electricity (in the energy industry or energy). The category of "Fugitive emissions" produces 34 million tons of CO2-equivalent. Emissions from the extraction, processing and transportation of coal are more than 24.36 million tons of CO2-equivalent. In the oil and gas industry the fugitive emissions are much lower - only 9,64 million tons of CO2-eq. They include not only leaks during production, storage and transportation of oil and gas, but also the emissions resulting from the burning of associated gas and non-annealing. 
The next-largest producer of emissions is sector "Agriculture". GHG emissions from this sector amounted to 21.53 million tons in 2012, which are below the 1990 level by almost 44.77% and lower than emissions in 2011 by 0,38%. Emissions in 2012 decreased compared to the base year due to a significant reduction in the number of livestock, and a slight increase compared to the prior year was due to the increase in the number of farm animals. 
In the sector "Industrial processes" in 2012, GHG emissions are still below the base year and accounts for 16,74 million tons of CO2 eq., which is 6.59% below the base year 1990.  The share of this sector in GHG emissions excluding LULUCF in 2012 was 5,8%.The main sources of emissions in this sector is the production of metals (iron and steel) and aluminum.
The share of the contribution of emissions from the sector "Waste" in the total national net emissions without absorption in the LULUCF sector in 2012 amounted to 1.6%. Increase in total greenhouse gas emissions from "Waste" sector occurs mainly in the subcategory of solid waste from the waste managed in the cities of Almaty and Astana due to a significant increase in population.
The largest contribution to total emissions in the waste sector are making landfills - from 80 to 85% in all years of inventory, and from subcategories - unmanaged landfills - from 65 to 68%. The share of the contribution of methane emissions from solid waste disposal in 1990 was 61,52%, and in 2012 increased to 70,64% of the total emissions in the sector "Waste". The share of contribution of emissions of nitrous oxide from wastewater of human activity through the consumption of protein in the total emissions from the sector "Waste" was 29,27 % in 2012 and 38,48% in 1990.
LULUCF sector - the trend in the calculated carbon stocks in forest lands in Kazakhstan for the period 1990-2012 years are registered to be positive due to the increase of timber in young forests. The maximum area of planted saplings was registered during 1990…1995 and, according to the Kazakh forest management enterprise of the Forest and Hunting Committee of the Ministry of Agriculture of Republic of Kazakhstan, was up to 509 000 ha (1991). These young forests, after reaching the threshold of maturity of the forest in the second half of the 90's, have provided the basic growth of wood on forest land until 2012. Total absorption in LULCF sector in 2012 was 23,67 mln tons of CO2 eq and increased by7,6 times if comparing to 1990. 



[bookmark: _Toc330212888][bookmark: _Toc385264152]3 OVERVIEW OF GREENHOUSE GAS EMISSIONS IN "ENERGY" 
SECTOR IN THE REPUBLIC OF KAZAKHSTAN FOR THE PERIOD 
1990...2012 (1 CRF)

            FEB plays a key role in the economy of Kazakhstan. Statistical information shows a close interconnection between index of energy resources and an index of development of the economy(GDP per capita, foreign trade, employment, cost of living, etc.) , indicating an important role of energy sector in the economy of the country. 
           Modern Kazakhsan is among 10 of the biggest producers of coal on the world market. Geological coal reserves are estimated in 51 bln tons. Kazakhstan contributes almost 3% to the world’s coal export. The main part of coal fields is located in the Central and North Kazakhstan, whose share is 95% of the total coal extraction in the country. 
          Oil industry is a main part of FEB of Kazakhstan. According to the Agency of Statistics of the Republic of Kazakhstan, Kazakhstan oil reserves amount to 3% of world reserves, which include the Republic into 15 leading countries /1/. Total probable recoverable reserves of hydrocarbons at 17 billion tons, about 8 billion tons out of it is located in the Kazakhstan’s sector of the Caspian Sea. 172 oil and 42 gas fields are located in Kazakhstan. Main oil reserves in Kazakhstan (90%) are concentrated in the West of the country - Tengiz, Kashagan, Karachaganak, Uzen, Zhetybai, Zhanazhol, Kalamkas, Kenkiyak, Karazhanbas, Kumkol, North Buzachi, Alibekmola, Central and East Prorva, Kenbai, Royal. Oil industry gives almost one-third of tax payments and half of export incomes of the Kazakhstan. Kazakhstan’s oil is mainly exported in unmanufactured form while oil products in large amounts are imported. In 2012 in Kazakhstan 79,2 mln tons of oil and gaseous condensate were extracted. According to the results 14,2 mln tons of crude oil or 106,3 % to the level of 2011 were refined in the oil refineries. Nonotheless, lack of pupelines is stopping extraction of oil. At the present time, there are 3 oil refineries functioning in the country, in Atyrau, Pavlodar and Shymkent, whose total power is 19,4 mln tons of oil per year. 
             Gas reserves of Kazakhstan ranks 15th in the world and the 4th place among the CIS countries. According to the data given by Ministry of Oil and Gas of the Republic of Kazakhstan, gas reserves at the present time are 3,9 bln cubic meters, which corresponds to 1,9% of world reserves. Almost all of the natural gas reserves (98%) are located in the west of the country while main consumers are located in the south, north, center and east. Because of insufficiently developed gaseous pipeline system in the country, Kazakhstan depends on gas import from Russia, Uzbekistan and Turkmenistan. That’s why there are two problems in the Kazakhstan on the effective use of natural gas: an increase of an export and stable gas supply of the local population. At the moment, gasification projects of all the regions of Kazakhstan are running. Now the most active work is going in the South of Kazakhstan. 
Sector "Energy" is a major source of emissions of direct (CO2, CH4, N2O) and indirect (CO, NOx, NMVOC) greenhouse gases in the Republic of Kazakhstan. A great contribution to GHG emissions is making burning of solid (coal and lignite), liquid (oil and oil products) and gaseous (natural gas) fuel. Small amounts of biomass (mainly wood fuel) are used as fuel. 
The deep economic crisis of 90-s of the last century in Kazakhstan, as a consequence of the collapse of the old socialist economic system, has led to a reduction in energy consumption for the period 1990 .... 1999. However, since 2000, Kazakhstan's economy gradually began to recover and, naturally, there has been a steady increase in the consumption of energy resources by all industries. Currently, the production and consumption of energy resources in Kazakhstan have the same trend of development as in near and far abroad countries.
Figure 3.1 shows changes in total GHG emissions (CO2, CH4, N2O, etc.) in the Republic of Kazakhstan of the sector "Energy" for the period 1990 ... 2012 including 1.AA.1 - Energy industries, 1.AA.2 - Manufacturing industries and construction, 1.AA.3 - Transport, 1.AA.4 - Other sectors 1.AA.5 - Other sources and 1.B - Fugitive emissions. The contribution of each of the sources of GHG emissions in the "Energy" sector is shown in Figure 3.2. Table 3.1 shows the GHG emissions in CO2 equivalent by sources between 1990…2012, table 3.2 - GHG emissions in the context of separate direct gases. 
Figure 3.1 shows that maximum GHG emissions were recorded in 1990, the lowest - in 1999. In line with the trend of economic development and patterns of consumption of energy resources, GHG emissions in 1999 compared to 1990 decreased by more than 2 times. Since 2000 emissions of GHG started to increase with the rise of the economy. In 2012, GHG emissions (including CO2, CH4, N2O, etc.) in the whole sector "Energy" in Kazakhstan amounted to 241.2 million tons of CO2-eq. Relative to the baseline 1990 GHG emissions in 2012 decreased by 19.1%, compared to 1999 - increased by 2 times, compared to the previous 2011 - decreased by 2.8%..

Figure 3.1 - Changes in total GHG emissions in the sector "Energy"
in Kazakhstan (million tons CO2 eq.)
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Figure 3.2 - Contribution of sources of GHG emissions in the "Energy" sector between 1990…2012
Table 3.1 - Emissions of all greenhouse gas emissions in the “Energy” sector for the period 1990...2012 by source of emissions (million tons of CO2 eq.)
	
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999

	Energy, total
	298,1
	288,8
	265,3
	232,4
	196,9
	182,4
	168,1
	156,1
	162,6
	119,2

	Energy, including burning of fuel and transport (sectoral approach)
	245,5
	236,5
	216,0
	189,9
	159,4
	151,8
	139,0
	128,6
	136,3
	94,2

	Power industry
	138,5
	136,1
	113,2
	104,0
	91,3
	92,6
	84,8
	78,7
	75,0
	51,6

	Manufacturing industries and construction
	22,0
	21,5
	36,4
	29,3
	19,9
	18,3
	16,2
	17,7
	16,4
	19,8

	Transport
	22,6
	19,8
	16,9
	12,4
	10,6
	9,0
	7,4
	6,9
	6,6
	5,9

	Other sectors
	53,8
	53,4
	48,1
	42,7
	36,2
	30,5
	29,2
	23,8
	17,2
	7,7

	Other sources
	8,6
	5,7
	1,4
	1,4
	1,4
	1,4
	1,4
	1,4
	21,1
	9,4

	Fugitive emissions
	52,6
	52,3
	49,3
	42,4
	37,5
	30,6
	29,1
	27,4
	26,3
	24,9


 


Table 3.1 continued
	
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	Energy, total
	144,0
	133,5
	151,8
	169,8
	177,2
	190,3
	213,3
	218,0
	201,3
	222,2
	244,0
	234,6
	241,2

	Energy, including burning of fuel and transport (sectoral approach)
	117,4
	112,0
	129,0
	144,7
	150,6
	163,5
	184,0
	188,5
	170,8
	192,4
	211,7
	201,5
	207,2

	Power industry
	58,2
	60,5
	64,8
	73,2
	84,6
	89,0
	95,7
	91,3
	86,4
	92,6
	100,3
	100,9
	106,3

	Manufacturing industries and construction
	21,8
	24,1
	25,7
	26,9
	24,7
	28,1
	29,3
	30,5
	28,1
	27,2
	28,4
	29,3
	28,7

	Transport
	9,2
	10,4
	12,6
	13,9
	11,5
	13,3
	17,8
	20,4
	22,1
	20,5
	20,0
	20,1
	23,2

	Other sectors
	8,8
	9,7
	11,4
	13,8
	13,0
	11,8
	14,9
	19,3
	15,7
	13,9
	15,2
	18,1
	15,8

	Other sources
	19,4
	7,4
	14,5
	16,8
	16,8
	21,3
	26,3
	27,0
	18,5
	38,1
	47,9
	33,1
	33,2

	Fugitive emissions
	26,6
	21,5
	22,7
	25,1
	26,7
	26,8
	29,2
	29,4
	30,5
	29,8
	32,3
	33,1
	34,0



 


Table 3.2 - Emissions of direct greenhouse gases in the whole sector "Energy" for the period of 1990…2012
	
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999

	CO2, million tons
	249,4
	240,5
	219,5
	193,3
	162,7
	155,2
	143,0
	133,4
	141,1
	100,8

	CH4, million tons
	2,28
	2,25
	2,12
	1,82
	1,60
	1,27
	1,17
	1,06
	1,00
	0,86

	N2O, million tons
	0,0028
	0,0027
	0,0025
	0,0022
	0,0018
	0,0018
	0,0016
	0,0014
	0,0015
	0,0011


 

Table 3.2 continued
	
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	CO2, million tons
	123,0
	115,9
	132,9
	148,0
	154,8
	167,6
	189,0
	192,6
	173,2
	194,5
	213,0
	202,6
	208,3

	CH4, million tons
	0,98
	0,82
	0,88
	1,10
	1,04
	1,05
	1,13
	1,18
	1,31
	1,28
	1,44
	1,49
	1,53

	N2O, million tons
	0,0013
	0,0014
	0,0016
	0,0017
	0,0017
	0,0019
	0,0020
	0,0021
	0,0018
	0,0021
	0,0021
	0,0022
	0,0024
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The largest contribution to GHG emissions in the "Energy" sector during the study period makes the category "Energy industry. GHG emissions in this category, as in the whole sector, tended to decrease for the period 1990...1999 and growth after the 2000. CO2 emissions in 2012 in the category "Energy industry" were 106.3 million tons, which is 23.2% lower than in 1990, nearly two times higher than in 1999 and less than the level of 2011 by 5.4%.
The contribution of the category "Manufacturing Industries and Construction" in "Energy" sector during the study period tended to increase from 7% (1990) to 12% (2012). In 2012, GHG emissions from this category amounted to 28.7 million tons CO2-eq., which is 30.4% higher than emissions in 1990, 44.9% higher than in 1999 and 2% lower than in 2011.
GHG emissions from “Transport” category into the “Energy” sector was 8% in 1990, in 2012 - 10%. GHG emissions under this category had a similar trend as in the whole sector to reduce during the period 1990…1999 and increase since 2000. In 2012, GHG emissions from this category amounted to 23.2 million tons of CO2-eq. Relative to 1990 there is an increase by 2,6%, compared to 1999 - an increase by 4 times, compared to 2012 - an increase by 15.4%.
           The share of the category "Other sectors" in the "Energy" sector in 2012 relative to 1990 tended to decrease from 18 to 6%. GHG emissions under this category had a similar trend as in the whole sector to reduce during the period 1990…1999 and growth trend after 2000. GHG emissions in the category "Other sectors" in 2012 amounted to 15.8 million tons of CO2-eq. In accordance with the consumption of fuel in this category, GHG emissions in 2012 relative to 1990 decreased by 3,4 times, relative to 1999 – increased by 2 times, relative to 2011 - decreased by 12.7%.
The share of "Other sources" during the study period in the "Energy" sector has tended to increase from 3% (1990) to 14% (2012). GHG emissions in the category of "Other sources" in 2012 amounted to 33.2 million tons of CO2-eq. In accordance with the dynamics of the fuel consumption, GHG emissions in the category of "Other sources" in 2012 relative to 1990 increased by 3,8 times, relative to 1999 - increased by 3.5 times, relative to 2011 stayed at almost the same level.
 The share of the category "Fugitive emissions" in the "Energy" sector tended to decrease from 18% (1990) to 14% (2012). GHG emissions in this category in 2012 totaled 34 million tons of CO2-eq. Relative to 1990, GHG emissions from this category decreased by 35,4%, relative to 1999 - increaseed by 36,5 %, relative to 2011 - increased by 2,7%. 
In the context of each of the direct greenhouse gas emissions in the "Energy" sector for the period 1990...2012 there was a trend of significant reductions in GHG emissions from 1990 to 1999 and then a gradual increase from 2000 to the present. 
CO2 emissions in 2012 relative to 1990 decreased by 16,4%, CH4 – by 32,9%, N2O – by 14,3%. Regarding the 2011 CO2 emissions in 2012 increased by 2,8%, N2O increased by 2,7 %, as CH4 - increased by 9%.
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3.1.1 Overview
The “Energy” sector is the main source of the direct (CO2, CH4, N2O) and indirect (CO, NOx, NMVOC, SO2) emissions of GHG in the Republic of Kazakhstan. The main source of GHG emissions in the basic approach is burning of stone (sub-bituminous) coal, lignite, natural gas, crude oil and gas condensate. 
Estimation of GHG emissions by the baseline approach (by fuel type) for the period 1990...2012 was conducted in accordance with the IPCC Guidelines (1996, 2000). For the calculation method level 1 was used (for the types of fuel). CO2 emissions from burning primary and secondary fuel types in Kazakhstan were counted for each year. As the main source  of information for the calculation of GHG emissions was used data from Fuel and Energy Balance (FEB) of the Agency of Statistics of the Republic of Kazakhstan. 
According to the materials from Agency of Statistics of the Republic of Kazakhstan in 2012, the source part of the FEB consists of 87.7 % of the extraction of natural resources and production of petroleum products , electricity and heat , and 5.4% of their imports. Natural resources in the total volume of fuel and energy resources (FER ) in 2012 relative to 2011 decreased from 71.2 to 70.7 %. Relative to 2011 as part of the natural resources in 2012 the proportion of oil and gas condensate decreased (48.0 and 46.7 %, respectively), the proportion of coal ( 33.5 and 34.0 %, respectively) and natural gas ( 18.5 and 19.3 % respectively) slightly increased. In Kazakhstan, the CO2 emissions in 2012, calculated according to the basic approach, in the "Energy" sector were 220.1661 million tons. Dynamics of CO2 emissions between 1990 .. 2012 is shown in Figure 3.3.

 3.1.2 Methodological approaches
Original data
Estimation of GHG emissions was conducted with the data on the production of primary fuels, their import, export, changes in stocks at the beginning and end of the year, and the loss of fuel. The calculations also took into account changes in the net volume of secondary fuels imported and exported from the country: gasoline, gasoline for jet motors, jet fuel, kerosene, diesel fuel, heating oil, liquefied petroleum gas, cleaned gas (including ethylene, propylene, etc.), refinery gas, petroleum bitumen, petroleum coke, coal briquettes and coke. The data on production was not used for secondary fuels to eliminate double-counting of fuel.


Figure 3.3 Dynamics of CO2 emissions in the “Energy” sector in Republic of Kazakhstan on the basic approach (mln tons)

The main source of information for the calculation of GHG emissions is Fuel and Energy Balance (FEB) prepared by the Agency of Statistics of the Republic of Kazakhstan, as well as other statistical data of this organization. Initial data for calculation of GHG emissions for 1990 were taken from the part of Fuel Balance of the USSR, related to the Kazakh SSR. As for the period of 1991 ... 1998 the Agency of Statistics of RK not prepared FEB, so the input data for this period was compiled from the data on production of primary fuels taken from the Department of production and a number of statistical compilations of the Committee on Statistics and Analysis of the Agency of Statistics of the Republic of Kazakhstan (the digest "Balances of production and distribution of fuel-energy and material resources in the Republic of Kazakhstan", etc.). Some missing data for this period were recovered by interpolation using the index of physical volume as a percentage of the previous year. Also for 1991 ... 1994 data from the International Energy Agency (IEA) was used.
For the period 1999 ... 2012 FEB served as source data, which provides data on the use of fuel in the country for certain types of fuel, combined in four groups: solid, liquid and gaseous fuels, heat and electricity. FEB does not always provide the original data in the required format. For example, in 2008 ... 2012 FEB provided aggregated data on fuel use in the steel industry, which includes the production of iron, steel and ferroalloys, non-ferrous metals and metal casting. Therefore, some basic data was obtained in hard copy by additional requests to the Agency of Statistics of the Republic of Kazakhstan.
In the calculations of GHG emissions were used original data of fuel consumption in physical units, as they are in the FEB (ton, thousand cubic m., thousand kWh, thousand Gcal). 

[bookmark: _Toc385264154]Methodology of calculation
Calculation of GHG emissions according to the IPCC Guidelines and the approved methods of calculation of GHG emissions /3/ were performed using the formula:
                                                                           (1)
where: E - annual CO2 emissions in units (tons / year);
M - actual fuel consumption per year (tons / year);
k1 - rate of carbon oxidation in the fuel (the proportion of burnt carbon);
kNCV - net calorific value (J / ton);
k2 - carbon emission factor (ton / J)
44/12 - conversion factor of carbon to carbon dioxide.
During the combustion of fuel not all carbon it contained is oxidized to CO2. Accounting for incomplete fuel combustion is produced by carbon oxidation factor k1.
Default factors, recommended by IPCC (1996, 2000), as well as national factors, which are results of special research (Table 3.3) were used for the calculation of GHG emissions. Research on the calculation of the national GHG emission factors for diesel fuel, heating oil, fuel oil, associated oil gas were conducted by the Kazakh Scientific Research Institute of Electric Power Industry (JSC KazNIPIEnergoprom) in 2003. 

Table 3.3 - Factors used to calculate the GHG emissions
	Fuel type
	Net calorific value, kNCV
	Source
	Carbon emission factors, tC/TJ, k2
	Source
	The fraction of carbon oxidized, k1
	Source

	Liquid fuel

	Crude oil
	42.08
TJ/103 ton
	IPCC Good Practice Guidance, 2000, Table 2.4, page 2.31
	20.0
	Revised IPCC Guidelines, 1996, Volume 3, Table, 1-1, page 1.13
	0.99
	Revised IPCC Guidelines, 1996, Volume 3, Tab. 1-6, page 1.29

	Gas condensate
	42.08
TJ/103 ton
	IPCC Good Practice Guidance, 2000, Table 2.4, page 2.31
	20.0
	Revised IPCC Guidelines, 1996, Volume 3, Table, 1-1, page 1.13
	0.99
	Revised IPCC Guidelines, 1996, Volume 3, Tab. 1-6, page 1.29

	Aviation gasoline
	44.8
TJ/103 ton
	Revised IPCC Guidelines, 1996, Volume 3, Table 1-3, page 1.23
	18.9
	Revised IPCC Guidelines, 1996, Volume 3, Table, 1-1, page 1.13
	0.99
	Revised IPCC Guidelines, 1996, Volume 3, Tab. 1-6, page 1.29

	Gasoline
	44.8
TJ/103 ton
	Revised IPCC Guidelines, 1996, Volume 3, Table 1-3, page 1.23
	18.9
	Revised IPCC Guidelines, 1996, Volume 3, Table, 1-1, page 1.13
	0.99
	Revised IPCC Guidelines, 1996, Volume 3, Tab. 1-6, page 1.29

	Gasoline-type jet fuel
	44.8
TJ/103 ton
	Revised IPCC Guidelines, 1996, Volume 3, Table 1-3, page 1.23
	18.9
	Revised IPCC Guidelines, 1996, Volume 3, Table, 1-1, page 1.13
	0.99
	Revised IPCC Guidelines, 1996, Volume 3, Tab. 1-6, page 1.29

	Kerosene-type jet fuel
	44.59
TJ/103 ton
	Revised IPCC Guidelines, 1996, Volume 3, Table 1-3, page 1.23
	19.5
	Revised IPCC Guidelines, 1996, Volume 3, Table, 1-1, page 1.13
	0.99
	Revised IPCC Guidelines, 1996, Volume 3, Tab. 1-6, page 1.29

	Diesel fuel
	43.02
TJ/103 ton
	Report on the calculation of greenhouse gas emission factors for some liquid and solid fuels used in Kazakhstan. Senior Specialist of JSC KazNIPIEnergoprom Molchanova L.M., Almaty, 2003
	19.98
	Report on the calculation of greenhouse gas emission factors for some liquid and solid fuels used in Kazakhstan. Senior Specialist of JSC KazNIPIEnergoprom Molchanova L.M., Almaty, 2003
	0.99
	Revised IPCC Guidelines, 1996, Volume 3, Tab. 1-6, page 1.29

	Heating oil
	42.54
TJ/103 ton
	Report on the calculation of greenhouse gas emission factors for some liquid and solid fuels used in Kazakhstan. JSC KazNIPIEnergoprom, Almaty, 2003
	20.29
	Revised IPCC Guidelines, 1996, Volume 3, Table, 1-1, page 1.13
	0.99
	Revised IPCC Guidelines, 1996, Volume 3, Tab. 1-6, page 1.29

	Fuel for low-speed diesel (motor)
	42.34
TJ/103 ton
	Report on the calculation of greenhouse gas emission factors for some liquid and solid fuels used in Kazakhstan. JSC KazNIPIEnergoprom, Almaty, 2003
	20.22
	Revised IPCC Guidelines, 1996, Volume 3, Table, 1-1, p, 1.13
	0.99
	Revised IPCC Guidelines, 1996, Volume 3, Tab. 1-6, page 1.29

	Furnace fuel oil
	41.15
TJ/103 ton
	Report on the calculation of greenhouse gas emission factors for some liquid and solid fuels used in Kazakhstan. JSC KazNIPIEnergoprom, Almaty, 2003
	20.84
	Report on the calculation of greenhouse gas emission factors for some liquid and solid fuels used in Kazakhstan, JSC KazNIPIEnergoprom, Almaty, 2003
	0.99
	Revised IPCC Guidelines, 1996, Volume 3, Tab. 1-6, page 1.29

	Bunker fuel oil
	41.15
TJ/103 ton
	Report on the calculation of greenhouse gas emission factors for some liquid and solid fuels used in Kazakhstan. JSC KazNIPIEnergoprom, Almaty, 2003
	20.84
	Report on the calculation of greenhouse gas emission factors for some liquid and solid fuels used in Kazakhstan. JSC KazNIPIEnergoprom, Almaty, 2003
	0.99
	Revised IPCC Guidelines, 1996, Volume 3, Tab. 1-6, page 1.29

	Liquefied petroleum gas
	47.31
TJ/103 ton
	Revised IPCC Guidelines, 1996, Volume 3, Table 1-3, page 1.23
	17.2
	Revised IPCC Guidelines, 1996, Volume 3, Table, 1-1, page 1.13
	0.99
	Revised IPCC Guidelines, 1996, Volume 3, Tab. 1-6, page 1.29

	Gas stripped
	34.78
TJ/106  cubic m.
	Report on the calculation of greenhouse gas emission factors for some liquid and solid fuels used in Kazakhstan. JSC KazNIPIEnergoprom, Almaty, 2003
	15.04
	Report on the calculation of greenhouse gas emission factors for some liquid and solid fuels used in Kazakhstan. JSC KazNIPIEnergoprom, Almaty, 2003
	0.99
	Revised IPCC Guidelines, 1996, Volume 3, Tab. 1-6, page 1.29

	Refinery gas (the cracking gas)
	48.15
TJ/103 ton
	Revised IPCC Guidelines, 1996, Volume 3, Table 1-3, page 1.23
	18.2
	Revised IPCC Guidelines, 1996, Volume 2, Table 1-2, page 1.6
	0.99
	Revised IPCC Guidelines, 1996, Volume 3, Tab. 1-6, page 1.29


	Gaseous fuel

	Natural gas
	34.78
TJ/106  cubic m.
	Report on the calculation of greenhouse gas emission factors for some liquid and solid fuels used in Kazakhstan. JSC KazNIPIEnergoprom, Almaty, 2003
	15.04
	Report on the calculation of greenhouse gas emission factors for some liquid and solid fuels used in Kazakhstan. JSC KazNIPIEnergoprom, Almaty, 2003
	0.995
	Revised IPCC Guidelines, 1996, Volume 3, Tab. 1-6, page 1.29

	Oil associated gas
	34.78
TJ/106  cubic m.
	Report on the calculation of greenhouse gas emission factors for some liquid and solid fuels used in Kazakhstan. JSC KazNIPIEnergoprom, Almaty, 2003
	15.04
	Report on the calculation of greenhouse gas emission factors for some liquid and solid fuels used in Kazakhstan. JSC KazNIPIEnergoprom, Almaty, 2003

	0.995
	Revised IPCC Guidelines, 1996, Volume 3, Tab. 1-6, page 1.29

	Solid fuel

	Other bituminous coal (coal)
	18. 58
TJ/103 ton 
	IPCC Good Practice Guidance, 2000, Table, 2.4, page 2.31
	25.8
	Revised IPCC Guidelines, 1996, Volume 3, Table, 1-1, str.1.13
	0,98
	Revised IPCC Guidelines, 1996, Volume 3, Tab. 1-6, page 1.29

	Lignite* Production Export / Import
	14.65-15.26
14.65
18.58
TJ/103 ton
	IPCC Good Practice Guidance, 2000, Table, 2.4, page 2.31
	27.6
	Revised IPCC Guidelines, 1996, Volume 3, Table, 1-1, str.1.13
	0,98
	Revised IPCC Guidelines, 1996, Volume 3, Tab. 1-6, page 1.29

	BKB & Patent Fuel **
	18.58
TJ/103 ton 
	IPCC Good Practice Guidance, 2000, Table, 2.4, page 2.31
	25.8
	Revised IPCC Guidelines, 1996, Volume 3, Table, 1-1, str.1.13
	0,98

	Revised IPCC Guidelines, 1996, Volume 3, Tab. 1-6, page 1.29

	Coke
	25.12
TJ/103 ton
	IPCC Good Practice Guidance, 2000, Table, 2.4, page 2.31
	29.5
	Revised IPCC Guidelines, 1996, Volume 3, Table, 1-1, str.1.13
	0,98

	Revised IPCC Guidelines, 1996, Volume 3, Tab. 1-6, page 1.29

	Coke oven gas
	16.73
TJ/mln.  cubic m.
	Report of the Department of Steel of "ArcelorMittal Temirtau", 2010
	13.0
	Revised IPCC Guidelines, 1996, Volume 3, Table, 1-1, str.1.13
	0.995

	Revised IPCC Guidelines, 1996, Volume 3, Tab. 1-6, page 1.29

	Blast furnace gas
	4.19
TJ/mln. cubic m.
	Report of the Department of Steel of "ArcelorMittal Temirtau", 2010
	66.0
	Revised IPCC Guidelines, 1996, Volume 3, Table, 1-1, str.1.13
	0.995

	Revised IPCC Guidelines, 1996, Volume 3, Tab. 1-6, page 1.29

	Other fuels

	Solid biomass, firewood
	15.0
TJ/103 ton
	Revised IPCC Guidelines, 1996, Volume 3, Table, 1-13, page 1.45
	29.9
	Revised IPCC Guidelines, 1996, Volume 3, Table, 1-1, str.1.13
	0,98
	Revised IPCC Guidelines, 1996, Volume 3, Tab. 1-6, page 1.29

	
* Due to the fact that there are different values of NCV ​​for lignite for Kazakhstan in the IPCC Good Practice Guidance (2000), the average ratios were calculated for production and export / import.




The coefficients are calculated in scientific research "Report on the calculation of GHG emission factors for some liquid and solid fuels used in Kazakhstan”, the executive - chief specialist KazNIPIEnergoprom Molchanov L.M. National GHG emission factors for coke oven and blast furnace gases were developed by the Department of Steel of the "Arcelor Mittal Temirtau" in 2010.
The coefficients of the lower net calorific value, carbon emissions and the fraction of carbon oxidized depend on the carbon content of the fuel and are the chemical characteristics for each type of fuel (the proportion of carbon atoms in relation to the total number of atoms). These characteristics do not depend on the process or condition of fuel combustion. Lower calorific value or lower heating value is the amount of heat actually trapped in the combustion process and used for good. Indicators of carbon content can be considered as potential emissions or the maximum amount of carbon that can potentially be released into the atmosphere if all of the carbon in the fuel is converted to CO2.
Since any fuel is not burned completely, some of the carbon in the fuel is stored in the form of soot, particles and ash. Not-oxidized carbon remaining in the form of solid particles, soot or ash, is excluded from the total emission of greenhouse gases by a factor of carbon oxidation in the fuel (the proportion of burnt carbon). The carbon oxidation factor for all types of fuel is used by default. Since the value of the specific heat of combustion of the lower for production of lignite and export/import of lignite have different values, the average values ​​were calculated for the entire time period.
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Actual fuel consumption

Dynamics of actual fuel consumption in Kazakhstan for 1990 ... 2012 on baseline approach, in accordance with the trend of economic development in the country, showed a clear downward trend in the consumption of fuel in 1990 ... 1999 and a gradual increase after 2000 to the present. Maximum fuel consumption was registered in 1990, the minimum - in 1999. The actual fuel consumption in 2012, which includes oil and petroleum products, solid fuels, gaseous fuels, was 2807.3 PJ, which is 13.5% below the basic level in 1990 and below the level of 2011 by 2.7%. The decrease of fuel consumption in 2012 relative to 2011 is due to the decrease in the use of oil and oil products and gaseous fuels. Dynamics and structure of the actual fuel consumption in the Republic of Kazakhstan for the period 1990 ... 2012 are shown in Figure 3.4 and Table 3.4. 




Figure 3.4 - Actual fuel consumption for the period 1990 ... 2012
in Kazakhstan (PJ), the basic approach.

Consumption of oil and oil products (crude oil, gas condensate, motor gasoline, gasoline-type jet fuel, kerosene for jet engines, diesel fuel, heating oil, domestic, heating oil, propane and butane, liquefied, purified gases, petroleum bitumen, petroleum coke, refined gas) in 2012 is 472,1 PJ, which is 2 times lower than in 1990. Consumption of oil and oil products in 2012 relative to 2011 decreased by 13.2 %. This happened because of the decrease of the production in 2012 (crude oil by 1.9%, kerosene by 5.4%, gas from oil refinery by 12,9%, heating oil by 7,9%), an increase in export (gaseous condensate by 6,3%, diesel oil by 73,8%, heating oil by 8 times) and significant decrease of diesel fuel import, by almost 2 times.
Consumption of solid fuels (coal, lignite, coal briquettes, coke and semi-coke of coal, blast furnace gas and coke) for the period 1990 ... 2012 had a general downward trend over the period 1990 ... 2011. Maximum consumption of solid fuels was registered in 1990, minimum - in 1999. After 1999, in line with the rise of the economy, there is a gradual increase in the consumption of solid fuel. In 2012, consumption of solid fuels was 1583.7 PJ. In comparison with 1990 consumption of solid fuels decreased by 13.3%, compared to 2011 - increased by 6,6%. An increase in the fuel consumption in 2012 comparing to 2011 was caused mainly by an increase in the coal production by 4,3 % and decrease of its export by 14,7%. 
              Consumption of gaseous fuels (natural gas in a gaseous state, petroleum associated gas). In ​​2012, the consumption of gaseous fuel was 751,6 PJ. Compared to 1990, the consumption of gaseous fuel increased by 1,5 times, compared to 2011 decreased by 12,2 %. Mainly, decrease in the consumption of gaseous fuel in the Republic of Kazakhstan was caused by an export of natural gas by 34,5 %.  
Change in fuel consumption in the Republic of Kazakhstan is shown in Fig.3.5



























Figure 3.5 - Change in fuel consumption in the Republic of Kazakhstan for the period 1990 ... 2012





Table 3.4 - The dynamics and structure of fuel consumption in the Republic of Kazakhstan for the period 1990 ... 2012, PJ (basic approach)
	Fuel type
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001

	Total
	3249,1
	3195,5
	3303,3
	2842,2
	2230,5
	2208,4
	1866,8
	1774,0
	1632,4
	1452,8
	1607,1
	1508,7

	Oil and oil products
	923,2
	987,6
	927,2
	687,8
	561,2
	528,1
	488,5
	520,8
	440,1
	394,5
	343,8
	335,0

	Solid fuel
	1826,2
	1771,0
	1735,2
	1657,8
	1320,7
	1246,5
	1047,4
	945,4
	889,9
	844,3
	991,0
	962,9

	Gaseous fuel
	499,7
	436,9
	640,8
	496,6
	348,6
	433,8
	330,9
	307,8
	302,4
	214,0
	272,3
	210,8



Table 3.4 continued
	Топливо
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	Total
	1916,7
	1963,5
	2209,4
	2127,7
	2677,5
	2651,7
	2915,7
	2651,5
	2797,8
	2886,2
	2807,3

	Oil and oil products
	386,7
	305,4
	482,6
	352,4
	596,1
	587,3
	560,1
	581,3
	641,8
	544,1
	472,1

	Solid fuel
	987,7
	1094,9
	1163,5
	1175,7
	1235,8
	1353,7
	1460,8
	1343,8
	1451,8
	1485,7
	1583,7

	Gaseous fuel
	542,3
	563,1
	563,3
	599,6
	845,7
	710,6
	894,8
	726,4
	704,2
	856,4
	751,6




Over the study period, mostly solid fuel was used for the production of heat and power. But in the last years the share of solid fuels tends to decrease, from 57% (1990) to 51% (2012). Also there is a decrease in the share of oil and oil products from 28% (1990) to 19% (2012). Contribution of gaseous fuel, on the contrary, significantly increased from 15 % (1990) to 30 % (2012), which is due to the development of new gaseous fields, transfer of the heat and water power stations to the gaseous fuel in order to improve an ecological situation and gasification of inhabited areas. 
            The share of gaseous fuels was increased by 1%. A significant change in the contribution of fuel in consumption occurred after 1999, when the economy has begun to recover. In 2011, in comparison with 1990, the share of oil and oil products in the total fuel consumption dropped from 28 to 17%. The share of solid fuel has also declined from 57 to 47%. Consumption of gaseous fuels has significantly increased (from 15 to 36%), which is associated with the development of new gas fields, the use of gas as a fuel for thermal and hydro power plants, as well as widespread gasification of settlements.
CO2 emissions
Assessment of GHG emissions in the Republic of Kazakhstan on the basic approach for 1990 ... 2011 showed situation corresponding to fuel consumption: reduction of GHG emissions for 1990 ... 1999 and gradual increase after 1999 to the present. Maximum GHG emissions were observed in 1992, the lowest - in the 1999.
 General assessment of CO2 emissions in 2012 using baseline approach, including emissions from the oil and oil products, solid and gaseous fuels, totaled 220.166 million tons, which is 16.1% less than in the 1990 base year. Compared to 2011 CO2 emissions also decreased by 1,2 % (Figure 3.6, Table 3.5).

CO2 emissions from oil and oil products. Changes of GHG emissions from the consumption of oil and oil products during the study period showed a general downward trend, which corresponds to consumption. This is due to the increase in exports of crude oil and gaseous condensate (1990.– 16,4 mln. tons, 2012 – 60,4 mln. tons) and the decrease of import of those two fuel types (1990 – 18,6 mln. tons, 2012 – 5,9 mln. tons). Maximum emissions were observed in 1991, the minimum - in 2001. In 2012, GHG emissions from oil and oil products amounted to 31.939 million tons. Compared to 2011 CO2 emissions decreased by 14,5 %, which is due to the production of crude oil (2011-67,8 mln tons, 2012-66,4 mln tons) and an increase of gaseous condensate to export from 11,8 mln tons to 12,6 mln tons. 


Figure 3.6 - CO2 emissions from fuel combustion for the period 1990 ... 2012 
in Kazakhstan (million tons), the basic approach

GHG emissions from the combustion of solid fuels for the period 1990 ... 2012, according to consumption, tended to decline over the period 1990 ... 1999 and gradually increase since 2000. The maximum emissions were observed in 1990, the minimum - in 1999. In 2012, CO2 emissions from the combustion of solid fuels were 147,596 mln tons. Compared to basic 1990 emissions decreased by 13,5%. Relative to 2011 there was an increase of CO2 emissions by 6,3% due to the increase of coal production from 108,1 to 112,8 mln tons. 
GHG emissions from the combustion of gaseous fuels for the period 1990 ... 2012, according to the dynamics of consumption of gaseous fuel tended to increase. The maximum emissions were observed in 2008, the lowest - in 2001. In 2012, CO2 emissions from gaseous fuels made up 40,632 million tons. Compared to basic 1990 there is an increase by 1,5 times, with respect to 2011 – there is a decrease by 12,9% due to an increase of the export of natural gas from 8 mln tons to 10,7 mln tons and decrease of its import from 4,5 to 4,3 mln tons. 
The share of the contribution of each type of fuel in total GHG emissions for the period 1990 ... 2012 is shown in Figure 3.7. 
	
	

	



Figure 3.7  Contribution of fuel types into CO2 emissions in “Energy” sector for the period 1990-2012 on the basic approach






Table 3.5 - CO2 emissions from the fuel combustion in the Republic of Kazakhstan for the period 1990 ... 2012, million tons (basic approach)
	Fuel
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001

	Total
	262,2
	258,3
	262,9
	231,2
	182,6
	178,1
	151,0
	142,5
	131,1
	117,3
	130,4
	123,8

	Oil and oil products
	64,3
	68,9
	65,7
	48,8
	40,4
	38,1
	35,2
	37,5
	31,7
	27,0
	23,2
	22,5

	Solid fuel
	170,6
	165,4
	162,0
	155,1
	123,0
	116,2
	97,7
	88,0
	82,8
	78,6
	92,3
	89,8

	Gaseous fuel
	27,3
	24,0
	35,2
	27,2
	19,1
	23,8
	18,2
	16,9
	16,6
	11,7
	14,9
	11,5



Table 3.5 continued

	Fuel
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	Total
	148,1
	153,2
	171,5
	165,8
	202,3
	205,2
	223,3
	204,7
	218,2
	222,8
	220,2

	Oil and oil products
	26,3
	20,4
	32,9
	23,8
	41,4
	40,7
	38,5
	40,3
	44,6
	37,3
	31,9

	Solid fuel
	92,1
	102,2
	108,6
	109,7
	115,3
	126,2
	136,0
	125,3
	135,4
	138,8
	147,6

	Gaseous fuel

	29,7
	30,6
	30,1
	32,2
	45,6
	38,3
	48,8
	39,1
	38,2
	46,6
	40,6
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In accordance with the IPCC Guidelines (1996, 2000), to adjust the total carbon volume we calculated the actual accumulated carbon in the fuel to the carbon stored in manufactured products. The calculation of the accumulated carbon in the fuel was produced for 1990, 1999 ... 2012. For the period of 1991 ... 1998 due to the lack of initial data such evaluation was not performed.
The input data for the calculation of accumulated carbon was the fuel that is used as the material for non-fuel needs, and as a raw material in the chemical and petrochemical industries (Table 3.6). Dynamics of accumulated carbon for some types of fuel is shown in Table 3.7.
Calculation of accumulated carbon was only conducted for those fuel types that had coefficients of carbon stored in IPCC Guideline (Table 3.8) Coefficients of carbon stored in fuel (for some fuels) are given in IPCC Guidelines (1996) (Worksheet 1-1: Estimating carbon stored in products, p.1.37). That’s why in this inventory the calculation of accumulated carbon is done only diesel fuel, including domestic heating fuel, liquefied petroleum gas, bitumen, lubricants, natural gas, and associated petroleum gas.
            According to the Agency of Statistics of RK (Guidelines for the preparation of statements of the fuel and energy balance for 1990 in the form №1 - FEB) the following fuels are taken into account as a material for non-fuel needs:
- Fuel oil and motor oil, used as a lubricant;
- Kerosene and gasoline for cleaning parts;
- Coal that is used as an additive to drilling mud for drilling oil wells, as well as filter material;
- Gas injected into the reservoir to raise the reservoir pressure and provide gas-lift production of oil and gas for purging;
- Coal and oil, used for the preparation of land forming in a foundry;
- The fuel peat, used as heat insulation material and fertilizer;
- Oil used for washing the wells, as coated fabric of roads;
- Firewood used for the production of container boards, chips, etc.
The raw material for the production of chemical, petrochemical and other non-fuel products (net of technological losses during processing) are recorded expenses:
- Coal for production of zinc oxide, calcium carbide, silumin, carborundum, electrode paste and other chemical and non-petroleum products;
- Coal, used as an additive to the charge during cooking glass, which acts as a sulfate reducing agent and an accelerator of the reaction of the individual components of the charge (sand, dolomite, etc.);
- Coal as an additive to the clay for porous bricks;
- Oil refineries, to the extent that was spent on the production of non-fuel products (aromatic hydrocarbons, gasoline for the chemical industry, mineral spirits, kerosene oil, lubricating oils, grease, Vaseline, additives to oils, petroleum bitumen, paraffin and other non-fuel products);
 
Table 3.6 - Fuel used for non-energy purposes in natural units
	Fuel
	1990
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	Diesel fuel, including domestic heating fuel (thousand tons)
	8,0
	80,6
	40,5
	25,4
	19,7
	37,7
	43,7
	43,0
	89,0
	30,3
	50,1
	11,0
	8,1
	10,8
	5,0

	Liquefied petroleum gas (thousand tons)
	36,0
	16,4
	1,0
	2,4
	1,3
	2,2
	1,5
	1,6
	1,1
	1,8
	12,6
	1,8
	1,9
	7,2
	6,2

	Bitumen (thousand tons)
	712,0
	391,9
	431,2
	503,5
	580,0
	560,0
	577,5
	575,0
	580,8
	669,8
	665,9
	644,0
	714,0
	727,8
	823,7

	Lubricants (thousand tons)
	6,0
	0,2
	5,8
	8,7
	21,1
	14,7
	28,6
	11,8
	12,9
	18,7
	6,5
	НД
	НД
	НД
	НД

	Natural gas (million cubic meters)
	134,0
	96,9
	47,5
	91,3
	16,3
	209,5
	652,0
	193,7
	247,9
	31,0
	75,5
	45,1
	42,3
	30,6
	30,8

	Associated petroleum gas (million cubic meters)
	0,0
	0,0
	0,0
	0,0
	124,7
	320,6
	675,3
	857,3
	958,6
	1053,3
	389,6
	584,3
	645,8
	516,0
	938,2



Table 3.7 – Dynamics of accumulated carbon for some fuels (PJ)
	Fuel
	1990
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	Diesel fuel, including domestic heating fuel (thousand tons)
	0,34
	3,47
	1,74
	1,09
	0,85
	1,62
	1,88
	1,85
	3,83
	1,30
	2,16
	0,48
	0,35
	0,47
	0,22

	Liquefied petroleum gas (thousand tons)
	1,70
	0,77
	0,05
	0,11
	0,06
	0,11
	0,07
	0,08
	0,05
	0,09
	0,59
	0,08
	5,40
	5,86
	0,29

	Bitumen (thousand tons)
	28,6
	15,7
	17,3
	20,2
	23,3
	22,5
	23,2
	23,1
	23,3
	26,9
	26,8
	25,9
	28,6
	29,2
	33,1

	Lubricants (thousand tons)
	0,24
	0,01
	0,2
	0,35
	0,85
	0,59
	1,15
	0,49
	0,52
	0,76
	0,26
	НД
	НД
	НД
	НД

	Natural gas (million cubic meters)
	4,66
	3,37
	1,65
	3,18
	0,57
	7,29
	22,68
	6,74
	8,62
	1,08
	2,63
	1,57
	1,47
	1,07
	1,07

	Associated petroleum gas (million cubic meters)
	0,00
	0,00
	0,00
	0,00
	4,34
	11,15
	23,49
	29,82
	33,34
	36,63
	13,55
	20,32
	22,46
	17,95
	32,63



Note: ND – no data source

- Natural gas for the production of sulfur, ammonia, hydrogen, acetylene, methanol, fertilizers and other non-fuel products);
- Metallurgical dry coke for the production of electrodes, sodium sulfide, calcium carbide, soda and other non-fuel products;
- Kerosene for the production of sulphanol, carbon disulfide, acetylene, phosphoric flour, etc.;
- Fuel oil to be added to the clay in the manufacture of expanded clay;
- Firewood for the production of tar and other non-fuel products.

Table 3.8 Coefficients of accumulated carbon, taken as default
	Fuel types
	Fraction of stored carbon

	Lubricants
	0,50

	Bitumen
	1,0

	Synthetic fuel and and resins
	0,75

	Natural gas
	0,33

	Diesel fuel
	0,50

	LPG
	0,80

	Ethane
	0,80



For the period of 1990 ... 2012 there was a tendency to use bitumen, natural gas and associated petroleum gas in non-energy purposes. There was a significant increase in the use of the associated petroleum gas for non-energy purposes. Undoubtedly, this is due to the release of the Law №2350 of 28.06.1995 "About Oil" and the Law "On amendments and additions to some legislative acts of the Republic of Kazakhstan on subsoil use and oil operations in the Republic of Kazakhstan" №79-III of 10.10.2005, which prohibits the commercial development of oil and gas fields without utilization of associated and (or) natural gas, and also prohibits the burning of associated and (or) natural gas in flares, except for emergencies and threats to public health and environment.
[bookmark: _Toc330212891]In 2012 compared to 2011 an increase in the use of associated petroleum gas in non-energy purposes increased by 1,8 times, the use of bitumen by 13,2 % and the use of natural gas by 0,6%. Therefore, the dynamics of these types of fuels shows the same trend. 

Since the fuel that is used as the material for non-fuel needs, and as a raw material in the chemical and petrochemical industry is not burned, according to the IPCC Guidelines, virtually accumulated carbon in certain types was deducted from net carbon emissions (Table 3.7).

[bookmark: _Toc385264157]3.1.5 Evaluation and Quality Control

For evaluation and monitoring the quality, the standard procedures have been used including control of FEB data and comparative evaluation of GHG emissions for different years.
In accordance with the IPCC recommendations to correct errors while transferring the original data from FEB of the Agency of Statistics of RK into electronic calculation tables there was developed electronic form FEB, in which the data for each type of fuel is checked in several stages. In the first stage, during the input of data into the calculation tables, the total amount of fuel (resource section) is automatically calculated, including production, imports and stocks at the beginning of the year, which is compared with the FEB data. It the second stage of quality control of input data, the amount of the total fuel consumption in the country (distributive part) is automatically calculated taking into account the export, remains at the end of year and losses, which is also compared with the FEB data. In the third stage, the balance of resource and distributive parts is verified. In the fourth stage, the distribution of final consumption by sector is verified. To eliminate errors that can occur during the input of data by type of energy activities, the electronic connections with the electronic version of the FEB is established. These measures help to identify errors in data entry.
The quality of data of FEB was also conducted by the comparison with information on fuel consumption data, amount of generated products, import and export of the fuel, which was obtained from by written requests from oil companies and heat power stations in Kazakhstan. 

[bookmark: _Toc385264158]3.1.6 Recalculations and planned improvements

In accordance with recommendations of IPCC expert group in the current inventory on the baseline approach recalculation of accumulated carbon was conducted. Calculation was only performed for those fuel types that had coefficients in IPCC Guidelines (1996) (Worksheet 1-1: Estimating carbon stored in products). Calculation has not been done for those fuel types, which used Russia’s last year’s coefficients of stored carbon. Also there was a recalculation of CO2 emissions from 2009 to 2011 due to the fact that Agency of Statistics of Kazakhstan gave a new data on the consumption of stripped gas. In the inventories of GHG for 2009-2011 period while calculating the actual fuel consumption the production of stripped gas was used. However, stripped gas is a secondary type of fuel and according to IPCC in order to avoid double count, the production of secondary fuels should not be used. 

A closer cooperation with the Agency of Statistics of Kazakhstan, in order to provide a consistency of times series of fuel consumption in the country, is among the planned improvements on the next GHG inventory preparation on the baseline approach in Kazakhstan 

[bookmark: _Toc385264159]3.1.7 Uncertainties  factors

The uncertainty in the sector "Energy: fuel combustion" refers to the methodology of the Series 1 and the absence of FEB for the period 1991 ... 1998. Since FEB during 1991 ... 1999 was not prepared by the Agency of Statistics of Kazakhstan, the data for the calculation of GHG emissions was taken from different sources (IEA, a number of statistical compilations of the Committee on Statistics and Analysis of the Agency of Statistics of Kazakhstan, etc.) and, therefore, the time series are not always uniform.
Some uncertainty in the calculation of GHG emissions for the baseline approach was made by the original FEB data as the number of respondents providing data on the use of fuel in the country, do not correspond from year-to-year. 
[bookmark: _Toc330212892][bookmark: _Toc338930684]
[bookmark: _Toc385264160]3.2 Greenhouse gas emissions from "Energy" sector (sectoral approach, 1.AA CRF)

In the current subsection on sectorial approach in the "Energy" sector GHG emissions from fuel burning for the 1990-2012 period have been estimated in source categories: 1.AA.1 - Energy industry, 1.AA.2 – Manufacturing industries and construction, 1.AA.3 - Transport, 1.AA.4 - Other sectors, 1.AA.5 - Other sources.
The estimation of GHG emissions was done as for direct gases (CO2 , CH4 N2O) as well as for indirect gases (NOx, CO,SO2,NMVOC)
As an input data for the calculation of GHG emissions for 1990, 1999 ... 2012 years we used distributive part of the FEB of Agency of Statistics of Kazakhstan. The data provided by the Agency of Statistics of Kazakhstan to the International Energy Agency (IEA) was used for the period 1991 ... 1998. The initial data for 1992 and 1994 was also the bulletin "About stocks, supply and consumption of fuel in the Republic of Kazakhstan" of the Agency of Statistics of Kazakhstan. Missing source data for 1991, 1993, 1995-1998 was restored by interpolation with the volume index of the corresponding economic activity.
The IPCC method of Tier 1 with default emission factors was mainly used for the estimation of GHG emissions by sectorial approach for the period 1990 ... 2012. Emission factors similar to those used in the baseline approach have been used for calculations (Table 3.3). Emissions from certain categories of sources of GHG emissions were calculated by using the Tier 2 with national emission factors for fuels such as diesel, heating oil and motor fuel, fuel and bunker oil, and natural gas. Emissions of other gases (not CO2) from fossil fuel combustion were calculated by source category using the Tier 1 and default factors identified by the IPCC. Due to the fact that the consumption of coal in the FEB is presented in much enlarged form (hard coal and lignite), the available national factors for coal basins cannot be used. Therefore, factors from the IPCC Guidelines proposed for Kazakhstan have been used for calculations related to coal.
Data for the calculation of GHG emissions on the sectorial approach is data on the number and type of fuel burned by various economic activities in the Republic of Kazakhstan. Classification of all economic activity was determined on the basis of the International Standard Industrial Classification and the General Classification of Economic Activities /5, 6/, which are used in the international energy statistics in accordance with the IPCC classification of the source categories (1996). All economic activities were aggregated according to IPCC source categories.

[bookmark: _Toc385264161]3.2.1 Energy industry (1.AA.1)

The energy industry is a major source of GHG emissions in the sector "Energy". According to the IPCC, "Energy Industries" is divided into three subcategories 1.AA.1a "Main activity electricity and heat production", 1.AA.1b "Petroleum refining" and 1.AA.1c "Manufacture of Solid Fuels and Other Energy Industries" and includes emissions from fuel combustion for the production and transmission of electricity and heat, as well as the burning of oil and solid fuel in the fuel industry for their own heat supply and their own needs.
In accordance with IPCC, sources of GHG in the crude oil extraction activity relates to the subcategory “Production of solid fuel and other energy activities” , and sources in mining industry relates to the subcategory 1.AA.2.f “Other sectors of industries”
Actual fuel consumption
Detailed volumes of fuel consumption, dynamics of fuel consumption in “Energy Industry” category  for the period of 1990…2012 in Kazakhstan are shown Table 3.9-3.10 and Figure 3.8

               Table 3.9 Detailed consumption of  fuel in “Energy Industry” category in 2012, PJ

	Fuel
	1.АA.1
	1.АA.1a
	1.АA.1b
	1.AA.1c

	Petroleum, including gaseous condensate
	55,549
	0,059
	36,169
	19,321

	Gasoline, including aeronautical and motor
	0,017
	-
	0,002
	0,014

	Diesel fuel
	0,211
	0,137
	0,008
	0,066

	Domestic heating fuel
	0,302
	0,072
	0,230
	0,000

	Fuel oil
	33,189
	22,403
	10,778
	0,006

	Liquefied petroleum gas
	0,799
	0,083
	-
	0,716

	Bitumen
	0,012
	0,001
	-
	0,011

	Refinery gas
	0,971
	-
	0,971
	-

	Stripped gas
	49,312
	-
	-
	49,312

	Coal, including 
	869,341
	861,526
	1,187
	6,629

	Natural gas
	173,466
	152,215
	3,826
	17,425

	Associated petroleum gas
	101,824
	29,153
	0,228
	72,443

	Purified gases, including ethylene etc.
	11,032
	-
	11,274
	0,028


Note: some data are not shown because of very small numbers

Dynamics of fuel consumption in the category "Energy Industries" in the Republic of Kazakhstan for the period 1990 ... 2011 are presented in Table 3.10 and Figure 3.7.
[image: ]
Figure 3.8 - Fuel consumption in the category "Energy Industry" 
for the period 1990 ... 2012 in Kazakhstan, PJ


Table 3.10 - Fuel consumption in the category "Energy Industry" for the period 1990 ... 2012 (PJ)

	Fuel
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001

	Total (including other types of fuel) 
	1657,2
	1627,7
	1345,9
	1231,4
	1087,3
	1104,3
	1018,3
	953,4
	909,5
	618,7
	699,5
	710,9

	Oil and oil products 
	266,3
	272,0
	156,3
	124,7
	124,5
	171,2
	190,8
	214,6
	209,5
	59,3
	67,8
	60,9

	Solid fuel
	1060,1
	1040,1
	940,6
	878,9
	758,3
	742,6
	655,6
	579,5
	548,0
	427,6
	480,2
	527,0

	Gaseous fuel
	291,7
	286,1
	246,9
	225,9
	203,1
	189,2
	170,5
	157,7
	150,6
	131,4
	143,2
	113,9



Table 3.10 continued

	Fuel
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	Total (including other types of fuel)
	780,8
	883,5
	1019,2
	1086,9
	1182,9
	1112,2
	1046,7
	1125,8
	1224,2
	1226,1
	1296,3

	Oil and oil products
	75,4
	82,8
	111,1
	117,3
	124,8
	102,6
	110,0
	102,7
	113,2
	98,1
	102,4

	Solid fuel
	521,3
	580,7
	673,1
	663,3
	726,9
	726,4
	676,9
	756,5
	808,7
	830,7
	869,4

	Gaseous fuel
	149,8
	167,8
	191,8
	213,3
	297,9
	251,5
	201,6
	266,7
	302,3
	297,4
	324,6



In 2012 in “Energy industry” category fuel was mainly used for the generation of electricity and heat. As in last years, solid fuel is mainly used for the electricity and heat generation (coal and lignite)
In accordance with the trend of the development of economy of Kazakhstan there is a strong tendency to reduce the fuel consumption in this category for the period 1990 ... 1999 and a gradual increase from 2000 to the present time, but the level of the base 1990 has not yet been reached. The maximum fuel consumption was in 1990, the minimum in 1999. Fuel consumption in 1999 versus 1990 was reduced by 2,7 times. 
Total fuel consumption, including other types of fuel in 2012 in “Energy Industry’ category was 1296,3 PJ. 
Fuel consumption in the energy industry in 2012 compared to 1990 decreased by 21,7 %, compared to 1999 - has grown by 2,1 times , compared to the previous 2011 - increased by 5,7%.
Fuel consumption in the category "Energy Industry" in the context of fuels shows that solid fuel is used most of all. The share consumption of solid fuel in 2012 was 67 %. Solid fuel consumption in 2012 compared to 1990 increased by 3%, with respect to 1999 – decreased by 2,1 %, compared to 2011 decreased by 0,7 %. The share of consumption of oil and petroleum products during the study period in 2012 was 7,9%.  In 2012, compared to 1990, the consumption of liquid fuels in this category declined by 8,2 times, compared to 1999 decreased by 1,7 times, compared to 2011 decreased by 0,1%. The share consumption of gaseous fuels in 2012 was 25 %. Compared to 1990 consumption of gaseous fuels increased by 7,4 %, compared to 1999 it increased by 3,8 %, compared to 2011 increased by 0,8%. 
Therefore, during the study period of 1990…2012 in “Energy industry” category consumption of solid fuel stays at almost the same level. Meanwhile, the input of fuel reduced while the input of gaseous fuel increased. The rise in the use of natural gas for the generation of electricity and heat, certainly, has a positive impact on the ecological situation in the country. 
Emissions of direct GHG
Dynamics of GHG emissions from the category "Energy Industry" for 1990 ... 2012 are presented in Tables 3.11. According to the dynamics of the fuel consumption in this category, there is a similar trend to reduce GHG emissions for 1990 ... 1999 and the gradual growth from 2000 to the present. 






	GHG
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001

	Total
	138,5
	136,1
	113,2
	104,0
	91,3
	92,6
	84,8
	78,7
	75,0
	51,6
	58,2
	60,5

	CO2
	
	
	
	
	
	
	
	
	
	
	
	

	a. Main activity electricity and heat production
	109,2
	106,8
	103,7
	97,0
	83,4
	81,9
	72,1
	63,4
	59,9
	42,8
	51,1
	54,7

	b. Petroleum refining
	2,8
	3,5
	2,8
	2,3
	3,9
	6,7
	8,8
	11,1
	10,9
	1,9
	1,8
	2,5

	c. Manufacture of solid fuels
	25,9
	25,1
	6,2
	4,3
	3,6
	3,6
	3,6
	4,0
	3,9
	6,7
	5,0
	3,0

	CH4  
	0,05
	0,05
	0,03
	0,03
	0,03
	0,03
	0,03
	0,03
	0,03
	0,02
	0,02
	0,02

	N2O 
	0,53
	0,52
	0,45
	0,41
	0,36
	0,36
	0,33
	0,30
	0,28
	0,20
	0,23
	0,25


Table 3.11 – Direct GHG emissions from the category "Energy Industry" by major sub-categories and gases for the period 1990...2012, million tons of CO2-eq.

Table 3.11 continued

	GHG
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	Total
	64,8
	73,2
	84,6
	89,0
	95,7
	91,3
	86,4
	92,6
	100,3
	100,9
	106,3

	CO2
	
	
	
	
	
	
	
	
	
	
	

	a. Main activity electricity and heat production
	55,7
	61,3
	69,2
	67,7
	72,7
	74,5
	71,1
	78,1
	83,4
	85,5
	91,6

	b. Petroleum refining
	3,1
	3,7
	5,3
	7,3
	4,8
	4,3
	4,2
	4,7
	5,9
	4,8
	4,6

	c. Manufacture of solid fuels
	5,7
	7,9
	9,7
	13,7
	17,8
	12,1
	10,8
	9,3
	10,5
	10,2
	9,7

	CH4  
	0,02
	0,02
	0,03
	0,03
	0,03
	0,03
	0,03
	0,03
	0,03
	0,03
	0,03

	N2O 
	0,25
	0,28
	0,33
	0,33
	0,35
	0,35
	0,33
	0,36
	0,38
	0,39
	0,41



Direct GHG emissions in this category in 2012 amounted to 106,3 million tons of CO2-eq., including emissions of CO2, CH4 and N2O. The share of CO2 emissions for the entire period is more than 99%. Contribution of methane and nitrous oxide emissions is insignificant.
            The main contribution to CO2 emissions in the category "Energy Industry" for the entire study period is the generation of heat and power (Figure 3.9). In 2012 compared to 1990  there is an increase of GHG emissions in this sub-category (from 79,2% to 86,5%). 

[image: ][image: ]


Figure 3.9 - Contribution of subcategories 1.AA.1a, 1.AA.1b, 1.AA.1c to the total GHG emissions from fuel combustion in the category "Energy Industry"
          The next largest source of CO2 emissions in this category is "Manufacture of Solid Fuels and Other Energy Industries", the share of which decreased from 18,8% to 9,2%. The contribution of sub-category "Petroleum Refining" has increased from 2% to 4.3% due to the significant development of the oil and gas industry.
Emissions of CO2 in 2012 in “Energy Industry” category, including oil and oil products, solid and gaseous fuel as well as other types of fuel was 105,9 mln tons, which is 23,2 % lower than 1990 level , 2 times higher than 1999 level and higher 2011 level by 5,3 % (Table 3.12). The maximum level of emissions was noticed in 1990, minimum in 1999. 
As in previous years, the share of solid fuel in CO emissions is leading. In relation to 1990 it increased from 72,1% to 76,2%. Also the share of gaseous fuel in CO2 emissions in 2012 compared to 1990 increased from 11,6% to 16,8%, which is undoubtedly due to the release in 2012 of Law of Republic of Kazakhstan “About gas and gas supply”, which was developed in order to create conditions for the supply of the wide range gas consumption and an increase of the gas share in the FEB of the Republic of Kazakhstan. At the same time, in 2012 compared to 1990 there was a 

Table 3.12 - Dynamics of CO2 emissions from fuel combustion in the sector "Energy Industry" for the period 1990 ... 2012, million tons 
	Fuel
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001

	Total including other types of fuel
	137,9
	135,5
	112,7
	103,6
	90,9
	92,2
	84,5
	78,4
	74,7
	51,3
	57,9
	60,2

	Oil and oil products 
	19,8
	20,2
	11,6
	9,4
	9,3
	12,7
	14,1
	15,8
	15,4
	4,3
	5,0
	4,4

	Solid fuel
	99,4
	97,5
	87,4
	81,7
	70,4
	69,0
	60,9
	53,8
	50,9
	39,8
	44,5
	48,9

	Gaseous fuel
	16,0
	15,7
	13,6
	12,4
	11,2
	10,4
	9,4
	8,6
	8,3
	7,2
	7,9
	6,2


           
     Table 3.12 continued
	Fuel
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	Total including other types of fuel
	64,6
	72,9
	84,2
	88,6
	95,3
	90,9
	86,1
	92,2
	99,8
	100,5
	105,9

	Oil and oil products
	5,5
	6,1
	8,0
	8,6
	9,1
	7,4
	8,0
	7,3
	8,1
	7,0
	7,4

	Solid fuel
	48,3
	53,8
	62,5
	61,6
	67,5
	67,3
	62,8
	70,3
	75,2
	77,2
	80,7

	Gaseous fuel
	8,2
	9,2
	10,5
	11,7
	16,4
	13,8
	11,1
	14,6
	16,6
	16,3
	17,8



reduction in the share of CO2 emissions from fuel in this category, from 13,3 % to 7%, which is due to a decrease in the use of heating fuel oil for the burning purposes  (CO2 emissions decreased from 14,48 to 2,51 mln tons), diesel fuel ( CO2 emissions decreased from 1,32 to 0,02 mln tons), refinery gas (CO2 emission decreased from 1,31 0,06 mln tons)
Dynamics of CO2 emissions in “Energy Industry” category from major sources is shown in Figure 3.10. The main impact is made by the production of electricity and heat.
[image: ]

Figure 3.10 - CO2 emissions in the category "Energy Industry" by major sources, million tons
              Emissions of indirect GHG
 
             Table 3.13 shows emissions of indirect GHG (CO, NOx, NMVOC и SO2) in “Energy Industry” category. Calculation of emissions of indirect GHG was conducted in accordance IPCC Guidelines (1996). 
             During the study period 1990…2012 for both direct and indirect emissions of GHG there is one trend of reduction of emissions during 1990-1999 period and then a gradual rise starting from 2000 till present. However, basic levels of 1990 were not reached by any of indirect GHG. 
            Emissions of NOx in “Energy industry” category in 2012 was 330 mln tons, which is 21,9% lower than the level of 1990 and 5,2% higher than the level of 2011. 
Table 3.13 Emissions of indirect GHG in “Energy Industry” category for 1990-2012 period. 
	GHG
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999

	CO, mln tons
	32,7
	31,1
	26,1
	24,0
	21,1
	21,2
	19,4
	18,0
	17,1
	12,1

	NOx, mln tons
	422,8
	415,2
	350,9
	322,9
	283,1
	285,7
	260,7
	240,7
	229,2
	159,9

	NMVOC, mln tons
	8,3
	8,1
	6,7
	6,2
	5,4
	5,5
	5,1
	4,8
	4,5
	3,1

	SO2 , thousand tons
	0,712
	0,700
	0,538
	0,500
	0,411
	0,421
	0,373
	0,330
	0,312
	0,209



	Table 3.13 continued







	GHG
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	CO, mln tons
	13,6
	13,9
	15,1
	17,0
	19,6
	20,7
	22,9
	21,6
	20,1
	22,0
	23,9
	24,0
	25,4

	NOx, mln tons
	180,8
	189,2
	200,8
	226,4
	261,6
	273,0
	294,4
	282,5
	267,0
	287,5
	310,6
	313,4
	330,0

	NMVOC, mln tons
	3,5
	3,6
	3,9
	4,4
	5,1
	5,4
	5,9
	5,6
	5,2
	5,6
	6,1
	6,1
	6,5

	SO2 , thou-sand
tons
	0,224
	0,237
	0,259
	0,273
	0,303
	0,328
	0,333
	0,318
	0,309
	0,316
	0,329
	0,337
	0,369




Emissions of NMVOC in “Energy Industry” category in 2012 were 6,5 mln tons, which is 21,6 % lower than the 1990 level and higher than 2011 level by 6,5%.
Calculation of  emissions of SO2
In order to improve GHG inventory in Kazakhstan and in accordance with notifications of IPCC Secretariat on the National inventory of GHG emissions in Kazakhstan for 1990-2011 years, for the first time SO2 emissions in the “Energy Industry” category were assessed. Emissions of SO2 in the “Energy Industry” were 0,368 thousand tons, which is 2 times lower than 1990 level and 9,2% higher than 2011 level. 
SO2 emissions were calculated in accordance with IPCC Guidelines, 1996 (Reference Manual, section 1.4.2.6). Calculation of SO2 emissions was done for those types of burned fuel, which had data on sulfur content in the fuel, sulfur content in ash as well as had information on applying technologies for the reduction of sulfur oxide emissions. Conducted analysis of available scientific sources revealed that in Kazakhstan such studies were only conducted for coal and lignite. For other types of fuels, original information for SO2 coefficient calculation was taken from Table 1-12 of Reference Manual. Calculated SO2 coefficients for Kazakhstan fuels are given in Table 3.14. 

