
 

 

  

Abstract—Some results of greenhouse gas (GHG) inventory are 

presented for Yugra - the largest oil-and-gas producing region of 

Russia. The inventory was carried out on the basis of methodology, 

recommended by the Intergovernmental Panel on Climate Change 

(IPCC) for national inventories. The majority of emission sources in 

Yugra refer to the sector "Energy". The default emission factors of 

IPCC were used for all the sector categories except Fugitive 

emissions from Oil and Natural Gas activities. The regional emission 

factors were calculated for this category on the actual data of oil-and-

gas companies. The regional statistics was the main data source. The 

special attention was paid to the results consistency, so as the 

inventory covered the long period of 20 years (1990-2010). The 

emission trends were analyzed to avoid the mistakes. Emissions were 

also matched with the rates of production. The estimation of feasible 

GHG emissions reduction due to savings of fuel and energy 

resources, as well as increasing the degree of associated petroleum 

gas utilization was done. The regional carbon footprint structure was 

determined. 

 

Keywords—carbon footprint, emissions reduction, greenhouse 

gas inventory. 

I. INTRODUCTION 

HE international greenhouse gas (GHG) management 

system has been working in the world about 20 years, in 

accordance with the United Nations Framework Convention 

on Climate Change (United Nations 1992). 

The system was created for assessing of climatic changes 

due to anthropogenic activity [1], [2], as well as for developing 

and realizing of adequate mitigation measures. 

At present, GHG emissions and removals assessment is 

conducted not only on national level (for example [3], [4], 

[5]), as the Convention requires, but on regional and local 

levels too. GHG inventory enables local governments to create 

an emissions baseline, monitor progress, assess the relative 

contributions of emission sources, and develop a mitigation 
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strategy based on this information [6]. 

The GHG management is an important task for Yugra (or 

Khanty-Mansiysk Autonomous Okrug - KMAO), because this 

region is the main oil-and-gas source in Russia and one of the 

largest oil-producing world regions. Yugra is a leader in some 

basic economic indexes in Russian Federation: 1-st position - 

the oil production, the electric power generation, the industrial 

production volume; 2-nd position - the gas production [7]. 

Yugra has the developed system of pipelines for transport oil 

and natural gas from the deposits, including Yamal peninsula. 

The first GHG inventory in Yugra was carried out in 2004, 

and last year a new one was completed, which included all 

data on emissions and removals over the period of 1990 - 

2010. 

Specialized Informational - Analytical System was created 

for providing the automation, formalization and 

standardization of GHG inventory process. The system is 

described in [8], and it is not considered here. 

II. MATERIALS AND METHODS 

The GHG inventory was carried out according to 2006 

IPCC Guidelines for National Greenhouse Gas Inventories [9], 

adapted to Yugra conditions. The emissions for each category 

were calculated according to (1): 

 

Emission = Activity Data * Emission Factor (1) 

 

The authors have followed to five GHG inventory 

principles: transparency, completeness, consistency, 

comparability, and accuracy.  

All the initial data and emission factors used are compiled 

into separate volume of the inventory report. 

The special attention was paid to the results consistency, so 

as the inventory covers the long period of 20 years. The 

emission trends were analyzed to avoid the mistakes and to 

achieve consistency. Emissions were also matched with the 

rates of production. 

The regional statistics was the main data source. It was 

permanently subjected to different changes in its structure 

during the inventory period. In addition, the data were 

presented in different statistical reports. So, the special 

guidelines were developed by authors (as a separate 

document), to assign the activity data to certain IPCC 

category. These guidelines identified the code of annual 
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statistical report, sheets, tables, and calculation algorithms to 

consolidate the data. 

During the period of inventory the new activity data 

appeared in statistics (such as gas transportation volumes). So, 

the activity data were reconstructed down to 1990. The actual 

calorific values of the fuel were used to convert the activity 

data from mass or volume units to energy units (TJ). 

What about the emission factors for sector 1 - Energy. The 

default emission factors for all the categories, except 1B2 - 

Fugitive emissions from Oil and Natural Gas activities, were 

used (the methodical approach of tier 1). As this category 

input into gross emissions was assessed within 15% - 25%, the 

methodical approaches of tier 2 or 3 were necessary to use, 

involving some specific regional coefficients and parameters. 

