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EXECUTIVE SUMMARY 

The Russian Arctic Zone (RAZ) is a dynamically developing oil producing region: between 2010 and 
2017, production increased from 45.4 to 66.4 Mt per annum. Consequently, the production of 
associated petroleum gas increased from 9.1 bcm in 2010 to 23.2 bcm in 2017. There are three 
regions of the RAZ, where oil and APG are produced: Yamalo-Nenets Autonomous Okrug, Nenets 
Autonomous Okrug and Krasnoyarsk Krai (Turukhansky District). APG production in the RAZ is 
expected to increase to 30 bcm per annum by 2025 (due to the commencement of the commercial 
development of new oil fields). 

Where facilities to utilize APG are absent or insufficient, producers have to flare APG in some 
fields. In some years, up to half of the APG produced in the RAZ was flared. The system of 
administrative and economic incentives for reducing APG flaring has been adopted since 2009 by 
the Russian Government. The main measures include the following:  

 requiring a minimum APG utilization rate of 95% in all Oil Development Plans;  
 charging additional penalties for any pollutant emissions beyond the 5% limit (i.e. through 

a multiplier on the standard emissions payments rate);  
 allowing companies to deduct the cost of APG utilization investments from their emissions 

payments. 

While APG utilization programs, being implemented at oil fields, assume 95% level of utilization, 
relevant infrastructure development is often delayed, so actual utilization rates lag behind these 
goals. Where infrastructure development is delayed or insufficient, flaring in excess of the 
mandated limit is necessity (in case the operator wants to produce oil), with the payment of the 
increased emissions payments. In greenfield developments, flaring rates above 5% are permitted 
for three years after the depletion rate has exceeded 1% but has not reached 5%. As a result, APG 
utilization in the RAZ has only reached 51% (2012), well below the target of 95%. 

The main applications for APG utilization are: reinjection, including enhanced oil and gas recovery; 
power generation and own consumption; and gas delivery to third parties, including Gazprom GTS. 
The most important of these currently in the RAZ is sales to third parties (72% of recovered gas in 
2016), which relies on adequate transport infrastructure.  

To maintain and increase APG utilization in the RAZ, given the expected increases in production, 
will require additional investment in utilization capacity. Of the 24 bcm utilization capacity added 
from 2010 to 2016, most of this was for gas delivery to third-party consumers, amounting (14.5 
bcm, 60%), followed by electricity generation and own consumption capacities (4.8 bcm, 20%) and 
reinjection (4.7 bcm, 20%). A similar investment in APG processing capacity (24.9 bcm) was also 
added during this period since only in rare cases is APG used without processing for own 
consumption or power generation. Utilization capacities are estimated for the peak production of 
APG, therefore the commissioning of the utilization capacities in 2010-2016 exceeds the volumes 
of APG production. 

This report presents the results of a comprehensive analysis of historical (period 2010-2016) and 
forecasted (till 2025) APG production and reduction of SLCP emissions from APG flaring in the 
Russian Arctic zone (RAZ) in different production and utilization scenarios. Three scenarios for APG 
utilization in 2017-2025 are assessed in this report: 

i) Business as Usual (BaU) assumes the delay of implementation of APG utilization 
programs, based on the actual implementation dates of gas investment programs 
starting from 2010. This would mean delays in reaching the goal of 95 % APG. Under 
BAU and the Reference production scenario, the projected level of utilization of APG 
would be 71-78% in 2017-2025.  
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ii) On-going Investment assumes that the goals of the corporate APG utilization 
investment programs are met according to their current official schedule.Under On-
going investment and the Reference production scenario, the level of utilization of 
APG will grow from 78% in 2017 to 94% in 2023-2025. 

iii) Best Available Technology (BAT) - Best Environmental Practices (BEP) assumes the 
implementation of BAT-BEP for all the greenfield oil developments, based on the 
completion of necessary infrastructure to meet the APG utilisation targets. This 
scenario assumes that greenfields produce best results in terms of keeping the 
schedule of constructing facilities and increasing the level of utilization. In 
comparison with On-going investment activity scenario, the level of utilization on 
greenfields will be higher (around 97 %) and will be reached faster. 

The On-going Investment scenario requires the addition of 22.0 bcm per year of utilization 
capacity from 2017 to 2026, which would be split between reinjection (8.2 bcm, 37%), delivery to 
third-party consumers (7.6 bcm, 35%), and power generation/own consumption (6.2 bcm , 28%). 
The largest addition of capacities for the entire period is the commissioning of gas injection 
infrastructure in the Novoportovskoye field by Gazprom Neft in 2018. At present, the first stage 
of the gas treatment plant (~3 bcm per year) has been built at the Novoportovskoye field and gas 
reinjection started in 2017. By the end of 2018, the construction of the second stage of the gas 
treatment plant is expected to be completed, with a total investment of approximately 0.6 bln US 
dollars for the entire construction period. Total utilization after commissioning of the second stage 
will be 5 to 8 bcm per year in 2019-2025. 

This analysis also includes BerezkaGaz APG utilization project implemented at the Salym-Shapsha 
group of fields. This project covers the construction of 4 large facilities with a total investment of 
4.4 bln rubles (77 mln US dollars). The infrastructure includes gas processing facilities (0.22 bcm 
per year) and the capacity for power generation (0.06 bcm per year). 

Short-Lived Climate Pollutants (SLCPs) generated from APG originate not only from the flaring of 
APG, but also from the production and utilization of APG, although flaring is the main source of 
such releases. During the 2010-2016 period, for example all of the Black Carbon (BC) (15-30 
thousand tons per year) and more than half of methane (20-35 thousand tons per year) came from 
APG flaring. This Report also analysed NMVOC, CO and NOx emissions1, which are not SLCPs 
themselves, but lead to the formation of tropospheric ozone, which is an SLCP. More than half of 
the NMVOCs (15-20 thousand tons per year), CO (180-300 thousand tons per year) and NOx (11-
17 thousand tons per year) come from flaring. At the same time, BC is the main pollutant in terms 
of the negative impact on climate change, accounting for more than 94% of carbon dioxide 
equivalent (CO2e) emissions from APG related activities in the RAZ in 2010-2016. 

The current regulatory system is aimed mostly at achieving the target level of APG utilization 
(95%), rather than increasing the efficiency of APG flaring. The rate of payment for soot flaring of 
APG in the Arctic in 2020 will amount on average to 0.01 USD per ton compared to 0.09 USD per 
ton for soot-free flaring, which does not stimulate the transition to soot-free flaring. At the same 
time, the rate of payment for above-the-limits flaring of APG starting from 2020 exceeds the 
charge for flaring within “standard” 5% by 100-2500 times (depending on investments in APG 
utilization. 

                                                           

1 Non-Methane Volatile Organic Compounds (NMVOCs), Carbon Monoxide (CO) and Nitrogen Oxides (NOx) 
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The forecasts of SLCPs releases in the RAZ up to 2025 demonstrate the critical importance of APG 
utilization. The BAT-BEP scenario reduced BC emissions by 22% compare to On-going Investment 
and 50% in compared to the BAU scenario. For methane, the reductions are 24% and 65%, 
respectively. This is due to two main factors: the increase in the level of APG utilization and the 
increase in the efficiency of flaring. Reducing the share of soot flaring is a critical driver of emission 
reductions. Analysis of specific options for reducing SLCP releases and monitoring their 
effectiveness (including, for example, the projects of BerezkaGaz and Gazprom Neft) is expected 
to be carried out at the further stages of the Project. 

Another Project task was to identify discrepancies in methodologies for estimating emissions of 
selected SCLPs from APG flaring, production and utilization. Although the overall approaches to 
quantifying emissions from flaring and fugitive emissions from APG-related activities are broadly 
similar in the countries reviewed (i.e. Russia, Norway, Canada, USA, and UK), there are also 
important differences. In Russia, multiple methodologies are approved for estimating emissions 
from APG-related activities, and they vary significantly in age, prescribed approaches and emission 
factors. Methodologies are often incorporated in commercial software that ensures their uniform 
application.  

Direct measurement of emissions is also included in some methodologies with detailed standards 
for measurement instruments. Russian emission factors (EFs) from APG flaring are on the lower 
end of the international range where soot-free conditions for flaring are implemented2 but are 
several times higher than EFs of other countries if this condition is not met (i.e. where soot is 
produced during flaring). An important consideration when estimating these emissions is the 
temporal variability of gas flow and its composition sent for flaring, which affects the conditions 
needed for soot-free flaring. Russia, like more other countries, estimates fugitive emissions of 
methane and other volatile organic compounds (VOCs) from APG production and utilization based 
on the equipment used and typical loss rates, although some of the methodologies might not 
include all potential emission sources.  

Systematic Leak Detection And Repair (LDAR) programmes, which are gradually being introduced 
in major oil and gas-producing countries as an effective measure to identify and eliminate leaks, 
are not yet a widespread practice in Russia outside of gas transmission systems. While there is no 
perfect system estimating SLCP emissions from such a complex industry, as oil and gas. However, 
with an increasing focus on sustainability of fossil fuels and their role in the future energy mix, 
growing number of companies and countries are focusing on reducing uncertainty in their SLCP 
inventories. These improved estimates would also provide a more reliable baseline for 
documenting their efforts in mitigating these emissions.  

Finally, this analysis provides a review of the application of Traditional Local Knowledge (TLK) by 
the oil and gas industry and, specifically, in interventions associated with APG production and 
utilization. The team found very few examples of successful collaboration between indigenous 
communities and the operators of the oil and gas industry that involved the application of TLK. 
The barriers to wider application of TLK include practical problems, as well as a fundamental lack 
of trust between indigenous communities and the oil industry, including the issue of property 
rights for TLK. Nevertheless, there are opportunities for mutually-beneficial cooperation between 
oil and gas companies and indigenous people in the Arctic, which could be achieved through 
building a trust-based, long-lasting relationship between the industry and these local 
communities.  

                                                           

2 See Information box 2 in Chapter 4 for more details. 
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INTRODUCTION 

Nordic Environment Finance Corporation (“NEFCO”) is an international financial institution 
established by the five Nordic countries. NEFCO finances and invest into the sustainable 
development projects with focus on Eastern Europe and manages a number of Trust Funds 
through which it facilitates the financing of green growth and climate business projects across the 
world. 

As part of its Trust Fund management, NEFCO acts as the Fund Manager for the Project Support 
Instrument (PSI) of the Arctic Council. In this capacity NEFCO monitors the implementation of and 
administers the funds allocated by the PSI Committee (PCOM) for the Arctic Contaminants Action 
Program Working Group (ACAP WG) approved project: “Mitigation of Short Lived Climate 
Pollutants from APG - flaring” (the “Project”).  

The purpose of the Project is to address SLCPs (primarily Black Carbon, Methane and non-methane 
Volatile Organic Compounds) emissions associated with APG flaring impacting the Arctic Zone 
environment. The Project is to be implemented in a number of phases.  

ACAP approved the Project in March 2017 and the PSI Committee, on 28 March 2017, approved 
implementation of the first phase of the Project, Phase 1a. The Phase 1a task is to carry out an 
"Evaluation of potential impact of APG-flaring on the Arctic Zone environment", including an 
assessment of current and near term impacts associated with APG flaring and mitigation of SLCP 
emissions (i.e. methane, non-methane VOC, black carbon) and further detailed cost of the Project 
(the “Assignment”).  

The Phase 1a of the Project was organized and implemented by Vygon Consulting LLC (“the 
Consultant”) and includes engagement of Carbon Limits (CL) and cooperation with BerezkaGas 
(BG) and Gazprom Neft (GPN). The stakeholders of the Project are identified as follows: 

 The Arctic Council, including the Arctic Contaminants Action Program Working Group and 
Expert Groups, dealing with SLCP; 

 Gazprom Neft, PJSC – Russian oil and Gas Company (“Gazprom Neft”), is implementing 
one of the largest upstream oil and gas projects in the Russian Arctic Zone (including at 
the Novoportovskoye and Messoyakha oil and gas condensate fields in Yamalo-Nenets 
Autonomous District and at the Prirazlomnoye oil field); 

 BerezkaGas Company LLC – is a company specialized in construction and operation of 
associated petroleum gas (APG) processing complexes, electricity generation and 
exporting of received final products; 

 Carbon Limits – a consulting company, in Norway, with a focus on mitigation in the oil and 
gas sector, carbon and climate finance, emission reduction policies. Author of the Swedish 
EPA Trust Fund financed report to NEFCO on “Black carbon emissions from gas flaring in 
Russia”; 

 Vygon Consulting – an independent national energy sector advisor. The company’s main 
activity is strategic consulting for business, analytical support for public authorities, 
energy sector research; 
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 The Russian Government (primarily through the Ministry of Natural Resources and 
Environment, the Ministry of Energy, the Ministry of Economic Development, but also 
other Ministries, as relevant).  

The objective of the Phase 1a Assignment is for the Consultant to carry out an evaluation of the 
potential impacts of APG flaring on the Arctic environment and on ways to achieve reductions in 
the release of SLCP (i.e. black carbon, methane and non-methane VOCs) from APG flaring and 
detailed costing of the Project. This report presents the results of a comprehensive analysis 
(period 2010-2016) and projections (till 2025) of APG production and reduction of SLCP emissions 
from APG flaring in the Russian Arctic zone (RAZ) in different production and utilization scenarios. 
Gas programs of Novoportovskoye oil field (GPN) and of Salym-Shapsha group of oil fields (BG) 
are highlighted in the Report, an assessment of related environmental impacts from the assets of 
Novoportovskoye (GPN) and Salym-Shapsha group (BG) of oil fields is presented. Traditional and 
local knowledge (TLK) was analysed and taken into account within the Project work. Discrepancies 
in approaches for estimation of emissions of SLCP were identified and recommendations for 
improving SLCP emissions estimates were prepared. 
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1. EVALUATION OF APG CONNECTED SLCP RELEASE IN RUSSIAN ARCTIC ZONE 

The paragraph presents the evaluation of APG related emissions in the RAZ in 2010-2016. The 
evaluation includes emissions from APG production (from wells to oil processing units where APG 
is separated), utilization (including power generation, gas reinjection and delivery) and flaring. 
APG related emissions were estimated for all oil fields in the RAZ, where commercial development 
started before 2017 (90 oil fields). 

1.1. Production of APG and SLCP Release 

The specificity of APG production is that it is a byproduct of oil production. There are three regions 
of Russian Arctic zone, where oil is produced: Yamalo-Nenets Autonomous Okrug, Nenets 
Autonomous Okrug and Krasnoyarsk Krai (Turukhansky District) (Figure 1). Prirazlomnoye oil field, 
which is the only offshore oil field operating in Russian Arctic zone, is included in Nenets 
Autonomous Okrug. 

Figure 1 – Oil and APG production in Russian Arctic zone in 2016 

 
1 – Including Prirazlomnoye oil field 
2 – APG is produced in the Turukhansky District 
Source: MNRE, Vygon Consulting analysis 

Main upstream oil companies, operating in Russian Arctic zone, are Rosneft, Gazprom Neft, Lukoil, 
Novatek, Zarubezhneft. The majority of producing oil fields in 2010-2016 is located in Yamalo-
Nenets Autonomous Okrug (Table 1). 
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Table 1 – Number of producing oil fields and main oil companies, operating in Arctic regions 

Region Number of oil fields  Main oil companies 

Yamalo-Nenets Autonomous Okrug 56 
Rosneft, Gazprom Neft, Lukoil, 
Novatek 

Nenets Autonomous Okrug1 32 
Lukoil, Rosneft, Zarubezhneft, 
Gazprom Neft 

Krasnoyarsk Krai 2 Rosneft 

Arctic total 90 
Rosneft, Gazprom Neft, Lukoil, 
Novatek, Zarubezhneft  

1 –Including Prirazlomnoye oil field 
Source: MNRE, Vygon Consulting analysis 

The volumes of produced APG were increasing continuously in years 2010-2016 as a result of new 
oil fields deployment (Table 2; Table 32 and Table 33 Annex A). Total APG production in Russian 
Arctic zone had grown more than twice, from 9.1 billion cubic meters in 2010 to 20.9 billion cubic 
meters in 2016. In 2016, about 90 % of APG was produced in Yamalo-Nenets Autonomous Okrug 
and Krasnoyarsk Krai. This is due to the high level of oil production in these regions and the high 
gas to oil ratio (GOR). 

Table 2 – APG production in Arctic regions in 2010-2016, bcm 

Region 2010 2011 2012 2013 2014 2015 2016 

Yamalo-Nenets 
Autonomous Okrug 

6.5 6.5 7.5 7.2 7.2 7.5 10.7 

including: 
Novoportovskoye oil field 

- - 0.001 0.002 0.014 0.032 0.708 

Nenets Autonomous 
Okrug 

1.0 1.3 1.3 1.5 1.5 1.8 1.6 

Krasnoyarsk Krai 1.6 3.4 5.1 6.1 7.4 8.8 8.7 

Arctic total 9.1 11.3 13.9 14.8 16.1 18.1 20.9 

Salym-Shapsha group of 
oil fields 

- 0.026 0.265 0.323 0.342 0.334 0.347 

Source: MNRE, CDD FEC, Vygon Consulting analysis 

The production at the Novoportovskoye oil field and the Salym-Shapsha group of oil fields in 2016 
was quite high in comparison with the rest of the new Arctic fields (Figure 2; Annex A, Table 33). 
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Figure 2 – APG production breakdown by greenfields and brownfields in 2016 

 
Source: MNRE, Vygon Consulting analysis 

APG is a mixture of gases and vaporous hydrocarbon and non-hydrocarbon components, dissolved 
within the oil and the gas-cap gas (gas residing above oil in a reservoir) producing through oil wells. 
The amount and composition of APG vary depending on the oil reservoir, extraction technology 
used, degree of depletion of the reservoir, and other factors. Therefore, average composition of 
APG varies with time, depending on assets being developed. APG in the Arctic zone is 
characterized by a higher methane content in comparison to average value for Russia. Methane 
content was over 80 % vol. in 2016 (Table 3). 

Table 3 – An average component composition of APG, % vol. 

Year Methane NMVOC Nitrogen Carbon dioxide Hydrogen sulphide 

Russian Arctic zone 

2010 76.366 21.886 1.269 0.372 0.001 

2016 82.972 15.370 1.195 0.373 0.001 

Novoportovskoye oil field 

2016 77.902 20.990 0.010 1.098 - 

Salym-Shapsha group of oil fields  

2016 74.524 20.716 1.993 2.727 - 

Source: MNRE, BG, Vygon Consulting analysis 

For the purpose of the Project production of APG includes the relevant activities from production 
of crude oil to the APG separation3. Production facilities causing pollutant emissions include: 

                                                           

3 This corresponds to IPCC classification code ‘1 B 2 a iii 2’ (oil production and upgrading) , the only difference 
being that gas reinjection is excluded from oil production stage in the purpose of the project. APG reinjection 
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 Groups of wells, which usually includes the following fugitive emissions objects: 
o Pumping equipment; 
o Valves 
o Gathering lines; 
o Automatic pad metering station (APMS); 

 Oil transmission system (between groups of wells and oil processing facilities); 
 Central collection station with oil processing unit, which includes, but is not limited to the 

following objects: 

o Gas inlet unit; 
o Boiler, including emergency fuel tank; 
o Regeneration unit of triethylene glycol; 
o Manufacturing buildings; 
o Steam columns; 
o Flare separator; 
o Reagent pump unit; 
o Gas vent stack; 
o Cold vent stack; 
o Triethylene glycol storage tank; 
o Drainage tank of triethylene glycol; 
o Regenerated triethylene glycol air-cooling unit; 
o Compressed gas air-cooling unit; 
o Steam columns air-cooling unit. 

Wells and field pipelines emissions are related to equipment leaks at valves, flanges, connectors 
and other equipment4. However, greater share of emissions is produced by central collection 
station with oil processing unit. 

The estimation is based on the composition of APG and technical losses standards, issued by ME. 
Technical losses standards take values from 0.00003% to 4% for specific fields. This standards take 
into account all the facilities mentioned above. The composition of APG directly influences the 
composition of emissions. The volume of methane released into the atmosphere increased from 
8.5 thousand tons in 2010 to 9.1 thousand tons in 2016, the volume of NMVOC (ethane, propane, 
butane, pentane, hexane and heavier hydrocarbons) decreases from 8.4 thousand tons to 7.3 
thousand tons (Table 4). Modern equipment used at the Novoportovskoye field determines the 
low level of losses. At the Novoportovskoye field production losses amount to only 0.008%, at the 
Salym-Shapsha group of fields – to 0.0004%, while at other fields in the Russian Arctic the losses 
on average make up 0.08 %, at greenfields – 0.12 %. At the same time, at many fields the loss 
standards are several times higher than the losses at the Novoportovskoye field. For example, at 
the Yarudeyskoye field (NOVATEK), the losses are 0.2294%, at the D. Sadetskiy West Khosedayu 
field (Zarubezhneft) – 0.857 %.  

                                                           

is treated as utilization, and related emissions are estimated in paragraph 1.2. IPCC classification is provided 
in IPCC Guidelines for National Greenhouse Gas Inventories, Volume 2, Chapter 4 (http://www.ipcc-
nggip.iges.or.jp/public/2006gl/vol2.html) 

4 Oil and Gas Methane Partnership Technical Guidance Documents, Technical Guidance Document Number 
2: Fugitive Component and Equipment Leaks (http://www.ccacoalition.org/en/resources/technical-
guidance-document-number-2-fugitive-component-and-equipment-leaks) 
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Table 4 – Methane and NMVOC emissions, connected with APG production, in 2010-2016 

Name of a pollutant 2010 2011 2012 2013 2014 2015 2016 

Russian Arctic zone, kt 

Methane 8.5 8.9 7.6 7.6 7.8 8.2 9.1 

NMVOC  8.4 9.3 7.8 7.8 7.7 8.1 7.3 

Including: Novoportovskoye oil field, t 

Methane - - 0.03 0.08 0.63 1.41 31.29 

NMVOC  - - 0.01 0.02 0.17 0.34 5.86 

Salym-Shapsha group of fields, t 

Methane - 0.06 0.61 0.75 0.79 0.77 76.12 

NMVOC  - 0.04 0.27 0.23 0.21 0.17 8.66 

Source: Vygon Consulting analysis based on production data (Table 2) and technical losses 
standards, issued by ME 5 

There were other pollutant emissions, connected with APG production, but their volumes were 
insignificant. Hydrogen sulphide fugitive emissions appeared to be no more than several tons, as 
its share in APG composition is very low (Table 3). 

1.2. APG Utilization by Applications 

Main applications for APG utilization analyzed in this paragraph are6: 

 Reinjection (including enhanced oil and gas recovery (EOR/EGR)); 
 Power generation and own consumption; 
 Gas delivery to third parties (including Gazprom gas transport system (GTS)). 

Processing often takes place at GPP on fields, but in terms of the Project it is not considered as a 
separate application of APG utilization, because gas is directed for above-mentioned applications. 
In some cases, APG is used for power generation or reinjection without processing (Figure 9). 
Usually this happens on remote fields.  

                                                           

5 Orders of the Ministry of Energy of the Russian Federation: 1.3.2007 №56, 29.12.2010 №646, 30.12.2011 
№636, 30.12.2011 №637, 29.12.2011 №631, 15.3.2011 №77, 5.6.2012 №282, 15.3.2012 №107, 
30.11.2016 №1271, 21.12.2016 №1370, 18.11.2016 №1225, 14.7.2016 №670, 10.8.2016 №798, 9.9.2016 
№935, 8.12.2016 №1304, 7.11.2016 №1188, 7.11.2016 №1187, 1.11.2017 №1048, 26.9.2017 №888, 
25.12.2017 №1210, 23.8.2017 №791, 20.12.2017 №1193, 7.9.2017 №848. 

6 These applications correspond to IPCC classification codes 1 B 2 a iii 2 (reinjection), 1 A 1 c ii (stationary 
combustion), 1 B 2 b iii 4 (transmission and storage). . IPCC classification is provided in IPCC Guidelines for 
National Greenhouse Gas Inventories, Volume 2, Chapter 2 and 4 (http://www.ipcc-
nggip.iges.or.jp/public/2006gl/vol2.html) 
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Figure 3 – APG utilization basic configuration 

 
Source: Vygon Consulting 

Specific volumes of pollutant emissions from the GPP directly depend on the required level of 
processing and gas treatment for further sales. Therefore pollutant emissions that occur at GPP 
are included in related gas utilization application emission volumes.  

Most of APG was delivered to third parties (in 2016 – 72 % of utilized gas) (Figure 4). A significant 
increase in APG delivery volumes in 2015 is connected with the developed of transportation 
facilities from some major oil fields. 



 

 

14 

 

Figure 4 – APG utilization by applications in the RAZ in 2010-2016, bcm 

 
Source: MNRE, Vygon Consulting analysis 

In particular, the implemented gas program of the Novoportovskoye field until 2016 implied the 
utilization of APG for its own consumption (Table 5).  

Table 5 – APG utilization by applications for Novoportovskoye field in 2010-2016, MMcm 

Application 2010 2011 2012 2013 2014 2015 2016 

Novoportovskoye oil field 

Own consumption - - - 0.3 0.8 2.4 71.8 

Shalym-Shapsha groups of oil fields (BG) 

Gas delivery to third 
parties  

- - 193.4 208.2 221.8 228.5 238.9 

Power generation - 26.4 32.8 49.1 56.9 61.0 61.7 

Source: MNRE, BG, Vygon Consulting analysis 

At the Salym-Shapsha group of fields, APG is mainly used for power generation and gas supply to 
third parties. Gas programs for these fields are reviewed in detail in paragraph 2. 

Pollutant emissions have been estimated based on characteristics of required facilities for every 
APG utilization application. There are several related sources of pollutant emissions (besides GPP 
or equivalent units) for each application. These facilities will be listed below for each application. 
Emission factors, provided by local methodological guidelines7, approved by authorities, were 
primary used to assess pollutant releases from each facility. Other related methodologies, used to 

                                                           

7 2-1.19-128-2007 ‘Technical emission factors and equipment leaks standards’ (2007) Gazprom technical 
guidance documents 
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calculate emission factors, will be described below by each application. Applied emission factors 
are shown in Table 53 (Annex F). 

Gas is injected into the reservoir for underground storage or to maintain pressure/enhance oil and 
gas recovery. The sources of pollutant emissions from gas injection include: 

 Gas processing plant (GPP) 
 Booster compressor station (BCS)/Steam ejector, where APG is compressed in the 

purpose of reinjection 
 Injection pumping station 
 Valves 

To assess pollutant emissions, connected with BCS, emission factors from Gazprom catalogue for 
gas-compressor plants8 were used. 
Methane and NMVOC emissions occur due to equipment leaks, while NOx and CO releases occur 
due to fuel combustion in booster compressor stations. Pollutant emissions from APG reinjection 
in the RAZ were insignificant (Table 6).  

Table 6 – Pollutant emissions from APG reinjection in the RAZ in 2010-2016, kt 

Name of pollutant 2010 2011 2012 2013 2014 2015 2016 

Methane  0.08 0.08 0.08 0.10 0.40 0.19 0.19 

NMVOC 0.00 0.01 0.01 0.01 0.01 0.00 0.00 

NOx 0.13 0.14 0.14 0.16 0.54 0.26 0.26 

CO 0.31 0.34 0.33 0.39 1.28 0.62 0.62 

Source: Vygon Consulting analysis 

For power generation and own consumption, the sources of pollutant emission include: 

 Gas processing plant (GPP) 
 Booster compressor station (BCS)/Steam ejector (SE), where APG is compressed to 

transmit it to power generation facilities 
 Gas-turbine electric power plant (GTEPP) / Gas engine electric power plant (GEEPP) 
 Boiler /oil heating unit. 

Most of APG, utilized to generate power, is combusted in GTEPP (about 3/4), while the rest is used 
in GEEPPs. Emission factors based on BAT guidance ‘Fuel combustion in large power facilities’9, 
along with Gazprom technical guidelines10 were used to estimate pollutant emissions connected 

                                                           

8 2-3.5-039-2005 ‘Gas-turbine gas-compressor plants emission factors’ (2005) Gazprom technical guidance 
documents 

9 Federal Agency on Technical Regulating and Metrology (2017) BAT technical informational guidance ‘Fuel 
combustion in large power facilities’ 

10 2-1.19-128-2007 ‘Technical emission factors and equipment leaks standards’ (2007) Gazprom technical 
guidance documents 
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with GTEPP. To assess the volumes of pollutant emissions, connected with power generation on 
GEEPP data presented by BG was used. 

The volumes of pollutant emissions from power generation and own consumption raise as the 
volumes of APG utilized for this application increase (Table 7). Methane fugitive emissions occur 
due to equipment leaks and incomplete combustion in gas turbines and gas engines. NOx and CO 
emissions are connected with gas combustion in power generation units. The volumes of NMVOC 
releases are insignificant, because higher hydrocarbons are separated from fuel gas before 
combustion at GTEPPs and GEEPPs11. 

Table 7 – Pollutant emissions from power generation and own consumption in the RAZ, kt 

Name of pollutant 2010 2011 2012 2013 2014 2015 2016 

Methane  1.59 2.05 2.12 2.34 3.01 4.30 4.50 

NMVOC 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

NOx 2.33 2.97 3.01 3.32 3.97 5.52 5.65 

CO 3.02 3.84 3.90 4.31 5.14 7.15 7.33 

Source: Vygon Consulting analysis 

For delivery to third parties, the sources of pollutant emission include: 

 Gas processing plant (GPP) 
 Booster compression station (BCS) )/Steam ejector (SE), where APG is compressed for 

transmission 
 Gas pipelines 

Pollutant emissions from gas delivery to third parties include NOx and CO emissions, released due 
to combustion in main compression station, and fugitive emissions of methane, released as 
equipment leaks on BCS and while transmitting through pipelines (including leaks at valves, 
flanges etc.). Before APG delivery to GTS, higher hydrocarbons are separated from gas. Gas, being 
transmitted via GTS, usually has more than 95 % volume ratio of methane, therefore, NMVOC 
emissions are insignificant. 

Table 8 – Pollutant emissions from gas delivery to third parties in the RAZ, kt 

Name of pollutant 2010 2011 2012 2013 2014 2015 2016 

Methane  0.33 0.33 0.37 0.40 0.50 1.02 1.14 

NMVOC 0.02 0.02 0.02 0.02 0.02 0.03 0.03 

NOx 0.57 0.56 0.63 0.69 0.84 1.58 1.77 

CO 1.69 1.66 1.86 2.04 2.49 4.70 5.26 

Source: Vygon Consulting analysis 

Pollutant releases intensity differ significantly among applications. Although the majority of APG 
was delivered to third parties during years 2010 - 2016, greater share of methane emissions was 
connected with power generation and own consumption (Figure 5). 2.9 billion cubic meters of 

                                                           

11 Federal Agency on Technical Regulating and Metrology (2017) BAT technical informational guidance ‘Fuel 
combustion in large power facilities’ 
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APG were utilized for power generation and own consumption in 2016, while 12.7 billion cubic 
meters were delivered to third parties. Methane emissions amounted to 4.5 and 1.1 thousand 
tons respectively. 

Figure 5 – Methane emissions from APG utilization by applications in the RAZ in 2010-2016, kt 

 
Source: Vygon Consulting analysis 

The reason of such proportion is that emission factors of power generation facilities (GTEPP and 
GEEPP) are higher than other utilization facilities emission factors. The lowest among all 
applications are pollutant emissions, connected with APG reinjection. 

The total emissions from Novoportovskoye and Salym-Shapsha group of oil fields (BG) in the Table 
9. The main sources of pollutant emissions include gas compression and preparation facilities, 
furnaces for oil treatment, boiler rooms. 

Table 9 – Pollutant emissions from APG utilization in Novoportovskoye and Salym-Shapsha 
group of oil fields, t 

Name of pollutant 2010 2011 2012 2013 2014 2015 2016 

Novoportovskoye oil field 

Methane  - - 0.01 0.84 2.31 7.01 210.82 

NMVOC - - 0.00 0.00 0.00 0.01 0.24 

NOx - - 0.01 0.68 1.88 5.69 171.16 

CO - - 0.01 1.16 3.19 9.67 290.82 

Salym-Shapsha group of oil fields  

Methane  - - - 1 051 774 801 119 

NMVOC - - - 4 190 190 47 

NOx - - - 326 499 521 292 

CO - - - 1 531 1 835 1 909 1 451 

Source: BG, Vygon Consulting analysis 
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1.3. APG Flaring  

When APG utilization capacity is absent or insufficient, producers have to vent or flare APG. 
Venting hasn’t been performed in the RAZ. Thus, the whole volume of APG that hadn’t been 
utilized was treated as flared. Therefore, the estimation of APG flaring volumes in the RAZ in 2010-
2016 (Figure 6) was based on APG production and utilization data (paragraphs 1.1 and 1.2). 