Table 3.14 – Calculated SO2 coefficients for Kazakhstan fuels
	Coal
	357,91

	Lignite
	453,92

	Fuel oil
	1701,09

	Diesel fuel
	464,9

	Aviation kerosene
	22,43

	Biomass
	39,74



Assessment and quality control
During GHG inventory as the source data was used the data of the Agency of Statistics of RK on the fuel consumption for heat and power generation, production of solid fuel, as well as the extraction and refining of oil. These data passed the control on the reliability and quality in the Agency of Statistics of RK. The further work was carried out to evaluate and control the quality of the initial information during data collection, electronic entry of activity data and calculation formulas, as well as visual inspection. For assessing and quality control purposes standard procedures, with an inclusion of control of input FEB data and comparable assessment of GHG emissions for different years were used. 
In accordance with the recommendations of the IPCC to correct errors in the original data transfer of FEB RK Statistics Agency in electronic design table was developed electronic form FEB where verified information for each type of fuel used in several stages. 
For evaluation and monitoring the quality, the standard procedures have been used including control of FEB data and comparative evaluation of GHG emissions for different years.
In accordance with the IPCC recommendations to correct errors while transferring the original data from FEB of the Agency of Statistics of RK into electronic calculation tables there was developed electronic form FEB, in which the data for each type of fuel is verified in several stages. In the first stage, during the input of data into the calculation tables, the total amount of fuel (resource section) is automatically calculated, including production, imports and stocks at the beginning of the year, which is compared with the FEB data. It the second stage of quality control of input data, the amount of the total fuel consumption in the country (distributive part) is automatically calculated taking into account the export, remains at the end of year and losses, which is also compared with the FEB data. In the third stage, the balance of resource and distributive parts is verified. In the fourth stage, the distribution of final consumption by sector is verified. To eliminate errors that can occur during the input of data by type of energy activities, the electronic connections with the electronic version of the FEB is established. These measures help to identify errors in data entry.
Recalculations and planned improvements
In accordance with the recommendations of the IPCC, current inventory of GHG sectoral approach "Energy" sector were recalculated for all categories . Recalculation touched fuel loss for the entire observed range of 1990 ... 2012. In previous inventories all fuel losses were categorized as "Other sources » (1.AA.5). Since FEB RK Statistics Agency provides data on fuel losses from all sources of GHG emissions in the inventory loss excluded from the category of "Other sources" and redistributed categories 1.AA.1 " Energy industry " 1.AA.2 " Manufacturing and construction "and 1.AA.4 " Other sectors". GHG emissions from losses on those fuels for which such data are included in the total GHG emissions in these categories.
In accordance with the recommendations of the IPCC , in the category "Energy industry", the SO2 emissions between 1990 ... 2012 are calculated for the first time. Calculations were made according to the IPCC Guidelines (1996).
To eliminate double counting of GHG emissions in the sector "Energy" in this category of fuel that is used by mobile transport is not included. It is recorded in the sector "Transport".
Among the planned improvements of GHG inventory in this category are as the following: the calculation of the fuel used for non-energy purposes, the feasibility of the development of national factors, the homogenization of time series of fuel consumption.

Uncertainties
Uncertainty in this category is due to the use of the Tier 1 methodology and the lack of FEB data for the period 1991 ... 1998. Since FEB during 1991 ... 1999 was not formed by the Agency of Statistics of Kazakhstan, the data for the calculation of GHG emissions was taken from different sources (IEA, a number of statistical compilations of the Committee on Statistics and Analysis of the Agency of Statistics of Kazakhstan, etc.) and, therefore, the time series are not always homogeneous.
Also some uncertainty in the calculation of GHG emissions is made by original FEB data.   

[bookmark: _Toc385264162]3.2.2 Manufacturing industries and construction (1.AA.2)
Category "Manufacturing industries and construction" includes GHG emissions from fuel combustion in all industries for their own and technological needs. Emissions from the fuel combustion in this category are presented by the following subcategories: 1.AA.2a "Iron and Steel", 1.AA.2b "Non-ferrous metallurgy", 1.AA.2c "Chemical Industry", 1.AA.2d "Pulp and Paper Industry", 1.AA.2e "Food industry", 1.AA.2f "Other industries".
As the national statistical reports meet required granularity and distribution of data, fuel combustion data in the following economic activities were included in the sub-category "Other industries": “Manufacture of textiles and leather”, “Non-metallic mineral products”, “Manufacture of transport equipment, machinery and mechanisms”, “Mining (except fuels)”, “Wood and wood products”, “Other branches of industry”, “Construction”. To estimate the greenhouse gas emissions in this category only energy fuel was used. Estimation of stored carbon was not done. Evaluation of emissions from coke used in ferrous and nonferrous metallurgy was not carried out because they are accounted in the sector "Industrial Processes".
The actual fuel consumption 
Dynamics of fuel consumption and its structure in the category "Manufacturing industries and construction" in Kazakhstan are presented in Table 3.15-3.16 over a period 1990…2012. 
According to the country's economic situation, fuel consumption in this category has a clear downward trend from 1990 to 1998 and a gradual increase from 1998 to the present. Maximum fuel consumption was noted in 1992, the minimum - in 1998
As in previous years, this category in 2012, to a greater extent used solid fuel (coal and lignite). Basically, the fuel consumed in the ferrous metallurgy non-ferrous metals and mining as it is the leading sector of the economy. In Kazakhstan, among the most important commodity markets include industrial metals market, formed by non-ferrous and ferrous metallurgy. The share of steel production accounts for over 20% of total industrial production in Kazakhstan, of which two-thirds of production and a third color - ferrous metallurgy, the development of which is based on the enormous resources of minerals and has a great influence on the formation of the entire industrial complex of the republic.




Table 3.15 - Fuel consumption in the category "Manufacturing industries and construction" for the period 1990 ... 2012, (PJ)
	Fuel type
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001

	Total
	245,1
	240,7
	416,5
	334,3
	224,9
	201,0
	176,4
	188,0
	175,5
	231,1
	259,2
	285,0

	Oil and oil products
	67,9
	67,4
	122,1
	101,9
	64,7
	56,6
	49,2
	51,7
	48,2
	30,2
	28,8
	27,2

	Solid fuel
	111,4
	111,7
	192,6
	156,7
	111,2
	105,5
	94,7
	103,6
	98,1
	150,6
	160,2
	180,2

	Gaseous fuel
	62,6
	61,2
	98,7
	73,2
	47,1
	37,2
	31,0
	30,8
	27,4
	13,3
	28,8
	27,5


Table 3.15 continued
	Fuel type
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	Total
	308,2
	322,7
	289,5
	335,8
	342,0
	371,3
	338,9
	329,0
	341,3
	351,4
	343,8

	Oil and oil products
	31,6
	34,5
	32,5
	40,3
	52,2
	43,3
	47,4
	39,6
	39,7
	34,0
	36,6

	Solid fuel
	186,0
	197,0
	203,7
	210,5
	238,8
	261,9
	241,8
	241,9
	248,2
	260,3
	255,1

	Gaseous fuel
	39,4
	38,9
	35,9
	44,1
	50,9
	63,5
	49,0
	47,4
	53,3
	56,9
	51,9








Table 3.16 - Detailed fuel consumption in the category "Manufacturing industries and construction" in 2012, (PJ)

	Fuel type
	1.АA.2
	1.АA.2a
	1.АA.2b
	1.AA.2c
	1.AA.2d
	1.AA.2e
	1.AA.2f

	Oil, including gas condensate
	0,20
	-
	-
	-
	-
	-
	0,20

	Gasoline, including aviation gasoline and motor gasoline
	-
	-
	-
	-
	-
	-
	-

	Diesel fuel
	2,60
	2,32
	-
	-
	-
	0,08
	0,20

	Heating oil
	1,56
	0,19
	-
	-
	-
	0,18
	1,19

	Furnace fuel oil
	24,56
	11,80
	9,42
	0,03
	0,06
	1,71
	1,54

	Liquefied petroleum gas
	4,02
	2,16
	0,05
	0,07
	-
	0,19
	1,55

	Bitumen
	3,46
	-
	-
	-
	-
	-
	3,46

	Gas refinery
	-
	-
	-
	-
	-
	-
	-

	Gas stripped
	-
	-
	-
	-
	-
	-
	-

	Coal, including lignite
	239,53
	70,63
	99,39
	1,22
	-
	1,74
	66,54

	Natural gas
	34,28
	0,64
	0,07
	7,01
	0,08
	5,19
	21,29

	Gas oil passing
	17,61
	7,95
	-
	3,50
	-
	0,84
	5,32

	Purified gases including  ethylene
	-
	-
	-
	-
	-
	-
	-

	Coke oven gas
	14,79
	14,78
	-
	-
	-
	-
	

	Oil coke
	0,07
	-
	0,07
	-
	-
	-
	

	Kerosene
	0,01
	-
	-
	-
	-
	-
	0,01

	Coal briquettes
	0,01
	-
	-
	-
	-
	0,01
	


Note: some data not shown due to very small values
In 2012, the total consumption of fuel in the category of "Manufacturing industries and construction" was 343.8 PJ. Compared to 1990 consumption of fuel increased by 40.3%, compared to 1999 - increased by 48.8%, compared to 2011 – insignificant decrease by 2.2%.
In terms of fuel types in this category between 1990 ... 2012. significantly reduced consumption of liquid and solid fuel consumption increased . In 2012 versus 1990 , the share of solid fuel consumption increased from 45.4 to 74.2 %. The share of consumption of liquid fuels , on the contrary , decreased from 27.7 to 10.6 %. Gaseous fuel consumption also declined , from 25.5 to 15.1%.
Consumption of oil and oil products in 2012, this category was 36.6 PJ, in 1990 decreased by almost 2-fold, in 1999 - increased by 21.2 %, in 2011 - increased by 7.6% respectively.
Solid fuel consumption in 2012 in this category amounted to 255.1 PJ , whereas in 1990 it has increased by more than 2-fold , in 1999 - increased by 69 %, in 2011 - decreased by 2% respectively.
Gaseous fuel consumption has a general trend toward a slight reduction. In 2012, the consumption of gaseous fuels in this category was 51.9 PJ, whereas in 1990 decreased by 17.1 %, in 1999 - has increased almost 4 times, in 2011 - decreased by 8.7% respectively.
GHG emissions 
Dynamics of GHG emissions from fuel combustion and combustion sources contribute to the total GHG emissions in the category " Manufacturing and Construction" on the main sub-categories for the period 1990 ... 2012. are presented in Tables 3.17-3.18 and Figures 3.11-3.12 .
In 2012, all direct GHG emissions in category " Manufacturing and Construction" totaled 28.7 million tons of CO2- eq . , Which is 30.4 % more GHG emissions in 1990 , 44.9% more than 1999 . , and 2% less than in 2011. Share of CO2 emissions for the entire period was more than 99% . Emissions of methane and nitrous oxide insignificant.
Accordingly, fuel consumption trends in this category , there is a tendency to reduce GHG emissions for the period 1990 ... 1998 . and then a gradual increase to date. In 2012 versus 1990 in this category decreased the proportion of liquid ( with 22.8 to 9.4 %) and fuel gas ( from 15.5 to 9.8 %). The share of solid fuels , in contrast, increased from 60.3 to 80.0% .











Table 3.17 The dynamics of CO2 emissions from fuel combustion in the category "Manufacturing and Contruction” for the 1990…2012, million tons of CO2-eq.

	Fuel type
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001

	Total
	21,9
	21,4
	36,3
	29,2
	19,8
	18,2
	16,1
	17,6
	16,4
	19,7
	21,6
	23,9

	Oil and oil products
	5,0
	5,0
	9,1
	7,6
	4,8
	4,2
	3,7
	3,9
	3,6
	2,3
	2,2
	2,0

	Solid fuel
	13,2
	13,0
	21,6
	17,4
	12,3
	11,9
	10,6
	12,0
	11,1
	14,0
	14,9
	16,8

	Gaseous fuel
	3,4
	3,4
	5,4
	4,0
	2,6
	2,0
	1,7
	1,7
	1,5
	0,7
	1,6
	1,5


 Table 3.17 continued

	Fule type
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	Total
	25,5
	26,8
	24,6
	27,9
	29,1
	30,3
	27,9
	27,1
	28,2
	29,1
	28,6

	Oil and oil products
	2,4
	2,6
	2,4
	3,0
	3,9
	3,2
	3,5
	3,0
	3,0
	2,5
	2,7

	Solid fuel
	17,3
	18,3
	18,9
	19,5
	22,4
	23,4
	21,6
	21,5
	22,3
	23,4
	23,0

	Gaseous fuel
	2,2
	2,1
	2,0
	2,4
	2,8
	3,5
	2,7
	2,6
	2,9
	3,1
	2,8







Table 3.18 - Direct GHG emissions in category "Manufacturing and Construction" on the main subcategories between 1990 ... 2012, million tons of CO2-eq.
	GHG
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001

	Total
	22,0
	21,5
	36,4
	29,3
	19,9
	18,3
	16,2
	17,7
	16,4
	19,8
	21,8
	24,1

	CO2
	21,9
	21,4
	36,3
	29,2
	19,8
	18,2
	16,1
	17,6
	16,4
	19,7
	21,6
	23,9

	a.Ferrous metallurgy
	11,3
	10,5
	14,1
	11,3
	7,9
	8,4
	7,5
	9,7
	8,4
	8,2
	9,0
	11,0

	b.Non-ferrous metallurgy
	2,4
	2,2
	4,4
	4,3
	3,8
	3,9
	4,0
	4,0
	4,4
	7,3
	6,9
	5,7

	c.Chemical industry
	1,8
	1,3
	3,3
	1,7
	1,0
	1,1
	0,9
	0,6
	0,4
	0,2
	0,4
	0,6

	d.Pulp, paper and print
	0,04
	0,04
	0,09
	0,06
	0,03
	0,02
	0,02
	0,04
	0,04
	0,01
	0,00
	0,00

	e.Food processing, tobacco production
	0,8
	0,7
	3,0
	2,8
	2,3
	1,5
	1,3
	1,3
	1,3
	0,7
	0,8
	1,1

	 f.Other industries
	5,5
	6,6
	11,3
	9,0
	4,8
	3,3
	2,4
	1,9
	1,7
	3,2
	4,6
	5,6

	CH4  (CO2‑экв.)
	0,03
	0,03
	0,06
	0,05
	0,03
	0,03
	0,03
	0,03
	0,03
	0,03
	0,03
	0,04

	N2O (CO2‑экв.) 
	0,06
	0,06
	0,11
	0,09
	0,06
	0,06
	0,05
	0,06
	0,05
	0,07
	0,08
	0,08


  

Table 3.18 continued
	GHG
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	Total
	25,7
	26,9
	24,7
	28,1
	29,3
	30,5
	28,1
	27,2
	28,4
	29,3
	28,7

	CO2
	25,5
	26,8
	24,6
	27,9
	29,1
	30,3
	27,9
	27,1
	28,2
	29,1
	28,6

	a. Ferrous metallurgy
	11,0
	11,3
	9,5
	11,8
	7,5
	9,2
	7,8
	8,9
	8,3
	8,3
	8,9

	b. Non-ferrous metallurgy
	5,8
	6,0
	5,9
	7,4
	11,6
	11,1
	10,8
	9,4
	10,6
	10,8
	9,9

	c. Chemical industry
	0,6
	0,4
	0,2
	0,2
	0,3
	0,4
	0,4
	0,5
	0,3
	0,7
	0,7

	d. Pulp, paper and print
	0,01
	0,01
	0,04
	0,02
	0,03
	0,04
	0,01
	0,03
	0,03
	0,01
	0,01

	e. Food processing, tobacco production
	1,0
	1,0
	1,1
	1,0
	1,0
	1,9
	1,4
	1,0
	1,4
	0,4
	0,7

	f. Other industries
	7,1
	8,0
	7,9
	7,4
	8,6
	7,7
	7,5
	7,2
	7,6
	8,8
	8,3

	CH4  (CO2‑экв.)
	0,04
	0,04
	0,04
	0,04
	0,05
	0,06
	0,05
	0,05
	0,05
	0,05
	0,05

	N2O (CO2‑экв.)
	0,09
	0,09
	0,10
	0,10
	0,11
	0,12
	0,12
	0,11
	0,12
	0,12
	0,12








Figure 3.11 - GHG emissions in the category "Manufacturing and Construction" by main sources, million tonnes of CO2-eq.
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Figure 3.12 Contribution of combustion sources to the total GHG emissions in category "Manufacturing and Construction": 
1 - iron and steel, 2 - non-ferrous metallurgy, 3 - chemical industry, 4 - pulp and paper industry, 5 - Food Industry, 6 - all other industries

In 2012, CO2 emissions in the category " Manufacturing and Construction" amounted to 28.6 million tonnes, which is 30.6% more than in 1990 , 45.2% more than in 1999 and 1.7 % less than in 2011.
CO2 emissions from liquid fuel in 2012, this category was 2.7 PJ , what about 1990 less than 1.8 times , relative to 1999 - an increase of 17.4 % relative to 2011 - more than 8 %. CO2 emissions from solid fuel in 2012 amounted to 23.0 PJ , what about 1990 more than 1.7 times , relative to 1999 - more than 64% relative to 2011 - decreased slightly , by 1.7% . CO2 emissions from gaseous fuel has been a general trend toward a slight reduction. In 2012, CO2 emissions from the combustion of gaseous fuels in this category was 2.8 PJ , what about 1990 less than 17.6 %, relative to 1999 - more than 4 times, relative to 2011 - less than 9 , 6%.
Contribution of major sources to the total CO2 emissions in the category " Manufacturing and construction " for the period 1990 ... 2012. changed (Figure 3.11). In 2012 versus 1990 while the share of sub-categories of " Metallurgy " ( from 53 to 31%), "Chemical Industry" ( from 8 to 2 %) and "Food Industry" ( from 3 to 2 %). Conversely, the share of sub-categories " Non-Ferrous Metals " ( from 11 to 36%) and " Other industries " (from 25 to 29%).
The main sources of CO2 emissions in this category are non-ferrous and ferrous metals, as it is the leading sector of the economy of Kazakhstan. Non-ferrous metallurgy is the oldest leading industry in the country. Nonferrous metals Kazakhstan are one of high quality. So, Ust-Kamenogorsk zinc, Balkhash and Zhezkazgan copper registered as references on the London Stock Exchange nonferrous metals. The share of non-ferrous metals in the country's GDP grew by more than 2-fold after the republic gained sovereignty. Nonferrous metallurgy is represented by the following sub-sectors , as part of which are 28 large plants, lead-zinc , copper, aluminum , gold , tungsten, molybdenum , titanium, magnesium and rare-metal . Steel production in Kazakhstan has a high level of concentration, as enterprises of this industry is closely linked to the resource base. Geographically steelmakers posted in Kostanai , Karaganda, Pavlodar Aktobinskoy and areas where there are deposits of iron and chromite ore , ferroalloys, and water and energy resources . As part of the steel industry in Kazakhstan has five branches: mining, steel, ferroalloy, refractory and Scrap . In Kazakhstan, the issue of steel products is mainly done in the JSC "Ispat - karmet ", which produces the entire Republican volume of ferrous metals and iron.
In terms of sub-categories , the trend toward growth in CO2 emissions in the category " Non-Ferrous Metals " in connection with the rise of this industry. In 2012 , CO2 emissions in the category " Non-Ferrous Metals " amounted to 9.9 million tons in 1990 Regarding CO2 emissions in this sub-category grew 4.2 times , relative to 1999 - increased by 35.6 %, relative to 2011 g - a decline of 8.3% .
In the subcategory " Metallurgy " in 2012 CO2 emissions amounted to 8.9 million tonnes Versus 1990 marked reduction in emissions by 21.2 %, relative to 1999 - an increase of 8.5% relative to 2011 - an increase of 7.2%.
The next largest source of CO2 emissions is a subcategory of " Other industries " in which the main contribution mining and manufacture of non-metallic mineral products. In 2012, CO2 emissions in this sub-category accounted for 8.3 million tons versus 1990 emissions increased by 51 %, relative to 1999 - up 2.6 times , relative to 2011 - decreased by 5.7% .
Contribution of the other sub-categories to the total CO2 emissions category " Manufacturing and Construction" is negligible due to the underdevelopment of these industries in the country.
In the subcategory "Chemical Industry" , which is based on the development of the richest reserves of phosphorite, phosphate fertilizer production , utilization of sulfur dioxides ferrous and nonferrous metallurgy, petrochemical synthesis products , etc. , in 2012 CO2 emissions amounted to 0.7 million tonnes . that relatively 1990 times less than 2.6 relative to 1999 - more than 3.5 times relative to 2011 - are on the same level.
In the subcategory " Food industry , beverages and tobacco " in 2012 CO2 emissions totaled 0.7 million tons versus 1990 and 1999 emissions remained at the same level compared to 2010 there is an increase of 1.8 times .
CO2 emissions in the subcategory " pulp industry , paper and printing " in 2012 amounted to 0.01 million tons For the entire period 1990 ... 2012. issue in this subcategory are very small , due to the virtual absence of enterprises in the republic associated with the production of paper and typography . Paper products, books and manuals , mostly exported.
GHG emissions
Table 3.19 presents the indirect GHG emissions (CO, NOx, NMVOC and SO2) in the categories " Other sectors " and "other sources" . Indirect GHG emissions calculations conducted in accordance with the IPCC (1996). Coefficients CO, NOx, NMVOC taken by default.








Table 3.19 - Emissions of indirect GHGs in the category "Manufacturing and construction" for the period 1990 ... 2012.                
	GhG
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999

	CO, mln.t.
	19,72
	19,67
	33,61
	27,18
	19,04
	17,71
	15,80
	17,16
	16,20
	21,53

	NOx, mln.t.
	57,02
	56,24
	97,57
	78,83
	53,70
	48,88
	43,18
	46,40
	43,52
	60,61

	NMVOC, mln.t.
	2,91
	2,89
	4,98
	4,03
	2,80
	2,59
	2,31
	2,50
	2,35
	3,17

	SO2 , th.t.
	0,106
	0,105
	0,218
	0,181
	0,121
	0,107
	0,095
	0,099
	0,094
	0,103


 
Table 3.19 continued

	GhG
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	CO, mln.t.
	22,28
	24,20
	25,08
	25,78
	26,86
	29,19
	33,38
	37,39
	33,95
	33,80
	35,18
	36,55
	35,59

	NOx, mln.t.
	66,41
	73,64
	78,25
	82,29
	76,45
	86,00
	89,74
	97,27
	89,51
	87,61
	90,41
	93,44
	91,66

	NMVOC, mln.t.
	3,31
	3,61
	3,78
	3,91
	3,91
	4,32
	4,78
	5,30
	4,84
	4,78
	4,96
	5,12
	4,99

	SO2 , th.t.
	0,103
	0,105
	0,116
	0,124
	0,114
	0,134
	0,143
	0,144
	0,134
	0,135
	0,135
	0,129
	0,129




During the study period 1990 ... 2012. all indirect GHG in the category " Other sectors " there is a tendency to reduce them , in the category "Other sources" - the tendency to increase .
Emissions in the category " Other sectors " in 2012 amounted to 242.8 million tons , which is 3.8 times less than in 1990 and 11.7% less than the level of emissions in 2011 in the category " Other sources " in 2012 amounted to 459.2 million tons, which is 4.2 times more than in 1990 and more than 1.6 times the level in 2011
NOx emissions in the category " Other sectors " in 2012 amounted to 44.5 million tons , which is 3.7 times less than in 1990 and less than 9.5% level of NOx emissions in 2011 in the category "Other sources" in 2012 amounted to 34.4 million tons , which is 3.6 times more than in 1990 Relative to 2011 emissions of NOx in this category remained at the same level.
NMVOC emissions in the category " Other sectors " in 2012 amounted to 27.1 million tons , which is 3.8 times less than in 1990 and less than 11.4% level in 2011 NMVOC emissions in the category "Other sources" in 2012 amounted to 46.0 million tons, which is 4.2 times more than in 1990 and more than 1.6 times the level in 2011.
SO2 emissions
In accordance with the recommendations of the IPCC in the categories " Other sectors " and "other sources" were first evaluated emissions SO2. Calculations were made in accordance with the IPCC (1996). Detailed calculation method is given in Section 3.2.1.
SO2 emissions in this category in 2012 amounted to 0,129 thousand . Tons, which is 21.2 % more than in 1990 Concerning the level of emissions in 2011 remained at the same level.
Evaluation and quality control
For evaluation and monitoring the quality, the standard procedures have been used including control of FEB data and comparative evaluation of GHG emissions for different years.
In accordance with the IPCC recommendations to correct errors while transferring the original data from FEB of the Agency of Statistics of RK into electronic calculation tables there was developed electronic form FEB, in which the data for each type of fuel is verified in several stages. In the first stage, during the input of data into the calculation tables, the total amount of fuel (resource section) is automatically calculated, including production, imports and stocks at the beginning of the year, which is compared with the FEB data. It the second stage of quality control of input data, the amount of the total fuel consumption in the country (distributive part) is automatically calculated taking into account the export, remains at the end of year and losses, which is also compared with the FEB data. In the third stage, the balance of resource and distributive parts is verified. In the fourth stage, the distribution of final consumption by sector is verified. To eliminate errors that can occur during the input of data by type of energy activities, the electronic connections with the electronic version of the FEB is established. These measures help to identify errors in data entry.
Recalculations and planned improvements
In accordance with the recommendations of the IPCC, current inventory of GHG sectoral approach "Energy" sector were recalculated for all categories . Recalculation touched fuel loss for the entire observed range of 1990 ... 2012. In previous inventories all fuel losses were categorized as "Other sources » (1.AA.5). Since FEB RK Statistics Agency provides data on fuel losses from all sources of GHG emissions in the inventory loss excluded from the category of "Other sources" and redistributed categories 1.AA.1 " Energy industry " 1.AA.2 " Manufacturing and construction "and 1.AA.4 " Other sectors". GHG emissions from losses on those fuels for which such data are included in the total GHG emissions in these categories.
In accordance with the recommendations of the IPCC , in the category "Energy industry", the SO2 emissions between 1990 ... 2012 are calculated for the first time. Calculations were made according to the IPCC Guidelines (1996).
To eliminate double counting of GHG emissions in the sector "Energy" in this category of fuel that is used by mobile transport is not included. It is recorded in the sector "Transport".
Among the planned improvements of GHG inventory in this category are as the following: the calculation of the fuel used for non-energy purposes, the feasibility of the development of national factors, the homogenization of time series of fuel consumption.
Uncertainties
Uncertainty in this category is due to the use of the Tier 1 methodology and the lack of FEB data for the period 1991 ... 1998. Since FEB during 1991 ... 1999 was not formed by the Agency of Statistics of Kazakhstan, the data for the calculation of GHG emissions was taken from different sources (IEA, a number of statistical compilations of the Committee on Statistics and Analysis of the Agency of Statistics of Kazakhstan, etc.) and, therefore, the time series are not always homogeneous.
Also some uncertainty in the calculation of GHG emissions is made by original FEB data.   

[bookmark: _Toc385264163]3.2.3 Categories "Other sectors» (1.AA.4) and "Other sources» (1.AA.5)
The main source of GHG emissions in the category "Other sectors» (1.AA.4), according to the IPCC Guidelines - fuel combustion to generate heat in the retail, office buildings, housing and utilities, and private homes, in agriculture, forestry and fisheries. The category "Other sectors" includes GHG emissions from fuel combustion in subcategories: 1.AA.4a "Commercial / Institutional Sector", 1.AA.4b "Residential Sector" and 1.AA.4c "Agriculture / Forestry / Fisheries". In the sub-category "Commercial / Institutional Sector" emissions from fuel combustion in the provision of various services (education, communication, wholesale and retail trade, and others) are estimated. In the statistical reporting of these data are classified as municipal services. In the sub-category "Residential Sector" GHG emissions from fuel combustion in the private residential sector are estimated. In national statistics, these data are related to the article "is released to the population." In the sub-category "Agriculture / Forestry / Fisheries" GHG emissions from stationary sources in agriculture, forestry and fisheries are estimated. GHG emissions from combustion in mobile sources in agriculture, forestry and fisheries were calculated separately and evolved with emissions from stationary combustion.
The category "Other sources» (1.AA.5) includes all other sources of GHG emissions from the combustion of fuel, not included in any other category: activity "Public administration and defense, compulsory social security", "Loss" and "Released to enterprises and organizations".
The actual fuel consumption 
Dynamics of fuel consumption and GHG emissions in the categories of "Other sectors" and "Other sources" for the period 1990 ... 2012, as well as change of contribution share of sub-categories of sources are shown in Figure 3.12 and Tables 3.20-3.21.
In both categories in 2012, solid fuels were used for a greater extent. Basically, the fuel used in the residential sector and in 'released enterprises and organizations. 
"Total fuel consumption in the category "Other sectors", including oil and petroleum products, solid and gaseous fuels and other sources (e.g., flammable waste, products from the processing of associated gas, etc.) in 2012 was 200.8 PJ. The general trend for the period 1990 ... 2012 has the character of decline. Compared to 1990 total fuel consumption in this category decreased by 3.2 times (634 and 222 PJ, respectively), compared to 1999 - on the contrary, increased by 2 times (101 and 222 PJ, respectively), compared to 2011 - decreased by 13.6%.
 In terms of fuel types in this category in 2012 relative to 1990 decreased consumption of all types of fuel: liquid fuels by 3.3 times, solid - 3.9 times, gas - 1.6 times. 
In the fractional contribution to the total fuel consumption in 2012 relative to 1999 significantly increased the proportion of gaseous fuel, almost 2-fold, and decreased the proportion of solid fuel (from 60.7 to 49.9%). The share of liquid fuels remained approximately at the same level.
Total fuel consumption in the category "Other sources" including petroleum and petroleum products, solid and gaseous fuels and other sources in 2012 was 430.6 PJ. 

Table 3.20 - Detailed fuel consumption by type in categories "Other sectors" and "Other sources" in 2012, PJ
	Fuel
	1.АA.4а
	1.АA.4b
	1.АA.4c
	1.AA.5

	Oil, including gas condensate
	4,554
	-
	-
	3,051

	Gasoline, including aviation gasoline and motor gasoline
	0,911
	115,91
	2,22
	12,650

	Kerosene
	0,057
	-
	2,239
	-

	Diesel fuel
	1,106
	50,455
	0,188
	0,022

	Heating oil
	1,635
	0,292
	0,018
	0,124

	Furnace fuel oil
	2,462
	0,461
	0,028
	0,010

	Liquefied petroleum gas
	2,589
	10,505
	-
	0,007

	Bitumen
	0,047
	0,157
	-
	7,848

	Gas refinery
	-
	-
	-
	0,077

	Gas stripped
	-
	-
	-
	128,425

	Coal, including lignite
	27,358
	65,641
	7,344
	224,459

	Coal briquettes
	-
	0,001
	-
	-

	Natural gas
		9,312
	20,105
	0,424
	1,775

	Petroleum associated gas
	8,755
	10,915
	0,030
	44,312

	Oil coke
	-
	-
	-
	1,206



Note: 
1 - data for some fuels are not given because of the very small numbers;
2 - fuel subcategories 1.AA.4a, 1.AA.4b, 1.AA.4c, which is used by mobile
sources (petrol, diesel and kerosene) are measured in the sector "Transport".
Therefore, the final consumption in the sector "Other sectors" may not coincide with the data CRF.

The general trend for the period 1990 ... 2012 has the character of growth. In comparison with 1990 total fuel consumption in this category increased by 3.8 times, compared to 1999 - has grown by 3.9 times, compared to 2011 – decreased by 9.2%. 
In terms of fuel types in this category in 2012 versus 1990 increased consumption of all types of fuel: liquid fuels by 1.7 times, solid - 4.2 times, gas - 4.4 times. 



Table 3.21 - Fuel consumption in the categories "Other sectors" and "Other sources" for the period 1990 ... 2012 (PJ)
	Fuel Type

	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001

	Other sectors

	Total

	644,0
	632,0
	573,8
	524,7
	460,6
	372,3
	353,2
	296,0
	223,3
	100,9
	116,2
	124,6

	Oil and oil products

	159,9
	129,0
	132,0
	118,1
	96,9
	78,0
	73,4
	72,6
	63,0
	30,1
	36,9
	39,8

	Solid fuel

	391,1
	410,9
	346,7
	290,8
	228,8
	216,0
	212,5
	156,7
	93,3
	43,6
	47,7
	55,8

	Gaseous fuel

	82,6
	82,5
	88,2
	109,7
	129,7
	73,3
	62,3
	61,6
	62,1
	22,5
	28,8
	25,4

	Other sources

	Total
	113,8
	77,0
	20,5
	20,6
	20,2
	19,9
	19,9
	20,8
	269,5
	109,1
	233,9
	87,1

	Oil and oil products

	18,2
	18,8
	1,0
	1,0
	1,0
	1,0
	1,0
	1,0
	122,7
	34,9
	57,0
	39,5

	Solid fuel

	52,7
	29,2
	5,9
	6,0
	5,9
	5,8
	5,8
	6,0
	101,0
	72,8
	139,3
	46,9

	Gaseous fuel

	39,3
	25,2
	11,2
	11,3
	11,1
	10,9
	10,9
	11,3
	43,3
	0,4
	31,2
	0,5


  
Table 3.21 continued
	Fuel type

	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	Other sectors

	Total

	143,5
	171,0
	157,4
	149,6
	206,8
	257,7
	209,5
	180,9
	203,0
	232,5
	200,8

	Oil and oil products

	36,8

	41,5

	38,2

	45,5

	63,9

	136,6

	48,2

	48,2

	50,2

	55,7

	48,0

	Solid fuel

	75,4
	95,1
	87,5
	71,9
	61,3
	64,5
	78,4
	78,0
	84,3
	112,8
	100,3

	Gaseous fuel

	27,7
	30,8
	29,7
	29,4
	79,2
	49,3
	70,7
	50,6
	64,3
	60,1
	49,5

	Other sources

	Total

	182,8
	209,5
	220,4
	270,3
	354,1
	339,5
	256,0
	501,3
	636,4
	472,4
	430,6

	Oil and oil products

	96,7
	59,1
	172,2
	47,7
	191,6
	155,1
	178,5
	176,0
	235,0
	77,2
	31,5

	Solid fuel

	51,5
	68,4
	37,0
	72,4
	46,6
	122,3
	30,1
	189,0
	221,6
	131,0
	224,5

	Gaseous fuel

	1,1
	2,0
	8,7
	3,1
	38,6
	32,6
	35,5
	136,1
	179,5
	263,7
	174,5



In the fractional contribution to the total fuel consumption in 2012 relative to 1999 increased the share of gas (from 34.5 to 40.5%) and solid fuel (from 46.3 to 52.1%). The share of liquid fuels decreased from 16 to 7.3%.
Direct GHG emissions 
Dynamics of GHG emissions from fuel combustion and combustion sources contribute to the total GHG emissions in the categories of "Other sectors" and "other sources" for the period 1990 ... 2012. 3.22-3.23 presented in tables and in figure 3.13.
In 2012, CO2 emissions in the category "Other sectors" and "other sources" amounted to 15,8 million tonnes, which is 3.4 less CO2 emissions in 1990, 2 times more CO2 emissions in 1999, and 12,7 less CO2 emissions in 2011. The share of CO2 emissions for the entire period was more than 99% .Emissions of methane and nitrous oxide are insignificant.
In accordance with the fuel consumption in this category is a general trend to reduce GHG emissions for the period 1990 ... 2012.
The main contribution to GHG emissions in this category makes " Residential ", which is undoubtedly related to the rise of the economy of Kazakhstan since 2000, as well as the majority of people desire to improve their living conditions. State creates favorable conditions to ensure affordable housing groups.
In 2012, CO2 emissions in the category " Other sectors " amounted to 15.3 million tons, which is 3.4 times less CO2 emissions in 1990, 2 times more CO2 emissions in 1999 and 12.5% less CO2 emissions in 2011. 
On all types of fuel between 1990 ... 2012. in this category showed a significant increase in the emission of CO2: for liquid fuel by 3.6 times on hard - 3.9 times for gaseous - 1.7 times .
In 2012 versus 1990 in CO2 emissions have decreased the share of liquid fuels (from 21.7 to 20.3%) and solid fuels (69.5 to 61.4%). The share of gaseous fuels increased 2 times more, due to ever increasing usage of natural gas for heating buildings.
GHG emissions in the category "Other sources" in 2012 amounted to 33.2 million tons of CO2 - eq . that is 3.9 times more GHG emissions in 1990 , 3.5 times more GHG emissions in 1999 on 2011 GHG emissions remained practically at the same level. The share of CO2 emissions for the entire period was more than 99% . Emissions of methane and nitrous oxide are insignificant.
In accordance with the fuel consumption in this category is a general trend towards a significant increase in GHG emissions between 1990 ... 2012. Related to the fact that the main contribution to GHG emissions in this category makes the article " released of enterprises and organizations".



Table 3.22 - GHG emissions by category "Other sectors" and "other sources" for the period 1990 ... 2012. (million tonnes of CO2 eq.)

	GHG
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001

	Other sectors
Total

	53,8
	53,4
	48,1
	42,7
	36,2
	30,5
	29,2
	23,8
	17,2
	7,7
	8,8
	9,7

	CO2
	52,5
	52,1
	46,4
	41,5
	35,3
	29,7
	28,4
	23,1
	16,6
	7,4
	8,6
	9,4

	Commercial/Institutional sector

	28,3
	29,1
	15,2
	15,2
	14,8
	14,4
	14,3
	9,4
	4,4
	1,7
	2,4
	2,2

	Residential sector

	16,5
	18,0
	19,6
	15,7
	11,8
	8,7
	8,0
	7,8
	7,4
	3,7
	4,1
	4,6

	Agricultural/Forestry/Fisheries

	7,7
	5,0
	11,6
	10,6
	8,8
	6,6
	6,1
	5,9
	4,7
	2,0
	2,1
	2,6

	CH4
	1,04
	1,12
	1,47
	1,11
	0,74
	0,67
	0,65
	0,63
	0,56
	0,22
	0,21
	0,27

	N2O
	0,21
	0,22
	0,19
	0,16
	0,13
	0,12
	0,11
	0,09
	0,06
	0,03
	0,03
	0,04

	Other sources, Total
	8,6
	5,7
	1,4
	1,4
	1,4
	1,4
	1,4
	1,4
	21,1
	9,4
	19,4
	7,4

	CO2
	8,6
	5,7
	1,4
	1,4
	1,4
	1,4
	1,4
	1,4
	21,0
	9,3
	19,3
	7,3

	CH4
	0,02
	0,01
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00
	0,03
	0,02
	0,04
	0,01

	 N2O
	0,03
	0,02
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00
	0,07
	0,04
	0,07
	0,03


  

Table 3.22 continued
	GhG
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	Other sectors,
Total

	11,4
	13,8
	13,0
	11,8
	14,9
	19,3
	15,7
	13,9
	15,2
	18,1
	15,8

	CO2
	11,1
	13,5
	12,6
	11,5
	14,6
	18,9
	15,2
	13,5
	14,7
	17,5
	15,3

	Commercial/Institutional sector

	4,1
	5,5
	2,9
	3,7
	4,5
	10,8
	5,3
	4,3
	4,9
	4,7
	4,4

	 Residential sector

	4,7
	5,5
	7,3
	5,1
	7,6
	5,4
	7,4
	6,9
	7,9
	10,4
	8,6

	Agricultural/Forestry/Fisheries

	2,3
	2,5
	2,4
	2,7
	2,5
	2,6
	2,5
	2,3
	1,9
	2,4
	2,3

	CH4
	0,28
	0,32
	0,44
	0,31
	0,29
	0,33
	0,38
	0,38
	0,41
	0,59
	0,50

	N2O
	0,04
	0,05
	0,05
	0,04
	0,04
	0,06
	0,05
	0,05
	0,05
	0,07
	0,06

	Other sources, Total
	14,5
	16,8
	16,8
	21,3
	26,3
	27,0
	18,5
	38,1
	47,9
	33,1
	33,2

	CO2
	14,4
	16,8
	16,7
	21,2
	26,2
	26,9
	18,5
	37,9
	47,7
	33,0
	33,0

	CH4
	0,02
	0,02
	0,02
	0,02
	0,03
	0,04
	0,02
	0,06
	0,08
	0,06
	0,07

	N2O
	0,05
	0,06
	0,05
	0,07
	0,07
	0,09
	0,05
	0,12
	0,15
	0,08
	0,11




Table 3.23 The dynamics of CO2 emissions by fuel type in the categories "Other sectors" and "other sources" for the period 1990 ... 2012., million tonnes

	Fuel type
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001

	Other sectors

	Total
	52,5
	52,1
	46,4
	41,5
	35,3
	29,7
	28,4
	23,1
	16,6
	7,4
	8,6
	9,4

	Oil and oil products
	11,4
	9,2
	9,3
	8,4
	6,9
	5,5
	5,2
	5,1
	4,4
	2,1
	2,6
	2,8

	Solid fuel
	36,5
	38,3
	32,2
	27,1
	21,3
	20,1
	19,8
	14,6
	8,7
	4,1
	4,4
	5,2

	Gaseous fuel
	4,5
	4,5
	4,8
	6,0
	7,1
	4,0
	3,4
	3,4
	3,4
	1,2
	1,6
	1,4

	Other sources

	Total
	8,6
	5,7
	1,4
	1,4
	1,4
	1,4
	1,4
	1,4
	21,0
	9,3
	19,3
	7,3

	Oil and oil products 
	1,30
	1,34
	0,07
	0,07
	0,07
	0,07
	0,07
	0,07
	8,89
	2,43
	4,00
	2,72

	Solid fuel
	4,90
	2,72
	0,55
	0,55
	0,54
	0,53
	0,54
	0,56
	9,54
	6,89
	13,11
	4,57

	Gaseous fuel
	2,15
	1,38
	0,62
	0,62
	0,61
	0,60
	0,60
	0,62
	2,37
	0,02
	1,71
	0,03


  Table 3.23 continued
	Fuel type
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	Other sectors

	Total
	11,1
	13,5
	12,6
	11,5
	14,6
	18,9
	15,2
	13,5
	14,7
	17,5
	15,3

	Oil and oil products
	2,6
	2,9
	2,7
	3,2
	4,5
	9,9
	3,4
	3,4
	3,4
	3,7
	3,1

	Solid fuel
	7,0
	8,8
	8,2
	6,7
	5,7
	6,0
	7,3
	7,3
	7,9
	10,5
	9,4

	Gaseous fuel
	1,5
	1,7
	1,6
	1,6
	4,3
	2,7
	3,9
	2,8
	3,5
	3,3
	2,7

	Other sources

	Total
	14,4
	16,8
	16,7
	21,2
	26,2
	26,9
	18,5
	37,9
	47,7
	33,0
	33,0

	Oil and oil products
	6,93
	4,16
	12,39
	3,45
	13,99
	11,36
	12,88
	12,74
	17,06
	5,79
	2,26

	Solid fuel
	5,04
	6,71
	3,66
	6,96
	4,50
	11,60
	2,79
	17,71
	20,79
	12,74
	21,15

	Gaseous fuel
	0,06
	0,11
	0,48
	0,17
	2,12
	1,79
	1,95
	7,47
	9,85
	14,47
	9,58



In 2012, CO2 emissions in the category "Other sources" amounted to 33.0 million tonnes, which is 3.8 times more CO2 emissions in 1990, 3.5 times more CO2 emissions in 1999 Regarding 2011 CO2 emissions remain at the same level.





Figure 3.13 Trends in GHG emissions by principal source  in the category "Other sectors" and "other sources" million tonnes CO2-eq.

On all types of fuel between 1990 ... 2012. in this category showed a significant increase in the emission of CO2: for liquid fuel by 1.7 times on hard - 4.3 times for gaseous - 4.4 times. 
In 2012 versus 1990 in CO2 emissions have increased the share of solid fuels (from 57 to 64%) and gas (25 to 29%). The share of liquid fuels decreased from 15.1 to 6.8%.
Indirect GHG emissions
Table 3.24 presents the indirect GHG emissions (CO, NOx, NMVOC and SO2) in the categories " Other sectors " and "other sources" . Indirect GHG emissions calculations conducted in accordance with the IPCC (1996). Coefficients CO, NOx, NMVOC taken by default.
During the study period 1990 ... 2012. all indirect GHG in the category " Other sectors " there is a tendency to reduce them , in the category "Other sources" - the tendency to increase .
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Table 3.24 - Emissions of indirect emissions categorized as "Other sectors" and "other sources" for the period 1990 ... 2012.
	GHG
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999

	Other sectors

	CO, mln.tons
	925,33
	928,00
	816,85
	694,57
	553,34
	507,78
	496,06
	383,74
	247,34
	128,19

	NOx, mln.tons
	164,09
	125,62
	146,16
	132,03
	109,74
	86,40
	80,70
	73,80
	56,77
	27,88

	NMVOC, mln.tons
	103,04
	99,86
	90,97
	77,90
	62,31
	56,14
	54,57
	43,23
	28,69
	15,03

	SO2 ,mln.tons
	0,20
	0,21
	0,14
	0,13
	0,10
	0,10
	0,09
	0,07
	0,05
	0,02

	Other sources

	CO, mln.tons
	109,15
	61,59
	12,53
	12,58
	12,35
	12,13
	12,17
	12,66
	206,68
	150,85

	NOx, mln.tons
	9,41
	6,44
	1,49
	1,50
	1,47
	1,45
	1,45
	1,51
	24,78
	10,89

	NMVOC, mln.tons
	11,01
	6,25
	1,26
	1,27
	1,25
	1,22
	1,23
	1,28
	21,04
	15,28

	SO2 , mln.tons
	0,03
	0,02
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00
	0,08
	0,02


 



Table 3.24 continued 

	GHG
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	Other sectors

	CO, mln.tons
	129,17
	156,81
	191,05
	230,43
	206,85
	183,30
	160,46
	173,89
	200,21
	200,81
	213,63
	274,94
	242,85

	NOx, mln.tons
	30,61
	39,91
	36,20
	39,30
	36,55
	40,42
	41,38
	51,44
	43,49
	39,21
	39,03
	49,20
	44,50

	NMVOC, mln.tons
	15,10
	18,68
	21,61
	25,60
	22,96
	21,10
	18,62
	20,58
	22,80
	22,72
	23,88
	30,60
	27,10

	SO2, mln.tons
	0,03
	0,03
	0,04
	0,05
	0,05
	0,04
	0,05
	0,06
	0,05
	0,05
	0,05
	0,07
	0,07

	Other sources

	CO, mln.tons
	281,79
	95,27
	106,46
	140,46
	78,61
	150,05
	101,03
	250,53
	66,55
	389,14
	458,77
	279,47
	459,22

	NOx, mln.tons
	21,83
	8,68
	18,23
	20,85
	21,60
	26,87
	33,48
	32,32
	23,82
	43,33
	54,67
	34,06
	34,34

	NMVOC, mln.tons
	28,38
	9,66
	11,05
	14,48
	8,40
	15,61
	10,92
	25,62
	7,24
	39,46
	46,62
	28,23
	46,03

	SO2, mln.tons
	0,06
	0,03
	0,04
	0,04
	0,01
	0,03
	0,06
	0,05
	0,02
	0,07
	0,09
	0,11
	0,09




Emissions in the category " Other sectors " in 2012 amounted to 242.8 million tons , which is 3.8 times less than in 1990 and 11.7% less than the level of emissions in 2011 in the category " Other sources " in 2012 amounted to 459.2 million tons, which is 4.2 times more than in 1990 and more than 1.6 times the level in 2011
NOx emissions in the category " Other sectors " in 2012 amounted to 44.5 million tons , which is 3.7 times less than in 1990 and less than 9.5% level of NOx emissions in 2011 in the category "Other sources" in 2012 amounted to 34.4 million tons , which is 3.6 times more than in 1990 Relative to 2011 emissions of NOx in this category remained at the same level.
NMVOC emissions in the category " Other sectors " in 2012 amounted to 27.1 million tons , which is 3.8 times less than in 1990 and less than 11.4% level in 2011 NMVOC emissions in the category "Other sources" in 2012 amounted to 46.0 million tons, which is 4.2 times more than in 1990 and more than 1.6 times the level in 2011
SO2 emissions
In accordance with the recommendations of the IPCC in the categories " Other sectors " and "other sources" were first evaluated emissions SO2. Calculations were made in accordance with the IPCC (1996). Detailed calculation method is given in Section 3.2.1.
SO2 emissions in this category in 2012 amounted to 0,129 thousand . Tons, which is 21.2 % more than in 1990 Concerning the level of emissions in 2011 remained at the same level.
Evaluation and quality control
For evaluation and monitoring the quality, the standard procedures have been used including control of FEB data and comparative evaluation of GHG emissions for different years.
In accordance with the IPCC recommendations to correct errors while transferring the original data from FEB of the Agency of Statistics of RK into electronic calculation tables there was developed electronic form FEB, in which the data for each type of fuel is verified in several stages. In the first stage, during the input of data into the calculation tables, the total amount of fuel (resource section) is automatically calculated, including production, imports and stocks at the beginning of the year, which is compared with the FEB data. It the second stage of quality control of input data, the amount of the total fuel consumption in the country (distributive part) is automatically calculated taking into account the export, remains at the end of year and losses, which is also compared with the FEB data. In the third stage, the balance of resource and distributive parts is verified. In the fourth stage, the distribution of final consumption by sector is verified. To eliminate errors that can occur during the input of data by type of energy activities, the electronic connections with the electronic version of the FEB is established. These measures help to identify errors in data entry.


Recalculations and planned improvements
In accordance with the recommendations of the IPCC, current inventory of GHG sectoral approach "Energy" sector were recalculated for all categories . Recalculation touched fuel loss for the entire observed range of 1990 ... 2012. In previous inventories all fuel losses were categorized as "Other sources » (1.AA.5). Since FEB RK Statistics Agency provides data on fuel losses from all sources of GHG emissions in the inventory loss excluded from the category of "Other sources" and redistributed categories 1.AA.1 " Energy industry " 1.AA.2 " Manufacturing and construction "and 1.AA.4 " Other sectors". GHG emissions from losses on those fuels for which such data are included in the total GHG emissions in these categories.
In accordance with the recommendations of the IPCC , in the category "Energy industry", the SO2 emissions between 1990 ... 2012 are calculated for the first time. Calculations were made according to the IPCC Guidelines (1996).
To eliminate double counting of GHG emissions in the sector "Energy" in this category of fuel that is used by mobile transport is not included. It is recorded in the sector "Transport".
Among the planned improvements of GHG inventory in this category are as the following: the calculation of the fuel used for non-energy purposes, the feasibility of the development of national factors, the homogenization of time series of fuel consumption.
Uncertainties
Uncertainty in this category is due to the use of the Tier 1 methodology and the lack of FEB data for the period 1991 ... 1998. Since FEB during 1991 ... 1999 was not formed by the Agency of Statistics of Kazakhstan, the data for the calculation of GHG emissions was taken from different sources (IEA, a number of statistical compilations of the Committee on Statistics and Analysis of the Agency of Statistics of Kazakhstan, etc.) and, therefore, the time series are not always homogeneous.
Also some uncertainty in the calculation of GHG emissions is made by original FEB data.   

[bookmark: _Toc385264164]3.3 Comparative assessment of greenhouse gas emissions in the "Energy" sector for basic and sectoral approaches (1.AC CRF)
 
Estimation of GHG emissions in the "Energy" sector in the Republic of Kazakhstan was carried out according to the IPCC Guidelines in two approaches: basic and sectoral. Both of these approaches provide a detailed assessment of the emissions using large volume of raw data. The use of two approaches for the calculation of GHG emissions provides the control and accuracy of the input data for the calculation and accounting of GHG emissions.
The basic approach provides an overall assessment of GHG emissions by fuel in the country. The source data is the data of FEB of the Agency of Statistics of RK on fuel and energy resources: fossil fuels (coal, lignite, petroleum, natural gas and wood) and products of their processing.
The sectoral approach is an estimate of GHG emissions by source category emissions. The initial data is distributive part of FEB by economic activities (manufacturing, metallurgical industry, etc.). By sector "Energy" includes the following categories: 1.AA.1 - Energy industry, 1.AA.2 - Manufacturing and construction 1.AA.3 - Transport, 1.AA.4 - Other sectors 1.AA. 5 - Other sources and 1.B - Fugitive emissions.
The difference between estimated CO2 emissions in the baseline and sectoral approaches for the period 1990 ... 2012 is shown in Figure 3.14 and Table 3.25.
Results of the comparison of baseline and sectoral approaches show that there is a systemic excess of emission estimates made using a baseline approach. The main reasons for this discrepancy are:
- In accordance with the IPCC recommendations only part of the carbon in the fuel, used for non-energy purposes, is treated as accumulated carbon. The remainder of the carbon by using a basic approach applies to the incineration of;
- During the calculation of GHG emissions using the basic approach fuel losses, which arise at all stages from transportation to its use, in accordance with the IPCC recommendations are not deducted from the total amount of fuel and, therefore, associated with combustion. According to the statistical reporting in the basic approach, fuel losses relate to fuel used for the production of chemical, petrochemical and other non-fuel products, i.e. attributed to the non-energy use;
- The difference between the original data in resource and distributive parts of FEB - the basic informative source for calculations of GHG emissions. 

[image: d:\Рабочий стол\1.png]
Figure 3.14 - Dynamics of CO2 emissions by the two approaches in the sector "Energy", million tons

Table 3.25 - Comparative assessment of CO2 emissions in the baseline and sectoral approaches between 1990 ... 2012.

	Approach
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999

	Baseline, mln. tons
	262,2
	258,3
	262,9
	231,1
	182,6
	178,3
	150,9
	142,2
	131,1
	117,3

	Sectoral, mln. tons
	243,4
	234,3
	213,5
	188,0
	158,0
	150,4
	137,7
	127,4
	135,1
	93,6

	Difference, %
	7,7
	10,2
	23,1
	22,9
	15,6
	18,5
	9,5
	11,6
	-2,9
	25,3


Table 3.25 continued

	Approach
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	Baseline, mln. tons 
	130,4
	123,8
	148,1
	153,2
	171,5
	165,8
	202,3
	205,2
	223,3
	204,7
	218,0
	222,5
	220,2

	Sectoral, mln. tons
	116,6
	111,2
	128,2
	143,7
	149,5
	162,4
	182,9
	187,3
	169,6
	191,1
	210,3
	200,0
	205,7

	Difference, %
	11,8
	11,4
	15,5
	6,6
	14,7
	2,0
	10,6
	9,5
	31,6
	7,1
	3,6
	10,1
	7,0









Thus, according to the Agency of Statistics of RK, the number of companies and organizations that provide reports on the use of fuel is not the same over the years. Also there is a possibility that not all businesses are properly accountable for the fuel used for a variety of reasons. Thus, the distributive part of FEB does not correspond to the its resource part;
Balancing resource control (basic approach) and distribution (sectoral approach) parts for FEB 2012 shows, for example, the difference between the resource and distribution parts: Coal - 97 tons, petrol engine - 59 tons, diesel fuel - 318 kt. In all cases, less fuel is used in the sectoral approach than in the baseline. In the sectoral approach of crude oil has gone to burning 186 tons less than in the baseline. Such examples exist in FEB  over the past years.
- Doubtfullness of some raw FEB data. For example, the time series for the export of certain types of fuels have a large spread in the resource part of FEB. The possible reason is that in some years the article "Export" is given as the sum of exports of fuel and fuel allotted to companies and organizations. National statistics was not able to respond to our request for the refinement of the data for these items. We requested data of the Customs Control Committee of the Republic of Kazakhstan for the refinement of the fuel export data. However, the information obtained was a time series of 2004-2011 years and it differed significantly from FEB data. Therefore, FEB data was taken as the initial data for the calculation of GHG. The accuracy of the data on the annual change in fuel reserves is also doubtful.
However, due to recalculations in the basic approach to the current inventory of GHG emissions for 1990 ... 2012, it enabled to reduce CO2 emissions calculations difference between basic and sectoral approach in "Energy" sector. Especially, it was visible in the affected calculations of GHG emissions from 2009 to last year's inventory. For instance, if the difference between the basic and sectoral approaches for 2009,2010 and 2011 were 11 , 9 and 19 %, respectively, in the present inventory - 7, 4 and 11%, respectively.
In the future, also planned to reduce this difference by a more thorough analysis of initial data FEB and amending GHG calculations based on observations of the expert group of the IPCC.
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[bookmark: _Toc385264165]3.3 Transport (1.А.3)
[bookmark: _Toc283205143][bookmark: _Toc294523227][bookmark: _Toc385264166]3.3.1 Description of category
Emissions from the “Transport” category are carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O). During the combustion of all kinds of fuel a number of additional pollutants are emitted, such as carbon monoxide (CO), non-methane volatile organic compounds (NMVOCs), sulfur dioxide (SO2), nitrogen oxides (NOX) and particulate matters (PM), which contribute to local, regional and even global air pollution. In this section, only results of inventory of CO2, CH4 and N2O, emitted by mobile sources such as aviation, road and off –road are presented. 
In 2012, greenhouse gas emissions from the category “Transport” accounted for 26.3 million tons of CO2-equivalent. The share of “Transport” in total greenhouse gas emissions of the sector "Energy" is quite stable and was 11% in 2012.
Greenhouse gas emissions from fuel combustion in mobile sources, except for the transport defined as mobile sources in category 1.A.4.C "Agriculture, forestry, fishing and fish farms" and other sub-sectors, were included into the category "Transport" according to IPCC methodology. These sub-categories cover all the kinds and subspecies of transport recommended by IPCC Guidelines. As for the pipeline, it was also added to the above sub-categories according to the IPCC Guidelines. More detailed information about each of the subsectors can be found in the appropriate sections of the Guidelines.
Thus, emissions from the sector "Transport" include all domestic transportation sectors such as:
· 3.a Civil aviation;
· 3.b Road transport;
· 3.c Off-road transport;
· 3.d Railways;
· 3.e Watercraft;
· 3.f Pipeline transport, i.e. supply of fuel to the consumer by transporting oil and oil products, natural gas through pipelines..
It was impossible to separate bunker fuel from the fuel used for water transport on the basis of the inventory in 2012. The reason was the absence of such data in the Agency of Statistics of Kazakhstan. Some attempts are made for this, inparticular expanded database requests from businesses and organizations, and it is assumed that in the future there may be other ways to obtain such data.
Figure 3.2.8.2 and Table 3.2.8.1 presents the greenhouse gas emissions from the category of "Transport”. The share of CO2 emissions from the transport sector is 99.34%, the proportion of methane and nitrous oxide emissions are very low and amounted to 0.54% and 0.12% respectively since the mass fraction of the gases formed during fuel combustion is very low.
From the graph 3.2.8.2 we can see that the number of CO2 emissions in the sector "Transport" in 2012 increased slightly compared to the previous 2011. Chart clearly illustrates the fact that the levels of CO2 emissions in 1990 (base) year in the sector "Transport" were not achieved. Overall slight increase in fuel consumption has led to an increase in GHG emissions in this sector.




Figure 3.2.8.1 - Greenhouse gas emissions from the transport sector in 1990-2012, Gg CO2-eq.

Dynamics of emissions in the subcategories in the sector "Transport" is shown in Figure 3.2.8.2 and Table 3.2.8.1.
Total emissions of greenhouse gases from the “Transport” sector since 1990 was declining rapidly until 1999. The reason of emissions’ reduction lies in a deep economic crisis in the country. After 1999 emissions are increasing, almost reaching the level of 1990 in 2007. Growth of emissions is mostly occurred in road transport and after 2000 in the pipelines. In 2012, as already mentioned, CO2-eq. emissions increased slightly due to the increase in fuel consumption in the Republic, which is natural for the continued, albeit weak growth in the number of vehicles.
A steady increase in the fuel consumption during the past six years is registered in the sector "Civil aviation" and 2012 year did not become an exception. As compared to 2011, emissions in the sector of "Civil aviation" have not changed. Compared to 1990 there is much excess of CO2 emissions in this sector due to traffic growth, which has continued for more than 6 years. In addition, emissions for the year 1990 were not probably fully estimated (recalculation is in progress).
Measures are being taken to recalculate GHG emissions from civil aviation. For this reason we made necessary requests, which are aimed to provide with data of fuel volume, recovery flight schedule for 1990, so it will be possible to indirectly estimate the consumption of aviation fuel and GHG emissions.
	

	





Figure 3.2.8.3- Contribution of sub-categories in the GHG emissions from fossil fuel combustion in the category "Transport" in 1990 and 2012.

Distribution of the contribution of main sources to the total emission from the sub-category "Transport" for the studied years has been changed. As shown in Figure 3.2.8.2 and 3.2.8.3, road transport is the most important source of emissions in the sector "Transport", accounting for 84,9% of total emissions in this sector in 2012. The next most significant source of greenhouse gas emissions is a sub-category 3.e - "Pipeline transport", which makes 6.4% of the overall emissions from the transport sector.
The share of sub-category 3.c "Railways" in 2012 was 5.2%, the contribution of sub-category 3.a "Civil aviation" was 3.1% to the total GHG emissions from the sector. The share of sub-category 3.d “Water Transport" is extremely low and in 2012 accounted to 0.3%. In 2012 there was collected sufficient data on fuel consumption in this subcategory. However, separation of the bunker fuel failed. Expert estimates suggest that it is not less than 60% of the fuel consumed in this subcategory.
In 2012, there was a change in emissions of CO2-equivalent as compared to 1990, as follows: in the sector "Civil aviation" emissions increased by 95,5%, in the sector "Road Transport" emissions increased by 12%, in the sector "Railways" there was a reduction of CO2 emissions by 56%, in the sector "Water Transport" - a decrease of emissions by 55% and in the sector “Pipeline transport" there was an increase in emissions compared to 1990 by 85%.

Table 3.2.8.1 - Emissions from the category "Transport" on the main sub-categories and gases in 1990-2012 (mln. tons of CO2-eq)

	
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	3. Transport Total
	22,7
	19,8
	19,69
	14,15
	12,58
	10,41
	8,66
	7,34
	7,13
	6,2
	9,69
	10,7
	12,8
	14,23
	11,77
	13,51
	18,17
	20,67
	24,76
	23,87
	24,60
	22,81
	26,2

	СО2
	22,09
	19,27
	19,17
	13,77
	12,24
	10,13
	8,43
	7,14
	6,93
	6,04
	9,43
	10,4
	12,5
	13,84
	11,46
	13,15
	17,68
	20,12
	24,1
	22,9
	20,99
	22,40
	25,70

	Civil aviation
	0,04
	0,6
	1,16
	0,84
	0,51
	0,42
	0,32
	0,22
	0,34
	0,12
	0,12
	0,4
	0,47
	0,28
	0,33
	0,45
	0,45
	0,47
	0,56
	0,87
	0,87
	0,77
	0,715

	Road transport
	16,62
	13,99
	13,41
	10,16
	8,59
	7,04
	5,88
	5,23
	4,98
	5,22
	6,31
	6,97
	8,37
	8,84
	9,57
	11,71
	13,57
	15,94
	19,41
	18,15
	20,1
	20,2
	19,5

	Railways
	4,77
	3,94
	3,54
	1,58
	1,52
	1,4
	1,28
	1,14
	0,63
	0,61
	0,85
	0,89
	1,04
	1,21
	0,99
	0,66
	0,98
	1,09
	0,72
	0,62
	1,24
	1,25
	1,196

	Water transport
	0,21
	0,38
	0,56
	0,75
	0,94
	0,75
	0,59
	0,43
	0,98
	0,08
	0,06
	0,01
	0,01
	0,01
	0,01
	0,01
	0,01
	0,02
	0,01
	0,03
	0,05
	0,058
	0,080

	Other transport (Pipeline)
	0,44
	0,36
	0,5
	0,44
	0,67
	0,51
	0,36
	0,11
	0,01
	0
	2,1
	2,19
	2,63
	3,5
	0,55
	0,32
	2,67
	2,6
	3,39
	2,68
	2,8
	1,8
	1,48

	СН4
	0,13
	0,1
	0,1
	0,08
	0,07
	0,06
	0,05
	0,04
	0,04
	0,04
	0,04
	0,05
	0,06
	0,06
	0,07
	0,08
	0,09
	0,11
	0,13
	0,26
	0,12
	0,125
	0,13

	N2O
	0,03
	0,03
	0,03
	0,02
	0,02
	0,02
	0,01
	0,01
	0,01
	0,01
	0,01
	0,01
	0,01
	0,01
	0,01
	0,02
	0,02
	0,02
	0,03
	0,02
	0,02
	0,028
	0,03



[bookmark: _Toc385264167]3.3.2 Methodological approaches 
In the course of evaluation of the data on fuel combustion by road transport, all fuel sold in Kazakhstan was taken into account, regardless of the fact that part of the transport moved to neighbor countries. So called fuel "tourism" occurs. We attempted to more clearly separate the fuel consumed by off-road vehicles. The effort was successful like in the inventory of the previous year.
The amount of diesel used for heating was specified and removed from the consumption by road and off-road transport. 
Agency of Statistics of Kazakhstan was proposed to make a number of revisions and additions to achieve a more reliable fuel separation between road and off-road transport and others. There has been significant progress in obtaining the necessary information from the relevant authorities; however, such work is being done slow.
The treatment of GHG emissions from road transport in general is preserved since 1996 (IPCC Guidelines, 1996). Now, however, in "Good Practice 2000" it’s been adopted, that the fuel is oxidized completely. It's been taken in all our calculations.
To estimate GHG emissions from fuel combustion in mobile sources, we used data on the activities of the transport enterprises, provided by the Agency of Statistics and national emission factors, calculated by the largest national energy company KazNIPIEnergoprom for all types of fuel.
Since the Guidelines urge you to perform calculations as much as possible at a higher level, we used the national coefficients of carbon content in the fuel for all sub-sectors, i.e. the calculations of CO2 emissions are made at Tier 2. Estimation of CH4 and N2O emissions in Tier 2 is performed only for subcategories "Civil aviation", "Transport" and "Off-road transport", which is about 85% of all emissions. 

[bookmark: _Toc356488980][bookmark: _Toc385264168]3.3.3.2 Emission factors and other parameters
The following emission factors have been used to estimate the emissions: the specific heat of combustion and emission factors for CO2 were calculated taking into account the specifics of the fuel used in Kazakhstan (see Table 3.1.4), the coefficients of emission of other gases were taken by default from the IPCC Guidelines.
However, the sub-categories "Road transport" and "Off-road transport" were thus divided by mode of transport, which enabled to calculate CH4 and N2O in Tier 2.

[bookmark: _Toc356488981][bookmark: _Toc385264169]3.3.3.1 Input data
The main source of information for the calculation of emissions from all sub-sectors of the sector "Transport" was the following:
· Fuel and Energy Balance of the Republic of Kazakhstan, produced by the Agency of Statistics of Kazakhstan;
· The annual newsletter "Road Transport of the Republic of Kazakhstan";
· Statistical compilation "Transport of the Republic of Kazakhstan for 2012";
· «Transport of the Republic of Kazakhstan for 2008-2013";
· Official data of the Road police of the Ministry of Internal Affairs of Kazakhstan submitted to our request.
These data were synthesized on the basis of reports of enterprises of all economic sectors, representing information about the availability and operation of vehicles (own or rented). In addition, we used the data of the JSC “Scientific Research Institute of Transport and Communications” (ZAONIIT).
The level of emissions depends on the vehicle type. Vehicle types are described in the Revised IPCC Guidelines and the Good Practice Guidance.
In Kazakhstan, the experts of ZAONIIT have divided the entire fleet of vehicles into categories based on:
· Classification of vehicles adopted by the Geneva Convention (E/ECE/324 rev.2.5 October 1995);
· Classification of vehicles adopted by the Russian Federation (OH 025 270-66);
· Group of vehicles (the European Union, individual European countries, USA) on the emission factors of harmful substances;
· Group of vehicles on the factors of emission of harmful substances produced in the CIS;
· Group of vehicles adopted by the Agency of Statistics of Kazakhstan;
· Group of vehicles adopted by the Tax Committee of the Ministry of State Revenues of Kazakhstan;
·  "Methods for determination of vehicle emissions for aggregate calculations of atmospheric pollution of cities" (Russian Federation State Committee for Environmental Protection, Moscow, 1999) according to the categories in the IPCC Guidelines. 