The emission factors for this category depend upon a 

number of conditions, such as the output gas-oil ratio (GOR), 

composition of associated petroleum gas (APG), level of its 

utilization, leakage, flaring, and so on. So the additional efforts 

were done to identify the regional actual emission factors. 

The special request was forwarded to all the vertically 

integrated oil companies, which produce oil in the region. The 

companies' data covered more than 70% of oil production 

since 2000. So they might be considered as representative 

data. 

Two emission factors were calculated in the work: the first 

one for APG leakage (all the emissions without flaring and 

utilization), and for APG flaring. Emission factor for APG 

leakage was calculated according to (2) and (3): 
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where: 

i - year, 

j - oilfield. 

 

C
ij
CO2 and C

ij
CH4 are the average concentrations of CO2 and 

CH4 at j oilfield in the year i, 

GOR
ij
 is output gas-oil ratio at j oilfield in the year i, 

V
ij
 is oil production rate at j oilfield in the year i, 

LR
ij
 is APG leakage to APG production ratio at j oilfield in 

the year i. 

The calculation of CO2 emission factor for flaring was a 

little bit more complicated. The mean APG composition was 

assessed for each from j oilfields in the year 1. Then the CO2 

emissions (M
ij
CO2) were calculated on the assumption of 100% 

efficiency of APG oxidation. Calculations were done for each j 

oilfield and year i. Next, the emission factor was calculated 

according to (4): 
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where FRij is the APG flaring to APG production ratio. 

The default and the calculated local emission factors are 

given in Table I.  

 

Table. I. Default IPCC and calculated emission factors 

(Gg/(10
3
 m

3
 of oil produced)). 

 

IPCC 

cate-

gory 

Gas Emission Factor 

IPCC 

default 

Local 

Aver. Value standard 

deviation 

1B2ai Gas removal 

1B2ai СО2 

9,50E-05/ 

1,30E-04 2,78E-05 10,41% 

1B2ai СН4 

7,20E-04/ 

9,90E-04 8,54E-04 10,41% 

1B2aii Flaring 

1B2aii СО2 

4,10E-02/ 

5,60E-02 5,64E-02 10,26% 

 

The comparison shows, that calculated values are within the 

range, indicated by IPCC, but they have much less uncertainty 

interval. 

III. MAIN OUTCOMES OF GHG INVENTORY 

During the work, the GHG cadastres were prepared for each 

year of inventory. Emissions from various greenhouse gases 

were reduced to Carbon Dioxide Equivalent (CO2-e), using 

global warming potentials: methane - 23; nitrous oxide - 296; 

sulfur hexafluoride - 22,200 [10]. 

The dynamics of emissions, removals and net emissions 

(emissions minus removals) of all GHGs is shown on Fig. 1. 

GHG emissions in 2008 and 2010 almost reached the level 

of 1990 (Fig. 1), adopted in the Kyoto Protocol as a base, 

relatively to which the obligations of countries were set out. 

However, the GHG emissions growth, which took place 

from 2000, was more than compensated by the GHG 

absorption (104.2 Kt CO2-e in 2010). 

Since the Kyoto Protocol commitments are set relatively net 

emissions, Yugra meets these obligations with a reserve, which 

is estimated as 60000 Kt CO2-e on 2010 (Table II). 

An average contribution of individual GHGs and economy 

sectors into total emissions is presented in Table III 

(contributions of HFCs, PFCs and SF6 are less than 0.01% and 

they are not shown in the table). 
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Fig. 1. The dynamics of emission and removals of GHGs in 

Yugra in 1990 - 2010. 

 
Table. II. The volumes of GHG emissions and removals in 

2010 in comparison with base of 1990 (Kt CO2-e). 

 

 1990 2010 
2010/ 

1990, % 

Emissions: 130439 123370 94,6 

Energy 129697 122432 94.4 

Industrial 

Processes and 

Product Use 

13 20 153.8 

Agriculture, 

Forestry and 

Other Land Use 

250 104 41.6 

Waste 479 814 169.9 

Removals: -50480 -104229 206,5 

Agriculture, 

Forestry and 

Other Land Use 

-50480 -104229 206,5 

Net emissions: 69908 9832 14,1% 

 
Table. III. An average contribution of individual GHGs and 

economy sectors into total emissions. 