APG utilization programs, being implemented at oil fields, assume 95 % level of utilization. But 
infrastructure development is gradual, lagging behind production volumes. This is related mainly 
to regular initiations of commercial development of greenfields. It is allowed to flare more than 
5 % of APG on these fields for 3 years after depletion rate exceeded 1 %, or before depletion rate 
of 5 %.  

Figure 6 – Actual APG production and utilization volumes in the RAZ in 2010-2016, bcm 

 
Source: MNRE, Vygon Consulting analysis 

APG flaring on oil fields is performed at special flares. Type and characteristics of flare is selected 
based on production volumes and possible utilization volumes. Soot-free flaring is possible as long 
as velocity of flared gas flow is more than 0.2 of the velocity of sound in the gas. This condition is 
hard to ensure and control due to volatility of APG production on oil fields. 

The methodology of estimating the type of flaring and related pollutant emissions is described in 
Annex B (see also paragraph 4.1, where different methodologies are analyzed). 

With the commencement of commercial development of new oil fields APG production and flaring 
volumes increase and new flares are commissioned. Due to the high volume of flaring at these 
facilities, soot-free flaring was ensured; accordingly, the share of soot flaring decreased in 2011 - 
2013. Starting from 2014, the flaring volumes on the fields are reduced due to utilization capacity 
additions. At the same time, reductions in the flaring volumes at specific facilities can lead to 
switches from soot-free to soot flaring. This is the main reason for the fact that a decrease in the 
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flaring volumes observed in the RAZ in 2014-2015 was accompanied by an increase in the share 
of soot flaring (Figure 7).  

Figure 7 – Soot and soot-free APG flaring volumes in the RAZ in 2016-2025, bcm 

 
Source: MNRE, Vygon Consulting analysis based on the methodology specified in ANNEX B  

The majority of pollutant emissions factors related to soot flaring substantially exceed those of 
soot-free flaring (Annex B). Therefore, highest emission volumes in the period under review 
occurred in 2016 (Table 10). 

Table 10 – Pollutant emissions from APG flaring in RAZ in 2010-2016 

Name of pollutant 2010 2011 2012 2013 2014 2015 2016 

Russian Arctic zone, kt 

Black carbon 16.1 21.7 22.4 17.2 15.8 17.8 26.0 

Methane 11.2 16.2 17.8 14.8 12.9 12.8 19.7 

NMVOC 8.5 10.8 10.9 8.0 6.9 8.1 11.3 

NOx 7.9 12.1 17.4 17.1 9.9 5.1 9.3 

SO2 0.02 0.02 0.02 0.01 0.04 0.06 0.08 

H2S 2.0E-4 3.1E-4 2.4E-4 1.4E-4 1.8E-4 2.1E-4 3.2E-4 

CO 179.4 251.9 292.7 250.3 190.9 174.3 266.8 

Benzo (a) pyrene 8.8∙10-8 1.3∙10-7 1.7∙10-7 1.5∙10-7 1.0∙10-7 7.4∙10-8 1.2∙10-7 

Including: Novoportovskoye oil field, t 

Black carbon - - 3.2 10.1 291.3 702.9 1 069.6 

Methane - - 2.2 6.7 183.4 441.6 877.4 

NMVOC - - 1.8 5.5 151.9 365.7 726.7 

NOx - - 1.7 4.4 32.4 69.2 2 023.0 

SO2 - - - - - - - 

H2S - - - - - - - 

CO - - 36.3 108.7 2 514.3 6 006.6 21 924.6 

Benzo (a) pyrene - - 1.8∙10-8 5.2∙10-8 8.6∙10-7 2.0∙10-6 1.6∙10-5 

Source: Vygon Consulting analysis based on the methodology specified in Annex B  
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1.4. Pollutant Emissions 

Significant pollutants, generated from APG-related activities (paragraphs 1.1 – 1.3) include 
methane, black carbon, NMVOC, NOx, CO, H2S, SO2, benzo (a) pyrene (Table 11). Methane and 
black carbon are the main SLCPs, related to APG activities. BC is released due to incomplete flaring 
of gas. The analysis of BC emissions is presented in previous paragraph, including conditions for 
soot and soot-free flaring. Another important SLCP is methane which is also a greenhouse gas. 
Methane is released into the atmosphere during all stages, including APG production, utilization 
and flaring. 

Table 11 – Pollutant releases from APG-related activities in the RAZ in 2010-2016, kt 

Name of a pollutant 2010 2011 2012 2013 2014 2015 2016 

Black carbon 16.1 21.7 22.4 17.2 15.8 17.8 26.0 

Methane 21.7 27.6 28.0 25.2 24.6 26.5 34.6 

NMVOC 16.9 20.1 18.7 15.8 14.5 16.2 18.6 

NOx 10.9 15.8 21.2 21.3 15.2 12.5 17.0 

SO2 0.02 0.02 0.02 0.01 0.04 0.06 0.08 

H2S 2.0∙10-4 3.1∙10-4 2.4∙10-4 1.4∙10-4 1.8∙10-4 2.1∙10-4 3.2∙10-4 

CO 184.4 257.7 298.8 257.0 199.8 186.8 280.0 

Benzo (a) pyrene 8.8∙10-8 1.3∙10-7 1.7∙10-7 1.5∙10-7 1.0∙10-7 7.4∙10-8 1.2∙10-7 

Source: Vygon Consulting analysis based on data specified in Table 4, Table 6, Table 7, Table 8, 
Table 9 and Table 10 

Methane emission volumes were more stable than BC emissions in 2010-2016, because there 
were more factors that affected it. In 2010-2015 methane emissions were within the range from 
21.7 to 26.2 thousand tons, a spike in 2016 (34.6 thousand tons) is connected with significant 
increase of soot flaring volumes (Figure 7). 

On the one hand, methane fugitive emissions during the stage of production are released due to 
equipment leaks and losses, depending on the number of equipment, volumes of extracted APG 
and individual characteristics of an asset. CH4 emissions from APG production facilities amounted 
to 26 % of total methane emissions in 2016 and 31 % in 2015, which is more representative (Figure 
8). 

On the other hand, greater share of methane emissions is connected with APG flaring. In 2012, 
64 % of total methane releases was caused by flaring. Methane is released in to the atmosphere 
while during both soot and soot-free flaring due to combustion inefficiency. However, soot flaring 
emission factor is much higher, which was one of the reasons for methane emissions spike in 2016.  
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Figure 8 – Methane emissions from APG-related activities in the RAZ in 2010-2016, kt 

 
Source: Vygon Consulting analysis based on data specified in Table 4, Table 6, Table 7, Table 8, 
Table 9 and Table 10 

To assess different pollutants’ contribution to global warming, Global Warming Potentials (GWP) 
for 100-years time horizon, approved by IPCC12, have been used in order to present pollutant 
releases from APG activities in thousand tons of CO2-equivalent (Table 12). It should be noted that 
there is significant uncertainty, connected with GWP of BC. Some sources, included in IPCC paper, 
establish the range of possible GWP values from 100 to 1700. To estimate pollutant emissions in 
the RAZ, for BC GWP of 900 was used13. (GWP for other pollutants are taken from the IPCC 
assessment report. 

Table 12 - GWP for time horizon of 100 years, ton of CO2-equivalent per ton 

Name of a pollutant GWP 

Black carbon 900 

Methane 28 

NMVOC 4.5 

NOx 11 

CO 3 

Source: Vygon Consulting analysis based on data by IPCC1213 and article1314 

                                                           

12 https://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_Chapter08_FINAL.pdf 

13 Bond T.C., Doherty S.J., Fahey D.W., Forster P.M., Berntsen T., DeAngelo B.J., Flanne M. G. et al. / Bounding 
the role of black carbon in the climate system: A scientific assessment //American Geophysical 
Union, Journal of Geophysical Research: Atmospheres, 118:5380–5552,doi:10.1002/jgrd.50171, 2013 



 

 

22 

 

BC contribution to global warming is the most significant among all pollutants, released from APG 
activities in the RAZ (Figure 9). The share of methane and other pollutants, measured in tons of 
CO2-equvalent, is lower than 6 %. 

Figure 9 –Pollutant emissions from APG-related activities in the RAZ in 2010-2016, Mt of CO2-e 

 
Source: Vygon Consulting analysis based on data specified in Table 11 and Table 12 

1.5. Pollutant Emissions Payments 

Emission Payments are calculated as a multiplication of basic rate, special indexes and mass of a 
pollutant released over a year. Payment rates are established based on pollutant’s negative 
impact on the environment. Multiplier indexes are applied to APG flaring beyond the limits (over 
5 % of APG produced). Starting from 2012 operating companies has an opportunity to reduce 
payments for flaring beyond the limits by the capital expenditures for the construction of APG 
utilization facilities. Before 2016 payment rates were multiplied by a regional index, and payment 
rates in Arctic regions were 2.4 – 2.8 times higher. Detailed methodology of calculating payments 
is described in Annex C. 

The payment for APG flaring is multiple times higher than the fee for production and utilization 
(Table 13). 

Table 13 - Pollutant emissions payments in RAZ in 2010-2016, mln USD 

Emissions payments  2010 2011 2012 2013 2014 2015 2016 

APG Production 0.05 0.07 0.06 0.06 0.05 0.04 0.02 

APG Utilization 0.04 0.05 0.05 0.06 0.07 0.07 0.03 

APG Flaring, including: 0.39 0.73 3.61 8.90 5.52 2.29 0.32 

within the limits 0.29 0.43 0.42 0.15 0.13 0.13 0.07 

above the limits 0.10 0.30 3.19 8.76 5.39 2.17 0.24 

For reference: above 
the limits excluding 
expenses cover index 

0.10 0.30 14.34 113.83 134.71 54.17 6.12 

Total payments: 0.48 0.85 3.72 9.02 5.64 2.40 0.37 

Source: Vygon Consulting analysis based on the methodology specified in Annex C 
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The payment for APG flaring is several times higher than the fee for production and utilization 
(Table 13). At the same time, starting from 2012, the major part of the payment is related to the 
above-the-limits flaring, despite the fact that the application of the «expenses cover index»14 
allows to reduce it by several times. The sharp decrease in payments in 2016 is related to three 
main factors: abolition of the increase coefficient for the Arctic regions, the reduction of the 
emission payments and the decrease in the flaring volume. 

2. ANALYSIS OF APG UTILIZATION INVESTMENT PROGRAMS FOR EXISTING AND GREENFIELD 
PROJECTS AND SLCP EMISSIONS 

2.1. APG Utilization Investments in the RAZ  

The main target of gas investment programs implementation is to ensure a high level of APG 
utilization, which allows to substantially reduce the volume of pollutant emissions generated from 
flaring due to the absence or shortage of utilization capacities (paragraphs 1.2-1.4). Active 
commissioning of utilization capacities provided by the gas programs allowed to increase the 
utilization of APG almost three-fold from 2010 to 2016.  

In 2010-2016, gas utilization capacities of 24 bcm per year were put into operation: capacities for 
gas delivery to third-party consumers amounted to 14.5 bcm per year (60% of the total), electricity 
generation and own consumption capacities – 4.8 bcm per year (20%), and gas injection capacities 
– 4.7 bcm per year (Figure 10). The largest capacity for gas delivery to third-party consumers is 
attributed to the Vankor cluster.  

Figure 10 – Gas utilization capacities commissioned in 2010-2016, bcm per year 

 
Source: MRNE, Vygon Consulting analysis 

                                                           

14Coefficient described in Annex C 
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APG processing capacities added in 2010-2016 amounted to 24.9 bcm per year and roughly 
correspond to APG utilization capacities (Figure 11). Only in rare cases APG with no processing is 
used for own consumption or power generation. Utilization capacities are designed for the peak 
production of APG, therefore the commissioning of the utilization capacities in 2010-2016 exceed 
the volumes of APG production. Further on, as a rule, the installed capacity is used for natural gas. 

Figure 11 – APG processing capacities commissioned in 2010-2016, bcm per year 

 

Source: MRNE, Vygon Consulting analysis 

Gas utilization capacities amounted to 8.5 bln US dollars (Figure 12). The main direction of 
investments was gas processing plants which were usually built for all applications of utilization. 
The share of investments to GPP was 44% in 2010-2016. Second largest direction of investments 
was gas transportation (36%): pipelines, BCS/SE etc. Investments on GTEPP/GEEPP were 12%, 
boiler/oil heating units – 3%. Investments to gas injection were 6% of total investments to APG 
utilization. 
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Figure 12 – Gas utilization capacities investments commissioned in 2010-2016, bln USD 

  
Source: MNRE, Vygon Consulting analysis 

In order to maintain high level of utilization in the context of continuous growth of APG production 
in the RAZ, utilization capacity additions are required. This implies that it is necessary to maintain 
the investments in gas programs, mostly for greenfields since a considerable part of production 
growth in the period under consideration (2017-2025) will be attributed to them. For example, in 
the On-going investment activity scenario (see paragraph 3.2) 94% of the utilization capacities in 
2017-2026 will be added at greenfields. The APG utilization capacity additions in this scenario in 
2017-2026 will amount to 22.0 bcm per year, of which 8.2 bcm per year (37%) will be gas injection 
capacities, 7.6 bcm per year (35%) – capacities for gas delivery to third-party consumers, and 6.2 
bcm per year (28%) – power generation and own consumption capacities (Figure 13). The largest 
addition of capacities for the entire period is the commissioning of gas injection capacities at the 
Novoportovskoye field in 2018. Given the availability of natural gas reserves at the 
Novoportovskoye field, construction of external transport infrastructure is expected after 2020 
(not part of the On-going investment activity scenario).  
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Figure 13 –– Gas utilization capacities commissioned in 2017-2025 in the On-going investment 
activity scenario, bcm per year  

 
Source: MNRE, Vygon Consulting analysis  

APG processing capacities added in 2017-2025 amounted to 23.5 bcm per year and roughly 
correspond to APG utilization capacities (Figure 14). 

Figure 14 –– APG processing capacities commissioned in 2017-2025 in the On-going investment 
activity scenario, bcm per year  

 
Source: MNRE, Vygon Consulting analysis 
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The structure of investments in 2017-2025 doesn’t differ significantly from the structure in 2010-
2016 (Figure 15). The share of investments to energy generation units will increase to 18%, 17 
new power generation plants will be commissioned in this period.  

Figure 15 –– Gas utilization capacities investments commissioned in 2017-2025 in the On-going 
investment activity scenario, mln USD  

 
Source: MNRE, Vygon Consulting analysis 

2.2. APG Utilization Investment Program for Novoportovskoye oil field 

The field is located on the Yamal Peninsula (Yamalo-Nenets Autonomous Okrug). Commercial 
development was started by GazpromNeft in 2014. By now, oil production volumes exceed 5 Mt 
per annum, peak oil is expected to be around 8 Mt per annum. Novoportovskoye field has high 
gas to oil ratio (GOR), amount from 700 to 1000 cubic meters of gas per ton of oil. Therefore, APG 
production is expected to exceed 7 bcm (Table 14). 

Table 14 – APG production, utilization and flaring in Novoportovskoye field 2017-2025, bcm 

 2017 2018 2019 2020 2021 2022 2023 2024 2025 

Production 3.0 6.5 7.9 8.0 7.9 7.7 7.9 7.2 6.3 

Utilization 1.2 4.2 7.5 7.6 7.5 7.3 7.5 6.8 6.0 

Flaring 1.8 2.3 0.4 0.4 0.4 0.4 0.4 0.4 0.3 

Level of utilization 40.3% 64.6% 95.0% 95.0% 95.0% 95.0% 95.0% 95.0% 95.0% 

Source: MNRE, Vygon Consulting analysis 

GPP and GTEPP are core APG utilization facilities at Novoportovskoye oil field. GTEPP planned 
installed capacity is 96 MW, with an opportunity to increase it to the level of 144 MW. 

By now, the first stage of GPP construction has been completed (gas processing volumes about 3 
bcm per year), gas has been reinjected into oil reservoir since 2017. The second stage of GPP 
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construction is planned to be completed in 2018, gas processing and compressing volumes will 
exceed 7 bcm per annum. Taking into account its characteristics: pressure, intensity of 
compression and efficiency, GPP constructed at the Novoportovskoye oil field is unique in the 
Russian oil and gas sector. In the long term gas reinjection volumes are planned to be from 5 to 7 
bcm per annum (Table 15). 

Table 15 – APG utilization by applications for Novoportovskoye oil field in 2017-2025, bcm 

Application 2017 2018 2019 2020 2021 2022 2023 2024 2025 

Power generation 
and own 
consumption 

1.0 0.5 0.6 0.6 0.5 0.5 0.5 0.5 0.5 

Reinjection 0.2 3.7 7.0 7.1 7.1 6.9 6.7 6.4 5.5 

Source: MNRE, Vygon Consulting analysis 

By now, major part of capital expenditures for construction of the first stage of GPP (gas 
processing and reinjection under pressure more than 27 MPa) have been made. Capital 
expenditure until 2017 amounts to 0.4 bln US dollars. The second stage of GPP construction is 
planned to be completed before the end of 2018. Total accumulated capital expenditures will 
reach 0.6 bln US dollars (Table 16). 

Table 16 – Detailed costs for the Novoportovskoye field (GPN project)  

Construction Phase Period Specification Cost, mln USD 

Phase 2 2014–2017 

Booster compressor station 
(BCS) and Gas Processing Plant 
(GPP) for injection 

4 gas-compressor units GPA-32 
“Ladoga” (produced by REP-
Holding with General Electric 
turbine). 
Total capacity – 128 MW 
(4X32 MW)  
(3.6 bcm per annum) 

400 

Phase 3  2018 

Additional capacity of Booster 
Compressor Station (BCS) and 
Gas Processing Plant (GPP) for 
injection  

4 gas-compressor units GPA-32 
“Ladoga” (produced by REP-
Holding with General Electric 
turbine), 
Total capacity – 128 MW 
(4X32 MW)  
(3.6 bcm per annum) 

200 

Additional costs 2019 
Completion of construction and 
installation works, field facilities 

10 

Source: GPN 
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2.3. APG Utilization Investment Program for Salym-Shapsha group of oil fields 

Salym-Shapsha group includes three Salym fields (Zapadno-Salymskoye, Verkhne-Salymskoye and 
Vadelypskoye) and three Shapsha fields (Verkhne-Shapshinskoye, Sredne-Shapshinskoye and 
Nizhne-Shapshinskoye) located in Khanty-Mansi Autonomous Okrug. Operating companies are 
Salym Petroleum Development N.V. and RussNeft respectively. APG utilization program for these 
fields is being implemented by BerezkaGas. By now, total oil production exceeds 7 Mt per annum. 
Before 2025, the level of production is expected to stay at this level due to the development of 
new reserves. APG production in Salym-Shapsha group of oil fields is projected to exceed 350 
million cubic meters per year, from which up to 100 % of APG will be supplied to BG for utilization. 
Currently about 30% of gas produced by BG is utilized for electricity generation and own 
consumption, the rest is supplied to third-party consumers. After the implementation of the 
investment program, about 40% of gas will be used for electricity generation, the rest will be 
directed to third-party consumers. 

Salym-Shapsha APG utilization operating facilities include two GEEPPs, GPP, gathering gas 
pipelines of 300 mm in diameter, 52 km in length. There is also a gas custody metering station and 
a gas pipeline between oil processing unit and booster compressor station (300 mm in diameter, 
300 m in length). GPP refinery capacity is up to 360 Mcm per annum. 

BG gas investment program provides for construction of four large facilities, with total costs of 4.4 
bln rub (73 mln US dollars at a current exchange rate): 

 Increase in capacity of GPP, located on Zapadno-Salymskoye oil field from 360 to 480 mcm 

per annum. Investment expenditures will amount to 531 mln rubles (8.8 mln US dollars). 

Commissioning is planned for 2020. 

 Construction of GPP-2 (refinery capacity of 100 mcm per annum) on Verkhne-

Shapshinskoye oil field. Investment expenditures will amount to 1.7 bln rubles (28.3 mln 

US dollars). Commissioning is planned for 2020. 

 Construction of GEEPP on Nizhne-Shapshinskoye oil field (17 MW, gas consumption 

30 mcm per annum, investments 1.1 bln rubles (18.3 mln US dollars), commissioning in 

2020). 

 Construction of GEEPP on Verkhne-Shapshinskoye oil field (17 MW, gas consumption 

30 mcm per annum, investments of 1.05 bln rubles (17.5 mln US dollars), commissioning 

in 2020). 

Increase in capacity of GPP, located on Zapadno-Salymskoye oil field, from 360 to 480 mcm per 

annum is included in The Phase 1b of this Project. The main cost item is compressor unit (¾ of 

total costs) (Table 17). 
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Table 17  Detailed costs for increase in capacity of GPP, located on Zapadno-Salymskoye oil field 

Cost Item bln rubles  mln US dollars 

Design and engineering 16.6 0.3 

Construction and assembly operations 91.5 1.5 

Equipment (Dresser Rand 6HOS4 (14,500 Nm3/hour) 
compression unit powered by a Waukesha P9330GSI natural 
gas-fueled engine (1647 kW)) 

407.5 6.8 

Pre-commissioning activities 18.1 0.3 

Other expenditures 0.9 0.0 

Total costs 534.7 8.9 

Source: BG 

Construction of gas processing facilities will help to increase refinery capacity by 220 mcm per 
annum. Dry stripped gas (DSG), natural gasoline stable (NGS) and liquefied petroleum gas (LPG) 
are main derived products. NGS and LPG production volumes are presented in Figure 16. For the 
next years, production is expected to exceed 110 thousand tons per annum. 

Figure 16 – NGS and LPG production at GPP (BG), kt 

 
*including actual data for the beginning of the year and forecast for the rest of the year 
Source: BG 

Produced DSG is delivered to GEEPPs, located on Salym-Shapsha group of oil fields territory, and 
utilized in order to generate power to meet the own needs of the fields. DSG production volumes 
are presented in Figure 17. Next years’ production is expected to be more than 300 mcm per 
annum. 
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Figure 17 – DSG production at GPP (BG), mcm per annum 

 

*including actual data for the beginning of the year and forecast for the rest of the year 
Source: BG 

3. FORECAST OF APG RELATED SLCP RELEASES IN THE RUSSIAN ARCTIC ZONE 

3.1. APG Production and SLCP Releases Forecast 

In the Russian Arctic zone there are 90 oil fields that had started APG production before 2017. 16 
oil fields have been prepared for commercial development with planned commissioning before 
2025. There are also 16 oil fields prepared for commercial development, but the commissioning 
and commercial operation date is not yet specified by companies. Three scenarios of APG 
production will be considered15: 

i) Low scenario assumes that APG will be produced at 90 oil fields by 2025 (no new oil fields 
starts of commercial development). 

ii) Reference scenario assumes that APG will be produced at 106 oil fields by 2025 (16 oil 
fields will be commissioned in accordance with their project design documentation). 

iii) High scenario assumes that APG will be produced at 122 oil fields by 2025 (32 new oil 
fields will be commissioned). 

APG production in 2017-2025 in different scenarios is presented on Figure 18. 

                                                           

15Рroduction scenarios for all fields based on Ministry of Natural Resources data and public information, 
presented by oil companies 
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Figure 18 – APG production in the RAZ by in different scenarios in 2017-2025, bcm 

 
Source: MNRE, Vygon Consulting analysis 

The forecast of pollutant emissions from APG production (Table 18) is based on APG production 
volumes, composition of APG and technical losses standards, approved by ME (see paragraph 1.1). 
Methane and NMVOC are two significant pollutants, connected with APG production stage.  

Pollutant emissions, related to APG production facilities do not vary significantly depending on 
production scenarios (Table 18). Total emissions of methane (for years 2017-2025) during the 
stage of production will amount to 107 thousand tons for the low production scenario, 110 
thousand tons for the Reference scenario and 120 thousand tons for the high production scenario. 
Total emissions of NMVOC for years 2017-2025 will amount to 90, 93 and 103 thousand tons 
respectively. 
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Table 18 – Pollutant emissions from APG production, kt 

Name of a pollutant 2017 2018 2019 2020 2021 2022 2023 2024 2025 

Low Scenario 

Methane 10.5 11.5 12.0 12.8 13.4 12.0 11.8 11.6 11.4 

NMVOC  8.8 9.1 9.4 9.9 10.7 10.3 10.6 10.6 10.4 

Reference Scenario 

Methane 10.5 11.5 12.1 13.2 13.9 12.4 12.3 12.1 11.8 

NMVOC  8.8 9.1 9.4 10.4 11.2 10.8 11.1 11.0 10.9 

High Scenario 

Methane 10.5 11.5 12.3 13.6 14.5 13.4 14.1 14.9 15.6 

NMVOC  8.8 9.2 9.6 10.7 11.7 11.6 12.8 13.9 14.6 

Source: Vygon Consulting analysis based on production data (Figure 18) and technical losses 
standards, issued by ME 16 

3.2. APG Utilization by Applications Forecast 

APG utilization scenarios correspond with APG production forecast scenarios (see paragraph 3.1). 
For each production scenario, three APG utilization scenarios are of assessed: 

i) Business as Usual (BaU) activity scenario assumes the delay of implementation of gas 
programs, provided by the companies, reviewed in paragraph 2, based on the actual 
implementation dates of gas investment programs starting from 2010. Therefore, 95 % 
level of utilization will be reached later than it was planned in gas program schedule. 

ii) On-going investment activity scenario will be based on gas investment programmes. 
This means that gas programs schedule will be fulfilled accurately, and 95 % level of 
utilization will be reached before the field becomes brownfield according to local APG 
utilization regulatory rules (3 years after depletion rate exceeds 1 %, but before 
depletion rate reaches 5 %). 

iii) BAT-BEP investment scenario assumes the implementation of BAT-BEP for the 
anticipated assets. This scenario assumes greenfields producing best results in terms 
of facilities construction schedule and increasing the level of utilization. In comparison 
with the On-going investment activity scenario, the level of utilization on greenfields 
will be higher (around 97 %) and will be reached faster  

The delays in the construction and launch of APG utilization facilities in recent years (2016-2018) 
are virtually non-existent compared to earlier years (2010-2016). Based on this, the BaU scenario 
can be implemented only with an unfavorable combination of factors, while the On-going 
investment scenario appears to be the most likely one. Taking into account three production 

                                                           

16 Orders of the Ministry of Energy of the Russian Federation:1.3.2007 №56, 29.12.2010 №646, 30.12.2011 
№636, 30.12.2011 №637, 29.12.2011 №631, 15.3.2011 №77, 5.6.2012 №282, 15.3.2012 №107, 
30.11.2016 №1271, 21.12.2016 №1370, 18.11.2016 №1225, 14.7.2016 №670, 10.8.2016 №798, 9.9.2016 
№935, 8.12.2016 №1304, 7.11.2016 №1188, 7.11.2016 №1187, 1.11.2017 №1048, 26.9.2017 №888, 
25.12.2017 №1210, 23.8.2017 №791, 20.12.2017 №1193, 7.9.2017 №848. 
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scenarios, nine scenarios have been established for 2017-2025 (Figure 19; Annex A: Table 35, 
Table 36, Table 37). 

Figure 19 – APG utilization volumes and levels of utilization in different utilization scenarios for 
Reference production scenario in 2017-2025, bcm 

 

Source: Vygon Consulting analysis 

The implementation of BAT-BEP principles on anticipated assets will result in nearly 5 % increase 
in APG utilization volumes in comparison with the Business as Usual scenario (for each production 
scenario). 

Utilization level directly affects the level of flaring, because all APG volumes, that won’t be utilized, 
will be flared. Therefore, Business as Usual activity scenario corresponds to the highest level of 
flaring, while BAT-BEP scenario assumes that flaring level is the lowest among the three utilization 
scenarios. 

In all APG production and utilization scenarios delivery of gas to third parties will be the main 
application of APG, but its share will decrease significantly in 2017-2025 due to increase of 
reinjection. For example, in the On-going investment activity scenario for the Reference 
production scenario, this share will decrease from 66% in 2017 to 41% in 2023 (Figure 20). To the 
contrary, the share of gas reinjection will increase from 12% in 2017 to 40% in 2023. The share of 
APG used for power generation and own consumption will be relatively stable and remain within 
in the range from 18% to 22%. 
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Figure 20 – APG utilization by applications in the RAZ in the On-going investment activity 
scenario for the Reference production scenario in 2017-2025, bcm 

Source: MNRE, Vygon Consulting analysis 

 

Methodological approach, presented in paragraph 2.2, was also used to make the projections for 
pollutant emissions connected with gas utilization. Similar applications were assessed (reinjection, 
power generation and own consumption, delivery to third parties). Emissions projections are 
presented in Table 41 (Annex D) for Business as Usual scenario, Table 42 (Annex D) for On-going 
investment scenario, Table 43 (Annex D) for the BAT-BEP scenario. Although only 18-22% of APG 
is used for power generation and own consumption, the greater share of methane emissions was 
related to this application. In the On-going investment activity scenario for the Reference 
production scenario share or methane emission for power generation and own consumption are 
in the 77%-81% range (Figure 21). 

The BAT-BEP scenarios of utilization allow to mitigate pollutant emissions from APG utilization 
facilities by changing the proportion of applications and by implementing BAT-BEP on greenfields 
and new fields. For example, for the Reference production scenario, total methane emissions (in 
2017-2025) will amount to 69, 58 and 27 thousand tons in the BaU, the on-going investment and 
the BAT-BEP scenarios respectively (Table 41, Table 42, Table 43). Other pollutants will also be 
mitigated in terms of higher utilization scenarios. 
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Figure 21 – Methane emissions from APG utilization by applications in the RAZ in On-going 
investment activity scenario for Reference production scenario in 2017-2025, kt 

 
Source: Vygon Consulting analysis 

3.3. APG Flaring Forecast 

Scenarios of APG flaring in the RAZ correspond to the production and utilization scenarios 
(paragraphs 3.1 and 3.2). Thus, nine APG flaring scenarios were developed for three production 
scenarios (low, medium and high) and three utilization scenarios (BaU, On-going investment, BAT-
BEP). The maximum volume of APG flaring (high production scenarios + BaU) reaches 8.8 bcm 
(Table 35, Annex A), in the low production scenario and the BAT-BEP utilization scenario, the 
flaring volume does not exceed 1.4 bcm in 2020-2015 (Table 37, Annex A). 

Figure 22 – APG flaring in different utilization scenarios for the Reference production scenario 
in 2017-2025, bcm 

 
Source: Vygon Consulting analysis 
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Pollutant emissions during APG flaring were calculated in the same way as indicated in paragraph 
1.3 based on flaring volumes, component composition and share of soot flaring. The BAT-BEP 
scenario assumes the installation of soot-free flares on greenfields. For both brownfields and 
greenfields, BaU and On-going investment scenarios, the share of soot flaring was determined 
based on company data or assumed at the level applied for similar fields. 

In the Reference production scenario, which assumes 16 new fields commissioning in the period 
from 2017 to 2025, the BAT-BEP scenario allows to reduce BC emissions by 65 thousand tons, or 
36 %, compared to the On-going investment scenario, and by 115 thousand tons or more than 
two-fold compared with the BaU scenario (Figure 23). 

Figure 23 – Total BC emissions (for years 2017-2025) for the Reference production scenario, kt 

 
Source: Vygon Consulting analysis based on the methodology specified in Annex B  

Under the high production scenario, which assumes 32 new fields commissioning, the application 
of BAT-BEP for new assets and greenfields will help to reduce BC emissions by 110 thousand tons, 
or 47% (compared to the On-going investment scenario). The maximum amount of BC emissions 
(in the BaU scenario) will amount to 320 thousand tons. 

The application of BAT-BEP also significantly reduces emissions of methane and other polluting 
emissions from flaring (see the Annex B). This is due to the reduction in soot flaring volumes, in 
which higher methane emissions per unit are observed, and lower flaring volumes resulting from 
increased utilization. Thus, under the Reference production scenario, from 2017 to 2025 the 
application of BAT-BEP reduces total methane emissions from APG flaring from 148 to 91 
thousand tons, or by 38 %, compared with the On-going investment activity utilization scenario. 

3.4. Pollutant Emissions Forecast 

Forecasts of pollutant emissions associated with APG (production, utilization, flaring) for each of 
the nine scenarios described in paragraphs 3.1-3.3. All emissions of BC and about half of other 
pollutant emissions are related to APG flaring. Total emissions of methane in 2017-2025 under the 
BaU scenario will amount to 358 thousand tons. The On-going investment scenario allows to 
reduce methane emissions by 14% (up to 308 thousand tons). The BAT-BEP scenario will reduce 
emissions by 24% compared to the On-going investment activity scenario (Figure 24). 