[bookmark: _Toc356488982][bookmark: _Toc385264170]3.3.3.3 Recalculations
From Table 3.4.8.2. it can be seen that the choice of fuels for transport sub-categories in recent years has become very limited, which simplifies the analysis and evaluation of uncertainties. We have managed to clarify the fuel balance and make recalculations of GHG emissions over the last three years. Figure 3.2.8.1 shows that after the recalculations the time series of GHG emissions from road transport has become smoother.
Unfortunately, no recalculations have been done yet of the data for the years up to 2007, which cause us doubt. This is partly due to the lack of necessary data in the Agency of Statistics over the years and the lack of additional data from consumers or industry. However, such work is planned to be done in the future to improve the quality of national inventories in general and in the category "Transport" in particular. 
[bookmark: _Toc356488983][bookmark: _Toc385264171]3.3.3.4 Improvements 
During the National Inventory for 2012, the off-road transport was separated using the data of the Ministry of Agriculture on the number of special equipment (harvesters, tractors, trucks, etc., according to the Guidelines). Data on emissions of CO2-equivalent from the category “Off-road transport” is included to the category "Road transport" in Table 3.2.4.1.

[bookmark: _Toc385264172]3.3.2 Road Transport
As already mentioned, the "Road Transport" makes 84.9% of all CO2 emissions; in this case it makes sense to consider this source as a "key" in the category "Transport".
Greenhouse gas emissions from road transport in 2012 are 19.59 Gg CO2-eq. In 1990, emissions in this sector amounted to 16.624 Gg CO2-eq., so we can say that CO2 emissions in 2012 were greater than in 1990 by 2.3 Gg. In recent years, however, the growth of GHG emissions is weak due to the decrease in growth of cars from abroad. In fact, this is a reaction to the internal market measures of the Government of Kazakhstan to restrict the import of old and cheap cars.


Figure 3.2.8.5.1 - Greenhouse gas emissions from road transport for the period 1990-2012 years (Gg CO2-eq.)

[bookmark: _Toc356488985][bookmark: _Toc385264173]3.3.2.1 Methodological issues 
The raw data from various sources have been used to estimate the emissions of greenhouse gases by Tier 2 methodology. The amount of fuel consumed was obtained from data on the fuel balance and the data on fuel sales to inhabitants and companies. The reliability of data for sub-category "Road Transport" was also verified through calculations of consumed fuel through the vehicles’ mileage and the number of carried passengers. The transport was divided by type and parameters of vehicles taking into account the country of origin (CIS and non-CIS countries). 
Each car category was divided into subcategories based on fuel used and parameters of the car (engine size or gross weight) for a more accurate calculation of the amount of fuel burned. Only data on the number of technically perfect cars by category of vehicles and fuels was used for the calculations. The results of calculations of fuel consumed by each subgroup of cars with certain parameters were linked to form four main sub-categories according to the IPCC Guidelines (Cars, Trucks up to 3.5 tons and minibuses, Trucks over 3.5 tons, Buses).
Depending on emission control technologies all motor vehicles were classified into one group - "uncontrolled", for two reasons: first, the number of cars equipped with catalytic converters is negligible (less than 1%), and second, accounting of vehicles equipped with catalytic converters is not currently being provided neither by any statistical agency nor by road police.
Average fuel consumption (l/100 km) for different categories of vehicles is calculated by the mathematical model developed in the ZAONIIT. Baseline data is adjusted periodically based on a sample survey of vehicles performed by the Agency of Statistics of Kazakhstan and ZAONIIT. The input data for the model were the rates for writing-off the auto-motor fuels, approved in the Republic of Kazakhstan for the different groups of vehicles. For all the above categories of cars this model provides no more than 10% error at a confidence level of 0.9. A correction for transport work according to the rules of normalization in fuel consumption was done for trucks. That is, the additional fuel consumption is added to the fuel consumption rate when driving a car with the cargo. Allowance for transport work depends on the type of fuel used: 2.0 l/100km for gasoline, for diesel - 1.3 l/100km, for liquefied petroleum gas - 2.5 l/100km. In this regard, the average fuel consumption for trucks varies significantly over time.
However, we have not yet managed to use data on the vehicle mileage in this inventory.

[bookmark: _Toc385264174]3.3.3 Off-road Transport
This category includes vehicles used in agriculture, industry (including construction and maintenance) and residential sector, as well as ground support facilities in airports, agricultural machinery (tractors, harvesters, loaders, etc.). Off-road engines are primarily diesel and gasoline engines, two-stroke and four-stroke gasoline engines.

[bookmark: _Toc356488987][bookmark: _Toc385264175]3.3.3.1 Methods of calculation
First, in accordance with the Guidelines we have assumed that there is complete fuel combustion. The calculations were carried out first for CO2 and then for the CH4 and N2O. It is known, that the calculation of CO2 emissions is much more reliable and easier than of calculation of CH4 and N2O emissions. Data on the carbon content in the fuel is available in Kazakhstan, but there is no national data on the specific emission factors. Therefore, given the fact that there is data on the distribution of off-road equipment by branch of activity, we could perform the calculations on Tier 2.
IPCC Guidelines recommend performing even CO2 emissions at Tier 2 for off-road transport, since there are difficulties with the data on the activities of off-road transport and statistics on its work are not published regularly. Default emission factors for CO2, CH4 and N2O by source and by fuel, taken from the IPCC Guidelines, have been used for the calculations.
Sufficient data on the vehicles in the agricultural sector was obtained. There was also obtained data on the fuel used in agriculture and data on off-road machinery in construction, mining, etc., although data was not as complete as required. 
For the calculation of emissions of CH4 and N2O the data on off-road transport by branches of economic activity and default factors recommended by the Guidelines were used. This suggests that the calculation of the emissions of these gases were made on Tier 2.
A careful analysis of the specific emission factors for CH4 and N2O indicated in the IPCC table shows that the specific factor for CH4 weakly depends on the industry, which uses off-road transport, and specific factors for N2O do not depend on the industry at all.

[bookmark: _Toc385264176]3.3.4 Pipeline Transport
Calculations of CO2 emissions are made by us, as for all other sectors, on the basis of national factors and data from the Agency of Statistics on the amount of fuel burned in this subsector. For the calculation of CH4 and N2O factors we used the default factors from the Guidelines. Thus, estimates of CO2 emissions are made at Tier 2.



Figure 3.2.8.7.1 - Greenhouse gas emissions from pipeline transport for the period 1990-2012 years (Gg CO2-eq.)

As can be seen, the emission of CO2 for 2012 in the category "Pipeline Transport" varies considerably in comparison with the previous period. Recalculation of GHG emissions over the last three years have been made in this sector due to the availability of additional fuel consumption data. In comparison with 1990, emissions in general, starting from 2000, increased significantly. The average excess of emissions compared to 1990, since 2000 is equal to 350%. In particular, it is connected with the introduction of new routes, including international ones. In 2012, emissions of CO2-equivalent exceeded the emissions of 1990 by 1040.0 thousand tons.
The results of calculations of GHG emissions from pipeline transport are shown in Figure 3.2.8.7.1. Certainly some of the data in particular for 2004-2005 are questionable. Today, however, there is no reliable data for recalculating the emissions for individual years or the whole series. In the future, however, experts will have found the way to deal with this problem. 

[bookmark: _Toc385264177]3.3.5 Civil Aviation 
Greenhouse gas emissions from aviation are occurred due mainly to the burning of kerosene and jet fuel, as well as in small quantities - aviation gasoline. Emissions have specific features compared with other categories of mobile transport. Thus, aircraft engine emissions on average contain 70% of CO2, about 30% of water and 1% of other components. CH2 and N2O emissions are small or non-existent. This distinctive feature was reflected in the method of accounting. All emissions, mainly CO2, are divided into two parts: 1) emissions from cycles of takeoff and landing (T/L) and 2) emissions from cruising regime. It was shown that during take-off and landing about 10% of all emissions occur, the remaining 90% are made at high altitudes [IPCC Guide to Good Practice, 2000].
There were difficulties arising from the fact that the Guidelines have no data on the specific values of the emissions for certain aircraft types, namely, IL-76, An-24 and some others. In this case, we took specific emissions of other aircrafts of the same class.
 In addition, a number of small airlines have not submitted data on cycles (takeoff / landing). So, we had to accept that 10% of the fuel is consumed during the takeoff / landing. 
To calculate GHG emissions at Tier 2, we had to do the following types of work:
· Identify the amount of fuel consumed separately for domestic and international flights.
· Determine the number of takeoffs and landings (T/L) for each type of aircraft, both domestic and international flights.
· Evaluate the fuel consumption separately for stages T/L and cruise. In this case, to separate bunker fuel and estimate its GHG emissions separately.
· Calculate the GHG emissions at stages T/L and cruise, which are then put together.
· Separate the obtained data on GHG emissions by bunker fuel and by domestic flights.
Changes of emissions in CO2-equivalent in the sector "Civil Aviation" are shown in Figure 3.2.8.8.1. You can see that since 2001 overall emissions are steadily growing from year to year, with the exception of 2003-2004. Year 2012 was not exception, in this year, there is a slight decrease in emissions. However, the number of international flights has increased significantly and exceeds domestic flights several times.


Figure 3.2.8.8.1. - Greenhouse gas emissions from the sector "Civil aviation"
for the period 1990-2012 years (Gg of CO2-eq.)

[bookmark: _Toc385264178]3.3.6 Railways
Currently, the most common type of locomotives is diesel. However, there are also electric and steam locomotives. Emissions associated with power generation for electric locomotives should be recorded in the "Stationary sources" and not represented in this section.
No steam locomotives left on the territory of Kazakhstan. Therefore a source of greenhouse gas emissions is only diesel locomotives. Diesel locomotives are divided into three categories: shunting, tractive and trolleys. Shunting locomotives are used within the railway stations; they have nominal engine power from 200 to 2000 kW.
Trolleys are used for short distances, typically suitable for city routes; they are equipped with engines with rated power ranging from 150 to 1000 kW. In Kazakhstan, the trolleys are not used in city routes.
Tractive (linear) locomotives are used on long distances to transport goods and passengers. They are equipped with engines with rated power from 400 kW to 4000 kW.
Calculations were performed at Tier 2, since national factors on fuel efficiency and carbon content in it were used.   
GHG emission factors for CH4 and N2O (except for CO2) for the most common types of fuel used in railway transport, which we used as default.
In this sector, a significant and sustained reduction in emissions of CO2-eq. compared to 1990 is registered. This is partly due to the decrease of the railway traffic, as well as with the increase in length of electrified railway sections.

Figure 3.2.8.9.1. - Greenhouse gas emissions from the sector "Railways"
for the period 1990-2012 years (Gg CO2-eq.)

[bookmark: _Toc385264179]3.3.7 Water transport
Since Kazakhstan has no outlet to the ocean, the water transportation plays a somewhat smaller role than railways. However, this is a fast-paced form of transport, especially in the Caspian Sea.
The fuel for watercraft is divided for fuel consumed on international trips from fuel used for domestic trips, as well as information on fuel types is required. Such information for 2012 was not available to us (as in the previous period). 
Calculations of GHG emissions on international trips could not be separated from the GHG emissions on domestic trips due to the lack of separate accounting for the fuel. Due to the impossibility to separate the fuel for military activities on the water, it was also attributed to domestic consumption and thus accounted in calculations. 



Figure 3.2.4.10.1 - Greenhouse gas emissions from the sector "Water transport" for the period 1990-2012 years (Gg CO2-eq.)

There is a decrease in emissions of CO2 equivalent in the sector "Water transport" as well as in the "Railways" compared to 1990.

[bookmark: _Toc385264180]3.3.8 Uncertainties evaluation
Uncertainties in the sector "Transport" can be divided into two groups: 
a) Uncertainties caused by lack of national factors; 
b) Uncertainties due to the incompleteness of the source data.

[bookmark: _Toc385264181]3.3.9. Uncertainties due to the lack of national factors
At this time the national factors for most types of fuel are available, which allows calculation of CO2 emissions at Tier 2 for almost all sub-sectors of transport.
At the same time, national specific emission factors for CH4 and N2O are missing. This does not prevent, however, performing the calculations of GHG emissions at Tier 2 on the basis of factors, available for Europe in the subsector "Aviation", as in Kazakhstan the same types of aircraft are being operated as in Europe. However, such substitution is difficult in other sub-sectors.
Its needed beforehand to perform a comparative analysis of vehicles operated in foreign countries and in Kazakhstan. On this basis specific GHG emission factors for some subcategories of vehicles can be adapted. 

[bookmark: _Toc385264182]3.3.10 Uncertainties due to the incompleteness of the source data
Over the years, the progress in the growth of the completeness of the initial data is noticeable. Especially effective was verification of the status of inventory in August 2011. We have improved significantly and expanded the range of data received from the Agency of Statistics and other agencies. In cooperation with the Agency of Statistics the Fuel Balance for the last few years has been defined. Work is ongoing and likely to be completed with successful conversion for a number of years.
The objective reason for the incompleteness of the inventory is the differences in the structure of the data that is prepared by the Agency of Statistics for the public use and the data that we need for the GHG inventory.
For the first time we have data for 2012 on the sub-sector "Aviation" on bunker fuel, including by type of aircraft, the data on hours flown, etc. This allowed calculating almost all emissions in this subsector on the Tier 2, separating the bunker fuel.
Unfortunately, collection of similar data for “Water Transport” failed, although estimates of the fuel burned in this subsector is more justified than a few years ago.
For the first time data on the number of vehicles in the agriculture and forestry sectors of the country was obtained in subsector "Off-road transport". The problem of calculation on the Tier 2 was not solved completely, but there is a noticeable progress. 
Difficulties remain in the subsector "Transport" (road transport). In the near future we will probably have reliable data not only on the total number of cars, but including subcategories. However, there is no yet a reliable division of vehicles by age. Also, accounting of mileage records with the division on the type of coating is not conducted. We will have to decide this issue on the level of scientific analysis. The most problematic is subcategory "Pipeline transport". Large interannual variability in GHG emissions in this sector is caused by incomplete data or bias of fuel burned in the past. Work on refining these data is carried on.
There are a number of other difficulties that affect the level of uncertainty in the results.

[bookmark: _Toc385264183]3.3.11 The overall uncertainty and uncertainty into subcategories
CO2 emissions for all subsectors are estimated on Tier 2. Therefore, calculation errors are not more than 5%. Emissions of CO2 are (rounded) 24.6 million tons and emissions of CH4 and N2O – 0.14% of the total emissions. If an error in the calculation of the emissions of these gases is 100%, which is unlikely, then the total error most likely not exceeds 4.5 - 5% (half the error of 5% for CO2 plus half of the maximum error for CH4 and N2O).
It is assumed that the original statistical data on the fuel consumption, at least in the totals are correct.

[bookmark: _Toc385264184]3.3.10 Planned improvements
GHG emissions of CH4 and N2O are mostly important for road transport and pipeline transport. The establishment of specific emission factors for these gases in these sub-sectors would significantly reduce the uncertainty in general. Special attention is required for clarification of the specific factors in the pipeline transportation. Factors used by default for this industry, given that gas is burned in the main, seem excessive. This issue is supposed to deal with in the near future.
In the key source "Road transport" it is planned to move to Tier 3 in the calculation of CH4 and N2O emissions. For this purpose, one of the models recommended by the Guidelines will be used. There is no experience of using the model COPERT in Kazakhstan at the moment.
It is necessary to obtain data on the bunker fuel in the subsector "Water transport". The Institute cooperates on the matter with the relevant authorities.
There is no yet opportunity to conduct calculation of precursor emissions for most sub-sectors due to the lack of specific factors, particularly the national ones.
We are planning to further increase the reliability of data in all sub-sectors of transport.


[bookmark: _Toc330214124][bookmark: _Toc385264185]3.4 Leakage of solid fuels, oil and natural gas 
The extraction of solid fuels (Section 1.B.1) and production, refining and transportation of oil, gas condensate and natural gas (Section 1.B.2) are the major categories of sources of greenhouse gas emissions in the section "Emissions from leakage and evaporation of fuels". This category also covers emissions from the combustion of hydrocarbon plume.
In 2012, emissions in the category "Emissions associated with leaks" - totaled 33.56 million tons of CO2-eq. or about 14.04% of the total emissions in the sector "Energy" and increased by 5.4% compared to 2011. In relation to 1990 emissions in this category accounted for 50.5%, the difference remains the same because of reducing emissions from flaring, as well as the fact that the coal industry has not reached the level of 1990 in coal production.
Dynamics of GHG emissions in CO2 equivalent from coal mining and oil and gas sector in Kazakhstan is presented in Table 3.21 and Figure 3.19 below.
 In 2012, about 68.1% of the emissions in the category "Emissions associated with leaks" came from the sub-category "Solid fuel", while sub-category "Oil and Natural Gas" made up about 31.9% of emissions from this category (Table 3.21).

Table 3.21 Emissions in the category "Emissions associated with leaks", million tons of CO2-eq.
	Emission category
	1990
	2008
	2009
	2010
	2011
	2012

	1.B Emissions associated with leaks, total,
 including
	52.561
	30.54
	29.46
	32.31
	33.113
	33.56

	1.B.1 Solid Fuels
	37.600
	19.99
	19.91
	22.57
	22.916
	24.22

	1.B.2 Oil and Natural Gas
	14.961
	10.545
	9.849
	9.739
	10.196
	9.34
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Figure 3.19 Dynamics of GHG emissions from activities associated with the production and transportation of solid fuel, and oil and gas (thousand tons of CO2 eq.)
[bookmark: _Toc330214125]
[bookmark: _Toc385264186]3.4.1 Solid fuels 
Coal is one of the major energy sources in Kazakhstan. It’s being produced by opencast and underground ways of mining in the central, northern and eastern Kazakhstan. The main open-pit coal mines are located in the central, northern and eastern Kazakhstan (the largest is Ekibastuz coal basin), the bulk underground mining is carried out in Karaganda region (Central Kazakhstan). In the mines of the country the coals of middle and high quality are being extracted, some of which go for coking and also used as a raw material in the chemical industry. Data on underground and open-pit coal mining are published in the state reporting of the Agency of Statistics of RK for the 1990-2012. In addition, in recent years, coal mining enterprises of the Republic also began to provide information on their activities, which improved the quality of the original information.
  In order to increase the accuracy of the calculation of CH4 emissions, most mining companies provide reports on calorie content of coal and methane per ton of production in the exploited coal fields, the method of production and extracted coal types.
According to the IPCC methodology (IPCC, 2000; IPCC, 2006), the calculations were carried out for the extraction of coal in underground and open pit mining methods. For the underground mining the methane emissions were calculated separately with the direct extraction of coal from the subsoil and transporting it to the surface to the processing site (subsequent operations). IPCC Good Practice Guidance states that emissions from further operations with coal, extracted by open-pit mining, are estimated during mining (IPCC, 2000), so calculations for subsequent operations in open pit were not conducted.
General CH4 emissions from coal mining are shown in Table 3.22.
Total coal production in 2012 was 120.5 million tons and increased in relation to 2011 by 3.5%, and was 91.7% of the 1990 level.

Table 3.22 - Open-pit and underground mining in Kazakhstan (million tons), fugitive emissions from activities related to the extraction of coal (thousand tons)
	Emission category
	1990
	2008
	2009
	2010
	2011
	2012

	1B1A1 Underground mining, million tons
	48.745
	11.029
	11.00
	11.73
	13. 4
	10. 5

	1B1A1 Open-pit mining, million tons
	82.69
	95.64
	84.77
	99.204
	103. 1
	109. 9

	Methane emissions from coal production (thousand tons)
	1782.44
	944.1505
	941.1
	1066.46
	1082.6
	1143.7

	CO2 emissions from coal production (thousand tons)
	169.06
	168.2
	149.1
	174.5
	181.2
	193.3

	Total emissions from coal production in CO2 eq. (thousand tons)
	37600.33
	19995.35
	19911.7
	22570.09
	22916.62
	24210.6



Total emissions from the coal mining sector are increased by 6.5% compared to 2011 and amounted to 24.2 million tons of CO2 eq. or 64.3% of the 1990 level. Increase of GHG emissions is associated with increased coal production and refinement of data on the concentration of methane in open-pit and underground coal mining, provided by coal industry of Kazakhstan.
[bookmark: _Toc330214126][bookmark: _Toc356488999]
[bookmark: _Toc385264187]3.4.1.1 Methodological issues
The results of research on some coal fields were used in determining methane emissions from coal plants in the 1990-2012 years [12]. So to estimate methane emissions from underground mining we used the official report of JSC "MittalStill Temirtau" on measuring the concentrations of methane from coal mining, which is conducted by continuous instrumental method using the “Davis Derby” system. Data on methane emissions during open-pit mining was provided by the management of JSC "Eurasian Energy Corporation", JSC "Razrez Vostochny", LLP "Bogatyr Komir" and other organizations on the basis of the "Geological reports on geological prospecting, calculation of coal reserves and assessment of associated minerals ...”.
To estimate methane emissions in 1990-2012 we used data on the production of coal from Kazakhstan statistical reports and data of the enterprises, as well as the average factors of methane emissions in the 1990-2012, which are equal to:
- 20.1 - 31.05 kg/t - for coal mining. The coefficient varies from year to year due to changes in the methane content in the layers, as well as changes in the concentration of methane from mine to mine (IPCC recommended emission factors for this type of mining are from 0.9 to 4.0 m3/ton, which are below those used in Kazakhstan);
-7.16 kg/t - for open-pit mining (IPCC recommended emission factors for this type of mining are from 0.3 to 2.0 m3/ton, which are below those used in Kazakhstan). With open-pit coal mining, according to data on gas reservoir in considered basins, which, depending on the field are vary from 7 to 15 m3/t of coal produced. Based on data for Ekibastuz coal basin (LLP "Bogatyr Komir", LLP "Razrez Vostochny" (which produces 80% of all coal with open-pit mining) the average content of the gas components in coal beds (gas-bearing) is in the following proportions (%): CH4 - 70 %; CO2 - 7%; O2 – 1.4%; H2 – 0.5%; N2 - 20%; CH - 1%.
As can be seen from the provided data, from 9.4 to 10.5 m3 per ton of coal accounts for methane (70% of 15 m3) and 1.05 m3 of carbon dioxide (7% of 15 m3) - the main greenhouse gases.
Since the density of methane at standard conditions and a temperature of 20 ˚C is 0.72 kg/ m3, then the average factors of methane emissions from open-pit mining are from 6.76 to 7.56 kg/t.
- Coefficients for the processing and transportation of coal (for underground mining) were not used because of their absence;
- Coefficients for processing and transportation of coal (for open-pit mining) were not used because of their absence.
The amount of recovered methane in 1990-2012 was not calculated, but in 2011-2012 data from the companies involved in the extraction and utilization of coal mine methane was obtained. Utilization is about 3-5% of the total methane emissions from underground mining and used mainly for the production of heat. Enterprises of the coal industry are presented data on the use of coal mine methane for only 2000-2012 years. An analysis is made of the information received in this category recount and reclaimed mine methane added to the category of the production of energy and heat.
[bookmark: _Toc356489000][bookmark: _Toc330214127]
[bookmark: _Toc385264188]3.4.1.2 Coal transformation
In accordance with the Guidelines received by the results of Review 2012, were carried out research on the possible processes leading to the release of CH4 and CO2 in the transformation of coal in Kazakhstan. However, due to the limited information and data from companies that use coal for their production processes, it was found that the main methane emissions from coal transformation occur during the production of coke, and not accounted in the category "Industrial processes" subcategory 2B5.6 “Coke production”. There is no any other data or industries related to the transformation of the solid fuel in Kazakhstan, other than those listed above.
[bookmark: _Toc356489001][bookmark: _Toc385264189]3.4.1.3 Uncertainties and time-series consistency
Uncertainty of methane emissions from coal mining and handling it is estimated at 20%, based on the level of uncertainty presented by enterprises of coal mining industry, which evaluate the uncertainty of the production at the 10% level. The main uncertainty in this category is due to the uncertainty of the emission factors of methane in underground coal mining, as well as its subsequent handling and transportation. Therefore, the uncertainty of estimates of emissions was determined using the data on the sources of uncertainty in the extraction, while for transportation and handling was taken "by default" from the Good Practice Guidance for Tier 1. Uncertainty estimation of emissions from open-pit coal mining, as well as handling and transportation of coal was carried out using data on the uncertainty of methane emission factors, presented by enterprises of Kazakhstan.
[bookmark: _Toc330214128][bookmark: _Toc356489002][bookmark: _Toc385264190]3.4.1.4 QA/QC procedures
General QA/QC procedures have been applied. Methane emission factors used for GHG inventory in the coal enterprises of Kazakhstan are in line with the IPCC default factors, but tend to change during the study period, associated with the level of underground mining and characteristics of methane-bearing capacity from year to year.

[bookmark: _Toc330214129][bookmark: _Toc356489003][bookmark: _Toc385264191]3.4.1.5 Recalculations
Recalculation of GHG emissions for 2000-2012 has been produced using the revised coefficients for methane represented by the coal industry. Recalculation of the entire series with the new emission factor of methane per ton of coal was not made due to lack of data on the quantity of coal produced by the cuts for the entire period.
[bookmark: _Toc330214130][bookmark: _Toc356489004][bookmark: _Toc385264192]3.4.1.6 Improvements 
The amount of recovered methane in the Republic of Kazakhstan will be included in the sector "Energy industry" in the case of obtaining the relevant data for previous years.

[bookmark: _Toc330214131][bookmark: _Toc385264193]3.4.2 Oil and natural gas
[bookmark: _Toc330214132][bookmark: _Toc356489006][bookmark: _Toc385264194]3.4.2.1 Category description
This section presents estimates of emissions of CO2, CH4 from oil and gas production, maintenance of existing oil wells, transportation, primary processing and storage of oil and gas.
The section also includes estimates of methane emissions in the extraction of gas condensate. This report presents the main indicators of economic activities of the country's oil industry, taken from the state statistical reporting and the Ministry of Energy and Mineral Resources of the Republic of Kazakhstan.

Table 3.23 Data on the performance and GHG emissions from the oil and gas complex of Kazakhstan 
	Emission category
	1990
	2008
	2009
	2010
	2011
	2012

	1B2A2 Oil extraction (million tons)
	25.82
	70.67
	76.48
	79.68
	80.06

	
79.2


	1B2A3 Oil transportation (railways and maritime transport) (million tons)
	1.41
	14.04
	15.10
	15.963
	15.9

	
16.2


	1B2A4 Oil refining (million tons)
	17.85
	11.79
	11.69
	13.68
	13.78
	14.46

	1B2B2 Gas extraction (billion m3)
	7.11
	33.51
	35.94
	37.41
	39.53
	40.3

	1B2B3 Gas transportation (billion m3)
	90.00
	115.66
	91.09
	99.45
	102.93
	89.2

	1B2B4 Gas distribution (domestic) (billion m3)
	13.92
	8.42
	7.91
	8.49
	9.62
	10.1

	1B2C2.3 Flaring (billion m3)
	3.09
	1.82
	1.73
	1.35
	1.27
	1.2

	Total emissions from oil and gas in CO2-eq. (million tons)
	14.96
	10.55
	9.85
	9.74
	10.19
	9.34



[bookmark: _Toc385264195]3.4.2.2. Oil (category 1.B.2.a)
Oil exploration: Unfortunately, access to the information on the GHG emissions associated with the exploration work are not included in the NIR and the CRF, as Kazakhstan has about 100 different national and international companies which operate mining and hydrocarbon exploration. The issue of obtaining information on exploration in order to restore a series for 1990-2012 is still open. Only 40% of subsoil users are willing to provide such data.
Oil production: In 2012, oil production in Kazakhstan amounted to 79.2 million tons which is 0.4% higher than the production in 2011 and 310.1% higher than the level of production in 1990. Major mining companies engaged in activities on oil and gas condensate production are National Company JSC "KazMunayGas", Agip, BP, Karachaganak Petroleum, Tengizchevroil and many others.
Oil transportation: Kazakhstan has a developed system of oil transportation through pipelines, railways and sea transport. Pipelines provide oil supply to Kazakh refineries and deliver of crude oil to Russia and further to the European countries. Today, the main routes of exporting the Kazakhstani oil are Atyrau-Samara pipeline, the pipeline of Caspian Pipeline Consortium, the Atasu-Alashankou pipeline and port of Aktau.
Operation of the main oil pipelines is performed by JSC "KazTransGas", which is part of the overall system of enterprises of JSC NC "KazMunayGas".
In 2012, Kazakhstan's oil refineries processed about 14.1 million tons of oil and gas condensate, while the total amount of processed oil and gas condensate has a tendency to increase, due to the increase in demand for fuel in the transport sector of Kazakhstan.


Natural gas (category 1.B.2.b) 
Natural gas exploration: Unfortunately, access to information on the GHG emissions associated with the exploration work are not included in the NIR and the CRF, as Kazakhstan has about 100 different national and international companies which operate mining and hydrocarbon exploration. The issue of obtaining information on exploration in order to restore a series for 1990-2012 is still open. Only 40% of subsoil users are willing to provide such data.
Production of natural gas: Natural gas has been produced in Kazakhstan for a long period, especially in the western regions of the country. Southern regions are supplied by gas coming from Uzbekistan and Turkmenistan. To achieve the objectives of the independence of the southern and central regions of the country from the neighboring countries, Kazakhstan in recent years carried out a number of activities for the exploration and determination of balance reserves of natural gas across the country. The large gas pipeline systems for gas transportation to China are being constructed with the ability to supply the southern and central regions by local gas. Intensive development of the gas industry in the last decade has allowed reaching a maximum level of natural gas production in 2012, when gas production was 40.3 billion m3, which is higher than in 2011 by 5.7% and five times higher compared to 1990.
Transportation of natural gas: Gas transport system (GTS) of Kazakhstan is the largest in Central Asia. The main operator of GTS is JSC "Intergas Central Asia". JSC "Intergas Central Asia" was established in June 1997. The company operates and manages the gas transportation networks of Kazakhstan under the terms of concession and is member of a group of companies of JSC "KazTransGas" (a subsidiary of JSC NC "KazMunayGas"). The main activities of JSC "Intergas Central Asia" are operation and maintenance of the main gas pipeline system and the distribution of natural gas to domestic consumers and international transit. In fact, "Intergas Central Asia" controls all gas pipelines in the country with a total length of more than 11 thousand km. Thanks to the constant modernization of their power are increasing. The company transports gas across Kazakhstan on 10 main pipelines. Transportation of gas is implemented by 22 compressor stations, where 284 gas compressor units of various types and models were installed. The largest gas pipeline is "Central Asia-Center" with the aggregate length of 4892 km in one-line estimation. In addition, the company operates three underground gas storages (“UGS”). The biggest is Bozoi UGS located in Aktobe region. Others are Poltoratskoye UGS located in the Southern-Kazakhstan region and Akyrtobe UGS in Zhambyl region. Underground gas storage facilities are designed to provide natural gas to consumers in the winter seasons, as well as in periods of decreasing volumes of gas.
The total volume of gas transported by the pipeline system on the territory of the Republic of Kazakhstan in 2012 amounted to 89.6 billion m3, which is increased compared to 2011 by 12% and made up 104% of the 1990 level.  

Distribution of natural gas.
Domestic gas networks in Kazakhstan have been developing rapidly in last decade. Since 1990, the length of the gas distribution network increased by 20%. It should be noted that the main growth was in the length of the network of low pressure and small diameter, which supply gas to individual households. The leading organization, which coordinates activities of enterprises in gas distribution and supply, is JSC "KazTransGas" (a subsidiary of JSC NC "KazMunayGas"). Gas supply and gasification enterprises are engaged in operation of gas distribution networks and supply of natural gas directly to customers.

[bookmark: _Toc385264196]3.4.2.3 Methodological approaches 
Ratio of volatile emissions related to transportation, storage and processing of crude oil for enterprises of Kazakhstan can vary and range from 0.003 to 0.005% of the total production. The concentration of methane in fugitive emissions varies from plant to plant, ranging from 65% to 78%.
To translate volume of CH4 into tons it is used data on the density of methane at standard atmospheric conditions 200C and an atmospheric pressure of 760 mm Hg and is 0.72 kg m3. 
Emissions from the treatment of oil are determined in accordance with the recommendations of the Revised Guidelines. The following ratios of methane are adopted in accordance with [9]: 
· 4500 kg CH4/PJ - for oil production; 
· 1000 kg CH4/PJ – for oil refining; 
· 200 kg CH4/PJ – for oil storage. 
Oil is transported by pipeline and other types of transport in Kazakhstan. For this reason, the default emission factors were used for the transportation of oil by pipeline, which is indicated in the Good Practice Guidance. The following emission factors for transportation, reduced to the volume of oil transported by pipeline, are adopted: 
- 4.9*10-7 Gg/thousand m3 - for CO2; 
- 5.4*10-6 Gg/thousand m3 - for CH4. 
An average density of Russian export blend Urals - 0.865 t/m3 - was used for converting the transported oil from mass units, which are registered by the oil transportation companies, into volume units. 

Natural gas (category 1.B.2.b) 
Emissions from the production of natural gas are determined in accordance with the recommendations of the Good Practice Guidance and default factors: 
- 2.9 t/million m3 - for CH4; 
- 95 kg/million m3 - for CO2.

Transportation of natural gas. In determining methane emissions from GTS of Kazakhstan inventory authors based on the results of research, which are published in the press, as well as consultations with experts. 
However, we could not for the time being reach a common decision on the assessment of losses in gas transportation through pipelines of Kazakhstan, so data on the official gas losses during transportation, presented by the Ministry of Oil and Gas of Kazakhstan, was taken as the basis for calculations. 
  
Distribution of natural gas. It should be noted that the determination of methane emissions from gas distribution networks require prior separation of so-called commercial losses from the amount of incurred losses by the gas distribution companies. Commercial losses arise from the difference of the actual natural gas consumption and consumption. 
According to the Ministry of Oil and Gas of Kazakhstan for 2012 the total loss of natural gas in distribution networks in Kazakhstan amounted to about 820.2 million m3. 

Consumption of natural gas. Methane emissions from leaks at consumers’ side were calculated using the approach defined in the Revised Guidelines [9]. Methane emission factors were taken equal to the average values from the suggested range by default, for the countries of the former Soviet Union: 
- 280 t/PJ - leaks from industrial and power plants; 
- 140 t/PJ - leaks in the residential and commercial sectors. 
The amount of gas consumed in the appropriate category was used as the activity data, to which the emission factors were applied. 
[bookmark: _Toc330214135][bookmark: _Toc356489009][bookmark: _Toc385264197]3.4.2.4 Uncertainties and Time-Series Consistency
Uncertainty of methane emissions in this category is estimated at 50% and caused in the first place by the uncertainty of methane emission factors for gas transportation and natural gas consumption by industrial consumers. 
When estimating the uncertainty, data on uncertainty of the emission factors and data on the recommended ranges of emission factors were used.
[bookmark: _Toc330214136][bookmark: _Toc356489010][bookmark: _Toc385264198]3.4.2.5 QA/QC procedures
In determining the national emission factors, we compared data from various published sources, obtained advice from independent experts in the gas industry, as well as from experts from the leading companies, working in the oil and gas industry. The most difficult point in the calculation of CH4 and CO2 emissions from the oil and gas sector is the large number of fields with different quality of hydrocarbons and concentration of methane and CO2, as well as different loss factor and shares of CO2 and CH4 in these losses.
[bookmark: _Toc330214137][bookmark: _Toc356489011][bookmark: _Toc385264199]3.4.2.6 Recalculations
Recalculations in this category have not been conducted.
[bookmark: _Toc330214138][bookmark: _Toc356489012][bookmark: _Toc385264200]3.4.2.7 Improvements
We are planning to carry on the detailed studies of emission sources and the definition of national methane emission factors for end consumers. It is also planned to collect baseline data to estimate emissions from the exploration of oil and natural gas. Together with the Ministry of Oil and Gas, and JSC NC "KazMunayGas" we plan to improve GHG emission factors related to the transportation of gas and oil. 

[bookmark: _Toc330214139][bookmark: _Toc385264201]4 INDUSTRIAL PROCESSES

[bookmark: _Toc330214140][bookmark: _Toc385264202]4.1 Brief overview of the sector

In the category "Industrial processes" greenhouse gas emissions that are not associated with the burning of fuel in the production of industrial products and non-energy use of fuel resources (e.g. coke, coal) are estimated. Emissions of various greenhouse gases, including CO2, CH4, N2O, HFCs, PFCs and SF6 take place in industry during the chemical and physical transformation of materials.  
In Kazakhstan inventory this module is divided into three main sub-categories of GHG sources: 
1. Production and consumption of mineral products; 
2. Production of chemical products; 
3. Production of metals; 
4. Usage of PFCs, HFCs and SF6. 
The section covers all the industrial sources of GHG emissions (CO2 and CH4) available in Kazakhstan, which calculation was performed using the international IPCC methodology. At the same time, the country lacks some production processes that are significant sources of emissions, according to the method, for example, the production of adipinic acid and nitric acid. Key sources of emissions in the category are ferrous metallurgy and cement production. 
In addition, the section includes an assessment of emissions of PFCs, HFCs and SF6 from the use of these substances in refrigerators, air conditioners, manufacture of foam materials, etc., which was done for the first time. There is no production of HFCs, PFCs and SF6 in Kazakhstan; these substances are imported in the Republic territory.

[bookmark: _Toc330214141][bookmark: _Toc385264203]4.1.1 Trends in GHG emissions from the category "Industrial processes"
Total greenhouse gas emissions by sector in 2012 amounted to 15.7 thousand tons of CO2 eq., which is 3.7% more than in 1990. The increase was due to increased production of metals and additional 3 cement plants has been built and put into operation.
From 1990 to 1999 there has been a steady reduction in greenhouse gas emissions from "Industrial processes" associated with an overall decline in industrial production in Kazakhstan, as well as the closure of many companies related to the planned production. Since 2000, there has been a tendency to increase the production of the main kinds of products related to the total yield of the country's economy out of the economic crisis and the growth of industrial production. Since 2000 emissions in the industry gradually increased until 2006-2007, when were the highest emissions of CO2-eq registered. In 2009, there was noticed a decline in production, mainly in the steel industry, due to the global crisis and the decline in demand and prices for the products. In subsequent years, there was noticed the annual growth of GHG emissions in this category. In 2011, the total emissions from industrial processes accounted for 94.9% of the 1990 level. 
In Kazakhstan, the industrial processes are the sources of emissions of CO2, CH4 and the only source of emissions of PFCs, HFCs and SF6. Methane emissions are associated only with the production of coke and are less than 0.5% of total GHG emissions in the industrial processes. Emissions of PFC, HFC and SF6 occur when they are used as refrigerants and in aluminum production (CF4 and C2F6). The emissions of these gases are calculated from 1995 and account for less than 1% of the total emissions in this category.




Figure 4.1 Dynamics of emissions of the main GHG gases 
from the category "Industrial Processes"

Metallurgy is the largest source of emissions in the industrial sector. Its contribution to the total emission of greenhouse gases from the category "Industrial processes" in 2012 was 36%, and 15% of non-ferrous metals. The next most important source is the production of goods from minerals, which make up 31.5%. Emissions of chemical industry are about 1.7%. The share of contribution of the main activities to the total emissions from the sector “Industrial processes” is shown in Figure 4.2. 
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Figure 4.2 Dynamics of CO2 emissions from the major subcategories of category "Industrial Processes»










[bookmark: _Toc330214142]

Table 4.1: Trends in GHG emissions from the sector "Industrial Processes" by category (tonnes of CO2 equivalent)

	 
	1990
	1992
	1996
	1999
	2000
	2003
	2004
	2005
	2008
	2009
	2010
	2011
	2012

	Production of cement
	598,9
	598,9
	598,9
	598,9
	598,9
	990,7
	1163,9
	1196,0
	1790,4
	1546,3
	1795,5
	2492,9
	2744,8

	Production of lime
	1401,1
	1178,7
	403,2
	463,5
	508,5
	644,9
	704,6
	690,7
	673,6
	593,5
	659,2
	713,6
	689,0

	Production of limestone and dolomite 
	1185,8
	827,9
	820,2
	575,1
	833,6
	1550,0
	1650,2
	1836,4
	1975,0
	1617,2
	1725,1
	1997,2
	1913,0

	Soda
	45,6
	45,7
	46,8
	47,3
	57,1
	65,0
	63,8
	61,8
	69,0
	73,8
	115,1
	156,5
	174,3

	Production of ammonia
	683,9
	423,2
	136,5
	0,0
	0,0
	48,0
	55,2
	7,6
	191,7
	151,8
	137,8
	192,2
	152,3

	Production calcium carbide
	904,8
	689,7
	198,5
	48,0
	31,3
	116,3
	157,3
	144,8
	93,8
	100,9
	105,3
	81,3
	77,0

	Production of coke
	47,4
	37,8
	18,8
	26,2
	28,3
	29,8
	30,4
	28,7
	30,9
	26,8
	26,5
	28,0
	20,2

	Stell production
	883,6
	786,2
	423,6
	573,0
	668,0
	692,6
	718,6
	638,9
	521,5
	473,2
	464,9
	588,9
	360,7

	Production of iron
	7745,3
	6593,7
	3704,3
	5389,2
	5782,4
	6060,6
	6262,2
	6155,8
	5673,0
	5566,9
	4943,0
	5960,9
	5488,6

	Production of non-ferrrous metals
	1696,1
	1403,9
	852,4
	1334,8
	1538,8
	1953,7
	2152,4
	2238,9
	2197,1
	2032,1
	2352,7
	2306,9
	2343,2

	Production of aluminum
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	773,5
	925,6
	1650,4
	1797,7
	1799,7

	Total of production 
	15192,5
	12585,7
	7203,2
	9056
	10046,9
	12151,6
	12958,6
	12999,6
	13989,5
	13108,1
	13975,5
	16316,1
	15762,8




[bookmark: _Toc385264204]4.1.2 Source categories 
The IPCC methodology for each type of industrial processes has its own, specific methods. Good Practice Guidance suggests using the most detailed data and national factors, in the first place for key sources of emissions, for assessment of GHG emissions. For the sources of emissions in the manufacture of cement, lime, iron and steel, ferroalloys, aluminum, limestone and dolomite use calculations were based on the recommendations of the Good Practice Guidance of emissions estimates using data from enterprises. For other industrial processes, which contribution does not exceed 1% of total GHG emissions in the country, the calculations were made on a Tier 1, according to the formula:
	[image: ]
	(4.1)


Where: E - emissions from the source, kt 
A - the amount of output per year, kt
EF - emission factor of GHG 
Data for the calculation of emissions was collected on submission requests for the metallurgical industry (Steel plant JSC "Arcelor Mittal", Aktobe and Aksu Ferroalloy Plants of JSC "Kazchrome", Kazakhstan Electrolysis Plant, JSC "Kazakhstan Aluminum"), cement industry (JSC "Central Asia Cement", JSC "Shymkentcement", JSC "Semeytsement", JSC "Bukhtarma Cement Company" and Sas-Tyube cement factory), as well as the data of the Agency of Statistics of Kazakhstan. 
Emission factors to calculate emissions from key categories were determined based on information provided by manufacturing plants, for other sources the default factors from the IPCC Guidelines were adopted. 
The input data for the calculation of emissions from the consumption of fluorocarbons and SF6 was data on actual and estimated leakage of these substances based on the data of KEGOC, Road Police and the Agency of Statistics of Kazakhstan.
[bookmark: _Toc330214143]

[bookmark: _Toc385264205]4.2 Production of mineral products
[bookmark: _Toc330214144][bookmark: _Toc385264206]4.2.1 Cement production 
[bookmark: _Toc330214145][bookmark: _Toc356489019][bookmark: _Toc385264207]4.2.1.1 Category description

The methods are considered for estimating emissions of carbon dioxide (CO2) from the use of carbonate raw material in the production and the use of different mineral materials. 
Calculation of CO2 emissions from fuel consumed in the production of cement should be considered as the combustion of fossil fuels, which should be attributed to the energy emissions, but not to the emissions associated with the processes of calcination. 
Despite the fact that methane (CH4) and nitrous oxide (N2O) may be released from the same categories of mineral materials production, these emissions, according to the present state of knowledge, considered to be very small and therefore in this report are not considered. 
Calculations of CO2 emissions are based on an assessment of consumption of raw materials or manufactured product, as well as emission factors, which show the amount of CO2 evolved per unit mass. 
GHG emissions from the production of clinker in Kazakhstan are presented in Table 4.2. 

Table 4.2 - GHG emissions from the production of clinker and cement
	Activity
	Year

	
	1990
	2008
	2009
	2010
	2011
	2012

	2.A.2 Clinker production, thousand tons
	6161.9
	3308.5
	2839.4
	3298.2
	4214.8
	4594.8

	CO2 emissions from the production of clinker, thousand tons
	3271.02
	1790.42
	1546.27
	1795.47
	2492.12
	2744.79



Due to the fact that additional 3 cement plants has been built and put into operation in 2010-2012 in the Republic, GHG emissions from this sub-category grew by 50% compared to 2010 and amounted to 83.9% of 1990 level. 

[bookmark: _Toc330214146][bookmark: _Toc356489020][bookmark: _Toc385264208]4.2.1.2 Methodological approaches 

CO2 emissions occur during the production of clinker, which is an intermediate component in the manufacture of cement. In the production of clinker, the limestone, which is composed mainly of calcium carbonate (CaCO3), is heated (calcined) to form lime (CaO) and CO2 as a by-product. CaO then reacts with silicon, aluminum and iron oxides, contained in the raw materials to form essential minerals of clinker, but these reactions do not emit additional CO2. 
The most detailed estimation method is to use data on total clinker production and data on the CaO content of the clinker, according to the equation below: 


					(2)

where:  – the annual CO2 emissions from clinker production (tons);  

 - the volume of production (mass) of clinker per year, tons; 
kСаО – CaO content of the clinker (mass fraction)
kCKD – correction factor for Cement Kiln Dust
Coefficient (0.785) is the ratio of molecular weights of CO2 and CaO in the raw mineral calcite (CaCO3), which accounts for much of the content of CaO in the clinker. 
Data on clinker production and the main parameters affecting GHG emissions for 2000-2012 years were presented by 8 cement companies operating on the territory of Kazakhstan. Data for 2012 are presented in Table 4.3. 

Table 4.3 - Key performance indicators for the cement companies of Kazakhstan in 2012
	Company name
	Production of clinker per year (tons) for 2011
	CaO content of the clinker (mass fraction)
	Correction factor for the Cement Kiln Dust

	JSC "Shymkentcement"
	489949
	67.72
	1.2

	Bukhtarma Cement Company
	1115158
	66.04
	1.02

	LLP "Kazakh Cement" was introduced in December 2012
	29999
	                66
	            1.02

	LLP "Sas-Tobe Technologies”
	229130
	66.4
	1.02

	LLP "Cement Plant Semey"
	938502
	67.2
	1.02

	Central ASIA Cement
	486300
	66.24
	1.02

	LLP "Standard Cement" (works from 2011)
	442720
	63
	2

	LLP "Zhambyl Cement Company" (works from 2011)
	1000000
	66.32
	1.02



The calculations presented are made separately for each company and the total emissions are presented in corresponding CRF tables. 
Cement dust can be partially or fully refunded in the oven. Any CKD that is not returned to the circulation can be considered lost to the system in terms of CO2 emissions. The amount of lost CO2 emissions will generally be in the range from 1.5% (for the modern enterprise) to about 8%. Correction factors for CKD, as well as data on the content of CaO in the clinker are presented by enterprises of Kazakhstan producing cement. The coefficients vary from year to year due to the share of a company in the total production. The average coefficient of IEF varies depending on the ratio of a company in the total production.
[bookmark: _Toc330214147][bookmark: _Toc356489021]
[bookmark: _Toc385264209]4.2.1.3 Uncertainties and Time-Series Consistency

The main factors that determine the uncertainty in cement production are: 
• Accuracy of the chemical analysis of clinker, which affects the uncertainty of the emission factor; 
• Accuracy of determining the volume of clinker production; 
• Spread of the results of chemical analysis of clinker content within the year (CaO and MgO in clinker). 
[bookmark: _Toc330214148]Each of the first two factors, according to the Good Practice Guidance, introduces uncertainty at the level ±1…2%. The results of research by 8 Kazakhstani cement enterprises have shown that variations in the chemical analysis of CaO and MgO in the clinker is insignificant and the overall uncertainty of the CO2 emissions factor for clinker production is about 1-2%. Uncertainty of CKD correction factor can be neglected (as it differs from one by a small variable amount). Taking the uncertainty of the data on the volume of clinker production in accordance with the recommendations of the Good Practice Guidance at 2%, the overall uncertainty of the estimate of CO2 emissions from cement production in Kazakhstan can be estimated at 2.2%.  

[bookmark: _Toc356489022][bookmark: _Toc385264210]4.2.1.4 QA/QC procedures
The quality control procedures at Tier 1 were used for the category 2.A “Mineral Industry”: 
- Information on the selection of activity data and emission factors are documented; 
- The correctness of use of formulas and units for the entire time series was verified for sub-category 2.A.1 “Cement production”; 
- The uniformity of entered data and methods used for the entire time series was verified.

[bookmark: _Toc330214149][bookmark: _Toc356489023][bookmark: _Toc385264211]4.2.1.5 Recalculations
Recalculations were not performed in this category. 

[bookmark: _Toc330214150][bookmark: _Toc356489024][bookmark: _Toc385264212]4.2.1.6 Improvements 
In this category were added to the data of the new enterprise, which began to operate on cement production in December 2012 and provided information on the content of CaO in clinker and correction factor Cement dust (CD), which correspond to the parameters provided in the guidance on good practice.

[bookmark: _Toc330214151][bookmark: _Toc385264213]4.2.2 Lime production
[bookmark: _Toc330214152][bookmark: _Toc356489026][bookmark: _Toc385264214]4.2.2.1 Category description

CO2 emissions from lime production are the result of calcination of calcium and magnesium at high temperatures. The activity data were provided by the Agency of Statistics of Kazakhstan. The emission factors from the Revised 1996 IPCC Guidelines for the entire time series were used. 
Emissions from the category “Lime production” in 2012 amounted to 689.01 Gg CO2, which increased by 3.4% compared to 2011, and made up to the 47.4% of 1990 level. Table 4.4 presents data on lime production and related CO2 emissions. 

Table 4.4 - GHG emissions from lime production (thousand tons)
	Activity
	Year

	
	1990
	2008
	2009
	2010
	2011
	2012

	2.A.2 Lime production, thousand tons
	1884.419
	878.7395
	798.18
	887.0
	959.8
	926.7

	CO2 emissions from lime production, thousand tons
	1453.337
	673.5538
	608.3209
	677.95
	713.6
	689.01



[bookmark: _Toc330214153][bookmark: _Toc356489027][bookmark: _Toc385264215]4.2.2.2 Methodological approaches 

The data of the Agency of Statistics of Kazakhstan was used as the input data on lime production in Kazakhstan. However, the data in statistical compilations represent total value on the production of quicklime, slaked lime and hydraulic lime in thousand tons. In a tie with the fact that the data are aggregated, the GHG emissions from lime production are calculated according to the IPCC methodology: the total amount of production is divided into fat and dolomitic lime (85/15), and for each of these types correction to the share of slaked lime (97%) is calculated. Calculation of emissions is made using factors from the IPCC Guidelines - 0.75 for a fat lime and 0.86 for dolomitic lime.

[bookmark: _Toc330214154][bookmark: _Toc356489028][bookmark: _Toc385264216]4.2.2.3 Uncertainties and Time-Series Consistency
Since the activity data is provided by the Agency of Statistics, they can be regarded as sufficiently reliable. Analysis of all available information, given that this is a statistical statement, lets us to evaluate the uncertainty in the range of 5-10%.
[bookmark: _Toc330214155]
[bookmark: _Toc356489029][bookmark: _Toc385264217]4.2.2.4 QA/QC procedures
The quality control procedures at Tier 1 were used for the category 2.A “Mineral Industry”: 
- Information on the selection of activity data and emission factors are documented; 
- The correctness of use of formulas and units for the entire time series was verified for sub-category “Lime production”; 
- The uniformity of entered data and methods used for the entire time series was verified.
[bookmark: _Toc330214156]
[bookmark: _Toc356489030][bookmark: _Toc385264218]4.2.2.5 Recalculations
Recalculations have not been performed for this category.
[bookmark: _Toc330214157]
[bookmark: _Toc356489031][bookmark: _Toc385264219]4.2.2.6 Improvements 
It is currently expected to perform improvements on the calculation and improve data quality due to information received from companies. 

[bookmark: _Toc330214158][bookmark: _Toc385264220]4.2.3 Limestone and Dolomite Use (category 2.A.3 CRF) 
[bookmark: _Toc330214159][bookmark: _Toc356489033][bookmark: _Toc385264221]4.2.3.1 Category description
Limestone (CaCO3) and dolomite (CaCO3*MgCO3) are widely used in various industries - in the metallurgy (as a flux), for the production of cement, lime, calcium carbide, soda ash, glass and in agriculture. This category accounted for emissions of carbon dioxide by using limestone as a flux in the steel industry and in the glass production. The latter should be considered in this category, since data on the glass production in Kazakhstan are confidential, statistics provide information only on the volume of production (container units). There are 3 companies in Kazakhstan, which produce glass, but access to information is limited. 
Emissions from the limestone use for production of cement, lime, calcium carbide and in agriculture are accounted for in other categories. Dolomite is used mainly in the metallurgy (as a flux) and in the manufacture of glass. 
GHG emissions from the use of dolomite are presented in Table 4.5. 

Table 4.5 GHG emissions from the use of dolomite
	Activity
	Year

	
	1990
	2008
	2009
	2010
	2011
	2012

	Use of dolomite, thousand tons
	2682.07
	4426.87
	3624.83
	3866.61
	4476.52
	4287.8

	CO2 emissions from the use of dolomite (thousand tons)
	1185.84
	1975.04
	1619.07
	1726.07
	1997.2
	1913


[bookmark: _Toc330214160]

[bookmark: _Toc356489034][bookmark: _Toc385264222]4.2.3.2 Methodological issues
Data on the use of dolomite were determined on the basis of data provided by the Agency of Statistics of Kazakhstan. Unfortunately, the amount of limestone use as a flux in ferrous and non-ferrous metallurgy, as well as raw materials in the manufacture of glass, are not fixed in government statistics and could be assessed only indirectly, provided access to this information. In addition, a correction factor should be used for the calculation of CO2 emissions, which takes into account the presence of non-carbonate impurities in the limestone and dolomite that are used in various industries. The use of this correction factor is not possible at the moment. RSE "KazNIIEK" supported by the Ministry of Environment Protection has sent requests to relevant enterprises of the republic for the data on the use of limestone and dolomite in the steel and glass industries. To date, only partial information was obtained from enterprises producing cast iron and steel on the use of limestone in the last 5 years. We still cannot obtain data on the use of limestone and dolomite in the color and the glass industry due to privacy that does not allow a recount of all the series in accordance with the principles of transparency and consistency.
Thus, the CO2 emissions from the use of limestone and dolomite were estimated by IPCC methodology given in (IPCC, 2000). The default emission factors were used in assessing the CO2 emissions in this category: 440 kg CO2/t - for the use of limestone and 477 kg CO2/t – for the use of dolomite (IPCC, 1996). 
CRF tables provide information only on the amount of use of limestone and dolomite.

[bookmark: _Toc330214161][bookmark: _Toc356489035]
[bookmark: _Toc385264223]4.2.3.3 Uncertainties and Time-Series Consistency
The main factors affecting the uncertainty in the calculation of CO2 emissions from the use of limestone and dolomite are: 
- The accuracy of estimates of production and the use of limestone and dolomite; 
- Lack of studies to determine the purity of the fraction of limestone in CaCO3 per ton of total amount of raw materials and purity of dolomite fraction in CaCO3*MgCO3 per ton of total raw material. 
Uncertainty of activity data for limestone and dolomite use is accepted on the level of 10% according to data provided by the metallurgical complex, and the uncertainty of CO2 emissions factor - at the level of 5%. The uncertainty of CO2 emissions from limestone and dolomite is 12.1%.
[bookmark: _Toc330214162][bookmark: _Toc356489036]
[bookmark: _Toc385264224]4.2.3.4 QA/QC procedures 
The general and detailed QA/QC procedures were applied to the calculations of GHG emissions from limestone and dolomite. Among the detailed quality control procedures were performed: 
- Analysis of time series of activity data (production and use of limestone and dolomite) and CO2 emissions (estimation of annual changes and determining the causes of these changes); 
- Assessment of the applicability of the IPCC default factors for the national context; 
- Comparison of data on production and use of dolomite and limestone, obtained from Agency of Statistics and the metallurgy industry of the Kazakhstan.

[bookmark: _Toc330214163][bookmark: _Toc356489037][bookmark: _Toc385264225]4.2.3.5 Recalculations
For this category, recalculations have not been performed.

[bookmark: _Toc330214164][bookmark: _Toc356489038][bookmark: _Toc385264226]4.2.3.6 Planned improvements
This category of GHG emissions is one of the key categories. Therefore, we plan to conduct research of national CO2 emission factors and clarify the activity data on the use of limestone and dolomite in the future.



[bookmark: _Toc330214165][bookmark: _Toc385264227]4.2.4 Production and use of soda (category 2.A.4 CRF)
[bookmark: _Toc330214166][bookmark: _Toc356489040][bookmark: _Toc385264228]4.2.4.1 Category description
Soda ash (sodium carbonate Na2CO3) is widely used as a raw material in many industries in the production of glass, chemicals, detergent, pulp and paper manufacturing, refining of metals and oil and other. Raw materials for soda ash are carbonate reservoirs of salt deposits and throne. 
Carbon dioxide (CO2) is released during the use of soda ash, and these emissions are accounted for as a source in the industry, where it is used. CO2 is also emitted during the production of soda ash; the amount of CO2 depends on the type of industrial process. CO2 emissions from the production of soda ash vary considerably, depending on the production process. Kazakhstan does not have its own production of soda, so the inventory counts only CO2 emissions from the use of soda. Change in GHG emissions from the use of soda ash is presented in Table 4.6. 

Table 4.6 GHG emissions from the use of soda
	Activity
	Year
	Change compared to 1990 year

	
	1990
	2008
	2009
	2010
	2011
	2012
	

	2.A.4 Use of soda, thousand tons
	109.91
	166.22
	177.85
	183.66
	377
	420
	+243%

	CO2 emissions from the use of soda ash, thousand tons
	45.61
	68.98
	73.81
	76.22
	156.46
	174.3
	+243%



GHG emissions from the use of soda ash are increased in comparison with 1990 by 382% reaching 174.3 thousand tons of CO2.

[bookmark: _Toc330214167][bookmark: _Toc356489041][bookmark: _Toc385264229]4.2.4.2 Methodological issues
In Kazakhstan, there is no domestic production of soda; all of soda used in the Republic comes from outside the country. Therefore, calculations were performed only for GHG emissions from the use of soda for Tier 1, excluding technologies and industrial processes using soda. 
Estimation of CO2 emissions from the use of soda was conducted in accordance with the recommendations of the Revised Guidelines (Tier 1 method) with the use of default CO2 emission factors. Data on the use of soda were presented by the Agency of Statistics of the Republic of Kazakhstan (for 1990-2010) and the Ministry of Industry and Trade for 2011. Data for 2012 are presented on the basis of internet research and have a great deal of uncertainty, as official data on soda consumption for 2012 in Kazakhstan statistical reports were submitted.

[bookmark: _Toc330214168][bookmark: _Toc356489042][bookmark: _Toc385264230]4.2.4.3 Uncertainties and Time-Series Consistency
The uncertainty of data on soda consumption, received from the ministries and departments of the Republic of Kazakhstan is estimated at 5%, uncertainty in 2012 is estimated at 10-20%. The uncertainty of the default CO2 emission factor is estimated at 5%.
[bookmark: _Toc330214169]
[bookmark: _Toc356489043][bookmark: _Toc385264231]4.2.4.4 QA/QC procedures
The general QA/QC procedures, including a comparison of data from the JSC "Kazakhstan Aluminum" and the Agency of Statistics of Kazakhstan, were applied for the calculation of GHG emissions from the soda consumption.

[bookmark: _Toc330214170][bookmark: _Toc356489044][bookmark: _Toc385264232]4.2.4.5 Recalculations
Recalculations were not performed in this category.
[bookmark: _Toc330214171][bookmark: _Toc356489045][bookmark: _Toc385264233]4.2.4.6 Planned improvements
It is expected to improve the calculation of CO2 emissions in this category, based on imports of soda in Kazakhstan and on the data of enterprises on the use of soda ash enterprises of Kazakhstan, which will reduce the uncertainty to 5%
[bookmark: _Toc330214172]
[bookmark: _Toc385264234][bookmark: _Toc330214173]4.3 Chemical industry
[bookmark: _Toc385264235]4.3.1 Ammonia Production

Emissions from category 2.B.1 “Ammonia production” in 2012 amounted to 142.2 Gg of CO2 or about 0.5% of national emissions. 
Data on activity are provided by the Agency of Statistics of Kazakhstan and Chemical plant of LLP "KazAzot", which is the sole producer of ammonia and ammonium nitrate in the Republic of Kazakhstan. The company was established on November 16, 2005 on the basis of the chemical complex Pri-Caspian Mining and Metallurgical Complex (PMMK) of the former Soviet Ministry of Middle Engineering. 
The main raw material for the production of ammonia is natural gas, which is supplied to LLP "KazAzot" from the Kazakh gas processing plant. 
The main activity of LLP "KazAzot" is related to the following productions: 
- Production of ammonia 
- Production of weak 46% nitric acid 
- Production of ammonium nitrate 

Table 4.7. GHG emissions from the production of ammonia (thousand tons)
	Activity
	Year
	Change compared to 1990

	
	1990
	2008
	2009
	2010
	2011
	2012
	

	2.B.1. Ammonia Production
	455.9
	127.772
	101.197
	91.89
	128.1
	94.8
	Reduction of more than 4 times

	CO2 emissions from the production of ammonia (thousand tons)
	683.85
	191.658
	151.7955
	137.89
	192.2
	142.4
	Reduction of more than 4 times



As seen in Table 4.7, GHG emissions from ammonia production decreased compared to 1990 nearly 4 times due to the general decline in the production of these products.
[bookmark: _Toc330214174][bookmark: _Toc356489048][bookmark: _Toc385264236]4.3.1.1 Methodological approaches
Methodology
Emission calculation is performed using a Tier 1 method with the use of the default factors, presented in the IPCC.

[bookmark: _Toc330214175][bookmark: _Toc356489049][bookmark: _Toc385264237]4.3.1.2 Uncertainties and Time-Series Consistency
Since the activity data are provided by the Agency of Statistics, as well as directly by the enterprise LLP "KazAzot", they can be regarded as sufficiently reliable. Analysis of all available information, given that this is a statistical reporting, allows estimating the uncertainty in the range of ±5%.
[bookmark: _Toc330214176]
[bookmark: _Toc356489050][bookmark: _Toc385264238]4.3.1.3 QA/QC procedures
The next procedures of the quality control at Tier 1 were used for category 2.B “Chemical Industry”: 
- Information on the selection of activity data and emission factors are documented; 
- Correctness of the used formulas and units for the entire time series was verified; 
- Uniformity of entered data and methods used for the entire time series was verified.
[bookmark: _Toc330214177][bookmark: _Toc356489051][bookmark: _Toc385264239]4.3.1.4 Recalculations
In this category were performed recalculations based on revised data on ammonia production for the period 2006-2012, submitted directly by KazAzot.
[bookmark: _Toc330214178][bookmark: _Toc356489052]
[bookmark: _Toc385264240]4.3.1.5 Improvements 
In response to the request of RSE "KazNIIEK" for data on the gas consumption in ammonia production the enterprise did provide data for the period between 2006  -2012.
As additional information comes from the Company LLP "KazAzot", it is planned to improve estimates of GHG emissions using calculations based on the consumption of natural gas as a raw material in order to then calculate the output of carbon and its oxidation to CO2 using the following formula: 



Where  = CO2 emissions, kg 

 = ammonia production, tons

 = the need for fuel (thermal energy) per unit of output, GJ / ton of ammonia

 = ratio of carbon content in fuel, kg C / GJ

 = rate of oxidation of carbon in fuel, the fraction (expressed as a decimal)

 = mass of CO2, extracted for further use (production of urea), kg.

[bookmark: _Toc385264241]4.3.2 Carbide Production (category 2.B.4 CRF)
[bookmark: _Toc330214180][bookmark: _Toc356489054][bookmark: _Toc385264242]4.3.2.1 Category description 
Calcium carbide CaC2 is produced by calcining a mixture of limestone and coal dust in electric furnaces and the subsequent restoration of lime. In the production of CaC2, emissions of CO2 occur from limestone, in the lime recovery process and the use of carbide lime. Silicon carbide SiC is made from silica sand or quartz and coke. Emissions of CO2 and methane take place in the production of SiC. 
Data on the production of silicon carbide in Kazakhstan were provided by the Agency of Statistics of Kazakhstan. The production is carried out at JSC “Temirtau electrometallurgical complex”. The company provided information on coke consumption in the production of silicon carbide, the proportion of carbon in the coke, the amount of lime used and the carbon content of lime. Despite the fact that the additional information on the main parameters affecting GHG emissions and the use of Tier 2 in the calculations was received, recalculations on Tier 2 were not performed due to the limited period. The company has provided data only for the last 3 years, so no recalculation can be made for the whole time series. 
Data on the production of calcium carbide for 1990-2012 years, its export and import was provided by the Agency of Statistics of the Republic of Kazakhstan. In recent years, data on the calcium carbide production began to come from producing enterprises in a very truncated form. The default values of specific consumption of limestone to produce 1 ton of calcium carbide, CO2 emission factors for consumption of limestone and reducing agent to produce calcium carbide, as well as the use of calcium carbide were used (Table 2.8 of Volume 2 of the Revised Guidelines). 
Total change of calcium carbide production and emissions from it are presented in Table 4.8. 