 

Sector СО2 CH4 N2O 

Energy 92,4% 6,8% 0,06% 

Industrial Processes 

and Product Use 
0,02% 0,00% 0,00% 

Agriculture, Forestry 

and Other Land Use 
0,01% 0,06% 0,03% 

Waste 0,01% 0,62% 0,03% 

Total emissions 92,5% 7,4% 0,12% 

 

The data show that the sector "Energy" provides 99.26% of 

the total emissions, including 92.4% of the carbon dioxide 

emissions. 

Dynamics of emissions in 1990 - 2010 tracks the overall 

economic situation in Russia.  

In particular, during the reorganization of the economy 

(1990 - 2000) the volume of oil and natural gas extraction, as 

well as theirs transportation and use gradually decreased. 

Accordingly, the resources of associated petroleum gas 

decreased, as well as the volumes of its leaks and flaring. It all 

leaded to essential reduction of GHG emissions. 

Overall growth in GHG emissions between 2000 and 2010 

was also due to the positive dynamics of the production of 

energy-intensive products and volumes of works and services. 

As it is seen (Fig. 2), growth of the main energy-intensive 

products and services (supply of electricity, oil, condensate 

and natural gas, transportation of gas) varies from 25% to 

55%. 

 

 
Fig. 2. The dynamics of growth of the main energy-intensive 

products and services in Yugra in 2000 - 2010. 

 

The structure of emissions in sector “Energy” in 2010 is 

shown on Fig. 3. 

The main emission sources are: the transportation of natural 

gas on pipelines, the production of electricity and heat, the 

burning of APG in flares, as well as the extraction of crude oil 

and natural gas. Together, they produce 94.6% of all 

greenhouse gas emissions in the sector “Energy”. 

 

 
Fig. 3. The emissions structure in the sector “Energy” in 

2010. 

IV. EMISSIONS REDUCTION POTENTIAL 

About 77% of GHG emissions take place during fuel 

burning for energy purposes, and about 20% - fugitive 

emissions from the activities with oil and natural gas, primarily 

from the burning of APG in flares. Accordingly, the following 

directions of action to reduce greenhouse gas emissions may 

be considered: 

- Improving the energy efficiency of the economy, including 

power generation, industry (excluding APG), transport, 
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municipal and public sector; 

- Reducing the burning of APG in flares. 

Projected savings of fuel and energy resources on years in 

accordance with Energy saving Program of Yugra [11], as well 

as the corresponding values of emissions reductions are 

presented in Table. IV.  

 

Table. IV. The potential of carbon dioxide emission 

reduction due to fuel and energy resources savings in the 

period 2011-2020 (% of emissions in 2010). 

 

 2011 2012 2013 2014 2015 
2016-

2020 

Electric 

energy 0,36 0,37 0,37 0,35 0,33 1,57 

Heat 

energy 0,10 0,11 0,10 0,10 0,09 0,44 

Natural 

gas 0,20 0,19 0,19 0,16 0,16 0,75 

Sum in 

a year 0,66 0,68 0,66 0,60 0,58 2,76 

Sum 

from 

2011* 0,66 1,34 2,00 2,60 3,18 5,95 

* Sum with accumulation 

 

The reduction of carbon dioxide emission was calculated in 

the program with the accumulation, since the activities 

undertaken in one year continue to bring savings of fuel and 

energy resources in the following years too. 

The data of the Department of subsoil using of Yugra about 

the APG production and flaring were used for assessing the 

potential for reducing of CO2 emissions due to increasing the 

degree of APG utilization from the current 86.4% (in 2010) till 

the standard 95%. 

The potential was estimated for the current volume of oil 

production, the average gas-oil ratio and the weighted average 

of emission factor for the period of inventory , and it amounted 

8720 Kt CO2, or 7.07% of emissions volume. 

Thus, the total planned reduction of greenhouse gas 

emissions in Yugra is about 13% by 2020. 

V. ROLE OF JOINT IMPLEMENTATION PROJECTS IN GHG 

EMISSIONS REDUCTION 

According to information of the operator of carbon units in 

Russia, 5 projects of joint implementation (JI) were approved 

in Yugra, and now 5 more similar projects are on 

consideration. Also, there is a potential for registration as JI 

project for at least another 11 projects. 