The application of BAT-BEP significantly reduces the total emissions of methane due to three 
factors: 1) new utilization equipment with less specific methane emission is installed at new 
assets; 2) gas programs are implemented ahead of schedule, 3) the application of BAT-BEP in the 
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construction of flares on new fields allows to set the soot-free flaring mode, in which specific 
methane emissions are significantly lower than in the case of soot flaring and there are no BC 
emissions. The application of soot-free flaring technologies contributes the major part of 
emissions reduction. 

Figure 24 – Total methane emissions (for years 2017-2025) for the Reference production 
scenario, kt 

 
Source: Vygon Consulting analysis 

In order to make the emissions of various pollutants into the atmosphere comparable in terms of 
their contribution to global warming, the projected emissions were estimated in the CO2 
equivalent (the coefficients used are given in paragraph 1.4). Under the Reference production 
scenario, the pollutant emissions in CO2 equivalent in the On-going investment scenario will be 
22% lower than in the BaU scenario. And the application of the best available technologies will 
help to reduce total emissions two-fold compared to the BaU scenario (Figure 25). 

Figure 25 – Total pollutant emissions from APG activities in the RAZ for the Reference production 
scenario in 2017-2025, Mt of CO2-e 

 
Source: Vygon Consulting analysis based on data specified in Table 12 and Table 47, Table 48, Table 
49, Annex D 
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From the point of view of the contribution to global warming, BC emissions will have the greatest 
weight among pollutant emissions (more than 92%) associated with the production of APG under 
any scenarios. Under the BAT-BEP scenario, a soot-free flaring mode is set for new fields, BC 
emissions will significantly decrease during the period under consideration. In addition to BC, 
under the BAT-BEP scenario there is a significant reduction in all other pollutant emissions 
associated with APG in the Russian Arctic zone. 

3.5. Pollutant Emissions Payments Forecast 

Pollutant emissions payments forecast is based on the pollutant emissions forecast, completed in 
paragraphs 3.1-3.3. The methodological approach used to calculate pollutant emission payments 
is similar to those presented in paragraph 1.5. Payments have been calculated17 as the basic rate18, 
special indexes and the mass of a pollutant released over a year. The methodology is presented in 
Annex C. 

Forecast has been developed for each production and utilization scenario. In all cases, the major 
part of payments is generated by the APG flaring payments. At the same time, the choice of the 
utilization scenario does not affect the amount of payments for APG production and strongly 
influences payments for APG flaring. In the Reference scenario, the payment for emissions from 
production will amount to 21 billion rubles (340 million dollars) in 2017-2025, with APG utilization 
– from 20 billion rubles in the BaU scenario to 14 billion rubles in the BAT-BEP scenario. The 
payment for emissions from APG flaring is reduced from 833 billion rubles in the BaU scenario to 
311 billion rubles in the On-going investment scenario and to 51 billion rubles in the BAT-BEP 
scenario (Figure 26). 

Figure 26 – Total payments for pollutant emissions (for years 2017-2025) from APG activities in 
the RAZ (Reference production scenario), mln USD  

 
Source: Vygon Consulting analysis based on the methodology specified in Annex C 

                                                           

17Russian Government Decree (03.03.2017 № 255) “Measuring and collecting negative environmental 
impact payments” 

18Russian Government Decree(13.09.2016 № 913) “About base payment rates for negative environmental 
impact and additional multipliers” 
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The analysis indicates that the current regulatory system is aimed at achieving the target level of 
APG utilization of 95%, rather than reducing pollutant emissions by increasing the efficiency of 
flaring. The rate of payment for soot flaring of APG in the RAZ in 2020 will amount to 0.09 USD per 
ton, which does not stimulate the transition to soot-free flaring. At the same time, the rate of 
payment for above-the-limit APG flaring starting from 2020 is 100 times higher than the flaring 
payment within 5% of the normative level in case the expenses cover index is not less than 1. In 
the absence of investment in utilization, the payment for above-the-limit APG flaring is 
additionally increased 25-fold (Table 19). 

Table 19 –Average pollutant emissions payment in 2020, USD per thousand cubic meters 

Type of flaring 
Within limits and/or 
for greenfields 

Over-limits flaring 
with expenses cover 
index of 1 

Over-limits flaring 
excluding expenses 
cover index 

Soot-free flaring 0.01 0.83 20.78 

Soot flaring 0.09 9.41 235.37 

*For average composition of APG, exchange rate 60 RUB/USD 
Source: Vygon Consulting analysis 

3.6. Analysis of the factors causing reduction of APG-related SLCP emissions  

Reduction of emissions at the stages of production activities associated with APG is attributed to 
three main factors: 

i. Acceleration of construction and launch of APG utilization capacities; 
ii. Increase in the level of utilization after the launch of all planned APG utilization 

capacities; 
iii. Installation of special upgraded flares19, that provide soot-free flaring. 

The analysis of the impact of these factors on emissions reduction with the transition from the 
On-going investment scenario to the BAT – BEP scenario is given below. 

Acceleration of construction and launch of APG utilization capacities 

Acceleration of construction works is considered based on the best actual timeframes of the 
launch of APG utilization facilities at the analogous fields. In this, the capacities do not increase 
and correspond to those described in Paragraph 2.1. 

The acceleration of launch of individual facilities even by one year can significantly reduce the 
volume of APG flared at fields, and, consequently, the emissions of harmful substances into the 
surrounding atmospheric air. Therefore, such factor as the accelerated launch of utilization 
capacities can lead to the 18.2 Mt (in CO2 equivalent) reduction in pollutant emissions in the Arctic 
zone in the Reference production scenario (Table 20). Since the launch of new capacities and the 
introduction of fields into development are interrelated, the relative effect of this emission-
reducing factor differs significantly depending on the production scenario under consideration. 

                                                           

19https://rogtecmagazine.com/wp-content/uploads/2014/09/05_TNK-BP-APG-Flare.pdf 
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Table 20 – Impact of accelerated construction and launch of APG utilization capacities 

Production 
Scenarios 

Reduction of SLCP emissions 

BC, kt Methane, kt NMVOC, kt Total, CO2–e Mt 

Low 7.4 33.7 5.2 7.7 

Reference 18.5 43.5 10.1 18.2 

High 31.5 52.0 18.2 30.2 

Source: Vygon Consulting analysis 

Increase in the level of utilization after the launch of all planned APG utilization capacities  

The level of APG utilization given the availability of required capacity depends on the optimal 
planning of utilization activities. At certain fields, the level of APG utilization can reach 97-100%. 
There are examples of fields with such levels of utilization in the Arctic zone as well. For that 
reason, the achievement of high levels of utilization in accordance with the existing analogues is 
considered for greenfields. 

The implementation of optimal solutions related to APG utilization activities in the Arctic fields 
can lead to the emissions reduction of 10.8 Mt in CO2 equivalent (Table 21). 

Table 21 – Impact of the increase in the level of utilization after the launch of all planned APG 
utilization capacities 

Production 
Scenarios 

Reduction of SLCP emissions 

BC, kt Methane, kt NMVOC, kt Total, CO2–e Mt 

Low 9.3 5.1 10.8 8.6 

Reference 11.6 7.4 16.7 10.8 

High 13.4 8.6 25.7 12.4 

Source: Vygon Consulting analysis 

Application of soot-free technologies 

Among all the activities related to APG, flaring is the main source of SLCP emissions. At the same 
time, soot flaring generates up to 90% of all SLCP emissions from APG flaring. Therefore, the 
application of the BAT – BEP at the APG flaring stage serves as the optimization of flaring. The 
criterion of gas outflow velocity (> 0.2 of the speed of sound propagation in gas) has to be met to 
achieve soot-free flaring, this was already mentioned in Paragraph 1.3. The configurations of 
special upgraded flares20 ensure that this criterion is met taking into account changes in gas flow 
rates in a broad range, i.e. the installation of these flares guarantees soot-free in conditions of 
volatility of APG production at the fields. 

In the BAT-BEP scenario (Paragraph 3.3), it is proposed to install soot-free flares at greenfields, 
both at those already in commercial development (20 fields) and at the newly launched ones (16 
or 32 fields depending on the production scenario under consideration (Table 38, Annex A).With 

                                                           

20https://rogtecmagazine.com/wp-content/uploads/2014/09/05_TNK-BP-APG-Flare.pdf 
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the use of standard flares, the projected share of soot flaring for the period from 2017 to 2025 
amounts to 12-13%.  

The additional investments required at greenfields to ensure soot-free flaring will amount to a 
total of 0.61 mln USD in the Reference production scenario (Table 22). At the same time, the 
emissions reduction in CO2 equivalent from the application of the BAT-BEP amounts to 31.3 Mt, 
which is 52% of the total effect of the use of BAT-BEP in the Arctic zone (Figure 25). Also, due to 
lower emissions the payment for SLCP emissions is also reduced by 0.09 million USD.  

Table 22 – Impact of the application of soot-free APG flaring technologies 

Producti
on 
Scenarios 

Reduction of SLCP emissions Additional 
investments, 
mln USD 

Reduction of 
payments, mln USD 

BC, 
kt 

Methan
e, kt 

NMVO
C, kt 

Total, CO2–e 
Mt 

Low 
30.
4 

19.0 14.6 27.9 0.47 0.08 

Referenc
e 

34.
1 

21.5 16.3 31.3 0.61 0.09 

High 
43.
7 

27.4 21.1 40.1 0.93 0.12 

Source: Vygon Consulting analysis 

Analysis of the factors of SLCP emissions reduction showed that the greatest contribution to the 
decrease in APG-related emissions is provided by the replacement of flares with upgraded units 
that enable soot-free flaring (Figure 27). 

Figure 27 – Factors on pollutant emissions reduction with the transition from the On-going 
investment scenario to the BAT – BEP scenario in Reference production scenario, Mt of CO2-e 

 
Source: Vygon Consulting analysis 
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4. CO-RELATING METHODOLOGY AND UNCERTAINTY OF KNOWLEDGE GAP 

4.1. Emissions from APG flaring 

Emissions from combustion processes 

Flaring involves a complex combustion process as it is an uncontrolled flame submitted to external 
influences. During a combustion reaction, several intermediate products are formed, and 
eventually, most of them are converted to CO2 and water. Flaring can be inefficient especially with 
combustion being affected by ambient winds and several other factors leading to incomplete 
combustion. Depending on the flare gas composition and other factors, some stable intermediate 
products and other by-products such as unburnt fuel, soot, CO, H2, NO, NO2, SO2 etc. will escape 
as emissions. The order of magnitude of emissions is dependent on a number of physical and 
chemical reactions, governed by conservation of mass, momentum and energy principles.  

Some factors involved in the flaring process have still unclear effects on the formation of emissions 
which makes it even more difficult to estimate emissions over time with a high degree of certainty. 

Table 23 presents an attempt to summarise the impacts of different factors on the formation of 
different pollutants emerging from flaring21.  These factors, together with variability of the waste 
gas stream (both volumes and composition) help explain the uncertainty that surrounds the 
estimation of the emissions from flaring and the significant differences between emission factors 
(EFs) applied by different countries.  

Table 23 – Parameters (A) impacting the formation of various pollutant emissions (B) from 
flaring 

 
 

An increase of parameter "A" increases (↗), reduces (↘), has no effect (→) 
has an unclear effect (?) on "B" 

 

Combu
stion 

efficien
cy 

Flare 
temper
ature 

Gas 
density 

Heatin
g value 
of the 

gas 

Gas 
velocit

y 

Diamet
er of 
the 

flare 
tip 

Turbul
ent 

mixing 

Crossw
ind 

speed 

Emissions of NOx ↗ ↗ ↘ ↗ ↗ ↘? ↗ ↘ 

Emissions of CO ↘ ↘ ↗ ↘ ↘ ? ↘ ↘? 

Methane & 
NMVOC 

emissions 
↘ ↘ ↗ ↘ ↘ ? ↘ ↘? 

Black carbon & 
PM emissions 

? ? ↗? ↗ ↘? ↗ ↘ →? 

Source: Carbon Limits analysis 

                                                           

21 For more details on the parameters influencing the formation of emissions from flaring, please refer to 
the report “Assessment of flare strategies, techniques for reduction of flaring and associated emissions, 
emission factors and methods for determination of emissions to air from flaring” submitted by Carbon 
Limits to the Norwegian Ministry of Environment: 
http://www.miljodirektoratet.no/no/Publikasjoner/2015/Januar1/Assessment-of-flare-strategies-
techniques-for-reduction-of-flaring-and-associated-emissions-emission-factors-and-methods-for-
determination-of-emissions-to-air-from-flaring/ 

"B" "A" 

http://www.miljodirektoratet.no/no/Publikasjoner/2015/Januar1/Assessment-of-flare-strategies-techniques-for-reduction-of-flaring-and-associated-emissions-emission-factors-and-methods-for-determination-of-emissions-to-air-from-flaring/
http://www.miljodirektoratet.no/no/Publikasjoner/2015/Januar1/Assessment-of-flare-strategies-techniques-for-reduction-of-flaring-and-associated-emissions-emission-factors-and-methods-for-determination-of-emissions-to-air-from-flaring/
http://www.miljodirektoratet.no/no/Publikasjoner/2015/Januar1/Assessment-of-flare-strategies-techniques-for-reduction-of-flaring-and-associated-emissions-emission-factors-and-methods-for-determination-of-emissions-to-air-from-flaring/


 

 

44 

 

In addition, direct measurements of emissions from flares are challenging and costly to perform 
and are thus not widely used by companies or countries. Paragraph below elaborates further on 
the direct measurements of emissions from APG flaring.  

Typical methodology to assess emissions and international comparison 

Emissions can be determined in three ways: 

 Direct measurements using detectors placed near the emission source, 

 Remote measurements (“open path”), and 

 Indirect estimation by quantifying parameters that govern emissions formation (using 

activity data and emission factors) 

Measurements of emissions from flares are challenging and costly due to large, intense and open 
(unbounded) flames and due to, for some of them, the location of the flare (e.g. high above 
offshore platforms). Even if there are some measurement techniques available and in 
development (e.g. “sky-LOSA” technique for measuring BC emissions, passive FTIR22 (PFTIR), DIAL 
LIDAR23  measurement of CH4, nmVOC and NOX), they are not currently used in all countries and 
all settings or only for research purposes and embed their own limitations and, consequently, 
some uncertainties. The focus of this paragraph will be the indirect estimations of emissions and 
the difference of methodologies between countries. 

Emissions from APG flaring are estimated using activity data and emission factors (default 
emission factors and company-specific factors). Although indirect estimation is essentially a 
calculation method, certain parameters that are used as input in the formulas need to be 
measured (e.g. gas flow in Norway) or can be either measured or calculated (e.g. gas flow in 
Russia). 

The table below provides details of the documents containing methodologies that were referred 
to for emission estimation in different countries.  If not specified otherwise, all information, in the 
remaining paragraph on APG flaring comes from the references listed in Table 24. 

                                                           

22 FTIR: Fourier Transform Infrared spectroscopy. Operates over a broad range of wavelengths and has the 
capability of measuring several species simultaneously 
23 DIAL LIDAR: Differential Absorption Light Detection and Ranging. A method that uses light to measure 
chemical concentrations in the atmosphere, has been used to measure concentrations/emissions of 
N№Ox, CH4 and nmVOC from flaring. These time-limited measurements are the basis for establishing flare 
specific emissions factors.  
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Table 24 – List of primary documents outlining methodologies for estimating emissions from 
flaring in different countries 

Country Reference  

Norway NOROG, Veiledning til den Årlige Utslippsrapporteringen (in Norwegian). Husdal, K., 
Berntzen, R., Myrvang, M. s.l. : OLF Oljeindustriens Landsforening, 2012 

UK 
EEMS-Atmospheric Emissions Calculations (Issue 1.810a), 2008 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachm
ent_data/file/136461/atmos-calcs.pdf  

USA 
US EPA AP – 42 – section 13.5: industrial flares 
https://www3.epa.gov/ttn/chief/ap42/ch13/index.html  
Based on extensive flare study financed by the Chemical Manufacturing Association 
(CMA) in 1983 – some factors were reviewed or confirmed afterwards. 

Canada 

CAPP. 2004. A National Inventory of Greenhouse Gas (GHG), Criteria Air Contaminant 
(CAC) and Hydrogen Sulphide (H2S) Emissions by the Upstream Oil and Gas Industry 
Volume 3, Methodology for Greenhouse Gases, 2005-0013. Available at 
https://www.capp.ca/~/media/capp/customer-
portal/publications/86223.pdf?modified=20161201134459 

EMEP EMEP/EEA Air pollutant emission inventory guidebook 2016 

https://www.eea.europa.eu/publications/emep-eea-guidebook-201624 

Russia 
Scientific Research Institute for Atmospheric Air Protection. Methodology for estimating 
pollutant emissions into the atmosphere during the flaring of associated petroleum gas 
at flare stacks, 199825 

Activity data (AD) 

Different activity data can be used as variables in establishing emissions from flaring, for instance, 
amount of energy burned (TJ), gas volume (m3) or gas mass (kg). The choice varies across countries 
and depends, among other things, on considerations related to the availability of accurate 
measurement equipment to quantify the level of activity in a given period.  

The activity data for all countries listed in the table above (and in EMEP guidelines) are the flare 
gas amounts (either volume, mass or energy base). Some technologies currently being used to 
estimate this amount are ultrasonic meters, thermal mass probes, and optical correlation 
meters26:  

                                                           

24 Technical guidance to prepare national emission inventories for air pollutants that are not included 
under IPCC reporting (SOx, Ox, H3, nmVOCs, CO, PM (BC), heavy metals and POPs). The joint EMEP/EEA air 
pollutant emission inventory guidebook supports the reporting of emissions data under the UNECE 
Convention on Long-range Transboundary Air Pollution (CLRTAP) and the EU National Emission Ceilings 
Directive. 
25 In Russia, unlike other countries, there is no single methodology for estimating emissions of air 
pollutants from oil and gas operations (or other industrial activities), but rather a set of methodologies is 
available to select from (or company can propose its own methodology subject to approval by authorised 
government body). More information on existing methodologies for estimation of air pollutant emissions 
in Russia is available in the Information boxes 1, 2 and 4.  
26 TUV. Summary Report. A Review of flare and vent gas emissions monitoring and reporting methods. An 
overview of methods used by industry. 2013. Available here: 
http://www.tuvnel.com/_x90lbm/FlareGasSummary.pdf  

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/136461/atmos-calcs.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/136461/atmos-calcs.pdf
https://www3.epa.gov/ttn/chief/ap42/ch13/index.html
https://www.capp.ca/~/media/capp/customer-portal/publications/86223.pdf?modified=20161201134459
https://www.capp.ca/~/media/capp/customer-portal/publications/86223.pdf?modified=20161201134459
https://www.eea.europa.eu/publications/emep-eea-guidebook-2016
http://www.tuvnel.com/_x90lbm/FlareGasSummary.pdf
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 In Norway, the flare gas amounts are reported annually under the Pollution Control Act 

and Greenhouse Gas Emissions Trading Act. These amounts are primarily determined 

using ultrasonic meters (sound velocity meters) as per NORSOK I-SR-103 (with the 

uncertainty requirement of +/- 5%). The oil producing companies are required to check 

the sensors of the internal metering system every six months27.  

 Canadian provincial regulators28 require monthly reporting of flared volumes, annual and 

public reporting of flaring volumes from each oil producer, and strict compliance with 

fines and license cancelations. Directive D017 details the monitoring and reporting 

requirements and specifies that for facilities flaring more than 500 m3/d (and all flaring 

from sour gas wells regardless of volume), the operator must meter the volume +/- 5% on 

a single point, and a maximum uncertainty of +/- 20% over a monthly period. 

 The same goes for the UK, where the activity data are the volume of gas flow to flare, 

preferably broken down by routine operations, maintenance, upsets/other.  

 Offshore, in the United States of America, flared gas volumes must be reported to the 

authorities as a part of monthly production statements. Measurements uncertainty on 

flow rates should be +/- 5% and flow-meters should be calibrated every 12 months29.  To 

calculate the emissions from flares, the flare gas composition is necessary but sampling 

from the flare line is generally precluded due to issues with health and safety, a lack of 

pressure and other technical issues. 

Emission factors are typically defined as the mass of a given component (for example g CO, g PM 
or ton CO2) per unit of energy burned, volume or mass unit. EFs depend on gas quality, design of 
the flare tip, whether the flare uses assistance, air-to-gas ratio in the combustion zone, 
temperature, wind and other variables (see Table 23). Given the number of factors affecting 
emissions, emission factors are by nature uncertain which impacts emission estimates submitted 
by individual companies and countries as a whole. Some oil and gas producing countries have used 
time-limited measurements to determine flare specific emission factors, both in terms of sampling 
smoke plume and remote measurements using, e.g. DIAL LIDAR or PFTIR.  

                                                           

27 Ismail and Umukoro, 2012. Global Impact of Gas Flaring, Energy and Power Engineering, 4, 290-302, 
http://dx.doi.org/10.4236/epe.2012.44039 
28 In Alberta: Directive 060: Upstream Petroleum Industry Flaring, Incinerating, and Venting (2018). D060 
requires operators of installations exceeding 100 m3/month of gas flared to report these quantities to the 
regulator (https://www.aer.ca/documents/directives/Directive060.pdf). 
British Columbia https://www.bcogc.ca/node/5916/download, Flaring and Venting Reduction Guideline, 
2018. 
29 30 CFR Part 250 - Oil And Gas And Sulphur Operations In The Outer Continental Shelf 
https://www.law.cornell.edu/cfr/text/30/250.1163  

http://dx.doi.org/10.4236/epe.2012.44039
https://www.aer.ca/documents/directives/Directive060.pdf
https://www.bcogc.ca/node/5916/download
https://www.law.cornell.edu/cfr/text/30/250.1163
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Emission factors (EFs) 

In the table below, the emission factors used as default factors (i.e. when no measured values are 
reported) are recapped per country. 

Information box # 1: Overarching methodology for estimation of air pollutants in Russia 

Unlike in many other countries, there is no single established methodology for estimating emissions of 
pollutants from oil and gas operations in Russia. Instead, there is a number of guidance documents that are 
approved by the government to be used when estimating and reporting company’s emissions. 

According to Article 22 of Federal Law #96 on “Protection of the atmosphere” (last amended on 13th July 
2015), all entities that have sources of pollutant emissions (defined by the law) are obliged to compile 
inventories of the pollutant emissions no less than once every five years and annual actual data is provided 
to the authorities as a basis for pollutant emission payments. 

There is an overarching methodological manual on calculation, normalization and control of pollutant 
emissions into the air (SRI Atmosphera (2012)), which was developed by the Research Institute for 
Atmospheric Air Protection and amended in 2012. It provides details on the overall approach (i) to compiling 
emission inventory, as well as (ii) to calculating emission limits and dispersion of emissions that also need to 
be submitted by ecological departments of companies. According to the manual, emission inventory can be 
compiled by using instrumental measurements, calculation methodologies or a combination of both. Where 
established methodologies are available (see below), they are recommended for use instead of instrumental 
methods to optimize entity’s costs of compliance with ecological legislation. Instrumental methods are used 
for “engineered emission sources” (venting pipe, exhaust stack, etc.) as compared to “fugitive emission 
sources” and can be performed by accredited companies using gas analysing equipment that is included in 
the National registry of measuring equipment and measurement techniques approved by the federal 
standards (GOST R 8.563-96, GOST R ISO 5725-2002, RD 52.04.59-85). For “fugitive emission sources” 
calculation-based methodologies are recommended (flaring is included in this category). If methodologies 
for a specific emission source have not been approved by the regulator, companies can utilise their own 
methodologies, provided they are approved internally in accordance with the Russian legislation. 

The issue of temporal variance of emissions over time is also highlighted in the methodological manual on 
calculation of emissions (SRI Atmosphera (2012)). If emissions estimated from the same emission source 
differ by more than 50% when measured at different points in time, it is recommended to take into account 
temporal variability of emissions by distinguishing different profiles depending on working modes, loads, 
variability in input composition, etc. Thus, total annual emissions from a specific source should be estimated 
as the sum of total emissions of pollutants during all operating modes. 

The methodological manual makes reference to another document (developed annually by SRI Atmosphera), 
containing the list of methodologies that are recommended for use in calculation of pollutant emissions 
into the air (SRI Atmosphera (2018)). According to the manual, methodologies described in the list are well-
established and allow arriving at estimates with uncertainty levels that do not exceed those of instrumental 
measurements. For the oil and gas sector, the list contains 35 different methodologies, covering various 
emission sources, such as flaring, fugitive emissions from leaks, pipelines, reservoir parks, compressor 
stations, etc.  
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Table 25 – Default emission factors for APG flaring per country 

Country Unit BC/PM CH4 nmVOC CO NOx Comments 

Norway 

g/m3 gas 
flared 

0.856 0.24 0.06 1.5 1.4 

Offshore installations 
largely use standard 
emissions factors. 
DIAL LIDAR 
techniques are used 
onshore 

g/kg gas 
flared30 

0.903 0.25 0.06 1.58 1.48  

UK31 
g/kg gas 
flared 

 10 10 6.7 1.2 

In the absence of data 
from a monitoring 
system, default EFs to 
be used (98% 
combustion efficiency 
assumed) 

USA32 

µg/l 
(volume 
of the 
flare 
plume) 

No Smoke: 
0 

Light 
smoke: 40 
Medium: 

177 
Heavy: 
27433 

    

In this specific case 
the activity data is not 
the flare gas amount 
but the volume of the 
plume 

lb/106 
BTU 

 0.14 0.31 0.068  

g/kg gas 
flared34 

 2.56 5.7 1.24  

Canada 
g/GJ 57 PM2.5 33 22 159 29 

Based on EPA AP – 42 
- adapted for 
Canada35 

g/kg gas 
flared36 

2.42 PM2.5 1.4 0.935 6.8 1.23  

Russia 
g/kg gas 
flared 

Soot free: 
0 

With soot: 
30 

Soot 
free: 0. 

4537 
With 
soot: 

26.2538 

Soot 
free: 
0.15 
With 
soot: 
8.75 

Soot 
free: 20 

With 
soot: 250 

Soot 
free: 2 
With 

soot: 3 

EFs for all pollutants 
differ based on soot 
free or with soot 
flaring distinction 
(see Information box 
#2). 

EMEP / 
EEA39 

g/kg gas 
flared40 

2.33 PM2.5 
BC 24% 

 1.55 5.44 1.21  

Source: Carbon Limits analysis based on literature specified in Table 24 

                                                           

30 APG density of 0.948 kg/m3 is assumed (based on the data for APG from the Russian Arctic Zone in 2017 
collected in Paragraph 2 of this report). 
31https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/13
6461/atmos-calcs.pdf  
32 The EFs given here are the ones specified in AP-42 – chapter 13 for flare operations for certain chemical 
manufacturing processes. The representativeness of this factor for APG flaring at the fields is unknown.  
33 Due to the measurement approach and the reference to visual smoke observations, it is difficult to form 
a sufficient basis to derive an emission factor in g per m3 flared for PM. 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/136461/atmos-calcs.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/136461/atmos-calcs.pdf
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34 Emissions factors for USA are given in mass per energy value. The factors are converted for comparison 
with a given heating value of 42.5 MJ/kg. 
35 CAPP. 2004. A National Inventory of Greenhouse Gas (GHG), Criteria Air Contaminant (CAC) and 
Hydrogen Sulphide (H2S) Emissions by the Upstream Oil and Gas Industry Volume 3, Methodology for 
Greenhouse Gases, 2005. Available at https://www.capp.ca/~/media/capp/customer-
portal/publications/86223.pdf?modified=20161201134459  
36 Emissions factors for Canada are given in mass per energy value. The factors are converted for 
comparison with a given heating value of 42.5 MJ/kg. 
37 Based on incomplete burning coefficient of 0.0006 for soot free flaring and 75% share of methane in the 
gas 
38 Based on incomplete burning coefficient of 0.035 for flaring with soot and 75% share of methane in the 
gas 
39 EMEP/EEA air pollutant emission inventory guidebook 2016, 1.B.2.c. Venting and flaring. 
40 Values from the Guidebook adjusted for APG density of 0.948 kg/m3 (based on the data for APG from 
the Russian Arctic Zone in 2017 collected in Chapter 2 of this Report) instead of 0.85 kg/m3 assumed in the 
Guidebook 

Information box #2: Existing methodologies for estimation of air pollutants from gas flaring in Russia 

Among the 35 methodologies included in the list of those approved for use in 2018, there are two 
methodologies applicable for APG flaring: 

1. Methodology for estimating pollutant emissions into the atmosphere during flaring of associated 

petroleum gas at flaring stacks (SRI Atmosphera, 1998) 

2. Methodology for estimating parameters of emissions and total emissions of air pollutants from flaring 

of hydrocarbons (VNIIGAS, 1996) 

Both methodologies can be applied to APG flaring and the overall approach is rather similar - the quantity 
and quality of the emissions are determined by the type and parameters of the stacks and the gas 
composition of the flared APG. The formulae are based on the empirical analysis and modelling made in 
1980-1990s for the flaring in stacks. Default emission factors for a number of pollutants are provided, based 
on whether flaring is with soot or without it. The following condition needs to be met in order for the flaring 
process to result in soot-free combustion: the speed of gas flow directed to the flare has to be 0.2 times 
higher than the speed of sound in the gas.  

For methodology detailed in SRI Atmosphera (1998), the emission factors are divided between soot and soot-
free flaring, as shown in the table below. 

Emissions intensity, (kg/kg) Soot-free flaring Soot flaring 

𝑞𝐶𝑂 2 ∙ 10−2 2.5 ∙ 10−1 
𝑞𝑁𝑂𝑥

 3 ∙ 10−3 2 ∙ 10−3 

Black carbon − 3 ∙ 10−2 
Benzo (a) pyrene 2 ∙ 10−11 8 ∙ 10−11 

Hydrocarbons 6 ∙ 10−4 ∙ 𝑀𝑎𝑠𝑠% 3.5 ∙ 10−4 ∙ 𝑀𝑎𝑠𝑠% 
% incomplete combustion 0.06% 3.5% 

In methodology VNIIGAS (1996) only soot free flaring is considered. There are distinguishes emission factors 
for the main pollutants from flaring based on the type of flare (vertical/horizontal flare stack or ground-level 
flare) and the type of hydrocarbons combusted (gas-condensate mixture and natural gas). However, the 
values for EFs of the main air pollutants for soot-free flaring are very similar for the two methodologies. 

One important consideration when reviewing these methodologies is temporal variability of gas flow sent to 
flare (and its composition), which can affect the condition for soot-free flaring. 

https://www.capp.ca/~/media/capp/customer-portal/publications/86223.pdf?modified=20161201134459
https://www.capp.ca/~/media/capp/customer-portal/publications/86223.pdf?modified=20161201134459
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Details on methodologies per pollutant 

Some gases have relatively large differences in recommended emissions factors between 
countries, especially for unburnt hydrocarbons, reflecting differences in the use of methodologies, 
assumptions and/or data. 

Black carbon (BC) 

The BC emissions depend on: 

 The share of heavy hydrocarbons in the flare gas (they can cause sooting) 

 The impurities (combustion less efficient)  

 The velocity of APG at the flare tip (lower velocity greater potential for BC emissions) 

The default emission factors applied in different countries are presented in Figure 28. 

Figure 28 – BC (soot) default emission factors from APG flaring41 

 
Source: Carbon Limits analysis based on literature specified in Table 24 

BC emissions from in-field gas flares have been historically difficult to measure; as such, published 
emission factors relating BC emissions to a quantity of flared gas are necessarily derived from a 
limited number of small-scale laboratory and field experiments.42 

                                                           

41 For this and other charts in this section the data from Table 25 was used and APG density of 0.948 
kg/m3 was assumed if EFs were expressed per volume of gas (based on the data for APG from the Russian 
Arctic Zone in 2017 collected in Chapter 2 of this report). 
42 Conrad and Johnson (2016). Field Measurements of Black Carbon Yields from Gas Flaring, Environmental 
science and technology, https://pubs.acs.org/doi/pdf/10.1021/acs.est.6b03690  

https://pubs.acs.org/doi/pdf/10.1021/acs.est.6b03690


 

 

51 

 

Figure 29 presents an overview of the academic research over the past five years, which focused 
on evaluating BC emission factors from flaring. It shows the range of factors discussed in each 
article and the average estimate (or “best guess” if indicated by the authors). The figure also 
presents the approach used by the authors to determine the emission factor and the 
country/region for which the factor is applicable. 

Figure 29 – BC emission factors from international research43 

 
Source: Carbon Limits analysis 

Norway used the formula established by McEwen and Johnson (2012) for its default emission 
factor. This paper gives a regression formula for the emission factor as a function of the heating 
value (HV) as  

𝐸𝐹 = 0.0578(𝐻𝑉) − 2.09 (𝑅2 = 0.85)(𝑢𝑝 𝑡𝑜 47 𝑀𝐽/𝑚3) 

Aasestad (2013) used the same HV as the one used for NOx for Norway: 48MJ/m3.  