Table 4.8 GHG emissions from the production of calcium carbide (thousand tons)
	Activity 
	Year
	Change compared to 1990

	
	1990
	2008
	2009
	2010
	2011
	2012
	

	2.B.4. Production of calcium carbide
	306.72
	31.787
	34.196
	35.69
	27.57
	26.1
	Reduction of more than 12 times

	CO2 emissions from the production of calcium carbide
	904.81
	93.77165
	100.8782
	105.27
	81.33
	77.1
	Reduction of more than 12 times


[bookmark: _Toc330214181]
The table shows that total GHG emissions from the production of calcium carbide decreased compared to 1990 by more than 12 times.
[bookmark: _Toc356489055]
[bookmark: _Toc385264243]4.3.2.2 Uncertainties and Time-Series Consistency
Uncertainty of statistics on use of limestone and coke in the production of carbide and carbide production is taken at the level of 5%.
Uncertainty of CO2 emission factors by default is accepted at 10%. The uncertainty of CO2 emissions from the production and use of carbide is 9.1%.
[bookmark: _Toc330214182][bookmark: _Toc356489056][bookmark: _Toc385264244]4.3.2.3 QA/QC procedures
The general quality control procedures were applied for the calculation of GHG emissions from the production and use of calcium carbide, as well as comments made ​​during the examination of the National Report by international experts were taken into account.
[bookmark: _Toc330214183][bookmark: _Toc356489057][bookmark: _Toc385264245]4.3.2.4 Recalculations
In this category the recalculation was not conducted.
[bookmark: _Toc330214184][bookmark: _Toc356489058][bookmark: _Toc385264246]4.3.2.5 Planned improvements
Based on the recommendations made during the Review of Kazakhstan in 2012-2013 and presented in the “Report of the individual review of the inventory submission of Kazakhstan”, the requests have been prepared to JSC "Temirtau electrometallurgical complex" in order to get data on the coke consumption in the production of silicon carbide, the fraction of carbon in the coke, the amount of limestone used and the carbon content of the lime over the entire time period of 1990-2012 years. 
If the relevant information is received, we plan to recalculate GHG emissions from this sector for the entire period, taking into account national factors.
Data on exports only presented for the period, 2005-2012. However, the Kazakh Statistics missing information on importing carbide in Kazakhstan that allows to make calculations of GHG emissions at different stages of the production process but complicates the calculation of emissions from the consumption of carbide. Upon receipt of the relevant information is assumed recalculation of GHG emissions from this sector for the entire period, including export-import and use of national factors.
[bookmark: _Toc330214185]
[bookmark: _Toc385264247]4.4 Iron and steel production (Category 2.C.1 CRF)
[bookmark: _Toc330214186][bookmark: _Toc385264248]4.4.1 Sector overview
Estimation of CO2 emissions from iron and steel production was carried out in accordance with the procedure described in the "Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories". The method on Tier 2 approach was used for the calculation, which is based on data from enterprises producing iron and steel and the amount of reducing agent used in the production of a particular metal, as well as the carbon content in the iron and steel. In the preparation of the inventory of greenhouse gas emissions in 2012, data on the production of electric steel and direct reduced iron (metallized pellets) from the metallurgical enterprises of Kazakhstan - namely steel plant JSC "Arcelor Mittal Steel" – was used. This allowed estimating CO2 emissions from iron and steel production.
Methane emission factor for iron production is assumed to be 0.5 kg per ton of pig iron (according to Table 2.10 of Revised Guidelines, v.3). Other GHG emission factors for iron production are taken as default in accordance with Section 2.13.2.2 of the Revised Guidelines.
The total production of cast iron and steel and GHG emissions are presented in Table 4.9.

Table 4.9 - Production and GHG emissions from the production of iron and steel
	Activity
	Year
	Change compared to 1990

	
	1990
	2008
	2009
	2010
	2011
	2012
	

	2.C1.1. Steel production, thousand tons
	6751.9
	4217.535
	4217.17
	3300.32
	3690.71
	2984.4
	-55,8%

	CO2 emissions from steel production, thousand tons
	883.56
	521.55
	473.16
	464.85
	588.94
	360.7
	

	2.C1.2. Cast iron production, thousand tons
	5226.4
	3105.547
	2995.95
	2893.88
	3141.17
	2707.1
	-51,8%

	CO2 emissions from cast iron production, thousand tons
	7745.29
	5672.99
	5566.94
	5412.60
	5960.89
	5488.6
	

	CO2 emissions from iron and steel production, thousand tons
	8628.85
	6194.54
	6040.09
	5877.45
	6549.83
	5849.3
	-32,2%



As seen in Table 4.9, there was a decrease in iron and steel production by an average of 50% from 1990 to 2012. This led to a reduction of GHG emissions by 30% compared to 1990.
[bookmark: _Toc330214187]
[bookmark: _Toc385264249]4.4.2 Category description
Cast iron production is related to the reduction of iron ore, mainly in blast furnaces. Carbon contained in the coke is used as fuel and as a reducing agent. In this inventory, all CO2 emissions from the use of coke in cast iron production relate to CO2 emissions in industry. The advantage of this approach is the coincidence of sectoral and regional data on CO2 emissions from cast iron production and a direct comparison of the CO2 emission factors from the production of iron - a national and default factors.
Due to the fact that the estimates were produced by the Tier 2, the CH4 emissions were not estimated due to the lack of data on measurements of methane in the enterprise. were calculated at a rate of 0.5 kg per ton of iron (according to Table. 2-10 Revised Guidelines, v.3) 
[bookmark: _Toc330214188]
[bookmark: _Toc330214189][bookmark: _Toc356489063][bookmark: _Toc385264250]4.4.2.1 Production of cast iron 
CO2 emissions from cast iron and steel production are the key categories. Therefore, during the GHG inventory in this category we used the Tier 2 method. In Kazakhstan, the coke is used as a reducing agent in the production of cast iron, which is produced directly in the company producing cast iron, steel and other metal products. There is no carbon in the ore, which is used for cast iron production in Kazakhstan. The formula for determining CO2 emissions from the production of iron is represented in the following form:

V = kc * Ac-- (mc/100) Ai * 44/12,							(4.3)



Where  = CO2 emissions, kg

 – CO2 emission factor for the use of coal coke, ton CO2 / ton of coke;

 – the amount of coke used for iron production, thousand tons; 

 – carbon content in the pig iron, %;

 – the amount of cast iron production, thousand tons.
CO2 emission factor for the use of coke was determined by the formula:

,									(4.4)

where  – proportion of carbon in the coke, provided for the cast iron production, %. 

The amount of cast iron and steel production, as well as the value of the fraction of carbon in the coke, provided for the cast iron production, were taken from the data provided by JSC "ArcelorMittal Temirtau". The data on the balance of carbon in cast iron and steel are presented in Table 4.10.


Table 4.10 Balance of carbon in cast iron production at JSC "ArcelorMittal Temirtau" for 2012
	Income
	Consumption

	Material
	С, %
	kg/t
	%
	Material
	С, %
	kg/t
	%

	Coke
	83.0
	588.9
	97.0
	Cast iron
	4.30
	43.0
	7.1

	Fuel oil
	85.0
	18.3
	3.0
	Dust
	28.2
	3.0
	0.5

	Total
	
	607.2
	100.0
	Sludge
	
	
	

	 
	
	
	
	Gas
	
	561.2
	92.4

	 
	 
	 
	 
	Losses
	
	
	

	 
	 
	 
	 
	Total
	
	607.2
	100.0



[bookmark: _Toc330214190]The results of calculations by formula (4.4) give a value of the factor at 3.08 t CO2/t of coke, which is slightly below that of default factor of 3.1 (Table 3.6 of Good Practice Guidance).
The carbon content of pig iron in the calculations was taken according to data of the JSC "ArcelorMittal Temirtau" (these values ​​are in the range 4.3-4.5%).
[bookmark: _Toc356489064]
[bookmark: _Toc385264251]4.4.2.2 Steel production
Emissions from steel production (e.g. the use of the oxygen converter (OC) or electric arc furnace (EAF)) are defined by the difference between the carbon content of the iron (3-5%) and steel (0.5-2%). In addition, the carbon emitted during the combustion of the electrodes is also added for steel produced in electric arc furnaces. CO2 emissions from the steel production is determined by the formula (3.6B) of the Good Practice Guidance for each type of steel (open hearth, basic oxygen and electric) with the specific consumption of iron and carbon content in each type of steel (Tier 2 method). Kazakhstan produces basic oxygen steel and steel produced in EAFs from scrap metal. Amount of carbon dioxide released during the burning of the electrodes in electric arc furnaces is accepted by default equal to 5 kg of CO2 per ton of steel. The carbon balance for steel production at JSC "ArcelorMittal Temirtau" for the year 2011 is presented in Table 4.10.
Table 4.10 Carbon balance for steel production at JSC "ArcelorMittal Temirtau" for 2012
	Income
	Consumption

	Material
	С, %
	kg/t
	%
	Material
	С, %
	kg/t
	%

	Cast iron
	4.3
	33.01
	50.7
	Steel
	1.00
	10.00
	15.4

	Scrap
	4.0
	10.52
	16.15
	Carbon in the gas
	
	55.12
	84.6

	Coke
	83.0
	2.33
	3.6
	Losses
	
	
	

	Limestone
	12.0
	0.1
	0.15
	Total
	
	65.12
	100.0

	Dolomite
	13.0
	1.6
	2.46
	
	
	
	

	Lime
	16.0
	17.56
	26.94
	
	
	
	

	Total
	
	65.12
	100.0
	
	
	
	



Specific consumption of cast iron for the production of each sort of steel in 1990-2009 was determined from the data provided by JSC "ArcelorMittal Temirtau":
[image: ]             	                              (4.5),
where: [image: ] – annual CO2 emissions from steel production (tons);
[image: ] – The emission factor for electric steel (tons CO2 / ton electric furnace);
[image: ] – Mass of steel produced in the EAF (t);
[image: ] – Weight of carbon in the cast iron (t);
[image: ] – Weight of carbon steel (t);
[image: ] – Mass of oxygen steel (t)
[bookmark: _Toc356489065]44/12 - conversion factor of carbon to carbon dioxide (molecular weight of carbon is 44 g/mole, CO2 - 12 g/mole) or 44/12 = 3.667.

[bookmark: _Toc385264252]4.4.2.3 Production of coke
Due to the fact that the coke is produced in the metallurgical industry, in accordance with the Revised guidelines the methane emissions from coke production are taken into account in the category “Other chemical products” (2B5).
2B5.6. Coke production
Methane emission factor for coke production is taken by default and assumed to be 0.5 kg per ton of coke.
Overall methane emissions from coke production in 2012 amounted to 20.2 thousand tons of  equivalent, which is 43% lower than in 1990 (Table 4.12).


Table 4.12 Dynamics of coke production and GHG emissions associated with this type of activity
	Activity
	Year

	
	1990
	2009
	2010
	2011
	2012

	Coke production (thousand tons)
	4513.3
	2552
	2526.93
	2663.3
	1920.6

	CH4 emissions (thousand tons)
	2.26
	1.28
	1.26
	1.33
	0.96

	GHG emissions, thousand tons of CO2 eq.
	47.39
	26.79
	26.53
	27.96
	20.2


[bookmark: _Toc330214191]
[bookmark: _Toc385264253]4.4.3 Uncertainties and Time-Series Consistency
The main factors that determine the uncertainty in the production of iron and steel are:
- Accuracy of input data on the production of iron and steel;
- Accuracy of data on the coke consumption for iron production;
- Accuracy of information on the carbon content of the iron, coke and steel;
- Accuracy of data on the specific consumption of iron for steel production;
- Accuracy of data on CO2 emissions from the use of electrodes in the smelting of steel in electric arc furnaces.
The first two indicators, as well as information on the specific consumption of cast iron for steel production for 1990-2012, were determined from the data provided by JSC "ArcelorMittal Temirtau". Therefore, the data on amount of iron and steel production in Kazakhstan may be quite accurate. The uncertainty of the activity data in the production of iron and steel can be taken at the level of uncertainty of data on the use of reducing agent provided by the company, which is 10%.
The factor of CO2 emissions from the use of electrodes for steel smelting in electric arc furnaces is the default and equal to 5%. It should be noted that the CO2 emissions from the use of electrodes in the production of electric steel are considerably fewer than emissions from other sources in this category. Therefore, the magnitude of uncertainty estimates of CO2 emissions from the use of electrodes does not practically affect the total uncertainty of estimates of CO2 emissions, which is 10%.
Uncertainty of methane emissions factor from iron production is assumed to be 20%. Given the uncertainty of the activity data (at 5%), the total uncertainty of methane emissions from the production of iron is 20.6%.
Time series analysis of specific consumption of coke for iron production suggests quite the stability of the index from 1990 to 2004 with a subsequent increase. Moreover, the total production has varied according to demand in world markets and the general economic situation in the country. This evolution was due to decline in production (from 1991 to 1998), when we had to maintain blast furnaces in operation without the actual production, which was accompanied by increased coke consumption to maintain the heat in the furnace. With increasing amounts of cast iron production and industry adaptation to the new conditions specific coke consumption gradually changed.
The overall rate of CO2 emissions from the iron production, which is the ratio of CO2 emissions to the volume of iron production, changed for the entire reporting period from 1.48 (in 1990) with subsequent increase to 1.86 in 2012. The heterogeneity of this factor is attributed to the change in the content of carbon in the used coke and iron, as well as to the fact that prior to 1999 there was an open-hearth production of metal on the enterprise. For comparison, the value of this parameter by default (Table 2.12 Revised Guidelines, v.2, 1996) is 1.5-1.6 tons of CO2 per 1 ton of cast iron produced.
[bookmark: _Toc330214192]
[bookmark: _Toc385264254]4.4.4 QA/QC procedures
General and detailed QA/QC procedures were applied to calculate CO2 emissions from iron and steel production. Among the detailed quality control procedures were implemented:
- Analysis of time series of activity data (the amount of iron and steel produced), the estimate of the annual variations of CO2 emission factors and determination of the causes of these changes;
- Comparison of national CO2 emission factors with IPCC default factors and determination of specific national conditions, which led to a difference between the two;
- Comparison of CO2 emissions from iron and steel production, calculated using different methodologies;
- Comparison of data on the production of iron and steel, provided by the JSC "ArcelorMittal Temirtau" for the entire reporting period;
- Balance analysis of coke in the production processes at the plant JSC "ArcelorMittal Temirtau".
[bookmark: _Toc330214193]
[bookmark: _Toc385264255]4.4.5 Recalculations
In accordance with the planned improvements and taking into account recommendations provided in the report check in 2011-2013, data on the carbon content of the coke, iron and steel, as well as data on the specific consumption of pig iron for the production of each sort of steel (open hearth, basic oxygen and electric) were refined. Since 1999, JSC "ArcelorMittal Temirtau" ceased to perform work on the production of open-hearth steel.
Completed improvements have led to a more accurate assessment of CO2 emissions. 
[bookmark: _Toc330214195][bookmark: _Toc330214196]
[bookmark: _Toc385264256]4.5 Ferroalloys Production (CRF 2.С.2)
[bookmark: _Toc385264257]4.5.1 Category description 
The main producers of ferroalloys in Kazakhstan are JSC "Transnational Company "Kazchrome", which includes the manufactories “Aktobe Ferroalloy Plant” and “Aksu Ferroalloy Plant”. The main products of the plants are ferrochrome, ferrosilicon, ferrosilicochrome and ferrosilicomanganese. Due to the limited data on fuel consumption and technologies used in the company for the entire period (1990-2012 years), calculations were made on the Tier 1 using the default factors.
Calculations of emissions from ferroalloys were performed using the formula provided in the Revised Guidelines for National Greenhouse Gas Inventories, IPCC 1996, separately for each type of ferroalloys in accordance with the data of the Agency of Statistics of the Republic of Kazakhstan with the default emission factors (Table 2.17 (IPCC, 1996): 1.6 t. CO2 / t of ferromanganese, 2.35 t CO2 / t of ferrosilicon 50%, 1.3 t CO2 / t of ferrochrome, 1.7 t CO2 / t of silicomanganese, etc. The factor of CO2 emissions per ton of ferroalloys is calculated as general CO2 emissions from each subspecies ferroalloys divided by the total production of ferroalloys (Table 4.13)

Table 4.13 The total production and emission of GHG of ferroalloys for 2007-2012 years.
	
	2007
	2008
	2009
	2010
	2011
	2012

	Ferroalloys, total ton
	1 702 784
	1 590 519
	1 468 794
	1 701 790
	1 668 689
	1 724 065

	Ferrochrome, ton
	1 307 536
	1 220 315
	1 173 286
	1 311 302
	1 289 917
	1 305 343

	Default emission factors 1.3 t CO2 / t
	1699796.8
	1586409.5
	1525271.8
	1704692.6
	1676892.1
	1696945.9

	Ferrosilicon, ton
	59 886
	54 964
	33 100
	4 813
	1 683
	494

	Default emission factors 2.35 t CO2 / t 50%
	140732.1
	129165.4
	77785
	11310.55
	3955.05
	1160.9

	Ferrosilicomanganese, ton
	188 445
	179 939
	200 374
	224 627
	232 039
	251 530

	Default emission factors 1.7 t CO2 / t
	320356.5
	305896.3
	340635.8
	381865.9
	394466.3
	427601

	Ferrosilicochrome, ton
	145 695
	133 828
	60 829
	159 765
	143 296
	164 853

	Default emission factors 1.3 t CO2 / t
	189403.5
	173976.4
	79077.7
	207694.5
	186284.8
	214308.9

	Ferroalloys others, ton 
	1 222
	1 473
	1 205
	1 283
	1 754
	1 845

	Default emission factors 1.7 t CO2 / t
	2077.4
	2504.1
	2048.5
	2181.1
	2981.8
	3136.5

	Total GHG emissions ton
	2352366.3
	2197951.7
	2024818.8
	2307744.65
	2264580.05
	2343153.2



Calculation of CH4 emissions have not been done since, according to the recommendations of the IPCC Good Practice Guidance because of the strong differences between the coefficients of CH4 depending on the production of ferroalloys, it is necessary to determine the tonnage of production for each method and summarize the result of the multiplication factors in Table 4.7 to the appropriate tonnage. Default CH4 emission factors are equal to the arithmetic mean of a small number of measurements for each of the production methods. Unfortunately to date, enterprises do not perform measurements of CH4 in the production of a particular type of ferroalloys and do not provide information on the process for their manufacture.




Table 4.14 GHG emissions from the production of ferroalloys for key years
	Activity
	Year
	Change compared to 1990

	
	1990
	2009
	2010
	2011
	2012
	

	2.C.2 Ferroalloys production, thousand tons
	1328.633
	1468.794
	1701.79
	1669.69
	
1724.1

	+ 26.3 %

	CO2 emissions from the production of ferroalloys, thousand tons
	1696.11
	2032.13
	2352.66
	2306.89
	2343.2
	+37.6 %


[bookmark: _Toc330214197]
[bookmark: _Toc385264258]4.5.2 Methodological approaches 
In order to reduce the uncertainty of estimation of CO2 emissions in the production of ferroalloys, data on the production of ferroalloys, provided by the Agency of Statistics of Kazakhstan, as well as data from the enterprises were used in this inventory.
[bookmark: _Toc330214198]
[bookmark: _Toc385264259]4.5.3 Uncertainties and Time-Series Consistency
The main factors that determine the uncertainty of the inventory in this category are the uncertainty of:
- Data on the production of ferroalloys;
- Data on the mass of the reducing agent, the slag-forming materials and waste, as well as the carbon content in them;
- Data that was not gathered from every company, which produce ferroalloys.
As data on the ferroalloys production is obtained from the Agency of Statistics of Kazakhstan, the uncertainty of the activity data can be taken as 5%. Uncertainty of the mass of the used reductants, the slag-forming materials and waste, and the carbon content in them can be estimated at 5%. The use of production data from enterprises, which produce from 88 to 96% of ferroalloys, allows estimating the average CO2 emission factor for all of the industry at 5%. The uncertainty of CO2 emissions is 7.1%.
[bookmark: _Toc330214199][bookmark: _Toc330214200][bookmark: _Toc353811479][bookmark: _Toc381632566][bookmark: _Toc383042539]
[bookmark: _Toc385264260]4.5.4 QA/QC procedures
General and detailed QA/QC procedures were applied in calculation of CO2 emissions from the ferroalloys production. Among the detailed quality control procedures were performed:
- The analysis of time series of activity data (volume of ferroalloys production) and CO2 emissions (estimation of annual changes and determination of the causes of these changes);
- A comparison of data on the ferroalloys production, provided by the Agency of Statistics and JSC "Transnational Company “Kazchrome”.
[bookmark: _Toc330214201][bookmark: _Toc353811480][bookmark: _Toc381632567][bookmark: _Toc383042540]
[bookmark: _Toc385264261]4.5.5 Recalculations
Recalculations in this category have not been performed.

[bookmark: _Toc385264262]4.5.6 Improvements 
For the calculation of national emission factors for ferroalloy production, to conduct assessment of the data for ferroalloys production, mass of ore, reducing agent, slag-forming materials and waste, and the carbon content of the reducing agent and products on the ferroalloys producers in Kazakhstan, the carbon content in the ore, slag and waste materials were made jointly with the company-producers. This approach corresponds to the third level of detail described in the IPCC Guidelines.
[bookmark: _Toc330214202]
[bookmark: _Toc385264263]4.6 Aluminum Production
[bookmark: _Toc330214203]
[bookmark: _Toc385264264]4.6.1 Category description

Worldwide, the Hall–Héroult method produces the primary aluminum in the electrolytic decomposition of alumina from the cryolite-alumina melt. Electrolytic tanks of various construction and capacity are operated in the aluminum industry. The technology of the electrolytic decomposition of aluminum oxide in the cryolite-alumina melt in electrolytic cells with prebaked anodes, equipped with highly efficient gas removal systems, a central load and alumina Point Feed Pre Bake (PFPB) is the most advanced technology of production of primary aluminum, based on the achievements of the world's leading companies and the practical experience of recent years. This technology is used in aluminum production in Kazakhstan. 
The most significant emissions are:
- Carbon dioxide (CO2) from the reaction of carbon in carbon anodes with aluminum oxide to form metallic aluminum;
- Perfluorocarbons (PFCs) - emissions of CF4 and C2F6 from anode effect. Small quantities of emissions of CO, SO2 and NMVOC from production processes take place. SF6 is not emitted in the electrolytic process and generally very rarely used in the production of aluminum - only small amounts of SF6 are emitted during the fluxing of aluminum alloys with high magnesium content. The first complex of electrolysis production of JSC "Kazakhstan Electrolysis Plant" was put into operation in December 2007. Therefore, the data are presented for 2007-2012.


Table 4.14 GHG emissions from aluminum production for the key years
	Activity
	Year
	Change compared to 2011

	
	2008
	2009
	2010
	2011
	2012
	

	2.C.3 Aluminum production, tons
	106231
	127140.1
	227308.8
	248766
	248947.7
	+0.07%

	CO2 emissions from aluminum production
	206.22
	246.72
	436.61
	469.32
	470.28
	+0.2%

	Emissions of CF4 and C2F6 from aluminum production in CO2 equivalent
	567.27
	678.93
	1201.50
	1328.41
	1329.4
	+ 0.2%

	Total in CO2-eq.
	773.49
	925.64
	1638.11
	1797.73
	1799.7
	+0.1%


During 2011-2012 years, the company came out almost at full capacity and as a result, the GHG emissions, from the current sector of RK economy, practically didn’t change.
[bookmark: _Toc330214204]
[bookmark: _Toc385264265]4.6.2 Estimates of CF4 and C2F6 emissions from aluminum production
Because the company came out almost at full capacity, compared to 2010, CF4 and C2F6  emissions from aluminum production practically didn't change.
Table 4.15 CF4 and C2F6 emissions from aluminum production 
	Activity
	Year
	Change compared to 2011

	
	2008
	2009
	2010
	2011
	2012
	

	2.C.3 Aluminum production, tons
	106231
	127140.1
	227308.81
	248766.98
	248947.7
	+0.07%

	Emissions of CF4
	72.24
	86.46
	153.00
	169.16
	169.3
	

	Emissions of C2F6
	10.62
	12.71
	22.50
	24.88
	24.9
	

	Emissions in thousand tons of CO2 equivalent from aluminum production
	567.27
	678.93
	1201.5
	1328.41
	1329.4
	+0.07%




[bookmark: _Toc385264266]4.6.3 Methodological approaches 
The initial data on the amount of aluminum produced was statistics on the activity obtained from a single enterprise on the aluminum production – JSC "Kazakhstan Electrolysis Plant".
Aluminum production on the JSC "Kazakhstan Electrolysis Plant" is based on the electrolytic decomposition of aluminum oxide in the cryolite-alumina melt and performed in electrolytic cells.
Consumption of prebaked anodes is a major source of carbon dioxide emissions from primary aluminum production (Table 4.16). Other sources of industrial emissions of carbon dioxide associated with pre-baking of anode are less than 10% of total non-energy CO2 emissions and not used for estimates.
Table 4.15 Mass of the reductant used for the aluminum production by type in tons
	№
	Name of materials
	Year

	
	
	2008
	2009
	2010
	2011
	2012

	1
	Alumina
	207797,2
	249360,4
	444426,22
	481677,933
	248947,7

	2
	Baked anodes
	59559,4
	71255,2
	127041,103
	135545,71

	135825,8

	3
	Cryolite
	531,7
	565,0
	449,424
	159,0
	0

	4
	Aluminum fluoride
	1724,6
	2001,5
	3543,127
	4221,602
	5509,6

	5
	Calcium fluoride
	164,1
	102,0
	247,494
	252,718
	243,7

	6
	Soda ash
	49,5
	6,3
	–
	–
	0

	7
	Electrolyte
	8,0
	–
	–
	–
	170

	8
	Caustic magnesite
	34,8
	0,1
	–
	–
	0

	9
	Flux for slag removal
	19,7
	74,3
	108,785
	102,825
	90,5


For the calculation of greenhouse gas emissions (CO2 and PFCs) in the production of aluminum by electrolysis in the factories of the Republic of Kazakhstan, we used the calculation method with data on the supplies and raw materials, their structure, specific consumption indexes and the volume of output ("Methods for estimating emissions of harmful substances into the atmosphere for non-ferrous metallurgy" approved by the Order of the Minister of Environment Protection of the Republic of Kazakhstan of April 18, 2008, №100-p, hereinafter - "Methods for estimating emissions of harmful substances in aluminum production in RK").
CO2 emissions for electrolytic cells with pre-baking are calculated using Equation 1:
[image: ], 					(1)
where:
[image: ]- The mass of CO2 emissions from the consumption of pre-baked anodes, tons
[image: ]– Aluminum production, t Al
Qan – net consumption of mass pre-baked anodes per ton of aluminum, t C / t Al
San – sulfur content in baked anodes, wt.%
[image: ]– Ash content in baked anodes, wt.%
44/12 - the ratio of the molecular weight of CO2 to the atomic weight of carbon, relative units. This ration is necessary for the mass transfer of carbon from the oxidation (combustion) to the mass of carbon dioxide CO2.
[bookmark: _Toc381632572]The factors for the calculation of CO2 emissions on the basis of international and national research for electrolytic cells with a preliminary baking are presented in Table 4.17.

Table 4.17 Factors of CO2 emissions from the production of primary aluminum 
	Technological parameters for electrolytic cells with prebaked anode
	Coefficients based on data from the International Aluminum Institute (IAI)
	Coefficients recommended for use in enterprises of Kazakhstan using electrolysis on cells with prebaked anodes equipped with highly efficient gas removal systems, central load and Point Feed Pre Bake (PFPB) of alumina

	
	
	Lower
	Middle
	Upper

	Net consumption of pre-baked anodes per ton of aluminum, tons C / ton of Al
	0.56
	0.415
	0.43
	0.44

	Sa - sulfur content in baked anodes, mass. %
	2
	0.6
	1.8
	3.0

	Asha - ash content in baked anodes, mass. %
	0.4
	3.0
	3.77
	4.54



[bookmark: _Toc333310592][bookmark: _Toc385264267]4.6.4 Emissions of PFC 
The method of calculation of PFC emissions is based on the use of slope for the specific technology of aluminum production.
The slope is equal to the amount of PFCs in kg per ton of aluminum, divided by the number of minutes of anode effect on cell-day. Equations 2 and 3 describe the method of slope for emissions of CF4 and C2F6.
[image: ],        	  		                          (2)
[image: ],   [image: ][image: ]  	    (3)
where: M CF4 – mass emissions of CF4 from aluminum production, kg 
М C2F6 – mass emissions of C2F6 from aluminum production, kg 
kCF4 – slope for CF4, (kg CF4/ton Al)/(anode effect minutes / cell-day) 
T – time of anode effect (minutes) divided by cell-day, (anode effect minutes / cell-day)
[image: ] – metal production, tons Al
[image: ]= М C2F6 / MCF4 – dimensionless relation mass C2F6/CF4 emissions. 
For C2F6 as a typical recommended value it was ​​assumed that the emission of C2F6 is equal to 1/10 of the emission of CF4, however this ration is somewhat different for Kazakhstani enterprises and is shown in Table 4.18.
Table 4.18 Limits of slopes to calculate PFC emissions (recommended for aluminum production facilities in Kazakhstan)
	Type of electrolytic cell
	Slope for CF4, kg / t
(kg CF4 / t Al) / (AE min / cell-day)
	Slope for C2F6, kg / t
(kg C2F6 / t Al) / (AE min / cell-day)

	
	Lower
	Middle
	Upper
	Uncertainty
	Lower
	Middle
	Upper
	Uncertainty

	PFPB
	0.11
	0.17
	0.23
	6%
	0.015
	0.025
	0.035
	9%



[bookmark: _Toc381632573][bookmark: _Toc383042546]According to the "Methodology for calculating emissions from the aluminum production in RK" calculation of PFC emissions for electrolytic cells with prebaked anodes is performed on anode effect. Basic characteristics for the calculation of PFCs (CF4 and C2F6) in anode effect with the average daily efficiency of electrolytic cells are shown in Table 4.19.


Table 4.19 Data on the duration of anode effects and average daily efficiency of the electrolytic cell (cell-day), t / day 
	Type of electrolytic cell
	Average duration of outbreaks, min.
	Frequency of anode effects, pcs. / day
	Average daily efficiency of the cell (cell-day), t /day

	PFPB
	5
	0.3
	2.39

	PFPB
	3
	0.1
	2.38

	PFPB average indicators
	4
	0.2
	2.385


[bookmark: _Toc381632574][bookmark: _Toc383042547]
[bookmark: _Toc385264268]4.6.5 Uncertainties and Time-Series Consistency
The main factors that determine the uncertainty of the inventory in the category, is the uncertainty of data on:
- The production of aluminum;
- The coefficient of CO2 emissions; 
- Emission factors of CF4 and C2F6.
As data on the production of aluminum were obtained from the company, the uncertainty of the activity data can be taken as 5%. Uncertainty of CO2 emission factor, which was calculated according to the company data, is taken at the level of 5%. Levels of data uncertainty for the emission factor for data Sa: sulfur content in baked anodes (wt.%), Azha: ash content in baked anodes are taken by default and are ±50 and ±85 respectively. Data on the uncertainty of the effectiveness of the current aluminum production, the number of anode processes, as well as duration of the anodic process in minutes that are adopted for the calculation of emissions of CF4 and C2F6 as default, estimated at 30%. Uncertainty of PFC emissions is from 25 to 30%.

[bookmark: _Toc385264269]4.6.6 QA/QC procedures
[bookmark: _Toc330214207]The general QA/QC procedures were used in the calculation of CO2 emissions from aluminum production due to the fact that to date there is a complicated procedure of getting data from the enterprise and on the technology used, namely the analysis of time series of activity data (amount of aluminum production) and CO2 emissions (estimation of annual changes and determination the causes of these changes), estimation of the applicability of the IPCC default factors to national conditions.


[bookmark: _Toc385264270]4.6.7 Recalculations
[bookmark: _Toc383042549]Recalculations in this category have not been performed.

[bookmark: _Toc385264271]4.7 Usage of PFCs, HFCs and SF6

According to the Guidelines, the sources of emissions of HFCs, PFCs and SF6 can be divided into two categories: the actual emissions of HFCs, PFCs and emissions of SF6. Thus, the sources of emissions from SF6 in the Republic of Kazakhstan are concentrated in one category – equipment for current interruption, electrical insulation and arc-quenching. This section is described in the component "The production and use in other products".
We annually send a request regarding this category to the (Kazakhstan Electricity Grid Operating Company) “KEGOC”, which controls and maintenances the power facilities on the territory of the Republic. Which is why, the inventory includes the actual data for the consumption of sulfur hexafluoride.
Data on consumption of SF6 in Kazakhstan are showed in Table 4.7.1.
Table 4.7.1: Consumption of SF6 in Kazakhstan, kg 
	
	Year

	
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	Consumption 
	18,843
	6,25
	1,278
	0,815
	4,63
	138,316
	0
	0
	0


KEGOC started providing the data on consumption from 2004, because the company began re-equipping and using circuit breakers with sulfur hexafluoride. For the past two years, the company didn't produce refueling of SF6 in electrical breakers, which is why the actual emissions for the last two years are zero. 
The information on emissions of HFC are somewhat differnt. Unfortunately, the Agency of Statistics does not have information on the number and types of refrigerants imported into the territory of the Republic. There are no own productions of such substances in Kazakhstan. 
Sources of emissions of HFCs and PFCs, when used in Kazakhstan are concentrated in the following categories:
• Stationary refrigeration;
• Mobile air conditioning;
According to the available data the abovementioned substances are not applied in other categories, such as aerosols and dose inhalers, solvents, foams, fire protection. 
[bookmark: _Toc385264272]4.7.1 Stationary refrigeration
The following are included in this source category: 1) Home refrigerators; 2) Autonomous refrigerators for commercial applications; 3) Air conditioning in residential and commercial sector, including heat pumps.
Emissions of HFC from medium and large commercial refrigeration units, transport refrigeration, industrial refrigeration equipment, including food processing and cold storage were not estimated in this category. This division is caused by the internal market specifics. In particular, the choice of the refrigerant by the consumer is firstly depends on its price and maintenance cost. Most operated refrigerators of middle and industrial capacity use the ammonia. In addition, some systems, which were acquired in the post-Soviet era, are working on transitional refrigerants of the category C (regulated by the Montreal Protocol). In addition to the abovementioned reasons it is worth noting that the price of one kilogram of ozone-friendly substances on the internal market can be 3-5 times more expensive than one kilogram of R-22, which is still permitted to operate in the present. It is expected that the use of R-22 will be prohibited in the near future.
The balance method was used to estimate the amount of emissions of HFCs. This method evaluated all the necessary amount of refrigerants in domestic market of Kazakhstan. After estimating the total amount of refrigerants, which is required annually for Kazakhstan needs, experts divided this amount by type of used refrigerants. The ratio was taken after conducting the questionnaire for participants on maintenance and installation of refrigeration and air conditioning in Kazakhstan. Table 4.7.2 shows the actual consumption of refrigerants, according to their content in the mixtures with other agents. Equity ratio was determined by the technical specifications listed for each of refrigerant, so for R407-R32 (23%), R125 (25%) and R134a (52%), for R 404 - R-143a (52%), R-125 (44%) and R-134a (4%), R410-R32 and R125 (50% and 50%), for R507 - R-143a (50%) and R-125 (50%). 
The explicit accounting of fluoride ODS substitutes by the customs authorities or other services in Kazakhstan is not conducted. It complicates the assessment of such substances on the market.
Table 4.7.2: Consumption of refrigerants in Kazakhstan, tons
	
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	HFC 23
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	HFC 32
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2.006797
	1.861104
	9.549549
	13.15308
	30.34692
	24.348

	HFC 41
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	HFC 43-10
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	HFC 125
	0
	0
	0
	0
	0
	0
	0
	0
	0
	30.4099
	29.33262
	38.49002
	63.19388
	59.30494
	62.992

	R134
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	R 134a
	32.67273
	13.50629
	126.3294
	151.628
	123
	136.0448
	181.3783
	182.4399
	300.0629
	323.9562
	325.84
	342.4029
	331.865
	362.2669
	375.28

	HFC 143
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0.503137
	0
	0.614559
	0

	HFC 143a
	0
	0
	0
	0
	0
	0
	0
	0
	0
	29.35774
	28.40207
	29.56436
	51.78068
	44.10075
	42.502

	HFC 152a
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	HFC 227ea
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	HFC 236fa
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	HFC 245fa
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	HFC 365 mfc
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	HFC 43-10mee
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	





[bookmark: _Toc385264273]4.7.2 Mobile Air Conditioning
Emissions of HFC-134a in air conditioning, which cools the space for passengers in cars, trucks, trains, trams and buses, were calculated in this category. The specificity of this category is that the air conditioning is not carried out in public transport, which includes trams and buses. Therefore, these categories of transport were not included in calculations. They still use R11 and R12 in railcars, which are not considered here. 
Data on the fleet of cars, presented by MIA RK, is divided into cars of Russian and foreign origin. According to studies, more than half of all vehicles currently in operation are made in Japan. Since the vast majority of cars are in the price range from 6 to 12 thousand dollars, it is believed that all Japanese cars are air-conditioned and at the time of car delivery in the country was filled up with HFC 134a. Nevertheless, there were serious changes in the internal structure of the country’s fleet, in particularly, Japanese vehicles stopped being imported from 2007. To date, the average life of these vehicles is 20 years and more. Some part of these cars had gone out of use and replaced by other cars, either with Japanese made (old) or European cars. Also, due to the high cost of used cars, the demand for new cars has significantly increased. Which is why, we believe that the number of cars that have air conditioning remains roughly at the same level as the previous year.
According to the method, it is assumed that the loss of HFCs will be 5% per year from the entire bank of substances that are present in automobile air conditioners. The results of estimates are presented in Table 4.7.2
Table 4.7.2- Losses of HFC-134a in the sector "Mobile Air Conditioning", tons
	Year
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	Emissions of HFC-134а
	2,08
	2,53
	3,32
	4,78
	6,26
	7,60
	9,62
	12,49
	12,53
	13,09
	15,05
	16,0
	16,0



[bookmark: _Toc385264274]4.7.3 Uncertainties
Uncertainty of emissions was determined by Tier 1. According to the Good Practice Guidance the overall uncertainty in the category "Industrial processes" is ± 10%. The main factors that determine the uncertainty of the inventory in the reporting category are the uncertainties of the data and factors used by default, which is up to ± 15%.
As for the uncertainty of the estimates of HFC-134a in its use in mobile air conditioning, it can be 25-30%. This is due in part to the assumption that all the air conditioners are filled up, while in some of the cars they may be out of order. Some of vehicles operated in rural area and northern Kazakhstan, can also have air conditioning out of order and not be charged. In addition, there are many vehicles that produced in Europe, but have air conditioners already installed in Kazakhstan.
Uncertainty of HFC emissions from refrigerating equipment is up to 100% of the original data. Unfortunately, the proposed approach is highly relative and does not give a complete picture of the refrigerant consumption in this category.
Data on the SF6  leaks from the electrical equipment were obtained from using the Tier 3, which is why the emission estimates would probably has accuracy of ± 10%.

[bookmark: _Toc385264275]4.7.4 QA/QC procedures
The common and detailed QA/QC procedures were applied to calculations of emissions from industrial processes. Common procedures include:
• Comparison of baseline data from a variety of sources;
• Analysis of GHG emissions (estimation of annual changes and determination of the causes of changes);
• Assessment of the applicability of the IPCC default factors for national circumstances.


[bookmark: _Toc385264276]5 USE OF SOLVENT AND OTHER PRODUCTS (SECTION 3 CRF)
[bookmark: _Toc385264277]5.1 Sector Overview
Solvent and other products (Section 3 CRF) is a source of non-methane volatile organic compounds (NMVOCs) and nitrous oxide (N2O). The main sources of greenhouse gas emissions in Kazakhstan in this sector are categories 3.A (using dyes), 3.B (degreasing and dry cleaning), 3.c (chemical products, manufacture and processing). In these categories emissions of non-methane volatile organic compounds (NMVOCs) were evaluated, which belong to the indirect greenhouse gases and therefore they were not included in the total of the national emissions. Results are presented in Table 5.1. This section presents NMVOC emissions estimates for the period of 1990-2012, NMVOC emissions in the sector "Solvent and other products" in 1990 amounted to 198 Gg., in 1999-2002 they decreased to 180 Gg, and in 2012 rose to 202 Gg.

[bookmark: _Toc330348725][bookmark: _Toc383042556][bookmark: _Toc385264278]5.2 Applications of dyes (category 3.А.) 
[bookmark: _Toc330348732][bookmark: _Toc383042558]From the use of dyes in the manufacturing, construction and household, NMVOC emissions assessed under the simplified method described in the manual EMEP / CORINAIR Emission Inventory Guidebook (EEA, 2005). This method uses the average coefficient of NMVOC emissions per capita, which is calculated for European countries. It was used to evaluate the emission factor of 4.5 kg NMVOC / capita / year (Table 8.1.1 Management EEA, 2005) and population data from the Statistical Yearbook of the Republic of Kazakhstan (1990-2012.) Table 5.2 .

[bookmark: _Toc385264279]5.3 Degreasing and dry cleaning (category 3.B.) 
From the use of solvents for degreasing and dry cleaning NMVOC emissions were evaluated under the simplified method described in the manual EMEP / CORINAIR Emission Inventory Guidebook (EEA, 2005). This method uses the average coefficient of NMVOC emissions per capita, calculated for European countries that received 0.85 kg NMVOC / capita / year (Table 8.1.1 Management EEA, 2005). Population data were taken from the Statistical Yearbook of the Republic of Kazakhstan (1990-2012) Table 5.2.

[bookmark: _Toc385264280]5.4 Chemical products: production and processing ( category 3C. CRF)
From solvent in the printing industry, glues and adhesives, household use of solvents (excluding the use of dyes in the home) and other solvent applications, NMVOC emissions assessed under the simplified method described in the manual EMEP / CORINAIR Emission Inventory Guidebook (EEA, 2005). NMVOC emission coefficients used in the calculations are given in Table 5.3. The results of evaluation of emission are  given in Table 5.4.


Table 5.1: NMVOC emissions in the sector "Solvent and other products", Gg
	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	Use of paints
	74
	74
	74
	73
	72
	71
	70
	68
	68
	67
	67
	67
	67
	68
	68
	68
	69
	70
	72
	73
	74
	75
	76

	Degreasing and dry cleaning
	14
	14
	14
	14
	14
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	14
	14
	14
	14
	14

	Total 
	88
	88
	88
	87
	86
	84
	83
	81
	81
	80
	80
	80
	80
	81
	81
	81
	82
	83
	86
	87
	88
	89
	90



Table 5.2: NMVOC emissions in the sector "Solvent and other products", Gg
	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	Strength
	16,4
	16,5
	16,4
	16,3
	16,0
	15,7
	15,5
	15,2
	15,0
	14,9   
	14,9
	14,9
	14,9
	15,0
	15,1
	15,2
	15,4
	15,6
	16,0
	16,2
	16,4
	16,7
	16,9



Table 5.3: Emission factors for NMVOC kg / capita / year
	Intended use
	Emission factor

	Printing industry
	0,65

	Use of glues and adhesives
	0,6

	Domestic use of solvents
	1,8

	Other use
	3,6






Table 5.4: NMVOC emissions from the printing industry, the use of glues and adhesives, household and other Gg.
	Year
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	Printing industry
	11
	11
	11
	11
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10
	11
	11
	11
	11

	Use of glues and adhesives
	10
	10
	10
	10
	10
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9
	10
	10
	10
	10
	10

	Domestic use of solvents
	30
	30
	30
	30
	29
	28
	28
	27
	27
	27
	27
	27
	27
	27
	27
	27
	28
	28
	29
	29
	30
	30
	30

	Other use
	59
	59
	59
	59
	58
	57
	56
	55
	54
	54
	54
	54
	54
	54
	54
	55
	55
	56
	58
	58
	59
	60
	61





[bookmark: _Toc385264281]5.5 Improvements

Based on the recommendations of the expert group, it is necessary to supplement this section with calculated N2O emissions. The main sources of nitrous oxide emissions in this sector are its use of anesthesia during surgical operations. Since statistical reporting on this indicator is not conducted, it is necessary to send requests to the Ministry of Health to organize the collection of information on the number of N2O used for these purposes. In the absence of data on the use of nitrous oxide, it is necessary to organize the collection of data on the number of surgical operations and calculations for use of nitrous oxide emission factor by default.
[bookmark: _Toc385264282]6. AGRICULTURE
[bookmark: _Toc385264283]6.1 General information and calculations of emissions by sector
The agriculture of Kazakhstan, in accordance with the global climate zoning [2], is developed in the most of territory in a moderately cold and dry climate with an average annual air temperature from 0 to 10 ºC, the ratio of annual precipitation to potential evaporation <1 and, only in the south and south-west, moderately warm and dry climate with an annual temperatures above 10 ºC. Over 70% of land the natural pastures and grasslands that are forage for livestock occupy area of Kazakhstan. The area of ​​land available for cultivation of crops is less than 15%.
In the recent years, there has been growth of economic indicators in agriculture of Kazakhstan. Compared to the period of the economic crisis in the mid 90’s, the total yield of the gross domestic product (GDP) of agriculture increased for more than 10 times and reached 1 999 100 million KZT in 2012 (Table 6.1). However, compared to 2011, in the fiscal year the crop production decreased to 355 394 million KZT due to widespread drought and became 981 800 million KZT. At the same time, the farms sold livestock products for 1 011 200 million KZT, which is 68 806 million KZT higher than the previous years, mainly in meat products.
Table 6.1 – Gross agricultural output in RK 
(at current prices: by 1993 – million roubles, since 1994 - million KZT)
	Year
	Total
	Crop sector
	Livestock sector

	1940
	1850
	888
	962

	1960
	7904
	3877
	4 027

	1980
	14135
	6399
	7 736

	1990
	15673
	6118
	9 555

	1991
	14041
	4883
	9 158

	1995
	191 571
	107 275
	84 297

	2000
	402 047
	22 3504
	178 543

	2005
	763 843
	400 218
	363 625

	2010
	1 436 758
	662 652
	774 106

	2011
	2 286 000
	1 337 194
	942 394

	2012
	1 999100
	981 800
	1 011 200


         Data provided by the Agency of Statistics of RK.
	In 2012, the total sown area in the country amounted to 21 494 800 ha. The bulk of crop production is in spring wheat, much of which is produced in recent years for the domestic and export markets by large agricultural units with a higher level of agriculture (Table 6.2). Out of the total area of ​​13 463 800 ha, the gross harvest of grain wheat amounted to 22 732.1 thousand tons or 43% of grain harvest in 2011. In 2012, 57% came from cornmeal from harvesting of the previous year, which were produced by large and medium-sized farms. With sufficient security warm of growing season, leguminous crop yields, technical and oil seeds, as well as vegetables and melons on irrigation, exceeded the year of 2011 crop yields by up to 26%. In the reporting year, crops in soil arable land used 129 700 tons of fertilizer, which is three times more than the previous year, but in relation to the base year of 1990 it is only 28% (Table 6.3). Organic fertilizer was used ​​at the level of 2010, which is 830 400 tons.
Table 6.2 Dynamics of acreage and crop production for all categories of farms in the Republic of Kazakhstan for 1990 ... 2012.
	The main indicators
	Sown area in 2012
	Gross harvest, thousand tons

	
	All categories of farms
	Agricultural enterprises
	Peasant
farms
	Households
	1990 г.
(wet)
	1995
(dry)
	   2011 г
(wet)
	  2012 г
(dry)

	The total sown area
	21494,8
	13178,1
	8071,8
	244,9
	
	
	
	

	precisely, wheat
	13463,2
	9073,8
	4389,2
	0,2
	16197,0
	6490,0
	22732,1
	9841,13

	Rye
	32,4
	13,7
	18,7
	-
	839,0
	84,4
	28,4
	28,57

	Corn for grain
	101,9
	16,0
	79,4
	6,4
	8500,0
	1360
	482,0
	520,4

	Barley 
	1835,3
	963,0
	872,1
	0,02
	442,0
	2208,0
	2593,1
	1490,7

	Oat 
	177,9
	108,8
	69,2
	-
	610,6
	249,8
	258,0
	147,2

	Millet 
	46,2
	20,1
	25,3
	0,8
	939,3
	39,2
	43,4
	22,6

	Buckwheat 
	89,0
	31,3
	57,7
	-
	173,9
	53,0
	37,4
	48,0

	Rice 
	92,9
	60,7
	32,2
	-
	579,0
	184,0
	346,8
	350,8

	Legumes 
	145,5
	132,4
	12,9
	0,2
	187,4
	42,40
	231,1
	245,9

	Potatoes
	189,8
	13,7
	49,8
	126,2
	2324,0
	1719,0
	3076,1
	3126,4

	Sunflower 
	791,2
	237,4
	552,5
	1,3
	126,3
	98,7
	409,1
	445,0

	Sugar beet
	19,1
	3,3
	15,5
	0,3
	1044,0
	371,0
	200,4
	151,7

	Cotton 
	147,8
	6,5
	141,3
	-
	324,0
	223,0
	336,1
	379,7

	Tobacco 
	1,3
	0,0
	1,3
	-
	4,6
	1,7
	2,8
	2,8

	Vegetables 
	128,0
	9,1
	55,6
	63,3
	1136,0
	780,0
	2877,0
	3061,6

	Melons  
	81,7
	8,0
	61,1
	12,6
	400,0
	162,0
	1248,0
	1649,9

	Root crops
	201,2
	39,0
	162,2
	-
	211,5
	10,9
	241,8
	88,6

	Corn for silage 
	74,2
	55,6
	18,3
	0,3
	44104,0
	4404,0
	1053,3
	823,4

	Seeded perennial grasses
	304,8
	141,5
	157,0
	6,4
	4436,0
	2917,0
	3108,3
	3657,0

	Annual sown grass 
	221,1
	143,1
	77,2
	0,8
	1586,0
	370,0
	271,4
	210,7


Data provided by the Agency of RK
In 2012, livestock production was still continuing to increase since 2001 mainly due to the increase in the number of cattle (Table 6.4). Meat is a dairy product mainly produced in private farms with distinctive conditions of production. Notable inter-annual fluctuations in livestock are mainly related to market conditions of selling livestock products, as well as the lack of fodder. In recent years, there has been an increase in the production of milk and meat by large agricultural units, especially of poultry and pork.
Table 6.3 Entered in the soil mineral and organic fertilizers in the Republic of Kazakhstan for 1990-2012. thousand tons
	Year
	All minerals
	Nitrogen minerals
	Organic

	1990
	672,1
	369,0
	22397,2

	1991
	-
	-
	-

	1992
	-
	-
	-

	1995
	36,2
	22,0
	1135,3

	2000
	11,5
	9,5
	175,6

	2005
	37,5
	20,5
	76,8

	2010
	37,7
	22,4
	826,9

	2011
	41,4
	23,8
	1051,3

	2012
	129,7
	105,3
	830,4


Data provided by the Agency of RK





Table 6.4 Distribution of livestock in animal industry of RK for 1990-2012.
	Main types of livestock
	Number of cattle (at the end of the year)

	2012

	
	1990
	2000
	2010
	2011
	

	Dairy cattle
	3368
	2014,7
	2751,3
	2502,8
	2580,1

	Nondairy catlle
	6389,200
	2091,9
	3424,0
	3199,6
	3109,2

	Cattle (general)
	9757,2
	4106,6
	6175,3
	5 702,4
	5689,3

	Sheep and goats
	35660,5
	99813,1
	17 988,1
	18 091,9
	17633,3

	Horses
	1626,3
	976
	1 528,3
	1 607,4
	1886,2

	Camels (nondairy cattle)
	143
	98,2
	169,6
	173,2
	164,8

	Pork
	3223,8
	1076
	1 344.0
	1 204.2
	1031,6


Data provided by the Agency of RK
Summarized results. In 2012, the total emissions of all greenhouse gases in «Agriculture» sector were estimated at magnitude of 21531 Gg CO2 equivalent, excluding the release of nitrogen mineralization of organic matter in the soil (Table 6.4). That includes, in 2012, methane had 13 256 Gg CO2 equivalent emissions, which is 61% from the total emissions in sector. Emissions of nitrogen compounds (direct and indirect) made up for 8 275 Gg CO2 equivalent or 39% from the total emissions (Figure 6.1). Out of the total gas emissions, livestock accounted for 76%, pastoralism for 17% and crop for 7%, without taking into account the release of nitrogen mineralization of organic matter in the soil (Figure 6.2).
In comparison to 2011, total emissions by sector decreased to 61 Gg in CO2 equivalent or for 0.3%, which explains the reduction in livestock (except for dairy cows and horses) due to lack of fodder in personal farmsteads and small farms, and a decrease in yield due to the drought. Relative to the base year 1990, the total value of emissions for the sector was 55% due to reduced livestock numbers and a limited amount of additional inputs of nitrogen to the soil, mineral, organic fertilizers and biological residues crop cultivation technologies violation.
Nitrous oxide emissions, associated with the release of nitrogen mineralization of organic matter (humus) in the soil of arable land, are presented in Table 6.4 as a reference material and they are not included in the total amount of emissions. In 2012, due to a steady decline of fertility of arable soils, they made up for 6 826 Gg, which is 1.7 times higher than in 1990.
For 2012, gas emissions were distributed in the sector of the descending sectional gases and their sources are in the following order.
Methane: -internal fermentation of the animals – 12 270 Gg CO2 equivalent or 92, 6% out of the total emission values by sector;
	     - Data collection and storage of manure - 869 Gg CO2 equivalent, or 6.5%;
	     -  Rice fields (checks) - 117 Gg CO2 equivalent or 0.9%.
Nitrous oxide and other nitrogen compounds:
· Cattle manures on pastures and ranges - 3 615 Gg. CO2 equivalent, or 44% out of the total emission values; ​​
· Data collection and storage of manure - 3274 Gg CO2 equivalent, or 39%;
· Arable land (excluding emissions from mineralization of organic matter in the soil) – 1 228 Gg CO2 equivalent, or 17%.

6.1.1 Recalculations
From 1990 to 2011, gas emissions were recalculated (methane and nitrous oxide) in the sector in relation to individual variations in the methodological approaches and the use of the calculations of the IPCC Guidelines, 2006, since 2012.
In particular, from internal fermentation of the livestock, methane emissions increased by 4% due to the correction coefficients for calculating the average number of livestock, as well as in 2011 emissions increased by 505 Gg / yr in eq. CO2.
From the storage and use of manure, methane emissions and carbon dioxide decreased by 1.5%, also in 2011, they decreased by 60 Gg / yr in eq. CO2.
Abandoned fanure from livestock on pastures, carbon dioxide emissions have increased by up to 30% due to the additional calculations of indirect emissions (previously calculated), as well as in 2011 they increased by 880 Gg / yr in eq. CO2.
Their cropland soil carbon dioxide emissions (excluding emissions from the release of nitrogen mineralization of soil organic matter) decreased between 9 to 17% by changing the coefficients of direct and indirect emissions in accordance with RP 2006 IPCC, as well as in 2011, emissions decreased by 117 Gg / yr in eq. CO2.
Total for "Agriculture" sector (excluding emissions from the release of nitrogen mineralization of soil organic matter) on a range of 1990-2011, emissions have from -1% to +1%, as well as in 2011, they decreased by 164 Gg / yr in eq. CO2.
Issue of the release of nitrogen in the process of mineralization of soil organic matter, which is calculated in accordance with the requirements of RP IPCC, 2006 and presented in the report as a reference material, increased by 1504 Gg / yr in eq. CO2 in 1990 and decreased by 258 Gg / yr in eq. CO2 in 2011, which is explained by specification standards soil carbon and content dynamics of the humus in the soil in the process of methodological improvements.

[bookmark: _Toc385264284]6.1.2 Methodological approaches and key source categories
The main guidelines for the calculation of anthropogenic emissions of greenhouse gases in the sector "Agriculture" for 2012 and earlier years was used Guidelines for National Greenhouse Gas Inventories, IPCC, 2006 [1], as well as Guidelines for Good Practice Guidance and Uncertainty in national Greenhouse Gas Inventories, IPCC, 2000 [2].
In accordance with [1] and [2] to key sources include ranked contribution of not less than 95% of total greenhouse gas emissions. Agriculture in Kazakhstan is a source of anthropogenic emissions of methane (CH4), nitrous oxide (N2O), ammonia (NH4), carbon dioxide (CO2) and other nitrogen and carbon compounds. As the key source in livestock, methane emissions come out as an enteric fermentation of animals (4A), as well as nitrous oxide emissions from agricultural soils (4D), and system of collections, storage and use of manure (4B). On crop land, nitrous oxide emissions are associated with including in the soil mineral nitrogen and organic fertilizers, with entering in the soil biological crop residues (4D). As a key source, significant nitrous oxide emissions to the atmosphere marked by the release of nitrogen in the process of mineralization of organic substances in the arable land soil (4D). For methane emissions, irrigated sown rice fields are calculated (4C). Pastoral land nitrous oxide emissions and other associated gases are estimated from manure, which was left by pastured animals (4D). 
In the agricultural sector, all calculations of gas flows from key categories are carried out at the national level.

	Year
	Animal husbandry 
	Pastures
	Arable 
(mineral, organic fertilizers, crop residues from biological / agricultural crops)
	Rice fields
	Total emissions from all sources
	Total emissions from all sources (no release of nitrogen mineralization of organic matter in the soil)
	Total emissions from all sources (no release of nitrogen mineralization and soil organic matter)
	The release of nitrogen during the mineralization of organic substances in soil **

	
	Internal fermentation
	Data collection and storage of manure
	Total emissions
	
	
	
	
	
	
	

	
	CH4
	CH4
	N2O
	CH4 и N2O
	NH3
	N2O
	CH4
	CH4
	N2O
	CH4 и  N2O
	N2O 

	1990
	
20523
	1577
	5766
	
27866
	6646
	
4293
	156
	22256
	16705
	38961
	4095

	1991
	20064
	1537
	5673
	27274
	6476
	3326
	150
	21757
	15475
	37232
	4095

	1992
	19528
	1499
	5571
	26598
	6436
	4266
	145
	21172
	16273
	37445
	4095

	1993
	19376
	1466
	5496
	26338
	6324
	2148
	136
	20978
	13968
	34946
	4737

	1994
	15788
	1252
	4542
	21582
	5078
	1271
	128
	17168
	10891
	28059
	5382

	1995
	13442
	1069
	3971
	18482
	4166
	682
	121
	14632
	8819
	23451
	6020

	1996
	10392
	817
	2905
	14114
	3134
	685
	113
	11322
	6724
	18146
	6832

	1997
	8419
	659
	2359
	11437
	2443
	676
	106
	9184
	5458
	14642
	7648

	1998
	7922
	617
	2207
	10746
	2241
	453
	98
	8637
	4911
	13548
	8410

	1999
	8278
	632
	2254
	11164
	2266
	744
	92
	9002
	5264
	14266
	8968

	2000
	8487
	655
	2337
	11479
	2328
	639
	98
	9240
	5620
	14860
	10075

	2001
	8690
	685
	2437
	11812
	2440
	843
	91
	9466
	6067
	15533
	9436

	2002
	9220
	729
	2595
	12544
	2604
	868
	86
	10035
	6067
	16102
	8795

	2003
	9893
	781
	2771
	13445
	2805
	890
	106
	10780
	6466
	17246
	8912

	2004
	10625
	815
	2908
	14348
	3029
	800
	102
	11542
	6737
	18279
	7468

	2005
	11116
	844
	3019
	14979
	3205
	846
	108
	12068
	7070
	19138
	6863

	2006
	11623
	876
	3168
	15567
	3360
	998
	111
	12610
	7526
	20138
	7375

	2007
	12062
	903
	3267
	16232
	3500
	1193
	111
	13076
	7960
	21036
	7880

	2008
	12435
	924
	3357
	16716
	3618
	896
	96
	13455
	7871
	21326
	8386

	2009
	12661
	939
	3432
	17032
	3711
	1234
	110
	13710
	8377
	22087
	8894

	2010
	12921
	953
	3437
	17311
	3801
	1100
	118
	13992
	8338
	22330
	9399

	2011
	12156
	884
	3302
	16342
	3661
	1472
	117
	13157
	8435
	21592
	6870

	2012
	12270
	869
	3274
	16413
	3615
	1386
	117
	13256
	8275
	21531
	6826


  
** Note: The materials are for reference only.
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Figure 6.1 Greenhouse gas emissions in CO2 equivalent from agriculture in RK for 1990-2012 
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1 – animal husbandry; 2 – pastoralism; 3 – crop (without release of nitrogen mineralization of organic matter in the soil).

[bookmark: _Toc385264285]6.2 Enteric fermentation of livestock (category 4.A) 
[bookmark: _Toc385264286]6.2.1 Category description and the results
	Emissions of methane (CH4), which is formed during internal enteric fermentation in the digestive process, was evaluated for the main types of farm animals, including cattle (milk and dairy), sheep, goats, horses, camels, pigs, donkeys and buffaloes. Emissions from poultry have not been evaluated. The quantity of methane depends on the number of animals, their weight, the type of their digestive system, the kind and amount of feed consumed.
	Methane emissions declined from the fermentation of all kinds of animals since 1990 in Kazakhstan. The most significant reduction occurred in the period from 1990 to 1998. The main reason for reducing emissions in this period was to reduce the number of cattle, sheep, goats, camels, horses, pigs, poultry and donkeys (Tables 6.5 and 6.6). The lowest values ​​of emissions in 1998 amounted to 377.25 Gg (Figure 6.3 and Table 6.6 in more detail.) Since 1998, due to the improved economic situation, until 2011, the country experienced an increase in livestock and, therefore, an increase in greenhouse gas emissions for all categories of animals. As seen in Table 6.6, methane emissions from enteric fermentation of all animals was 584.3 Gg in 2012, which is 40% lower than in 1990 (977.28 Gg). Cattle is a major contributor to the emission of methane from enteric fermentation (up to 75% of the total methane emissions in 2012).
Table 6.5: Livestock Pets by type in Kazakhstan at the end of the year for 1990-2012, Ths 1)
	Year
	Dairy c Cattle
i =1
	Nondairy cattle
i = 2
	Sheep
i=3
	Goats
i=4
	Camels
i=5
	Horses
i = 6
	Pigs
i = 7
	Birds
i = 8
	Donkeys
i= 9
	Buffaloes 
i = 10

	1990
	3368
	6389,200
	34946,4
	714,1
	143
	1626,3
	3223,8
	59900
	45
	13,0

	1991
	3490
	6102,400
	33908,0
	692,0
	145,1
	1666,4
	2976,1
	59900
	45
	12,0

	1992
	3623,4
	5952,900
	33732,0
	688,0
	148,8
	1703,5
	2591
	52700
	45
	11,0

	1993
	3687,2
	5659,400
	33312,0
	896,8
	154,8
	1776,6
	2445,2
	49800
	40
	10,5

	1994
	3396,7
	4676,200
	24272,6
	859,4
	141,2
	1636
	1982,7
	32700
	40
	10,5

	1995
	3045
	3814,900
	18786,0
	798,8
	130,5
	1556,9
	1622,7
	20800
	40
	10,0

	1996
	2546,6
	2878,000
	13000,0
	679,0
	111,2
	1310
	1036,5
	15400
	35
	10,0

	1997
	2109,6
	2197,500
	9693,4
	690,9
	97,1
	1082,7
	879
	16000
	29
	9,0

	1998
	1952,8
	2005,100
	8691,3
	835,2
	95,8
	986,3
	891,8
	17000
	29
	9,0

	1999
	1962,3
	2035,900
	8725,4
	931,3
	96,1
	969,6
	984,2
	18000
	30
	9,0

	2000
	2014,7
	2091,900
	8939,4
	1041,7
	98,2
	976
	1076
	19700
	30
	9,0

	2001
	2077,2
	2216,300
	9207,5
	1271,1
	103,8
	989,5
	1123,8
	21100
	30
	9,0

	2002
	2171,4
	2388,100
	9787,5
	1485,5
	107,5
	1019,3
	1229,8
	23800
	30
	9,0

	2003
	2267,3
	2603,700
	10420,1
	1827,0
	114,9
	1064,3
	1368,8
	24 823,1
	30
	9,0

	2004
	2376,2
	2827,700
	11518,5
	1890,6
	125,7
	1120,4
	1292,1
	25 606,1
	31
	9,0

	2005
	2442,6
	3014,800
	12005,5
	2329,0
	130,5
	1163,5
	1281,9
	26 215,5
	30
	10,0

	2006
	2569
	3091,400
	12813,7
	2536,6
	138,6
	1235,6
	1304,9
	28 239,3
	30
	10,0

	2007
	2605,6
	3235,300
	13470,1
	2609,9
	143,2
	1291,1
	1352,7
	29 506,8
	30
	10,0

	2008
	2675,4
	3316,200
	14126,1
	2644,3
	148,3
	1370,5
	1347,3
	30 148,4
	30
	10,0

	2009
	2717,3
	3377,900
	14660,8
	2708,9
	155,5
	1 438,7
	1 326,3
	32 686,5
	30
	10,0

	2010
	2751,3
	3424,000
	15110,0
	2878,1
	169,6
	1 528,3
	1 344,0
	32 780,6
	30
	10,0

	2011
	2502,8
	3199,6
	15197,2
	2894,7
	173,2
	1 607,4
	1 204,2
	32 870,1
	30
	10,0

	2012
	2 580,10
	3109,9
	14812,0
	2821,3
	164,8
	1 686,2
	1 031,6
	33 474,0
	30
	10,0


* - Data provided by the Agency of statistics of RK

In Table 6.5 Data on the number of donkeys, sheep, goats and buffaloes were given according to FAO. 

Table 6.6: Methane emissions from enteric fermentation in Kazakhstan, Gg / yr
	Year
	Animal category

	
	Dairy cattle
	Nondairy cattle
	Sheep
	Goats
	Camels
	Horses
	Pigs
	Donkeys
	Buffaloes
	Total

	1990
	339,86
	386,94
	202,69
	4,14
	6,97
	31,32
	4,19
	0,45
	0,72
	977,28

	1991
	349,72
	360,87
	196,67
	4,01
	7,08
	32,09
	3,87
	0,45
	0,66
	955,42

	1992
	354,89
	330,91
	195,65
	3,99
	7,26
	32,81
	3,37
	0,45
	0,61
	929,92

	1993
	361,47
	316,85
	193,21
	5,20
	7,55
	34,22
	3,18
	0,40
	0,58
	922,65

	1994
	328,75
	235,33
	140,78
	4,98
	6,88
	31,51
	2,58
	0,40
	0,58
	751,80

	1995
	293,56
	193,55
	108,96
	4,63
	6,36
	29,99
	2,11
	0,40
	0,55
	640,12

	1996
	240,95
	141,66
	75,40
	3,94
	5,42
	25,23
	1,35
	0,35
	0,55
	494,85

	1997
	201,08
	112,09
	56,22
	4,01
	4,73
	20,85
	1,14
	0,29
	0,50
	400,92

	1998
	191,64
	104,74
	50,41
	4,84
	4,67
	19,00
	1,16
	0,29
	0,50
	377,25

	1999
	196,10
	116,67
	50,61
	5,40
	4,69
	18,67
	1,28
	0,30
	0,50
	394,21

	2000
	202,80
	117,67
	51,85
	6,04
	4,79
	18,80
	1,40
	0,30
	0,50
	404,14

	2001
	209,71
	116,97
	53,40
	7,37
	5,06
	19,06
	1,46
	0,30
	0,50
	413,83

	2002
	220,69
	125,71
	56,77
	8,62
	5,24
	19,63
	1,60
	0,30
	0,50
	439,05

	2003
	231,18
	140,22
	60,44
	10,60
	5,60
	20,50
	1,78
	0,30
	0,50
	471,10

	2004
	243,48
	151,52
	66,81
	10,97
	6,13
	21,58
	1,68
	0,31
	0,50
	502,97

	2005
	250,92
	163,97
	69,63
	13,51
	6,36
	22,41
	1,67
	0,30
	0,55
	529,32

	2006
	265,51
	167,72
	74,32
	14,71
	6,76
	23,80
	1,70
	0,30
	0,55
	555,37

	2007
	270,28
	176,40
	78,13
	15,14
	6,98
	24,867
	1,76
	0,30
	0,55
	574,39

	2008
	279,19
	179,48
	81,93
	15,34
	7,23
	26,40
	1,75
	0,30
	0,55
	592,16

	2009
	282,85
	181,46
	85,03
	15,71
	7,58
	27,71
	1,72
	0,30
	0,55
	602,92

	2010
	287,18
	183,47
	87,64
	16,69
	8,27
	29,44
	1,75
	0,30
	0,55
	615,28

	2011
	259,81
	172,31
	88,14
	16,79
	8,45
	30,96
	1,57
	0,30
	0,55
	578,87

	2012
	268,10
	171,22
	85,91
	16,36
	8,04
	32,48
	1,34
	0,30
	0,55
	584,30

	2012, Доля (%) 
	45,88
	29,30
	14,70
	2,80
	1,38
	5,56
	0,23
	0,05
	0,09
	100,00


Table 6.6 shows the results of calculation of methane emissions from enteric fermentation of livestock.
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From the agricultural sector, enteric fermentation of farm animals is a key source of methane emissions.
For calculations of methane emissions were used Guidelines for National Greenhouse Gas Inventories, IPCC, 1996 [1] Guidelines for Good Practice, IPCC, 2000 [ 2] and the Guidelines for National Greenhouse Gas Inventories, IPCC, 2006 [3]. Calculations of methane emissions from cattle were carried out on the second methodological level, calculations from other species of farm animals on the first methodological level.