In 2010 the average annual reduction of greenhouse gas 

emissions on completed projects amounted to about 8500 Kt 

CO2-e, or 6.9% of total emissions.  

That is, in the absence of energy-saving projects in Yugra, 

total GHG emissions volume might exceed the base level of 

1990 already in 2007. 

VI. CARBON INTENSITY OF DIFFERENT SECTORS 

Some annual local statistical reports include an information 

on the fuel, power and heat consumption for the production of 

specific energy intensive products (such as power, heat, oil and 

gas-condensate) and activities (such as natural gas 

transportation, natural gas boosting, etc.).  

This information allows assessing the carbon intensity of the 

products and works. Such assessment was done with the use of 

the equation (5): 

 

CIi = fi*EFf + pi* EFp + hi* EFh (1) 

 

where CIi is the carbon intensity of i product or activity, 

fi, pi, and hi are the specific fuel, power and heat  

consumption per unit of product or activity, 

EFf, EFp, EFh are the emission factors for the fuel used, 

power production (grid factor) and heat production. 

The relative changes in carbon intensity for different kind of 

activities are shown on the Fig. 4. The year 2003 is taken as a 

basis.  

 

 
Fig. 4. The carbon intensity for different activities in Yugra 

in 2003 – 2010. 

 

The raise of carbon intensity of the oil and gas-condensate 

production and natural gas boosting might be explained by 

deposits depletion. Reduction of the gas transportation carbon 

intensity takes place due to the substitution of the out-of-date 

equipment by efficient modern models. 

Basing on the results obtained authors have identified at a 

first approximation the structure of the total carbon footprint 

of Yugra. 

The carbon footprint is defined in [12] as “a measure of the 

total amount of carbon dioxide (CO2) and methane (CH4) 

emissions of a defined population, system or activity, 

considering all relevant sources, sinks and storage within the 

spatial and temporal boundary”. 

To avoid the carbon double counting and the distortion of 

the whole picture the carbon emissions due to power and heat 

production (except district heating and power production for 
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export to other regions) are assigned to the end users. The 

production of the odd power which is exported to the neighbor 

regions and district heating are considered as free-standing 

kinds of activities. The usage of power and heat for own needs 

of generating companies is charged to their footprint. 

The structure of the overall Yugra carbon footprint is shown 

on the Fig. 5. 

 

 
Fig. 5. The Yugra carbon footprint structure in 2010. 

 

First of all one can see, that this kind of statistical report 

provides more detailed information about the structure of the 

fuel and energy resources use.  

Secondly, the structure of carbon footprint differs from that 

of the carbon emissions. Most of the carbon emissions from 

power production are assigned now to other sectors, such as 

oil production, power export to other regions, etc. 

The data on carbon intensity and carbon footprint structure 

give good informational basis for development of the Regional 

Low-Carbon Strategy. 

VII. CONCLUSIONS 

1. KMAO - Yugra is one of the main regions of Russia on 

greenhouse gases emissions. 

A growth in GHG emissions was observed in Yugra from 

2000 to 2010 due to the positive dynamics of the production of 

energy-intensive products and volumes of works and services. 

In 2010 GHG emissions almost reached the level of 1990, 

adopted in the Kyoto Protocol as a base. However, this growth 

was more than compensated by the absorption of GHG. As a 

result, net GHG emissions decreased in 2010 compared to 

1990. Since the Kyoto Protocol commitments are set relatively 

net emissions, Yugra meets these obligations with a reserve, 

which is estimated as 60000 Kt CO2-e on 2010. 

2. The joint implementation projects brought an important 

contribution to the GHGs reduction in Yugra. In 2010 the 

average annual reduction of greenhouse gas emissions on 

completed projects amounted to about 8500 Kt CO2-e, or 6.9% 

of total emissions. Now 5 similar projects are on consideration 

and at least another 11 projects have a potential for 

registration. 

3. Yugra has good prospects for further reduction of GHG 

emissions. In accordance with regional energy saving program, 

the total reduction of greenhouse gas emissions is planned 

about 13% by 2020. 

4. The data on carbon intensity and carbon footprint 

structure of Yugra, obtained during the GHG inventory, may 

be used as an informational basis for development of the 

Regional Low-Carbon Strategy. 
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