Canadian Association of Petroleum Producers (CAPP)44 used data from EPA for landfill gas flares 
(heating value: 15MJ/m3) and reviewed the emission factor considering a linear relation with the 
heating value EF= 0.05696(HV) at standard conditions of 1 atm and 15 °C, using a HV of 45MJ/m3 
as a representative value of the associated gas typical of the upstream Canadian oil and gas 

                                                           

43 Average density of 0.85 kg/m3 (EMEP/EEA Guidelines assumption) was used to compile this figure 
44 CAPP. 2004. A National Inventory of Greenhouse Gas (GHG), Criteria Air Contaminant (CAC) and Hydrogen Sulphide 

(H2S) Emissions by the Upstream Oil and Gas Industry Volume 3, Methodology for Greenhouse Gases, 2005-0013. 
Available at https://www.capp.ca/~/media/capp/customer-
portal/publications/86223.pdf?modified=20161201134459  

https://www.capp.ca/~/media/capp/customer-portal/publications/86223.pdf?modified=20161201134459
https://www.capp.ca/~/media/capp/customer-portal/publications/86223.pdf?modified=20161201134459


 

 

52 

 

industry. CAPP also assumes that within the accuracy of this factor, flare-generated PM is 
predominantly BC. 

Huang et al (2015) performed a calculation for Russia using the McEwen and Johnson (2012) 
formula and considering a heating value of 73 -78MJ/m3 based on gas composition from Filippov 
et al45. As noted by Evans et al (2017) among others, the emission factor calculated by Huang et al 
(2017) is highly uncertain as it is calculated outside of the HV application span of McEwen and 
Johnson (2012) formula, which does not represent well the heavier gas composition of the gas 
flared in Russia. Evans et al applied the same methodology as Huang et al but only considered the 
heating value of the APG from the 1st stage of processing as according to the authors, the vast 
majority of Russian flaring includes APG at the first stage of processing.  Evans et al concluded that 
additional work to establish Russia-specific emission factors would help in reducing uncertainty, 
especially around the higher energy content flared gas. 

Nitrogen Oxides (NOx) 

For NOx emissions, countries are in general agreement for the emission factors. Russia shows 
again higher emission factors for NOx with and without soot.  

Figure 30 – NOx default emission factors from APG flaring 

 
Source: Carbon Limits analysis based on literature specified in Table 24 

A study from SINTEF and Novatech46 established an experimental scaling law for non-assisted 
flares based on data from laboratory tests of small and medium sized flares (<50 mm in diameter) 

                                                           

45 Fillipov, A.V., 2013. Composition of associated petroleum gas. (In Russian: Nefregaz-RU 10, 68-72.) 
46 Bakken et al (2008), Improving Accuracy in Calculating NOx Emissions from Gas Flaring, SPE 111561. 
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in Norway and the results of DIAL LIDAR measurements of flare emissions from onshore facilities, 
taking into account the flare diameter.  

𝐸𝐼𝑁𝑂𝑥
= 0.93 ∗ 𝑚0.2 ∗

1

𝜌𝑜
0.2

∗
1

𝑑𝑜
0.45

= 0.93 ∗ 𝑉𝑜
0.2 ∗

1

𝑑𝑜
0.45

 

Where:  EI is the Emission Index in gNOx/kg fuel 

 ρ is the fuel density in kg/m3 at ambient conditions (298K/1 atm) 
 𝑑 is the nozzle outlet diameter in m 
 𝑚 is the mass flowrate in kg/s 
 𝑉 is the volumetric flowrate in m3/s 

This scaling law was used on 5 offshore installations and gave emission indices between 1.4 and 
2.7 gNOx/kg gas flared. The recommended emissions factor for Norway of 1.4gNOx/ kg gas flared 
comes from this equation and is based on the assumption of a constant flare gas heating value of 
48 MJ/m3 (although there are very large variation in the heating values of gas flared in Norway – 
from 35 to 112 MJ/m3). 

Carbon Monoxide (CO) 

Carbon monoxide is one of the main products (and indicators) of incomplete combustion. It means 
that to quantify the efficiency of combustion in a flare, the CO can be measured. CO measurement 
can be done directly (in the smoke plume) or remotely. Although it is currently not possible to 
continuously measure emissions from flaring it is likely that some of the available technologies 
(especially PFTIR), can be used in measurement surveys under normal operating conditions to 
establish a flare-specific emissions factor. 

Figure 31 – CO default emission factors from APG flaring  

 
Source: Carbon Limits analysis based on literature specified in Table 24 
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The default emission factor for all the countries studied fall into the EMEP/EEA guidelines, with 
the exception of Norway (the EF is slightly lower) and Russia for flaring with soot emissions (the 
value is more than 10 times higher than for soot-free EF). A study done by the University of Texas 
in 2010 for low gas calorific value and the CMA study shows that for steam-assisted flares, 
emission factor approximates 7.4g CO/kg gas both for flare gas with high- and low-heating values. 
For air and non-assisted flares with high gas calorific value the resulting emissions factor is 5.8g 
CO/kg gas, while low gas calorific value is 11.6g CO/kg gas47. 

Methane (CH4) 

CH4 emissions from flaring are mainly determined by two parameters48: 

 The proportion of methane in the gas stream directed to the flare (in gCH4/m3), and 

 The combustion efficiency49 (difficult to quantify and variable) 

The first parameter is determined by flare gas composition, while the other is more difficult to 
quantify. According to experts, elevated flares can achieve a combustion efficiency of more than 
98% when the flare is designed, installed and operated optimally (up to 99.5% according to some 
experts)50. Experts also agree on some conditions that may adversely affect emissions of unburned 
hydrocarbons51. The following situations may result in reduced combustion efficiency and thereby 
increased CH4 emissions: 

 Over use of assistance medium (only relevant for assisted flares) 
 Flaring with very low flare rates 
 Delayed ignition and poor combustion during ignition, particularly for unlit flares 
 Flare gas with low heating value 
 Flaring in strong winds 

The default emission factors for estimating methane emission from flares vary significantly from 
one country to the other. 

                                                           

47 Allen, David T. og Torres, Vincent M. TCEQ 2010 Flare Study Final Report. Austin, Texas: The University 
of Texas at Austin The Center for Energy and Environmental Resources, 2011. 
48 Heavier hydrocarbons may also be broken down to more volatile hydrocarbons, which could result in 
emissions of methane, although the flare gas originally contained no methane.  
49 The combustion efficiency is not a precise measure of how much unburned hydrocarbons are emitted 
from the flare. With combustion efficiency of 99.5% there can be both more or less methane emitted than 
0.5% of flare gases from initial methane content. Combustion efficiency is used in most studies to estimate 
emissions of unburned hydrocarbons. The project team is not aware of any alternative methods to 
quantify this type of emissions that have been determined to be more accurate based on measurement 
data. 
50 http://carbonlimits.no/wp-content/uploads/2015/06/Assessment-of-flare-strategies-techniques-for-
reduction-of-flaring-and-associated-emissions-emission.pdf  
51 http://www.epa.gov/airtoxics/flare/2012flaretechreport.pdf     

http://carbonlimits.no/wp-content/uploads/2015/06/Assessment-of-flare-strategies-techniques-for-reduction-of-flaring-and-associated-emissions-emission.pdf
http://carbonlimits.no/wp-content/uploads/2015/06/Assessment-of-flare-strategies-techniques-for-reduction-of-flaring-and-associated-emissions-emission.pdf
http://www.epa.gov/airtoxics/flare/2012flaretechreport.pdf
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Figure 32 – Methane default emission factors from APG flaring 

 
Source: Carbon Limits analysis based on literature specified in Table 24 

The Norwegian default emission factor was thoroughly studied in “Assessment of flare strategies, 
techniques for reduction of flaring and associated emissions, emission factors and methods for 
determination of emissions to air from flaring” submitted by Carbon Limits to the Norwegian 
Ministry of Environment52 and it was found that this factor should be revised as it was very low 
compared to measurements on onshore facilities.  It was advised that conservative assumptions 
in particular for combustion efficiency should be taken into account and that measurements for 
full-scale flares under representative conditions for Norway should be implemented in order to 
revise the default emission factor.  

The basis for the USA’s and Canada’s emission factors is a study done by Chemical Manufacturing 
Association from 198353. The authors have carried out a full scale experimental study to determine 
the efficiencies of flare burners looking at both air and steam assisted flares under a wide range 
of operating conditions. The flared component was crude propylene containing 80% propylene 
and 20% propane54. Canada assumes that CH4

 comprises 55% of the total hydrocarbons as 
suggested in the EPA AP-42. A new proposed emission factor for VOCs for EPA A-42 section 13.5 
was developed and proposed in February 2018 for flare operations in refinery and chemical 
manufacturing processes: the new factor amounts to 12g/kg gas flared (0.66lb/MMBtu)55 for 
methane and nmVOC combined.  

                                                           

52 http://www.miljodirektoratet.no/no/Publikasjoner/2015/Januar1/Assessment-of-flare-strategies-
techniques-for-reduction-of-flaring-and-associated-emissions-emission-factors-and-methods-for-
determination-of-emissions-to-air-from-flaring/  
53 https://www3.epa.gov/ttnchie1/old/ap42/ch13/s05/reference/ref_01c13s05_jan1995.pdf  
54 Which is not representative of the APG sent to flare in the Russian Arctic. 
55 See Background Documentation for section 13.5 available here, 
https://www3.epa.gov/ttn/chief/ap42/ch13/index.html  

http://www.miljodirektoratet.no/no/Publikasjoner/2015/Januar1/Assessment-of-flare-strategies-techniques-for-reduction-of-flaring-and-associated-emissions-emission-factors-and-methods-for-determination-of-emissions-to-air-from-flaring/
http://www.miljodirektoratet.no/no/Publikasjoner/2015/Januar1/Assessment-of-flare-strategies-techniques-for-reduction-of-flaring-and-associated-emissions-emission-factors-and-methods-for-determination-of-emissions-to-air-from-flaring/
http://www.miljodirektoratet.no/no/Publikasjoner/2015/Januar1/Assessment-of-flare-strategies-techniques-for-reduction-of-flaring-and-associated-emissions-emission-factors-and-methods-for-determination-of-emissions-to-air-from-flaring/
https://www3.epa.gov/ttnchie1/old/ap42/ch13/s05/reference/ref_01c13s05_jan1995.pdf
https://www3.epa.gov/ttn/chief/ap42/ch13/index.html
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The default emission factor for UK was calculated using mass balance equations and a combustion 
efficiency of 98%. If the gas composition is known, the guidance suggests recalculating the 
emission (see chapter 7 of the guidance56) following this formula: 

𝑀 (𝐶𝐻4) = (1 −
𝐸𝑓𝑓

100
) ∗ 𝐶𝑤𝑡(𝐶𝐻4) ∗ 𝑀𝑡𝑜𝑡 

Where:   Eff is the combustion efficiency 
Cwt is the component weight percentage 
Mtot is the total mass of gas 

This formula does not account for the fact that potential heavier hydrocarbons may be broken 
down to more volatile hydrocarbons such as methane. 

Non-methane volatile organic compounds (nmVOC) 

Emissions of other unburnt hydrocarbons are affected by the same conditions as methane 
emissions (the same comments as the ones made above stand). Again, the emissions factors from 
one country to the other vary significantly. The EMEP/ EEA 95% confidence interval shows a really 
large distribution for nmVOC.  

Figure 33 – NmVOC default emission factors from APG flaring 

 
Source: Carbon Limits analysis based on literature specified in Table 24 

                                                           

56 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/136
461/atmos-calcs.pdf  

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/136461/atmos-calcs.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/136461/atmos-calcs.pdf
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4.2. Fugitive emissions of CH4 and nmVOC from APG production and utilisation 

Fugitive emissions 

Comparing various methodologies for estimation of fugitive emissions from oil and gas operations 
is complicated by large discrepancies in terminology used across different countries and 
institutions when it comes to emissions of methane and other VOCs from petroleum industry. 
According to the IPCC 2006 Guidelines57, the term fugitive emissions is broadly applied to mean 
all greenhouse gas emissions from oil and gas systems except contributions from fuel combustion 
(but including “unproductive” energy combustion from a flare stack). In the Norwegian industry 
guidance document58, fugitive emissions are defined as small gas leaks through valve seals, 
flanges, flexible hoses and so forth, that occur everywhere in processing facilities where gas is 
handled under pressure. In this report, fugitive emissions of methane and nmVOC encompass a 
broader definition of diffuse emissions (from point and area sources)59, similar to the one provided 
in the IPCC guidelines. 

This section focuses on methodologies to estimate fugitive emissions of CH4 and nmVOC emitted 
during APG production and utilisation in forms of diffuse emissions (equipment leaks, evaporation, 
vents and other fugitive pollutant releases). As stated in Section 2.1 “Production of APG and SLCP 
Release”, fugitive emissions of CH4 and nmVOC from APG production occur at the oil wellhead 
through to the oil transmission system, including oil processing units. The main sources of 
emissions here are wellheads, pumps, pipelines from fields to oil processing, (including valves, 
flanges and other components that might leak). Following Paragraph 2.2 “APG Utilization by 
Applications”, fugitive emissions of CH4 and nmVOC from APG utilisation occur at gas processing 
plants, booster compressor stations, compression stations, pipelines between processing 
facilities.  

While part of the fugitive emissions (leaks) occur due to normal wear and tear, improper or 
incomplete assembly of components, inadequate material specification, manufacturing defects, 
damage during installation or use, corrosion and malpractices, others (vents) happen as part of 
the normal operational practices or during routine maintenance (e.g. blowdown of equipment, 
evaporation during storage).  

In terms of composition, fugitive emissions represent a flow of gas (i.e. APG) or vapours (consisting 
mostly of hydrocarbons). Methane and nmVOCs (including compounds such as benzene, xylene, 
propane and butane) can be derived from the total gas losses based on the composition of the 
released substance (gas/vapour). 

One reason for high uncertainty of fugitive emission estimates is that such emissions are often 
invisible and do not have strong odour which makes them difficult to detect and identify. In 
addition, fugitive emissions in typical oil and gas facilities are very dispersed – with potentially 
dozens of emission points for a single facility. Other reasons, such as the problem of super emitters 
will be discussed further in this section. 

                                                           

57 https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/2_Volume2/V2_4_Ch4_Fugitive_Emissions.pdf 
58 Norwegian Environment Agency, 2016. Cold venting and fugitive emissions from Norwegian offshore oil 
and gas activities: http://www.miljodirektoratet.no/no/Publikasjoner/2016/Juni-2016/Cold-venting-and-
fugitive-emissions-from-Norwegian-offshore-oil-and-gas-activities--summary-report/ 
59 Methane and nmVOC resulting from incomplete combustion during APG flaring are not included in this 
section. 

https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/2_Volume2/V2_4_Ch4_Fugitive_Emissions.pdf
http://www.miljodirektoratet.no/no/Publikasjoner/2016/Juni-2016/Cold-venting-and-fugitive-emissions-from-Norwegian-offshore-oil-and-gas-activities--summary-report/
http://www.miljodirektoratet.no/no/Publikasjoner/2016/Juni-2016/Cold-venting-and-fugitive-emissions-from-Norwegian-offshore-oil-and-gas-activities--summary-report/
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Typical methodology to assess emissions and international comparison 

Similarly to emissions from APG flaring, fugitive losses of CH4 and nmVOC occurring during APG 
production and utilisation processes are typically estimated using three approaches: (i) direct 
instrumental measurement, (ii) remote measurements, (iii) indirect estimation.  

Direct instrument (bottom-up) measurement 

Bottom-up studies are based on on-site measurements of emissions from individual components. 
They are the most detailed but also the most time-consuming and expensive and must be 
extrapolated to the company level if all of the facilities cannot be surveyed. 

A number of different tools can be used for identification and quantification of hydrocarbon 
emissions rates on oil and gas sites (see Table 26). The former are used to locate the source of a 
leak (as they are often invisible to human eye without special equipment), while the latter are 
applied afterwards for each identified source to estimate emission rate. 

Table 26 – Typical equipment used for methane and nmVOC emission identification and direct 
measurement 

Identification Quantification 

Optical leak imaging (Infrared camera)60 Thermal Dispersion Flow Meters 

Soap bubble screening Calibrated vent bag 

Organic/toxic vapour analysers Hotwire/vane anemometer 

Acoustic leak detection High flow sampler61 

Laser leak detector  

Source: IPIECA (2018) 62 and CCAC (2016)63 

Increasing number of international oil companies (IOCs) are using this approach to identify and 
measure emissions of methane on their facilities (with an ultimate goal of mitigating these 
emissions). Thus, of 8 IOCs that are currently members to the Oil and Gas Methane Partnership 
(OGMP) under the Climate and Clean Air Coalition (CCAC) and report on their actions towards 
methane emissions reduction, 7 companies have direct inspection and maintenance systems in 
place, at least on some of their facilities64.  

Gazprom is now using laser technology for continuous monitoring of natural gas concentrations 
at its compressor stations, as well regular monitoring of its transmission pipeline network using 

                                                           

60 http://www.flir.com/ogi/display/?id=55671. New models of IR cameras are being designed that are able 
to both identify the source of methane emissions, as well as measure the emission rate: 
http://www.flirmedia.com/MMC/THG/Brochures/OGI_026/OGI_026_US.pdf 
61 http://heathus.com/products/hi-flow-sampler/  
62 More information about these technologies can be found in the Methane glossary compiled by The 
global oil and gas industry association for environmental and social issues (IPIECA): 
http://www.ipieca.org/resources/awareness-briefing/methane-glossary/  
63 https://www.epa.gov/sites/production/files/2016-04/documents/mon7ccacemissurvey.pdf  
64 http://ccacoalition.org/en/resources/oil-and-gas-methane-partnership-ogmp-second-year-report  

http://www.flir.com/ogi/display/?id=55671
http://www.flirmedia.com/MMC/THG/Brochures/OGI_026/OGI_026_US.pdf
http://heathus.com/products/hi-flow-sampler/
http://www.ipieca.org/resources/awareness-briefing/methane-glossary/
https://www.epa.gov/sites/production/files/2016-04/documents/mon7ccacemissurvey.pdf
http://ccacoalition.org/en/resources/oil-and-gas-methane-partnership-ogmp-second-year-report
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leak detection equipment installed on a helicopter65.  Statoil, Pacific Gas & Electric and Shell have 
joined a Methane Detectors Challenge in 2017 and also deployed sensor- and laser-based 
technology for continuous remote monitoring of hydrocarbon emissions at some of their sites66. 

Remote (top-down) measurements 

Remote, also called top-down, studies typically measure the ambient concentration of methane 
by taking samples usually from aircraft, moving vehicle or tall towers located on site. Another 
approach involves monitoring methane plumes using tracer gas. Several companies have also 
started performing methane measurements based on satellite technology67.  

These measurements provide insights into overall levels of methane emissions on site, but cannot 
necessarily be used to trace back main contributing sources and their relative importance. This 
approach requires additional analysis to determine the origin of methane emissions in order to 
make sure that they are rightfully attributed to the oil and gas infrastructure.  

Indirect estimation 

The indirect methods for estimation of fugitive emissions can be based either on default emission 
factors per unit of throughput (high-level assessment, e.g. Tier 1 Emission Factor (EF) from IPCC 
2006 Guidelines68) or emission factors per equipment or event (e.g. per compressor or pipeline 
blowdown). The latter, in turn, can be based on default EFs, typical for the type of 
equipment/practice or based on the results of direct measurements performed on similar type of 
equipment in the region or in the same company.  

Typically, methodologies for estimation of fugitive emissions of hydrocarbons used in different 
countries can include a combination of all three of quantification approaches (depending on the 
country and the source of fugitive emissions). Increasing number of national (and independent, 
e.g. CCAC) methodologies present source-specific guidance, allowing for different approaches to 
be used for different sources of fugitive emissions (depending on their relative importance) and 
encouraging direct measurement of emissions when possible. However, the issue of proper 
methane and nmVOC emissions accounting from oil and gas systems remains unresolved in many 
countries. For instance, a report by the Swedish Environment Agency (IVL)69 revealed that 
although simple measurement instruments are already applied in Sweden by the owner and 
operator of the national gas transmission pipeline, they are said to have limited capacity to 
identify leaks and cannot quantify them. 

The following sections present examples of approaches introduced recently in Norway and 
Canada, as well as methodologies developed by Climate and Clean Air Coalition (CCAC) for 
company-level reporting. Table 27 presents the key documents outlining methodologies for 
estimating emissions of methane and nmVOC from the oil and gas sector in different countries 
(including from APG production and utilisation). 

                                                           

65 Romanov K. “Best practices presentation of European (including Russian) examples for GHG emissions 
of the natural gas supply chain”. Proceedings from the Conference “Industrial Methane Measurement”, 
November 2018. 
66 http://business.edf.org/projects/featured/natural-gas/methane-detectors-challenge  
67 http://www.ghgsat.com/, https://www.theguardian.com/environment/2018/apr/12/new-satellite-to-
spot-planet-warming-industrial-methane-leaks  
68 https://www.ipcc-nggip.iges.or.jp/public/2006gl/  
69 http://www.ivl.se/download/18.7e136029152c7d48c202d7f/1467195233710/C202.pdf (in Swedish) 

http://business.edf.org/projects/featured/natural-gas/methane-detectors-challenge
http://www.ghgsat.com/
https://www.theguardian.com/environment/2018/apr/12/new-satellite-to-spot-planet-warming-industrial-methane-leaks
https://www.theguardian.com/environment/2018/apr/12/new-satellite-to-spot-planet-warming-industrial-methane-leaks
https://www.ipcc-nggip.iges.or.jp/public/2006gl/
http://www.ivl.se/download/18.7e136029152c7d48c202d7f/1467195233710/C202.pdf
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Table 27 – List of primary documents outlining methodologies for estimating fugitive emissions 
from oil and gas operations in different countries 

Country Reference  

Norway 

NOROG, 044 – Anbefalte retningslinjer for utslippsrapportering (revision No.16 from 
02.01.2018), 2018, https://www.norskoljeoggass.no/arbeidsliv/retningslinjer/miljo/044-
anbefalte-retningslinjer-for-utslippsrapportering-ny-revisjon-pr-23.02.2017/ (in 
Norwegian) 

Canada 
Regulations Respecting Reduction in the Release of Methane and Certain Volatile Organic 
Compounds (Upstream Oil and Gas Sector), May 2018, http://www.gazette.gc.ca/rp-
pr/p2/2018/2018-05-02/pdf/g2-15209.pdf  

Russia 

NIPIGAZOPERERABOTKA, Methodology for estimation of pollutant emission from diffuse 
sources of fugitive emissions in oil and gas equipment, 2000, 
https://standartgost.ru/g/pkey-14294846265/%D0%A0%D0%94_39.142-00 (in Russian) 
Methodology for estimation of pollutant emissions from reservoirs, 1997 & Additions to the 
Methodology (SRI Atmosphera), 1999, 
http://www.gostrf.com/normadata/1/4294849/4294849188.pdf (in Russian) 

IPCC 
IPCC 2006 Guidelines, Volume 2: Energy, Chapter 4: Fugitive emissions, 2006, 
https://www.ipcc-
nggip.iges.or.jp/public/2006gl/pdf/2_Volume2/V2_4_Ch4_Fugitive_Emissions.pdf  

CCAC 
Oil and Gas Methane Partnership (OGMP) Technical guidance documents, 2017, 
http://ccacoalition.org/en/content/oil-and-gas-methane-partnership-technical-guidance-
documents  

Activity data & Emission factors 

Unlike emissions from flaring, fugitive emissions from APG production and utilisation can be 
estimated through various activity variables. The specific variable to use depends on the level of 
data available, homogeneity of the oil and gas sector (in terms of equipment and operational 
practices) and the importance of particular emission sources. 

The estimated emissions will have lower uncertainty the more disaggregate and reliable activity 
data and emission factors are. The IPCC Guidelines outline a three-tier approach to estimate 
greenhouse gas emissions (including methane) depending on the amount/quality of data 
available: 

 Tier 1 is a top down approach based on applying default emission factors to very general 

activity data categories 

 Tier 2 is an approach that requires country specific EFs or relies on a mass balance 

approach 

 Tier 3 is a rigorous bottom up approach, involving identification of equipment-specific 

emission sources, count of equipment units, measurement of emission rates per 

equipment type, etc. 

Activity data for Tier 1 and Tier 2 approach can be m3 of throughput for a gas processing plant or 
km of pipelines for upstream facilities. It is matched with a generic emission factor (often based 
on a series of measurements or international assessments which do not necessarily represent the 
specific facility and its state). If a lower level of uncertainty is desirable, Tier 2 approach can be 
applied to the same activity data, which requires use of company- or country-specific emission 
factors that would reflect better the applied maintenance practices, the age of infrastructure and 
type of equipment used.  

https://www.norskoljeoggass.no/arbeidsliv/retningslinjer/miljo/044-anbefalte-retningslinjer-for-utslippsrapportering-ny-revisjon-pr-23.02.2017/
https://www.norskoljeoggass.no/arbeidsliv/retningslinjer/miljo/044-anbefalte-retningslinjer-for-utslippsrapportering-ny-revisjon-pr-23.02.2017/
http://www.gazette.gc.ca/rp-pr/p2/2018/2018-05-02/pdf/g2-15209.pdf
http://www.gazette.gc.ca/rp-pr/p2/2018/2018-05-02/pdf/g2-15209.pdf
https://standartgost.ru/g/pkey-14294846265/%D0%A0%D0%94_39.142-00
http://www.gostrf.com/normadata/1/4294849/4294849188.pdf
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/2_Volume2/V2_4_Ch4_Fugitive_Emissions.pdf
https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/2_Volume2/V2_4_Ch4_Fugitive_Emissions.pdf
http://ccacoalition.org/en/content/oil-and-gas-methane-partnership-technical-guidance-documents
http://ccacoalition.org/en/content/oil-and-gas-methane-partnership-technical-guidance-documents
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Tier 3 approach includes quantification of the number of equipment units that contribute most to 
the fugitive emissions (e.g. compressor stations, km of gathering pipelines, etc.). Relevant 
emission factors per equipment unit are chosen based on existing literature, which are based 
largely on North American measurements, or from  company’s own measurements of emission 
rates per specific equipment. This approach is said to provide results with lowest uncertainty, 
however, it is important to point out that operational VOC emissions can vary largely in time 
depending on the operational mode and/or interruptions in normal processes (that often require 
blowdown of equipment), as well as across company’s different facilities, especially if they vary 
significantly in age, level of modernization, applied maintenance practices. Emission rates of a 
selected sample of equipment are often extrapolated to a larger population of installations, which 
can lead to omitting the issue of so called “super emitters” (sites or equipment that produce 
disproportionate shares of total emissions). For more information on super emitters, see 
Information box 3. 

Over the last couple of years, important research work has been ongoing in the USA and Canada 
to understand and refine the estimate of the emission factors from different sources in the oil and 
gas value chain70. This work has demonstrated that historical emission inventories underestimated 
the magnitude of emissions and also that emissions are highly site-specific (e.g. emission rates 
from similar equipment and processes can vary by a factor of 100071). 

Examples of selected countries 

Norway 

The issue of proper quantification of methane and nmVOC emissions is widely acknowledged in 
many major oil producing countries, including Norway. Annual inventories of direct methane and 
nmVOC emissions are reported by the operating oil companies to the Norwegian Environment 
Agency (NEA) in their annual emission and discharge reports. 

                                                           

70 A few examples of the (very long) list: Methane Emissions from Process Equipment at Natural Gas 
Production Sites in the United States: Pneumatic Controllers Allen et al., 2015; Measurement of methane 
emissions at natural gas production sites in the United States. Allen, David, T., et al. 2013; Determining 
Bleed Rates for Pneumatic Devices in British Columbia; Final Report. The Prasino Group. 2013. Zavala-
Araiza D, Alvarez RA, Lyon DR, Allen DT, Marchese AJ, Zimmerle DJ, Hamburg SP. Super-emitters in natural 
gas infrastructure are caused by abnormal process conditions. Nature Communications. 2017 
71 «Quantifying cost effectiveness of systematic Leak Detection and Repair Programs using Infrared 
cameras”, Carbon Limits report CL-13-27 (2014).  
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The national methodology for direct hydrocarbon (HC) emissions has been in use for over 20 years, 
and its accuracy and ability to cover all emission sources has also been scrutinised72, until the new 
regulations came into force in January 201873 and increased focus on methane emissions from the 
petroleum sector, as a strong climate forcer. A new revision of the Guidelines for reporting of 
emissions was released in January 2018, including a revised section on reporting of direct methane 
and other VOC emissions. An extensive annex has been added to the guidelines, detailing 
estimation methodologies for each of the identified emission sources. A comparison of the 
previous and updated methodologies is presented in the table below. 

                                                           

72 http://www.miljodirektoratet.no/no/Publikasjoner/2016/Juni-2016/Cold-venting-and-fugitive-
emissions-from-Norwegian-offshore-oil-and-gas-activities--summary-report/    
73 http://www.miljodirektoratet.no/Documents/publikasjoner/M514/M514.pdf  

Information box #3: Super emitters as a source of uncertainty in emission estimates 

Over the last few years, several papers have demonstrated that a minority of the sites represent the 
majority of the emissions and that a minority of components represents the large majority of these 
emissions. The figure below, extracted from a large research effort in the USA1, illustrates the impact of 
high emitting sites and the shape of the distribution curve of emissions:  

«The cumulative percent of CH4 emissions (blue curve) as a function of the cumulative percent of 
sites, which are plotted in rank order of increasing emissions. The secondary y-axis (red curve, log 
scale) shows the corresponding absolute CH4 emission rate. Roughly 30% of sites had emissions 
below the method’s detection limit. (...) [While] the 5% of sites with the highest emission rates (...) 
are responsible for 70% of the emissions». (http://pubs.acs.org/doi/pdf/10.1021/acs.est.5b00133) 

 

There is currently limited published scientific literature on the main causes for “super-emitters”, though 
experience suggests that equipment age, gas composition, and maintenance practices play a role. 
Current best practice consists of systematic and frequent (i.e. quarterly to annual) surveys to identify 
and address super emitters as soon as possible. 

This characteristic distribution of the emissions (so-called “fat-tailed” distribution) has an important 
impact on the emission estimation. It is evident that using methodology based on default emission 
factors will not necessarily capture such extreme cases. Even if the underlying default EFs are based on 
measurement, if it not evident that any super emitters have been part of the sample. In this respect, 
direct measurement of emissions allows to both capture the emissions from super emitters and apply 
various emission rates to certain (empirically defined) shares of emission sources. 

http://www.miljodirektoratet.no/no/Publikasjoner/2016/Juni-2016/Cold-venting-and-fugitive-emissions-from-Norwegian-offshore-oil-and-gas-activities--summary-report/
http://www.miljodirektoratet.no/no/Publikasjoner/2016/Juni-2016/Cold-venting-and-fugitive-emissions-from-Norwegian-offshore-oil-and-gas-activities--summary-report/
http://www.miljodirektoratet.no/Documents/publikasjoner/M514/M514.pdf
http://pubs.acs.org/doi/pdf/10.1021/acs.est.5b00133
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Table 28 – Methodologies for estimating of methane/nmVOC emissions from the oil and gas 
sector in Norway  

Parameter Old methodology New methodology 

Timeframe From mid-1990s till 2017 From January 2018 onwards 

Developed by Aker engineering Based on Add Novatech 

Quantification 
methods 

Average emission factors 
per emission source 

A number of quantification approaches is accepted and 
can be different for each emission source (needs to be 
specified)74: 

direct measurement; indirect measurement; 
specialised software; default emission factor; data 
from technology provider; OGI75 leak/no leak, 
calculation based on flow rate, mass balance, 
physical laws 

A number of emission sources (e.g. unburnable flare gas, 
wet seals on centrifugal compressors, reciprocating 
compressors) require facility-based quantification 
method which allows the operator to establish his own 
estimation methodology and requires documentation. 