Figure 6.3 - Emissions of methane (CH4) emissions from enteric fermentation by Animal category, Gg / yr
Data on livestock and poultry from 1990 to 2012 were obtained from the records of the official statistical publications and the Agency for Statistics [5, 6, 7] (Table 6.5). The exception is the data on the number of sheep, goats, buffalo and donkeys, which are derived from inputs from FAO (Food and Agriculture Organization, Food and Agriculture Organization, FAO).
For calculations of the average annual livestock for 2012 and earlier years were used statistical data on the dynamics of average livestock farms of all categories (Table 6.7). In order to get the average annual livestock, major categories of farm animals were updated adjustments of factors by calculating the values ​​of livestock for each month in relation to livestock for 1st of January (in shares) . For cattle, the adjustment factor was 1.12, for pigs - 1.30, for sheep and goats - 1.16, horses - 1.07, and camels - 1.06. In 2010, for calculations of the average annual livestock, in all categories, were used statistical data on the dynamics of the average monthly number of cattle, cows, pigs, camels, sheep and goats.
Table 6.7: The average number of domesticated animals in Kazakhstan by type for 1990 ... 2012., Ths
	Year
	Dairy cattle
i = 1
	Nondairy
cattle i = 2
	Sheep
i = 3
	Goat
i = 4
	Camels
i = 5
	Horses
i = 6
	Pigs
i = 7
	Birds
i = 8
	Donkeys
i = 9
	Buffaloes 
i = 10

	1990
	3772,160
	7155,904
	40537,796
	828,384
	151,580
	1740,141
	4190,940
	62296
	45
	13,0

	1991
	3908,800
	6834,688
	39333,280
	802,720
	153,806
	1783,048
	3868,930
	62296
	45
	12,0

	1992
	4058,208
	6667,248
	39129,120
	798,080
	157,728
	1822,745
	3368,300
	54808
	45
	11,0

	1993
	4129,664
	6338,528
	38641,920
	1040,288
	164,088
	1900,962
	3178,760
	51792
	40
	10,5

	1994
	3804,304
	5237,344
	28156,216
	996,904
	149,672
	1750,520
	2577,510
	34008
	40
	10,5

	1995
	3410,400
	4272,688
	21791,760
	926,608
	138,330
	1665,883
	2109,510
	21632
	40
	10,0

	1996
	2852,192
	3223,360
	15080,000
	787,640
	117,872
	1401,700
	1347,450
	16016
	35
	10,0

	1997
	2362,752
	2461,200
	11244,344
	801,444
	102,926
	1158,489
	1142,700
	16640
	29
	9,0

	1998
	2187,136
	2245,712
	10081,908
	968,832
	101,548
	1055,341
	1159,340
	17680
	29
	9,0

	1999
	2197,776
	2280,208
	10121,464
	1080,308
	101,866
	1037,472
	1279,460
	18720
	30
	9,0

	2000
	2256,464
	2342,928
	10369,704
	1208,372
	104,092
	1044,320
	1398,800
	20488
	30
	9,0

	2001
	2326,464
	2482,256
	10680,700
	1474,476
	110,028
	1058,765
	1460,940
	21944
	30
	9,0

	2002
	2431,968
	2674,672
	11353,500
	1723,180
	113,950
	1090,651
	1598,740
	24752
	30
	9,0

	2003
	2539,376
	2916,144
	12087,316
	2119,320
	121,794
	1138,801
	1779,440
	25816
	30
	9,0

	2004
	2661,344
	3167,024
	13361,460
	2193,096
	133,242
	1198,828
	1679,730
	26630
	31
	9,0

	2005
	2735,712
	3376,576
	13926,380
	2701,640
	138,330
	1244,945
	1666,470
	27264
	30
	10,0

	2006
	2877,280
	3462,368
	14863,892
	2942,456
	146,916
	1322,092
	1696,370
	29369
	30
	10,0

	2007
	2918,272
	3623,536
	15625,316
	3027,484
	151,792
	1381,477
	1758,510
	30687
	30
	10,0

	2008
	2996,448
	3714,144
	16386,276
	3067,388
	157,198
	1466,435
	1751,490
	31354
	30
	10,0

	2009
	3043,376
	3783,248
	17006,528
	3142,324
	164,830
	1539,409
	1724,190
	33994
	30
	10,0

	2010
	3081,456
	3834,880
	17527,600
	3338,596
	179,776
	1635,281
	1747,200
	34092
	30
	10,0

	2011
	2803,136
	3583,552
	17628,743
	3357,861
	183,592
	1719,918
	1565,460
	34185
	30
	10,0

	2012
	2889,712
	3483,088
	17181,883
	3272,745
	174,688
	1804,234
	1341,080
	34813
	30
	10,0


Detailed data on livestock, animal live weight and average yield of milk from cows were received from the Agency for Statistics and from a national expert in the field of animal husbandry.

6.2.3 Selection of coefficients for emissions calculation from cattle 
Emission factors for cattle were evaluated on the basis of data on the gross energy consumption and methane conversion factors. For other categories of animals were used default factors in accordance with the Revised Guidelines for National Inventories, IPCC 1996 for Eastern Europe with moderately cold and dry climatic conditions (average annual temperature less than 10°C).
For calculating the emission factors were used data on live weight of animals (Table 6.8). The mass of dairy cattle were obtained based on expert judgment and the weight of nondairy cattle was obtained from the Agency of Statistics of RK. Compared to the mass of dairy cows, average weight of nondairy cattle was much less, because it does not reach its maximum weight before the slaughter. Slaughter is done when an animal’s life reaches to 2-3 years.
Table 6.8: The live weight of the cattle, kg
	Year
	Dairy cattle
	Nondairy cattle

	1990
	475
	352

	1991
	475
	341

	1992
	475
	314

	1993
	475
	317

	1994
	475
	275

	1995
	475
	278

	1996
	475
	267

	1997
	475
	280

	1998
	475
	289

	1999
	475
	327

	2000
	475
	319

	2001
	475
	293

	2002
	475
	292

	2003
	475
	301

	2004
	475
	299

	2005
	475
	305

	2006
	475
	304

	2007
	475
	306

	2008
	475
	303

	2009
	475
	300

	2010
	475
	299

	2011
	475
	301

	2012
	475
	310


Feed digestibility coefficient (ke) in local conditions is about 60 % (Table 6.9).
Data on the characteristics of animals and their food rations were used to estimate the feed intake, which represents the amount of energy ( MJ / day ) required to maintain the animal, as well as to perform functions such as growth, lactation, and pregnancy.
The extent to which feed energy is converted to CH4, depends on several interacting factors: feed and animal species. In the calculations of methane conversion factor () was adopted for the 0,065 or 6.5 % (Table 6.9).
Table 6.9 - Factors for the calculation of gross energy, REP IPCC, 2000
	Cfi, MJ/day x kg, Dairy cattle
	0,386

	Cfi, МJ/day х kg; Nondairy cattle
	0,37

	Ca, Dairy cattle
	0,108

	Ca, Nondairy cattle
	0,252

	C, Dairy cattle
	0,8

	C, Nondairy cattle
	1,2

	Milk fat, %
	3,7

	Cpregnancy
	0,1

	ke, %
	60

	, Dairy cattle
	0,065

	, Nondairy cattle
	0,065


The table contains the following abbreviations:
Cfi - coefficient which varies for each animal category,
Ca - coefficient corresponding to animal feed , calculated taking into account the proportion of cattle are in the stall and grazing on pasture (Table 6.10 and 6.11).
Ca, Dairy cattle = 0 ∙ 0,7 +0,36 ∙ 0,3 = 0,108,
Ca, Nondairy cattle = 0 ∙ 0,3 +0,36 ∙ 0,7 = 0,252,
C - coefficient with a value of 0.8 for female and 1.2 for males (NRC, 1996),
Cpregnancy - pregnancy rate,
ke - the coefficient of digestibility of forages,
  - Methane conversion factor.
Table 6.10 - Methods of cattle breeding (cattle)
	Method 
	Determination
	Ca

	Stabling 
	Animals are confined to a small area (ie, on a leash, in the paddock, in the barn), whereby they spend very little energy or not spend it to produce food.
	0

	Grazing on large area
	Animals graze in open pastures and rolling hills, and they spend a considerable amount of energy to produce food.
	0.36


The share of different ways of animal breeding is determined by consultating with an expert in the field of animal [8, 9] (Table 6.11). 
Table 6.11: The share of different methods of cattle breeding
	Animal Category
	Stabling
	Grazing on large area

	Dairy cattle
	0,7
	0,3

	Nondairy cattle
	0,3
	0,7


From statistical yearbooks, data were obtained on annual production of milk, where the average daily yield of milk was calculated by dividing the annual yield of milk by 365 (Table 6.12). Since 1992, the milk tends to increase. 
Table 6.12: Production of milk (dairy cattle)
	Year
	Milk yield in liters / day

	1990
	5,45

	1991
	5,30

	1992
	4,82

	1993
	4,84

	1994
	4,58

	1995
	4,50

	1996
	4,12

	1997
	4,27

	1998
	4,86

	1999
	5,24

	2000
	5,39

	2001
	5,46

	2002
	5,60

	2003
	5,67

	2004
	5,78

	2005
	5,83

	2006
	5,96

	2007
	6,04

	2008
	6,17

	2009
	6,12

	2010
	6,18

	2011
	6,06

	2012
	6,08


Calculation of emission factors for cattle (Table 6.13) was made based on the following formula:
 / 55,65                                           (6.1)
where: - the mass of CH4 emissions by one animal per year, kg. 
i - ordinal number of animal species in Table 6.12 
 - Gross energy consumption by one animal per day, MJ / day (Table 6.14). 
 - Methane conversion factor, which is the share of gross energy in feed converted to methane. 
55.65 - the coefficient of the energy content of methane, MJ / kg CH4.
To determine the total emission, the estimated coefficients are multiplied by the corresponding values ​​of the number of animals and the results were summarized.
 ,	                                             (6.2)
 ,	                                             (6.2)
где: – emission of methane from enteric fermentation, Gg СН4 / year;
– emission factor for the defined livestock population, kg СН4 / head per year;
– number of cattle in the country for category i;
i– category (type) of cattle (Table 6.5);
106  – factor for mass transfer of СН4 from kg to Gg.
Table 6.13: Emission factors for CH4 enteric fermentation for cattle
	Year
	Dairy cattle, kg / head per year
	Nondairy cattle, kg / head per year

	1990
	90,10
	54,07

	1991
	89,47
	52,80

	1992
	87,45
	49,63

	1993
	87,53
	49,99

	1994
	86,42
	44,93

	1995
	86,08
	45,30

	1996
	84,48
	43,95

	1997
	85,10
	45,54

	1998
	87,62
	46,64

	1999
	89,23
	51,17

	2000
	89,88
	50,22

	2001
	90,14
	47,12

	2002
	90,75
	47,00

	2003
	91,04
	48,08

	2004
	91,49
	47,84

	2005
	91,72
	48,56

	2006
	92,28
	48,44

	2007
	92,62
	48,68

	2008
	93,17
	48,32

	2009
	92,94
	47,96

	2010
	93,20
	47,84

	2011
	92,68
	48,08

	2012
	92,78
	49,16


Table 6.14: Gross energy consumption by cattle, MJ / day
	Year
	Dairy cattle, kg / head per year
	Nondairy cattle, kg / head per year

	1990
	211,33
	126,83

	1991
	209,86
	123,85

	1992
	205,12
	116,42

	1993
	205,31
	117,25

	1994
	202,70
	105,40

	1995
	201,91
	106,26

	1996
	198,15
	103,09

	1997
	199,62
	106,83

	1998
	205,53
	109,40

	1999
	209,29
	120,02

	2000
	210,81
	117,81

	2001
	211,44
	110,53

	2002
	212,86
	110,25

	2003
	213,54
	112,79

	2004
	214,60
	112,22

	2005
	215,14
	113,91

	2006
	216,45
	113,63

	2007
	217,24
	114,19

	2008
	218,55
	113,35

	2009
	218,00
	112,50

	2010
	218,60
	112,22

	2011
	217,40
	112,79

	2012
	217,62
	115,31


Default coefficients for sheep, goats, camels, horses, pigs, donkeys and buffaloes were used for developing countries that are most appropriate to local conditions and to weight of the animals (Table 6.15). 
Table 6.15: Emission factors for СН4 enteric fermentation
	Animal categories
	Emission mass СН4, kg / head per year

	Sheep
	5

	Goats
	5

	Camels
	46

	Horses
	18

	Pigs
	1

	Donkeys
	10

	Buffaloes
	55



6.2.4 Uncertainties evaluation 
Accuracy of the calculations depends on the accuracy of the emission factors and the characteristics of livestock. Accuracy of the estimation of emission factors from cattle using two methodological levels is within ± 20% (IPCC, 2000). 
For other categories of animals, emission factors do not reflect the characteristics of livestock for a specific country accurately, hence their accuracy is ± 30%, and the uncertainty of the calculation of emissions is ± 50%, taking into account the additional uncertainty of data on livestock.

6.2.5 QA / QC procedures
Coefficients were updated, which take into account the intra-annual changes in the number of animals using the data on monthly average livestock for 2012.
In the calculations of emissions in the fermentation process for the categories of "donkeys", "buffalo", "sheep", "goat", instead of the previously used national statistics, were used data on the number of livestock, FAO. Missing data for 2011-2012 and 1990 are extrapolated using the next two years. Greenhouse gas emissions from rabbits and hares were not calculated, because there is no reliable method of calculation, though their population in the country is not significant.

6.2.6 Recalculations  
With an update of the national emission allocations, with higher precision, there were recalculations made for methane emissions from enteric fermentation for 1990-2012. For this, translations of annually published statistics on livestock’s major type of species were carried out on 1st of January of the average annual population for the period from 1990 to 2012.



6.2.7 Improvements 
Due to the remarks of the experts, coefficient of digestibility of feed for cattle was updated, which amounted to 60% (REP IPCC 2000, Eastern Europe). 
The Ca coefficient was re-calculated, which characterizes the conditions of animal feed (REB IPCC 2000). 
In the future it will be necessary to clarify the emission factors for sheep, goats, perhaps, for other categories of animals and perform calculations with internal fermentation emissions at the methodological level 2.

6.3 Cleaning, storage and use of manure (4B)
6.3.1 Description of the category and the results
Compared to enteric fermentation, volumes of emitted gases from the cleaning, storage and use of manure systems are generally less significant, when emitted gases (methane and nitrous oxide) have a significant greenhouse effect.
Methane emissions
In 2012, methane emissions from the storage and use of manure amounted to 41.37 Gg and decreased to 45% (Figure 6.4) in relation to 1990 (75.07 Gg). The lowest emission values ​​were also observed in 1998 (29.39 years), with subsequent growth. It is also associated with a change in the dynamics of livestock, which until 1998 rapidly decreased due to the economic crisis, followed by steady growth until 2010.
The highest emission values ​​calculated from cattle manure (76%). Methane emissions from swine manure amounted to 13% of sheep and goats - about 5 %, the rest of the emissions go to other categories of animals. Table 6.16 provides more detailed data.
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Figure 6.4 – methane emissions (CH4) from the system of collection, storage and use of manure, Gg
Table 6.16: methane emissions from the system of collection, storage and use of manure on animal categories in Kazakhstan, Gg / yr
	Year
	Animal categories

	
	Dairy cattle
	Nondairy cattle
	Sheep
	    Goats
	Camels
	Horses
	Pigs
	Birds
	Donkeys
	Buffaloes
	Total

	1990
	22,63
	28,62
	4,05
	0,09
	0,19
	1,90
	16,76
	0,75
	0,03
	0,04
	75,07

	1991
	23,45
	27,34
	3,93
	0,09
	0,20
	1,94
	15,48
	0,75
	0,03
	0,04
	73,24

	1992
	24,35
	26,67
	3,91
	0,09
	0,20
	1,99
	13,47
	0,66
	0,03
	0,03
	71,40

	1993
	24,78
	25,35
	3,86
	0,11
	0,21
	2,07
	12,72
	0,62
	0,02
	0,03
	69,78

	1994
	22,83
	20,95
	2,82
	0,11
	0,19
	1,91
	10,31
	0,41
	0,02
	0,03
	59,57

	1995
	20,46
	17,09
	2,18
	0,10
	0,18
	1,82
	8,44
	0,26
	0,02
	0,03
	50,58

	1996
	17,11
	12,89
	1,51
	0,09
	0,15
	1,53
	5,39
	0,19
	0,02
	0,03
	38,91

	1997
	14,18
	9,84
	1,12
	0,09
	0,13
	1,26
	4,57
	0,20
	0,02
	0,03
	31,44

	1998
	13,12
	8,98
	1,01
	0,11
	0,13
	1,15
	4,64
	0,21
	0,02
	0,03
	29,39

	1999
	13,19
	9,12
	1,01
	0,12
	0,13
	1,13
	5,12
	0,22
	0,02
	0,03
	30,09

	2000
	13,54
	9,37
	1,04
	0,13
	0,13
	1,14
	5,60
	0,25
	0,02
	0,03
	31,24

	2001
	13,96
	9,93
	1,07
	0,16
	0,14
	1,15
	5,84
	0,26
	0,02
	0,03
	32,57

	2002
	14,59
	10,70
	1,14
	0,19
	0,15
	1,19
	6,39
	0,30
	0,02
	0,03
	34,69

	2003
	15,24
	11,66
	1,21
	0,23
	0,16
	1,24
	7,12
	0,31
	0,02
	0,03
	37,21

	2004
	15,97
	12,67
	1,34
	0,24
	0,17
	1,31
	6,72
	0,32
	0,02
	0,03
	38,77

	2005
	16,41
	13,51
	1,39
	0,30
	0,18
	1,36
	6,67
	0,33
	0,02
	0,03
	40,19

	2006
	17,26
	13,85
	1,49
	0,32
	0,19
	1,44
	6,79
	0,35
	0,02
	0,03
	41,74

	2007
	17,51
	14,49
	1,56
	0,33
	0,19
	1,51
	7,03
	0,37
	0,02
	0,03
	43,05

	2008
	17,98
	14,86
	1,64
	0,34
	0,20
	1,60
	7,01
	0,38
	0,02
	0,03
	44,04

	2009
	18,26
	15,13
	1,70
	0,35
	0,21
	1,68
	6,90
	0,41
	0,02
	0,03
	44,68

	2010
	18,49
	15,34
	1,75
	0,37
	0,23
	1,78
	6,99
	0,41
	0,02
	0,03
	45,41

	2011
	16,82
	14,33
	1,76
	0,37
	0,23
	1,87
	6,26
	0,41
	0,02
	0,03
	42,12

	2012
	17,34
	13,93
	1,72
	0,36
	0,22
	1,97
	5,36
	0,42
	0,02
	0,03
	41,37

	2012, Share (%)
	39,94
	34,04
	4,19
	0,88
	0,56
	4,45
	14,87
	0,97
	0,04
	0,07
	100,00


Nitrous oxide emissions
Kazakhstan’s livestock prevails dry storage of manure of pets. Manure is typically stored for a long time directly at the farms and homesteads. Annual values ​​of emissions of nitrous oxide (N2O) from dry collection, storage and use of manure systems are shown in Figure 6.5 and detailed in Table 6.17.
Nitrous oxide emissions from dry collection, storage and use of manure systems in 2012 amounted to 10.56 Gg and decreased by 43 % in relation to 1990 (18.59 Gg). Such dynamics happened due to the aforementioned change in the number of animals from 1990 to 2012.
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Figure 6.5 - Emissions of nitrous oxide (N2O) from dry collection, storage and use of manure systems, Gg / yr.
Nitrous oxide emissions from manure on pasture, which remained in 2012, amounted to 10.20 Gg and decreased by 46% in relation to 1990 (Figure 6.6). Such dynamics happened due to the changes in the number of animals from 1990 to 2012 (Table 6.5).
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Figure 6.6 - Nitrous oxide emissions from manure on pasture, which remained, in Kazakhstan 

More detailed information on the amount of emissions from the system of cleaning, storage and the use of manure is provided in Table 6.17.
Table 6.17: Emissions of nitrous oxide systems for cleaning, storage and use of manure, as well as manure from cattle pastures (direct emissions) Gg / yr
	Year
	N2O emissions

	
	Dry systems
	Pasture and grazing

	1990
	18,59
	18,73

	1991
	18,30
	18,25

	1992
	17,97
	18,14

	1993
	17,73
	17,81

	1994
	14,65
	14,34

	1995
	12,23
	11,78

	1996
	9,37
	8,88

	1997
	7,61
	6,92

	1998
	7,12
	6,35

	1999
	7,27
	6,42

	2000
	7,54
	6,60

	2001
	7,86
	6,91

	2002
	8,37
	7,38

	2003
	8,94
	7,95

	2004
	9,38
	8,58

	2005
	9,74
	9,08

	2006
	10,22
	9,51

	2007
	10,54
	9,90

	2008
	10,83
	10,23

	2009
	11,07
	10,49

	2010
	11,28
	10,74

	2011
	10,65
	10,33

	2012
	10,56
	10,20



6.3.2 Methodological approaches
Estimation of N2O emissions from cleaning, storage and use of manure were performed by multiplying the total amount of nitrogen excreted (N) of all types of animals in each type of cleaning, storage and use of manure system, to emission factor for this type of system. After that, summation of all systems was performed, as well as the conversion from nitrogen (N) to nitrous oxide (N2O). Table 6.18 shows the emission factors used in the calculation of emissions of nitrous oxide from manure. To calculate emissions from pasture, coefficients 0.02 for cattle and 0.01 for the remaining animals were used.
Table 6.18: Emission factors for nitrous oxide for different cleaning, storage and use of manure systems (ECM IPCC, 2000).
	System
	Description
	Coefficients of nitrous oxide emissions (kg N2O-N/kg nitrogen excreted)

	Pastures
	Animal manure is left on the ground, i.e. it’s not cleaned, doesn’t get stored and used.
	КРС 0,02

	
	
	Other types of animals  0,01

	Storage of dry substance
	The manure is collected and stored for long time (months) prior to disposal in the manure pit by means of with or without drain.
	0,02


In this category, all estimated N2O emissions, which occurred before the manure went into the soil. Emission factors adopted under the revised guidelines for national inventories of cold climatic conditions in Eastern Europe, 1996 and the Good Practice Guidance IPCC, 2000 (Table 6.19). 

Table 6.19: Emission factors for nitrous oxide and methane collection systems manure
	Types of animals
	Factor allocation of nitrogen from manure 
kg N / head per year
	Factor allocation of methane from manure 
kg N / head per year

	Dairy cattle
	70
	6

	Nondairy cattle
	50
	4

	Sheep
	16
	0,1

	Goats
	16
	0,11

	Camels
	25
	1,28

	Horses
	25
	1,09

	Pigs
	20
	4

	Birds
	0,6
	0,012

	Donkeys
	25
	0,6

	Buffaloes
	50
	3


Distribution of manure on collection, storage and use of manure in the context of Kazakhstan (Table 6.20) were obtained based on expert judgment [8, 9]. 



Table 6.20 Share of different systems of collection, storage and use of manure* in Kazakhstan
	Types of animals
	Dry system of manure storage, in shares
	Manure, which stays in pastures and grazing, in shares 

	Dairy cattle
	0,7
	0,3

	Nondairy cattle
	0,3
	0,7

	Sheep
	0,25
	0,75

	Goats
	0,25
	0,75

	Camels
	0
	1

	Horses
	0,25
	0,75

	Pigs
	1
	0

	Birds
	1
	0

	Donkeys
	1
	0

	Buffaloes
	1
	0


* Note: according to experts.
When calculating methane emissions from collection, storage and use of manure systems livestock data were used, which were listed in section 6.2 (Tables 6.5 and 6.7).

6.3.3 Estimation of uncertainty
The range of uncertainty in the calculation of methane emissions from collection, storage and use of manure systems is big enough. The main sources of uncertainty calculations are: accuracy of emission factors, the distribution of collection, storage and use of manure systems and livestock data. Using the default factors (Tier 1), which do not reflect conditions in the country, entails considerable uncertainty calculations of emissions. When calculating the emissions of nitrous oxide and methane from collection, storage and use of manure systems, uncertainty range is ± 50 %.

6.3.4 Recalculations
Due to the updated coefficients, which take into account intra-annual changes of the number of the animals, collection, storage and use of manure systems results for 1990 ... 2011 have been recalculated.

6.3.5 Improvements
Coefficients that take into account intra-annual changes in the number of animals using the data on monthly average population for the year 2012 were updated. As a result, emissions increased by     1 %, compared to the emissions from this activity that was calculated in the previous inventory report.
In the future, to improve the accuracy of the calculations it is necessary to obtain the emission factors at the methodological level 2. They allow to determine the mass of volatile solids excreted by the animals, along with the maximum value of methane produced characteristic manure. In addition, for each system associated with the cleaning, storage and use of manure, it is necessary to obtain methane conversion factor, which reflects the impact of climate change on production of methane.
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6.4. Rice cultivation ( 4.C )
 6.4.1 Description of the category and the results
In Kazakhstan, rice fields occupy a small part of the arable land, their maximum area reached 124,500 hectares in 1990 (Table 6.25). The main focus of rice acreage in the Kyzylorda region (over 80%), and the rest are from the Almaty region.
When the flooded rice fields in the absence of oxygen occurs anaerobic decomposition of organic substances in soil and produces greenhouse gases, primarily methane (CH4), which through the thickness of the water released into the atmosphere. Methane fluxes from rice depend on the type and structure of soil, organic and mineral fertilizers, irrigation regime and other factors. In practice, the national rice is grown in the so-called "truncated flooded" with mineral fertilizer. Emission of nitrogen from fertilizers is included in the total sum of emissions from mineral fertilizers (Section 6.5). Originally a layer of water is created in the field after sowing crops (except in cases of deep seeding). The period of germination plant water is discharged. Standing water layer is created on the field only after the mass germination phase has occurred with the start of the second-third leaf [ 1,2,3,4] .
Sown area of rice crops after 1990 was reduced by 30% until 2002, which was the reason for the reduction of methane emissions to the atmosphere. After 2002, there was a gradual increase in the area of rice fields, which in 2011-2012 was 93 000 ha, and therefore an increase in methane emissions (Table 6.21).
Table 6.21: Dynamics of rice acreage in the Republic of Kazakhstan for 1990-2012.
	Year
	1990
	2007
	2008
	2009
	2010
	2012

	Acres, thousand ha
	124,5
	88,0
	76,3
	87,0
	94,0
	93,0


Data provided by the Agency of Statistics.
Calculations. Contribution of rice fields in total methane emissions from the agricultural sector is only 0.9%. Methane emissions to the atmosphere from rice cultivation went down from 7.4 million tons in 1990 to 4.1 Gg in 2002. With the expansion rice acreage after 2002 (Table 6.21) methane emission increased and in 2012 it reached 5.58 Gg or 75 % from the base year 1990 (Figure 6.7). In 2012, methane emissions from rice fields, compared to the year 2011, did not changed.




6.4.2. Methodological approaches
In accordance with the IPCC Guidelines, 2000 and the Guidelines IPCC, 2006 [ 5,6], the calculation of methane emissions from rice paddies factors were used for the cases of flooding fields without making organics (Table 6.22). Data on rice harvested area was drawn from national statistics.
Table 6.22: Coefficients for calculation of methane emissions to the atmosphere in the sub- land “Rice cultivation” [6]
	Indicator
	Volume  

	The scaling factor for calculating methane emissions in relation to the issue of continuously flooded rice fields
	
 0,3 b, relative units

	Correction factor to account for the incorporation into the soil organic matter

Integrated factor in the growing season
	1,0 D, relative units


20 D, г/м2

	Note: b – is determined from the amount of aeration during the growing season for 3 days 
D - the default indicator from IPCC Guidelines, 2000 [5]



6.4.3 Estimation of uncertainty
The total error of methane emission from the surface of the water in the rice fields is plus or minus 25-30%, including plus or minus 20% at the expense of the emission factor (Guidance. IPCC, 2000 [5]), and plus or minus 5-10 % due to inaccurate statistics.

6.4.5 Recalculations
Methane emissions from rice fields for 1990-2011 were not recalculated.

6.4.6 Improvements
 In the course of further research there may be clarifications of the coefficients for calculating methane emissions and also emissions of nitrogen compounds from flooded fields, taking into account national rice production entered in the production of modern water and soil conservation technologies. [7] Also required to clarify the details of the duration of the growing season for new rice varieties.
 (
0,00
1,00
2,00
3,00
4,00
5,00
6,00
7,00
8,00
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
Year
CH4, thousand ton/year
)
Fig. 6.7 - The dynamics of methane emissions from flooded rice fields in the Republic of Kazakhstan for 1990-2012.
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6.5 Application of nitrogen in agriculture (4.D)
6.5.1 Category description and the results
Nitrous oxide is formed in the soil constantly in natural way as an intermediate in the reaction sequence of denitrification (recovery of nitrite and nitrate to molecular nitrogen or nitrogen oxides as a result of microbial activity) and as a by-product of nitrification (biological oxidation of ammonium to nitrite or nitrate) in the presence of inorganic nitrogen in soil. Nitrogen is released as a gas into the soil by microbial cells and eventually released to the atmosphere [3]. For the majority of agricultural land the rate of nitrification and denitrification is increased, caused by a change of carbon content in soil, which is regulated by the methods of tillage and land use, as well as an additional supply of organic nitrogen in the soil, thereby increasing the intensity of formation of nitrous oxide and its increased flows into the atmosphere. 
This section summarizes the results of the inventory emissions of nitrous oxide and other nitrogen compounds from the mineral soil of cultivated land, including arable land and pastures. For arable land, there were calculated emissions of nitrogen compounds from additional inputs of nitrogen to the soil:
- With synthetic (mineral) nitrogen fertilizers;
- With organic fertilizers (manure from farm animals);
- With stubble and root residues of agricultural crops;
- In the process of mineralization of soil organic matter.

On rangelands, the input of nitrogen to the soil was calculated from the excrements of grazing animals.
Agrometeorological conditions in 2012 are characterized by an exceptionally dry year for all agricultural areas in the territory of Kazakhstan. It determined the decrease of gross yield harvests of major crops (Table 6.3), and hence a significant reduction of nitrogen in the soil from crop residues (Table 6.23). Nitrogen, additionally received by the soil with crop residues of all crops, was 145.21 Gg/year, and direct revenues from the soil nitrous oxide in the atmosphere reached 2.28 Gg, which corresponded to 55 % of the value in 2011, 49 % - on the size of the wet 1990 year and 109 % - of the dry 1991 year.
According to Table 6.23, compared to 2011, the amount of nitrogen released to the soil with mineral fertilizers in 2012 increased by 5 times and amounted to 105.3 Gg, which provided 16.5 Gg of direct emissions of nitrous oxide. Compared with the base year of 1990, input of nitrogen to the soil with fertilizers and direct emissions in 2012 were recorded at the level of 28%. Input of nitrogen into the soil with organic fertilizers in 2012 was 3.74 Gg. This provides direct emissions of nitrous oxide in the atmosphere 0.06 Gg, which is 0.01 Gg less than in 2011, and remained 20 times less of emissions from the baseline year of 1990 (Table 6.23) .
Total soil arable land in 2012 received an additional 254.21 Gg of nitrogen. The total emissions of nitrous oxide in the atmosphere (direct and indirect) were 4.47 Gg (1385.7 Gg CO2), which is 2.5 times less than in 1990-1991.
Also, significant amounts of nitrous oxide emissions from the soil of arable land for the last twenty years were observed in the country by releasing nitrogen mineralization of organic matter in the soil (Table 6.23). This can be explained by the sharp decline in soil fertility due to a significant decrease in the amount of applied mineral and organic fertilizers, agricultural technologies violations of cultivation, especially in medium and small farms. According to the estimates for 2012, in the process of mineralization of organic matter in the soil was released 1290 Gg of nitrogen. Hence, nitrous oxide emissions were 21.77 million tons (6.749 million tons of CO2 equivalent), which exceeded 1.6 times similar magnitude in 1990-1991, due to a steady decrease in soil fertility.
From livestock manure on pasture in 2012, the atmosphere received 11.97 Gg of nitrous oxide or 3701 Gg CO2, which is less than 1.7 times compared to 1990-1991 by reducing the number of cattle on pastures (Table 6.23).
General (direct and indirect) emissions of nitrogen compounds from the soil to the cultivated land of the country, including cropland and pasture accounted for 5000 Gg CO2 equivalent in 2012, excluding the release of nitrogen mineralization of soil organic matter, which is two times less than it was in 1990-1991 (Table 6.23).

[bookmark: _Toc383042564]6.5.2 Methodological approaches
In accordance with the Good Practice Guidance [1, 2], the estimation of nitrogen in the soil and releases of its compounds from the soil was carried out on the Second and First methodological levels of calculation. . In this case, the national factors were applied to calculate the amount of additional nitrogen in soil (Table 6.5 and others), and for the calculation of emissions of nitrogen compounds from the soil into the atmosphere we used standard default factors from Tables 6.6 and 6.7 in [1] source. National coefficients were obtained by analyzing and summarizing the results, which were obtained during field and laboratory studies of various authors [4,5,6,7,8,9,10,12 et al.].
In accordance with the IPCC Guidelines, 2006 [1], to calculate the cumulative weight of direct air emissions of nitrous oxide from the soil arable land:

where:  – cumulative weight of nitrous oxide released to the atmosphere from the soil arable land for given year t, Gg; 
– nitrogen mass released to the soil with synthetic nitrogen fertilizers, Gg;
 – nitrogen mass released to the soil with organic fertilizers, Gg;
 - cumulative mass of nitrogen released to the soil with crop residues, Gg;
- mass of nitrogen released during mineralization of organic matter in the soil, Gg;
 - coefficient of nitrous oxide emissions from soil, with recalculations of nitrous oxide, dimensionless (Table 6.2.5).
When calculating the emissions of nitrogen, small proportion of crop residues are being used as fodder, beddings for livestock and fuel are not considered, because the statistical record in the country does not include these indicators.






Table 6.23: Calculated values ​​of the annual inputs of nitrogen to the soil and nitrous oxide emissions to the atmosphere for cropland in Kazakhstan for 1990 ... 2012.
	Year


	Input of nitrogen (N) in the soil, Gg / yr
	Direct emissions of nitrous oxide (NO2) from the soil, Gg / yr
	Indirect emissions NH3, NOx  due to volatilization and nitrogen deposition, Gg / yr
	Indirect emissions of NO2 from leaching / runoff, Gg / yr
	Total  N2O emissions, except
	Total  N2O emissions with release of

	



	Crop residues
	Mineralization of fertilizers
	Organic fertilizers
	Nitrogen from mineralization humus, 
Gg / yr
	Cattle manure on pastures
	Reap. remains
	Mineralization of fertilizer
	Organic fertilizers
	Nitrogen from mineralization humus, 
Gg / yr
	Cattle manure on pastures
	Mineralization of fertilizer
	Cattle manure on pastures
	Remains, mineral.fertilizers,organic fertilizers
	nitrogen from mineralization humus
	nitrogen from mineralization humus, 
Gg / yr
	nitrogen from mineralization humus, 
Gg / yr

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17

	1990
	297,96
	369,0
	100,8
	783
	862,48
	4,68
	5,79
	1,58
	12,29
	18,73
	0,90
	2,71
	0,90
	0,92
	35,3
	13,2  

	1991
	133,10
	350,0
	100,6
	783
	840,21
	2,09
	5,50
	1,58
	12,29
	18,25
	0,87
	2,64
	0,69
	0,92
	31,6
	13,2 

	1992
	292,80
	370,0
	99,4
	783
	835,82
	4,60
	5,81
	1,56
	12,29
	18,14
	0,89
	2,62
	0,90
	0,92
	34,5
	13,2  

	1993
	225,98
	115,0
	49,3
	908
	824,50
	3,55
	1,81
	0,77
	14,25
	17,81
	0,34
	2,59
	0,46
	1,03
	27,3
	15,3  

	1994
	170,72
	40,0
	23,4
	1083
	649,60
	2,68
	0,63
	0,37
	16,22
	14,34
	0,14
	2,04
	0,28
	1,14
	20,5
	17,3  

	1995
	99,70
	22,0
	5,1
	1158
	528,48
	1,57
	0,35
	0,08
	18,18
	11,78
	0,05
	1,66
	0,15
	1,24
	15,6
	19,5  

	1996
	111,90
	15,0
	1,7
	1313
	392,35
	1,76
	0,24
	0,03
	20,60
	8,88
	0,03
	1,23
	0,15
	1,44
	12,3
	22,1  

	1997
	114,73
	12,6
	0,5
	1468
	304,60
	1,80
	0,20
	0,01
	23.04
	6,92
	0,02
	0,96
	0,15
	1,63
	10,1
	24,6  

	1998
	65,61
	18,9
	0,3
	1622
	279,46
	1,03
	0,30
	0,00
	25.30
	6,35
	0,03
	0,88
	0,10
	1,83
	8,7
	27,1  

	1999
	131,24
	9,4
	0,3
	1722
	282,38
	2,06
	0,15
	0,00
	26,90
	6,42
	0,02
	0,89
	0,17
	2,03
	9,7
	28,9  

	2000
	111,00
	9,5
	0,8
	1929
	290,51
	1,74
	0,15
	0,01
	30,28
	6,60
	0,02
	0,91
	0,14
	2,22
	9,6
	32,5  

	2001
	149,46
	9,4
	0,5
	1806
	304,20
	2,35
	0,15
	0,01
	28,37
	6,91
	0,02
	0,96
	0,19
	2,07
	10,6
	30,4  

	2002
	151,74
	12,8
	0,5
	1684
	324,90
	2,38
	0,20
	0,01
	26,44
	7,38
	0,02
	1,02
	0,19
	1,93
	11,2
	28,4  

	2003
	147,69
	19,7
	0,5
	1561
	350,27
	2,32
	0,31
	0,01
	26,96
	7,95
	0,03
	1,10
	0,20
	1,79
	11,9
	28,8  

	2004
	124,78
	24,8
	0,5
	1430
	379,20
	1,96
	0,39
	0,01
	22,45
	8,58
	0,04
	1,19
	0,18
	1,64
	12,3
	24,1  

	2005
	139,11
	20,5
	0,4
	1315
	401,97
	2,18
	0,32
	0,01
	20,64
	9,08
	0,03
	1,26
	0,19
	1,50
	13,1
	22,1  

	2006
	159,05
	27,8
	0,6
	1414
	423,74
	2,50
	0,44
	0,01
	22,20
	9,51
	0,05
	1,33
	0,22
	1,59
	14,1
	23,8  

	2007
	186,37
	37,5
	0,8
	1512
	441,64
	2,93
	0,59
	0,01
	23,74
	9,90
	0,06
	1,39
	0,26
	1,68
	15,1
	25,5  

	2008
	151,92
	16,3
	0,3
	1610
	457,79
	2,39
	0,26
	0,01
	25,28
	10,23
	0,03
	1,44
	0,20
	1,77
	14,6
	27,0  

	2009
	203,09
	29,4
	0,6
	1709
	471,10
	3,19
	0,46
	0,01
	26,83
	10,49
	0,05
	1,48
	0,27
	1,86
	16,0
	28,6  

	2010
	181,81
	22,3
	3,7
	1807
	484,48
	2,85
	0,35
	0,06
	28,37
	10,74
	0,05
	1,52
	0,24
	1,95
	15,8
	30.3  

	2011
	250,10
	23,8
	4,7
	1292
	472,97
	3,93
	0,37
	0,07
	20,28
	10,33
	0,05
	1,48
	0,33
	1,88
	16,6
	22,1  

	2012
	145,21
	105,3
	3,7
	1290
	466,24
	2,28
	1,65
	0,06
	20,25
	10,20
	0,18
	1,46
	0,30
	1,77
	16,1
	22,0  
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1 - Total emissions from arable and pasture land, 2 - crop residues after harvest, 3 - fertilizers, 4 - organic fertilizer, 5-manure from cattle pastures.
Fig. 6.8 - Nitrous oxide emissions to the atmosphere in cropland and pastures in Kazakhstan (excluding the release of nitrogen mineralization of soil organic matter) for 1990-2012.
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Fig. 6.9 - Nitrous oxide emissions in arable lands in Kazakhstan of the release of nitrogen mineralization of soil organic matter for 1990-2012.
Nitrogen mass M (Nsf), which annually enters the soil with synthetic nitrogen fertilizer, is obtained by recalculating them on the active substance using national statistics on the physical mass entered into the soil nitrogen and complex fertilizers in accordance with [9,10].

Table 6.5 - Factors for the calculation of the amount of nitrogen entering the soil after harvesting with biological crop residues [12]
	Culture
	Crop stubble
	The share of crop residues from economically valuable part of the crop,% (a)
	Correction factor for water content, rel. units (b)
	The nitrogen content of the crop residues,% (c)

	Winter wheat
	The high cutting, roots
	126
	1
	0,59*

	Winter rye
	The high cutting, roots
	160
	1
	0,45*

	Summer wheat
	The high cutting, roots
	130
	1
	0,59*

	Spring barley
	The high cutting, roots
	100
	1
	0,90*

	Oat
	The high cutting, roots
	120
	1
	0,80*

	Millet
	The high cutting, roots
	160
	1
	0,57*

	Buckwheat 
	Stems, roots, fruits
	100
	1
	0,80*

	Corn for grain
	Stems, leaves, roots
	180
	1
	1,20*

	Corn for silage
	Stubble, roots
	20
	0,60
	0,55*

	Rice
	The high cutting, roots
	140
	1
	0,38*

	Peas, chickpeas
	Stems, roots, beans
	54
	1
	1,40*

	Soybean 
	Stubble, roots
	150
	1
	0,90*

	Sunflower 
	Stems, baskets, roots
	520
	0,80
	0,45*

	Cotton 
	Stems, leaves, buds, flowers, roots
	100
	0,70
	0,25*

	Tobacco
	Stems, buds, flowers, roots
	100
	1
	0,64*

	Sugar beet
	Plant, roots
	30
	0,30
	0,33*

	Potato
	Plant, roots
	10
	0,35
	0,90*

	Fodder roots
	Plant, roots
	100
	0,16
	1,60**

	Vegetables
	Stems, leaves, buds, flowers, roots, fruit residues
	100
	0,15
	1,50**

	Melons 
	Plant roots, fruit residues
	100
	0,15
	1,50**

	Perennial grass seeded legumes
	Stubble, roots, the aftermath before the next instillation
	40
	1
	1,49*

	Seeded perennial grasses
	Stubble, roots, the aftermath before the next instillation
	30
	1
	1,06*

	Annual seeded grass
	The high cutting, roots
	25
	1
	1,06*


Note: * - nitrogen contained a substance in the air-dry condition; ** - provides nitrogen dry substance.

For nitrogen mass M (Nof), entering the soil arable land with organic fertilizers, use the following formula:
M (Nof)= M (Nma) • а1 ,                                                                              (6.2.2)
Where:
	M(Nma) – mass of the organic fertilizers that enter the soil, thousand ton;
	a1- coefficient to recalculate the mass of organic fertilizers to nitrogen mass, which is 0.0045, dimensionless.
	The amount of soil mineral and organic fertilizers is estimated at the national level according to national statistics, without subdividing land to irrigated and not irrigated. A1 coefficient was previously estimated using empirical data on the yield of manure and nitrogen from livestock in a national context. [11] 
Nitrogen mass M (Nsf), which annually enters the soil with synthetic nitrogen fertilizer, is obtained by recalculating them on the active substance using national statistics on the physical mass entered into the soil nitrogen and complex fertilizers in accordance with [9,10].


Table 6.5 - Factors for the calculation of the amount of nitrogen entering the soil after harvesting with biological crop residues [12]
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	Crop stubble
	The share of crop residues from economically valuable part of the crop,% (a)
	Correction factor for water content, rel. units (b)
	The nitrogen content of the crop residues,% (c)

	Winter wheat
	The high cutting, roots
	126
	1
	0,59*

	Winter rye
	The high cutting, roots
	160
	1
	0,45*

	Summer wheat
	The high cutting, roots
	130
	1
	0,59*

	Spring barley
	The high cutting, roots
	100
	1
	0,90*

	Oat
	The high cutting, roots
	120
	1
	0,80*

	Millet
	The high cutting, roots
	160
	1
	0,57*

	Buckwheat 
	Stems, roots, fruits
	100
	1
	0,80*

	Corn for grain
	Stems, leaves, roots
	180
	1
	1,20*

	Corn for silage
	Stubble, roots
	20
	0,60
	0,55*

	Rice
	The high cutting, roots
	140
	1
	0,38*

	Peas, chickpeas
	Stems, roots, beans
	54
	1
	1,40*

	Soybean 
	Stubble, roots
	150
	1
	0,90*

	Sunflower 
	Stems, baskets, roots
	520
	0,80
	0,45*

	Cotton 
	Stems, leaves, buds, flowers, roots
	100
	0,70
	0,25*

	Tobacco
	Stems, buds, flowers, roots
	100
	1
	0,64*

	Sugar beet
	Plant, roots
	30
	0,30
	0,33*

	Potato
	Plant, roots
	10
	0,35
	0,90*

	Fodder roots
	Plant, roots
	100
	0,16
	1,60**

	Vegetables
	Stems, leaves, buds, flowers, roots, fruit residues
	100
	0,15
	1,50**

	Melons 
	Plant roots, fruit residues
	100
	0,15
	1,50**

	Perennial grass seeded legumes
	Stubble, roots, the aftermath before the next instillation
	40
	1
	1,49*

	Seeded perennial grasses
	Stubble, roots, the aftermath before the next instillation
	30
	1
	1,06*

	Annual seeded grass
	The high cutting, roots
	25
	1
	1,06*


Note: * - nitrogen contained a substance in the air-dry condition; ** - provides nitrogen dry substance.

For nitrogen mass M (Nof), entering the soil arable land with organic fertilizers, use the following formula:
M (Nof)= M (Nma) • а1 ,                                                                              (6.2.2)
Where:
	M(Nma) – mass of the organic fertilizers that enter the soil, thousand ton;
	a1- coefficient to recalculate the mass of organic fertilizers to nitrogen mass, which is 0.0045, dimensionless.
	The amount of soil mineral and organic fertilizers is estimated at the national level according to national statistics, without subdividing land to irrigated and not irrigated. A1 coefficient was previously estimated using empirical data on the yield of manure and nitrogen from livestock in a national context. [11] 
Table.6.25: Coefficients to assess direct entry of nitrous oxide from the soil to the atmosphere for agricultural land. [1]
 
	Emission factor
	Average value
	Range of uncertainties

	F1 for additional nitrogen released to the soil of arable land from mineral and organic fertilizers, crop residues and nitrogen released during the mineralization of organic matter, kg N2O-N / kgN
	0.010
	0.003-0.03

	F2 for nitrogen in pastures, additionally released to the soil with excrements from cattle, kg N2O-N / kgN
	0.02
	0.007-0.06

	F3 for nitrogen in pastures, additionally released to the soil with excrements from sheep, goats, camels and horses, kg N2O-N / kgN
	0.01
	0.003-0.03



The cumulative weight of nitrogen M (NPR), additionally released to the soil with crop residues, is calculated using equation 6.3:
[image: ]              (6.5)
where: МP1, МP2,...МPn – weight of yield collected from crop fields (economically valuable part) by crop p1, p2, ... pn respectively, thousand tons / year; 
А1, А2...Аn - nitrogen in crop residues and root plants (above-and below-ground parts), % on air-dry weight;
B1, B2,....Bn - share of crop and root residues, % of the economically valuable part of the harvest;
D1, D2,…Dn - correction factor for the water content in the economically valuable part of the crop, dimensionless variable.
The coefficients A, B and D, used for calculation of the mass of nitrogen, which is additionally released into the soil with the crop residues, are shown in Table 624.
In accordance with the Methodological principles of the IPCC, 2006 [4] and Methodology, Astana, 2011 [5], the amount of nitrogen released during the mineralization of organic matter in the soil, is calculated using the data on changes in the stock of organic carbon in the soil of arable land on the equation 6.6. 
[image: ] ,                                                                                         (6.6)
where: [image: ] - cumulative weight of nitrogen, released during mineralization of organic matter in the soil for all tanks in year t, thousand tons / year;
[image: ]- cumulative mass of carbon lost in the process of mineralization of organic matter in the year t, thousand tons / year; 
а2 - factor to account the ratio N:C in soil estimated using empirical data obtained in the country.
The detailed methodology of calculation of carbon stock change is set out in Section 7.
The following equation is used for the calculation of direct entry into the atmosphere of nitrous oxide from soil grazing land: 
[image: ],          (6.7)
where: [image: ] – the cumulative weight of nitrous oxide delivered from the soil into the atmosphere by the year t, thousand tons / year; 
[image: ]– incoming mass of nitrogen in the soil with feces of dairy cows, thousand tons / year; 
[image: ] – incoming mass of nitrogen in the soil with other cattle dung, thousand tons / year;
[image: ] – incoming mass of nitrogen in the soil with the excrement of sheep and goats, thousand tons / year; 
[image: ] – incoming mass of nitrogen in the soil with the excrement of horses, thousand tons / year;
[image: ] – incoming mass of nitrogen in the soil with the excrement of camels, thousand tons / year; 
[image: ] and [image: ] – emission factors for nitrous oxide from the soil of pasture land for grazing livestock species, dimensionless variables (Table 6.25).
Mass of nitrogen emitted into the soil from dairy cows[image: ], similarly to other types of livestock grazing - [image: ], [image: ], [image: ], [image: ], is calculated by equation 6.6, based on national statistics on heads of livestock.
[image: ]ΣM (Ndc)                                                                            (6.8)
where: N - number of dairy cows grazed on pasture, thousands of heads;
T – length of duration of the cattle in the pasture, relative units;
[image: ] - output of nitrogen, kg / head per year. 
Number of grazing animals on pasture is accounted as annual average according to statistics at the beginning of the year. Information on the length of grazing and output of nitrogen is given in Section 6.3.
Indirect emissions of nirogen in form of NH4 and NOx from agricultural soils, which associated with the evaporation and reverse subsidence on the surface of the soil, are estimated using formula:
М (N2O) Indir =  [Frac sf x M (Nsf) + Frac of x M (Nof)] •  F4• 1, 57                 		 (6.9)
Where: F4 •1,57 – emission factor for nitrogen with recalculations on nitrous, related units, dimensionless (Table 6.7).
Frac sf and Frac of – share of nitrogen, 
Frac sf и  Frac of- proportion of nitrogen, nitrogen from volatilizing incoming mineral and organic fertilizers, relative units, dimensionless (Table 6.7);
Indirect evaporative emissions and deposition of nitrogen entering the soil surface from the droppings and urine of farm animals in pasture lands, calculated using the formula:
М (N2O) Indir =  [Frac am x M (Nam)]•  F4• 1, 57                 		 (6.10)
Where: M(Nam) – amount of nitrogen entered in pastures, relative units, dimensionless, Gg 
Frac am –proportion of nitrogen from volatilizing all incoming nitrogen in pastures relative units, dimensionless (Table 6.7).
For calculations of indirect nitrous oxide emissions from leaching and runoff from farmland soil M (N2O) Indir2, in accordance with the guidance document [1], uses the formula:
М(N2O)Indir2=[ M(Nsf) + M(Nof) + M(Npr) + M(Nm)+ M(Nам))] x FracLeach x F5 x 1.57,        (6.11)
where: FracLeach-nitrogen losses from leaching / runoff of nitrogen, relative units, dimensionless (Table 6.7);

Table 6.7-Odds (default) used to calculate the indirect emissions of nitrous oxide from the soil [1].
	 Coefficient 
	Mean
	Range of uncertainty

	F4 - Volatilization and redeposition of nitrogen
	0,010
	0,002-0,005

	F5- Leaching / runoff nitrogen
	0,0075
	0,0005- 0,025

	Frac sf - The share of volatilised nitrogen from fertilizers
	0,10
	0,03- 0,30

	Frac of и Frac am - The share of volatilised nitrogen from manure applied to soils in cropland and animal manure on pasture
	0,20
	0,05- 0,50

	Frac Leach - Loss of nitrogen leaching / runoff
	0,3*
	0,1- 0,8


0.3 * - adjusted to the conditions of Kazakhstan 0.1.
In accordance with the IPCC Guidelines, 2006 [1], the indirect emissions associated with leaching / runoff of nitrogen, calculated for arable land, if the difference between the values ​​of precipitation and evapotranspiration for the rainy season (ΣR-PE) exceeds the amount of the water-holding capacity of the soil or in the case of irrigated land. At the same time taken for a rainy period with precipitation at least half of the evaporation from the soil, ie, physical evaporation. In a country such conditions for arable land area is marked by up to 10 % of the territory occupied by them, including irrigated land area of ​​about 1.5 million hectares of land and slope in the foothills and low mountains on the area of ​​700,000 hectares [13]. For rangeland similar conditions noted on the area of 3-5 % of the occupied territory. Hence factor Frac Leach - share of losses of nitrogen leaching / runoff, inserting it into the soil with mineral and organic fertilizers, biological crop residues, and when released during mineralization of humus in the soil, was adopted as 0.1 with a range of uncertainty within 0.1 - 0.8. For rangeland FracLeach coefficient is assumed to be zero, respectively, indirect emissions from leaching / runoff also equated to zero.
To translate the mass emitted into the atmosphere nitrous oxide units of carbon dioxide applied coefficient 310, which is derived from the ratio of their molecular weights. In the calculations of nitrogen flows as source data used annual data for the activities of national statistical collections, and the results of periodic surveys agrochemical agricultural fields running in the country at the Regional Science - Production Center "Agrohimsluzhba" Committee for Land Management of the Ministry of Regional Development of the Republic of Kazakhstan.

6.5.3 Estimation of uncertainty
Quality assessment of nitrous oxide emissions from the soil of arable land due to the uncertainties of emission factors and inaccurate assessment of agricultural practices. In practice, due to inaccuracies in the choice of emission factors, excluding national characteristics of production, uncertainty calculations nitrogen emission can reach a maximum value of plus or minus 60 to plus or minus 90% (IPCC Guidelines, 2006 [1] ) . According to the IPCC, 2000 [2], for direct nitrous oxide emissions from soil cropland total error calculations estimated a minimum value of plus or minus 30-35% (second methodological level calculations). In addition to a technical error determination of the emission factor, it includes attendant uncertainties due to the choice of a representative field (field) for field observations of flow of nitrogen plus or minus 25% uncertainty and used statistical and empirical information is plus or minus 5-10% .

6.5.4 QA / QC procedures
To improve the quality of cross-checks carried out the calculation results at the professional level of the Institute and other organizations involved in greenhouse gas inventory .

6.5.5 Recalculations
In connection with the specification of the coefficients for calculating the emission of nitrogen compounds in accordance with [1], including national coefficients for calculating the quantities of indirect emissions , as well as refinement of the initial data statistics in recent years, all gas flows for 1990-2011 restated.

6.5.6 Improvements
Improved results presented in the report for 2012, was carried out taking into account the comments of the experts from the UNFCCC Secretariat.
In particular :
The estimate of emissions from the release of nitrogen mineralization of soil organic matter using methodological approaches recommended in accordance with the IPCC Guidelines, 2006 [1] and agrochemical monitoring results obtained arable soils in the country;
- Develop national coefficients for calculating indirect emissions from leaching / runoff of nitrogen from the soil for arable and pasture land ;
- Receipt of nitrogen in the soil from crop residues was calculated at the level of individual crops taking into account national factors;
- Processed agreement between the results presented in the Report and Table CRF.
Due to the fact that for Annex 1 countries to use in practice for calculation of greenhouse gases Guidelines for National Greenhouse Gas Inventories, IPCC, 2006 [1] in 2015 is required, the results of calculations of gas-related activities in agriculture in 2012 and earlier in 1990-2012 are presented by Kazakhstan in accordance with this document. Overall, these results are consistent with earlier results and trends in the change of nitrogen flows using IPCC.2000.Guidelines. [2].
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[bookmark: _Toc385264288]7. LAND USE, LAND-USE CHANGE AND FORESTRY (LULUCF)
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[bookmark: _Toc385264289]7.1 Brief overview of the sector
Land resources in the territory of the Republic of Kazakhstan make up a total area of ​​272490.2 thousand hectares and defined as systematically used or usable for specific economic purposes [1]. Of these, more than 80% of the land is used in agriculture as a forage base for livestock, mainly for cattle grazing and hay. Agriculture is developed in the more fertile lands with a humus content in the plow layer of soil from 3 to 4% or more (gray soils from 1.5-2%) mostly natural moisturizing, as well as artificially irrigated, cultivated on an area of ​​about 61 million ha.
According to the Land Code of the Republic of Kazakhstan (№ 442-2 of 20.06.2003), the category of land is defined as part of the land fund, allocated on the main purpose and having a certain owner and appropriate legal regime of land. As part of the State Land Fund, lands are classified in the following categories: agricultural; land for settlements (cities, towns and villages); land for industry, transport, communications and defense and other non-agricultural purposes; specially protected natural areas and health and recreational lands, historical and cultural heritage; Forest Fund; Water Fund; land of State Reserve. Lands are further classified as agricultural (arable land, fallow land, perennial crops, grasslands and pastures) and non-agricultural (forest, trees and bushes, roads, buildings, wetlands, etc.).
The most significant changes in land use in Kazakhstan over the last fifty years occurred in early sixties of the last century and were associated with the plowing of virgin and fallow lands. Fairly pronounced changes in land use of the country have repeated in the last decade of the last century with the beginning of the economic crisis. Last changes reflected in a significant reduction in arable land, partial deforestation of forest land, successive increase in forest cover of the State Forest Fund (SFF) by less productive with partial deforestation, including saxaul area, reducing the area of perennial plants, deriving mostly pasture land in the reserve, which was accompanied by sufficient changes in carbon stocks compared with stocks at the beginning of 90s of the last century. 
Changes in carbon stocks (net absorption / emission) for various categories of lands were estimated for the various categories of managed land use on a total area of ​​about 90% of the territory of country.  The main key categories of land use located on the occupied area in 2012 were performed in the following order sorted by the size, for which the calculations of changes in carbon stocks: 
- Pastures (natural and enhanced) - 193 535, 8 thousand ha,
- Arable land, fallow land and perennial plants – 28 800.1 thousand ha,
- Forest and tree and shrub plantings - 14 333.3 thousand ha,
- Grasslands (natural and enhanced) – 1 826 thousand ha.
Annual change in carbon stocks for a sector characterized by a predominance of the net uptake of carbon dioxide (CO2) from the atmosphere during the reporting period 1990 ... 2012 years (Table 7.1 and Figure 7.1). The total net uptake of carbon dioxide for the categories of land, including pastures and hayfields, forest and shrubland plantings, perennials, less gas emissions from fires and emissions from man-made reservoirs, obtained at the level of 23 602 Gg / year, in 2012, which is more in three times compared with net absorption at the beginning of the 90s of the last century. Primarily net absorption increased by restoring the natural vegetation in pasture lands, most of their output to the area of ​​reserve land, and revegetation on former arable land in fallow output and partly in pasture lands, as well as through active measures implemented in the country reforestation and increasing forest cover due to land in other categories.
At the same time, there was a significant increase in emissions of carbon dioxide from the soil throughout the accounting period for the category of arable land. Carbon dioxide emissions from the soil arable land remaining in the rotation and temporarily withdrawn from crop rotation on different terms from 6-7 to 18 years, was 47 344 Gg, in 2012, which is more than 1.7 times compared with the emission at the beginning of the 90th years of the past century. This is explained by the increased rate of loss of soil fertility after 1993 due to reduced revenues in the soil biological crop residues, decreased ten times the volume introduced into the soil mineral and organic fertilizers, agricultural technologies violation cultivation. 

Table 7.1 - Net absorption (-) / emission (+) of carbon dioxide in the context of tanks and categories (subcategories) of land use, land use change and forestry in the Republic of Kazakhstan for 1990 ... 2012.
	
	Annual change (net absorption (-) / emission (+)) of CO2 Gg/ year 

	Years
	Pastures (biomass and soil), including land bred in pasture, per deduction emissions from fires

	Forest and shrubland spaces (biomass) per deduction emission from these fires
	Grasslands (biomass
	Perennial planting (biomass)
	Artificial reservoirs (biomass and soil)
	All land (biomass and soil), except arable land (soil)
	Arable land (soil), 

	1990
	-  1182
	-6040
	+80
	-12
	+156
	  -6998
	+28736

	1991                                                                                                                                                                                                                                                                                                                                                             
	-  943
	-6311
	+203
	+32
	+132
	-6887
	+28736

	1992
	-  1016
	-6349
	+326
	+75
	+132
	-6832
	+28736

	1993
	-  2884
	-6386
	+449
	+118
	129
	-8574
	+33446

	1994
	-  4521
	-5022
	+572
	+161
	117
	-8693
	+38156

	1995
	-  5457
	-3602
	+697
	+204
	109
	-8049
	+42865

	1996
	-  9653
	-2199
	+621
	+164
	109
	-10958
	+48454

	1997
	-  10671
	-940
	+545
	+124
	46
	-10896 
	+54043

	1998
	-  15780
	+773
	+469
	+84
	45
	-14409 
	+59632

	1999
	-  18353
	-160
	+393
	+44
	39
	-18057 
	+65221

	2000
	-  22138
	-1033
	+318
	+5
	35
	- 22832
	+70890

	2001
	-  19981
	-1959
	+257
	+15
	21
	-23324
	+68303

	2002
	-  18615
	-2197
	+196
	+25
	20
	-20571
	+66716

	2003
	-  15318
	-3867
	+135
	+35
	19
	-19266
	+63129

	2004
	-  15541
	-3393
	+74
	+45
	19
	-18796
	+60642

	2005
	-  13551
	-2952
	+15
	+54
	19
	-16415
	+57957

	2006
	-  13021
	-2448
	+34
	-72
	19
	-15488
	+57691

	2007
	-  14132
	-1933
	+53
	+21
	19
	-15972
	+57425

	2008
	-  12993
	-1458
	+71
	+41
	6
	-14433
	+57159

	2009
	-  13519
	-3364
	0,0
	-48
	6
	-14859
	+56893

	2010
	- 14676
	-2268
	0,0
	+22
	524
	-16399
	+56626

	2011
	-  14048
	-7185
	 -80
	-19
	322
	-21009
	+47417

	2012
	- 14386
	-9100
	0,0
	0,0
	+257
	-23539
	+47344
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Figure 7.1 - Annual changes in carbon stocks in biomass (net absorption (-) / emissions (+) of CO2) for various categories of land use in the Republic of Kazakhstan for 1990…2012
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Figure 7.2 - Annual emissions of CO2 in the mineralization of organic matter in the soil of arable land in the Republic of Kazakhstan (preliminary calculated) for 1990…2011

7.1.2 Recalculations in LUCUCF sector
Recalculations absorption / emission for 1990 to 2011 associated with the use of the IPCC Guidelines , 2006, beginning with 2013-2014 , the improvement of methodological approaches and methodological level rise calculations with the first to the second evaluation to reduce uncertainties , as well as by specifying the initial information.
In particular , focusing on forest lands calculated net absorption (compared with the calculations in the Report 's 2011 ) increased 3 times throughout the series, including the 1990 to 4267 Gg / year and for 2011 to 3970 Gg / yr in eq . CO2 due to a refinement of the initial information in the past and the earlier years of the productivity of the forest lands on the SFF, specifying the species composition and forest areas outside the SFF , using data from another forest inventory for 2013,as well as taking into account the additional absorption of carbon dioxide newly planted forest.
On pasture lands: absorption  increased  on the value of 13913 Gg / yr in eq . CO2 in  2011due to additional accounting of carbon accumulation in the tank "soil" in pasturelands bred in stock ( 70 % of the area on 2000 ) and additional carbon accounting in the tank "biomass" on former arable land into pasture bred ( about 8 million hectares in 2000 ) . For pasture land for the first time in the report for 2012g.otsenivalyas ' emissions from wildfires .
Cropland: in accordance with the IPCC Guidelines , 2006, the calculations confirmed a steady increase in carbon dioxide emissions from the soil 28736 Gg / year in 1990 to 47417 Gg / yr in eq . CO2 's in 2011 , so there is 1.7 times that due to the sharp decline in soil fertility over the past two decades and accelerated mineralization of humus in the soil ( confirmed by RSPC " Agrohimsluzhba " CLM MRD RK). The results are given in the Report for 2012 as reference material.
On wetlands, in accordance with the IPCC Guidelines, 2006, for the first time estimated greenhouse gas emissions from man-made reservoirs, which was on 2012 257 Gg / yr in eq. CO2. 
Total all categories of land (excluding mineralization of humus in the soil of cultivated land) net absorption increased by 4831 Gg / year in 1990 and 17915 Gg / yr in eq. CO2 (compared with the calculations in the report for 2011), mainly due to the improvement of the GHG estimates for pasture and forest lands.

General methodological principles: the guidelines of the IPCC, 2006 is used as the main document regarding the choice of the method, the original data, quality assurance and evaluation of uncertainty in the calculation of the flux of carbon and other greenhouse gases in the sector, use [1].The Guidelines for effective land use, land use change and forestry, IPCC, 2003 [2] and the Guidelines for Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories, IPCC, 2000 used also. [3]Annual rates of absorption / emission of carbon dioxide measured at annual changes in carbon stocks in the soil and plant biomass as the main reservoirs of its accumulation in ecosystems. Human activity affects at the changes in carbon stocks through changing conditions and land use, land management regime and additional investments.
Information collected to the Report about areas and land uses in Kazakhstan and transformation of land use between categories of 1980 ... 2008 years represented in matrix form in Table 7.2. Transformation of land use between categories was carried out in the country  formally without indigenous land conversion between 1993 and 2012.Withdrawal of land from one category and a subcategory based on the following major schemes: pastures used for its intended purpose - pastures temporarily not  used (reserve lands); forest outside SFF - SFF forest; shrubland planting pastures improved hayfields - hayfields - pastures, perennial Plantation - pastures in arable rotations - temporarily fallow derived from rotation (pastures).
Condition is accepted  that to convert it into a new category requires a time period not less than 20 years For all categories  of land and  reservoirs. Hence, part of the land is output legally between 1993 ... 2012 in a new category (for the prescription of 18 years or less), and a part of land with a modified mode of use, considered in work tables of Report as "reorganize" subcategory of land within the old indigenous category. This allowed to use method periodic measurements of stocks and provides better control and comparability of the results on the spatial- temporal level for the calculation of changes flux carbon [1]. The area of fundamental category taken as a constant , fixed at 1990 to providing of possibility of interannual comparison of results of carbon changes , including the results of the base year 1990. 
Two methods in combination were used in the calculations of carbon fluxes: a method based on the coefficients of the loss rate and income reflecting the intensity of human activities, and the method of periodic measurements of stocks at two points in time (the method of tanks or balance method), as detailed in the sources [1, 2]. Calculations of carbon fluxes were carried out at the national level (Second and First of methodological levels of  calculations) using data from national monitoring of natural resources.
When filling out the individual sector of CRF table, including relating to " being converted " lands it cited the relevant explanations. 
Improvements: During the reporting period under section continued methodological work related to the calculations of carbon standards for varieties of soil and justified choice of vegetation biomass standards in Kazakhstan , as well as the coefficients of land degradation associated with changes in the mode of their control . Received national reference carbon stocks ( Table 7.3i others) allow to obtain objective information about the changes in carbon reservoirs "soil" and "biomass" and reduce the errors associated with the evaluation of the absorption / emission of carbon in the sector at the national level .
Initial periodic information Data on the distribution of the land fund in the country by category and by composition land in section of separate categories, as well as changes in their area was provided by the Committee for Land Management of the Ministry of Regional Development of the Republic of Kazakhstan (CLM MRD RK).More information on the annual changes in land use was obtained from the Agency on Statistics of the Republic of Kazakhstan. Data about areas of forest and steppe fires have been provided by the Ministry of Emergency Situations of the Republic of Kazakhstan (MES RK) at the national level. Results of the basic accounting trees of State Forest Fund received from the Republican State Enterprise "Forest management enterprises" Committee of Forestry and Hunting of the Ministry of Environment and Water Resources of the Republic of Kazakhstan (RSE "Forest management enterprises" (FHC MEWR RK).Information about the content of humus in the soil arable land obtained from the Regional Scientific and Methodological Center "Agrohimsluzhba" as part of the Committee for Land Management of the Ministry of Regional Development of the Republic of Kazakhstan (RSMC "Agrohimsluzhba" (KLM MRD). Information on the characteristics of artificial water reservoirs provided by the Committee of Water Resources of the Ministry of Environment and Water Resources of the Republic of Kazakhstan (CWR MEWR RK).
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	Land
	Arable 
(C)
	Perennial 
Plantation (С)
	deposit (С)
	Hayfields (G)
	Natural pastures  (G)
	natural forests and shrubs (F)
	Forest, shrubs 
protection (F)
	wetlands 
(W)
	settlements (S)
	Others
(O)
	Finite
area for 1990.