Emission 
sources 

Much fewer sources (13) 
• glycol regeneration 
• waste gas from the 

produced water 
system 

• gas dissolved in liquid 
from the scrubber 

• wet seal oil for 
compressors 

• leakage through dry 
compressor seals 

• equipment 
depressurisation 

• purge and blanket gas 
• flushing of instrument 

bridles and sampling 
• extinguished flares 
• small leakages 
• annulus bleed from 

production strings 
• drilling 

 start gas for turbines 

Extended list of sources (over 30) with several 
subsources76 
• TEG regeneration (degassing tank, regenerator, 

stripping gas) 
• MEG regeneration (degassing tank, regenerator, 

stripping gas) 
• amine regeneration (degassing tank, regenerator) 
• handling of produced water (degassing tank, CFU, 

flotation gas, discharge caisson) 
• wet seal oil for centrifugal compressors (degassing 

pots, seal oil holding/storage tank)  
• reciprocating compressors (separator chamber, 

crankcase) 
• dry compressor seals (primary/secondary sealing 

gas, leaks of primary sealing gas) 
• unburnt gas from flares (ignition and 

extinguishment of flares, unburnable flare gas, 
cold flare) 

• leaks in the process (large and small leaks) 
• purge and blanket gas 
• gas analysers and sampling stations 
• storage tanks for crude oil (gas blowdown during 

inspection, abnormal operating conditions) 
• blowdown of process systems  
• drilling 

Activity data 
In the majority of cases – 
the amount of gas 

Varies from source to source. Strict rules on 
documentation of underlying activity data (flow rate, 
bleed rate, volume of the instrument) – measurement, 

                                                           

74 It is important to note that not all of the quantification methods are permitted for each emission source. 
The annex to the Guidelines provides details on which method can be used for each subsource: 
https://www.norskoljeoggass.no/contentassets/cd872e74e25a4aadac1a6e820e7f5f95/vedlegg-b----
handbok_voc-utslipp_retningslinje-044-ver-16.pdf (in Norwegian) 
75 OGI: Optical Gas Imaging 
76 New sources compared to the previous list are marked in bold 

https://www.norskoljeoggass.no/contentassets/cd872e74e25a4aadac1a6e820e7f5f95/vedlegg-b----handbok_voc-utslipp_retningslinje-044-ver-16.pdf
https://www.norskoljeoggass.no/contentassets/cd872e74e25a4aadac1a6e820e7f5f95/vedlegg-b----handbok_voc-utslipp_retningslinje-044-ver-16.pdf
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processed in the facility 
(in m3) 
For drilling – number of 
wells 
For start gas for turbines 
– number of starts 

information from technology provider, other type of 
documentation 

Emission 
factors 

Generic emission factors 
for methane and NMVOC 
emitted from each source 

Updated from the previous version. Many sub-sources 
do not have default emission factors specified, thus, 
other quantification methods should be used 

Summary 

This methodology was not 
very precise and directly 
inaccurate for some 
emission sources. The list 
of predefined sources was 
incomplete77. 

New methodology reflects to a larger degree current 
international best practices for quantification of HC 
emissions, including source-specific estimation 
methodologies, use of infrared imaging devices to 
identify equipment leaks78, as well as methodologies 
adjusted to national practices 

Source: Carbon Limits analysis based on Add Novatech (2016)79 and NOROG (2018)80 

Canada 

Reporting on emissions due to oil and gas operations (including fugitive emissions) is done under 
the National Pollutant Release Inventory. All the necessary information about requirements for 
emission estimations and reporting are compiled in Reporting guide for the National Pollutant 
Release Inventory81. The same document lists the possible accepted methods of emission 
estimation (and also estimation of the underlying activity data, e.g. fuel used), including: 

 Continuous emission monitoring systems 

 Predictive emission monitoring 

 Source testing 

 Mass balance 

 Site-specific and published emission factors 

 Engineering estimates 

 Method detection limit 

In addition to this guide, Environment and Climate Change Canada, the US EPA and various 
industry associations have developed substance-, activity- and sector-specific guidance 
documents that are also listed in the Reporting guide. The main reporting requirements and 

                                                           

77 Norwegian Environment Agency, 2016. Cold venting and fugitive emissions from Norwegian offshore oil 
and gas activities: http://www.miljodirektoratet.no/no/Publikasjoner/2016/Juni-2016/Cold-venting-and-
fugitive-emissions-from-Norwegian-offshore-oil-and-gas-activities--summary-report/ 
78 Although only leak/no leak approach is prescribed (leak detection), without an obligation to quantify 
leaks 
79 "Cold venting and fugitive emissions from Norwegian offshore oil and gas activities – Report 2 Emissions 
quantities and quantification methodology",  Add Novatech AS for Norwegian Environment Agency, 2016 
(in Norwegian) and "Cold venting and fugitive emissions from Norwegian offshore oil and gas activities – 
Report 4 Review of calculation methods for fugitive emissions and small leaks", Add Novatech AS for 
Norwegian Environment Agency, 2016 (in Norwegian) 
80 https://www.norskoljeoggass.no/contentassets/cd872e74e25a4aadac1a6e820e7f5f95/vedlegg-b----
handbok_voc-utslipp_retningslinje-044-ver-16.pdf 
81 https://www.canada.ca/en/environment-climate-change/services/national-pollutant-release-
inventory/publications/guide.html  

http://www.miljodirektoratet.no/no/Publikasjoner/2016/Juni-2016/Cold-venting-and-fugitive-emissions-from-Norwegian-offshore-oil-and-gas-activities--summary-report/
http://www.miljodirektoratet.no/no/Publikasjoner/2016/Juni-2016/Cold-venting-and-fugitive-emissions-from-Norwegian-offshore-oil-and-gas-activities--summary-report/
https://www.norskoljeoggass.no/contentassets/cd872e74e25a4aadac1a6e820e7f5f95/vedlegg-b----handbok_voc-utslipp_retningslinje-044-ver-16.pdf
https://www.norskoljeoggass.no/contentassets/cd872e74e25a4aadac1a6e820e7f5f95/vedlegg-b----handbok_voc-utslipp_retningslinje-044-ver-16.pdf
https://www.canada.ca/en/environment-climate-change/services/national-pollutant-release-inventory/publications/guide.html
https://www.canada.ca/en/environment-climate-change/services/national-pollutant-release-inventory/publications/guide.html


 

 

65 

 

methodologies are outlined in the NPRI Guide82 – A Recommended Approach to Completing the 
National Pollutant Release Inventory for the Upstream Oil and Gas Industry. The table below 
summarizes the key elements for estimating CH4 and nmVOC emissions from activities related to 
APG production and utilisation: 

Table 29 – Methodologies for estimation of methane/nmVOC emissions from the oil and gas 
sector in Canada 

 Fugitive equipment leaks Process venting 

Main sources 

 reciprocating compressor packing 
systems  

 centrifugal compressor seals 
 valves (i.e., the stem packing system 

plus fittings and seams on the valve 
body) 

 pump seals  
 connectors (i.e., threaded or 

gasketed surfaces)  
 pressure-relief devices (i.e., the 

seated surfaces)  
 open-ended valves and lines 

 glycol dehydrators 
 blowdowns 
 purging 
 pressure relief events, and  
 the use of natural gas as the supply 

medium for gas-operated devices 

Activity data 
Generic or facility-specific component 
counts (e.g. valve, compressor seal, 
connector, etc.) 

Equipment count, frequency of 
occurrence of events (e.g. blowdowns) 

Emission 
factors 

Average EFs per component type (based 
on current fugitive management 
practices) 

For glycol dehydrators – average EFs per 
m3 of gas production 
For gas operated devices – average EFs 
per specified model of pneumatic 
controller/pump 

Recommended 
approach 

Average emission factor approach 
But formal leak management 
programmes are part of BAT requirement 

Dependent on the emission source: 
 glycol dehydrators: flow rate 

measurement, mass balance, 
engineering estimate, average 
emission factor 

 blowdowns/purging/ pressure 
relief events: engineering 
estimates using a specified 
formula, no average EFs 

 gas-operated devices: average EFs 

Source: Canadian Association of Petroleum Producers (2014)83 

Although the above-mentioned methodologies are currently applied for emission quantification, 
important changes are underway when it comes to measurement and mitigation of fugitive 
emissions from the oil and gas sector in Canada. The country has taken important steps to address 
the problem of methane emissions from the sector by implementing Federal Air Pollution 
Regulations to cut CH4 emissions from existing and new oil and gas projects by 40 to 45% from 
2012 levels by 2025. In April 2018, this statement has been transposed into new federal 
regulations which address both intentional methane releases (vents), as well as leaks along the 

                                                           

82 NPRI Guide - A Recommended Approach to Completing the National Pollutant Release Inventory for the 
Upstream Oil and Gas Industry - https://www.capp.ca/publications-and-statistics/publications/252792  
83 https://www.capp.ca/publications-and-statistics/publications/252792  

https://www.capp.ca/publications-and-statistics/publications/252792
https://www.capp.ca/publications-and-statistics/publications/252792
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production value chain84. The legislation sets specific guidelines for each emission source with 
respect to emission rate estimation and emission limits to be achieved. 

From January 2020, operators will have to implement the following procedures to accurately 
estimate fugitive emissions from their operations (in order to adequately assess the scope of the 
problem and companies’ progress on mitigation): 

 Implementation of leak85 detection and repair programme with inspection frequency of 

three times per year and corrective action when leaks are found86 

 Annual measurements of emissions of natural gas from equipment vents and corrective 

action when emissions are higher than applicable limits 

 A halt to venting of natural gas from well completions involving hydraulic fracturing and 

the use instead of conservation of gas for reuse on site or for sale or flaring and clean 

incineration 

The quantitative limits for certain emission sources are detailed below: 

 Emission limits 

 2020 2023 

Total amount of gas vented 
15 000 m3/year + conservation of 
gas for reuse on site or for sale or 
flaring and clean incineration 

Same 

Centrifugal compressors 
<5 MW – 0.34 m3/min 
≥ 5 MW – 0.68 m3/min 

0.14 m3/min 

Reciprocating compressors 
0.023 m3/min * the 
number of pressurized cylinders 

0.001 m3/min * the number of 
pressurized cylinders 

Pneumatic devices 

0.17 m3/hour + conservation of gas 
for reuse on site or for sale, or 
replacement with non-emitting or 
low-emitting bleed pneumatic 
devices 

Same 

Source: Government of Canada87 

The legislation also establishes requirements for the quality of the activity data used in emission 
estimation. Thus, all emissions released through designated venting points will need to be 
measured using a flow meter (other than a calibrated bag) with a maximum error of margin of 
±10% or a continuous monitoring device.  

CCAC methodology 

Climate and Clean Air Coalition (CCAC), representing a voluntary partnership of governments, 
intergovernmental organizations, businesses, scientific institutions and civil society organizations, 
is one of the leading actors when it comes to short-lived climate pollutants. As part of their efforts 
to reduce methane emissions from upstream oil and gas operations, members of the CCAC Oil and 

                                                           

84 Regulations Respecting Reduction in the Release of Methane and Certain Volatile Organic Compounds 
(Upstream Oil and Gas Sector), May 9, 2018, http://www.gazette.gc.ca/rp-pr/p2/2018/2018-04-26-
x1/html/sor-dors66-eng.html  
85 A leak is defined as a release that consists of at least 500 ppmv of hydrocarbons. 
86 A list of eligible leak detection instruments is provided: those operating in according with the US EPA 
Method 21 or an optical gas-imaging instrument 
87 http://www.gazette.gc.ca/rp-pr/p2/2018/2018-04-26-x1/html/sor-dors66-eng.html  

http://www.gazette.gc.ca/rp-pr/p2/2018/2018-04-26-x1/html/sor-dors66-eng.html
http://www.gazette.gc.ca/rp-pr/p2/2018/2018-04-26-x1/html/sor-dors66-eng.html
http://www.gazette.gc.ca/rp-pr/p2/2018/2018-04-26-x1/html/sor-dors66-eng.html
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Gas Methane Partnership (OGMP) have developed Technical Guidance Documents (TGDs) on each 
of the nine core emission sources: 

 Natural gas driven pneumatic controllers and pumps 

 Fugitive component and equipment leaks 

 Centrifugal compressors with wet (oil) seals 

 Reciprocating compressor rod seal/packing vents 

 Glycol dehydrators 

 Unstabilised hydrocarbon liquid storage tanks 

 Well venting for liquids unloading 

 Well venting/flaring during well completion for hydraulically fractured gas wells 

 Casinghead gas venting 

Proposed methodologies are based either on direct measurement, on engineering estimates 
(often using a specific industry software) or on default emission factors – where total count of 
each equipment type at the company’s facilities is multiplied by default emission factors per type 
of equipment. The default emission factors are largely based on the US EPA data, and the 
Guidelines highlight that these might not be applicable for all types of facilities depending on the 
region and specific equipment used. For all of the emission sources, the operators are encouraged 
to perform direct measurements of emissions in order to establish the amount of methane (and 
nmVOC) losses, which is considered to be the most accurate method for quantifying methane 
emissions, if performed properly88. If the operator has a large amount of similar devices (similar 
manufacturer, age, load, etc.), measurement of a representative sample can be performed and 
extrapolated to the total population. 

Table 30 – Applicable methodologies for estimation of methane emissions and default EFs 

Emission 
source 

Applicable 
methodologies89 

Source for EFs 

Natural gas 
driven 
pneumatic 
controllers and 
pumps 

Direct measurement 

Manufacturer estimate 
(should be used with 
caution) 

Engineering estimates using 
a specified formula 

Default emission factors (in 
m3/device/year) 

EFs derived from the 1996 GRI/EPA report and (average 
emissions and populations of devices during surveys in the 
early 1990s)90.  

Unmitigated and mitigated: 
Greenhouse Gas Reporting Program, 40 CFR Part 98, Subpart 
W, Table W-1A. 

http://www.ecfr.gov/cgi-bin/text-
idx?SID=7c6f763ebd2964325e5d2ec457ac2377&mc=true&
node=ap40.21.98_1238.1&rgn=div9 

                                                           

88 Provided that measurements are conducted with appropriately calibrated instruments and per the 
instrument manufacturer instructions. Measurements should also be conducted in different operating 
conditions, to the extent that those can affect emissions levels.  (see Annex on Conducting Emissions 
Surveys, Including Emission Detection and Quantification Equipment: 
http://www.ccacoalition.org/en/resources/conducting-emissions-surveys-including-emission-detection-
and-quantification-equipment  
89 Preferred option is marked in Italic 
90 May be inaccurate representations of any individual device, particularly for intermittent devices or even 
current production operations. 

http://www.ecfr.gov/cgi-bin/text-idx?SID=7c6f763ebd2964325e5d2ec457ac2377&mc=true&node=ap40.21.98_1238.1&rgn=div9
http://www.ecfr.gov/cgi-bin/text-idx?SID=7c6f763ebd2964325e5d2ec457ac2377&mc=true&node=ap40.21.98_1238.1&rgn=div9
http://www.ecfr.gov/cgi-bin/text-idx?SID=7c6f763ebd2964325e5d2ec457ac2377&mc=true&node=ap40.21.98_1238.1&rgn=div9
http://www.ccacoalition.org/en/resources/conducting-emissions-surveys-including-emission-detection-and-quantification-equipment
http://www.ccacoalition.org/en/resources/conducting-emissions-surveys-including-emission-detection-and-quantification-equipment
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GRI. Methane Emissions from the Natural Gas Industry. 
Volume 12. Page 52. June 1996. 

https://www.epa.gov/sites/production/files/2016-
08/documents/12_pneumatic.pdf  

Fugitive 
component and 
equipment 
leaks 

Leak screening followed by 
direct measurement 

Leaker EFs for detected 
leaking components91 in (in 
m3/component within 
device/year) 

Unmitigated: 
EPA. Greenhouse Gas Reporting Rule. Title 40, Part 98 
Subpart W-Petroleum and Natural Gas Systems. February 6, 
2017. Tables W-1E and W-2. http://www.ecfr.gov/cgi-
bin/text-
idx?SID=777564a9f8d1264edbfc1c55a7a989ba&mc=true&n
ode=sp40.23.98.w&rgn=div6  

Mitigated: 
Extract from Table 10 in “Update of Fugitive Equipment Leak 
Emission Factors” document (CAPP, 2014). 
http://www.capp.ca/publications-and-
statistics/publications/238773  

Centrifugal 
compressors 
with wet (oil) 
seals 

Direct measurement 

Default emission factors (in 
m3/compressor/year) 

Unmitigated and mitigated: 
Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-
2014. Annex 3. April 2016. 
https://www.epa.gov/sites/production/files/2016-
04/documents/us-ghg-inventory-2016-annex-3-additional-
source-or-sink-categories-part-a.pdf  (paragraph 3.5, table A-
136)  

Reciprocating 
compressor rod 
seal/packing 
vents 

Direct measurement (but 
difficult92) 

Default emission factors93 (in 
m3/hour-
compressor/year)94 

Unmitigated: 
Clearstone Engineering Ltd. Cost-Effective Directed 
Inspection and Maintenance Control Opportunities at Five 
Gas Processing Plants and Upstream Gathering Compressor 
Stations and Well Sites. (Draft): 2006. 
https://www.epa.gov/sites/production/files/2016-
08/documents/clearstone_ii_03_2006.pdf  

EPA/GRI. Methane Emissions from the Natural Gas Industry: 
Volume 8 - Equipment Leaks. Table 4-14 “Compressor seal” 
pg 48. 1996. 
https://www.epa.gov/sites/production/files/2016-
08/documents/8_equipmentleaks.pdf  

EPA/GRI. Methane Emissions from the Natural Gas Industry: 
Volume 8 - Equipment Leaks. Table 4-17 “Compressor seal” 
pg 52. 1996. 

                                                           

91 An annual volume of methane emissions is calculated by multiplying the estimated or measured 
methane emissions flow rate by half the operating hours of a piece of equipment between the last leak 
survey that found the component not leaking and the time when a leak is found and repaired. Operators 
can use a default factor of 12 months for estimating leak quantity. 
92 If the packing vent does not have an in-line flow meter or a measurement port for insertion of a 
measurement device such as an anemometer 
93 The emission factor is a composite of the methane emission factor per cylinder and the average number 
of cylinders for compressors in the sector. The number of average cylinders varies and is detailed in 
EPA/GRI. Methane Emissions from the Natural Gas Industry: Volume 8 – Equipment Leaks. Appendix B. 
94 A factor of 150% should be applied to default operating emission factors for standby under pressure 
factors. https://www.epa.gov/sites/production/files/2016-06/documents/ll_compressorsoffline.pdf  

https://www.epa.gov/sites/production/files/2016-08/documents/12_pneumatic.pdf
https://www.epa.gov/sites/production/files/2016-08/documents/12_pneumatic.pdf
http://www.ecfr.gov/cgi-bin/text-idx?SID=777564a9f8d1264edbfc1c55a7a989ba&mc=true&node=sp40.23.98.w&rgn=div6
http://www.ecfr.gov/cgi-bin/text-idx?SID=777564a9f8d1264edbfc1c55a7a989ba&mc=true&node=sp40.23.98.w&rgn=div6
http://www.ecfr.gov/cgi-bin/text-idx?SID=777564a9f8d1264edbfc1c55a7a989ba&mc=true&node=sp40.23.98.w&rgn=div6
http://www.ecfr.gov/cgi-bin/text-idx?SID=777564a9f8d1264edbfc1c55a7a989ba&mc=true&node=sp40.23.98.w&rgn=div6
http://www.capp.ca/publications-and-statistics/publications/238773
http://www.capp.ca/publications-and-statistics/publications/238773
https://www.epa.gov/sites/production/files/2016-04/documents/us-ghg-inventory-2016-annex-3-additional-source-or-sink-categories-part-a.pdf
https://www.epa.gov/sites/production/files/2016-04/documents/us-ghg-inventory-2016-annex-3-additional-source-or-sink-categories-part-a.pdf
https://www.epa.gov/sites/production/files/2016-04/documents/us-ghg-inventory-2016-annex-3-additional-source-or-sink-categories-part-a.pdf
https://www.epa.gov/sites/production/files/2016-08/documents/clearstone_ii_03_2006.pdf
https://www.epa.gov/sites/production/files/2016-08/documents/clearstone_ii_03_2006.pdf
https://www.epa.gov/sites/production/files/2016-08/documents/8_equipmentleaks.pdf
https://www.epa.gov/sites/production/files/2016-08/documents/8_equipmentleaks.pdf
https://www.epa.gov/sites/production/files/2016-06/documents/ll_compressorsoffline.pdf
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https://www.epa.gov/sites/production/files/2016-
08/documents/8_equipmentleaks.pdf  

EPA/GRI. Methane Emissions from the Natural Gas Industry: 
Volume 8 - Equipment Leaks. Table 4-24 “Compressor seal” 
pg 66. 1996. 
https://www.epa.gov/sites/production/files/2016-
08/documents/8_equipmentleaks.pdf 

Glycol 
dehydrators 

Direct measurement (but 
difficult95) 

Engineering calculation with 
software 

Default emission factors 
(m3/MM m3 
throughput/year) 

Unmitigated: 
EPA/GRI. Methane Emissions from the Natural Gas Industry: 
Volume 14 – Glycol Dehydrators, p. 23. June 1996. 
https://www.epa.gov/sites/production/files/2016-
08/documents/14_glycol.pdf  

Unstabilised 
hydrocarbon 
liquid storage 
tanks 

Direct measurement in 
conjunction with vent gas 

composition analysis96 

Engineering calculation with 
software (AspenTech HYSYS, 

E&P TANKS)97 

Lab analysis 

N/A 

Well venting for 
liquids 
unloading 

Direct measurement  

Engineering calculation 

Default emission factors 
(m3/well or event/year) 

Unmitigated: 
“Methane Emissions from Process Equipment at Natural Gas 
Production Sites in the United States: Liquids Unloadings.” 
Dr. Allen, University of Texas, Environmental Science & 
Technology, December 9, 2014. 

Well 
venting/flaring 
during well 
completion for 
hydraulically 
fractured gas 
wells 

Direct measurement and 

calculation methodology98 

Default emission factors 
(m3/completion/year) 

Unmitigated: 
EPA. 2014. Inventory of U.S. Greenhouse Gas Emissions and 
Sinks 1990-2012. 
http://www.epa.gov/climatechange/ghgemissions/usinvent
oryreport.html  

Casinghead gas 
venting 

Direct measurement 

Engineering calculation 

N/A 

Source: Climate and Clean Air Coalition (2017)99 

                                                           

95 Without a vent condenser on a glycol dehydrator, the vent temperature is above 250⁰F (120⁰C) and 
difficult to measure or sample 
96 However, standing and working losses are less accurately quantified by direct measurement and with 
changes in crude oil from multiple wells. 
97 In addition, emissions from scrubber dump valve need to be estimated 
98 Such as shown in 40 CFR Part 98.233 (g) (Mandatory Greenhouse Gas Reporting – Subpart W – 
Petroleum and Natural Gas Systems - Section 98.233 Calculating GHG Emissions. 40 CFR 98.233(g). 
http://www.ecfr.gov/cgi-bin/text-
idx?SID=9db68a97576bb01eea9073c37d6f0e90&node=40:21.0.1.1.3.23&rgn=div6) 
99 http://ccacoalition.org/en/content/oil-and-gas-methane-partnership-technical-guidance-documents  

https://www.epa.gov/sites/production/files/2016-08/documents/8_equipmentleaks.pdf
https://www.epa.gov/sites/production/files/2016-08/documents/8_equipmentleaks.pdf
https://www.epa.gov/sites/production/files/2016-08/documents/8_equipmentleaks.pdf
https://www.epa.gov/sites/production/files/2016-08/documents/8_equipmentleaks.pdf
https://www.epa.gov/sites/production/files/2016-08/documents/14_glycol.pdf
https://www.epa.gov/sites/production/files/2016-08/documents/14_glycol.pdf
http://www.epa.gov/climatechange/ghgemissions/usinventoryreport.html
http://www.epa.gov/climatechange/ghgemissions/usinventoryreport.html
http://www.ecfr.gov/cgi-bin/text-idx?SID=9db68a97576bb01eea9073c37d6f0e90&node=40:21.0.1.1.3.23&rgn=div6
http://www.ecfr.gov/cgi-bin/text-idx?SID=9db68a97576bb01eea9073c37d6f0e90&node=40:21.0.1.1.3.23&rgn=div6
http://ccacoalition.org/en/content/oil-and-gas-methane-partnership-technical-guidance-documents
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Information box #4: Existing methodologies for estimation of air pollutants from fugitive emission in 
the oil and gas sector in Russia 

Similarly to methodologies for flaring emissions, there is a number of existing methodologies in Russia 
that can be applied to estimate fugitive losses of CH4 and nmVOC during APG production and utilisation. 
One of the most relevant and widely used methodology is:  

 Methodology for estimation of pollutant emission from diffuse sources of fugitive emissions 
in oil and gas equipment (NIPIGAZOPERERABOTKA, 2000) 

It was developed by Research and Development Institute for gas processing in 2000. It covers diffuse 
emissions that appear as a result of releases of hydrocarbons and their products from process vessels, 
control valves, reservoir parks, gas processing plants, compressor stations, oil and gas treatment and 
processing units operating in standard mode1.  

Diffuse emissions according to the Russian standard (GOST 17.2.1.04-77) are defined as industrial 
releases to air in form of undirected gas flow as a result of seal failure, absence or malfunctioning of 
gas recovery equipment during (un)loading or storage of product. 

The list of diffuse emission sources from oil and gas equipment is defined in the Methodology: 

 Fixed seals (flange-type) – flanges on pipelines, hatch seals, etc. 
 Movable seals – seals of moving shafts of pumps, compressors, etc. 
 Seals and trims of shut-off and control valves 
 On-/offloading, purging, sampling, drainage devices that do not systems for rerouting leaks 

to a vent or flare point 
 “Breathing” devices on storage facilities for volatile liquids not equipped with vapour 

recovery units 

The default emission factors proposed are based partly on real field measurements and partly on 
information about leaks in technical documentation and existing standards.  Two documents are 
particularly mentioned: 

 S. Calvert, H. Englund. Handbook of air pollution technology, 1984 (translated to Russian in 
1988) 

 US EPA. Compilation of Air Pollutant Emission Factors. Vol. 1. Stationary Point and Area 
Sources. /AP-42, IV Edition, 1985 

Type of equipment and stream Leak rate, 
mg/s 

Share of seal that is potentially leaking, % 

Shut-off and control valves 

Gaseous medium 5.83 0.293 

Light hydrocarbons, two-phase fluid 3.61 0.365 

Heavy hydrocarbons 1.83 0.070 

Hydrogen 2.44 0.300 

Safety valves 

Steam gas flow 37.78 0.460 

Light liquid hydrocarbons 24.45 0.250 

Heavy hydrocarbons 30.84 0.350 

Centrifugal compressors   

- gas streams 33.34 0.765 

- hydrogen 13.89 0.810 

Reciprocating compressors 31.95 0.700 

Pumps   

- gland seal 38.89 - 

- face seal 22.22 - 

- tandem seal or dry gas seal 5.56 - 

- running on light liquid and liquefied 
hydrocarbons 

 0.638* 

- running on heavy hydrocarbons  0.226* 

* For all types of sealing 
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4.3. Conclusions and recommendations for improving SLCP emissions estimates 

Based on the description of methodologies applied by different countries and international 
organisations to estimate SLCPs emissions from APG flaring, production and utilisation, key 
similarities and distinctions in approaches between Russian and international methodologies are 
compiled in Table 31.  

Table 31 – Comparison of methodological approaches to estimation of emissions from APG 
flaring, production and utilisation 

 Similarities Differences 

 SLCP emissions from APG flaring 

Activity 
data 

Volume or mass of gas flared 
In certain countries there are strict requirements on 
continuous measurement of flare gas flow rate (e.g. 
ultrasonic meters). 

Emission 
factors 

-  

Russia: division between soot and soot-free 
combustion modes and extremely large differences in 
emission factors for all pollutants depending on the 
mode. 

Overall 
approach 

Countries use activity data and 
default emission factors to 
estimate emissions from flaring 

Russia: emissions are often estimated using 
specialised software that incorporates nationally 
approved methodologies, eliminating errors in 
interpreting the methodology and in calculation. 

Russia: Established methodologies date back to the 
1990s, almost 30 years of new knowledge about 
combustion processes in the flares, new flare 
technologies and pollutant measurement 
technologies. 

 VOC emissions from APG production and utilisation 

Activity 
data 

Number of 
components/equipment, share 
of potentially faulty equipment 

- 

Emission 
factors 

Emission factors per 
component type or equipment 
type (equipment model for 
certain methodologies) 

- 

Overall 
approach 

Estimation of emissions per 
emission source 

Russia: emissions are often estimated using 
specialised software that incorporates nationally 
approved methodologies. 

Russia: there is a large number of approved 
methodologies that an operator can select from (some 
are very detailed – e.g. Gazprom, others – rather 
generic).  

Norway, Canada: mandatory leak detection and repair 
programs to identify and repair sources of 
unintentional emissions. 

Russia: a number of existing methodologies are over 
20 years old despite improving technologies and 
changing operational practices. 

Source: Carbon Limits 
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On importance of monitoring of emissions 

There is no perfect system for accounting for SLCPs emissions from such a complex industry as oil 
and gas. However, with increasing focus on sustainability of fossil fuels and their role in the future 
energy mix100, growing number of companies and countries are focusing on reducing uncertainty 
of their current emissions, which also provides more reliable baseline for documenting their 
efforts in mitigating these emissions. One option to reduce uncertainty of emission estimates is to 
establish systems for monitoring of emissions.  

Monitoring can be continuous or be performed at regular intervals using special measurement 
equipment. It should be noted, that very limited information is available on monitoring of black 
carbon emissions from flaring – BC emissions from in-field gas flares have been historically difficult 
to measure.  The existing measurement studies were performed by researchers, rather than oil 
and gas companies, as small-scale laboratory and controlled field experiments101. Most often 
ambient concentrations of soot are monitored in populated areas for health control purposes 
(also in Russia), but it appears difficult to separate the emissions attributed to gas flaring 
operations from general background levels (including transport, stationary combustion sources, 
residential heating, etc.). In addition, a large number of flaring sites are located far from populated 
areas.  

Monitoring of methane and nmVOC emissions, on the other hand, is becoming more common 
among oil and gas companies across the globe102. For instance, the companies-partners of the 
CCAC OGMP (BP, Eni, Neptune Energy International SA, Pemex, PTT, Repsol, Shell, Statoil and 
Total) have committed to perform regular (at least annually) leak detection and repair (LDAR) 
surveys of their facilities and are reporting their results to the partnership on an annual basis103. 
In the US, a number of states require energy companies to conduct bottom-up monitoring and 
repair leaks104. In Canada, recent legislation (May 2018) have introduced requirements for regular 
inspection and repair of leaks as part of the country’s ambition to reduce methane emissions by 
40-45% from 2012 levels by 2025105. In Russia, Gazprom has reported using various techniques to 
monitor its methane emissions at certain sites (mostly at its transportation infrastructure), using 
portable equipment to localize leak sources and then fixing the sources of leaks. The company also 
reported using continuous monitoring systems based on laser technology at some of its 
compressor stations, as well as performing distant periodic monitoring of gas pipelines using 
detection equipment installed on aircrafts106.  Such monitoring of methane and nmVOC emissions 
leads to important reductions of SLCPs, if leaks are properly and timely repaired and various 
technological solutions are used to limit intended methane releases (e.g. vapour recovery units 

                                                           

100 https://climateactiontracker.org/publications/foot-gas-increased-reliance-natural-gas-power-sector-
risks-emissions-lock-/, 
https://www.foeeurope.org/sites/default/files/extractive_industries/2017/can_the_climate_afford_euro
pes_gas_addiction_report_november2017.pdf, https://www.e3g.org/library/pathways-to-1.5-2c-
compatible-oil-is-managed-decline-the-only-way  
101 https://pubs.acs.org/doi/pdf/10.1021/acs.est.6b03690 
102 More information about specific techniques for monitoring of methane and VOC emissions is provided 
in Chapter 4.2 of this report (see sections on direct instrument and remote measurements). 
103 http://www.ccacoalition.org/fr/resources/technical-guidance-document-number-2-fugitive-
component-and-equipment-leaks 
104 https://phys.org/news/2018-02-methane-emissions-oil-gas-industry.html#jCp 
105 http://gazette.gc.ca/rp-pr/p2/2018/2018-04-26-x1/html/sor-dors66-eng.html 
106 https://www.igu.org/sites/default/files/4-%20Romanov.pdf 

https://climateactiontracker.org/publications/foot-gas-increased-reliance-natural-gas-power-sector-risks-emissions-lock-/
https://climateactiontracker.org/publications/foot-gas-increased-reliance-natural-gas-power-sector-risks-emissions-lock-/
https://www.foeeurope.org/sites/default/files/extractive_industries/2017/can_the_climate_afford_europes_gas_addiction_report_november2017.pdf
https://www.foeeurope.org/sites/default/files/extractive_industries/2017/can_the_climate_afford_europes_gas_addiction_report_november2017.pdf
https://www.e3g.org/library/pathways-to-1.5-2c-compatible-oil-is-managed-decline-the-only-way
https://www.e3g.org/library/pathways-to-1.5-2c-compatible-oil-is-managed-decline-the-only-way
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are installed or released gas is captured and rerouted to existing fuel systems). In addition, 
monitoring of VOCs aids improved understanding of the scale of emissions from various types of 
equipment and activities, which allows developing more precise emission factors. That, in turn, 
can help reduce uncertainty of facilities’ emission estimates. 

A number of key considerations can be taken into account to improve SLCP emissions estimates 
from APG-related activities in the Arctic region: 

APG flaring 

 Review of previously established methodologies would allow updating emission factors, 

if needed, based on the most recent developments in flare technology, as well as recent 

academic work on measurements of emissions from flaring (especially related to black 

carbon).  