	Arable  (С)
	35299,1
	
	
	
	308,1
	
	
	
	
	
	35607,2

	Perennial 
Plantation (С)
	
	137
	
	
	27,8
	
	
	
	
	
	164,8

	Deposit (С)
	
	
	184,8
	
	
	
	
	
	
	
	184,8

	Hayfields  (G)
	
	
	
	5173,2
	
	
	
	
	
	
	5173,2

	Natural pastures  (G)
	227,7
	
	51,3
	
	181778,2
	
	12,5
	
	
	
	182069,7

	natural forests and shrubs (F)
	
	
	
	890,1
	602,9
	9945,4
	
	411,1
	
	2172,2
	14026,7

	Forest, shrubs 
protection (F)
	
	
	
	
	
	
	263,6
	
	
	
	263,6

	wetlands (W)
	
	
	
	
	
	
	
	8886,2
	
	
	8886,2

	settlements  (S)
	
	
	
	
	
	
	
	
	1974,2
	109,1
	2083,3

	Others (O)
	
	
	
	
	
	
	
	
	
	24030,6
	24030,6

	Area at1980
Changes
	35526,8
+80,4
	137,0
+27,8
	236,1
-51,3
	6063,3
-888,1
	182717,0
-647,3
	9945,4
+4083,3
	276,1
-12,5
	9297,3
-411,1
	1974,2
+109,1
	26316,9
-2286,3
	272490,2

	
	
	
	
	
	
	
	
	
	
	
	

	Arable  (С)
	31994,3
	
	
	
	
	
	
	
	
	
	31994,3

	Perennial 
Plantation (С)
	
	144,2
	
	
	
	
	
	
	
	
	144,2

	Deposit (С)
	2808,9
	20,6
	184,8
	
	
	
	
	
	
	
	3014,3

	Hayfields  (G)
	
	
	
	5052,9
	
	
	
	
	
	
	5052,9

	Natural pastures  (G)
	804,0
	
	
	120,3
	181668,8
	33,4
	24,5
	
	
	
	182650,2

	natural forests and shrubs (F)
	
	
	
	
	
	13993,3
	
	
	
	
	13993,3

	Forest, shrubs 
protection (F)
	
	
	
	
	
	
	239,1
	
	
	
	239,1

	wetlands (W)
	
	
	
	
	
	
	
	8886,2
	
	224,4
	9110,6

	settlements  (S)
	
	
	
	
	43,8
	
	
	
	2083,9
	
	2127,7

	Others (O)
	
	
	
	
	358,0
	
	
	
	
	23806,2
	24164,2

	Area at1990 
Changes
	35607,2
-3612,9
	164,8
-20,6
	184,8
+2829,5
	5173,2
-120,3
	182069,8
+580,4
	14026,7
-33,4
	263,6
-24,5
	8886,2
+224,4
	2083,9
+43,8
	24030,6
+133,6
	272490,2

	Arable  (С)
	21138,7
	
	350,0
	
	
	
	
	
	
	
	21488,7

	Perennial 
Plantation (С)
	
	136,0
	
	
	
	
	
	
	
	
	136,0

	Deposit (С)
	6086,9
	8,2
	2664,3
	
	
	
	
	
	
	
	8759,4

	Hayfields  (G)
	
	
	
	5017,9
	
	
	
	
	
	
	5017,9

	Natural pastures  (G)
	4768,7
	
	
	
	182292,3
	
	22,9
	
	
	
	187083,9

	natural forests and shrubs (F)
	
	
	
	
	116,5
	13993,3
	
	
	
	
	14109,8

	Forest, shrubs 
protection (F)
	
	
	
	
	
	
	216,2
	
	
	
	216,2

	wetlands (W)
	
	
	
	
	
	
	
	8821,8
	
	
	8821,8

	settlements  (S)
	
	
	
	
	
	
	
	
	2079,6
	
	2079,0

	Others (O)
	
	
	
	35,0
	241,4
	
	
	288,8
	48,1
	24164,2
	24777,5

	Area at1995 
Changes
	31994,3
-10855,
	144,2
-8,2
	3014,3
+5745,1
	5052,9
-35,0
	182650,2
+4433,7
	13993,3
+116,3
	239,1
-22,9
	9110,6
-228,8
	2127,1
-48,1
	24164,2
+613,3
	272490,2

	Arable  (С)
	21463,2
	
	1800,8
	
	210,9
	
	
	
	
	
	23474,9

	Perennial 
Plantation (С)
	
	115,7
	
	
	
	
	
	
	
	
	115,7

	Deposit (С)
	25,5
	20,3
	5118,9
	
	
	
	
	
	
	
	5164,7

	Hayfields  (G)
	
	
	
	4993,6
	31,1
	
	
	
	
	
	5024,7

	Natural pastures  (G)
	
	
	1839,7
	24,3
	186815,9
	4,5
	
	
	
	160,3
	188844,7

	natural forests and shrubs (F)
	
	
	
	
	18
	14092,0
	
	
	
	
	14110,0

	Forest, shrubs 
protection (F)
	
	
	
	
	3,8
	
	216,2
	
	
	
	220,0

	wetlands (W)
	
	
	
	
	4,2
	
	
	8815,4
	
	0,2
	8815,6

	settlements  (S)
	
	
	
	
	
	
	
	
	2067
	12,3
	2083,5

	Others (O)
	
	
	
	
	
	13,3
	
	6,4
	12
	24604,7
	24636,4

	Area at 2000 
Changes
	21488,7
+1986,2
	136,0
-20,3
	8759,4
-3594,7
	5017,9
+6,8
	187083,9
+1760,8
	14109,8
+0,2
	216,2
+3,8
	8821,8
-6,2
	2079,6
+4,5
	24777,5
-143,1
	272490,2

	Arable  (С)
	23423,9
	
	139,2
	
	
	
	
	
	
	
	23563,1

	Perennial 
Plantation (С)
	
	114,5
	
	
	0,6
	
	
	
	
	
	115,1

	Deposit (С)
	51,0
	1,2
	4904,2
	20,3
	48,0
	
	
	
	
	
	5024,7

	Hayfields  (G)
	
	
	
	5004,3
	19,8
	
	
	
	
	
	5024,1

	Natural pastures  (G)
	
	
	121,3
	0,1
	188637,5
	
	
	
	
	
	188758,9

	natural forests and shrubs (F)
	
	
	
	
	20,7
	14082,4
	7,8
	
	
	
	14110,9

	Forest, shrubs 
protection (F)
	
	
	
	
	
	
	210,7
	
	
	
	210,7

	wetlands (W)
	
	
	
	
	1,6
	
	
	8812,9
	
	
	8814,5

	settlements  (S)
	
	
	
	
	34,8
	
	
	
	2083,1
	
	2117,9

	Others (O)
	
	
	
	
	81,7
	27,6
	1,5
	2,7
	0,4
	24636,4
	24750,3

	Area at 2005 
Changes
	23474,9
+88,2
	115,7
-0,6
	5164,7
-140,0
	5024,7
-0,6
	188844,7
-85,8
	14110,0
+0,9
	220
-9,3
	8815,6
-1,1
	2083,5
+34,4
	24636,4
+113,9
	272490,2
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[bookmark: _Toc385264293]Table 7.3 - Distribution of soil carbon (calculated values​​) in the context of natural areas and soil types in Kazakhstan. [4]
	Natural zones, subzones
	Prevailing (zonal) soil
	Area, mln.ha
	carbon stock in the soil layer 0-0.3 m with undisturbed shape, t / ha
	Economic use of land

	Plain
	
	
	
	

	Forest-steppe
	Ashed gray forest, meadow chernozem, solonetzes steppe
	0,4
	79,6
	Forest management, and the use for cultivation, pasture and haymaking

	Steppe
	
	
	
	

	Moderately moist steppe
	Ordinary black soils, meadow chernozem, steppe solonetses
	12,0
	126,1
	Mostly under cultivation without irrigation, selectively under pasture, hayfield on unsuitable land, forest management in some areas of forest land

	Moderately dry steppe
	Ordinary black soils, stepps solonetses
	12,9
	84,5
	Mostly under cultivation without irrigation, selectively under pasture, hayfield on unsuitable land, forest management in some areas of forest land

	Dry steppes
	Dark chestnut soils, solonetses steppe, meadow-chestnut soil
	27,7
	62,7
	Mainly for pasture and haymaking, under cultivation and 30% of the area without irrigation

	
	Brown

	24,36
	46,0
	Mainly for pasture and haymaking, under cultivation and 15% of the area without irrigation

	
	light chestnut
	37,5
	32,6
	Mainly for haymaking, under cultivation and 3-5% of the area without irrigation and  with irrigation

	Desert-steppe (semi-desert)
	
	
	
	

	Desert
	
	
	
	

	Northern desert
	Brown desert soils, solonetses desert, salt marshes, meadow brown soils
	57,4
	26,8 – clay 
7.7 - Sandy loam and sand

	Mainly for haymaking, under cultivation and 1% of the area without irrigation

	The typical (median) desert
	Gray-brown desert soils, salt marshes, solonetses desert, and takyrs takyr soil, sand desert soils
	57,4
	18.9 - clay  soils
8.1 - Sands 
22.1 - takyr and takyrs
	Mainly for pasture, selectively under cultivation up to 1% of the area with irrigation. Forest management and forest management (Haloxylon forest)

	Piedmont plains and mountains
	
	
	
	

	Foothill, partly low mountains of the desert steppes, and short grass savannah krupnotravnyh
	light gray soils 
Serozemy ordinary 
Foothill brown and black soil
	4,12
3,60
8,28
	19,1
38,5
87,9
	Mainly for pasture, 
In the lowlands for hay, selectively under cultivation from 15 to 35% of the area with irrigation and natural moisture (rainfed)

	Lowlands
	
	
	
	

	Steppe
	Mountain dark brown, mountain steppe chernozems (ordinary and southern), mountain-steppe termokserofnic
	9,7
	107,3
	Primarily under the summer pastures and hayfields. Forestation and mountain gardening. Selectively under cultivation up to 15% of the area with natural moisture (rainfed) in areas suitable for relief

	Mediumlands
	
	
	
	

	Forest meadow and meadow-steppe, coniferous taigic
	Mountain and forestry mafic soils, mountain-forest gray soils and dark gray soils, mountain-forest black earth soils
	4,7
	152,0
	Predominantly forest using, selectively under pasture area on up to 35% of available sites on the relief

	Highlands
	
	
	
	

	Tundra, grassland, meadow-steppe
	Mountain tundra, mountain meadow alpine and subalpine, alpine meadow-steppe, mountain steppe and dark-colored
	3,0
	92,3
	Selectively under pasture in highlands valleys

	Intrazonal
	
	
	
	

	Naturalfailings, floodplains, estuaries
	Peat bog, meadow-swampy, marshy meadow, alluvial-meadow, salt marshes slides 

Gray earth meadow soils 
Meadow-chestnut
Meadow-black earth
	4,1
(in zonal soils composition)
	62,0



36,1
103,4
146,4
	Mainly for hay and pasture. Selectively under cultivation with irrigation. In floodplains occupied forest and shrub vegetation (riparian forests). 
Used for plowing and haymaking 
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[bookmark: _Toc353693627][bookmark: _Toc385264295]7.2.1 Category description and results 
Natural pastures in Kazakhstan, an area which is 187.39 million ha according to national statistics (2012), is a key category of land-use .It is at almost all natural zones of the country from the forest-steppe in the north to the southern deserts in the south, also come into the mountain zone in the south and southeast. Perennial vegetation species of shrubs, dwarf shrubs and bushes with a pronounced woody component dominated in the desert and semi-desert areas in pastures,  perennial grasses with dwarf shrubs and bushes are in the steppe and dry steppe zones, meadow grass, interspersed with trees and shrubs are in the mountains .Modern pastures presented by natural ecosystems, which are under the influence of anthropogenic, mostly not controlled grazing animals for a long time. The area of pasture land in the country was 182.07 million hectares, of which 5.89 million ha are improved pastures according to the statistics of 1990. A record number of cattle are grazed during this period, in connection with this factor pastures experienced significant anthropogenic pressures , which confirmed information about significant degradation of natural vegetation [5 et al.]The area of grazing land, , increased and reached 189.2 million hectares due to withdrawal of the arable land in the category of rotation of pastures, and in the subsequent withdrawal of the Pasture and fallow lands in the period from 1992 to 2003, according to statistics. Simultaneously with the beginning of land reform, some pasture land gradually "lost" user and conclusions in reserve land, the area of ​​which reached 129.67 million hectares in 2000. Thus, the conditions for its partial restoration and preservation created for the natural vegetation on the reserve lands that improved nature potential of pastures and conditions for the accumulation of carbon (Table 7. 4). Simultaneously further degradation, loss of productivity and hence the decrease in carbon stocks continued on used for pasture land, with the beginning of recovery after 2001 livestock (Table 7.5) and increasing loads, especially on lands legally assigned to rural communities.
Natural grasslands are meadow vegetation with grass and forbs and are mostly located in the floodplains of major rivers, natural depressions and estuaries, flooded during the release of water to meadows and melting snow in the spring. Also, part of the area under grasslands is located in the mountain valleys. In the early 90-ies of the last century, the total area of ​​natural grasslands was 5172 thousand hectares. In a limited area of meadows, about 250 hectares, mainly in the floodplains of large rivers, up to 1990 were carried out improving activities by the application of mineral fertilizers with surface soil treatment [5]. Since 1990 productivity of improved grasslands has gradually decreased, and according to the statistics the most of their area was transferred to the proper hay. At the same time part of the land for hay, due to the intensive grazing of cattle on them since 1990, was successively converted into pasture, which generally degraded their natural and carbon potential.

Table 7.4 - Change in ecological condition of vegetation and soil cover on of Natural pastures  of Kazakhstan for 1990 ... 2012. [6].
	Year
	Used for its intended purpose
	Derived in stock

	
	Area, thous.ha 

	average rate of degradation (recovery)
	Area, thous.ha 

	average rate of degradation (recovery)

	
	
	vegetation
	soil
	
	vegetation
	soil

	1990
	182070
	0,9300
	0,970
	0,0
	-
	-

	1995
	81965
	0,9389
	0,970
	100105
	0,9430
	0,970

	2000
	52304
	0,9391
	0,965
	129766
	0,9840
	0,975

	2005
	-
	0,9296
	0,960
	-
	0,9861
	0,980

	2006
	54379
	-
	-
	127691
	-
	-

	2010
	60415
	0,9296
	0,955
	121655
	0,9884
	0,985

	2012
	
	0,9296
	0,953
	
	0,9884
	0,987



Table 7.5 - Changes in livestock and loads of cattle on pastures in the Republic of Kazakhstan for 1990 ... 2010.
	Years
	Cattle, thousands of heads
	Small cattle (SC), thousands of heads
	Hourses, thousand of heads

	Camels, thousands of heads
	All livestock in the nominal. heads of cattle, thousands of head
	Area used pastures, thousand ha
	Nominal heads of cattle per hectare of pasture used *

	
	milk
	meaty
	Yonger 
	grown
	younger
	grown
	yonger
	grown
	yonger
	
	
	

0,068
0,106
0,098
0,130
0,132

	1990
	3738
	2128
	886
	3659
	978
	478
	410
	73
	36
	12386
	182070
	

	1995
	3379
	1270
	529
	2009
	536
	458
	392
	66
	33
	8672
	81965
	

	2000
	2236
	699
	290
	1024
	273
	287
	246
	50
	25
	5130
	52304
	

	2005
	274
	1004
	418
	1471
	392
	342
	293
	66
	33
	6730
	54379
	

	2010
	3054
	1140
	475
	1848
	481
	449
	385
	72
	41
	7945
	60415
	


* Note: The calculated data

Results of calculations
Pastures. Annual change in carbon stocks gained in the absorption of carbon dioxide by plants in living biomass and soil remaining rangeland pastures were calculated using formulas 7.1 - 7.6 for the two sub- modes using pastures : intensively used for its intended purpose and is temporarily used ( derived in land reserve ) . For spatio-temporal comparability of pasture land area for the period of calculation taken as a constant equal to 182 070 thousand hectares by 1990 th base year .
The results of calculations of the dynamics of carbon stocks in pasture lands for 2012 and restated 1990 ... 2011. are summarized in Table 7.5 at the national level, due to improvements in methods of calculation. From its analysis shows that in pasture lands after 1993 until 2012 reporting continued accumulation of carbon in the soil and living biomass plants , which corresponded to a net uptake of carbon dioxide , mainly due to the reserve lands withdrawn . However , the rate of annual change in carbon stocks in pastures after 2000 decreased three times due to the return of land from the reserve and increase the load of cattle on pastures used . In 2012 the net uptake of carbon dioxide (biomass and soil) is calculated at the level of 7340 Gg / year, which is five times more than the absorption at 1990 (1248 Gg / yr), mainly due to the continuing increase in soil carbon stock as more inertial element of the ecosystem. In the biomass of annual change in carbon stocks observed in recent years, with a negative sign, by reducing stocks in areas used extensively managed pastures with double loads of cattle. With further growth of livestock and rangeland return of reserve land, the rate of increase in carbon stock will decrease, perhaps with a change of sign in the case of missed steps in the country to restore the system pasture use and rehabilitation of degraded areas. [5] 
Hayfields. Designed for natural hayfields and annual carbon stock changes (net absorption / emission) for 2012 and restated 1990 - 2011, in connection with the specification standard for carbon reservoir "biomass" are summarized in Table 7.6. From its analysis shows that carbon stocks in biomass meadows consistently decreased since 1990 by 2010 that correspond to an increase in carbon dioxide emissions. The highest values ​​were from the midst of the issue 90s of the last century and reached 697 + Gg / yr . In 2012, net absorption / emission of carbon dioxide is equated to zero. For comparison, the 1990 change in emission was + 80 Gg / yr .
Wildfires . Total emissions of gases from wildfires in the pastures , calculated in accordance with [2] , were in 1990 - 2004 . from 116.1 to 2786.98 Gg / year since 2004 - from 79.48 to 1843.0 Gg / yr of CO2 equivalent ( table 7.12 ) .

7.2.2 Methodological approaches
Pastures. In carbon evaluation on rangelands it is assumed that the pasture is a long time lag natural ecosystem and its changes relate primarily to changes in the organic matter contained in the living plant biomass (above and below ground). Humus content in the soil of arid rangeland is taken as constant, since it is revealed that a long period of continuous use of pastures, regardless of intensity, is leading to a leveling and the establishment of a constant total content of humus in the soil and its fractions [6,7 and others]. 
Assessment of changes in carbon stocks for the remaining rangeland pasture was performed for the two main reservoirs of accumulation: the living biomass (above-ground and underground parts) and mineral soil. Carbon stock in dead organic matter (mortmass), takes on pastures without changes. In accordance with the methodological principles of the IPCC, 2006 [1], the total amount of change in carbon stocks in the main reservoirs of pasture ecosystems can be represented by the formula:
Δ СG = Δ СGS + Δ СGLB,                                    (7.1),
Where
CGS-Δ change in carbon stock in the top soil layer 0-0.3 m tons / ha, 
Δ SGLB - changes in carbon stock in living biomass of plants (above and below ground), tons / ha. 

Annual change in carbon stocks in soils rangeland Δ CGS can be deduced from the difference of its reserves, determined at two points in time:
Δ  СGS =  СGS  (t + n)  -  СGS (t) / Δ T                                       (7.2)

СGS= CEGS  x FLU x FM 1 x FF                                            (7.3),

where 
CGS (t) and CGS (t + n) - the carbon stock in the soil horizon of 0-0.3 m at year t and year t + n, t / ha ;
Δ T- period duration , years;
CEGS - standard (reference ) value of carbon storage in soil layer 0-0.3 m in the undisturbed state , ton ga ,
FLU - land-use coeefficient, dimensionless, 
FM 1 - coefficient of operation mode influence on the changes in the soil, dimensionless 
FF - additional income ratio, dimensionless.
	The average value of the standart stock of soil carbon  amounts to 51.3 t / ha. It calculated at the national level for grassland CEGS and borrowed from the publication [ 4]. Numerical values of coefficient of influence of mode control FM -1, which may be obtained from a source in a first approximation [1 ] , ranging from 0.70 to 1.14 , depending on the degree of degradation or improved pasture . The error of calculation coefficient, which is equal to the percentage of the standard deviation from the average is between 10 to 50% . Under the conditions of the country values FLU ​​and FF for pastures can be taken as a unit as one category of land use, without additional contributions . Hence formula 3 acquires a simpler form:
                               СGS = CEGS  x FM1                                                                                  (7.4).

In conditions of extensive pasture use control mode is primarily determined by the load of cattle on vegetation and soil as elements of the ecosystem. Hence, by analogy with the soil reservoir of carbon, the carbon stock in the reservois "biomass" for pasture land and annual changes can be represented in accordance with [6] as:

СGLB =  М EGLB x FM2 x K1                                         (7.2.5),

                                         СGLB =  СGLB  (t + n)  -  СGLB (t) / Δ T                                  (7.2.6),
	Where:
	СGLB  - carbon stock in living biomass (above and below ground) for the year t and year t + n), t / ha, 
 	М EGLB  - standard (reference) value of biomass tons / ha, 
	FM2 – coefficient of impact of control mode for changing biomass, dimensionless, 
	K1- coefficient of content of carbon in biomass plants, equal to 0.5, dimensionless.

	Nationally averaged value of the living biomass equated 6.77 tonnes / ha in the "restored" vegetation cover in accordance with [6, 9, 10] adopted as the standard of biomass for pasturelands. The degree of change bioecological condition and productivity of vegetation expressed in terms of coefficient of digression (recovery) vegetation cover due to many years of unregulated use of pastures [6].
	Values ​​of the coefficients of pasture lands degradation remaining grassland (vegetation and soil) are given separately as for the subcategory of pasture with intense using, and for subcategory of pastures are temporarily displayed in the "reserve lands"( Table 7.3.).
	For part of pasture land being converted (without fundamental changes) in the category of wooded land, often as part of SFR land with moderate and weak load cattle, carbon stocks in biomass plants can be taken in conditionally of the constant due to the conservation in transparent forests of Kazakhstan broadly unchanged biomass and species composition pasture vegetation in the status of the lower tier of the forest vegetation. Changes in soil carbon stocks were not assessed for these pastures in a reorganization of their land in forest due to the lack of national factors of soil carbon changes with change in the regime of management of forest lands. To transfer the accumulated mass on pasture carbon mass of carbon dioxide absorbed during photosynthesis, using a coefficient equal to 3.67, which is derived from the ratio of molecular weights of CO2.Changes in soil carbon stocks were not assessed for these pastures in a reorganization of their land in forest due to the lack of national coefficients of soil carbon changes with change of the control mode of forest lands. 
	Coefficient equal to 3.67, which is derived from the ratio of molecular weights of CO2 and C as 44:12 is used for transfering the mass of accumulated carbon on pasture in mass of carbon dioxide absorbed during photosynthesis.
Natural hayfields . To calculate the carbon fluxes on land used for hay , an indigenous land category was divided into subcategories: natural hayfields (actually hayfields ) , improved hay , hayfields degraded ( pasture) .
To calculate annual changes in carbon stock used refined value for the reference carbon stock tank biomass equal 11.95 tons / ha (instead of 10.2 tons / ha) , in accordance with [ 9]. To calculate the carbon stock on land under improved grasslands adopted improvement factor of 1.30 , derived from the materials of field experiments to improve the water meadows in Kazakhstan [5]. For hay and degraded pastures, as a reference for carbon " biomass " accepted value 6.77 tons / ha for pasture land . Changes in soil carbon stocks for meadow hay fields were not assessed due to lack of coefficients accounting control change meadows.
Wildfires. According to the Ministry of Emergency Situations of Kazakhstan area wildfires in 2005 .. 2012 's. ranged from 34.221 to 438.528 ha (Table 7.12). 1990 ... 2004, area of ​​wildfires in the country have been restored from data on the total area covered by forest fires in 1990 ... 2012. using the equation :
                               Ssteppe  = 36.6 Sforest - 30                                                              (7.7),
where 
Sst-area wildfires in the amount during the growing season, thousands of hectares 
  Sfr - area of ​​forest fires in the amount during the growing season, thousands of hectares. 
Correlation between the identified area of steppe and forest fires at the country level can be explained by uniform weather conditions of the year for the spread of forest and grassland fires.


7.2.3 Estimation of uncertainty 
In accordance with the guidance papers [1,2], uncertainty calculations of the change in carbon stock and absorption / emission of carbon dioxide on rangelands that are performed at the First methodological level and limited reservoir "soil" is plus - minus 75%. In particular, the calculated error rate control mode is 10 to 50%. When performing calculations on the first - second methodological level maximum error results can reach plus or minus 60 ... 65%. It picked at the expert level and includes an error of plus or minus 10% due to inaccurate statistics, plus or minus 20 ... 25% of the inaccuracy of field observations (made ​​in assessing the standard of plant biomass), plus or minus 30% of the mistakes assessment bioecological of vegetation (with change control mode) over a large area.

7.2.4 QA / QC procedures 
Cross-check the quality of the calculations carried out by experts of the working groups involved in greenhouse gas inventory and experts in the relevant field from other institutions.
[bookmark: _Toc353693628]
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Recalculations of carbon fluxes and absorption / emission of carbon dioxide for 1990 of 2011 .. performed in connection with the improvement of methods of calculation and distribution of calculations on two carbon reservoir - "soil" and "biomass" , involving reference carbon stocks received at the national level , as well as in connection with obtaining additional information about gas emissions during wildfires . Net uptake of carbon dioxide from the pasture land for 1990 ... 2012 increased compared with the results of the calculations presented in the Report 's 2011 (without reservoir "soil" ) , mainly due to the carbon stored in the soil rangeland output in stock.

7.2.6 Improvements 
 To improve the methodological level and reduce uncertainties calculations carbon 2012 carbon flux calculations were carried out on pasture for two reservoirs - "biomass " and "soil" , in accordance with the IPCC Guidelines , 2006 . [1] In this case, were refined numerical values ​​of digression natural vegetation on pastures in connection with the new information about the dynamics of vegetation in 2001 ... 2008 [6] and refined coefficients of soil degradation of pasture land at the national level (Table 7.4). To estimate the carbon flux calculations were performed for the reference carbon stocks tanks "soil" and "biomass" for pastures and hayfields at the national level. 
Assessment of the intensity of flows of carbon dioxide and other gases of anthropogenic origin can be improved by clarifying the areas according to the degree of degradation of pasture lands, as well as by performing detailed calculations at larger hierarchical units allocated to pasture maps.
The country has performed research on the development of an environmental monitoring system based on pasture space and ground, which provides for obtaining objective data on the biological and rangeland carbon potential at the national level. [6]







Table 7.5 - The calculated carbon stocks and net absorption / emission of carbon dioxide in pasture lands of Kazakhstan for 1990 ... 2012.
	
	Pastures used for intended purposes
	Temporarily used (derived in stock)
	Annual changes (all land)

	Year
	Area, thousand hectares
	carbon stock in biomass, thousand tonnes
	carbon stock in soil, thousand tonnes
	Area, thousand hectares
	carbon stock in biomass, thousand tonnes
	carbon stock in soil, thousand tonnes
	 biomass (net absorption / emission 
CO2), Gg / yr
	soil (net uptake of CO2), Gg / yr
	total (net uptake of CO2) 
  Gg / yr
	total (net uptake of CO2), net emissions from wildfires, Gg / yr

	1989
	
	
	
	
	
	
	-1248
	0,00
	-1248
	

	1990
	182070
	578620
	9060000
	-
	 
	-
	-1248
	0,00
	-1248
	-1132

	1991
	 
	 
	 
	 
	 
	 
	-1174
	0,00
	-1174
	-884

	1992
	 
	 
	 
	 
	 
	 
	-1064
	0,00
	-1064
	-948

	1993
	 
	 
	 
	 
	 
	 
	-954
	-1838
	-2789
	-2651

	1994
	 
	 
	 
	 
	 
	 
	-844
	-3670
	-4514
	-4151

	1995
	81965
	260240
	4077000
	100105
	319440
	4991000
	-771
	-5872
	-6643
	-5013

	1996
	 
	 
	 
	 
	 
	 
	-3156
	-6459
	-9615 
	-8160

	1997
	 
	 
	 
	 
	 
	 
	-5442
	-7046
	-12488
	-9701

	1998
	 
	 
	 
	 
	 
	 
	-7927
	-7634
	-15561
	-14574

	1999
	 
	 
	 
	 
	 
	 
	-10312
	-8281
	-18593
	-16910

	2000
	52304
	164600
	2589000
	129766
	432380
	6491000
	-12698
	-8808
	-21506
	-20461

	2001
	 
	 
	 
	 
	 
	 
	-10643
	-9072
	-19715
	-18206

	2002
	 
	 
	 
	 
	 
	 
	-8588
	-9336
	-17924
	-16742

	2003
	 
	 
	 
	 
	 
	 
	-6533
	-9601
	-16134
	-13347

	2004
	 
	 
	 
	 
	 
	 
	-4477
	-9865
	-14342
	-13472

	2005
	 
	 
	 
	 
	 
	 
	-2275
	-10129
	-12404
	-11386

	2006
	54379
	171130
	2678000
	127691
	426230
	6419000
	-1614
	-10397
	-12011
	-10168

	2007
	55042
	173220
	 
	 
	424400
	 
	-954
	-10092
	-11046
	-10591

	2008
	56728
	178520
	 
	 
	418890
	 
	+770
	-9788
	-9018
	-8764

	2009
	58985
	185620
	 
	 
	414600
	 
	+697
	-9783
	-8786
	-8602

	2010
	60415
	190130
	2960000
	121655
	407060
	6147000
	-220
	-9175
	-9395
	-9070

	2011
	60698
	191020
	2974000
	121372
	406111
	6135000
	+550
	-7340
	-6790
	-6612

	2012
	60698
	191020
	2974000
	121372
	406111
	6137000
	0
	-7340
	-7340
	-7261






Table 7.6 - The calculated carbon stocks and annual changes (net absorption (-) / issue (+) CO2) for natural hayfields in Kazakhstan for 1990 ... 2012.
	Year
	Grasslands
	Improved grasslands
	Degraded grasslands (pastures)
	All grasslands

	
	Area, thousand hectars
	Coefficient of digression, rel. units
	Carbon stock, thousand tons
	Area, thousand hectars
	Coefficient of improvements, rel. units
	Carbon stock, thousand tons
	Area, thousand hectars
	Coefficient of digression, rel. units
	Carbon stock, thousand tons
	Area, thousand hectars
	Carbon stock, thousand tons
	Carbon stock, thousand tons in CO2-eq
	Stock change, thousand tons/year in CO2-eq

	1980
		4922



	1
	50204
	250.4
	1.30
	3312
	-
	-
	0.0
		5172



	53516
	196404
	

	1990
	4995
	1
	50949
	177.3
	1.30
	2943
	
	
	0.0
	5172
	53298
	195604
	+80

	1991
	
	
	
	
	
	
	
	
	
	
	
	
	+307

	1992
	
	
	
	
	
	
	
	
	
	
	
	
	+533

	1993
	
	
	
	
	
	
	
	
	
	
	
	
	+697

	1994
	
	
	
	
	
	
	
	
	
	
	
	
	+688

	1995
	4898
	1
	4996
	154.0
	1.30
	2040
	120
	0.210
	264
	5172
	52264
	191809
	+631

	1996
	
	
	
	
	
	
	
	
	
	
	
	
	+565

	1997
	
	
	
	
	
	
	
	
	
	
	
	
	+500

	1998
	
	
	
	
	
	
	
	
	
	
	
	
	+403

	1999
	
	
	
	
	
	
	
	
	
	
	
	
	+310

	2000
	4955
	1
	50541
	63.0
	1.30
	835
	154.0
	0.210
	339
	5172
	51715
	189794
	+218

	2001
	
	
	
	
	
	
	
	
	
	
	
	
	+126

	2002
	
	
	
	
	
	
	
	
	
	
	
	
	+34

	2003
	
	
	
	
	
	
	
	
	
	
	
	
	-61

	2004
	
	
	
	
	
	
	
	
	
	
	
	
	-27

	2005
	4948
	1
	50470
	76.0
	1.30
	1007
	146.0
	0.210
	321
	5172
	51798
	190099
	-+04

	2006
	
	
	
	
	
	
	
	
	
	
	
	190023
	+76

	2007
	
	
	
	
	
	
	
	
	
	
	
	189947
	+76

	2008
	4955
	1
	50541
	65.0
	1.30
	861
	152.0
	0.210
	334
	5172
	51736
	189871
	+76

	2009
	
	
	
	
	
	
	
	
	
	
	
	189871
	00

	2010
	4955
	1
	50541
	65.0
	1.30
	861
	152.0
	0.210
	334
	5172
	51736
	189871
	0.0

	2011
	4960.8
	1
	50622
	61.0
	
	808
	150.0
	0.210
	330
	5172
	51740
	189886
	-15

	2012
	4960,8
	1
	50622
	61,0
	
	808
	150,0
	  0.28
	  428
	5172
	51858
	190319
	0,0




	4922
	and
	5172
	- excluding land area under forest;





7.3. Cropland (5.B) 
7.3.1. Category description and results
Arable land. Tendency to soil degradation in plowed land humus mineralization and carbon emissions observed in a world almost universally, which become almost unmanageable. Intensive treatment leads to increased soil biological processes, destruction of humus and nitrogen accumulation of surpluses. They were associated primarily with the plowing in 60th years of the last century of virgin lands with highly fertile black soil, and less fertile dark brown, brown and gray soils in Kazakhstan. t intake of organic matter in soil immediately decreased With the involvement of virgin lands in treatmen, mineralization processes began to dominate over the processes of humification, which led eventually to the irreparable loss of humus. Farming practices in the country adhered to the classical principles of deep plowing with a turnover of formation Until the 60-ies of the last century. Therefore, immediately after the massive plowing a vast area there is a problem of wind erosion, low yields and high debris fields. Soil protection system of agriculture was developed and put into practice under the guidance of Academician A.I. Baraev to fight, primarily with soil erosion in the country. The main essence of it is to preserve soil fertility and productivity of arable land by subsurface soil treatment using steam and left on the surface of living plants or their residues in the form of stubble and straw [ 11,12 et al.] Already in the 70 ... 80 years in the country mainly used flatcarved deep tillage, which provided snow accumulation stubble and reduce runoff of meltwater. Chemicals in agriculture in the years provided extensive use of fertilizers and soil conservation, respectively. Higher volumes entered into the soil fertilizer allowed since 1985 to cultivate staple crops at intensive technology that provides plants to batteries in rates close to the recommended [13]. As shown by the example of scientific experiments on example of sixfield grain crop rotation on the application of flatcarved steam of soil with application of phosphate fertilizers and leaving straw in the fields, the humus content in the soil of southern black soil is not significantly different from its content in the soil after plowing virgin soil at the beginning of the 90s in Kazakhstan [14]. Over the last twenty years, with a decrease of farming in the country, a reduction in the amount of ten times introduced into the soil fertilizers and organic fertilizers, crop rotation and disruption of the structure of agricultural technologies of cultivation, thereby increasing erosion processes, particularly biological erosion (removal of excess soil harvest crop nitrogen, phosphorus and potassium intake on their soil [15]), soil fertility of arable land decreased more rapidly.
General trends in the dynamics of soil carbon can be seen from Table 7.7, which shows the dynamics of humus in the soil for the years 1965 ... 2010 on the results of field and laboratory researches conducted in Kazakhstan on the basis of experimental fields.  The humus content in the upper soil horizon for 1990 ... -2010  decreased for land with natural moisture in the northern areas of the country by an amount between 0.18 and 1.01 % according to the table, respectively, and total nitrogen , the amount of 0.008 to 0.060 %. In the foothills of the south-east in soils irrigated and rainfed (with natural moisture) land humus content decreases by 0.12 ... 0.17 % nitrogen and 0.008 ... 0.016. In practice, the production decrease in the content of humus and nitrogen in the soil arable land is much more pronounced [15].

Table 7.7: Dynamics of humus content (%) in the top soil layer 0-0.3 m cropland RK 1965 ... 2010.
	Soils
	1965 г.
	1970 г.
	1980 г.
	1985 г.
	1990 г.
	1995 г.
	2000 г.
	2005 г.
	2010 г.

	Ordinary black earth (Kostanay  region)
	-
	-
	-
	
	4,91
	4,62
	4,63
	3,90
	-

	southern black soil
  (Kostanay region)
	-
	-
	-
	-
	3,81
	(3,52)
	(3,52)
	3,47
	3,40

	Livery soil
  (Kostanay region)
	-
	-
	(3,15)
	-
	2,95
	-
	2,00
	-
	(2,70)

	chestnut earth
  (Karaganda region)
	-
	-
	2,55
	2,49
	2,43
	(2,36)
	(2,27)
	-
	-

	Light brown soil
(Karaganda region)
	-
	-
	-
	-
	1,87
	1,80
	1,75
	(1,70)
	(1,69)

	Gray soil bright rainfed (Almaty region)
	0,96
	0,80
	0,96
	(0,87)
	-
	-
	-
	-
	-

	Gray soil ordinary irrigated 
  (Almaty region)
	1,22
	1,12
	1,81
	1,17
	1,09
	(1,08)
	-
	-
	-

	Light brown eroded soil 
(Almaty region).
	-
	-
	1,60
	1,43
	1,24
	1,35
	1,41
	-
	-

	Light chestnut irrigated soil (Almaty region)
	-
	1,97
	1,82
	1,80
	1,75
	1,92
	2,02
	1,86
	1,82

	Dark chestnut irrigated soil (Almaty region)
	-
	-
	-
	-
	2,56
	2,50
	2,40
	2,25
	(2,17)

	Dark brown foothills soil (Almaty region)
	-
	-
	-
	-
	3,16
	3,11
	3,02
	2,98
	2,94


Data provided by A.I. Iorganskyi (Kazakh Research Institute of Agriculture and crop production) 

Perennial plantings mainly represented by gardens and berry plantings, including grape plantations comprising of arable land. Area on plantations in the country amounted to about 164.8 thousand hectares at 1990, with a significant decrease to 117.1 thousand hectares in 2011, which resulted in a decrease in carbon stocks in the biomass of trees and shrubs.
The results of calculations. The calculated values ​​of carbon stock changes in mineral soil arable land in 2012 and converted their values ​​for 1990 to 2011 ... summarized in Table 7.7. In assessing the changes in carbon stocks in the soil all arable land in the country divided into separate sub-categories: land remaining in the rotation (main sub), displayed on the ground at different time intervals from 2 .. 3 to 18 years in reserve lands (reorganize subcategory), land displayed in pastures (reorganize subcategory). Presented in table quantities of carbon stock in the top soil layer 0-0.3 m (t / ha) borrowed from the source, calculated at the national level for the years 1965 -2010 ... [8]. According to the source for the reference (monitoring) in 1989 and 2010, they accounted for 48.11 tons / ha and 58.32 t / ha, respectively. For the intervening years, they were obtained by linear interpolation. Calculations show that in the period from 1989 to 1993, carbon stocks in soils of arable land decreased by the amount of 0.22 tons / ha per year. The rate of decrease in carbon stocks in the soil increased almost three times and were 0.53 tons / ha per year in the subsequent period from 1994 to 2010. In 1990, provided that the rate of carbon reduction by analogy with 1989, the stock of carbon in the soil taken as equal to 58.10 tons / ha, in 2012 - 47. 05 T / ha, in regarding to preserving the rate reduction for 2010. [8].
From Table 7.7 shows that in the period from 1993 to 2000 to 40% of arable land is withdrawn from the rotation reserve land ( fallow) and category pastures without conversion , with the opposite return of the land in the rotation since 2000. Hence, while maintaining a negative balance of soil carbon for arable land for the entire billing period , the rate of change in carbon stocks , depending on the mode of land use differed significantly : from accelerated soil land remaining in the rotation and heavily used ( with enhanced mineralization of soil organic matter in the soil ) and the slow rate of losses in carbon output from the land rotation. The calculations show that for all cropland annual emissions of carbon dioxide from the soil in recent years generally decreased and amounted to 2012 47 344 Gg / year , which is 1.5 times less than in 2000. Compared with 1990, the calculated carbon dioxide from the soil of arable land were 165 % (Table 7.7).
In sub reorganize land output without conversion of arable land to grassland (CG), changes in carbon stocks in living biomass in 2012 were of the order of 2026 with a plus sign , which corresponds to the absorption of carbon dioxide in the amount of 7435 Gg / year , subject to zero values ​​for 1993 .
Annual change in carbon stocks for a subcategory of land with permanent crops for the billing period marked with the sign of the variables and ranged from -46 Gg / year as the stock of carbon dioxide to + 237 Gg / year as an issue . At the 2012 annual changes equated to zero. For comparison, in 1990, they were - 11.2 Gg / yr net uptake of carbon dioxide (Table 7.9).


[bookmark: _Toc353693632][bookmark: _Toc385264297]7.3.2 Methodological approaches 
In accordance with the Guidelines [2, 3], to estimate stocks of organic carbon in the soil of arable land was used method for measuring the stocks at two points in time. It was assumed that changes in soil fertility, and hence soil carbon in the plowed field, are mainly related to changes in technologies of tillage, land management and occur in the surface soil layer of 0…30 cm. 
Carbon stock in mineral soil for a particular soil or territorial difference or the partition is calculated using the formula of [1,3], the following:
Мс (t)  = [0.01 G x  V  x К1 x  К2 x  (1- K3)] ,                                                      (7.8)
where: 	
  Ms (t) - the amount of carbon in the surface soil layer 0-0.3 m for territorial partition of year t, tonnes / ha; 
G - humus content in soil horizon of 0-0.3 m,%; 
V - the volume amount of the soil in the horizon of 0-0.3 m, tons/m3; 
K1-volume of the soil amount on an area of one hectare is equal to 3000 m3 / ha; 
K2-carbon content of the soil organic matter equal to 0.58, dimensionless; K3 - share large fractions greater than 2 mm in the soil, dimensionless.
Carbon storage in the soil for arable land withdrawn from the rotation in year t without radical changes, calculated for the year t +1 in accordance with [1], using the following formula:

Мс (t+1 ) = Мс (t) x К3,                                                         (7.9)
where: 
Mc (t) - the carbon stock in the soil layer 0-0.3 m for arable crop withdrawn from rotation from a year t, tonnes / ha; 
K3 - correction coefficient for the change of fertility after the withdrawal of arable crop rotation, varies from 1.0 to 0.93 [1], dimensionless.
Annual amount of soil C stock changes in accordance with [1], is calculated as the difference ΔMc of the cumulative mass carbon for a certain reservoir at formula:
ΔМс  =   [ Мс (t1)- Mс (t2)]  / Δt,                                                                  (7.10)
where: 
Mc (t1), Mc (t2) - cumulative amount of carbon in the soil for years monitoring t1 и t2,, tons;
Δt - the time period between the monitoring, years. 
The reference of biomass value equal to 2.1 t / ha, bred at the expert level used to calculate the carbon in living biomass of plants in the composition of the restored vegetation on former arable soils displayed in pasture. Last reference corrected by a coefficient of revegetation on a scale of 0 to 1 (for nominal acceptance revegetation period of 20 years). 
In connection with the application of the method of changes in inventories (balance), changes in carbon stocks in soils area of arable land taken for the calculation of the constant is 35 607 000 ha in 1990, which made it possible to compare the results on the temporal level. 
The initial data for the calculation of carbon fluxes used empirical data on soil humus content in the context of soil types (Table 7.8), which were provided by RSMC "Agrohimsluzhba" (KLM MRD) RK [16]. Also, the values ​​of value mass of soil and the coefficient of coarse fractions in the soil from the source [4].
Perennial plantings
Perennials treated as a separate subcategory with woody vegetation as part of the cultivated land. Part of the land with vegetation during the 1990 - 2010 years was bred in the category of land "pasture " and a small area is in the " deposit” in connection with the destruction of orchards and berry fields, in accordance with Table 7.9. In this regard, land with perennial plantings were in turn divided into sub-categories: land remaining under vegetation and land for pasture . Last subcategory seen in the report as being converted category ( CG ). The assessment of carbon stocks of perennial plants was performed for long-term reservoir of living biomass as for the forest land. Due to the fact that in country is no information about the biomass of perennial plants, it was assumed that it is close to the biomass of other trees (apple, apricot, hazel, hawthorn, etc.) as part of the State Forest Fund, which is conducted in regular inventory (see . section 7.4). Evaluation of changes in carbon stocks performed by measurements at two points in time.

7.3.3 Estimation of uncertainty 	
The error calculations greenhouse gas fluxes in soils of arable land is estimated to be ± 50% in accordance with the methodological guidance of the IPCC, 2000 [3] and the IPCC Guidelines, 2006 [5]. 
Uncertainty of calculations of carbon in living biomass plantations is estimated to be more than plus or minus 75%, i.e. above the valuation uncertainty in biomass of forest land due to lack of baseline information directly on perennial plantings.

7.3.4 QA / QC procedures
Cross-check the quality control of the calculations carried out by experts of the working groups involved in greenhouse gas inventory and experts in the relevant field from other institutions.

7.3.5 Recalculations
Recalculations of carbon fluxes and annual changes in carbon dioxide emissions from arable land 1990 .. 2011 years were performed in connection with the specification reference carbon stocks in soils and correcting the amount of change in carbon stocks in soils ( in tonnes / ha) , as well as additional accounting of carbon in biomass on lands withdrawn subcategory pastures.
Calculated carbon dioxide emissions for croplands that are presented in the NIR for 2012 decreased compared to the NIR 's 2011 , taking into account the carbon stored in the biomass of the arable land, output without conversion to pasture land.

7.3.6 Improvements
Using the results of the national agro-chemical monitoring of arable land , as one of the key categories of land use in the country, to estimate annual changes in carbon dioxide emissions from the soil, improves the methodological level of payments and reduce their uncertainty.Shorter interval between soil agrochemical surveys of arable land from 20 years (1989 and 2010) to 5 ... 7 years and improve methods of field survey fields can reduce the uncertainty assessment further. 
Estimates of carbon fluxes in the plant biomass on former arable land, pasture output subcategory provides in the NIR for 2012 further. For this purpose the reference carbon stock in biomass plants bred by experts.  
 Methodological work related to soil carbon calculations standards continued in Kazakhstan, which allows to take into account national resources when calculating fluxes of greenhouse gases in the sector and in the future will allow to perform calculations of carbon fluxes at the level of natural areas and soil differences and territorial units.









. Table 7.8: Carbon stock and annual changes (emission (+) carbon dioxide) for arable land RK for 1990 ... 2012.
	
	                                                                              Soil
	Biomass
	All land

	Year
	Land in rotation
	bred in the reserve (deposit)
	Rotation+deposit
	land derived in 
pasture
	land derived in 
pasture **
	
	Soil
	soil + biomass

	
	Area, thousand ha
	Carbon content in the soil, t / ha
	Carbon stock, thousand tons
	Area, thousand ha
	Carbon content in the soil, t /tons
	Carbon stock, thousand/ha
	change 
carbon stock, thousand tons/year
	Changes of carbon stock, Gg / year
	Area, thousand ha
	Carbon stock, thousand tons
	Changes of carbon stock, tthousand tons / year
	Changes of carbon stock, Gg / year
	Carbon stock, thousand tons
	Changes of carbon stock, tthousand tons / year
	Changes of carbon stock, Gg / year
	Changes of carbon stock, Gg / year
	Changes of carbon stock, Gg / year 


	1989
	35607
	58,32
	2076600
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1990
	35607
	58,10
	2068766
	0,00
	0,00
	2068766
	-7830
	+28736
	0,00
	00,0
	0,00
	0,00
	0,0
	0,00
	0,00
	+28736
	+28736

	1991
	35607
	57,88
	2060933
	
	
	2060933
	-7830
	+28736
	
	
	
	
	
	0,00
	0,00
	+28736
	+28736

	1992
	35607
	57,669
	2053100
	0,00
	0,00
	2053100
	-7830
	+28736
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00
	+28736
	+28736

	1993
	
	
	
	
	
	
	
	
	
	
	
	
	
	+37
	-135
	+33446
	+33311

	1994
	
	
	
	
	
	
	
	
	
	
	
	
	
	+95
	-270
	+38156
	+37886

	1995
	31995
	56,60
	1810920
	2808
	158930
	1969850
	-26 750
	+98172
	804
	45510
	+15170
	-55307
	330
	+110
	-404
	+42865
	+42461

	1996
	
	
	
	
	
	
	
	
	
	
	
	
	
	+180
	-659
	+48454
	+47795

	1997
	
	
	
	
	
	
	
	
	
	
	
	
	
	+249
	-914
	+54043
	+53129

	1998
	
	
	
	
	
	
	
	
	
	
	
	
	
	+318
	-1169
	+59632
	+58463

	1999
	
	
	
	
	
	
	
	
	
	
	
	
	
	388
	-1424
	+65221
	+63797

	2000
	21489
	53,70
	1153960
	8553
	464040
	1618000
	-70 370
	+258258
	5565
	300780
	+51054
	187368
	2614
	+457
	-1677
	+70890
	+69213

	2001
	
	
	
	
	
	
	
	
	
	
	
	
	
	+484
	-1775
	+68303
	+66529

	2002
	
	
	
	
	
	
	
	
	
	
	
	
	
	+510
	-1873
	+66716
	+63845

	2003
	
	
	
	
	
	
	
	
	
	
	
	
	
	+537
	-1971
	+63129
	+61161

	2004
	
	
	
	
	
	
	
	
	
	
	
	
	
	+564
	2069
	+60642
	+58477

	2005
	23475
	50,77
	1207550
	4930 (1986)*
	232270
	1439820
	-35 636
	+130784
	7202
	400000
	+19844
	-72827
	5566
	+590
	-2165
	+57957
	+55792

	2006
	
	
	
	
	
	
	
	
	
	
	
	
	
	+777
	-2853
	+57691
	+54838

	2007
	
	
	
	
	
	
	
	
	
	
	
	
	
	+965
	-3541
	+57425
	+53884

	2008
	
	
	
	
	
	
	
	
	
	
	
	
	
	+1152
	-4229
	+57159
	+52930

	2009
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	-4917
	+56893
	+51976

	2010
	24169
	48,11
	1167100
	4790 (140)*
	250620
	1417720
	-4260
	+16221
	6648 (554)*
	344950
	-11010
	+40407
	13204

	+1528

	-5606

	+56626
	+51022

	2011
	24633
	47,58
	1154270
	4326 (464)*
	250580

	1404850
	-12870
	+47233
	6648
	344900
	-50
	+184
	15230
	+2026

	-7435

	+47417
	+39982

	2012
	24633*
	47,05
	1141460
	4326
	250540
	1392000
	-12850
	+47160
	6648
	344850
	-50
	+184
	17256
	+2026
	-7435
	+47344
	+39909


Note: * - Return of land in crop rotation; ** - reorganize subcategory;

















Table 7.9: The humus content (%) in soil horizon 0-0,20 m on the results of soil and agrochemical researches of arable land in the Republic of Kazakhstan for 2000 ... 2010
	
	Soils

	The region
	ordinary chernozem
	southern chernozem
	dark brown soil
	Brown soil
	light brown soil
	gray-brown soil
	light gray soils
	light gray soils ordinary
	vegetable -meadow light gray soils
	foothill light brown soils
	foothill dark brown soils
	mountain brown soils
	Mountain chernozems
	Foothill chernozems
	meadow-bog soils
	floodplain meadow soils

	Akmola
	5,6
	3,9
	3,6
	2,9
	2,4
	
	
	
	
	
	
	
	
	
	
	

	Aktybe
	
	4,4
	2,9
	2,5
	
	
	
	
	
	
	
	
	
	
	
	

	Almaty
	
	
	
	2,9
	
	1,6
	1,3
	1,9
	2,2
	2,4
	3,1
	
	
	4,3
	2,1
	

	East Kazakhstan
	
	2,9
	3,6
	3,5
	2,0
	
	
	
	
	2,2
	4,0
	7,7
	5,3
	5,8
	
	

	Zhambyl
	
	
	
	
	
	
	1,4
	1,6
	
	2,3
	3,1
	6,4
	
	
	
	

	West Kazakhstan
	
	2,7
	2,9
	2,6
	
	
	
	
	
	
	
	
	
	
	
	

	Karagandy
	
	3,8
	3,1
	2,5
	2,0
	
	
	
	
	
	
	
	
	
	
	

	Kostatnay
	5,0
	3,6
	2,9
	2,3
	
	
	
	
	
	
	
	
	
	
	
	

	Kyzylorda
	
	
	
	
	
	1,6
	1,6
	
	
	
	
	
	
	
	1,6
	1,9

	Pavlodar
	
	2,7
	2,3
	1,8
	2,0
	
	
	
	
	
	
	
	
	
	
	

	North Kazakhstan
	5,0
	4,5
	4,2
	
	
	
	
	
	
	
	
	
	
	
	
	

	South Kazakhstan
	
	
	
	
	
	1,4
	1,3
	1,5
	
	
	2,6
	
	
	
	
	


RSMC "Agrohimsluzhba" (KLM MRD) RK





Table 7.10: The estimated carbon stock in biomass and annual changes (net absorption / emission) for land under permanent crops in the Republic of Kazakhstan for 1990 ... 2012.
	Year
	Used for intended purposes
	Used for grazing**
	All  land

	
	Area, thousand ha
	Carbon content, tons/ha
	Carbon stock, thousand tons
	Changes of carbon stock, thousand tons / year
	Emissions / 
runoff 
CO2 Gg / yr
	Area, thousand ha
	Carbon content, tons/ha
	Changes of carbon stock, thousand tons / year
	Emissions / 
runoff 
CO2 Gg / yr
	Emissions / 
runoff 
CO2 Gg / yr

	1980
	137,0
	
	
	
	
	
	
	
	
	

	1988
	
	8,78
	1202,9
	11,2
	-41,2
	
	
	
	
	-11,2

	1990
	164,8
	7,98
	1315,1
	11,2
	-41,2
	0,00
	0,00
	0.00
	0,00
	-11,2

	1991
	
	
	
	
	+16
	
	
	
	-6.6
	+32

	1992
	
	
	
	
	+71
	
	
	
	-13.2
	+75

	1993
	
	6,80
	
	
	+126
	
	
	
	-19.8
	+118

	1994
	
	
	
	
	+182
	
	
	
	-26.5
	+161

	1995
	144,2
	6,88
	992,1
	-64,6
	+237
	20,6
	45,3
	+9,1
	-33,2
	+204

	1996
	
	
	
	-51
	+187
	
	
	
	-29.2
	+164

	1997
	
	
	
	-39
	+143
	
	
	
	-25.2
	+124

	1998
	
	7,01
	
	-27
	+99
	
	
	
	-21.2
	+84

	1999
	
	
	
	-15
	+55
	
	
	
	-17.2
	+44

	2000
	136,0
	7,12
	968,3
	-4,8
	+18
	28,8
	63,4
	+3,6
	-13,2
	+4,8

	2001
	
	
	
	-7,9
	+29
	
	
	
	-17.1
	+15

	2002
	
	
	
	-11,9
	+41
	
	
	
	 -22.0
	+25

	2003
	
	7,32
	
	-14,7
	+54
	
	
	
	-25.9
	+35

	2004
	
	
	
	-18,0
	+66
	
	
	
	-29.8
	+45

	2005
	115,7
	7,45
	862,0
	-21,3
	+78
	49,1
	108,0
	+8,9
	-32,7
	+54,3

	2006
	115,5
	
	876,6
	+14,6
	-54
	49,3
	108,5
	+0,5
	-18,4
	-72,4

	2007
	114,4
	
	868,3
	-8,3
	+30
	50,4
	110,9
	+2,4
	-8,8
	+21,2

	2008
	115,0
	7,66
	880,9
	+12,6
	-46
	49,8
	109,6
	-1,3
	+4,8
	-41,2

	2009
	117,4
	
	899,3
	+18,4
	-68
	47,2
	104,3
	-5,3
	+19,4
	-48,2

	2010
	116,3
	7,66
	890,8
	-8,5
	+31
	48,5
	106,7
	+2,4
	-8,8
	+22,2

	2011
	117,2
	
	897,8
	+7,0
	-26
	47,6
	104,7
	+2,0
	+7,3
	-18,7

	2012
	117,2
	
	897,8
	0,00
	0,00
	47,6
	104,7
	0,0
	0,0
	0,0


Note: ** - reorganize subcategory

[bookmark: _Toc353693635]
[bookmark: _Toc385264298]7.4 Forests (5A)
[bookmark: _Toc353693636][bookmark: _Toc385264299]7.4.1 Category description and results
Forests. According to the Forest Code of the Republic of Kazakhstan, the forest is defined as ".... natural complex formed in a certain area, on the basis of aggregate tree and shrub vegetation and other components of wildlife interacting with the environment and has important ecological, economic and social importance" [17].This definition is close to the definition of the content of the fragmented forests, FAO (2001): ".... fragmented forest –is  land is covered with a mosaic of non-forest and forest land, including natural forests and plantations." 
The category includes forest lands of the state forest fund (SFF), including forest in the composition of the protected areas, as well as land with woody vegetation within other categories of land. It also includes forest land, which carried out seeding and planting of forest trees, which are not temporarily reached the age group of "young." Shrubland (protective) plantations accounted statistics separately. The country is the main area of ​​coniferous and deciduous forests are concentrated in areas relatively wealthy moisture - forest-steppe landscapes in the north of the republic and mountain landscapes in the foothills and slopes of the ridges of the Altai, Zhytysu Alatau in the east, southeast and the Tien Shan in the south-west. In the desert zone in the ancient deltas of large rivers Ile, Karatal, SyrDarya, Shu and vast sandy areas spread saksaul forests and river valleys meet modern floodplain forests - riparian forests. Coniferous trees occupy only 13.1%  of forests, and deciduous is 11.2%. However, they account for the main timber stock (about 90%) due to growing density and height of the stand, as well as the density of the wood itself. Saksaul - desert forests, constitute large areas of forest land (49.6%). The remaining areas of forest land (25.2%) were occupied shrubs and trees. The predominant area saksaul forests and shrubs provide 4.6% of the total growing stock. Approximately one-tenth of the area of ​​forest land is artificial plantations. All forests characterized by uneven spatial distribution and low average density of the stand.
RK legislation (Law on forests and forest plantations, Forest Code, etc.) are prohibited felling of coniferous plantations and saksaul for conservation and restoration. A set of measures for conservation, protection and restoration of forests, their optimal use implemented in recent years. They are aimed at improving forest productivity, thereby to increase the carbon potential.

Calculations . The calculations revealed positive trends in changes of carbon stocks for forest land and trees and bushes planted category between 1990 ... 2012. (Table 7.11). Carbon stock in tree biomass (above-ground and underground ) increased from 176.06 million tonnes (1988 ) to 203.3 million tons ( 2013 ). According to calculations , increasing net absorption of carbon dioxide on forest lands and lands with shrubland vegetation occurs at the beginning of the nineties of the last century (up to 6386 Gg / year) and the last years of this century (up to 10 936 Gg / year 2013 ) . There are cases of carbon dioxide emissions (+ 767 Gg / year) at the end of the last century linked to the deforestation of the part of forest land, primarily the destruction of conifers. In 2012 the net uptake of carbon dioxide, taking into account the absorption of young forest and less gas emissions from fires was 6040 Gg / year or 148% of the 1990 (9100 Gg / yr). Increase of forest carbon absorption is mainly provided by conifers.
Planting young forest . When calculating changes in carbon stocks of forest biomass is taken into account biomass ( overground and underground ) in young forest plantations , which supply timber when taxation is temporarily ignored. Maximum area of planted trees accounted for the period 1980 ... 1992 . and accounted for in 1991 to 509,000 hectares. These young trees , rising in the first half of the 90s threshold mature forests provide the main growth timber on forest lands throughout the study period . In the last years of this century young forest planted area decreased and amounted to only 73,600 hectares. Accordingly, net absorption of young trees for 2012 obtained at 148 Gg / year , which is less in comparison with the absorption in 1990 to more than 5 times . (Table 7.11).

Table 7.11: Changes in carbon stocks accumulated of young trees have not reached the threshold of maturity and carbon absorption in forests SFF 1990 and 2012 
	Years
	Area, thousand ha.
	Aboveground biomass increment, m3/ha/yr
	Bulk density of wood, 
  kg s.v./m3
	Carbon stock changes 
tonnes / year
	Net uptake of CO2 Gg / yr

	1990
	440,0
	1,5
	526,6
	225,9
	-829

	1991
	509,0
	1,6
	547,9
	290,2
	-1065

	1992
	501,0
	1,7
	525,5
	290,9
	-1068

	1993
	498,2
	1,7
	525,0
	290,3
	-1065

	1994
	479,8
	1,7
	525,6
	278,2
	-1023

	1995
	437,7
	1,7
	526,2
	254,5
	-934

	1996
	391,5
	1,6
	526,8
	214,5
	-787

	1997
	324,7
	1,6
	527,5
	178,1
	-654

	1998
	258,5
	1,6
	528,2
	141,7
	-520

	1999
	202,9
	1,7
	528,9
	118,3
	-434

	2000
	138,9
	1,6
	529,8
	76,7
	-281

	2001
	91,3
	1,6
	530,7
	50,7
	-186

	2002
	60,3
	1,5
	531,7
	31,2
	-114

	2003
	43,6
	1,4
	532,8
	20,8
	-76

	2004
	54,1
	1,6
	529,5
	29,3
	-110

	2005
	69,0
	1,6
	529,5
	37,5
	-138

	2006
	80,0
	1,6
	529,5
	44,2
	-162

	2007
	82,4
	1,6
	529,7
	45,5
	-167

	2008
	83,3
	1,6
	528,6
	45,9
	-168

	2009
	78.5
	1,6
	528,6
	43,16
	-158

	2010
	73,6
	1,6
	528,6
	40,4
	-148

	2011
	73,6
	1,6
	528.6
	40,4
	-148

	2012
	73,6
	1,6
	528.6
	40,4
	-148


	RSE "Forest management enterprises" FHC MEWR RK

Wildfires. Each year from 0.70 to 182.50 thousand hectares of forest land burned in Kazakhstan. The most extensive forest fires accounted for the period 1995 to 2007. The area of forest fires was 4600 ha, and the total emission of gases 2690 tonnes in 2012 (Table 7.12).
	
Table 7.12: Emissions of greenhouse gases from forest and steppegrassland fires in the Republic of Kazakhstan for 1990 ... 2012.
	
	Forest fires on lands SFF *
	Wildfires is not at land GLF

	Year
	Area of fires, ha
	Carbon dioxide (direct emissions) 
Gg / yr
	Метан,
Гг /год
	Nitrous oxide, 
Gg / yr
	All gases, Gg / yr in eq. CO2
	Area of fires, ha
	Carbon dioxide (direct emissions) 
Gg / yr
	Methane,
Gg / yr
	Nitrous oxide, 
Gg / yr
	All gases, Gg / yr in eq. CO2

	1990
	1020
	4,80
	0,02
	0,0003
	5,52
	50000**
	106,2
	0,37
	0,007
	116,12

	1991
	1330
	6,26
	0,02
	0,0004
	6,85
	125000
	265,5
	0,91
	0,018
	290,31

	1992
	1170
	5,51
	0,02
	0,0004
	6,02
	50000
	106,2
	0,37
	0,007
	116,12

	1993
	700
	3,30
	0,01
	0,0002
	3,60
	50000
	106,2
	0,37
	0,007
	116,12

	1994
	4590
	21,61
	0,07
	0,0015
	23,63
	150000
	318,6
	1,10
	0,022
	348,37

	1995
	20500
	96,51
	0,33
	0,0066
	105,54
	725000
	1539,7
	5,30
	0,106
	1683,80

	1996
	9160
	43,12
	0,15
	0,0030
	47,16
	300000
	637,1
	2,19
	0,044
	696,74

	1997
	182500
	859,16
	2,96
	0,0591
	939,58
	1200000
	2548,4
	8,77
	0,175
	2786,98

	1998
	12600
	59,32
	0,20
	0,0041
	64,87
	425000
	902,6
	3,11
	0,062
	987,06

	1999
	20700
	97,45
	0,34
	0,0067
	106,57
	725000
	1539,7
	5,30
	0,106
	1683,80

	2000
	12900
	60,73
	0,21
	0,0042
	66,41
	450000
	955,7
	3,29
	0,066
	1045,12

	2001
	19020
	89,54
	0,31
	0,0062
	97,92
	650000
	1380,4
	4,75
	0,095
	1509,61

	2002
	15100
	71,09
	0,24
	0,0049
	77,74
	509000
	1081,0
	3,72
	0,074
	1182,14

	2003
	34100
	160,53
	0,55
	0,0110
	175,56
	1200000
	2548,4
	8,77
	0,175
	2786,98

	2004
	45200
	212,79
	0,73
	0,0146
	232,71
	375000
	796,4
	2,74
	0,055
	870,93

	2005
	12900
	60,73
	0,21
	0,0042
	66,41
	438528
	931,3
	3,20
	0,064
	1018,47

	2006
	21900
	103,10
	0,35
	0,0071
	112,75
	793808*
	1685,8
	5,80
	0,116
	1843,61

	2007
	67398
	317,30
	1,09
	0,0218
	347,00
	196094*
	416,4
	1,43
	0,029
	455,42

	2008
	5800
	27,30
	0,09
	0,0019
	29,86
	109206*
	231,9
	0,80
	0,016
	253,63

	2009
	2100
	9,89
	0,03
	0,0007
	10,81
	79226*
	168,3
	0,58
	0,012
	184,00

	2010
	6600
	26,68
	0,09
	0,0018
	29,17
	140149*
	297,6
	1,02
	0,020
	325,49

	2011
	2400
	11,30
	0,04
	0,0008
	12,36
	76734*
	163,0
	0,56
	0,010
	178,21

	2012
	4600
	21,66
	0,07
	0,0015
	23,69
	34221*
	72,7
	0,25
	0,005
	79,48


* - Data MES RK 	
  ** - Recovered value of  steppe fires (1990 and 2004).	