 To verify that the level of estimated emissions factors for CH4, nmVOC, CO and 

particulates adequately reflect reality, measurements on full-scale flares or control tests 

of flares under conditions representative of Russia can be carried out. 

 Temporal variance of the gas flow sent to flare and its composition make it difficult to 

properly assess the condition for soot-free flaring and it, thus, might not be properly 

accounted for in emission inventories.  

APG production and utilisation 

 A wide range of existing methodologies for estimation of fugitive emissions from oil and 

gas sector in Russia might not allow for direct comparisons between different companies 

as different approaches are applied to estimate emissions. A unified methodology would 

allow operators of petroleum assets in the Russian Arctic to establish a common 

baseline and ensure that any efforts to reduce emissions are reflected in their 

inventories in a common and fair way. 

 Regular and systematic leak detection and repair programmes are gradually being 

introduced in major oil and gas producing countries as they prove to be effective in 

identifying main emission sources (including “super emitters”) and are the only 

approach to eliminate losses from leaks (often at a very low cost).  

 Fugitive emissions from APG production and utilisation vary greatly depending on the 

infrastructure, its age, maintenance practices and other factors. Thus, applying unified 

default emission factors (prescribed in established international guidelines and not 

verified for local conditions) might produce results with extremely high uncertainty. 

Local measurements of emission rates for a representative group of main emission 

sources can help improve quality of the emissions. This is especially important when the 

overall objective is to incentivize mitigation action and adequately track progress 

achieved. 

 Technologies exist for continuous monitoring of hydrocarbon emissions at oil and gas 

facilities (see examples in Paragraph 4.2). However, such systems are not able to cover 

the entirety of APG-related infrastructure, in addition to being costly, if all potential 

emission sources are to be included in the monitoring system. 
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4.4. Traditional local knowledge and flare reduction projects 

This paragraph of the report reviews the experience with using Traditional local knowledge (TLK) 
in interventions associated with APG production and mitigation of pollution from such activity. 
The overall relationship between the native communities in the Arctic and respective 
governments/private companies are first explored. Then, examples of TLK application in oil and 
gas sector are provided and, finally, a few recommendations are developed for better 
incorporation of TLK in APG production and utilisation projects. 

Indigenous peoples in the Arctic: principles of cooperation 

International companies working in the Arctic follow the principles and guidelines laid out in: 

1. ILO Convention 169 concerning Indigenous and Tribal Peoples in independent countries 

2. UN Declaration on the rights of Indigenous People 

3. IFC Performance Standards on Environmental and Social Sustainability  

4. World Bank Operational Policy and Bank Procedure on Indigenous Peoples 

The common first step107 is to identify and understand indigenous communities including their 
culture, decision-making structures (identification of recognised community leaders), and 
methods of communication. Participatory methods of engagement are sought wherever possible 
through community meetings, capacity building, and providing employment.  Open dialogue, good 
faith negotiations, and, where appropriate, the development of agreements that address the 
needs of indigenous peoples are key.  

Impacts of activities on cultural heritage and natural resources valuable to indigenous 
communities have to be understood and mitigation measures identified and implemented as 
appropriate. Support from company for cultural heritage or conservation initiative programs or 
projects can be provided. 

If temporary or permanent access to areas of land or sea where people are living or working are 
required, the first principle is to try to avoid the need to resettle people, and where unavoidable, 
the company needs to work with local communities to help them relocate, maintain their standard 
of living or, if necessary, find new livelihoods. This is done through the development and 
implementation of “resettlement action plans” or “livelihood restoration plans”.  

In Russia, the rights of indigenous people are documented in a number of national and regional 
laws, in addition to international conventions mentioned above. The right of indigenous people to 
maintain their traditional way of living is guaranteed under the Federal Law “On guarantees of 
rights of indigenous minorities of the Russian Federation” (1990), which also ensures that they are 
fairly compensated if their natural habitat is endangered due to industrial activities. Regional 
legislation (for instance, the law “On territories of traditional use of natural resources by 
indigenous communities in  Khanty-Mansiisk autonomous district”) can further detail 
requirements for any industrial activities to be carried out108. Although legislation is in place, it is 

                                                           

107 This paragraph was compiled using information from Shell 
(https://www.shell.com/sustainability/communities/working-with-communities.html), ExxonMobil 
(http://corporate.exxonmobil.com/en/community/socioeconomics/indigenous-peoples-engagement/our-
focus ) and ConocoPhillips (http://www.conocophillips.com/communities/human-rights/respecting-
indigenous-peoples/). 
 
108 Novikova N. I. (2016) Oil, gas, and indigenous people: who will write the rules? Vestnik ugrove deniya 
#3 (26) (in Russian) 

https://www.shell.com/sustainability/communities/working-with-communities.html
http://corporate.exxonmobil.com/en/community/socioeconomics/indigenous-peoples-engagement/our-focus
http://corporate.exxonmobil.com/en/community/socioeconomics/indigenous-peoples-engagement/our-focus
http://www.conocophillips.com/communities/human-rights/respecting-indigenous-peoples/
http://www.conocophillips.com/communities/human-rights/respecting-indigenous-peoples/
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often not enforced properly on the regional or municipal level, causing serious disputes between 
the oil and gas sector and the local communities109, so it is fair to say that the main discussion 
about indigenous people and the petroleum sector in Russia does not revolve around traditional 
knowledge, but rather more general issue of adequate involvement in decision-making processes 
and fair compensation for negative effects of industrial operations. A number of recent studies 
highlight the growing importance of corporate social responsibility (CSR) policies in protecting 
interests and utilising knowledge of the local populations (Novikova N. (2016), Tulaeva S., 
Tysiachniouk M. (2017)). For instance, Gazprom Neft fined it especially important to keep a 
balance between implementing its strategic development plans and protecting interests of 
indigenous people. To document its commitment to productive collaboration with the local 
communities, the company has published in 2017 its Policy for cooperation with indigenous 
peoples of the North110. One of the main principles of the Policy is to actively engage local 
communities in stakeholder consultations and negotiations and establishing an effective 
communication system based on respect and balance of interests. 

Traditional local knowledge and its application 

Traditional local knowledge (TLK) refers to the knowledge and practices of indigenous and local 
communities that have developed over centuries and are traditionally transferred from elders to 
young people in concrete working and life situations111. 

In recent years traditional knowledge has been increasingly considered alongside scientific 
knowledge within the context of research and conservation efforts related to Arctic peoples and 
nature112. However, as of today, to the authors’ best knowledge, there are no studies dedicated 
specifically to TLK usage in oil and gas sector projects. The experiences documented in recent 
studies mostly relate to research projects on Arctic wildlife, ecosystem and its components, as 
well as community-based monitoring of the environment (gathered primarily from those involved 
in hunting, fishing and herding activities)113. 

Albeit limited information on application of TLK in the oil and gas sector, it is possible to analyse 
the potential role of TLK in interventions associated with APG production and mitigation of 
pollution from such activity based on TLK applications in other spheres. Firstly, local communities 
have long-term observations and engagement with the environment, which also means first-hand 
knowledge of the surrounding nature, the effects air pollution has on it and strategies for 
responding to these changes114. TLK can also be used to gain a better understanding of the 
consequences of increased industrial operations, to reduce uncertainties in predictions, and to 

                                                           

109 https://ecsoc.hse.ru/2017-18-3.html (in Russian) 
110http://www.gazprom-neft.ru/files/documents/Politika-Vzaimodeystviya_s_narodami_Severa-18-10-
17.pdf (in Russian) 
111 http://www.arcticcentre.org/EN/communications/arcticregion/Arctic-Indigenous-Peoples/Traditional-
knowledge 
112 Ibid. 
113 http://www.acia.uaf.edu/PDFs/ACIA_Science_Chapters_Final/ACIA_Ch03_Final.pdf, 
http://www.pewtrusts.org/~/media/legacy/oceans_north_legacy/attachments/arctic-traditional-
knowledge-brief--artfinal_v4_web.pdf, 
http://www.inuitcircumpolar.com/uploads/3/0/5/4/30542564/cbm_final_report.pdf  
114 From an opening statement by the Minister of Local Government and Modernisation Jan Tore Sanner 
at the seminar on Traditional Knowledge, Arctic Indigenous Peoples and Reindeer Herding 
https://www.regjeringen.no/no/aktuelt/Seminar-on-Traditional-Knowledge-Arctic-Indigenous-Peoples-
and-Reindeer-Herding/id753888/ 

https://ecsoc.hse.ru/2017-18-3.html
http://www.gazprom-neft.ru/files/documents/Politika-Vzaimodeystviya_s_narodami_Severa-18-10-17.pdf
http://www.gazprom-neft.ru/files/documents/Politika-Vzaimodeystviya_s_narodami_Severa-18-10-17.pdf
http://www.arcticcentre.org/EN/communications/arcticregion/Arctic-Indigenous-Peoples/Traditional-knowledge
http://www.arcticcentre.org/EN/communications/arcticregion/Arctic-Indigenous-Peoples/Traditional-knowledge
http://www.arcticcentre.org/EN/communications/arcticregion/Arctic-Indigenous-Peoples/Traditional-knowledge
http://www.acia.uaf.edu/PDFs/ACIA_Science_Chapters_Final/ACIA_Ch03_Final.pdf
http://www.pewtrusts.org/~/media/legacy/oceans_north_legacy/attachments/arctic-traditional-knowledge-brief--artfinal_v4_web.pdf
http://www.pewtrusts.org/~/media/legacy/oceans_north_legacy/attachments/arctic-traditional-knowledge-brief--artfinal_v4_web.pdf
http://www.inuitcircumpolar.com/uploads/3/0/5/4/30542564/cbm_final_report.pdf
https://www.regjeringen.no/no/aktuelt/Seminar-on-Traditional-Knowledge-Arctic-Indigenous-Peoples-and-Reindeer-Herding/id753888/
https://www.regjeringen.no/no/aktuelt/Seminar-on-Traditional-Knowledge-Arctic-Indigenous-Peoples-and-Reindeer-Herding/id753888/
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assist in establishing baseline conditions and monitoring programs, which are increasingly in focus 
of environmental and corporate social responsibility (CSR) policies of oil and gas companies. 
Moreover, TLK can be used in resource development (including oil and gas operation) in wildlife 
management setting – to identify management priorities and develop necessary 
guidelines/strategies. For instance, if production activities affect animal behaviour (e.g. migratory 
routes), TLK will be useful in determining appropriate management measures in order to minimise 
the damage caused to wildlife and the populations that depend on it115. 

Examples of TLK usage by oil and gas companies 

1. ConocoPhillips seeks to “partner and engage with indigenous peoples to diminish the 

negative aspects of [their] operations and maximise the social and economic benefits 

[they] can bring”116. Apart from supporting educational and social programmes in the 

regions of operation with indigenous communities, the company has also successfully 

applied knowledge of the local community in environmental monitoring. In Alaska, when 

developing their environmental monitoring studies on their Alpine CD5 site, close to the 

Nuiqsut village, the company conducted hunter interviews and household surveys that 

enabled them getting more precise results117.  

2. Similar activities have been carried out by ExxonMobil in the Canadian Beaufort Sea 

together with Inuvialuit community. The company is committed to “conduct meaningful 

consultations with [local community], incorporate traditional knowledge and land use 

information into [ExxonMobil’s] plans, and seek mutually beneficial long-term 

relationships”118. In 2008-2011, the company conducted environmental baseline studies in 

Beaufort Sea. These multi-disciplinary, collaborative programs were designed and 

implemented with significant Inuvialuit participation to characterise the baseline 

conditions of the project area. The project included involvement of academic and 

government expertise, as well as the traditional knowledge provided by the Inuvialuit119. 

For both projects, these companies hired in native corporation companies and provided 

employment to the indigenous workforce. 

Recommendations for addressing TLK when developing APG utilisation projects 

Although existing experience with utilising TLK in APG utilisation projects has been rather limited 
so far, examples from several oil and gas companies show that there remain more opportunities 
for mutually-beneficial cooperation between oil and gas companies and indigenous people in the 
Arctic.  

Existing barriers for wider TLK utilisation include a number of practical problems, as well as a 
fundamental lack of trust between indigenous people and the oil industry. Local language can be 
a significant challenge, as well as fear of being involved in a long and expensive legal dispute that 

                                                           

115 http://www.pewtrusts.org/~/media/legacy/oceans_north_legacy/attachments/arctic-traditional-
knowledge-brief--artfinal_v4_web.pdf 
116 http://www.conocophillips.com/communities/human-rights/respecting-indigenous-peoples/ 
117 http://static.conocophillips.com/files/resources/iccr-alaska-09_30_2016.pdf  
118 http://corporate.exxonmobil.com/en/community/socioeconomics/indigenous-peoples-
engagement/our-focus 
119 http://cdn.exxonmobil.com/~/media/russia/files/arctic/2013-03-arctic-leadership-brochure-updated-
eng.pdf  

http://www.pewtrusts.org/~/media/legacy/oceans_north_legacy/attachments/arctic-traditional-knowledge-brief--artfinal_v4_web.pdf
http://www.pewtrusts.org/~/media/legacy/oceans_north_legacy/attachments/arctic-traditional-knowledge-brief--artfinal_v4_web.pdf
http://www.conocophillips.com/communities/human-rights/respecting-indigenous-peoples/
http://static.conocophillips.com/files/resources/iccr-alaska-09_30_2016.pdf
http://corporate.exxonmobil.com/en/community/socioeconomics/indigenous-peoples-engagement/our-focus
http://corporate.exxonmobil.com/en/community/socioeconomics/indigenous-peoples-engagement/our-focus
http://cdn.exxonmobil.com/~/media/russia/files/arctic/2013-03-arctic-leadership-brochure-updated-eng.pdf
http://cdn.exxonmobil.com/~/media/russia/files/arctic/2013-03-arctic-leadership-brochure-updated-eng.pdf
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oil and gas companies are better prepared for (especially relevant for the US)120. In addition, the 
issue of property rights for TLK is often raised. In order to overcome these barriers and build a 
trust-based, long-lasting relationship between the oil and gas industry and the local indigenous 
communities, a set of general guidelines should be applied when incorporating TLK in projects. 
They are closely interwoven with the rights of indigenous peoples (covered in a section above). 
These guidelines are developed based on a number of existing recommendations121: 

Prior to developing a project: 

 Seek indigenous peoples’ prior, free and informed consent to operations in indigenous 

lands and territories; 

 Undertake environmental and social impact assessment prior to any activities on 

indigenous lands and encourage local communities to share TLK for impact assessment 

(on compensatory basis); 

 Indigenous communities should be able to choose their own representatives: 

 Define the roles and responsibilities of project participants (including owners of TLK) 

carefully and in line with culture and knowledge systems; 

 Define information related TLK to be collected; specify taboo information as outside the 

project limits (including defining the aspects of the traditional knowledge that are for 

public consumption and that are confidential). Establish the use, ownership, and the 

means to interpret or communicate information at the outset; 

 Understand the local customs and etiquette and train staff who will interact with 

indigenous peoples before contact. 

Project implementation: 

 Ensure transparency with respect to project implementation, with full and timely 

disclosure of all information and plans (through regular meetings, sharing project related 

information via a website, etc.); 

 Engaging indigenous holders of the knowledge as active participants in the project, using 

traditional knowledge as part of the team of experts through conducting regular 

meetings; 

 Ensure adequate compensation for providing TLK; 

 Allow indigenous people to develop and participate in monitoring programs based on 

their long traditions for observations of nature and wildlife; 

 Establish fair procedures for the resolution of conflicts and disputes related to 

operations in indigenous peoples’ areas. 

                                                           

120 https://www.theguardian.com/environment/2011/jul/04/arctic-resources-indigenous-communities  
121 “Guidelines for Environmental Impact Assessment in the Arctic”, developed by the Finnish Ministry of 
the Environment: 
https://www.unece.org/fileadmin/DAM/env/eia/documents/EIAguides/Arctic_EIA_guide.pdf, 
https://ir.lib.uwo.ca/aprci/193/, World Bank “Guidelines: Integrating Indigenous Knowledge in Project 
Planning and Implementation”: 
http://web.worldbank.org/archive/website01219/WEB/IMAGES/PRELIMS2.PDF, Climate and Traditional 
Knowledges Workgroup “Guidelines for Considering Traditional Knowledges in Climate Change Initiatives”: 
https://climatetkw.files.wordpress.com/2014/09/tks_guidelines_v1.pdf , CIDA “Best Practices for Project 
Planning with Indigenous Traditional Knowledge” 

https://www.theguardian.com/environment/2011/jul/04/arctic-resources-indigenous-communities
https://www.unece.org/fileadmin/DAM/env/eia/documents/EIAguides/Arctic_EIA_guide.pdf
https://ir.lib.uwo.ca/aprci/193/
http://web.worldbank.org/archive/website01219/WEB/IMAGES/PRELIMS2.PDF
https://climatetkw.files.wordpress.com/2014/09/tks_guidelines_v1.pdf
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DEFINITIONS AND ABBREVIATIONS 

Term used Definition  

AC Arctic Council 

ACAP Arctic Council’s Arctic Contaminants Action Programme 

ACAP EG ACAP Expert Group 

ACAP WG ACAP Working Group 

Adsorbable organically bound 
halogens (AOX) 

Adsorbable organically bound halogens, expressed as Cl, 
include adsorbable organically bound chlorine, bromine 
and iodine. 

Arsenic (As) 
Expressed as As, includes all inorganic and organic Arsenic 
compounds, dissolved or bound to particles. 

Associated Petroleum Gas (APG) 
Associated gas, also known as associated petroleum gas 
(abbreviated as APG) is gas that associated with the oil in 
a reservoir. 

APG Production 

Covers gas dissolved within the oil and the gas-cap gas 
(gas residing above oil in a reservoir) producing through 
oil wells.  
This gas includes flared, vented and fugitive gases 
released in continuous and intermittent volumes from 
routine operations, emergency conditions, and the 
depressurisation of pipeline, compression and processing 
systems etc. 
As the APG comes out of solution it is usually separated 
before oil enters the pipeline. The amount and 
composition of APG vary depending on the oil reservoir, 
extraction technology used, degree of depletion of the 
reservoir, and other factors. APG is typically mixed with 
ethane, butane and propane, other organic compounds, 
water, carbon dioxide, hydrogen sulphide, and other 
impurities, such as heavy metals (e.g. Hg, As). After 
extraction the mixture is processed at a Gas Processing 
Plant (GPP), which separates out liquids and impurities 
and delivers pure, dry gas (methane) to a pipeline. The 
liquids or condensate can be sold, processed into liquid 
petroleum gas (e.g. used for cooking, heating, fuel), or 
further processed into more expensive petrochemical 
feedstocks. Even reusing APG at the well site, e.g. for 
reinjection or power generation, usually requires 
processing to remove corrosive elements and create a 
uniform mixture, in addition to compression to a required 
pressure. 

Associated Petroleum Gas 
utilization 

All applications of using APG including delivery to gas 
processing plants/customers, power generation, gas 
reinjection and so on. 

Arctic Zone of the Russian 
Federation (“Russian Arctic Zone”) 

The Russian Arctic Zone is the territory as established by 
the Presidential Decree №287 dated 27 June 2017. 
According to the Decree, onshore Russian Arctic zone 
includes the following territories: 
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 Murmansk Oblast 
 Nenets Autonomous Okrug 
 Chukotka Autonomous Okrug 
 Yamalo-Nenets Autonomous Okrug 
 Belomorsky District, Loukhsky District and Kemsky 

District (Republic of Karelia) 
 Vorkuta (Komi Republic) 
 Allaikhovsky District, Anabarsky District, Bulunsky 

District, Nizhnekolymsky District, Ust-Yansky District 
(Sakha Republic) 

 Norilsk, Taymyrsky Dolgano-Nenetsky District, 
Turukhansky District (Krasnoyarsk Krai) 

 Arkhangelsk, Mezensky District, Novaya Zemlya, 
Novodvinsk, Onezhsky District,   

 Primorsky District, Severodvinsk (Arkhangelsk 
Oblast) 

 Territories and islands in Arctic Ocean specified in 
the Decree of Central Committee of the Communist 
Party of the Soviet Union of 15 April 1926 
«Declaration of lands and islands located in Arctic 
Ocean, as a territory of USSR» and other USSR 
decrees. 

APG is produced in Yamalo-Nenets Autonomous Okrug, 
Nenets Autonomous Okrug and Turukhansky District of 
Krasnoyarsk Krai. 

Asset 

An “asset or operation,” is a logical business or operating 
unit (e.g., individual processing plants, gathering facilities, 
or offshore platforms; producing basins; regional assets; 
LNG operations). An operation/asset unit is to be defined 
such that all components of the unit are participating in 
the program (e.g., if several gas plants within a country 
are listed as one operation/asset, then a single emission 
survey should address all of the gas plants). The same 
operation/asset unit organisation shall be used for 
conducting the emission survey, the opportunity 
evaluation and describing results in the final report(s). For 
convenience, the term “assets” will be used to refer to 
“operations/assets” throughout this assignment 

Barrel of Oil Equivalent (BOE) 
A barrel of oil equivalent (BOE) is the amount of energy 
that is equivalent to the amount of energy found in a 
barrel of crude oil 

BAT-BEP 
BAT-BEP investment scenario assumes the 
implementation of BAT-BEP for the anticipated assets. 

BaU 
Business as Usual (BaU) activity scenario assumes the 
delay of implementation of gas programs on greenfields.  

BCS Booster compressor station 

BG 

BerezkaGas Company LLC - is a company specialized in 
construction and operation of associated petroleum gas 
(APG) processing complexes, electricity generation and 
ex-porting of received final products 
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Black Carbon (BC) 

A form of particulate air pollutant directly produced from 
incomplete combustion of fossil fuels, burning of biomass 
and cooking with solid fuels. Black carbon consists of pure 
carbon in several linked forms. BC is produced directly as 
a result of incomplete combustion, in contrast to the 
atmospheric chemistry-mediated formation of secondary 
particulates following the emissions of SO2, NO2 and 
other air pollutants.  
BC is not a greenhouse gas, instead it warms the 
atmosphere by intercepting sunlight and absorbing it. The 
contribution to warming of 1 gram of BC seen over a 
period of 100 years has been estimated to be anything 
from 100 to 2 000 times higher than that of 1 gram of 
CO2.  
BC also has an adverse effect on human health. It causes 
premature deaths primarily from heart disease and lung 
cancer. BC also contributes significantly to other health 
impacts including acute and chronic bronchitis and other 
respiratory illness, non-fatal heart attacks, low birth 
weight and results in increased emergency room visits 
and hospital admissions, as well as loss of work and 
school days. 
An important aspect of BC particles is that their lifetime 
in the atmosphere is short, days to weeks, and so 
emission reductions have an immediate benefit for 
climate and health.122 

Biochemical oxygen demand 
(BOD5) 

Amount of oxygen needed for the biochemical oxidation 
of the organic matter to carbon dioxide in 5 days. BOD is 
an indicator for the mass concentration of biodegradable 
organic compounds. 

Cadmium (Cd) 
Expressed as Cd, includes all inorganic and organic 
Cadmium compounds, dissolved or bound to particles. 

CDD FEC Central Dispatching Department of Fuel Energy Complex  

Chemical oxygen demand (COD) 
Amount of oxygen needed for the total oxidation of the 
organic matter to carbon dioxide. COD is an indicator for 
the mass concentration of organic compounds. 

Chromium (Cr) 
Expressed as Cr, includes all inorganic and organic 
chromium compounds, dissolved or bound to particles. 

Combustion unit 
Unit burning refinery fuels alone or with other fuels for 
the production of energy at the refinery site, such as 
boilers (except CO boilers), furnaces, and gas turbines. 

Continuous measurement 
Measurement using an 'automated measuring system' 
(AMS) or a 'continuous emission monitoring system’ 
(CEMS) permanently installed on site. 

Copper (Cu) 
Expressed as Cu, includes all inorganic and organic 
Copper compounds, dissolved or bound to particles. 

                                                           

122 Integrated Assessment of Black Carbon and Tropospheric Ozone (2011) - Summary for Decision Makers 
- United Nations Environment Programme, World Meteorological organisation. 
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Diffuse VOC emission 

Non-channelled VOC emissions that are not released via 
specific emission points such as stacks. They can result 
from 'area' sources (e.g. tanks) or 'point' sources (e.g. 
pipe flanges). 

Enhanced oil recovery (EOR)/ 
Enhanced gas recovery (EGR) 

Is the implementation of various techniques for 
increasing the amount of crude oil/natural gas that can 
be extracted from an oil field/gas field. 

Existing unit/plant A unit/plant which is not a new unit /plant. 

Flaring 

High-temperature oxidation to burn combustible 
compounds of waste gases from industrial operations 
with an open flame. Flaring is primarily used for burning 
off flammable gas for safety reasons or during non-
routine operational conditions. 

Flue-gas 
The exhaust gas exiting a unit after an oxidation step, 
generally combustion (e.g. regenerator, Claus unit) 

Fugitive VOC emissions 

Diffuse VOC emissions from 'point' sources. Fugitive 
emissions from leaks are unintentional losses and may 
arise due to normal wear and tear, improper or 
incomplete assembly of components, inadequate 
material specification, manufacturing defects, damage 
during installation or use, corrosion, fouling and 
environmental effects. Components also tend to have 
greater average emissions when subjected to frequent 
thermal cycling, vibrations or cryogenic service. 

Gas Processing Plant (GPP) A gas processing facility that can remove liquids from gas. 

Gas to Oil Ratio (GOR) 
The gas/oil ratio (GOR) is the ratio of the volume of gas 
that comes out of solution, to the volume of oil at 
standard conditions 

GEEPP Gas engine electric power plant  

Global Warming Potential (GWP) 

GWP is a relative measure of how much heat a 
greenhouse gas traps in the atmosphere. It compares the 
amount of heat trapped by a certain mass of the gas in 
question to the amount of heat trapped by a similar mass 
of carbon dioxide. GWP is expressed as a factor of carbon 
dioxide (whose GWP is standardized to 1).  

GPN 
Gazprom Neft, PJSC – Russian oil and gas company 
(“Gazprom Neft”) 

Green House Gas (GHG) 

A GHG is a gas in an atmosphere that absorbs and emits 
radiation within the thermal infrared range. This process 
is the fundamental cause of the greenhouse effect. The 
primary greenhouse gases in Earth's atmosphere are 
water vapour, carbon dioxide, methane, nitrous oxide, 
and ozone. 

GTEPP Gas-turbine electric power plant  

GTS Gas transport system 

HFC (Hydrofluorocarbons) 

HFCs are greenhouse gases (GHG) used in air 
conditioning, refrigeration, solvents, foam blowing 
agents, aerosols and as fire retardant. Their use is 
growing as replacements for stratospheric ozone 
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depleting substances (ODS), including 
chlorofluorocarbons (CFCs) and 
hydrochlorofluorocarbons (HCFCs) that are being phased 
out under the Montreal Protocol on Substances that 
Deplete the Ozone Layer. 

H2S 
Hydrogen sulphide. Carbonyl sulphide and mercaptan are 
not included. 

Hydrogen chloride expressed as 
HCl 

All gaseous chlorides expressed as HCl. 

Hydrogen fluoride expressed as 
HF 

All particulate and gaseous fluorides expressed as HF. 

Indirect monitoring of emissions 
to air 

Estimation of the emissions concentration in the flue-gas 
of a pollutant obtained through an appropriate 
combination of measurements of surrogate parameters 
(such as O2 content, sulphur or nitrogen content in the 
feed/fuel), calculations and periodic stack measurements. 
The use of emission ratios based on S content in the fuel 
is one example of indirect monitoring. Another example 
of indirect monitoring is the use of Predictive Emissions 
Monitoring System (PEMS). 

IPCC The Intergovernmental Panel on Climate Change 

Lead (Pb) 
Expressed as Pb, includes all inorganic and organic lead 
compounds, dissolved or bound to particles. 

MCS Main compression station  

ME Ministry of Energy of the Russian Federation 

Mercury (Hg) 
Expressed as Hg, includes all nascent (Hg (o), inorganic 
and organic mercury compounds, in vapour, dissolved or 
bound to particles. 

Methane (CH4) 

Methane is a GHG and a volatile organic compound 
(VOC). It is produced through natural processes (i.e. the 
decomposition), but is also emitted from many man-
made sources, including coal mines, natural gas and oil 
systems, and landfills. 

MNRE 
Ministry of Natural Resources and the Environment of the 
Russian Federation  

NEFCO The Nordic Environment Finance Corporation. 

New unit/plant 
A unit first permitted on the site of the installation or a 
complete replacement of a unit on the existing 
foundations of the installation. 

Nickel (Ni) 
Expressed as Cr, includes all inorganic and organic Nickel 
compounds, dissolved or bound to particles. 

NMVOC VOC excluding methane. 

NOx expressed as NO2 
The sum of nitrogen oxide (NO) and nitrogen dioxide 
(NO2) expressed as NO2. 

Ozone (O3) 

Tropospheric ozone (O3) is the ozone present in the 
lowest portion of the atmosphere. It is responsible for a 
large part of the human enhancement of the global 
greenhouse effect. It is not directly emitted but is formed 
by oxidation of other ozone precursors, in particular 
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methane (CH4) but also carbon monoxide (CO), 
NMvolatile organic compounds (NMVOCs) and nitrogen 
oxides (NOx). Tropospheric ozone is a harmful pollutant 
that has detrimental impacts on human health and plants 
and is responsible for important reductions in crop yields.  
O3 is a significant GHG and it is a major component of 
urban smog. 
O3 exposure causes deaths primarily from respiratory 
illness. O3 also contributes significantly to other health 
impacts including acute and chronic bronchitis and other 
respiratory illness, non-fatal heart attacks, low birth 
weight and results in increased emergency room visits 
and hospital admissions, as well as loss of work and 
school days. 123 

Periodic measurement 
Determination of a measure and at specified time 
intervals using manual or automated reference methods. 

Predictive Emissions monitoring 
system (PEMS) 

System to determine the emissions concentration of a 
pollutant based on its relationship with a number of 
characteristic continuously monitored process 
parameters (e.g. fuel-gas consumption, air/fuel ratio) and 
fuel or feed quality data (e.g. the sulphur content) of an 
emission source. 

Process off-gas 

The collected gas generated by a process which must be 
treated 
e.g. in an acid gas removal unit and a sulphur recovery 
unit (SRU) 

PSI 
The Arctic Council Project Support Instrument (PSI) 
managed by NEFCO 

REA 
Russian Executing Agency for PSI Projects in the Russian 
Federation 

Recovery rate 
Percentage of NMVOC recovered from the streams 
conveyed into a vapour recovery unit (VRU). 

Short Lived Climate Pollutant 
(SLCP) 

SLCP include black carbon (BC), hydrofluorocarbons 
(HFC), methane (CH4) and tropospheric ozone (O3). 

SOx expressed as SO2 
The sum of sulphur dioxide (SO2) and sulphur trioxide 
(SO3) expressed as SO2. 

SRU 

Sulphur recovery unit. Specific unit that generally consists 
of a Claus process for sulphur removal of hydrogen 
sulphide (H2S)-rich gas streams from amine treating units 
and sour water strippers. SRU is generally followed by a 
tail gas treatment unit (TGTU) for remaining H2S removal. 

Tail gas 
Common name of the exhaust gas from an SRU (generally 
Claus process). 

Total inorganic nitrogen (Ninorg) 
Total inorganic nitrogen, expressed as N, includes free 
ammonia and ammonium (NH4-N), nitrites (NO2-N) and 
nitrates (NO3-N). 

                                                           

123 Integrated Assessment of Black Carbon and Tropospheric Ozone (2011) - Summary for Decision Makers 
- United Nations Environment Programme, World Meteorological organisation. 
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Total nitrogen (TN) 
Total nitrogen, expressed as N, includes free ammonia 
and ammonium (NH4-N), nitrites (NO2-N), nitrates (NO3-N) 
and organic nitrogen compounds. 

Total organic carbon (TOC) 
Total organic carbon, expressed as C, includes all organic 
compounds. 

Total phosphorus (TP) 
Total phosphorus, expressed as P, includes all inorganic 
and organic phosphorus compounds, dissolved or bound 
to particles. 

Total suspended solids (TSS) 
Mass concentration of all suspended solids, measured via 
filtration through glass fibre filters and gravimetry. 

Traditional Local Knowledge (TLK) 

TLK is to identify whether traditional and local Knowledge 
will lead to better project outcomes and If so, explains 
the plan to include TL K into a project. 

 If not, explain why Traditional and Local Knowledge is 
not applicable or not feasible for this project. 

Unit or plant 
A segment/subpart of the installation in which a specific 
processing operation is conducted. 

VOC 

Volatile organic compounds “VOC” mean any organic 
compound, as well as the fraction of creosote, having at 
293.15 K a vapour pressure of 0.01 kPa or more, or having 
a corresponding volatility under the particular conditions 
of use. 

Volatile liquid hydrocarbon 
compounds 

Petroleum derivatives with a Reid vapour pressure (RVP) 
of more than 4 kPa, such as naphtha and aromatics. 

Zinc (Zn) 
Expressed as Zn, includes all inorganic and organic Zinc 
compounds, dissolved or bound to particles. 
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ANNEX A– APG PRODUCTION, UTILIZATION AND FLARING IN DIFFERENT SCENARIOS 

Table 32 – Data for 90 Oil Fields in RAZ as of end 2016  

Oil field Age 
Oil 
Production, 
kt 

APG 
production, 
MMmc 

Depletion 
rate 

Recovery 
factor 

Ardalinskoye 23 158 5.9 89% 0.442 

Barsukovskoye  30 925 189.9 49% 0.163 

Chatyl'kinskoye  11 248 23.6 69% 0.323 

Cherpayuskoye  15 406 40.9 45% 0.170 

Ety-Purovskoye 14 880 304.7 20% 0.065 

Festival'noye  22 192 136.9 31% 0.120 

Gubkinskoye  24 350 107.7 7% 0.020 

Hanchejskoye 7 106 138.5 11% 0.017 

Harampurskoye  27 802 765.3 31% 0.110 

Har'yaginskoye  29 3682 238.5 51% 0.243 

Hasyrejskoye  15 742 87.4 61% 0.225 

Holmistoye  11 94 132.9 16% 0.047 

Holmogorskoye  41 11 42.2 78% 0.284 

Inzyrejskoye  16 565 75.5 22% 0.083 

Izvestinskoye  24 49 31.1 33% 0.127 

Karamovskoye  34 193 15.3 48% 0.170 

Kolvinskoye 7 352 6.4 6% 0.016 

Komsomol'skoye  28 1193 372.1 28% 0.076 

Krajneye  31 1032 118.0 30% 0.099 

Kreshchenskoye  6 12 2.5 57% 0.246 

Labaganskoe  named after  V. 
SHmergel'skogij 

2 922 25.8 3% 0.007 

Lekkhar'yaginskoye  10 112 6.2 37% 0.131 

Muravlenkovskoye  35 266 43.1 82% 0.284 

Musyurshorskoye  14 29 1.9 21% 0.105 

Named after Anatoly Titov 4 214 37.5 1% 0.003 

Named after Roman Trebs 3 2062 361.8 4% 0.017 

Named after Yurij Rossihina 5 187 37.0 5% 0.019 

Novogodneye 31 293 988.1 14% 0.043 

Novoportovskoye  5 2865 708.2 1% 0.005 

Novopurpejskoye  32 261 50.7 61% 0.193 

Nyadejyuskoye  13 87 12.9 73% 0.287 

Osenneye  12 68 29.6 24% 0.091 

Oshkotynskoye  15 56 3.7 75% 0.373 

Oshskoye  5 660 106.8 26% 0.122 

Osovejskoye  5 98 4.5 3% 0.008 

Peschanoozerskoye  26 47 11.0 17% 0.046 

Prirazlomnoye  4 2154 81.0 4% 0.011 

Prisklonovoye  24 58 160.4 35% 0.118 

Pyakyahinskoye  1 333 62.0 0% 0.001 

Romanovskoye  17 831 62.0 38% 0.136 

Russkoye  5 238 6.0 0% 0.001 
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Samburgskoye  5 88 221.4 5% 0.005 

Sandibinskoye  22 127 8.0 44% 0.202 

Severo-Gubkinskoye 19 155 656.2 18% 0.052 

Severo-Har'yaginskoye 10 113 4.5 15% 0.058 

Severo-Hosedayuskoe named 
after A. Slivki 

7 865 22.1 29% 0.119 

Severo-Komsomol'skoye 5 175 178.4 0% 0.000 

Severo-Oshkotynskoye 2 232 11.9 6% 0.025 

Severo-Pyamaliyahskoye 28 14 0.7 47% 0.166 

Severo-Tarasovskye 25 160 53.1 31% 0.120 

Severo-Yangtinskoye 14 127 17.0 30% 0.102 

Soimlorskoye  5 118 8.8 65% 0.235 

Sporyshevskoye  21 732 62.1 60% 0.234 

Sredne-Har'yaginskoye 15 117 9.0 37% 0.156 

Sredne-Hulymskoye 16 248 25.3 59% 0.201 

Sredne-Iturskoye 24 290 24.0 58% 0.217 

Sugmutskoye 14 831 87.2 81% 0.313 

Sutorminskoye 35 1 540 155.9 61% 0.206 

Suzunskoye 2 1 388 94.9 2% 0.009 

Tarasovskoye 31 638 230.0 40% 0.138 

Tehdinskoye  15 308 18.7 47% 0.196 

Tobojsko-Myadsejskoye 12 212 6.1 5% 0.020 

Toravejskoye  15 110 4.1 9% 0.016 

Umsejskoye+Yuzhno-
Purpejskoye  

24 92 23.6 22% 0.067 

Ust'-Harampurskoye 10 102 15.3 3% 0.011 

Vankorskoye  8 19 841 8564.4 28% 0.118 

Varandejskoye  18 85 3.1 8% 0.015 

Verhnenadymskoye  9 22 1.6 31% 0.082 

Verhnepurpejskoye  30 79 75.5 30% 0.077 

Visovoye  4 303 11.3 37% 0.105 

Vorgenskoye  7 17 2.0 20% 0.071 

Vostochno-Izvestinskoye 19 2 0.9 37% 0.130 

Vostochno-Kolvinskoye 14 45 5.8 44% 0.199 

Vostochno-Messoyakhskoye 1 707 46.0 0% 0.001 

Vostochno-Pyakutinskoye 21 130 8.7 46% 0.195 

Vostochno-Tarkosalinskoye 10 1 115 989.1 9% 0.025 

Vyngapurovskoye 43 2 173 1447.1 40% 0.139 

Vyngayahinskoye  31 1 069 209.3 35% 0.113 

Yarajnerskoye  17 298 337.9 32% 0.097 

Yaro-Yakhinskoye 1 95 4.0 2% 0.005 

Yarudejskoye  2 3 555 1284.2 8% 0.033 

Yurkharovskoye  5 4 4.0 7% 0.007 

Yuzhno-Hyl'chuyuskoye 10 258 59.0 37% 0.150 

Yuzhno-Shapkinskoye 14 328 87.0 69% 0.251 

Yuzhno-Soimlorskoye 10 40 3.0 35% 0.119 

Yuzhno-Tarasovskoye 17 119 30.1 52% 0.182 

Yuzhno-Toravejskoye 5 156 93.0 3% 0.003 
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Zapadno-Hosedayuskoe named 
after D. Sadeckij 

3 1 707 71.6 16% 0.063 

Zapadno-Noyabr'skoye 29 114 8.3 72% 0.278 

Zapadno-Purpejskoye 25 46 9.2 59% 0.236 

Salym-Shapsha group  6 7 708 347.0 27% 0.079 

Source: MNRE, Vygon Consulting analysis 

Table 33 – APG Production at 90 Oil Fields in 2010-2016, Mcm 

Oil field 2010 2011 2012 2013 2014 2015 2016 

Ardalinskoye 3.8 4.5 11.6 13.5 9.2 7.3 5.9 

Barsukovskoye  379.2 410.5 237.3 246.4 191.5 210.7 189.9 

Chatyl'kinskoye  86.1 119.4 98.4 86.5 91.6 58.6 23.6 

Cherpayuskoye  11.9 16.0 46.5 61.3 47.4 43.1 40.9 

Ety-Purovskoye 820.0 646.3 780.4 665.4 314.5 306.4 304.7 

Festival'noye  127.1 115.2 267.5 207.9 154.5 146.8 136.9 

Gubkinskoye  40.0 44.0 101.0 57.0 55.0 88.0 107.7 

Hanchejskoye 0.7 67.2 24.4 11.4 14.3 62.3 138.5 

Harampurskoye  1174.2 1158.3 1158.5 1182.6 1037.1 910.6 765.3 

Har'yaginskoye  281.7 450.8 474.2 610.9 565.7 651.4 238.5 

Hasyrejskoye  148.5 134.5 121.3 108.5 110.0 113.8 87.4 

Holmistoye  145.3 69.3 61.6 48.2 70.3 63.6 132.9 

Holmogorskoye  33.6 34.1 37.9 44.2 42.2 39.8 42.2 

Inzyrejskoye  53.1 134.8 139.4 183.2 148.9 168.4 75.5 

Izvestinskoye  18.4 20.2 17.0 15.7 14.0 22.7 31.1 

Karamovskoye  12.3 11.9 14.7 15.3 13.9 14.5 15.3 

Kolvinskoye 9.3 14.4 10.9 8.6 8.0 7.3 6.4 

Komsomol'skoye  924.4 774.5 704.8 597.3 330.1 380.9 372.1 

Krajneye  25.0 31.0 49.0 72.0 113.9 145.4 118.0 

Kreshchenskoye   8.9 13.9 8.2 7.1 5.9 2.5 

Labaganskoe  named 
after  V. SHmergel'skogij 

     6.2 25.8 

Lekkhar'yaginskoye  3.0 3.8 10.6 13.4 9.9 8.6 6.2 

Muravlenkovskoye  30.9 31.4 50.9 46.5 42.0 43.8 43.1 

Musyurshorskoye  0.9 1.1 2.9 3.6 2.7 2.3 1.9 

Named after Anatoly 
Titov 

   3.0 12.2 27.0 37.5 

Named after Roman 
Trebs 

    76.3 168.9 361.8 

Named after Yurij 
Rossihina 

  5.5 12.8 26.0 34.9 37.0 

Novogodneye 150.0 162.7 60.2 89.0 381.2 479.7 988.1 

Novoportovskoye    0.6 1.8 14.2 32.0 708.2 
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Novopurpejskoye  100.0 94.2 107.2 91.0 75.0 52.6 50.7 

Nyadejyuskoye  21.0 18.9 18.5 16.8 10.0 12.3 12.9 

Osenneye  75.6 57.0 46.5 40.0 35.7 32.7 29.6 

Oshkotynskoye  0.4 0.7 2.4 3.7 3.3 3.5 3.7 

Oshskoye    10.9 29.2 68.5 98.3 106.8 

Osovejskoye    1.3 1.2 1.9 2.9 4.5 

Peschanoozerskoye  4.2 2.1 0.0 0.0 0.0 5.8 11.0 

Prirazlomnoye     0.5 11.8 38.0 81.0 

Prisklonovoye  66.6 66.6 68.6 106.1 79.0 130.8 160.4 

Pyakyahinskoye        62.0 

Romanovskoye  72.4 62.0 47.1 49.9 55.7 61.7 62.0 

Russkoye    1.0 2.1 2.8 3.6 6.0 

Samburgskoye    3.0 37.0 54.3 79.2 221.4 

Sandibinskoye  12.7 15.5 14.6 13.1 11.3 9.4 8.0 

Severo-Gubkinskoye 621.9 574.3 593.2 523.8 793.0 644.2 656.2 

Severo-Har'yaginskoye 7.4 9.7 9.0 7.1 5.6 4.9 4.5 

Severo-Hosedayuskoe 
named after A. Slivki 

11.6 15.6 45.3 59.8 46.2 42.0 22.1 

Severo-Komsomol'skoye   0.1  4.0 69.0 178.4 

Severo-Oshkotynskoye      9.1 11.9 

Severo-
Pyamaliyahskoye 

1.7 1.4 1.2 1.5 1.0 0.9 0.7 

Severo-Tarasovskye 18.0 17.0 12.0 16.0 18.0 45.9 53.1 

Severo-Yangtinskoye 21.3 18.1 40.1 36.2 24.0 20.0 17.0 

Soimlorskoye  0.6 8.9 14.2 10.3 8.8 8.8 8.8 

Sporyshevskoye  74.7 65.7 74.0 65.9 60.8 66.3 62.1 

Sredne-Har'yaginskoye 12.1 8.7 9.5 7.9 7.6 8.4 9.0 

Sredne-Hulymskoye 7.8 23.1 27.3 46.2 39.8 47.0 25.3 

Sredne-Iturskoye 35.0 35.0 30.3 30.0 26.3 25.9 24.0 

Sugmutskoye 295.7 275.2 177.5 136.3 114.3 102.4 87.2 

Sutorminskoye 178.0 174.2 133.3 126.0 141.0 133.0 155.9 

Suzunskoye      0.4 94.9 

Tarasovskoye 277.4 273.1 273.7 267.3 245.2 242.6 230.0 

Tehdinskoye  16.3 19.7 24.1 27.8 24.5 22.3 18.7 

Tobojsko-Myadsejskoye 14.3 30.4 27.9 28.9 19.6 18.6 6.1 

Toravejskoye  3.5 1.0 3.0 3.7 4.8 5.3 4.1 

Umsejskoye+Yuzhno-
Purpejskoye  

33.5 37.4 82.0 71.9 63.5 33.3 23.6 

Ust'-Harampurskoye 35.6 27.1 22.3 19.4 17.5 16.2 15.3 

Vankorskoye  1569.3 3441.1 5144.8 6097.6 7431.2 8782.7 8564.4 
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Varandejskoye  3.0 3.0 2.8 2.3 3.1 4.2 3.1 

Verhnenadymskoye  2.1 2.2 5.1 5.3 3.2 2.3 1.6 

Verhnepurpejskoye  12.4 18.3 58.5 84.8 80.4 73.0 75.5 

Visovoye     5.0 13.4 16.9 11.3 

Vorgenskoye  1.1 11.5 7.9 5.2 3.7 3.4 2.0 

Vostochno-
Izvestinskoye 

0.7 0.2 0.2 0.4 0.2 0.3 0.9 

Vostochno-Kolvinskoye 10.6 12.9 8.7 6.0 7.3 6.8 5.8 

Vostochno-
Messoyakhskoye 

      46.0 

Vostochno-
Pyakutinskoye 

4.6 3.3 3.1 7.9 21.4 14.8 8.7 

Vostochno-
Tarkosalinskoye 

71.5 117.3 251.8 332.0 401.9 771.3 989.1 

Vyngapurovskoye 239.0 476.5 1353.6 1380.4 1460.9 1256.0 1447.1 

Vyngayahinskoye  95.4 153.7 258.3 227.8 204.8 216.8 209.3 

Yarajnerskoye  175.1 187.9 66.1 44.2 150.9 246.8 337.9 

Yaro-Yakhinskoye       4.0 

Yarudejskoye       42.5 1284.2 

Yurkharovskoye    0.1 2.6 1.5 4.9 4.0 

Yuzhno-Hyl'chuyuskoye 346.8 383.4 170.0 98.6 69.7 68.6 59.0 

Yuzhno-Shapkinskoye 61.2 56.2 88.3 113.9 106.9 101.4 87.0 

Yuzhno-Soimlorskoye 0.1 1.9 5.0 6.0 4.3 3.6 3.0 

Yuzhno-Tarasovskoye 28.9 32.2 33.9 39.1 30.8 41.2 30.1 

Yuzhno-Toravejskoye   0.0 7.0 68.0 26.0 93.0 

Zapadno-Hosedayuskoe 
named after D. Sadeckij 

    37.6 53.2 71.6 

Zapadno-Noyabr'skoye 9.0 9.0 11.7 12.1 10.1 10.2 8.3 

Zapadno-Purpejskoye 5.6 4.6 6.0 7.0 10.0 9.8 9.2 

Salym-Shapsha group   26.4 265.3 323.1 342.1 333.8 347.0 

Source: MNRE, Vygon Consulting analysis 
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Table 34 – APG production, utilization and flaring in 2010-2016, bcm 

 2010 2011 2012 2013 2014 2015 2016 

Production 9.1 11.3 13.9 14.8 16.1 18.1 20.9 

Utilization: 6.3 6.6 7.1 7.9 12.2 16.1 17.6 

Reinjection 1.0 1.1 1.1 1.3 4.1 2.0 2.0 

Power 
generation and 
own 
consumption 

1.2 1.5 1.5 1.7 2.0 2.8 2.9 

Gas delivery to 
third parties 

4.1 4.0 4.5 4.9 6.0 11.3 12.7 

Flaring 2.9 4.7 6.8 6.9 3.9 2.0 3.4 

Level of utilization 68.5% 58.4% 50.9% 53.2% 75.5% 89.0% 83.9% 

Source: Vygon Consulting analysis 
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Table 35 – APG production, utilization and flaring in BaU scenario in 2017-2025, bcm 

 2017 2018 2019 2020 2021 2022 2023 2024 2025 

Low Production Scenario 

Production 23.2 26.3 28.1 28.4 28.0 26.8 25.4 24.2 22.9 

Utilization: 18.0 19.5 20.0 20.9 21.0 20.2 19.1 18.3 17.9 

Reinjection 2.1 4.7 5.3 5.7 6.1 6.1 6.5 5.8 5.5 

Power 
generation and 
own 
consumption 

3.9 3.6 4.2 4.9 4.3 4.2 4.5 4.4 4.4 

Gas delivery to 
third parties 

11.9 11.2 10.5 10.3 10.6 9.8 8.1 8.1 8.0 

Flaring 5.2 6.8 8.1 7.6 7.0 6.6 6.3 5.9 5.0 

Level of utilization 77.5% 74.0% 71.2% 73.4% 75.0% 75.3% 75.2% 75.5% 78.1% 

Reference Production Scenario 

Production 23.2 26.4 28.6 29.4 29.7 29.0 28.2 27.5 26.8 

Utilization: 18.0 19.5 20.1 21.0 21.4 21.3 20.7 20.4 20.7 

Reinjection 2.1 4.7 5.3 5.7 6.1 6.1 6.5 5.8 5.5 

Power 
generation and 
own 
consumption 

3.9 3.6 4.2 4.9 4.3 4.3 4.6 4.5 4.5 

Gas delivery to 
third parties 

11.9 11.2 10.6 10.4 11.0 10.8 9.7 10.1 10.7 

Flaring 5.2 6.9 8.5 8.3 8.2 7.7 7.5 7.1 6.1 

Level of utilization 77.5% 73.8% 70.2% 71.6% 72.3% 73.4% 73.5% 74.1% 77.3% 

High Production Scenario 

Production 23.2 26.4 28.6 29.6 30.2 30.0 30.0 30.3 30.6 

Utilization: 18.0 19.5 20.1 21.1 21.5 21.5 21.4 21.4 22.4 

Reinjection 2.1 4.7 5.3 5.7 6.1 6.1 6.5 5.8 5.5 

Power 
generation and 
own 
consumption 

3.9 3.6 4.2 4.9 4.3 4.3 4.6 4.5 4.6 

Gas delivery to 
third parties 

11.9 11.2 10.6 10.4 11.1 11.1 10.3 11.1 12.4 

Flaring 5.2 6.9 8.6 8.5 8.7 8.5 8.6 8.8 8.2 

Level of utilization 77.5% 73.8% 70.1% 71.1% 71.3% 71.7% 71.2% 70.8% 73.3% 

Source: Vygon Consulting analysis 
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Table 36 – APG production, utilization and flaring in On-going investment scenario in 2017-2025, 
bcm 

 2017 2018 2019 2020 2021 2022 2023 2024 2025 

Low Production Scenario 

Production 23.2 26.3 28.1 28.4 28.0 26.8 25.4 24.2 22.9 

Utilization: 18.0 20.5 24.2 26.0 26.4 25.4 24.2 23.0 21.8 

Reinjection 2.1 5.5 9.1 9.5 10.7 10.4 10.7 9.9 8.8 

Power 
generation and 
own 
consumption 

3.9 3.9 4.6 5.7 4.7 4.8 5.0 4.9 4.9 

Gas delivery to 
third parties 

11.9 11.1 10.6 10.8 11.0 10.2 8.5 8.3 8.1 

Flaring 5.2 5.8 3.8 2.4 1.6 1.4 1.3 1.2 1.1 

Level of utilization 77.5% 77.8% 86.4% 91.4% 94.3% 94.9% 95.0% 95.0% 95.0% 

Reference Production Scenario 

Production 23.2 26.4 28.6 29.4 29.7 29.0 28.2 27.5 26.8 

Utilization: 18.0 20.5 24.3 26.2 27.1 27.0 26.5 26.0 25.4 

Reinjection 2.1 5.5 9.1 9.5 10.7 10.4 10.7 9.9 8.8 

Power 
generation and 
own 
consumption 

3.9 3.9 4.6 5.7 4.8 4.9 5.0 5.0 5.0 

Gas delivery to 
third parties 

11.9 11.1 10.7 11.0 11.7 11.7 10.7 11.1 11.6 

Flaring 5.2 5.9 4.2 3.2 2.5 2.0 1.7 1.5 1.4 

Level of utilization 77.5% 77.6% 85.2% 89.3% 91.4% 93.2% 93.8% 94.5% 94.8% 

High Production Scenario 

Production 23.2 26.4 28.6 29.6 30.2 30.0 30.0 30.3 30.6 

Utilization: 18.0 20.5 24.3 26.3 27.2 27.3 27.3 27.5 27.7 

Reinjection 2.1 5.5 9.1 9.5 10.7 10.4 10.7 9.9 8.8 

Power 
generation and 
own 
consumption 

3.9 3.9 4.6 5.7 4.8 4.9 5.1 5.0 5.1 

Gas delivery to 
third parties 

11.9 11.1 10.7 11.0 11.8 12.0 11.5 12.6 13.9 

Flaring 5.2 5.9 4.3 3.3 3.0 2.7 2.7 2.8 2.9 

Level of utilization 77.5% 77.6% 85.0% 88.7% 90.2% 90.9% 90.9% 90.8% 90.7% 

Source: Vygon Consulting analysis 
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Table 37 – APG production, utilization and flaring in BAT-BEP scenario in 2017-2025, bcm 

 2017 2018 2019 2020 2021 2022 2023 2024 2025 

Low Production Scenario 

Production 23.2 26.3 28.1 28.4 28.0 26.8 25.4 24.2 22.9 

Utilization: 18.0 20.7 25.7 27.0 26.7 25.7 24.4 23.2 22.0 

Reinjection 2.1 5.7 9.2 9.6 10.8 10.5 10.8 10.0 8.9 

Power 
generation and 
own 
consumption 

3.9 3.9 5.5 6.2 4.9 4.9 5.0 4.9 4.9 

Gas delivery to 
third parties 

11.9 11.1 11.0 11.2 11.1 10.3 8.6 8.3 8.2 

Flaring 5.2 5.6 2.4 1.4 1.3 1.1 1.1 1.0 1.0 

Level of utilization 77.5% 78.6% 91.5% 94.9% 95.5% 95.7% 95.8% 95.9% 95.8% 

Reference Production Scenario 

Production 23.2 26.4 28.6 29.4 29.7 29.0 28.2 27.5 26.8 

Utilization: 18.0 20.7 26.1 27.8 28.3 27.7 27.1 26.4 25.7 

Reinjection 2.1 5.7 9.2 9.6 10.8 10.5 10.8 10.0 8.9 

Power 
generation and 
own 
consumption 

3.9 3.9 5.5 6.2 5.0 5.0 5.1 5.0 5.0 

Gas delivery to 
third parties 

11.9 11.1 11.4 12.0 12.6 12.2 11.1 11.4 11.8 

Flaring 5.2 5.7 2.5 1.6 1.3 1.2 1.1 1.1 1.1 

Level of utilization 77.5% 78.6% 91.3% 94.7% 95.5% 95.8% 95.9% 96.0% 96.0% 

High Production Scenario 

Production 23.2 26.4 28.6 29.6 30.2 30.0 30.0 30.3 30.6 

Utilization: 18.0 20.7 26.1 27.9 28.6 28.5 28.5 28.8 29.1 

Reinjection 2.1 5.7 9.2 9.6 10.8 10.5 10.8 10.0 8.9 

Power 
generation and 
own 
consumption 

3.9 3.9 5.5 6.2 5.0 5.1 5.2 5.1 5.2 

Gas delivery to 
third parties 

11.9 11.1 11.4 12.1 12.9 13.0 12.5 13.7 15.0 

Flaring 5.2 5.7 2.5 1.7 1.5 1.5 1.5 1.4 1.5 

Level of utilization 77.5% 78.6% 91.1% 94.2% 94.9% 95.2% 95.1% 95.3% 95.0% 

Source: Vygon Consulting analysis 



 

 

94 

 

Table 38 – APG production, utilization and flaring on the greenfields in BAT – BEP scenario, bcm 

Source: MNRE, Vygon Consulting analysis 

 2017 2018 2019 2020 2021 2022 2023 2024 2025 

Low Production Scenario 

Production 8.0 12.5 15.1 16.0 15.9 14.9 14.4 14.1 13.0 

Utilization 3.7 7.8 13.6 15.2 15.2 14.4 13.9 13.6 12.5 

Flaring 4.2 4.7 1.5 0.7 0.7 0.6 0.5 0.5 0.5 

Level of utilization 46.8% 62.6% 90.2% 95.5% 95.8% 96.2% 96.3% 96.4% 96.3% 

Reference Production Scenario 

Production 8.0 12.6 15.6 16.9 17.6 17.1 17.2 17.4 16.9 

Utilization 3.7 7.9 14.0 16.1 16.8 16.5 16.6 16.8 16.3 

Flaring 4.2 4.7 1.6 0.8 0.7 0.6 0.6 0.6 0.6 

Level of utilization 46.8% 62.8% 89.8% 95.0% 95.8% 96.2% 96.5% 96.5% 96.6% 

High Production Scenario 

Production 8.0 12.6 15.6 17.1 18.1 18.1 19.0 20.1 20.7 

Utilization 3.7 7.9 14.0 16.1 17.1 17.3 18.1 19.2 19.7 

Flaring 4.2 4.7 1.6 1.0 0.9 0.9 0.9 0.9 1.0 

Level of utilization 46.8% 62.8% 89.6% 94.2% 94.8% 95.2% 95.1% 95.3% 95.0% 
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ANNEX B – METHODOLOGY FOR ESTIMATING POLLUTANT EMISSIONS FROM APG FLARING 

The estimation of pollutant emissions is based on the flaring scenarios, methodology used by 
companies, and known data for some projects (component composition of APG, the shares of soot 
and soot-free flaring). 

To estimate pollutant emissions connected with APG flaring, companies refer to the guideline124 
issued by the Scientific Research Institute for Atmospheric Air Protection in 1998. In 2012, the 
publishers released the generalized manual on air protection activities125 with minor additions to 
the APG flaring section. This manual is recommended, but not mandatory, for use in estimating 
emissions of pollutants and is included in the "List of Methodological Documents for the 
Estimation of Discharges (Emissions) of Pollutants into the Atmosphere"126. Companies submit 
reports to the MNRE and its subordinate services as part of the declaration for charging pollutant 
emissions payments. 

The estimation is carried out by applying same methodology used by companies. 

Thus, based on the methodology, the qualitative and quantitative characteristics of pollutant 
emissions are determined by a number of factors related to the composition of the flared APG, 
the location and design of flare plants, the parameters of the surrounding air environment, etc. 

In accordance with CCAC Oil and Gas Methane Partnership technical guidance documents (Annex 
A)127, it is possible to use emission factor approach to conduct Emission Survey. Thus, to quantify 
emissions connected with APG flaring, emissions factors provided by national methodology was 
applied.  

Experimental values of emissions intensity per unit mass of the flared gas128 (Table 39) was used. 

Table 39– Intensity values of emissions per unit mass of flared gas 

Emissions intensity, (kg/kg) Soot-free flaring Soot flaring 

qCO 2∙10-2 0.25 

qNOx 3∙10-3 2∙10-3 

BC - 3∙10-2 

Benzo (a) pyrene 2∙10-11 8∙10-11 

                                                           

124Scientific Research Institute for Atmospheric Air Protection (1998) Methodology for estimating pollutant 
emissions into the atmosphere during the flaring of associated petroleum gas at flare plants. (in Russian) 

125Scientific Research Institute for Atmospheric Air Protection (2012) Methodological manual on calculation, 
normalization and control of pollutant emissions into the atmosphere (Supplemented and revised). (in 
Russian) 

126Official Letter of the MNRE RF of 29.03.2012 № 05-12-47/4521. 

127 http://ccacoalition.org/en/content/oil-and-gas-methane-partnership-technical-guidance-documents 

128Scientific Research Institute for Atmospheric Air Protection (1998) Methodology for estimating pollutant 
emissions into the atmosphere during the flaring of associated petroleum gas at flare plants. (in Russian) 
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In the case of combustion of sulfur-containing associated petroleum gas, the emissions intensity 
of sulfur dioxide was calculated by the following formula: 

𝑞𝑆𝑂2
= 𝜇𝑆𝑂2

𝑠

𝜇𝑔
 

where 𝑠–number of sulfur atoms; 
𝜇𝑆𝑂2

  - molecular mass of SO2; 

𝜇𝑔 - molecular mass of APG. 

Pollutants are also released into the atmosphere due to inefficiency of APG flaring. Flaring 
destruction inefficiency (fraction of the gas that leaves the flare unburned, either partially or fully) 
is assumed to be 0,0006 for soot-free flaring and 0,035 otherwise129. 

Assessment of inaccuracy of the methodology 

According to methodological guidelines130, the inaccuracy of methods included in "List of 
Methodological Documents for the Estimation of Discharges (Emissions) of Pollutants into the 
Atmosphere"131 is no more than the inaccuracy of direct measurement methods. According to 
Russian technical standards132, the inaccuracy of direct measurement of emissions have to be no 
more than 25 %. Therefore, the inaccuracy of applied methodologies, based on emission factors, 
is also within 25 %. 

ANNEX C – APG FLARING PAYMENTS DETAILS 

Payment is calculated133 as a multiplication of basic rate134 (Table 40), special indexes and mass of 
a pollutant released over a year. 

In Russia each company, that has pollutant emission sources, must have a project of maximum 
permissible discharge standards, brought in accordance with authorities. In spite of different 
restrictions, not all the companies had an opportunity to reach that target in one year, that is why 
temporarily approved emission limits were established. For those emissions that exceed 

                                                           

129Scientific Research Institute for Atmospheric Air Protection (1998) Methodology for estimating pollutant 
emissions into the atmosphere during the flaring of associated petroleum gas at flare plants. (in Russian) 

130Scientific Research Institute for Atmospheric Air Protection (2012) Methodological manual on calculation, 
normalization and control of pollutant emissions into the atmosphere (Supplemented and revised). (in 
Russian) 

131Official Letter of the MNR RF of 29.03.2012 № 05-12-47/4521. 

132 Regulatory guide. Atmosphere. Industrial emissions measurement accuracy standards (1985) 

133Russian Government Decree (03.03.2017 № 255) “Measuring and collecting negative environmental 
impact payments” 

134Russian Government Decree(13.09.2016 № 913) “About base payment rates for negative environmental 
impact and additional multipliers” 

https://www.multitran.ru/c/m.exe?t=3881451_1_2&s1=%E2%F0%E5%EC%E5%ED%ED%EE%20%F1%EE%E3%EB%E0%F1%EE%E2%E0%ED%ED%FB%E9%20%E2%FB%E1%F0%EE%F1
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permissible discharge standards, a multiplier of 5135 is applied to base payment rate, and for 
emissions exceeding temporarily approved emission limits a multiplier of 25 is applied. Basically, 
temporarily approved emission limits were to reflect pollutant emissions connected with 5% of 
APG flared, but in fact can differ significantly.  

In 2012 a target rate of 5% of produced APG to be flared was determined136. If this rate is 
exceeded, an additional multiplier of 4.5 was applied to the payments for emissions over 
temporarily approved emission limits. Therefore, maximal multiplier applied to over-limit flaring 
is equal to 112.5 (4.5х25). 

In 2013 the multiplier of 4.5 was raised to 12137, in 2014 it was raised to 25. From after 2020, this 
multiplier will be raised to 100138. Therefore, maximal multiplier applied to over-limit flaring is 
equal to 2500 (100х25). Capital expenditure for APG utilization may be deducted, and therefore 
the multiplier can be lowered to 1. 

Another adjustment is associated with the basic payment rates, connected with APG flaring 
emissions. In 2016 black carbon payment rate was excluded and rate for suspended matters was 
implemented.  