	7.4.2. Methodological approaches and used materials 
	Carbon stocks and changes in stocks are estimated for managed forests, what is considered to be all forests in Kazakhstan. Managed forest it is a forest to managed forest resources (FAO, 2003). Forest management is associated with the planning and implementation of control measures and the use of forests to ensure the environmental, economic and social functions performed by forests [18].
	The assessment of carbon stocks and annual changes for forest lands occurs during the second methodological level calculations based on country-specific data in accordance with the IPCC Guidelines, 2006 [1]. To do this, use a standard method of calculation – it is stock changes measured at two points in time. Carbon stocks accumulated in long-term forest living biomass (above-ground and underground), as well as in dead biomass (brushwood) calculated. Changes in carbon stocks in forest soils have not been evaluated under the assumption that they remain relatively stable. There are not assessed changes in carbon stocks in litter and forest biomass lower tier cenosis due to the relatively small proportion of their total weight accumulated organic matter. Changes in living biomass of forests in the country are associated with reforestation and afforestation of new areas , transfer ( without radical reorganisation) of the lands of the other categories in the category of forest land , deforestation of forest lands in industrial wood removals . On a par with the calculations reserve accumulated by forest carbon emissions greenhouse gases calculated, including carbon dioxide ( CO2 ), methane (NH4), carbon monoxide (CO), nitrous oxide (N2O) and other nitrogen compounds (NOx) generated by forest fires . They tend to be spontaneous.
	For certain tree species of trees growing on forest land, the cumulative carbon stock in biomass in the year of the monitoring is calculated using the equation:
Mc(t) = (V1 • K +V2)   • D• F,                                           (7.11)
	where: 
	Mc (t) - the amount of carbon accumulated in the multi live aboveground and belowground biomass of trees and brushwood for the year t, million tons; 
	V1(t ) - the volume of standing timber for the year t, million m3; 
	V2 (t ) - the amount of dead wood on the year t, million m3; 
	K - coefficient of expansion for many years of living biomass, dimensionless; 
	D - Specific density of wood tons/m3 absolutely dry matter; 
	F - fraction of carbon in the organic matter of 0.5, dimensionless.
	The results of one-time accounting forests SFF using for calculation of carbon stock in tree biomass (Table 7.13).  Indicator specific wood density, ie dry weight per unit volume and expansion coefficient, ie ratio between biomass of wood and total long-term wood biomass, including aboveground and underground parts are shown in Table 7.14 as weighted averages for each group of dominant tree species. Fraction of carbon in the biomass is taken equal to 0.5 tons of carbon per ton of dry matter.
	To calculate the annual change in carbon stocks in the biomass of trees for forest land use formula:
∆ Mc(t2 - t1) = [(Mc(t2)  x S(t2) )  –   (Mc(t1) x S (t1) )] /  Т,                                 (7.12 )
	where: 
	Δ Mc (t2 - t1) - annual change in carbon stocks, tons / year; 
	Mc(t1)  - carbon stock in biomass in year t1, tons per hectare; 
	Mc(t2)  - carbon stock in biomass at year t2, tons per hectare; 
	S (t1)  and  S(t2)  - area of ​​forest land in the years t1 and t2, thousands of hectares; 
	T - period of time between one-time view of the forest, years.






Table 7.13: Calculated carbon stock stored in biomass and net absorption (-) / (emission (+) to forests and trees and bushes planted in the Republic of Kazakhstan for 1990 ... 2012.
	Year
	Forest of SFF
	Forest is not of SFF
	TBP is not SFF
	Deforested land of SFF *
	All forests and trees and bushes plantations (TBP) deforested land GLF

	
	Area thousand ha
	Carbon content, t / ha
	carbon stock, thousand tonnes
	Area thousand ha
	Carbon content, thousand tonnes
	Area thousand ha
	Carbon content, thousand tonnes
	Area thousand ha
	Carbon content, thousand tonnes
	Net absorption / emission of CO2, Gg / yr
	Area thousand ha
	Carbon content, thousand tonnes
	changes in carbon stock tons / year
	Net absorption / emission of CO2, Gg / yr
	Net absorption / emission of CO2 
taking into account the absorption and emission of a young forest fires, Gg / yr

	1988
	9310
	17,80
	168630
	3416
	3650
	276,0
	3780
	0,0
	0,0
	0,0
	12726
	176060
	+1400
	
	

	1989
	
	
	
	
	
	
	
	
	
	25,00
	
	
	
	-5175
	

	1990
	
	
	
	
	
	
	
	12,5                                                                                                                                                                                   
	27,5
	50,28
	
	
	
	-5211
	-6040

	1991
	
	
	
	
	
	
	
	
	
	58,72
	
	
	
	-5248
	-6311

	1992
	
	
	
	
	
	
	
	
	
	67,53
	
	
	
	-5284
	-6349

	1993
	10271
	17,05
	175810
	3756
	4040
	263,6
	3480
	
	
	75,97
	14027
	183310
	+1450
	-5912
	-6386

	1994
	
	
	
	
	
	
	
	
	
	84,78
	
	
	
	-4000
	-5022

	1995
	
	
	
	
	
	
	
	70,4
	154,9
	93,58
	
	
	
	-2679
	-3602

	1996
	
	
	
	
	
	
	
	
	
	74,9 
	
	
	
	-1358
	-2139

	1997
	
	
	
	
	
	
	
	
	
	56,2
	
	
	
	-367
	-940

	1998
	11068
	15,04
	175670
	2925
	3130
	239,1
	2770
	
	
	37,42
	13993
	181570
	-350
	+1285
	+773

	1999
	
	
	
	
	
	
	
	
	
	18,7
	
	
	
	+264
	-160

	2000
	
	
	
	
	
	
	
	0.0
	0,0
	0,00
	
	
	
	-756
	-1033

	2001
	
	
	
	
	
	
	
	
	
	0,00
	
	
	
	-1780
	-1959

	2002
	
	
	
	
	
	
	
	
	
	0,00
	
	
	
	-2789
	-22897

	2003
	12341
	14,82
	182400
	1769
	1890
	216.0
	2470
	
	
	0,00
	14110
	186760
	+1038
	-3809
	-3267

	2004
	
	
	
	
	
	
	
	
	
	
	
	
	
	-3303
	-3393

	2005
	
	
	
	
	
	
	
	0,0
	0,0
	
	
	
	
	-2815
	-2952

	2006
	
	
	
	
	
	
	
	
	
	
	
	
	
	-2297
	-2448

	2007
	
	
	
	
	
	
	
	
	
	
	
	
	
	-1795
	-1933

	2008
	12370
	15,01
	184220
	1740
	1860
	210
	2440
	
	
	0,00
	14110
	188520
	+352
	-1292
	-1458

	2009
	
	
	
	
	
	
	
	
	
	0,00
	
	
	
	-3208
	-3364

	2010
	
	
	
	
	
	
	
	0,0
	0,0
	0,00
	
	
	
	-5123
	-2268

	2011
	
	
	
	
	
	
	
	
	
	0,00
	
	
	
	-7039
	-7185

	2012
	
	
	
	
	
	210,7
	2560
	0,0
	0,0
	0,00
	
	
	
	-8955
	-9100

	2013
	12548
	15,85
	198900
	1722
	1840
	(210.7)
	(2560)
	
	
	
	14270
	203300
	+2960
	(-10836)
	(-10836)


*-reorganize category  (FG)


Table 7.14: Data on stock of timber for major trees and shrubs on the lands for SFF 1988 ... 2013.
	Year
	Area thousand ha.
	Woodr stock, million.м3

	
	
	at the root
	Bruchwood*

	Coniferous 

	1988
	1737,5
	221,1
	101,8

	1993
	1742.5
	230,04
	101,8

	1998
	1687,3
	230,84
	102,0

	2003
	1650,8
	228,59
	103,2

	2008
	1658,8
	235,35
	103,4

	2013
	1691,0
	255,23
	112,12

	Softwoods

	1988
	1303,3
	115,6
	38,4

	1993
	1324,0
	117,88
	37,7

	1998
	1371,0
	122,12
	40,4

	2003
	1372,6
	128,96
	42,2

	2008
	1378,1
	127,23
	42,4

	2013
	1516,5
	138,76
	46,26

	Hardwoods

	1988
	100,9
	2,19
	2,19

	1993
	95,2
	2,84
	1,55

	1998
	98,0
	2,98
	1,69

	2003
	100,3
	3,11
	1,83

	2008
	98,9
	3,23
	1,85

	2013
	99,8
	3,37
	1,95

	Saksauls

	1988
	4714,3
	7,54
	2,62

	1993
	4994,7
	10,63
	3,47

	1998
	5305,5
	10,14
	3,83

	2003
	6136,9
	15,14
	3,88

	2008
	6088,0
	14,93
	3,95

	2013
	6132,4
	14,89
	3,96

	Other trees

	1988
	43,9
	1,05
	0,2

	1993
	45,4
	1,02
	0,24

	1998
	82,5
	1,52
	0,27

	2003
	137,4
	2,60
	0,43

	2008
	140,1
	2,70
	0,45

	2013
	158,7
	3,06
	0,51

	Shrubs

	1988
	1410,0
	6,5
	2,14

	1993
	2071,9
	7,0
	2,23

	1998
	2523,6
	8,53
	2,64

	2003
	2942,7
	11,0
	2,59

	2008
	2963,2
	10,9
	2,62

	2013
	2949,6
	10,85
	2,60


                             RSE "Forest management enterprises" FHC MEWR RK

Table 7.15: Specific density of wood and coefficient of expansion at groups of forest tree breeds
	group of forest tree breeds
	coefficient of expansion, dimensionless
	Bulk density of wood, 
t / m3 dry matter

	
	The younger
	Immature
	

	Coniferous
	1,22
	1,41
	0,504

	Softwoods 
	1,28
	1,39
	0,597

	Hardwoods
	1,29
	1,55
	0,711

	Saksauls
	1,54
	1,54
	0,711

	Other trees
	1,28
	1,39
	0,554

	Shrubs 
	1,18
	1,42
	0,384


                  RSE "Forest management enterprises" FHC MEWR RK

During the analysis and calculation of carbon stock major category of forest land was divided into sub-categories: the actual "forest of SFF", "forest is not SFF" and "trees and bushes plantations." At the same time, it was assumed that the results of measurement of biomass of trees of basic rocks, which are performed on the area of forest land in the SFF their regular monitoring can be extended to forests and trees and bushes outside the land of SFR.
Also assumed that the ratio of areas of trees saved for sub-tree and shrub plantings. For wood - shrub plantings carbon stock in dead wood was not considered. Also not included in total reserves of carbon stored in the lower tier of grass vegetation on the pasture lands that forest planting was carried out in order to avoid double counting it.
The main source of information for assessing carbon stocks and their changes on forest lands are data on stock of wood for the main groups of tree species and the area occupied by them on the results of a one-time accounting SFF forests that provided the State Enterprise "Forest management enterprises" FHC MEWR of Republic of Kazakhstan in accordance with [16]. information on forest land and trees and bushes planted involved also as part of other land-use categories that are provided by the Agency for Statistics.

Forest fires
From 0.70 to 182.50 thousand hectares of forest land burned each year in Kazakhstan. The most extensive forest fires accounted for the period 1995 to 2007. When calculating the greenhouse gas emissions , which are formed during the combustion of biomass as a result of wildfires , as input data are used by the forest area burned in the fire , which provided services MES RK . In accordance with the IPCC Guidelines , 2006 [1] , the volume of gas released to the atmosphere from fires, calculated by the formula

	М (fire) = S x M x С x D x 10-6                                 (7.13)	
	where: 
M (fire) - the amount of gas released during a forest fire, thousand tons 
S - area of ​​fires, thousands of hectares 
M - burned biomass, tonnes / ha of dry matter, 
  C-efficiency biomass, dimensionless. 
D - emission coefficient, tons of gas at thousands of tons of dry matter. 
Emissions of carbon containing gases (CH4, CO) and nitrogen (N2O, NOx) are determined according to the ratio of carbon and nitrogen in the combustion products. The ratio of carbon and nitrogen in the combustion products is assumed to be 0.01. Emission coefficients for CH4, CO , N2O and NOx is 0.012 , 0.06 , 0.007 , and 0.121 , respectively. Target weight carbon mass in mass of CH4 and CO2 is performed based on the ratio of their molecular weights 16/12 and 28/ 12, respectively . The mass is transferred to a nitrogen NOx and N2O on the basis of factors derived from the ratio of molecular weights 44/28 and 46/ 14 respectively . When correcting net uptake of carbon dioxide emissions of forests at the value of emissions from forest fires direct carbon dioxide emission excluded to avoid double counting.

7.4.3 Estimation of uncertainty 
Calculation error for forest carbon fluxes are mainly associated with the inaccuracy of the original data on the volume of wood for each tree species produced in the process of forest inventory of the State Forest Fund and the inaccuracy of the emission factors of gases formed during forest fires. The total error calculations of net absorption / emission of carbon dioxide for forests and trees and bushes planted performed on second methodological level is plus or minus 40 ... 60%. It includes forest inventory inaccuracies error of plus or minus 5 ... 25% , error associated with the extrapolation of data on the area, plus or minus 0 .... 25% [17]; mistake of inaccuracies of statistical information is plus or minus 5 ... 10 %. According to the methodology presented in the IPCC 2006, the total error calculations of the absorption / emission of forests and trees and bushes planted can reach plus or minus 75%. 
When evaluating gas emissions (excluding CO2) from the fires, uncertainty reach  plus or minus 70% due to the uncertainty of emission factors [2].

7.4.4 Procedures of QA /QC 
Cross-check control of the quality of the calculations carried out by experts of the working groups involved in greenhouse gas inventory and QC experts in the relevant field from other institutions.

7.4.5 Improved calculations 
Improved calculations of carbon dioxide absorption by forests performed by elaboration of the value  of  productivity and the forest area, as well as improved data on the species composition of the forest is not in the SFF and trees and bushes planted in the past five years as well as for earlier years (Table 7.13). To improve the results for the reporting year and earlier years were also taken into account the absorption of carbon dioxide of young trees have not reached the threshold of maturity forest (Table 7.11). 
	Accuracy assessment of the balance of greenhouse gases on forest land can be increased subject to improved monitoring of forests due to expansion characteristics of forests in taxation, including the above-and belowground biomass, the rate of tree growth, maturation time, loss of forest pests and other.

7.4.6 Recalculations
Results of the inventory of greenhouse gases for 1990 ... to 2011 have been restated in connection with obtaining the 2013 results of regular valuation of forest of  SFF and clarify data on productivity and forest areas, as well as the species composition of forests is not in the SFF and trees and bushes planted in the past and more early years. Also been taken into account in terms of absorption of carbon dioxide young trees have not reached the threshold of maturity of the forest, in contrast to previously reported results. In general, the amount of net absorption recalculated for all years increased from the previously submitted.

7.4.7. Prepared forest materials (experimental calculations) 
In this section, the experimental calculations to assess the contribution of the country harvested wood products (HWP) in annual emissions / removals from forest land for 1990 ... 2012 shows for the 2012.
The contribution of HWP methodological approaches used In the process of calculating, which  recommended in Chapter 12 of the IPCC Guidelines, 2006 [1] . Reference data at country from base of FAO As  used as the initial, including the annual import and export of wood, paper products and roundwood, as well as information from national statistics on timber harvesting in the country. Accumulation of HWP in landfills has not been evaluated under the assumption that it is zero. Set of variables that can be used to assess the contribution of HWP in the country is presented in Table 7.17, Table 12.7 as an analogue of the source [1]. the methodological approach "Production" used to assess according to which the contribution of HWP estimated as the difference between carbon stocks in the annual harvesting of wood in the country and the release of carbon into the atmosphere as a result of consumption of HWP.

Results. As seen from Table 7.17, the annual contributions of HWP in annual values of emission ​​/ absorption from forest land for the entire study period were obtained with a positive sign that, in accordance with [1], is treated as additional emission to the atmosphere. The maximum contribution of HWP to the emission is at the end of the last century - the beginning of the current and reached 1109 Gg CO2 / year. HWP contribution to the emission was 499 Gg CO2 / year At 2010, that more than in 1990 almost doubled. It was assumed that the results of the HWP contribution for 2011 .. 2012 years different from the results of calculations for them prior to 2010 is not significant. Need to be noted that the annual harvesting of timber in the country indirectly taken into account in the calculation of carbon stocks in the biomass of forest land (calculations were made on the basis of the method of changes in inventories and periodic forest inventory data SFF, see section 7.4.2).
	Uncertainty calculations is a plus, minus 50% when assessing annual contributions HWP, under no systematic monitoring of production and trade, in accordance with [1]. In practice, uncertainty calculations HWP contribution to the emission / absorption of forest land in the country exceeds the plus, minus 50% due to lack of information in the calculation of the accumulation of the HWP in landfills. 
	The results of calculations HWP contribution to the emission / absorption of forest land are presented in the report as a reference and in CRF tables are not logged.


7.5. Wetlands (5.D) 
7.5.1 Description of the category and the results 
Gas flows from the category of land under wetlands (wetlands) were calculated only for artificial reservoirs, as objects associated with human activities in the country (Table 7.16).  The table shows that the main emissions from human activities were to the period of active construction of reservoirs in the late 80s ... early 90s of the last century and in the last years of this century (Koksarai on r. SyrDarya, start filling in 2010 and Karakol at r. Karakol start filling in 2012). Carbon dioxide accounted for 1.58 ... 54.54 Gg / year, at methane is 2.94 ... 100.2 Gg / year, and nitrous oxide - 1.24. .. 43.71 Gg / yr in eq. CO2 of the total emissions calculated for 1990 to 2012,. Loss of carbon from the mineralization of plant residues in submerged lands in the first year to fill the reservoir were 107.3 Gg / year CO2 equivalent. Total annual emission values ​​for 1990 .. 2012's. ranged from 5.74 to 524.0 Gg / year in eq. CO2. Emissions of gases from the reservoir are 256.0 Gg eq. CO2 in 2012, which is 1.5 times more emissions in 1990 (Table 7.16).

7.5.2 Methodological approaches. 
Estimating emissions from reservoirs was performed with a simplified approach to the First methodological level calculations using the default emission coefficients and data on the area of the water surface with the generalization at the national level in accordance with the governing documents of the IPCC [1, 3]. The results of calculations include direct emissions of carbon dioxide emissions and also methane and nitrous oxide from the water surface reservoirs in the first 10 years after completion. There are also calculated carbon losses from mineralization of plant residues in submerged lands in the first year of reservoir filling. Used in the calculation coefficients of emission of methane and carbon dioxide are obtained by averaging their default values ​​for moderately cold and warm temperate dry climate [3]. 
As background information for the calculation of greenhouse gas emissions from reservoirs used data of Water Resources Committee of  MEWR RK.
 
7.5.3 Estimation of uncertainty 
Calculation uncertainty associated with emission coefficients estimates of area and mirror reservoirs [1, 3]. Error of methane emission coefficient is plus or minus 55%,  for carbon dioxide is from the plus, minus 55% to plus, minus 100%. Error information on the flooded area varies from 10%.
Note to Table CRF. The results of calculations of greenhouse gas emissions from man-made reservoirs, including direct emissions of carbon dioxide and methane and nitrous oxide, forced recorded in section 5.D Wetlands. Subsection (5 (V) Biomass Burning (Controlled Burning), which are relevant explanations. 

Table 7.16: Annual change in greenhouse gas emissions from reservoirs of Kazakhstan for 1990 years ... 2012
	Years
	Water surface area in the first 10 years of operation, 
  ha 

	Emissions of gases in CO2 equivalent from the reservoir, Gg / yr
	Flooded lands in the first year of filling, hectares
	Loss of carbon from the mineralization of organic substances 
Gg
	CO2 emissions 
from mineralization of organic matter in the first year of flooding of land for water reservoir, 
Gg / yr
	All gas emissions in CO2 equivalent, Gg / yr

	
	
	СО2 (direct)
	СН4
	N2O
	
	
	
	

	1990
	36,72
	41,55
	76,26
	33,17
	0,43
	1,45
	5,32
	156,28

	1991
	31,74
	35,91
	65,94
	28,83
	0,15
	0,51
	1,87
	131,86

	1992
	32,05
	36,25
	66,57
	29,14
	0,00
	0,00
	0,00
	131,96

	1993
	31,04
	35,12
	64,47
	28,21
	0,11
	0,37
	1,36
	129,16

	1994
	28,31
	32,03
	58,8
	25,73
	0,00
	0,00
	0,00
	116,56

	1995
	26,95
	30,49
	55,86
	22,63
	0,00
	0,00
	0,00
	108,98

	1996
	26,37
	29,84
	54,81
	23,87
	0,00
	0,00
	0,00
	108,52

	1997
	11,2
	12,67
	23,31
	10,23
	0,00
	0,00
	0,00
	46,21

	1998
	11,1
	12,56
	22,89
	9,92
	0,00
	0,00
	0,00
	45,37

	1999
	9,6
	10,86
	19,95
	8,68
	0,00
	0,00
	0,00
	39,49

	2000
	8,4
	9,50
	17,43
	7,75
	0,00
	0,00
	0,00
	34,68

	2001
	5,1
	5,77
	10,5
	4,65
	0,00
	0,00
	0,00
	20,92

	2002
	4,9
	5,54
	10,08
	4,34
	0,00
	0,00
	0,00
	19,96

	2003
	4,7
	5,32
	9,66
	4,34
	0,00
	0,00
	0,00
	19,32

	2004
	4,5
	5,09
	9,24
	4,34
	0,00
	0,00
	0,00
	18,66

	2005
	4,5
	5,09
	9,24
	4,34
	0,00
	0,00
	0,00
	18,67

	2006
	4,5
	5,09
	9,24
	4,34
	0,00
	0,00
	0,00
	18,67

	2007
	4,5
	5,09
	9,24
	4,34
	0,00
	0,00
	0,00
	18,67

	2008
	1,4
	1,58
	2,94
	1,24
	0,00
	0,00
	0,00
	5,76

	2009
	1,4
	1,58
	2,94
	1,24
	0,00
	0,00
	0,00
	5,76

	2010
	31,7
	35,87
	65,94
	28,83
	31,7
	107,3
	393,79
	524,43

	2011
	43,5
	49,22
	90,3
	39,37
	11,8
	38,9
	142,76
	321,65

	2012
	48,2
	54,54
	100,17
	43,71
	4,7
	15,9
	58,38
	256,80





Table 7.17: Annual contribution of harvested forest products (HWP) emission / absorption of CO2 and background information on the Republic of Kazakhstan for 1990 ... 2010.
	Year
	Annual change in stock of HWP associated with consumption, Gg / year in carbon
	Annual change in stock of used HWP of blanks within the country
Gg / year in carbon
	Annual imports of wood and paper products + fuelwood, cellulose reduced  paper and roundwood / chip, Gg / year in carbon 
	Annual export of wood and paper products + fuelwood, cellulose reduced  paper and roundwood / chip, Gg / year in carbon
	Annual harvesting in the country ly Gg / year in carbon 
	The annual release of carbon into the atmosphere as a result of consumption of HWP (from the fuel timber and timber products being in use), Gg / yr
	Annual release of carbon into the atmosphere from HWP (including fuelwood) wood harvested in the country (from the production being in use, Gg / yr
	HWP contribution to the emission / absorption related to forest lands, Gg / year in carbon
	HWP contribution to the emission / absorption related to forest lands, Gg / year CO2

	1990
	+73
	+77
	3
	58
	1199
	1071
	1121
	-78
	+286

	1991
	0
	-1
	3
	53
	1106
	1055
	1107
	-1
	+4

	1992
	-40
	-32
	1
	43
	272
	271
	304
	-32
	+117

	1993
	-78
	-45
	2
	85
	190
	186
	235
	-45
	+165

	1994
	-115
	-73
	3
	80
	185
	223
	258
	-73
	+268

	1995
	-152
	-91
	3
	101
	190
	243
	281
	-91
	+334

	1996
	-41
	-135
	235
	125
	176
	328
	311
	-135
	+496

	1997
	-112
	-153
	202
	145
	176
	346
	329
	-153
	+561

	1998
	-155
	-167
	185
	166
	215
	389
	382
	-167
	+613

	1999
	-168
	-167
	178
	188
	254
	412
	420
	-166
	+609

	2000
	+41
	-302
	353
	518
	361
	155
	663
	-302
	+1108

	2001
	+37
	-292
	353
	493
	418
	240
	710
	-292
	+1072

	2002
	+39
	-139
	263
	67
	276
	433
	415
	-139
	+510

	2003
	+115
	-146
	356
	66
	168
	343
	314
	-146
	+536

	2004
	+416
	-152
	726
	64
	265
	511
	417
	-152
	+558

	2005
	+381
	-130
	719
	71
	477
	743
	607
	-130
	+477

	2006
	+647
	-176
	914
	34
	66
	298
	242
	-176
	+646

	2007
	+840
	-127
	1109
	3
	139
	404
	265
	-126
	+462

	2008
	+329
	-131
	625
	5
	139
	429
	269
	-130
	+477

	2009
	+152
	-136
	424
	5
	178
	444
	313
	-135
	+495

	2010
	+240
	-136
	505
	5
	192
	454
	329
	-136
	+499

	2011
	
	
	
	
	
	
	
	
	+499*

	2012
	
	
	
	
	
	
	
	
	+499*


* Note: Data for 2011 to 2012 restored
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[bookmark: _Toc294523421][bookmark: _Toc353693641][bookmark: _Toc385264301]8.1 Overview of the sector 

Here are the results of the calculations of GHG emissions from the sector "Waste" in Kazakhstan for 1990-2012 years. 
The main sources of national GHG emissions from this sector by categories of CRF are:
- Landfills for solid waste (Category 6.A);
- Sewage effluent (category 6.B); 
- Incineration of medical waste (category 6.C).
This section presents the emissions of the following greenhouse gases: methane (from disposal of solid waste), nitrous oxide (from fecal waste water) and carbon dioxide from the burning of medical waste. Total greenhouse gas emissions from these activities in the sector of "Waste" in 2012 amounted to 3984.12 Gg of CO2-eq., which is 76.11 Gg of CO2-eq. or 1.95 % more than the previous 2011. In comparison with the 1990 base year emissions in 2012 from this category increased by almost 1.5 times or 56.7%, which is 1442.09 Gg of CO2-equivalent, mainly from the category of MSW by the growing share of biodegradable organic waste in MSW composition and population growth. Population during this period increased by more than 550 thousand people, or 6%.
The share of the contribution of emissions from the sector "Waste" in the total national net emissions without absorption in the LULUCF sector in 2012 amounted to 1.47%. Increase in total greenhouse gas emissions from "Waste" occurs mainly in the category of solid waste from the waste managed in the cities of Almaty and Astana due to a significant increase in population. 
The largest contribution to total emissions in the waste sector are making landfills - from 80 to 85% in all years of inventory, and from sub-categories - unmanaged landfills - from 65 to 68%. The share of the contribution of methane emissions from solid waste disposal in 1990 was 86% and in 2010 increased to 88% of the total emissions in the sector "Waste". The share of contribution of emissions of nitrous oxide from wastewater of human activity through the consumption of protein in the total emissions from the sector "Waste" vary from 10 to 15% for the entire period, and accounted for 14% in the base 1990 and 12% in 2011. CO2 emissions from burning of medical waste in the last three years were between 0 and 2% in 2009 and 2010, and in 2011 - about 0.1%, in 2011 they reached 5.8% of total emissions in sector. However, from 2006 to 2008, when this practice was introduced in Kazakhstan, the amount of burning of medical waste was insignificant.
Changes in total greenhouse gas emissions from the category "Waste" are presented in Table 8.1 and Figure 8.1.
Table 8.1 - Greenhouse gas emissions from the category "Waste" in Kazakhstan for 1990 - 2012, Gg CO2-eq.
	Year
	Sources (activities)

	
	Managed solid waste landfills, (Almaty and Astana) (6.A.1)
	
	Managed solid waste landfills, (Almaty and Astana) (6.A.1)
	
	Managed solid waste landfills, (Almaty and Astana) (6.A.1)
	
	Managed solid waste landfills, (Almaty and Astana) (6.A.1)

	1990
	472,56
	1680,86
	2153,41
	964,95
	388,62
	0
	3506,99

	1991
	491,46
	1761,79
	2253,26
	968,73
	417,08
	0
	3639,06

	1992
	509,90
	1842,47
	2352,37
	962,43
	445,96
	0
	3760,76

	1993
	525,94
	1918,14
	2444,08
	943,95
	460,12
	0
	3848,15

	1994
	539,92
	1982,15
	2522,08
	920,43
	478,08
	0
	3920,58

	1995
	553,76
	2029,46
	2583,22
	899,43
	431,69
	0
	3914,34

	1996
	563,71
	2068,86
	2632,57
	889,56
	423,23
	0
	3945,36

	1997
	577,28
	2104,42
	2681,69
	875,49
	419,56
	0
	3976,75

	1998
	581,10
	2133,93
	2715,03
	866,88
	348,03
	0
	3929,94

	1999
	588,81
	2157,68
	2746,50
	864,99
	305,66
	0
	3917,14

	2000
	600,07
	2179,84
	2779,90
	866,67
	319,72
	0
	3966,30

	2001
	613,91
	2202,05
	2815,96
	868,35
	332,09
	0
	4016,40

	2002
	631,28
	2225,56
	2856,84
	871,29
	373,89
	0
	4102,02

	2003
	650,65
	2251,44
	2902,09
	877,59
	390,04
	0
	4169,72

	2004
	672,28
	2280,20
	2952,48
	887,46
	402,70
	0
	4242,64

	2005
	696,73
	2312,08
	3008,81
	895,86
	435,14
	0
	4339,81

	2006
	724,70
	2346,18
	3070,88
	909,93
	448,10
	0,004
	4428,91

	2007
	754,96
	2384,24
	3139,20
	851,55
	458,94
	0,57
	4450,26

	2008
	788,11
	2402,65
	3190,76
	892,5
	464,99
	0,84
	4549,09

	2009
	823,58
	2434,16
	3257,75
	908,46
	470,81
	7,52
	4644,53

	2010
	861,17
	2471,44
	3332,62
	924,42
	482,73
	8,07
	4747,83

	2011
	900,75
	2512,75
	3413,49
	940,17
	489,57
	4,95
	4848,19

	2012
	943,59
	2545,92
	3489,51
	955,71
	490,24
	4,37
	4939,83




[image: ]
	Figure 8.1 - The dynamics of the greenhouse gas emissions from the sector "Waste" from 1990 to 2012 in Kazakhstan, Gg CO2-eq

[bookmark: _Toc353693642][bookmark: _Toc385264302]8.2 Solid waste disposal on landfills (Sector 6.A CRF)
8.2.1 Description of the category emissions
The current practice of solid waste management in Kazakhstan has been preserved from the Soviet era and is based on the disposal of municipal waste in unmanaged and managed landfills and solid waste disposal sites. According to statistics, at present in the country about 4525 waste disposal sites are being used. Of these, only 307 landfills (6.8%) are institutionalized, that is, they are located in the relevant land, successfully underwent sanitary and environmental state examinations, have permission to emissions into the environment, etc. Accordingly, the remaining 93.2% of landfills usually do not meet the requirements of legislation of the Republic of Kazakhstan. According to the JSC "Kazakhstan center of modernization and development of housing and communal services" about 97% of solid waste is placed in landfills for disposal and only 3% is recycled.
Methane emissions from landfills or municipal waste placed in landfills are formed by the decomposition of organic waste fraction in the total mass of solid waste. Sources of municipal solid waste are residential, public, office buildings, retail and commercial network, and others, as well as the common areas (streets, squares, parks, roads and their surroundings, etc.).
In rural areas, waste is placed on unmanaged waste dumps and decomposed anaerobically, so the methane is not formed on them. Many landfills are placed around the city in the free territories. Near large cities like Almaty and Astana, landfills meet almost all the requirements for disposal of solid waste: waste is placed in layers, in a controlled way, in a certain place. Although even there occurs arbitrary spontaneous combustion and groundwater flooding.
In connection with the recovery of the economy and population growth in recent years, Kazakhstan has increased the amount of municipal waste generated; its morphological structure is being changed in the direction of increasing the polymer component. At the same time, there is almost no system activity for the treatment of municipal solid waste, no statistics on the characteristics of solid waste, which greatly complicates the calculations of GHG emissions from this source. Therefore, in the absence of rigorous statistics on landfills, the quantity and composition of the waste, the data on waste management practices, the main source of information for the assessment of emissions in this category is data on urban populations and the weighted average amount of normative generation of municipal waste per capita.
Currently, in Kazakhstan there are almost no companies that specialize in recycling of municipal waste. However, the waste processing is one of the important sectors of the "green economy". In the end of 2012 in Astana, the solid waste processing plant is going to start operating. In 2013 in Kazakhstan the construction of 8 waste processing plants will begin. The Agency for Construction, Housing and Utilities of Kazakhstan announced a tender for a feasibility study on these projects. According to the Ministry of Environment Protection of Kazakhstan, during next 10 years in Kazakhstan will be build 41 solid waste processing plants. 

[bookmark: _Toc353693644][bookmark: _Toc385264303]8.2.2 Methodological issues
Since methane emissions from solid waste disposal in many countries, including Kazakhstan, are key sources of GHG emissions.  In this inventory is recommended to use the calculation methodology of higher level as Tier 2. The calculations were carried out at First Order Decay (FOD) method. To determine the amount of waste generation per capita of the urban population there have been made requests to the Central Republican archive, city and regional offices of the Agency for Construction, Housing and Utilities of the Republic of Kazakhstan, as well as to Departments of Ecology of the Committee for Environmental Regulation and Control of MEP RK. The historical data on the population of the cities of Kazakhstan were taken from the book (1) over the period since 1950. In previous inventories the proportion of waste that is landfilled, was taken as the default for the countries of the former Soviet Union - 0.94. In this inventory it is 0.97 in accordance with the data of Kaztsentre of housing and communal services. 
The share of organic matter (Doc) in municipal waste is determined according to IPCC Guidelines (1996) and the equation (5.4) Good Practice Guidance (2000):

DOC = ( 0,4 ∙ A ) + ( 0,17∙  B ) + ( 0,15 ∙ C ) + ( 0,3 ∙ D ),     		(8.1)

A - the proportion of paper and textiles; 
B - the proportion of waste landscape gardening work or other non-food organic materials degradable under anaerobic conditions; 
C - the share of food waste; 
D - the proportion of wood or straw.
Shares of managed and unmanaged landfills were identified on the basis of national data in the cities of Almaty and Astana, as managed landfill and unmanaged with shallow disposal of MSW for other cities. Correction coefficient of methane for unmanaged landfills equals 0.4. For managed landfills MCF value was taken as 1. Methane recovery is not included since this practice is not applicable in Kazakhstan. The calculations were performed on the FOD model. The share of municipal solid waste placed in landfills is 0.97. DOCf - the proportion of organic matter, which effectively splits taken as 0.77, the proportion of methane in landfill gas is 0.5, the oxidation factor is assumed to be zero. 
Also collected data on the morphological composition of solid waste placed in landfills. Data on the average morphological composition of MSW for Almaty on Karasai polygon given by the management company LLP «Kaz Waste Conversion» (Table 8.2).
According to the "Typical rules for calculation of formation and accumulation of municipal waste", approved by the Government of Kazakhstan on November 22, 2011 №1370, approval of norms for municipal waste accumulation of settlements should be made by local representative bodies no less frequently than once every five years, or on the initiative of local authorities, but not more frequently than once every two years. To determine the rules of waste per urban resident was based on data from this document and data provided by the Department of Environment and Housing.

Table 8.2: Morphological composition of MSW landfilled at the site of Almaty
	№ п/п
	name of waste
	%

	1
	Paper, cardboard
	27,6

	2
	Food waste
	32,5

	3
	Wood 
	1,2

	4
	Textille
	2,4

	5
	Leather, rubber
	0,7

	6
	Plastic 
	8,3

	7
	Ferrous metal
	2,9

	8
	Glass
	4,3

	9
	Debris
	10,8

	10
	Screening
	0,7

	11
	Others 
	8,6



[bookmark: _Toc294523425][bookmark: _Toc353693645][bookmark: _Toc385264304][bookmark: _Toc132719444][bookmark: _Toc207780701][bookmark: _Toc287973458]8.2.3 Uncertainties and Time-Series Consistency
Uncertainty of estimates of emissions from solid waste disposal on landfills consists of uncertainties of parameters used for the calculation. Uncertainty about the size of the urban population is considered minimal, as statistics have high accuracy. As for the other parameters, the estimate of the default uncertainty taking into account expert assessments given in the Good Practice Guidance for methane emissions from solid waste is  20%.   Kazakhstan has not conducted research on the characterization of the generation of methane from landfills. Therefore, the use of national values ​​for all parameters needed for the calculations on the basis of the measurement data is not possible. Such measurements at landfills are conducted rarely and irregularly. Therefore, the evaluation of uncertainty was conducted according to the errors of the IPCC Good Practice Guidance. When using the national values ​​of these factors the uncertainties should be evaluated according to the instructions set out in Chapter 6 of "Quantifying uncertainties in practice". In countries where data on the formation of CH4 per ton of waste is of low quality, relevant uncertainties may be ± 50%. This situation is observed in Kazakhstan and the total uncertainty of emissions is very significant. 

[bookmark: _Toc353693646][bookmark: _Toc385264305]8.2.4 QA/QC procedures
QA/QC procedures for the category of solid waste from the waste sector are conducted in accordance with the QA/QC plan, in accordance with standard procedures. Accuracy of calculations was provided by critical review and comparison of data from different sources and control of the results. Verification of the raw data and data on the morphological composition of the waste, the correction factors and calculation of emissions, and the correct choice of the coefficients was done using a system of technical quality control of data and calculation of emissions. The correctness and completeness of data, the correctness of the data entered in the CRF tables and the use of units of measurement were checked. Translation of data expressed in volume, in units of mass also contributes its share of uncertainty. Therefore, to control the quality of data it was needed to verify the weight unit of waste, for which the conventional conversion factor is accepted, converting the amount of waste, expressed in volume units into mass units. In Kazakhstan, for the transfer of volume of solid waste in weight units was adopted coefficient 0.20 t/m3 or 5 m3 per ton. 
[bookmark: _Toc353693647]
[bookmark: _Toc385264306]8.2.5 Recalculations
[bookmark: _Toc357421108][bookmark: _Toc383761191][bookmark: _Toc385264307]Recalculations in this category are related to the update of the population.
	
[bookmark: _Toc353693648][bookmark: _Toc385264308]8.2.6 Planned improvements 
Available data on the morphological structure of solid waste should be clarified. This will improve the quality of the inventory and clarify the values of DOC and DOCf. Further reduction in uncertainty of calculations can only be done by improving the quality of national baseline data on the activities of the waste management. 
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[bookmark: _Toc353693649][bookmark: _Toc385264309]8.3 Wastewater treatment (Sector 6.B CRF)
[bookmark: _Toc294523430][bookmark: _Toc353693650][bookmark: _Toc385264310]8.3.1 Greenhouse gas emissions from municipal and industrial waste water treatment. Source description
Assessment of greenhouse gas emissions from the treatment of municipal and industrial wastewater include estimates for the following source categories:
- Methane emissions from municipal wastewater treatment;
- Methane emissions from industrial wastewater treatment;
- Nitrous oxide emissions from domestic wastewater from human activities.
Techniques used for wastewater treatment in Kazakhstan are divided into three groups: mechanical, physic-chemical and biological. When choosing a method of purification and sewage sludge settlements and industrial enterprises, as well as the location and types of treatment facilities primarily considered the possibility and expediency of treated industrial wastewater and sludge (1). To eliminate bacterial contamination of wastewater disinfection is used (disinfection). Mechanical cleaning is performed for discharge from the wastewater being stored in undissolved suspended solids by straining, sedimentation and filtration. Detention for coarse dirt and partially suspended solids used percolation of water through various kinds of grids and screens.  To separate from the waste water the suspended solids, which particles have a greater or lesser density than water, is used to settle. Thus, heavy particles settle to the bottom under the influence of gravity, and the lungs float on the surface. Suspended particles of mineral origin, mainly sand, isolated from wastewater by precipitation in structures called sand traps. The bulk of the finer suspension, preferably an organic nature, separated from the wastewater ponds.
Mechanical treatment as an independent method is used only in cases where its application achieved with the release of waste water from contamination helps (according to local conditions and in accordance with the sanitary rules) to use the clarified water for certain industrial purposes or to lower these into a water reservoir. In all other cases, mechanical cleaning is a preliminary stage before the biological treatment, which is used in Kazakhstan.
Physico-chemical methods used in the purification of industrial wastewater most often. Thus, depending on local conditions one or the other method may be the final step (if the degree of purification achieved sufficient for re-use of waste water) or a preliminary stage (for example, by removing toxic compounds or any other materials that prevent normal operation of subsequent treatment facilities).
Currently existing in Kazakhstan facilities for biological wastewater treatment can be divided into two main types: 1) facilities in which treatment takes place under conditions close to nature , 2) structures, in which treatment occurs in artificial conditions. Facilities for biological treatment in natural conditions, divided into structures in which there is filtration of treated wastewater through the soil ( field irrigation and filtration fields ) , and on structures that represent reservoirs ( bioponds ) filled with flowing cleaned wastewater . Oxygen supply is due to its direct uptake by microorganisms from the air in the structures of the first type. The structures of the second type of oxygen supply is mainly due to diffuse it through the water surface ( reaeration ) or by mechanical aeration. Climatic conditions and a large footprint allow the use of natural methods of biological wastewater treatment ( bioponds , field irrigation, filtration fields ) in Kazakhstan. For biological treatment of wastewater in artificial conditions in Kazakhstan used aeration (2).
In Kazakhstan, the sewer systems receive both municipal and industrial wastewater. The basic method of cleaning of both industrial and municipal wastewater is biological, which is implemented under aerobic conditions. Systems that provide aerobic conditions tend to give off a small amount of CH4, or do not release it. In domestic wastewater treatment systems, the facilities, from which methane emissions can occur, are aerobic facilities and treatment facilities for processing precipitation, which are part of complex urban sewage treatment facilities. All wastewater in cities of Kazakhstan, both municipal and industrial, enter the sewer system and undergo full biological treatment on aeration stations, which include three shops: mechanical cleaning, biological and shop for wastewater withdrawal (2).
In the cities of Kazakhstan at sewage treatment facilities the mechanical and complete artificial biological wastewater treatment is carried out with post-treatment in storage and bioponds. Wastewater by reinforced concrete channel receiver comes into the pump chamber, where pumped into the aeration tank. In order to ensure the activity of microorganisms and purification of waste water in aeration tanks in which the air is supplied by a blower station. The mixture of treated wastewater and activated sludge after aeration tank is collected in the canal of sludge mixture of secondary clarifiers. In the secondary settlings the activated sludge settles and through the silt chamber is pumped to sludge aeration channel, from which partially returned to the aeration tanks. Excess activated sludge is pumped by the main pumping station into the receiving chamber of the primary clarifiers. Of the primary clarifiers excess sludge is pumped to the sludge beds with raw sludge. Purified water along earthen channels is sent to the system of storages-reservoirs.
The use of methane-tanks for cleaning of both industrial and municipal wastewater in Kazakhstan is not applied, cleaning of accumulated sludge is not performed and the accumulated sludge is regularly transported to the sludge beds. Thus, emissions of methane during purification of municipal and industrial wastewater are not occurred. Climatic conditions in most parts of Kazakhstan do not allow to use anaerobic lagoons and similar containers with a depth of more than 1.5-2 meters, where theoretically possible significant methane formation. 
Sanitary condition of the natural reservoirs in Kazakhstan is largely dependent on how effectively the nearby industrial facilities are struggling with pollution output of sewage sludge (4). In addition, the company can get by utilities permit disposal of wastewater directly into the sewage system of the village. For this it is necessary to analyze the effluent and in the case of the contaminated wastewater enterprise standards regulating the diversion to the sewer system cleaning industrial and domestic sewage will be carried out jointly , using the equipment , clearing the drains of different nature . Sewage industrial enterprises in Kazakhstan often contain various impurities that may adversely affect the performance of the sewerage network and treatment facilities of the village, and resetting them in natural waters - disrupt their water use (3).
To prevent the negative impact of industrial wastewater to the sewer network, the operation mode of wastewater treatment plants and the ecological situation of reservoirs in which as a result get treated effluent before the cleaning should monitor the content of the maximum allowable concentration (MAC) of harmful impurities. This requirement is already satisfied in the design, construction and commissioning of both new and remodel industry. In addition, companies use low-waste and non-waste technology type, as well as the system of water recycling or reuse. When the discharge of wastewater into a central sewer system, they must meet the following requirements:
· indicator BOD20 does not exceed the specified project of treatment plant used in the sewer; 
·  waste water do not cause disruptions sewerage network and treatment facilities; 
·   effluent temperature is below 40 degrees, and the pH is between 6.5 and 9.0;
· there is not allowed  permitted in wastewater contaminants that can lead to blockage of lattices, sewer pipes and manholes or appearance on the surface of various deposits, such as soil, abrasive powders, sand, lime, metal or plastic shavings, solid waste, etc. ; 
· composition of wastewater does not cause destruction of downstream pipelines or treatment facilities;
· dissolved explosive and flammable gases and impurities, the substance is not biodegradable, as well as bacterial, viral, toxic and radioactive contamination does not contain in the effluent; 
· fracture tough exposed surface-active agents (surfactants) are not present in the effluent
·  index of  COD effluent does not exceed the index of  BOD5  more than 2.5 times
If wastewater enterprises do not satisfy one or more of the above requirements, then before you implement them in a central sewage dumping, pre-treatment of wastewater will on the premises, the extent of which shall be determined by agreement with the city municipality and special organization designing treatment systems and sewer installation of this settlement (3).
In Kazakhstan, all methods of cleaning industrial waste can be divided into three groups: 
· methods that remove impurities by changing their chemical composition; 
· means modifying the chemical composition of impurities in the resulting transformed themselves impurities; 
·  biological treatment of wastewater.
Local wastewater enterprises of different industry types can be done in different ways, corresponding to the removal of various types of pollution (4). During biological wastewater treatment operations in Kazakhstan is recognized that industrial effluents are present substances that accelerate the bio-chemical processes of destruction of waste, as well as other factors such as:
· the presence of impurities of toxic substances; 
· structure of the impurities; 
·  Increased mineralization; 
·  The level of supply of biomass; 
·  nutrients; 
· active reaction of environment. 
   For successful biological treatment of sewage industrial enterprises, subject to the following conditions:
1. in the effluent impurities measurable biochemical degradation must be present in the waste water, as, depending on the chemical structure of impurities, the flow rate can vary biochemical processes. 
2. The concentration of toxic contaminants in wastewater (MPC 60) should not negative affect at the operation, in which the action of biological wastewater treatment plant for the driver for it to process.
3. In addition to the MPC 60 consider the maximum permissible concentration of toxic substances that have a negative impact on the biochemical processes at a much lower concentration in the wastewater, causing disruption in both the processes of biological oxidation of waste as well as the vital processes of cleaning drains microorganisms.
	Compliance with all of the above requirements allow an industrial enterprise do treatment and disposal of wastewater using both their own treatment facilities, and by inference in central sewage, without causing damage to the environment.

[bookmark: _Toc383761195][bookmark: _Toc385264311]8.3.2 Methodological issues
Evaluation of greenhouse gas emissions in wastewater treatment (category 6.B CRF) was based on the IPCC Guidelines for Good Practice, IPCC, 2000 (RAP)on Tier 1. Determination of emission factors and activity parameters used default data. The evaluation was conducted from 1990 to 2012 only for urban household wastewater is processed in centralized aerobic wastewater treatment plants. Kazakhstan does not have data on sewage sludge disposal and recovery of CH4 and therefore the default value for the removal of sludge from the wastewater is zero. Evaluation of emissions in this sector was only carried out for CH4 due to the lack of emission coefficients of nitrous oxide in wastewater treatment default in IPCC methodology and relevant national factors.

8.3.3  Uncertainties and Time-Series Consistency
Since the estimate of methane emissions from wastewater treatment is calculated by multiplying uncertain variables, the uncertainty equation 6.4 of Chapter 6 of the IPCC Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories used in estimating. According to this equation the uncertainty value for each parameter used in the calculations was taken by default from Chapter 5 of the Guidelines for Good Practice, in terms of population. Uncertainty in population can be quite accurate and not exceed 1%. Uncertainty BOD and B0 default account for ± 30% . Thus the uncertainty of methane emissions from this category will be 42 %

8.3.4 Calculations of methane emissions from cleaning of municipal wastewater 
CH4 emissions were calculated based on the methodology outlined in the Revised Guidelines (IPCC, 1996). The total mass of organic biodegradable materials in domestic wastewater was determined by the formula:

TOW=  P ∙ BOD ∙ 0,001 ∙ I ∙ 365 			 (8.2),
where:
TOW-total mass of organic material in the wastewater for the accounting year, BOD kg ​​/ year; 
    P - the population of the accounting year, is taken from the database of the Agency on Statistics of the Republic of Kazakhstan; 
BOD - BOD equal to 40 g / pers. / day are taken from Table 6.4 (IPCC, 1996). Estimated values ​​of BOD5 wastewater default values ​​for particular regions and countries. Because of the lack of local values ​​the values ​​of nearby similar countries;
0.001 - coefficient to convert from grams BOD to kilograms BOD; 
   I - correction coefficient for additional industrial BOD discharges into sewers (for non-assembled amount of the default value of -1.0). 
To determine the emission coefficients for CH4 anaerobic treatment / discharge of domestic wastewater was used equation 8.3:
                                             EFj=Bo x MCFj 					(8.3),
	where: 
EFj - emission factor kg CH4/ BOD;
Bo - the maximum capacity of education CH4/kg equal 0.6kg CH4/kg BOD (from Table 6.2 Maximum CH4 producing capacity by default (Во) for domestic wastewater); 
MCFj - methane correction factor equal to 0.8 for the urban population (from Table 6.3 Values ​​MCFpo default for domestic wastewater); 
J - each way, or cleaning 
To estimate the total CH4 emissions from domestic wastewater using the equation:

Emissions of CH4 = (E (Uj, i xTj, I xEFi, j)) (TOW-S)-R                                    (8.4), 

where: 
Emissions of CH4 - CH4 emissions in accounting CH4 kg / year 
   TOW-total mass of organic material in the wastewater for the accounting year, BOD kg ​​/ year; 
S-number of the organic component recovered as a precipitate in the accounting year BOD kg ​​/ year (no data for Kazakhstan);
Uj, i - the urban population in the accounting year in high-income for similar countries (from Table 6.5 - Recommended indicators of urbanization and the extent to which treatment and disposal );
	Tj, I- degree cleaning application is taken from Table 6.5 ( Workbook , IPCC , 1996, Recommended indicators for urbanization and extent to treatment and discharge );
	EF - emission factor, kg CH4/ BOD kg ;
	R - the number of recovered CH4 in accounting year , CH4 kg / year ( assumed to be zero in Kazakhstan ) .
	 To estimate the amount of organic matter in wastewater and sludge discards using data on urban population. Degradable organic matter – is 14600 on 1000 pers. per year.
	Part of degradable organic matter is removed from the silt waste adopted by the national experts' estimates of 0.3. 
	Fraction of wastewater arriving at the central anaerobic wastewater is taken to be 0.3. Methane conversion coefficient for the anaerobic treatment system is 0.48. Maximum methane production is 0.25 kg CH4/kg. The emission coefficient for wastewater is assumed to be 0.036 kg BOD / year. Evaluation of the emission coefficient for waste treatment systems silt was not made.
	The results of calculation of methane emissions from the processing of municipal wastewater for individual years are given in Table 8.3 Gg, and CO2-eq. inventory for all years - in Table 8.1. 
	
Table 8.3: Methane emissions from cleaning of municipal wastewater in Kazakhstan, Gg
	Years
	1990
	1995
	2000
	2005
	2009
	2011
	2012

	Emissions СН4, Gg
	45,95
	42,83
	41,27
	42,66
	43.26
	44,77
	45,51




8.3.5 Planned improvements 
	It is planned to go to regional characteristics of wastewater treatment and the use of national data on BOD.
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8.3.7 Emissions of greenhouse gases from human activity wastewater (category 6.V.2.2 CRF) 
8.3.3.1 Measurement Methods 
	Calculations of indirect nitrous oxide emissions from wastewater of human life held by the IPCC methodology (IPCC SPM, 1996). Emission coefficients values ​​taken by default (0.16 kg N / kg for protein nitrogen content (N) and 0.01 kg of N2O - N / kg fecal waste). (IPCC, 1996).
 
8.3.3.2 Baseline 
	Activity data (protein consumption per capita in Kazakhstan) to calculate nitrous oxide emissions from wastewater excreta obtained from the FAO database for 1992 ... 2009. Missing data were obtained by extrapolation for the 1990-1991 and 2010-2012.
	Population data obtained from the Kazakhstan Statistics Agency of Kazakhstan. Agency for Statistics was verified by comparison with the previous calculations population in 2009-2012. Therefore, the results of calculations nitrous oxide emissions are slightly different from the previous inventory. The population is at the end of the year. Calculated values ​​of nitrous oxide emissions are shown in Table. 8.1.

8.3.3.3 Evaluation and Quality Control, planned improvements 
	Standard procedures for quality control of source data (including comparison of data obtained from different sources) and control results used to check the accuracy of calculations. 

8.3.3.4 Evolving 
	Recalculations in this subcategory associated with the specification of the population by the Statistics Agency of Kazakhstan for 2009-2012.
[bookmark: _Toc353693656]
[bookmark: _Toc385264312]8.3.3.5 Planned improvements 
	It’s planned to improve the GHG inventory of solid waste disposal by collecting detailed information from landfills and dumps of other cities, in addition to the cities of Almaty and Astana, and by separate calculations for these towns with Tier 2. In connection with the planned construction of plants for the processing of solid waste it will be needed to consider the amount of recyclable waste and specify the share of municipal waste actually disposed at landfill.

[bookmark: _Toc294523439][bookmark: _Toc353693657][bookmark: _Toc385264313]8.4 Greenhouse gas emissions from medical waste incineration of waste (6.С CRF)
There is no solid waste incineration plant in Kazakhstan. Incineration of medical waste only began since 2006. According to the Committee for State Sanitary and Epidemiological Surveillance in Kazakhstan in hospitals and outpatient’s clinics was burned the following quantity of medical waste: in 2006 - 4.701 tons, in 2007 - 677.2 tons, in 2008 - 1001.3 tons, in 2009 - 8998.238 tons, in 2010 – 9656.315 tons. In 2011, there was burned less medical waste - 5921.551 tons, as the legislation was changed. Part of the medical waste previously incinerated, was sent for burial in landfills. According to the Republican State Enterprise "Scientific and Practical Center of sanitary-epidemiological expertise and monitoring" of the Committee of the State Sanitary and Epidemiological Surveillance, Ministry of Health in 2012 was burned 5222.184 tons of medical waste.
[bookmark: _Toc353693658]
[bookmark: _Toc385264314]8.4.1 Description of the source category
   The legal system in Kazakhstan in the field of medical waste is based on several regulations adopted by the Ministry of Health in 2004 and 2007. According to these acts, discharge of infectious waste in landfills is prohibited, which stimulated the acquisition and use of incinerators at the regional level.
Medical waste disposal technology approved by Government Decree of 12.01.2012 № 87 "On approval of sanitary rules" Sanitary requirements for health facilities”. Medical wastes are divided into five classes - from A to F according these standarts. Only waste incineration Class B (hazardous waste ) - epidemiologically dangerous and  are compulsory subject: infectious and potentially infectious materials and tools , items contaminated with blood and other body fluids , pathological waste and organic operating . This organs, tissues , food waste from offices infectious waste from microbiological, clinical diagnostic laboratories, pharmaceutical , immune - productions, working with microorganisms 3 and 4 pathogenicity groups , biological waste vivariums , live vaccines , unusable . It should be collected in special containers disposable, which are subject to decay during combustion. Medical waste Class B prohibited to export to landfills along with household waste. Incineration of medical and veterinary origin relies done within no more than two 2 days after their formation. Hazardous medical waste (infectious, chemical and radiological) are typically about 15% or less of the total volume of waste generated by medical institutions.


[bookmark: _Toc385264315][bookmark: _Toc353693659]8.4.2 Methodological issues
Assessment of GHG emissions from this category was based on the IPCC Good Practice Guidance, 2000 (GPG). Due to the lack of emission factors of nitrous oxide from the incineration of medical waste by default in IPCC methodology and relevant national factors, estimation of emissions in this sector was made only for carbon dioxide.
Index of completeness of combustion of medical waste is taken by default. The activity data are the amount of medical waste placed in the incinerator, and emission factors are based on the carbon content of the waste and of the fossil carbon in them. Only waste of fossil origin is considered. Calculations were carried out in accordance with Equation 5.11 GPG (8.2):
 (8.2)
where:
  – amount of emission of СО2  , (Gg/year)
 – amount of incinerated medical waste (Gg / year); 
  –  the carbon content of medical waste, the share; 
  –  fossil carbon content of medical waste, the share
–  completeness of combustion of medical waste; 
44 / 12 – coefficient for the transfer of C in CO2. 
Waste is a mixture of biogenic and non- biogenic components. Degradable when buried in landfills and landfills of HMW  to produce CH4 only biogenic carbon. The combustion of non- biogenic component of the waste produces CO2 and N2O. According to the IPCC methodology emissions from waste incineration , including medical, should be divided by the share of biogenic and biogenic ( fossil ) share. Since Kazakhstan studies to determine the composition of the waste is not carried out , the proportion of fossil carbon is taken by default share of biogenic carbon is taken equal to 0.6.
When calculating the value of all the conversion factors adopted by default: 
• The proportion of carbon   = 0.6; 
• The proportion of the fossil carbon content =  = 0.4; 
• combustion efficiency -–   = 0.95; 
• The proportion of biogenic carbon is 0.6. 
Values ​​of emission factors for the calculation of carbon dioxide emissions from medical waste incinerators were taken by default from the Good Practice Guidance IPCC, 2000, Chapter 5, Table 5.6, and are shown in Table 8.3. 
Table 8.3 - Default data for estimating CO2 emissions from the combustion of medical waste
	
	Wastes of medical enterprises

	Carbon content in wastes
	50…70 % 
Default value: 60 %

	Fossil carbon in % from all amount of carbon
	30…50 % 
Default value: 40 % 

	combustion completness
	50…99 %
Default value: 95 %


The results of calculations are given in Table 8.4.
	
Table 8.4: carbon dioxide emissions from the burning of medical waste in the Republic of Kazakhstan
	Year
	2006
	2007
	2008
	2009
	2010
	2011
	2012

	Volume of waste burned, tons
	4,701
	677,2
	1001,3
	8998,238
	9656, 315
	5921,551
	5222,184

	CO2 emissions, thousand tons (nonbiogenic)
	0,004
	0,566
	0,837
	7,522
	8,073
	4,950
	
4,366


	Biogenic CO2 emissions, thousand tons
	0,01
	0,85
	1,25
	11,28
	12,11
	7,42
	6,54



[bookmark: _Toc353693660][bookmark: _Toc385264316]8.4.3 Uncertainties and Time-Series Consistency 
Uncertainty of estimates of CO2 emissions from medical waste was evaluated using the Good Practice Guidance. Based on ranges for emission estimates of emission factors for CO2 emissions from the burning of medical waste their uncertainty can make  20% or more. As in the calculations in this subcategory are not used monitoring data, it can be higher. In many developed countries, the uncertainties associated with the amount of incinerated waste are estimated around 5%, however, it can be higher for medical waste, especially in developing countries. The main uncertainty for CO2 is the estimation of fossil carbon. Therefore, expert evaluation of uncertainty for emissions from this sub-category is estimated to be about 100%. 

[bookmark: _Toc353693661][bookmark: _Toc385264317]8.4.4 QA/QC procedures
Standardized procedures were applied for quality assurance and quality control. The verification of the accuracy of calculations was performed by comparing the data of calculation of emissions from incineration of medical waste from other countries. Verification of the input data and data on the composition of waste incinerated, correction factors and calculation of emissions, correctness of choice of coefficients was done using a system of technical quality control of data and results of calculation of emissions. The correctness of the data to estimate emissions and compliance with the IPCC methodology were verified. The correctness of data entry in the CRF tables and the use of units of measurement were verified. 

8.4.5 Recalculation 
Recalculations in this category were not.























9 RECALCULATIONS AND IMPROVEMENTS 
9.1 Explanations and justifications for recalculations
In order to improve estimates of emissions and improve the quality of the information provided on the GHG inventory in Kazakhstan as well as in response to comments by an international group of experts to review the UNFCCC Secretariat, the applicable recounts estimation of GHG emissions in the sectors of Energy activities, Agriculture, LULUCF and Waste.

9.2 Consequences for emission levels
           As a result of recalculations in this report compared to the previous inventory total national emissions in the base 1990 with LULUCF decreased from  356211.11 to 351 474.88 Gg CO2 -eq . , Ie 4 736.23 Gg , which is minus 1.33 %. Excluding  LULUCF sector  emissions  increased from 358377.66 to 358 494.57 Gg CO2 -eq . , or 116.91 Gg CO2 -eq . , percentage - 0.03% . These changes occurred mainly due to the fact that the sector "Energy" of the fuel from the category "Other sectors " (or 26 610.27 Gg CO2 emissions ) has been moved into the category of "Energy Industry" , which increased emissions in the energy industry in the 24409.94 Gg CO2. More detailed information is in "Energy" sector. There has also been an increase in the absorption of CO2 in LULUCF sector due to changes in calculation methodology on 49758 Gg, which is 229.47%. Herewith this was taken into account additional CO2 sinks, which are described in detail in the section on LULUCF. As a result, sectoral CO2 emissions decreased relatively is not very significantly, by 1.41%. As for the other gases, methane and nitrous oxide, in these sectors and categories the difference was less than one percent. 
	The small changes have also taken place in the sector "Waste" in 1990, as a result of conversions. Methane emissions from MSW category slightly decreased at the 198.18 tons in CO2 equivalent, which corresponds to minus 0.06% due to a proper accounting of municipal waste in the FOD model calculations. A few more on the level of emissions influenced by the fact that the report in 2014 methane emissions from municipal wastewater was evaluated in accordance with the comments of the expert review.  The emission in this category increased by 0.27% as a result.
	In other years in these categories are also conversions have been made for all the rows. emissions decreased by 5.47% and 5.92% Compared with the previous 2011 in the sector "Energy" mainly due to changes in the category "Other sources". In LULUCF changes were more significant, resulting in increased absorption of CO2 by 7%. Changes in emissions of methane and nitrous oxide in the categories "MSW" and "Treatment of municipal wastewater" by recalculations are less then 0.1%.
Results of allocations are in Table 8 (a) (data recalculation) and 8 (b) (explanation of the recalculation) CRF. 
9.3 Consequences for trends in emission field, including time series consistence by sector
Values ​​of GHG emissions for some categories were recalculated in the "Energy" sector in preparing the report on the National GHG inventory for the 1990-2012 years. Recalculations were carried out for the entire time series using the same approaches and methods.
Accumulated carbon recalculated according to the recommendations of the expert group of the IPCC in this inventory at baseline approach. Calculation of accumulated carbon was made only for those fuels , for which there was a ratio of carbon stored by default ( IPCC , 1996, Worksheet 1-1 : Evaluation of accumulated carbon in the products ) . For those fuels ( crude oil , coal, and others) , which in the past cadastre used the national inventory of carbon stored coefficients of Russia , calculation of accumulated carbon not produced.
CO2 emissions also recalculated from 2009 to 2011 in connection with the provision of data on the consumption of stripped gas for a 2009 by Statistics Agency. When calculating actual fuel consumption accounted stripped gas production In the GHG inventories for 2009 ... 2011. However, stripped gas is a secondary type of fuel, and in accordance with the IPCC Guidelines, to eliminate double counting of GHG emissions from the production of secondary fuels are not included.
Expected to cooperate more closely  cooperate with the Agency on Statistics of the Republic of Kazakhstan to ensure the homogeneity of time series of fuel consumption in the country among the planned improvements the next GHG inventory in the sector "Energy" in the baseline approach in Kazakhstan. 
Transport. Fuel balance was updated and calculates GHG emissions over the last three years were made in this category. Time series of GHG emissions from motor vehicles became more smooth After recalculation.
Unfortunately, the data until 2007 is in doubt and the recalculations have not made. This is partly due to the lack of data in the Statistical Agency of Kazakhstan over the past years, and the lack of additional data from consumers or transport companies. Nevertheless, this work is made for to improve the quality of the National Inventory in general and in the category "Transport" in particular.
Terrain trucks was first  isolated in this inventory based on data from the Ministry of Agriculture on the amount of special equipment ( harvesters, tractors , vehicles career ). Data on CO2 emissions - equivalent in the category of off-road trucks in Table 3.2.4.1 included in the category "Road transport ". Bunker fuels allocated from aviation by improving information collection.
Industrial processes. Recalculations of CO2 emissions from ammonia production were carried out taking into account the revised data on volumes of its production for the period 2006 ... 2012 submitted by KazAzot company.
Agriculture. Recalculates gas emissions (methane and nitrous oxide) in the sector were made at  1990 ... to 2011 in relation to individual variations in the methodological approaches and the use of the calculations of the IPCC Guidelines, 2006, since 2012. 
In particular, methane emissions increased by around 4% from enteric fermentation of animals,  due to the correction coefficients for calculating the average number of livestock, including 2011 emissions increased by 505 Gg / yr in eq. CO2.
Methane emissions and carbon dioxide decreased by 1.5%, from the storage and use of manure, including 2011 decreased by 60 Gg / yr in eq. CO2. Carbon dioxide emissions increased by up to 30% from manure left by cattle pastures due to the additional calculations of indirect emissions (previously not calculated), including in 2011 the increase was 880 Gg eq. CO2.
Their cropland soil carbon dioxide emissions (excluding emissions from the release of nitrogen mineralization of organic matter in soil) decreased by the amount of 9 to 17% by changing the coefficients of direct and indirect emissions in accordance with the guidance of the IPCC , 2006, including in 2011 of emissions decreased by 117 Gg / yr in eq . CO2.
Total for sector "Agriculture " ( excluding emissions from the release of nitrogen mineralization of organic matter in soil) on a number of 1990 ... 2011 , emissions changed at  the amount from -1 % to +1% , including in 2011 decreased at 164 Gg / yr in eq . CO2.
Emissions of the release of nitrogen in process of mineralization of organic matter in soil, which are calculated in accordance with the requirements of RP IPCC, 2006 and presented in the report as a reference, have increased over the 1990 to 1504 Gg / yr in eq. CO2 and decreased in 2011 to 258 Gg / yr in eq. CO2 due to specification standards soil carbon and dynamics of  humus content in the soil in the process of methodological improvements.
Recalculations ​​of methane emissions from enteric fermentation for 1990 ... 2012 were made based on the transfer of data on average livestock of major livestock species , published by the Agency on Statistics of the Republic of Kazakhstan as of January 1 of each year, the average annual population for the period from 1990 to 2012 .
LULUCF. Recalculations absorption / emission for 1990 ... to 2011  associated with the use of the IPCC Guidelines , 2006, starting with the 2013-2014 inventory . , improved methodological approaches and methodological level rise calculations from Level 1 to Level 2 in order to reduce uncertainty evaluation, and by clarifying the original information.
In particular, calculated net absorption at forest lands (compared with the calculations in the NIR in 2011.) Increased in 3 times throughout the series, including 1990. at 4267 Gg / year and 2011. at 3970 Gg / yr in eq. CO2 due to a refinement of the initial information in the past and earlier years on forest productivity on land SFF, specifying the species composition and forest areas outside the SFF, using data from another forest inventory for 2013., As well as taking into account the additional absorption of carbon dioxide newly planted forest.
For pastoral land uptake increased in 2011 at the amount of 13 913 Gg / yr in eq. CO2 due to additional accounting of carbon accumulation in the tank "soil" in pasturelands bred in stock (70% of the area on 2000) and additional carbon accounting in the tank "biomass" on former arable land into pasture bred (about 8 million hectares in 2000). Emission of gases from wildfires estimated For pasture land for the first time in the NIR 2012.
For cropland which further evaluated in accordance with the IPCC Guidelines , 2006, the calculations confirmed a steady increase in carbon dioxide emissions from soil with 28736 Gg in 1990  to 47417 Gg eq. CO2 in 2011. , Ie , 1.7 times that due to the sharp decline in soil fertility over the past two decades and accelerated mineralization of humus in the soil , which was confirmed by the RSPC " Agrohimsluzhba " KLM MRD RK. The results of evaluation of CO2 emissions from soil are given in the report for 2012 year as reference material , as in national emissions are not included.
On wetlands, greenhouse gas emissions from man-made reservoirs estimated for the first time, which was 257 Gg / yr in eq. CO2 in 2012 in accordance with the IPCC Guidelines, 2006. 
Total all categories of land (excluding mineralization of humus in the soil of cultivated land) net absorption increased by 4831 Gg in 1990 and 17915 Gg eq. CO2 in 2011, mainly due to an improved assessment of GHG emissions for pasture and forest lands.
The information collected on the area and type of land use in Kazakhstan and the distribution of land between use categories at 1980 ... 2008 represented in matrix form in Table 7.2. Transformation of land use between categories was carried out in the country between 1993 and 2012 formally without indigenous land conversion. Withdrawal of land from one category and a subcategory based on the following major schemes: pastures used for its intended purpose - pastures temporarily  not used ( reserve lands ); forest outside SFF - SFF forest ; shrubland planting pastures improved hayfields - hayfields - pastures , perennial Plantation - pastures in arable rotations - arable land temporarily derived from rotation ( in fallow or grassland) .
For all categories of land and reservoir of  carbon accept that to convert it into a new category requires a time period not less than 20 years [1]. Hence, part of the area of ​​land legally in output between 1993 ... 2012 in  a new category (for the prescription of 18 years or less), as well as a piece of land with a modified mode of use, considered in work tables of  Report as "reorganize" subcategory  of land within the old indigenous category. This allowed to apply for the calculation of changes in carbon flux measurement method of stocks at different times and provides an objective control and comparability of the results on the spatial and temporal level. To compare the results of changes in carbon stocks with the results of the base year 1990, the area of ​​indigenous category taken as a constant, fixed at 1990. 
When filling out the individual table partitions CRF, including those relating to "reorganized" lands to it cited relevant explanations. 
During the reporting period under section methodological work continued related to the calculations of carbon standards for varieties of soil and justified choice of vegetation biomass standards in Kazakhstan , as well as the coefficients of land degradation associated with changes in the mode of their control . Received national reference carbon stocks allow to obtain objective information about the changes in carbon reservoirs "soil" and "biomass" and reduce the errors associated with the evaluation of the absorption / emission of carbon in the sector at the national level.
Waste
Allocations were made in the category of " MSW landfill ", as in this category , in accordance with the recommendations of the expert review , the first calculations were held on the methodology for Tier 2 as for key source . In addition, methane emission calculations were performed separately for major cities of Astana and Almaty , as well as for all other cities separately and then summed, in accordance with the recommendations of experts . As a result, methane emissions decreased slightl . In 2010, methane emissions from this category decreased by 12.88 %, which resulted in a reduction of total national emissions of just 0.18% . In 1990, this reduction amounted to 35 % and 0.36 % , respectively. Recalculations also touched methane emissions from wastewater, which since 2011 are not calculated as aerobic technology used to clean them in Kazakhstan does not lead to the formation of methane emissions. Recalculations nitrous oxide emissions from excreta were associated with the transition to the use of FAO data on consumption of protein population. This led to a reduction in nitrous oxide emissions relative to a given source to 16.43 %, relative to total national emissions by 0.02 % in 1990 , and in 2010 - to reduce estimates by 7.39 % and 0.01 % , respectively.

9.4 Recalculations, including those with accounting requirements for consideration process and planned inventories improvements 
Among the planned improvements subsequent GHG inventories in Kazakhstan in the energy sector can indicate the need for additional research and refinement of the possibility of developing national coefficients for all types of fuel for which no national emission factors, or they are used in the form of averaged by fuel type for all sources.
To improve inventory must also carry out work to ensure homogeneity of the time series of fuel consumption. For the livestock sector in order to improve the accuracy of calculations of emissions in the future it is planned to evaluate the possibility of national emission factors for Tier 2 . These calculations will be linked to the definition of the mass of volatile solids excreted by the animals , along with the maximum value of methane produced characteristic manure. In addition, for each system associated with the cleaning, storage and use of manure , it is necessary to obtain methane conversion factor , which reflects the impact of climate change on production of methane. calculations nitrous oxide emissions also planned in the sector of the use of solvents and other products.


























[bookmark: _Toc385264318] CONCLUSION 

1. According to the inventory of greenhouse gas emissions in Kazakhstan, the total emissions of gases with direct greenhouse effect of CO2 absorption, excluding the LULUCF sector in 2012 amounted to 284.43 million tons of CO2-equivalent, including 241.23 million tons of emissions from energy-related activities, 16,74 million tons - from industrial processes, 21.53 million tons - from agriculture and 4.94 million tons - from "Waste" category. Absorption in the LULUCF sector was minus 23.67 million tons of CO2. Net emissions, taking into account the absorption is estimated at 260.92 million tons of CO2 equivalent.
2.  In 2012, as part of the entire national GHG emissions including LULUCF CO2 emissions CO2 was estimated as 198.59 million tonnes, CH4  is in second place and totaled 50.02 million tons of CO2-eq. N2O emissions are significantly lower and are equaled to 9.54 million tons of CO2-eq. Emissions of HFCs and PFCs were produced 1.44 and 1.33 million tons of CO2 eq. SF6 in 2012 is not released into the atmosphere due to the lack of refueling of network breakers and switches for three years according to the company, managing the electrical networks.
3. Total national GHG emissions , excluding absorptions  in 2012 amounted to 74.23 % of the level of emissions in 1990 and compared to 2011 decreased by 3.9%.
4. The largest contribution to national GHG emissions in Kazakhstan makes sector "Energy". In 2012 the share of emissions from this sector amounted to approximately 84.8 % of total GHG emissions ( excluding LULUCF absorption ). Emissions from the category " Fuel Combustion " contribute 85.9% to total emissions of the sector " Energy" , while the share of   “fugitive emissions " account for only 14.1%  emissions of the sector. In 2012, the total emissions from the "Energy" decreased by 19.08% compared to 1990, and increased by 2.8% compared to 2011. 
5.  The second place for emissions level is the sector "Agriculture". Share the contribution of this sector to total national GHG emissions in Kazakhstan in 2012 without LULUCF amounted to 7.57%, and with LULUCF is  8.25%. GHG emissions from this sector are below 1990 levels by 44.77% and less emissions in 2011 by only 0.38%. Reducing emissions in 2012 compared to the base year due to a significant reduction in livestock. The share of methane in 2012 accounted for 13.256 million tonnes of emissions of CO2 equivalent, accounting for 61% of total emissions by sector. Nitrous dioxide emissions were 8.275 million tons of CO2 equivalent or 39% of total emissions. Of the total emissions of the gases in the sector, on intestinal fermentation of farm animals had 12.27 million tons of CO2-eq., or 57%, for the storage and handling of manure 4.14 million tons, or 19.23%, on the cultivation of rice - all 0.12 million tons and emissions from fertilizer use in agricultural soils – 5 million tons, or 23.21%. 
	In comparison with 2011, the total emission of the sector decreased by 61 Gg CO2 equivalent, or 0.37 %, due to reduction in livestock (other than dairy cows and horses) at the lack of fodder for personal backyards and small farms, and also a decrease in yield due to the drought. Relative to the base year 1990 the total value of emissions by sector in 2012 amounted to 55.23 % due to the reduction of livestock and limited amounts of additional inputs of nitrogen to the soil, mineral, organic fertilizers and biological residues crop cultivation technologies violation.
6. Sector "Industrial Processes" is the third place at amount of GHG emissions. The share of the contribution of this sector in total GHG emissions without LULUCF in 2012 was 5.88 %. In 2012, emissions from this sector amounted to 16.74 million tonnes of CO2 -eq . , which is at 6.59 % lower than in the base year 1990 , and at 5.72 % below the previous emissions in 2011. A steady reduction of GHG emissions in the sector "Industrial Processes" has been from 1990 to 1999, associated with the general decline in industrial production in Kazakhstan, as well as the closure of many businesses related to planned production. Since 2000, the tendency of increase of major products, associated with an overall yield of the country's economy out of the economic crisis and the growth of industrial production. Accordingly, in 2000 emissions in the industry is gradually increasing until 2006-2007, when the largest emissions of CO2-eq. were marked. In 2009, the marked decline in production, mainly in the iron and steel industry, because of the global crisis and the decline in demand and prices for products. In subsequent years, the annual growth of GHG emissions marked in this category.
7. Emissions in the sector, "Waste" amounted to 4.94 million tons of CO2 equivalent in 2012. Compared to the level of emissions in 1990 total emissions in this sector increased by 1.44 million tons, due to population growth and the increase in municipal waste. The share of contribution of emissions from the sector "Waste" in the overall national net emissions excluding LULUCF absorption in 2012 was 1.6%. The largest contribution to the total emission of the sector "Waste" make landfills - from 80 to 85% in all years of inventory and subcategories - unmanaged landfills - from 65 to 68%.
8. Total absorption in the LULUCF sector in 2012 amounted to 23.67 million tonnes of CO2 and increased in relation to 1990 by 7.6 times. 
9.  In Kazakhstan, the specific GHG emissions in 2012 amounted to 16.8 tons per capita, of which more than 11.7 tons of CO2 accounted.

[bookmark: _Toc385264319]APPENDIX 1
Quantification of uncertainty of the national inventory
According to the IPCC “Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories”, Chapter 6, quantification of uncertainty of greenhouse gas emissions is determined by the uncertainties of activity data, emission factors and other parametric data. Quantification of uncertainty at Tier 1 for almost all sectors and source categories of emissions and removals of greenhouse gases other than the sector "Use of solvent and other products" was made in the National greenhouse gas inventory. The calculations are based on the Table 6.1 of IPCC “Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories”.
For all sectors "Energy", "Industrial Processes", "Agriculture", "Land use, land use change and forestry" and "Waste" calculation of uncertainty of emissions was carried by the IPCC Tier 1. All calculations were performed for the 95% confidence interval. Quantitative uncertainty estimates for individual sectors and categories of sources and sinks, and their discussion are contained in the relevant sections of the current inventory. Uncertainty estimation of national greenhouse gas emissions in general is presented in Table A1 of this annex. Table A1 contains the results of calculation of uncertainty of activity data, emission factors and variables of combined uncertainty made for individual sectors and source categories.
Uncertainty in emissions of the national greenhouse gas inventory is made as to the sectors, and in general for the entire inventory. In the absence of data for the last year in some categories was held extrapolation of greenhouse gases.
Thus, as shown in table A41 of Annex 1, the overall uncertainty of the national inventory of emissions of greenhouse gases in Kazakhstan in 2012 is 5.11%, and the uncertainty of the emission trends – is 2.73%. The highest value obtained for the combined uncertainty estimates of greenhouse gas emissions from the sector "Fuel combustion (1A)." Obviously, this is due to the high uncertainty of emission factors and other parameters used in the calculations.
Literature and data sources 
1. Guidelines for Good Practice and Uncertainty Management in National Greenhouse Gas Inventories. IPCC-OECD-IEA, 2000.

[bookmark: _Toc383013235]Table A1 – Quantitative uncertainty assessment of the national cadaster of GHG gases 
	IPCC Source Category
	Gas
	Base year
emissions
1990
	Year t
emissions
2012
	Activity
data
uncertainty %
	Emission
factor
uncertainty, %
	Combined
uncertainty
	Combined uncertainty
as % of total national
emissions in 2012 year t
	Type A sensitivity
	Type B sensitivity
	Uncertainty in trend in national
Emissions introduced by emission factor uncertainty
	Uncertainty in trend in national
Emissions introduced by
activity data uncertainty
	Uncertainty introduced into
the trend in total national emissions

	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M

	Fuel combustion  (1А)
	
	
	
	
	
	
	
	
	
	

	Energy industry (1АА1)
	
	
	
	
	
	
	
	
	

	Liquid Fuels
	СО2
	59 196,63
	37167,19857
	5
	20
	20,61553
	1,96733637
	-0,026232283
	0,079669882
	-0,524645663
	0,56335114
	0,769817

	
	СН4
	164,17
	156,2388273
	5
	50
	50,24938
	0,02015784
	4,11239E-05
	0,000334906
	0,002056193
	0,002368145
	0,003136

	
	N2O
	128,63
	77,67319067
	5
	50
	50,24938
	0,01002135
	-6,36909E-05
	0,000166497
	-0,003184546
	0,001177309
	0,003395

	Solid Fuels
	СО2
	154 114,41
	134221,6484
	5
	10
	11,18034
	3,85302568
	0,011876287
	0,287711298
	0,118762869
	2,034426096
	2,03789

	
	СН4
	1 008,48
	577,4341723
	5
	50
	50,24938
	0,07450021
	-0,000566947
	0,001237761
	-0,028347367
	0,008752293
	0,029668

	
	N2O
	701,54
	628,9590211
	5
	50
	50,24938
	0,08114792
	9,27664E-05
	0,001348207
	0,00463832
	0,009533266
	0,010602

	Gaseous Fuels
	СО2
	26 771,15
	34317,21604
	5
	15
	15,81139
	1,39317728
	0,025637703
	0,073560792
	0,384565546
	0,520153349
	0,646877

	
	СН4
	30,73
	39,75704946
	5
	50
	50,24938
	0,00512943
	3,02226E-05
	8,52214E-05
	0,001511129
	0,000602606
	0,001627

	
	N2O
	16,00
	19,38388792
	5
	50
	50,24938
	0,0025009
	1,29147E-05
	4,15504E-05
	0,000645736
	0,000293806
	0,000709

	Biomass
	СО2
	0,00
	0
	60
	10
	60,82763
	0
	0
	0
	0
	0
	0

	
	СН4
	55,44
	18,8611209
	60
	50
	78,1025
	0,00378231
	-5,87852E-05
	4,04298E-05
	-0,002939259
	0,003430584
	0,004518

	
	N2O
	12,62
	4,165961336
	60
	50
	78,1025
	0,00083542
	-1,36557E-05
	8,92996E-06
	-0,000682784
	0,000757732
	0,00102

	Other Fuels
	СО2
	3 330,06
	0
	5
	10
	11,18034
	0
	-0,005958889
	0
	-0,059588895
	0
	0,059589

	
	СН4
	2,99
	0
	5
	50
	50,24938
	0
	-5,35855E-06
	0
	-0,000267928
	0
	0,000268

	
	N2O
	8,53
	0
	5
	50
	50,24938
	0
	-1,52677E-05
	0
	-0,000763383
	0
	0,000763

	Manufacturing Industries and Construction (1АА2)
	
	
	
	
	
	
	
	

	Liquid Fuels
	СО2
	5 031,25
	2722,479559
	5
	20
	20,61553
	0,14410645
	-0,003167561
	0,005835781
	-0,063351222
	0,041265202
	0,075606

	
	СН4
	2,85
	1,552085125
	5
	50
	50,24938
	0,00020025
	-1,77578E-06
	3,32698E-06
	-8,87888E-05
	2,35253E-05
	9,19E-05

	
	N2O
	12,63
	6,81412541
	5
	50
	50,24938
	0,00087915
	-7,99147E-06
	1,46064E-05
	-0,000399573
	0,000103283
	0,000413

	Solid Fuels
	СО2
	13 210,11
	22989,69008
	5
	10
	11,18034
	0,65995216
	0,025632202
	0,049279633
	0,256322024
	0,348459626
	0,43258

	
	СН4
	23,40
	46,48573206
	5
	50
	50,24938
	0,00599756
	5,77619E-05
	9,96447E-05
	0,002888095
	0,000704594
	0,002973

	
	N2O
	48,37
	110,6935254
	5
	50
	50,24938
	0,01428161
	0,00015072
	0,000237278
	0,007535985
	0,001677805
	0,00772

	Gaseous Fuels
	СО2
	3 435,14
	2781,817139
	5
	15
	15,81139
	0,11293353
	-0,000184374
	0,005962974
	-0,002765616
	0,042164595
	0,042255

	
	СН4
	6,57
	3,968687863
	5
	50
	50,24938
	0,00051204
	-3,25638E-06
	8,5071E-06
	-0,000162819
	6,01542E-05
	0,000174

	
	N2O
	1,94
	1,571621368
	5
	50
	50,24938
	0,00020277
	-1,04172E-07
	3,36885E-06
	-5,20861E-06
	2,38214E-05
	2,44E-05

	Biomass
	СО2
	22,56
	18,62150456
	60
	10
	60,82763
	0,00290831
	-4,60649E-07
	3,99162E-05
	-4,60649E-06
	0,003387001
	0,003387

	
	СН4
	0,13
	0,13581437
	60
	50
	78,1025
	2,7235E-05
	5,43676E-08
	2,91125E-07
	2,71838E-06
	2,47028E-05
	2,49E-05

	
	N2O
	0,26
	0,267317173
	60
	50
	78,1025
	5,3606E-05
	1,07009E-07
	5,73009E-07
	5,35047E-06
	4,86214E-05
	4,89E-05

	Other Fuels
	СО2
	214,91
	0
	5
	10
	11,18034
	0
	-0,000384593
	0
	-0,00384593
	0
	0,003846

	
	СН4
	0,12
	0
	5
	50
	50,24938
	0
	-2,22493E-07
	0
	-1,11246E-05
	0
	1,11E-05

	
	N2O
	0,55
	0
	5
	50
	50,24938
	0
	-9,85325E-07
	0
	-4,92663E-05
	0
	4,93E-05

	Transport (1АА3)
	
	
	
	
	
	
	
	
	
	
	

	Liquid Fuels
	СО2
	21 751,73
	21636,62568
	5
	5
	7,071068
	0,39282477
	0,007449942
	0,046379267
	0,03724971
	0,327950941
	0,33006

	
	СН4
	120,09
	139,4073671
	5
	5
	7,071068
	0,00253102
	8,39155E-05
	0,000298827
	0,000419577
	0,002113027
	0,002154

	
	N2O
	33,33
	37,04147571
	5
	5
	7,071068
	0,00067251
	1,97519E-05
	7,94004E-05
	9,87597E-05
	0,000561446
	0,00057

	Solid Fuels
	СО2
	99,91
	0
	5
	5
	7,071068
	0
	-0,000178786
	0
	-0,000893932
	0
	0,000894

	
	СН4
	0,23
	0
	5
	5
	7,071068
	0
	-4,04984E-07
	0
	-2,02492E-06
	0
	2,02E-06

	
	N2O
	0,47
	0
	5
	5
	7,071068
	0
	-8,36966E-07
	0
	-4,18483E-06
	0
	4,18E-06

	Gaseous Fuels
	СО2
	639,28
	1430,165167
	5
	3
	5,830952
	0,02141164
	0,001921582
	0,003065636
	0,005764747
	0,021677318
	0,022431

	
	СН4
	5,23
	5,446107685
	5
	3
	5,830952
	8,1536E-05
	2,30841E-06
	1,1674E-05
	6,92524E-06
	8,25478E-05
	8,28E-05

	
	N2O
	1,24
	0,80394923
	5
	3
	5,830952
	1,2036E-05
	-4,92292E-07
	1,72331E-06
	-1,47688E-06
	1,21856E-05
	1,23E-05

	Other Sectors (1АА4)
	
	
	
	
	
	
	
	
	
	

	Liquid Fuels
	СО2
	11 381,59
	3146,435348
	5
	20
	20,61553
	0,1665473
	-0,013620068
	0,006744553
	-0,272401366
	0,04769119
	0,276545

	
	СН4
	23,68
	7,508797498
	5
	50
	50,24938
	0,00096878
	-2,62795E-05
	1,60955E-05
	-0,001313976
	0,000113812
	0,001319

	
	N2O
	29,75
	8,92393642
	5
	50
	50,24938
	0,00115136
	-3,41114E-05
	1,91289E-05
	-0,001705568
	0,000135262
	0,001711

	Solid Fuels
	СО2
	36 483,10
	9424,780315
	5
	10
	11,18034
	0,27055189
	-0,045050663
	0,020202522
	-0,450506626
	0,142853401
	0,472613

	
	СН4
	951,52
	465,5556773
	5
	50
	50,24938
	0,06006571
	-0,00070483
	0,000997944
	-0,035241475
	0,007056527
	0,035941

	
	N2O
	169,74
	43,55101443
	5
	50
	50,24938
	0,00561893
	-0,000210399
	9,33539E-05
	-0,010519931
	0,000660112
	0,010541

	Gaseous Fuels
	СО2
	4 534,38
	2718,359418
	5
	15
	15,81139
	0,11035734
	-0,002287347
	0,005826949
	-0,034310198
	0,041202752
	0,053618

	
	СН4
	8,68
	5,201802149
	5
	50
	50,24938
	0,00067113
	-4,37745E-06
	1,11503E-05
	-0,000218872
	7,88448E-05
	0,000233

	
	N2O
	2,56
	1,535770158
	5
	50
	50,24938
	0,00019814
	-1,29239E-06
	3,29201E-06
	-6,46195E-05
	2,3278E-05
	6,87E-05

	Biomass
	СО2
	925,58
	316,9804952
	60
	10
	60,82763
	0,04950599
	-0,00097689
	0,000679465
	-0,009768903
	0,05765449
	0,058476

	
	СН4
	54,52
	18,60504863
	60
	50
	78,1025
	0,00373096
	-5,76814E-05
	3,98809E-05
	-0,002884072
	0,003384008
	0,004446

	
	N2O
	10,73
	3,66194608
	60
	50
	78,1025
	0,00073435
	-1,13532E-05
	7,84958E-06
	-0,000567659
	0,000666059
	0,000875

	Other Fuels
	СО2
	117,03
	0
	5
	10
	11,18034
	0
	-0,000209432
	0
	-0,002094323
	0
	0,002094

	
	СН4
	0,34
	0
	5
	50
	50,24938
	0
	-6,05797E-07
	0
	-3,02899E-05
	0
	3,03E-05

	
	N2O
	0,30
	0
	5
	50
	50,24938
	0
	-5,36563E-07
	0
	-2,68282E-05
	0
	2,68E-05

	Other (Not specified elsewhere)(6) (1АА5)
	
	
	
	
	
	0
	0

	Liquid Fuels
	СО2
	1 296,27
	2258,58722
	5
	20
	20,61553
	0,11955167
	0,002521583
	0,004841403
	0,050431653
	0,034233887
	0,060953

	
	СН4
	0,76
	1,322287401
	5
	50
	50,24938
	0,0001706
	1,46812E-06
	2,83439E-06
	7,3406E-05
	2,00422E-05
	7,61E-05

	
	N2O
	3,38
	5,855844206
	5
	50
	50,24938
	0,00075552
	6,50167E-06
	1,25523E-05
	0,000325084
	8,87583E-05
	0,000337

	Solid Fuels
	СО2
	4 897,08
	21148,7592
	5
	10
	11,18034
	0,60710558
	0,036566078
	0,045333499
	0,365660779
	0,320556245
	0,486276

	
	СН4
	11,07
	47,13634161
	5
	50
	50,24938
	0,0060815
	8,12337E-05
	0,000101039
	0,004061686
	0,000714456
	0,004124

	
	N2O
	22,87
	97,41510599
	5
	50
	50,24938
	0,01256844
	0,000167883
	0,000208815
	0,008394149
	0,001476541
	0,008523

	Gaseous Fuels
	СО2
	2 154,60
	9575,662998
	5
	15
	15,81139
	0,38874354
	0,016669415
	0,020525947
	0,250041223
	0,145140362
	0,289113

	
	СН4
	4,12
	18,32381105
	5
	50
	50,24938
	0,00236413
	3,18998E-05
	3,92781E-05
	0,001594988
	0,000277738
	0,001619

	
	N2O
	1,22
	5,409887073
	5
	50
	50,24938
	0,00069798
	9,41802E-06
	1,15964E-05
	0,000470901
	8,19988E-05
	0,000478

	Biomass
	СО2
	29,01
	20,24581084
	60
	10
	60,82763
	0,00316199
	-8,5151E-06
	4,3398E-05
	-8,5151E-05
	0,003682441
	0,003683

	
	СН4
	0,17
	0,118717547
	60
	50
	78,1025
	2,3807E-05
	-4,99254E-08
	2,54477E-07
	-2,49627E-06
	2,15931E-05
	2,17E-05

	
	N2O
	0,33
	0,233666284
	60
	50
	78,1025
	4,6858E-05
	-9,82659E-08
	5,00876E-07
	-4,91329E-06
	4,25008E-05
	4,28E-05

	Other Fuels
	СО2
	242,57
	0
	5
	10
	11,18034
	0
	-0,000434095
	0
	-0,004340948
	0
	0,004341

	
	СН4
	0,14
	0
	5
	50
	50,24938
	0
	-2,51131E-07
	0
	-1,25565E-05
	0
	1,26E-05

	
	N2O
	0,62
	0
	5
	50
	50,24938
	0
	-1,11215E-06
	0
	-5,56075E-05
	0
	5,56E-05

	Coal Mining and Handling (1В1)
	
	
	
	
	
	
	
	

	Underground Mines(4)
	
	
	
	
	
	
	
	
	

	 Mining Activities
	СН4
	22520,19
	7477,008
	5
	5
	7,071068
	0,13574917
	-0,024261976
	0,016027367
	-0,121309878
	0,113330602
	0,166012

	 Post-Mining Activities
	СН4
	496,8117
	148,9369438
	5
	5
	7,071068
	0,00270403
	-0,00056981
	0,000319254
	-0,00284905
	0,002257469
	0,003635

	Surface Mines(4)
	
	
	
	
	
	
	
	
	

	Mining Activities
	СО2
	169,06
	193,3495842
	2
	2
	2,828427
	0,00140415
	0,000111907
	0,000414455
	0,000223814
	0,001172256
	0,001193

	
	СН4
	14 414,26
	16540,21565
	2
	2
	2,828427
	0,12011866
	0,009656782
	0,035454839
	0,019313564
	0,100281428
	0,102124

	Fugitive Emissions from Oil, Natural Gas and Other Sources (1В2)
	
	
	
	
	
	
	

	Oil (1В2А)
	
	
	
	
	
	
	
	
	
	
	

	
	СН4
	70,88
	197,2840505
	5
	5
	7,071068
	0,0035818
	0,000296039
	0,000422889
	0,001480194
	0,002990276
	0,003337

	Natural Gas (1В2В)
	
	
	
	
	
	
	
	
	
	

	
	СО2
	0,11
	0,644784
	5
	5
	7,071068
	1,1706E-05
	1,17845E-06
	1,38213E-06
	5,89225E-06
	9,77313E-06
	1,14E-05

	
	СН4
	9 000,16
	7021,911731
	5
	5
	7,071068
	0,12748665
	-0,001054201
	0,015051844
	-0,005271007
	0,106432611
	0,106563

	Venting (1В2С)
	
	
	
	
	
	
	
	
	
	

	
	СО2
	5 847,09
	2406,092974
	5
	15
	15,81139
	0,09768024
	-0,005305417
	0,005157589
	-0,07958125
	0,036469663
	0,08754

	
	СН4
	42,72
	17,580465
	5
	15
	15,81139
	0,00071371
	-3,87696E-05
	3,76847E-05
	-0,000581544
	0,000266471
	0,00064

	Industrial Processes (2)
	
	
	
	
	
	
	
	
	
	

	Mineral Products (2А)
	
	
	
	
	
	
	
	

	Cement Production (2А1)
	
	
	
	
	
	
	
	
	
	

	
	СО2
	3 271,02
	2186,418584
	2
	2
	2,828427
	0,01587825
	-0,001166874
	0,004686705
	-0,002333748
	0,013256005
	0,01346

	Lime Production (2А2)
	
	
	
	
	
	
	
	
	
	

	
	СО2
	1 453,34
	689,0060835
	5
	5
	7,071068
	0,01250928
	-0,001123867
	0,001476921
	-0,005619333
	0,010443412
	0,011859

	Limestone and Dolomite Use (2А3)
	
	
	
	
	
	
	
	
	

	
	СО2
	1 185,84
	1913,006937
	10
	10
	14,14214
	0,06946337
	0,001978459
	0,004100633
	0,019784587
	0,057991707
	0,061274

	Soda Ash Production and Use (2А4)
	
	
	
	
	
	
	
	
	

	
	СО2
	45,61
	156,455
	5
	10
	11,18034
	0,00449127
	0,000253747
	0,00033537
	0,002537472
	0,002371422
	0,003473

	Chemical Industry (2В)
	
	
	
	
	
	
	
	
	

	Ammonia Production (2В1)
	
	
	
	
	
	
	
	
	
	

	
	СО2
	683,85
	152,25
	5
	10
	11,18034
	0,00437056
	-0,000897416
	0,000326356
	-0,008974161
	0,002307686
	0,009266

	Carbide Production (2В4)
	
	
	
	
	
	
	
	
	
	

	
	СО2
	904,82
	77,0068
	5
	5
	7,071068
	0,0013981
	-0,001454118
	0,000165068
	-0,007270588
	0,001167208
	0,007364

	Coke production (2В56)
	
	
	
	
	
	
	
	
	
	

	
	СН4
	47,39
	20,166006
	5
	5
	7,071068
	0,00036612
	-4,15793E-05
	4,32269E-05
	-0,000207896
	0,00030566
	0,00037

	Metal Production (2С)
	
	
	
	
	
	
	
	
	
	
	

	Iron and Steel Production (2С1)
	
	
	
	
	
	
	
	
	

	
	СО2
	8 628,85
	5958,462611
	2
	5
	5,385165
	0,08238678
	-0,002669
	0,012772284
	-0,013345
	0,036125474
	0,038512

	Ferroalloys Production (2С2)
	
	
	
	
	
	
	
	
	
	

	
	СО2
	1 696,11
	2343,2
	5
	25
	25,4951
	0,15338764
	0,001987419
	0,005022775
	0,049685482
	0,035516381
	0,061074

	Aluminium Production (2С3)
	
	
	
	
	
	
	
	
	
	

	
	СО2
	0,00
	470,2879921
	2
	2
	2,828427
	0,00341533
	0,001008088
	0,001008088
	0,002016175
	0,002851302
	0,003492

	
	PFCs
	0,00
	1329,380558
	2
	5
	5,385165
	0,01838115
	0,002849598
	0,002849598
	0,014247992
	0,008059882
	0,01637

	Consumption of Halocarbons and SF6 (2F)
	
	
	
	
	
	
	

	Refrigeration and Air Conditioning Equipment (2F1)
	
	
	
	
	
	
	

	
	HFCs
	0,00
	1440,181725
	25
	5
	25,4951
	0,09427538
	0,003087107
	0,003087107
	0,015435534
	0,109145705
	0,110232

	Agriculture (4)
	
	
	
	
	
	
	
	
	
	

	Enteric Fermentation (4А)
	
	
	
	
	
	
	
	
	
	

	
	СН4
	20 537,80
	12270,22869
	5
	21,4
	21,97635
	0,69236095
	-0,010446973
	0,026301893
	-0,223565222
	0,185982468
	0,290811

	Manure Management (4В)
	
	
	
	
	
	
	
	
	

	
	СН4
	1 577,28
	868,7512149
	5
	50
	50,24938
	0,11208576
	-0,000960377
	0,001862215
	-0,04801887
	0,013167847
	0,049792

	
	N2O
	5 762,77
	3272,592184
	5
	50
	50,24938
	0,42222788
	-0,003297389
	0,007014977
	-0,164869455
	0,049603376
	0,17217

	Rice Cultivation (4С)
	
	
	
	
	
	
	
	
	
	
	

	
	СН4
	156,24
	117,18
	5
	20
	20,61553
	0,00620258
	-2,84179E-05
	0,000251182
	-0,000568359
	0,001776122
	0,001865

	Agricultural Soils (4D)
	
	
	
	
	
	
	
	
	
	

	Direct emissions from agricultural Soils (4D1)
	
	
	
	
	
	
	
	

	
	N2O
	3736,641029
	4998,028753
	5
	25
	25,4951
	0,32717473
	0,004026306
	0,010713543
	0,100657648
	0,075756186
	0,12598

	Pasture, Range and Paddock Manure (4D2)
	
	
	
	
	
	
	
	
	
	

	
	N2O
	5806,3
	3160,759142
	5
	30
	30,41381
	0,24682355
	-0,00361497
	0,006775257
	-0,108449108
	0,047908299
	0,11856

	Indirect  Emissions from agricultural Soils (4D3)
	
	
	
	
	
	
	
	

	
	N2O
	1397,48808
	601,5047252
	5
	25
	25,4951
	0,03937495
	-0,001211484
	0,001289358
	-0,030287098
	0,009117135
	0,03163

	Land-use change and forestry (5)
	
	
	
	
	
	

	Forest Land (5А)
	
	
	
	
	
	
	
	
	
	
	

	Forest Land remaining Forest Land (5А1)
	
	
	
	
	
	
	
	

	
	CO2
	-6 035,33
	-9093,333333
	0
	50
	50
	-1,16739397
	-0,008692628
	-0,01949205
	-0,434631402
	0
	0,434631

	
	CH4
	0,35
	1,47
	0
	75
	75
	0,00028308
	2,53004E-06
	3,15102E-06
	0,000189753
	0
	0,00019

	
	N2O
	0,10
	3,53022E-09
	0
	75
	75
	6,7981E-13
	-1,83337E-07
	7,56721E-15
	-1,37503E-05
	0
	1,38E-05

	Cropland (5В)
	
	
	
	
	
	
	
	
	
	

	
	CO2
	-41,07
	-0,036666667
	0
	12
	12
	-1,1297E-06
	7,34124E-05
	-7,8597E-08
	0,000880949
	0
	0,000881

	Grassland (5С)
	
	
	
	
	
	
	
	
	
	

	Grassland remaining Grassland (5С1)
	
	
	
	
	
	
	
	
	

	
	CO2
	-1 166,00
	-7260,694698
	0
	70
	70
	-1,30497005
	-0,013477407
	-0,01556369
	-0,943418509
	0
	0,943419

	Waste (6)
	
	
	
	
	
	
	
	
	
	
	
	

	Managed Waste Disposal on Land (6А1)
	
	
	
	
	
	
	

	
	CH4
	472,5571669
	943,5944234
	20,6
	5
	21,19811
	0,05135786
	0,001176968
	0,002022645
	0,005884838
	0,058925318
	0,059218

	Unmanaged Waste Disposal Sites (6А2)
	
	
	
	
	
	
	

	
	CH4
	1680,855413
	2545,920025
	20,6
	50
	54,07735
	0,353496
	0,002449249
	0,005457316
	0,122462466
	0,158986893
	0,200684

	 Industrial Wastewater (6В1)
	
	
	
	
	
	
	
	
	

	
	CH4
	0
	0
	30,4
	30
	42,71019
	0
	0
	0
	0
	0
	0

	Domestic and Commercial Waste Water (6В2)
	
	
	
	
	
	
	
	

	
	CH4
	964,95
	955,71
	30,4
	30
	42,71019
	0,10480498
	0,000321781
	0,002048616
	0,009653417
	0,088074271
	0,088602

	
	N2O
	382,1924545
	490,2439239
	11,2
	10,2
	15,1486
	0,01906817
	0,000366908
	0,001050864
	0,003742459
	0,016644839
	0,01706

	Waste Incineration (6С)
	
	
	
	
	
	
	
	
	
	

	
	СО2
	0
	4,366
	17,7
	129,4
	130,6049
	0,00146409
	9,35876E-06
	9,35876E-06
	0,001211023
	0,000234264
	0,001233

	Total
	
	466515,0429
	389471,4892
	
	
	
	26,0953219
	
	
	
	
	7,461678

	
	
	
	
	The overall uncertainty in 2012year (%)
	5,10835804
	The uncertainty of emission trend (%)
	
	2,731607
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Table A2.1 - carbon emission factor (calculated) for liquid fuels Kazakhstan 
	Fuel type
	Class or product of enrichment
	Lower calorific value, kcal / kg
	Lower calorific value,  
TJ/thousand t.
	Coefficient of carbon emissions tC / TJ

	Masut М-100
	low-sulfur
	9 859
	41,31
	20,89

	Masut М-100
	low-sulfur
	9 778
	40,97
	20,80

	Masut М-40
	low-sulfur
	9 940
	41,65
	20,84

	Diesel fuel
	
	10 267
	43,02
	19,98

	Straw oil
	
	10 153
	42,54
	20,29

	Engine Oil
	
	10 105
	42,34
	20,22

	Kerosene
	
	10 339
	43,32
	19,78

	Petrole
	
	10 550
	44,21
	19,13

	Oil
	
	9 576
	40,12
	20,31



Table A2.2 - carbon emission factor (calculated) for gaseous fuels Kazakhstan
	Source of gas
	qualitative characteristic
	Lower calorific value, kcal / m3
	Lower calorific value,
MJ/м3
	Coefficient of carbon emissions tC / TJ

	Bukhara-Ural gas pipeline
	natural gas
	8 175
	34,25
	15,03

	Kumkol field (deposit)
	Passing petroleum gas (raw, prior to treatment)
	11 258
	47,17
	17,91

	Kumkol field (deposit)
	Passing petroleum gas (dry after cleaning)
	9 427
	39,50
	15,00

	Kumkol field (deposit)
	Propane-butane mixture
	17 193
	72,04
	23,37

	Orenburg-Ural gas pipeline
	natural gas
	8 425
	35,30
	15,05

	Karachaganak Processing Complex
	Fuel gas (after cleaning)
	8 612
	36,08
	15,70

	Zhanazhol oil and gas field (deposit)
	Passing gas (after cleaning)
	9 108
	38,16
	15,83


[bookmark: _Toc385264321]APPENDIX 3 
ENERGY BALANCE OF PRIMARY TYPES OF FUEL. COMPARISON OF CARBON DIOXIDE EMISSIONS AT BASIC AND SECTORAL APPROACHES
The comparative evaluation of fuel consumption and CO2 emissions in the baseline and sectoral approach "Energy" sector (Tables A3.1 and A3.2 ) made In order to cross-check. Such a check is made for the 1990 , 2009 ... 2012.
The basic approach provides an estimate of CO2 emissions by fuel types. As the initial information provided by data resource part of the fuel and energy balance of the Agency on Statistics of the Republic of Kazakhstan: production, exports , imports, changes in inventories at the beginning and end of the year consumption .
Table A3.1 - Fuel consumption in the "Energy" sector by sector and basic approach
	Year
	1990
	2009
	2010
	2011
	2012

	Fuel consumption in the baseline approach (excluding non-energy use of fuels), PJ

	Total, including
	3250
	2651
	2798
	2886
	2807

	Liquid fuel
	923
	581
	642
	544
	472

	Solid fuel
	1827
	1344
	1452
	1486
	1584

	Gas fuel
	500
	726
	704
	856
	752

	Fuel consumption in the sectoral approach, PJ

	Total, including
	2981
	2435
	2691
	2569
	2600

	Liquid fuel
	819
	615
	694
	522
	523

	Solid fuel
	1616
	1266
	1363
	1335
	1449

	Gas fuel
	489
	550
	629
	708
	625

	Discrepancy, %

	Total, including
	8
	8
	4
	11
	7

	Liquid fuel
	11
	-6
	-8
	4
	-10

	Solid fuel
	11
	6
	6
	10
	8

	Gas fuel
	2
	24
	10
	17
	16


Note: The difference with a positive value - fuel consumption in the basic approach more than 
sectoral approach; disagreement with a negative value - fuel consumption in  basic approach less than a sectoral approach.

Sectoral approach provides an estimate of CO2 emissions by source category for which serves as the initial data distribution part of HPB by economic activity (energy industry , manufacturing industry , metallurgical industry , etc.).
Results of the comparison basic and sectoral approaches showed systematic excess fuel consumption of fuel and CO2 emissions in the baseline approach with respect to the sectoral . Value of the difference between the basic and sectoral approaches and in fuel consumption and CO2 emissions are almost identical, indicating that the correct calculation of carbon dioxide emissions.
As indicated in subsection 3.3 , the main reasons for this discrepancy are:
- Calculation of carbon stored in accordance with the recommendations of the IPCC made ​​only for certain types of fuel, for which there were default factors that determine the proportion of carbon sequestration. The remainder amount of the carbon using the basic approach applies to burning . In the sectoral approach, the fuel used for non-energy purposes does not apply to burning.
- Inconsistency of the data resource and distribution parts of HPB. According to the Statistics Agency of RK number of businesses and organizations that provide reports on the use of fuel is not the same over the years. Also, it is likely that not all businesses are properly accountable for the fuel used for various reasons.
- Dubiousness of some raw data HPB. This is especially true for data on exports of some fuels, the annual change in the fuel and fuel dispensing to businesses and organizations.
- To control the difference calculations of CO2 emissions between the basic and sectoral approaches in Tables A3.2 - A 3.5 provides a balance of primary fuels ( coal, crude oil and natural gas ) for 1990 , 1999 and 2010 ... 2012. Source of data on actual consumption and actual fuel consumption is HPB of Statistics Agency.
Balance of primary fuels also showed systemic excess fuel consumption of fuel in Kazakhstan.


Table A3.2 - CO2 emissions in the "Energy" sector by sectoral and basic approaches
	Year
	1990
	2009
	2010
	2011
	2012

	СО2  emissions by basic approach, mln.t.

	Total, including
	262,2
	204,7
	218,0
	222,5
	220,2

	Liquid fuel
	64,3
	40,3
	44,4
	37,0
	31,9

	Solid fuel
	170,6
	125,3
	135,4
	138,8
	147,6

	Gas fuel
	27,3
	39,1
	38,2
	46,6
	40,6

	СО2  emissions by basic approach, mln.t.

	Total, including
	243,4
	191,1
	210,3
	200,0
	205,7

	Liquid fuel
	59,2
	44,0
	49,6
	37,3
	37,2

	Solid fuel
	154,1
	116,9
	126,1
	123,8
	134,2

	Gas fuel
	26,8
	30,2
	34,5
	38,8
	34,3

	Discrepancy, %

	Total, including
	7
	7
	4
	10
	7

	Liquid fuel
	8
	-9
	-11
	-1
	-16

	Solid fuel
	10
	6
	6
	10
	9

	Gas fuel
	2
	22
	10
	17
	16


Note: The difference with a positive value - fuel consumption in the basic approach more than sectoral approach; disagreement with a negative value - fuel consumption in  basic approach less than a sectoral approach

Table A3.3 - Balance of coal, including lignite (thousands of tons)
	Item of balance
	1990
	1999
	2010
	2011
	2012

	The factual fuel consumption, incl.
	95732
	44927
	78029
	80224
	85056

	Mining
	138282
	58354
	110930
	116450
	120527

	Export
	54642
	16256
	31296
	35852
	32934

	Import
	11802
	1096
	255
	155
	214

	Changes of stocks
	-290
	-1733
	1859
	530
	2750

	Consumed  factual,  incl.
	85837
	40584
	61269
	66227
	65356

	Burning
	74073
	32870
	56610
	58824
	58409

	Non-energy using
	47
	555
	904
	522
	580

	Production of coke
	11717
	7160
	3756
	6880
	6366

	Discrepancy, %
	10
	10
	21
	17
	23



Table A3.4 - Balance of consumption of crude oil and gas condensate (thousands of tons)
	Item of balance
	1990
	1999
	2010
	2011
	2012

	The factual fuel consumption, incl.
	18316
	7526
	15405
	16868
	15975

	Mining
	25906
	30179
	79685
	80061
	79224

	Export
	19979
	23574
	69285
	69172
	69458

	Import
	18557
	904
	5978
	4526
	6296

	Changes of stocks
	6168
	-17
	973
	-1108
	87

	Consumed  total,  incl.
	17785
	7290
	14680
	15915
	15206

	Burning
	164
	50
	1223
	979
	741

	As a feedstock
	17568
	7204
	13042
	14381
	13822

	Non-fuel needs
	53
	36
	415
	556
	643

	Discrepancy, %
	3
	3
	5
	6
	5











Table A3.5 - Balance of natural gas with an accounting of passing oil gas (million m3)
	Item of balance
	1990
	1999
	2010
	2011
	2012

	The factual fuel consumption, incl.
	14368
	6153
	27527
	29590
	27460

	Mining
	7123
	7200
	30257
	30702
	30710

	Export
	4053
	3831
	6230
	6077
	10720

	Import
	11309
	2783
	3513
	4518
	7343

	Changes of stocks
	11
	-0,1
	14
	-446
	-126

	Consumed  total,  incl.
	12752
	5139
	23935
	23829
	24283

	Burning
	12309
	3819
	23247
	23165
	23106

	As a feedstock
	322
	1223
	162
	178
	663

	Non-fuel needs
	134
	97
	526
	486
	513

	Discrepancy, %
	11
	16
	13
	19
	12
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Table A4.1 -  Key sources of GHG emissions, Level assessment, for 1990 without LULUCF in Kazakhstan
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Table A4.2 -  Key sources of GHG emissions, Level assessment, for 1990 with LULUCF in Kazakhstan
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Table A4.3 - Key sources of GHG emissions, Level assessment, for 2012 without LULUCF in Kazakhstan
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Table A4.4 - Key sources of GHG emissions, Level assessment, for 2012 with LULUCF in Kazakhstan
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Table A4.5 - Key sources summary on level and trend for 2012 with LULUCF in Kazakhstan



Table A4 - Source  Category Analysis Summary on Level and Trend for 2012 in Kazakhstan
[image: ]
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Dairy cattle	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	339.86	349.71999999999969	354.89	361.46999999999969	328.75	293.56	240.95000000000007	201.08	191.64	196.1	202.8	209.70999999999998	220.69	231.18	243.48000000000027	250.92000000000004	265.51	270.27999999999969	279.19	282.85000000000002	287.18	259.81	268.10000000000002	Non-dairy cattle	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	386.94	360.87	330.90999999999963	316.85000000000002	235.33	193.55	141.66	112.09	104.74000000000002	116.66999999999999	117.66999999999999	116.97	125.71000000000002	140.22	151.52000000000001	163.97	167.72	176.4	179.48000000000027	181.46	183.47	172.31	171.22	Sheep	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	202.69	196.67	195.65	193.20999999999998	140.78	108.96000000000002	75.400000000000006	56.220000000000013	50.41	50.61	51.849999999999994	53.4	56.77	60.44	66.81	69.63	74.319999999999993	78.13	81.93	85.03	87.64	88.14	85.910000000000025	Goats	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	4.1399999999999997	4.01	3.9899999999999998	5.2	4.9800000000000004	4.63	3.94	4.01	4.84	5.4	6.04	7.37	8.620000000000001	10.6	10.97	13.51	14.709999999999999	15.139999999999999	15.34	15.709999999999999	16.690000000000001	16.79	16.36	Camels	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	6.9700000000000024	7.08	7.26	7.55	6.88	6.3599999999999985	5.42	4.7300000000000004	4.67	4.6899999999999995	4.79	5.0599999999999996	5.24	5.6	6.13	6.3599999999999985	6.76	6.98	7.23	7.58	8.27	8.4500000000000028	8.0400000000000009	Horses	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	31.32	32.090000000000003	32.809999999999995	34.220000000000013	31.51	29.99	25.23	20.85	19	18.670000000000005	18.8	19.059999999999999	19.630000000000031	20.5	21.58	22.41	23.8	24.867000000000001	26.4	27.71	29.439999999999987	30.959999999999987	32.480000000000004	Pigs	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	4.1899999999999995	3.8699999999999997	3.3699999999999997	3.18	2.58	2.11	1.35	1.1399999999999948	1.1599999999999948	1.28	1.4	1.46	1.6	1.78	1.6800000000000046	1.6700000000000021	1.7	1.76	1.75	1.72	1.75	1.57	1.34	Donkeys	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	0.45	0.45	0.45	0.4	0.4	0.4	0.35000000000000031	0.29000000000000031	0.29000000000000031	0.30000000000000032	0.30000000000000032	0.30000000000000032	0.30000000000000032	0.30000000000000032	0.31000000000000116	0.30000000000000032	0.30000000000000032	0.30000000000000032	0.30000000000000032	0.30000000000000032	0.30000000000000032	0.30000000000000032	0.30000000000000032	Buffaloes	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	0.72000000000000064	0.66000000000000303	0.61000000000000065	0.58000000000000007	0.58000000000000007	0.55000000000000004	0.55000000000000004	0.5	0.5	0.5	0.5	0.5	0.5	0.5	0.5	0.55000000000000004	0.55000000000000004	0.55000000000000004	0.55000000000000004	0.55000000000000004	0.55000000000000004	0.55000000000000004	0.55000000000000004	Energy 	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	298102.6714753671	288785.15131143184	265259.02762125869	232350.97790411668	196857.19052710716	182399.53670022349	168130.23287070505	156079.24808560789	162576.47531463209	119169.49046887795	143983.67476382566	133471.95521580349	151768.74636590609	169791.87332329777	177251.81651576783	190347.20037227194	213260.87801732591	217997.30181080778	201347.08604056275	222153.04768706663	244042.91328265713	234620.16161409477	241231.56040023238	Industrial Processes	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	17916.826911099415	16721.383131093149	14691.260912040334	11008.64636777695	7381.4739723623015	8171.4235470240037	7143.7597790250029	8910.3662177381702	7395.0730336970255	8840.6798592341347	10275.733161399852	10920.644732448127	11574.341344716553	12401.207135190845	13286.534551705443	13329.172131369487	13190.256817059344	14350.024607402367	14821.022388841691	14068.002053918339	15765.575504630962	17750.977567198504	16735.822295720016	Agriculture 	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	38974.516641336792	37237.24001613351	37459.598136064742	34955.232807384986	28066.182174008736	23274.652387284987	18057.248149457162	14672.543108691398	13549.785050833947	14272.487700104113	14558.130676226656	15189.327801257787	16114.858867632372	17254.94909570985	18223.589481274044	19151.546104124365	20186.976480936955	21049.733906241065	21331.136477614516	22097.486256046799	22404.550089815948	21607.776802488966	21526.780841722386	LULCF	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	-7019.6870485333402	-6902.6717948000069	-6840.6673595333395	-8582.7563813333418	-8766.1851847333401	-8037.2762116666763	-11196.874373933344	-10892.634800000014	-14399.131606000015	-18020.29085200002	-22789.049024000022	-21638.393423866688	-21253.417171066692	-18970.759426000022	-18787.976055333351	-16405.899398759499	-15459.102091687484	-16068.599883587749	-14403.260335025612	-17212.785392044287	-19378.650217455754	-21004.02774951842	-23517.801776452761	Waste 	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	3500.5550340791247	3631.1454608473455	3748.0804604409441	3843.5003002809985	3916.4558867927049	3913.9510188795825	3944.980897076387	3976.3627442678949	3929.6183942282964	3916.8680307758714	3966.0047453281536	4016.0945199215621	4101.6777867965038	4169.3683443029686	4242.2762392331915	4339.414506340182	4428.51003913367	4449.844188575491	4554.7217522362298	4649.0092484688057	4745.4742334015036	4843.8898333887928	4939.8343723433927	GHG emissions, mln tons	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	298.10000000000002	288.8	265.3	232.4	196.9	182.4	168.1	156.1	162.6	119.2	144	133.5	151.80000000000001	169.8	177.2	190.3	213.3	218	201.3	222.2	244	234.6	241.2	Year

GHG emissions, mln tons
2012 г.

106.3	28.7	23.2	15.8	33.200000000000003	34	
CO2 emissions, mln tons	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	249.4	240.5	219.5	193.3	162.69999999999999	155.19999999999999	143	133.4	141.1	100.8	123	115.9	132.9	148	154.80000000000001	167.6	189	192.6	173.2	194.5	213	202.6	208.3	Year
CO2 emissions, mln tons
oil and oil products	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	3249.1	3195.5	3303.3	2842.2	2230.5	2208.4	1866.8	1774	1632.4	1452.8	1607.1	1508.7	1916.7	1963.5	2209.4	2127.6999999999998	2677.5	2651.7	2915.7	2797.8	2797.8	2886.2	2807.3	solid fuel	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	1826.2	1771	1735.2	1657.8	1320.7	1246.5	1047.4000000000001	945.4	889.9	844.3	991	962.9	987.7	1094.9000000000001	1163.5	1175.7	1235.8	1353.7	1460.8	1343.8	1451.8	1485.7	1583.7	gaseous fuel	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	499.7	436.9	640.79999999999995	496.6	348.6	433.8	330.9	307.8	302.39999999999969	214	272.3	210.8	542.29999999999995	563.1	563.29999999999995	599.6	845.7	710.6	894.8	726.4	704.2	856.4	751.6	1990
oil and oil products	solid fuel	gaseous fuel	0.28000000000000008	0.56999999999999995	0.15000000000000024	2011	oil and oil products	solid fuel	gaseous fuel	0.19	0.51	0.30000000000000032	2012	oil and oil products	solid fuel	gaseous fuel	0.17	0.56000000000000005	0.27	
oil and oil products	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	64.3	68.900000000000006	65.7	48.8	40.4	38.1	35.200000000000003	37.5	31.7	27	23.2	22.5	26.3	20.399999999999999	32.9	23.8	41.4	40.700000000000003	38.5	40.300000000000004	44.6	37.300000000000004	31.9	solid fuel	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	170.6	165.4	162	155.1	123	116.2	97.7	88	82.8	78.599999999999994	92.3	89.8	92.1	102.2	108.6	109.7	115.3	126.2	136	125.3	135.4	138.80000000000001	147.6	gaseous fuel	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	27.3	24	35.200000000000003	27.2	19.100000000000001	23.8	18.2	16.899999999999999	16.600000000000001	11.7	14.9	11.5	29.7	30.6	30.1	32.200000000000003	45.6	38.300000000000004	48.8	39.1	38.200000000000003	46.6	40.6	Year
CO2 emissions, mln tons
1990	oil and oil products	solid fuel	gaseous fuel	0.25	0.65000000000000246	0.1	1999	oil and oil products	solid fuel	gaseous fuel	0.23	0.67000000000000282	0.1	
2012	
oil and oil products	solid fuel	gaseous fuel	0.14000000000000001	0.67000000000000282	0.19	

a. Ferrous metallurgy	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	11.3	10.5	14.1	11.3	7.9	8.4	7.5	9.7000000000000011	8.4	8.2000000000000011	9	11	11	11.3	9.5	11.8	7.5	9.2000000000000011	7.8	8.9	8.3000000000000007	8.3000000000000007	8.9	e. Food processing, tobacco production	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	0.8	0.70000000000000062	3	2.8	2.2999999999999998	1.5	1.3	1.3	1.3	0.70000000000000062	0.8	1.1000000000000001	1	1	1.1000000000000001	1	1	1.9000000000000001	1.4	1	1.4	0.4	0.70000000000000062	b. Non-ferrous metallurgy	2.4	2.2000000000000002	4.4000000000000004	4.3	3.8	3.9	4	4	4.4000000000000004	7.3	6.9	5.7	5.8	6	5.9	7.4	11.6	11.1	10.8	9.4	10.6	10.8	9.9	c. Chemical industry	1.8	1.3	3.3	1.7	1	1.1000000000000001	0.9	0.60000000000000064	0.4	0.2	0.4	0.60000000000000064	0.60000000000000064	0.4	0.2	0.2	0.30000000000000032	0.4	0.4	0.5	0.30000000000000032	0.70000000000000062	0.70000000000000062	d. Pulp, paper and print	4.0000000000000022E-2	4.0000000000000022E-2	9.0000000000000024E-2	6.0000000000000032E-2	3.0000000000000002E-2	2.0000000000000011E-2	2.0000000000000011E-2	4.0000000000000022E-2	4.0000000000000022E-2	0	1.0000000000000005E-2	0	1.0000000000000005E-2	1.0000000000000005E-2	4.0000000000000022E-2	2.0000000000000011E-2	3.0000000000000002E-2	4.0000000000000022E-2	1.0000000000000005E-2	3.0000000000000002E-2	3.0000000000000002E-2	1.0000000000000005E-2	1.0000000000000005E-2	 f. Other industries	5.5	6.6	11.3	9	4.8	3.3	2.4	1.9000000000000001	1.7	3.2	4.5999999999999996	5.6	7.1	8	7.9	7.4	8.6	7.7	7.5	7.2	7.6	8.8000000000000007	8.3000000000000007	Commercial/Institutional sector	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	28.3	29.1	15.2	15.2	14.8	14.4	14.3	9.4	4.4000000000000004	1.7	2.4	2.2000000000000002	4.0999999999999996	5.5	2.9	3.7	4.5	10.8	5.3	4.3	4.9000000000000004	4.7	4.4000000000000004	Residential sector	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	16.5	18	19.600000000000001	15.7	11.8	8.7000000000000011	8	7.8	7.4	3.7	4.0999999999999996	4.5999999999999996	4.7	5.5	7.3	5.0999999999999996	7.6	5.4	7.4	6.9	7.9	10.4	8.6	Agricultural/Forestry/Fisheries	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	7.7	5	11.6	10.6	8.8000000000000007	6.6	6.1	5.9	4.7	2	2.1	2.6	2.2999999999999998	2.5	2.4	2.7	2.5	2.6	2.5	2.2999999999999998	1.9000000000000001	2.4	2.2999999999999998	Other sources	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	8.6	5.7	1.4	1.4	1.4	1.4	1.4	1.4	21.1	9.4	19.399999999999999	7.4	14.5	16.8	16.8	21.3	26.3	27	18.5	38.1	47.9	33.1	33.200000000000003	civil aviation	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	4.0000000000000022E-2	0.60000000000000064	1.1599999999999953	0.84000000000000064	0.51	0.42000000000000032	0.32000000000000117	0.22	0.34	0.12000000000000002	0.12000000000000002	0.4	0.47000000000000008	0.28000000000000008	0.3300000000000014	0.45	0.45	0.47000000000000008	0.56000000000000005	0.8700000000000021	0.8700000000000021	0.77000000000000235	0.71500000000000064	road transport	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	16.62	13.99	13.41	10.16	8.59	7.04	5.88	5.23	4.9800000000000004	5.22	6.31	6.9700000000000024	8.3700000000000028	8.84	9.57	11.709999999999999	13.57	15.94	19.41	18.149999999999999	20.100000000000001	20.2	19.5	railways	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	4.7699999999999987	3.94	3.54	1.58	1.52	1.4	1.28	1.1399999999999952	0.63000000000000234	0.61000000000000065	0.85000000000000064	0.89	1.04	1.21	0.99	0.66000000000000281	0.98	1.0900000000000001	0.72000000000000064	0.6200000000000021	1.24	1.25	1.1960000000000042	water transport	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	0.21000000000000021	0.38000000000000117	0.56000000000000005	0.75000000000000222	0.94000000000000061	0.75000000000000222	0.59	0.43000000000000038	0.98	8.0000000000000043E-2	6.0000000000000032E-2	1.0000000000000005E-2	1.0000000000000005E-2	1.0000000000000005E-2	1.0000000000000005E-2	1.0000000000000005E-2	1.0000000000000005E-2	2.0000000000000011E-2	1.0000000000000005E-2	3.0000000000000002E-2	0.05	5.8000000000000003E-2	8.0000000000000043E-2	other transport	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	0.44	0.36000000000000032	0.5	0.44	0.67000000000000282	0.51	0.36000000000000032	0.11	1.0000000000000005E-2	0	2.1	2.19	2.63	3.5	0.55000000000000004	0.32000000000000117	2.67	2.6	3.3899999999999997	2.68	2.8	1.8	1.48	1990	Civil aviation	Road transport	Railways	Water transport	Other transport ( Pipeline) 	0.2	2	1	21.6	75.3	2012	Cival aviation	Road transport	Railways	Water transport	Other transport ( Pipeline)	3.1	6.4	0.30000000000000032	5.2	84.9	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	16.62	13.99	13.41	10.16	8.59	7.04	5.88	5.23	4.9800000000000004	5.22	6.31	6.9700000000000024	8.3700000000000028	8.84	9.57	11.71	13.57	15.94	15.263738596344339	15.531864423126301	15.7788385376967	15.84	19.5	Years



1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	0.44	0.36000000000000032	0.5	0.44	0.67000000000000293	0.51	0.36000000000000032	0.11	1.0000000000000005E-2	0	2.1	2.19	2.63	3.5	0.55000000000000004	0.32000000000000123	2.67	2.6	3.4862034186173299	2.7659738383346699	3.6605446867308	1.79	1.48	Years

Тг СО2


1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	4.0000000000000022E-2	0.60000000000000064	1.159999999999995	0.84000000000000064	0.51	0.42000000000000032	0.32000000000000123	0.22	0.34	0.12000000000000002	0.12000000000000002	0.4	0.47000000000000008	0.28000000000000008	0.33000000000000146	0.45	0.45	0.47000000000000008	0.74430911305666703	0.8840510877659995	0.87779017617096922	0.76800000000000246	0.71500000000000064	Years

Тг СО2


1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	4.7699999999999996	3.94	3.54	1.58	1.52	1.4	1.28	1.139999999999995	0.63000000000000245	0.61000000000000065	0.85000000000000064	0.89	1.04	1.21	0.99	0.66000000000000292	0.98	1.0900000000000001	0.96377310216000245	1.0268375226120001	1.2463180943400001	1.4	1.1960000000000044	Годы

Тг СО2


1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	0.21000000000000021	0.38000000000000123	0.56000000000000005	0.75000000000000233	0.94000000000000061	0.75000000000000233	0.59	0.43000000000000038	0.98	8.0000000000000043E-2	6.0000000000000032E-2	1.0000000000000005E-2	1.0000000000000005E-2	1.0000000000000005E-2	1.0000000000000005E-2	1.0000000000000005E-2	1.0000000000000005E-2	2.0000000000000011E-2	3.4226866872000002E-2	3.2524978464000147E-2	5.6004735203999977E-2	8.7000000000000022E-2	7.9890000000000322E-2	Годы

Тг СО2


Производство цемента	1990	1992	1996	1999	2000	2003	2004	2005	2008	2009	2010	2011	2012	598.9	598.9	598.9	598.9	598.9	990.7	1163.9000000000001	1196	1790.4	1546.3	1795.5	2492.9	2744.8	Производство извести	1990	1992	1996	1999	2000	2003	2004	2005	2008	2009	2010	2011	2012	1401.1	1178.7	403.2	463.5	508.5	644.9	704.6	690.7	673.6	593.5	659.2	713.6	689	Производство известняка и доломита	1990	1992	1996	1999	2000	2003	2004	2005	2008	2009	2010	2011	2012	1185.8	827.9	820.2	575.1	833.6	1550	1650.2	1836.4	1975	1617.2	1725.1	1997.2	1913	Кальцинированная сода	1990	1992	1996	1999	2000	2003	2004	2005	2008	2009	2010	2011	2012	45.6	45.7	46.8	47.3	57.1	65	63.8	61.8	69	73.8	115.1	156.5	174.3	Производство аммиака	1990	1992	1996	1999	2000	2003	2004	2005	2008	2009	2010	2011	2012	683.9	423.2	136.5	0	0	48	55.2	7.6	191.7	151.80000000000001	137.80000000000001	192.2	152.30000000000001	Производство карбида кальция	1990	1992	1996	1999	2000	2003	2004	2005	2008	2009	2010	2011	2012	904.8	689.7	198.5	48	31.3	116.3	157.30000000000001	144.80000000000001	93.8	100.9	105.3	81.3	77	Производство кокса	1990	1992	1996	1999	2000	2003	2004	2005	2008	2009	2010	2011	2012	47.4	37.800000000000004	18.8	26.2	28.3	29.8	30.4	28.7	30.9	26.8	26.5	28	20.2	Производство стали	1990	1992	1996	1999	2000	2003	2004	2005	2008	2009	2010	2011	2012	883.6	786.2	423.6	573	668	692.6	718.6	638.9	521.5	473.2	464.9	588.9	360.7	Производство чугуна	1990	1992	1996	1999	2000	2003	2004	2005	2008	2009	2010	2011	2012	7745.3	6593.7	3704.3	5389.2	5782.4	6060.6	6262.2	6155.8	5673	5566.9	4943	5960.9	5488.6	Производство цветных металлов	1990	1992	1996	1999	2000	2003	2004	2005	2008	2009	2010	2011	2012	1696.1	1403.9	852.4	1334.8	1538.8	1953.7	2152.4	2238.9	2197.1	2032.1	2352.6999999999998	2306.9	2343.1999999999998	Производство алюминия	1990	1992	1996	1999	2000	2003	2004	2005	2008	2009	2010	2011	2012	0	0	0	0	0	0	0	0	773.5	925.6	1650.4	1797.7	1799.7	
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IPCC Source Categories  Direct  GHG  Base Year  Estimate  ( 1990/95 )    Current Year  Estimate  ( 2012 )  Level  Assessment  Cumulative  Total of  Column E  Difference  Trend  Assessment  Contribution to  Trend  Cumulative  Total of  Column H  

   CO 2   equivalents (Gg)  

1.AA.1.A    Public Electricity and Heat Production  CO2  109 232,07  91 603,58  33,95  33,95  0,15  5,19  8,45  8,45  

1.B.1.A    Coal Mining and Handling  CH4  37431,2631  24166,16059  8,96  42,91  - 0,20  1,82  2,97  11,43  

1.AA.4.A    Commercial/Institutional  CO2  28 342,46  4 379,93  1,62  44,53  - 5,13  8,32  13,56  24,99  

1.AA.1.C    Manufacture of Solid Fuels and Other  Energy Industries  CO2  25 888,76  9 708,33  3,60  48,13  - 1,32  4,76  7,75  32,74  

4 . A. Enteric Fermentation  CH4  20537,80014  12270,22869  4,55  52,68  - 0,33  1,49  2,44  35,18  

1.AA.3.B    Road Transportation  CO2  16 624,85  19 591,90  7,26  59,94  0,50  3,61  5,88  41,06  

1.AA.4.B    Residential  CO2  16 467,41  8 627,72  3,20  63,14  - 0,56  1,80  2,94  44,00  

1.AA.2.A    Iron and Steel  CO2  11 304,70  8 930,70  3,31  66,45  0,08  0,26  0,43  44,42  

4. D.   Agricultural Soils   (2)  N 2 O  10940,42911  4998,028753  1,85  68,30  - 0,84  1,56  2,55  46,97  

2. C.  Metal Production  CO2  10 324,96  8 771,95  3,25  71,56  0,17  0,55  0,89  47,86  

1.B.2.B .  Natural Gas  CH4  9000,156128  7021,911731  2,60  74,16  0,06  0,17  0,27  48,13  

2.C.1 .   Iron and Steel Production  CO2  8 628,85  5 958,46  2,21  76,37  - 0,10  0,23  0,37  48,50  

1.AA.5  Not included elsewhere  CO2  8 590,52  32 983,01  12,23  88,59  1,08  13,26  21,62  70,12  

1.AA.4.C    Agriculture/Forestry/Fisheries  CO2  7 706,24  2 281,92  0,85  89,44  - 2,03  1,72  2,80  72,92  

1.B.2.C   Flaring  CO2  5 847,09  2 406,09  0,89  90,33  - 1,08  0,97  1,58  74,50  

4.  B.  Manure Management  N 2 O  5762,767509  3272,592184  1,21  91,54  - 0,42  0,50  0,82  75,32  

1.AA.2.F  All other  CO2  4 863,02  7 963,81  2,95  94,49  0,73  2,17  3,53  78,86  

1.AA.C .   Railways  CO2  4 756,61  1 196,77  0,44  94,94  - 2,63  1,17  1,90  80,76  

1.  Cement Production  CO2  3 271,02  2 186,42  0,81  95,75  - 0,15  0,12  0,20  80,96  
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