Over-limit emissions payment is calculated as a multiplication of indexes, reflecting emission 
sources location, emission limits and base payment rate for a pollutant139: 

𝑃 = 𝐾𝐴𝑀 × 𝐾𝐴𝑂𝐺 × ∑ 𝐾𝑆𝑃 × (𝐾 × (1 − 𝐼)) × 𝐻𝑖 × 𝑀𝑖
𝑛
𝑖=1 , where:   (1) 

𝐾𝐴𝑀 – additional multiplier (25, 100 – from after 2020); 

𝐾𝐴𝑂𝐺 – Arctic offshore greenfield multiplier (0.25 from after 01.01.2020 to 31.12.2030; otherwise 
– 1); 

𝐾𝑆𝑃 – multiplier for specially protected area and subjects, according to federal legislation (2, for 
others - 1); 

𝐾 – over-limit emissions multiplier (25); 

𝐼 – Expenses cover index (calculated for a group of companies or for a producer; is equal to the 
ratio of APG utilization capital expenditures to payments (calculated without 𝐼)); 

𝐻𝑖–ith pollutant emission base rate; 

𝑀𝑖–value of ith pollutant over-limit emission 

                                                           

135Russian Government Decree(28.08.1992 № 632) “Environmental pollution, waste disposal and other 
negative impact payments calculating practices” 

136Russian Government Decree № 7, 08.01.2009 (revised 08.01.2009) 

137Russian Government Decree № 1148, 08.11.2012 (revised 08.11.2012) 

138Russian Government Decree № 1148, 08.11.2012 (revised 28.12.2017) 

139Russian Government Decree № 1148, 08.11.2012 (revised 08.11.2012) 

https://www.multitran.ru/c/m.exe?t=3881451_1_2&s1=%E2%F0%E5%EC%E5%ED%ED%EE%20%F1%EE%E3%EB%E0%F1%EE%E2%E0%ED%ED%FB%E9%20%E2%FB%E1%F0%EE%F1
https://www.multitran.ru/c/m.exe?t=3881451_1_2&s1=%E2%F0%E5%EC%E5%ED%ED%EE%20%F1%EE%E3%EB%E0%F1%EE%E2%E0%ED%ED%FB%E9%20%E2%FB%E1%F0%EE%F1
https://www.multitran.ru/c/m.exe?t=3881451_1_2&s1=%E2%F0%E5%EC%E5%ED%ED%EE%20%F1%EE%E3%EB%E0%F1%EE%E2%E0%ED%ED%FB%E9%20%E2%FB%E1%F0%EE%F1
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Expenses cover index gives a chance for a company to reduce total over-limit flaring multiplier 
from 625 to 25 (from 2500 to 100 from after 01.01.2020). 

Additional multiplier and APG flaring limits are not applied to greenfields (for 3 years after 
depletion rate exceeded 1 per cent, or before depletion rate of 5 per cent). 

If a flaring rate140 for a group of companies141 is within 5 per cent, over-limit multiplier K is not 
applied to its oil fields. If an average flaring exceeds 5 percent, the group of companies can exclude 
K-multiplier while calculating payments for producers, whose flaring is within 5 percent rate. 
Otherwise, formula (1) is to be used. 

Table 40 –Emission payment rates, USD per ton of a pollutant 

Name of a 
pollutant 

Emission payment rate 

2010 2011 2012 2013 2014 2015 2016 2017 2018 

Suspended 
matters 
(BC) 

9.23 10.32 10.31 10.79 9.44 6.24 0.52 0.63 0.61 

Benzo(a)pyrene 
289 
963 

323 
087 

324 
350 

339 
831 

298 
334 

197 
724 

78 
280 

93 
791 

91 
216 

NO2 7.4 8.2 8.2 8.6 7.6 5.0 2.0 2.4 2.3 

NO 5.0 5.5 5.5 5.8 5.1 3.4 1.3 1.6 1.6 

H2S 22.6 37.6 38.3 39.7 35.3 23.6 22.5 11.3 11.4 

SO2 1.49 2.50 2.56 2.64 2.35 1.56 1.49 0.75 0.76 

Methane 5.77 6.45 6.45 6.74 5.90 3.90 1.54 1.85 1.80 

NMVOC  
(С2-С5) 

0.58 0.65 0.64 0.67 0.59 0.39 1.54 1.85 1.80 

NMVOC  
(С6-С10) 

0.58 0.65 0.64 0.67 0.59 0.39 0.001 0.002 0.002 

NMVOC  
(С12-С19) 

- - - - - - 0.2 0.2 0.2 

CO 0.08 0.09 0.09 0.10 0.09 0.08 0.02 0.03 0.03 

Mercury (Hg) - - - - - - 261 313 304 

Source: Vygon Consulting analysis based on Russian regulations 

                                                           

140Planned shutdowns of APG transmission to gas processing plants are excluded from flaring rate 

141A group of companies – Rosneft, Gazprom Neft, Lukoil, Surgutneftegas, Novatek etc. 
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ANNEX D – POLLUTANT EMISSIONS IN DIFFERENT SCENARIOS IN 2017-2025 

Table 41 – Pollutant emissions from APG utilization in BaU scenario in 2017-2025, kt 

Name of a 
pollutant 

2017 2018 2019 2020 2021 2022 2023 2024 2025 

Low Production Scenario 

Methane 7.0 6.7 7.6 9.0 7.7 7.6 7.8 7.6 7.6 

NMVOC  0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

NOx 9.5 9.1 10.2 11.7 10.5 10.4 10.7 10.4 10.4 

CO 15.1 14.8 16.1 18.0 16.6 16.2 16.3 15.8 15.8 

Reference Production Scenario 

Methane 7.0 6.7 7.6 9.0 7.7 7.7 8.1 7.9 8.0 

NMVOC  0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

NOx 9.5 9.1 10.2 11.7 10.6 10.6 11.0 10.8 11.0 

CO 15.1 14.8 16.1 18.0 16.8 16.8 17.1 16.9 17.1 

High Production Scenario 

Methane 7.0 7.2 8.1 9.6 8.2 8.2 8.7 8.5 8.8 

NMVOC  0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

NOx 9.5 9.3 10.4 11.9 10.8 10.8 11.3 11.2 11.5 

CO 15.1 15.3 16.7 18.7 17.4 17.5 18.0 18.0 18.6 

Source: Vygon Consulting analysis 

Table 42 – Pollutant emissions from APG utilization in On-going investment scenario 
in 2017-2025, kt 

Name of a 
pollutant 

2017 2018 2019 2020 2021 2022 2023 2024 2025 

Low Production Scenario 

Methane 7.0 6.3 7.5 9.2 7.7 7.7 7.8 7.5 7.4 

NMVOC  0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

NOx 9.5 9.5 11.2 13.3 11.7 11.8 11.8 11.5 11.3 

CO 15.1 14.7 17.1 19.7 18.1 17.9 17.6 17.1 16.6 

Reference Production Scenario 

Methane 7.0 6.3 7.5 9.3 7.8 7.9 8.1 7.9 7.9 

NMVOC  0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

NOx 9.5 9.5 11.2 13.3 11.9 12.1 12.3 12.1 12.0 

CO 15.1 14.7 17.1 19.8 18.5 18.7 18.7 18.5 18.3 

High Production Scenario 

Methane 7.0 6.3 7.5 9.3 7.8 7.9 8.2 8.1 8.2 

NMVOC  0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

NOx 9.5 9.5 11.2 13.3 11.9 12.1 12.4 12.4 12.5 

CO 15.1 14.7 17.1 19.8 18.5 18.8 19.1 19.2 19.5 

Source: Vygon Consulting analysis 
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Table 43 – Pollutant emissions from APG utilization in BAT-BEP scenario  
in 2017-2025, kt 

Name of a 
pollutant 

2017 2018 2019 2020 2021 2022 2023 2024 2025 

Low Production Scenario 

Methane 7.0 6.3 4.1 4.6 3.6 3.5 3.6 3.5 3.4 

NMVOC  0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

NOx 9.5 9.5 11.8 13.1 11.1 10.9 10.9 10.6 10.4 

CO 15.1 14.7 15.4 16.7 15.1 14.6 14.3 13.8 13.3 

Reference Production Scenario 

Methane 7.0 6.3 4.1 4.7 3.6 3.6 3.7 3.6 3.6 

NMVOC  0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

NOx 9.5 9.5 11.9 13.2 11.4 11.4 11.5 11.2 11.1 

CO 15.1 14.7 15.6 17.0 15.7 15.6 15.4 15.1 14.9 

High Production Scenario 

Methane 7.0 6.3 4.1 4.7 3.7 3.7 3.8 3.7 3.8 

NMVOC  0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

NOx 9.5 9.5 11.9 13.2 11.4 11.5 11.8 11.7 11.8 

CO 15.1 14.7 15.6 17.1 15.9 15.9 16.1 16.2 16.4 

Source: Vygon Consulting analysis 
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Table 44 – Pollutant emissions from APG flaring in BaU utilization scenario in 2017-2025, kt 

Name of 
pollutant 

2017 2018 2019 2020 2021 2022 2023 2024 2025 

Low Production Scenario 

Black carbon 22.5 27.7 23.4 23.6 22.2 22.9 20.6 19.2 17.9 

Methane 16.1 20.1 18.8 18.8 17.4 17.6 16.6 15.4 14.0 

NMVOC 11.8 14.8 12.0 11.9 11.4 11.9 10.1 9.5 8.9 

NOx 14.8 19.9 23.3 22.0 20.5 19.6 18.7 17.7 14.9 

SO2 0.17 0.22 0.22 0.24 0.22 0.22 0.20 0.19 0.17 

H2S 
3.8 
∙10-4 

5.9 
∙10-4 

4.6 
∙10-4 

4.9 
∙10-4 

4.8 
∙10-4 

5.4 
∙10-4 

4.7 
∙10-4 

4.8 
∙10-4 

4.6 
∙10-4 

CO 275.7 350.9 340.0 333.0 311.6 311.6 287.6 269.6 240.6 

Benzo (a) 
pyrene 

1.5 
∙10-7 

1.9 
∙10-7 

2.1 
∙10-7 

2.0 
∙10-7 

1.9 
∙10-7 

1.8 
∙10-7 

1.7 
∙10-7 

1.6 
∙10-7 

1.4 
∙10-7 

Reference Production Scenario 

Black carbon 22.5 29.2 29.8 27.7 26.0 26.3 24.0 22.3 21.5 

Methane 16.1 21.4 23.8 21.9 20.6 20.6 19.5 18.1 17.0 

NMVOC 11.8 15.3 14.5 13.8 13.2 13.4 11.8 11.0 10.6 

NOx 14.8 20.1 24.3 24.1 23.9 22.7 21.9 21.0 17.7 

SO2 0.17 0.22 0.23 0.24 0.22 0.22 0.21 0.20 0.17 

H2S 
3.8 
∙10-4 

5.9 
∙10-4 

4.7 
∙10-4 

5.2 
∙10-4 

5.1 
∙10-4 

5.6 
∙10-4 

4.9 
∙10-4 

5.0 
∙10-4 

4.7 
∙10-4 

CO 275.7 364.3 397.5 379.2 364.5 358.7 335.4 315.6 288.1 

Benzo (a) 
pyrene 

1.5 
∙10-7 

2.0 
∙10-7 

2.3 
∙10-7 

2.2 
∙10-7 

2.2 
∙10-7 

2.1 
∙10-7 

2.0 
∙10-7 

1.9 
∙10-7 

1.7 
∙10-7 

High Production Scenario 

Black carbon 22.5 29.2 30.3 30.4 28.9 30.1 29.1 28.6 29.1 

Methane 16.1 21.4 24.1 23.5 22.5 23.1 22.8 22.4 22.2 

NMVOC 11.8 15.3 14.7 15.3 14.8 15.6 14.8 14.9 15.2 

NOx 14.8 20.1 24.4 24.6 25.2 25.0 25.4 26.2 24.1 

SO2 0.17 0.22 0.27 0.31 0.30 0.28 0.24 0.23 0.18 

H2S 
3.8 
∙10-4 

5.9 
∙10-4 

9.6 
∙10-4 

1.3 
∙10-3 

1.4 
∙10-3 

1.2 
∙10-3 

8.8 
∙10-4 

7.8 
∙10-4 

5.4 
∙10-4 

CO 275.7 364.3 401.7 404.0 395.9 404.0 398.8 400.3 390.5 

Benzo (a) 
pyrene 

1.5 
∙10-7 

2.0 
∙10-7 

2.3 
∙10-7 

2.3 
∙10-7 

2.3 
∙10-7 

2.3 
∙10-7 

2.3 
∙10-7 

2.4 
∙10-7 

2.3 
∙10-7 

Source: Vygon Consulting analysis 
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Table 45 – Pollutant emissions from APG flaring in On-going investment scenario  
in 2017-2020, kt 

Name of 
pollutant 

2017 2018 2019 2020 2021 2022 2023 2024 2025 

Low Production Scenario 

Black carbon 22.5 26.8 21.7 16.0 15.3 14.7 14.8 14.4 13.9 

Methane 16.1 19.3 16.0 11.8 10.6 10.6 10.4 10.1 9.9 

NMVOC 11.8 13.9 10.2 7.3 7.4 6.7 6.8 6.7 6.4 

NOx 14.8 16.4 10.1 6.6 4.3 3.6 3.3 3.2 3.0 

SO2 0.17 0.22 0.19 0.16 0.08 0.08 0.05 0.04 0.04 

H2S 
3.8 
∙10-4 

5.8 
∙10-4 

4.5 
∙10-4 

3.1 
∙10-4 

3.5 
∙10-4 

3.3 
∙10-4 

3.5 
∙10-4 

3.6 
∙10-4 

3.6 
∙10-4 

CO 275.7 320.8 238.2 170.3 149.7 140.2 139.0 135.0 129.7 

Benzo (a) 
pyrene 

1.5 
∙10-8 

1.7 
∙10-8 

1.2 
∙10-8 

8.0 
∙10-8 

6.3 
∙10-8 

5.7 
∙10-8 

5.5 
∙10-8 

5.3 
∙10-8 

5.1 
∙10-8 

Reference Production Scenario 

Black carbon 22.5 28.3 27.9 19.5 18.0 15.4 15.8 15.1 15.0 

Methane 16.1 20.5 20.9 14.6 12.9 11.2 11.2 10.7 10.7 

NMVOC 11.8 14.5 12.6 9.0 8.7 7.1 7.5 7.1 6.9 

NOx 14.8 16.6 11.1 8.5 6.9 5.4 4.7 4.0 3.7 

SO2 0.17 0.22 0.20 0.16 0.09 0.09 0.05 0.04 0.04 

H2S 
3.8 
∙10-4 

5.9 
∙10-4 

4.6 
∙10-4 

3.3 
∙10-4 

3.7 
∙10-4 

3.4 
∙10-4 

3.6 
∙10-4 

3.6 
∙10-4 

3.6 
∙10-4 

CO 275.7 334.2 293.7 210.8 188.3 157.3 156.2 145.9 142.6 

Benzo (a) 
pyrene 

1.5 
∙10-7 

1.7 
∙10-7 

1.4 
∙10-7 

1.0 
∙10-7 

8.6 
∙10-8 

7.0 
∙10-8 

6.7 
∙10-8 

6.0 
∙10-8 

5.8 
∙10-8 

High Production Scenario 

Black carbon 22.5 28.3 28.3 22.2 20.9 19.1 20.2 19.9 20.4 

Methane 16.1 20.5 21.2 16.2 14.8 13.7 14.1 13.9 14.4 

NMVOC 11.8 14.5 12.8 10.5 10.3 9.3 10.1 10.0 10.2 

NOx 14.8 16.6 11.2 9.0 8.1 7.7 7.7 7.8 8.0 

SO2 0.17 0.22 0.24 0.23 0.17 0.15 0.07 0.06 0.05 

H2S 
3.8 
∙10-4 

5.9 
∙10-4 

9.5 
∙10-4 

1.1 
∙10-3 

1.3 
∙10-3 

1.0 
∙10-3 

4.7 
∙10-4 

4.4 
∙10-4 

4.3 
∙10-4 

CO 275.7 334.2 298.0 235.5 219.5 202.1 210.8 209.2 214.5 

Benzo (a) 
pyrene 

1.5 
∙10-7 

1.7 
∙10-7 

1.4 
∙10-7 

1.1 
∙10-7 

1.0 
∙10-7 

9.4 
∙10-8 

9.6 
∙10-8 

9.6 
∙10-8 

9.9 
∙10-8 

Source: Vygon Consulting analysis 
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Table 46 –Pollutant emissions from APG flaring in BAT-BEP scenario in 2017-2025, kt 

Name of 
pollutant 

2017 2018 2019 2020 2021 2022 2023 2024 2025 

Low Production Scenario 

Black carbon 22.5 25.2 14.0 11.1 8.8 8.6 8.1 7.5 7.3 

Methane 16.1 18.8 11.0 8.7 6.9 6.7 6.1 5.6 5.5 

NMVOC 11.8 12.6 6.0 4.6 3.7 3.6 3.5 3.4 3.3 

NOx 14.8 15.7 6.4 3.8 3.4 3.1 2.9 2.8 2.6 

SO2 0.17 0.22 0.17 0.08 0.05 0.03 0.04 0.04 0.04 

H2S 
3.8 
∙10-4 

5.9 
∙10-4 

9.5 
∙10-4 

1.1 
∙10-3 

1.3 
∙10-3 

1.0 
∙10-3 

4.7 
∙10-4 

4.4 
∙10-4 

4.3 
∙10-4 

CO 275.7 303.8 153.2 113.1 92.3 88.5 83.0 77.6 75.4 

Benzo (a) 
pyrene 

1.5 
∙10-7 

1.6 
∙10-7 

7.4 
∙10-8 

5.0 
∙10-8 

4.2 
∙10-8 

4.0 
∙10-8 

3.7 
∙10-8 

3.5 
∙10-8 

3.4 
∙10-8 

Reference Production Scenario 

Black carbon 22.5 25.5 14.0 11.1 8.8 8.6 8.1 7.5 7.3 

Methane 16.1 19.0 11.0 8.7 7.0 6.7 6.2 5.6 5.5 

NMVOC 11.8 12.7 6.0 4.7 3.7 3.6 3.5 3.4 3.3 

NOx 14.8 15.8 6.8 4.2 3.6 3.3 3.1 3.0 2.9 

SO2 0.17 0.22 0.17 0.08 0.05 0.03 0.04 0.04 0.04 

H2S 
3.8 
∙10-4 

5.9 
∙10-4 

3.9 
∙10-4 

3.0 
∙10-4 

3.1 
∙10-4 

3.0 
∙10-4 

3.2 
∙10-4 

3.3 
∙10-4 

3.4 
∙10-4 

CO 275.7 306.0 155.5 115.7 93.9 90.0 84.5 79.3 77.3 

Benzo (a) 
pyrene 

1.5 
∙10-7 

1.6 
∙10-7 

7.6 
∙10-8 

5.3 
∙10-8 

4.4 
∙10-8 

4.1 
∙10-8 

3.9 
∙10-8 

3.7 
∙10-8 

3.6 
∙10-8 

High Production Scenario 

Black carbon 22.5 25.5 14.0 11.1 8.8 8.6 8.1 7.5 7.3 

Methane 16.1 19.0 11.1 8.8 7.0 6.8 6.3 5.8 5.7 

NMVOC 11.8 12.7 6.0 4.7 3.8 3.7 3.6 3.5 3.5 

NOx 14.8 15.8 6.9 4.7 4.2 4.0 4.2 4.1 4.3 

SO2 0.17 0.22 0.20 0.12 0.06 0.04 0.04 0.04 0.04 

H2S 
3.8 
∙10-4 

5.9 
∙10-4 

4.1 
∙10-4 

3.3 
∙10-4 

3.1 
∙10-4 

3.0 
∙10-4 

3.2 
∙10-4 

3.4 
∙10-4 

3.4 
∙10-4 

CO 275.7 306.0 156.4 118.6 97.8 94.6 91.3 86.3 86.7 

Benzo (a) 
pyrene 

1.5 
∙10-7 

1.6 
∙10-7 

7.7 
∙10-8 

5.6 
∙10-8 

4.8 
∙10-8 

4.6 
∙10-8 

4.6 
∙10-8 

4.4 
∙10-8 

4.5 
∙10-8 

Source: Vygon Consulting analysis 
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Table 47 – Pollutant emissions from APG related activities in BaU scenario in 2017-2025, kt 

Name of 
pollutant 

2017 2018 2019 2020 2021 2022 2023 2024 2025 

Low Production Scenario 

Black carbon 22.5 26.5 23.4 23.6 22.2 22.9 20.6 19.2 17.9 

Methane 33.6 37.5 38.4 40.6 38.6 37.2 36.3 34.6 33.0 

NMVOC 20.7 23.4 21.5 21.9 22.2 22.3 20.8 20.2 19.4 

NOx 24.3 28.7 33.5 33.7 31.0 30.0 29.4 28.1 25.3 

SO2 0.17 0.22 0.22 0.24 0.22 0.22 0.20 0.19 0.17 

H2S 
3.8 
∙10-4 

5.5 
∙10-4 

4.6 
∙10-4 

4.9 
∙10-4 

4.8 
∙10-4 

5.4 
∙10-4 

4.7 
∙10-4 

4.8 
∙10-4 

4.6 
∙10-4 

CO 290.8 354.3 356.1 351.0 328.2 327.8 303.9 285.4 256.4 

Benzo (a) 
pyrene 

1.5 
∙10-7 

1.9 
∙10-7 

2.1 
∙10-7 

2.0 
∙10-7 

1.9 
∙10-7 

1.8 
∙10-7 

1.7 
∙10-7 

1.6 
∙10-7 

1.4 
∙10-7 

Reference Production Scenario 

Black carbon 22.5 28.1 29.8 27.7 26.0 26.3 24.0 22.3 21.5 

Methane 33.6 38.8 43.5 44.2 42.2 40.7 39.9 38.1 36.9 

NMVOC 20.7 23.9 24.0 24.3 24.5 24.3 22.9 22.1 21.6 

NOx 24.3 28.8 34.5 35.8 34.5 33.3 32.9 31.8 28.7 

SO2 0.17 0.22 0.23 0.24 0.22 0.22 0.21 0.20 0.17 

H2S 
3.8 
∙10-4 

5.5 
∙10-4 

4.7 
∙10-4 

5.2 
∙10-4 

5.1 
∙10-4 

5.6 
∙10-4 

4.9 
∙10-4 

5.0 
∙10-4 

4.7 
∙10-4 

CO 290.8 367.7 413.6 397.2 381.3 375.5 352.5 332.5 305.2 

Benzo (a) 
pyrene 

1.5 
∙10-7 

1.9 
∙10-7 

2.3 
∙10-7 

2.2 
∙10-7 

2.2 
∙10-7 

2.1 
∙10-7 

2.0 
∙10-7 

1.9 
∙10-7 

1.7 
∙10-7 

High Production Scenario 

Black carbon 22.5 28.1 30.3 30.4 28.9 30.1 29.1 28.6 29.1 

Methane 33.6 39.4 44.5 46.8 45.2 44.7 45.7 45.8 46.6 

NMVOC 20.7 24.0 24.4 26.1 26.6 27.3 27.7 28.8 30.0 

NOx 24.3 29.0 34.8 36.5 36.0 35.8 36.7 37.4 35.6 

SO2 0.17 0.22 0.27 0.31 0.30 0.28 0.24 0.23 0.18 

H2S 
3.8 
∙10-4 

5.5 
∙10-4 

9.6 
∙10-4 

1.3 
∙10-3 

1.4 
∙10-3 

1.2 
∙10-3 

8.8 
∙10-4 

7.8 
∙10-4 

5.4 
∙10-4 

CO 290.8 368.2 418.4 422.7 413.3 421.5 416.8 418.3 409.1 

Benzo (a) 
pyrene 

1.5 
∙10-7 

1.9 
∙10-7 

2.3 
∙10-7 

2.3 
∙10-7 

2.3 
∙10-7 

2.3 
∙10-7 

2.3 
∙10-7 

2.4 
∙10-7 

2.3 
∙10-7 

Source: Vygon Consulting analysis 
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Table 48  –Pollutant emissions from APG related activities in On-going investment scenario in 
2017-2025, kt 

Name of 
pollutant 

2017 2018 2019 2020 2021 2022 2023 2024 2025 

Low Production Scenario 

Black carbon 22.5 26.8 21.7 16.0 15.3 14.7 14.8 14.4 13.9 

Methane 33.6 37.0 35.6 33.8 31.8 30.2 30.1 29.2 28.6 

NMVOC 20.7 23.2 19.7 17.4 18.2 17.1 17.5 17.3 16.9 

NOx 24.3 25.9 21.3 19.9 16.0 15.4 15.1 14.7 14.3 

SO2 0.17 0.22 0.19 0.16 0.08 0.08 0.05 0.04 0.04 

H2S 
3.8 
∙10-4 

5.8 
∙10-4 

4.5 
∙10-4 

3.1 
∙10-4 

3.5 
∙10-4 

3.3 
∙10-4 

3.5 
∙10-4 

3.6 
∙10-4 

3.6 
∙10-4 

CO 290.8 335.5 255.3 190.0 167.8 158.1 156.6 152.1 146.3 

Benzo (a) 
pyrene 

1.5 
∙10-8 

1.7 
∙10-8 

1.2 
∙10-8 

8.0 
∙10-8 

6.3 
∙10-8 

5.7 
∙10-8 

5.5 
∙10-8 

5.3 
∙10-8 

5.1 
∙10-8 

Reference Production Scenario 

Black carbon 22.5 28.3 27.9 19.5 18.0 15.4 15.8 15.1 15.0 

Methane 33.6 38.3 40.5 37.1 34.6 31.6 31.6 30.7 30.4 

NMVOC 20.7 23.7 22.1 19.5 20.0 18.1 18.6 18.2 17.9 

NOx 24.3 26.1 22.3 21.8 18.8 17.5 17.0 16.1 15.7 

SO2 0.17 0.22 0.20 0.16 0.09 0.09 0.05 0.04 0.04 

H2S 
3.8 
∙10-4 

5.9 
∙10-4 

4.6 
∙10-4 

3.3 
∙10-4 

3.7 
∙10-4 

3.4 
∙10-4 

3.6 
∙10-4 

3.6 
∙10-4 

3.6 
∙10-4 

CO 290.8 348.9 310.8 230.6 206.8 176.0 174.9 164.4 160.9 

Benzo (a) 
pyrene 

1.5 
∙10-7 

1.7 
∙10-7 

1.4 
∙10-7 

1.0 
∙10-7 

8.6 
∙10-8 

7.0 
∙10-8 

6.7 
∙10-8 

6.0 
∙10-8 

5.8 
∙10-8 

High Production Scenario 

Black carbon 22.5 28.3 28.3 22.2 20.9 19.1 20.2 19.9 20.4 

Methane 33.6 38.4 41.0 39.1 37.1 34.9 36.5 37.0 38.2 

NMVOC 20.7 23.8 22.5 21.3 22.1 21.0 23.0 23.9 24.9 

NOx 24.3 26.1 22.4 22.3 20.0 19.8 20.1 20.2 20.5 

SO2 0.17 0.22 0.24 0.23 0.17 0.15 0.07 0.06 0.05 

H2S 
3.8 
∙10-4 

5.9 
∙10-4 

9.5 
∙10-4 

1.1 
∙10-3 

1.3 
∙10-3 

1.0 
∙10-3 

4.7 
∙10-4 

4.4 
∙10-4 

4.3 
∙10-4 

CO 290.8 348.9 315.1 255.3 238.0 220.9 229.9 228.4 234.0 

Benzo (a) 
pyrene 

1.5 
∙10-7 

1.7 
∙10-7 

1.4 
∙10-7 

1.1 
∙10-7 

1.0 
∙10-7 

9.4 
∙10-8 

9.6 
∙10-8 

9.6 
∙10-8 

9.9 
∙10-8 

Source: Vygon Consulting analysis 
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Table 49 –Pollutant emissions from APG related activities in BAT-BEP scenario in 2017-2015, kt 

Name of 
pollutant 

2017 2018 2019 2020 2021 2022 2023 2024 2025 

Low Production Scenario 

Black carbon 22.5 25.2 14.0 11.1 8.8 8.6 8.1 7.5 7.3 

Methane 33.6 36.6 27.1 26.0 23.9 22.2 21.6 20.7 20.3 

NMVOC 20.7 21.8 15.4 14.6 14.4 14.0 14.1 14.0 13.8 

NOx 24.3 25.2 18.2 16.9 14.5 14.0 13.8 13.4 13.0 

SO2 0.17 0.22 0.17 0.08 0.05 0.03 0.04 0.04 0.04 

H2S 
3.8 
∙10-4 

5.8 
∙10-4 

3.9 
∙10-4 

3.0 
∙10-4 

3.0 
∙10-4 

3.0 
∙10-4 

3.2 
∙10-4 

3.3 
∙10-4 

3.4 
∙10-4 

CO 290.8 318.5 168.6 129.8 107.4 103.1 97.3 91.4 88.7 

Benzo (a) 
pyrene 

1.5 
∙10-7 

1.6 
∙10-7 

7.4 
∙10-8 

5.0 
∙10-8 

4.2 
∙10-8 

4.0 
∙10-8 

3.7 
∙10-8 

3.5 
∙10-8 

3.4 
∙10-8 

Reference Production Scenario 

Black carbon 22.5 25.5 14.0 11.1 8.8 8.6 8.1 7.5 7.3 

Methane 33.6 36.7 27.2 26.6 24.4 22.8 22.2 21.3 21.0 

NMVOC 20.7 22.0 15.4 15.1 14.9 14.5 14.6 14.5 14.3 

NOx 24.3 25.3 18.7 17.4 15.0 14.7 14.6 14.2 14.0 

SO2 0.17 0.22 0.17 0.08 0.05 0.03 0.04 0.04 0.04 

H2S 
3.8 
∙10-4 

5.9 
∙10-4 

3.9 
∙10-4 

3.0 
∙10-4 

3.1 
∙10-4 

3.0 
∙10-4 

3.2 
∙10-4 

3.3 
∙10-4 

3.4 
∙10-4 

CO 290.8 320.7 171.1 132.7 109.6 105.6 99.9 94.4 92.2 

Benzo (a) 
pyrene 

1.5 
∙10-7 

1.6 
∙10-7 

7.6 
∙10-8 

5.3 
∙10-8 

4.4 
∙10-8 

4.1 
∙10-8 

3.9 
∙10-8 

3.7 
∙10-8 

3.6 
∙10-8 

High Production Scenario 

Black carbon 22.5 25.5 14.0 11.1 8.8 8.6 8.1 7.5 7.3 

Methane 33.6 36.8 27.4 27.1 25.2 23.9 24.2 24.4 25.1 

NMVOC 20.7 22.0 15.6 15.4 15.5 15.3 16.4 17.4 18.1 

NOx 24.3 25.3 18.8 17.9 15.6 15.5 16.0 15.8 16.1 

SO2 0.17 0.22 0.20 0.12 0.06 0.04 0.04 0.04 0.04 

H2S 
3.8 
∙10-4 

5.9 
∙10-4 

4.1 
∙10-4 

3.3 
∙10-4 

3.1 
∙10-4 

3.0 
∙10-4 

3.2 
∙10-4 

3.4 
∙10-4 

3.4 
∙10-4 

CO 290.8 320.7 172.0 135.7 113.7 110.5 107.4 102.5 103.1 

Benzo (a) 
pyrene 

1.5 
∙10-7 

1.6 
∙10-7 

7.7 
∙10-8 

5.6 
∙10-8 

4.8 
∙10-8 

4.6 
∙10-8 

4.6 
∙10-8 

4.4 
∙10-8 

4.5 
∙10-8 

Source: Vygon Consulting analysis 
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ANNEX E – POLLUTANT EMISSIONS PAYMENTS IN DIFFERENT SCENARIOS IN 2017-2025 

Table 50 – Pollutant emissions payments from APG related activities in BaU scenario, mln USD 

Emissions payments  2017 2018 2019 2020 2021 2022 2023 2024 2025 

Low Production Scenario 

APG Production 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 

APG Utilization 0.07 0.07 0.07 0.08 0.06 0.04 0.04 0.04 0.04 

APG Flaring, 
including: 

0.65 2.12 2.82 11.77 9.36 6.29 4.98 5.18 4.15 

within the limits 0.18 0.18 0.13 0.11 0.08 0.05 0.04 0.05 0.05 

above the limits 0.47 1.93 2.69 11.65 9.27 6.24 4.93 5.13 4.10 

For reference: above 
the limits excluding 
expenses cover index 

11.6 48.4 67.2 291.4 231.8 156.1 123.3 128.2 102.5 

Total payments 0.78 2.26 2.97 11.93 9.48 6.37 5.05 5.26 4.23 

Reference Production Scenario 

APG Production 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 

APG Utilization 0.07 0.07 0.07 0.08 0.06 0.04 0.04 0.04 0.04 

APG Flaring, 
including: 

0.65 2.13 2.86 11.80 9.38 7.14 5.75 6.32 5.10 

within the limits 0.18 0.19 0.17 0.14 0.11 0.06 0.05 0.06 0.05 

above the limits 0.47 1.93 2.69 11.65 9.27 7.09 5.70 6.26 5.04 

For reference: above 
the limits excluding 
expenses cover index 

11.6 48.4 67.2 291.4 231.8 177.1 142.4 156.5 126.0 

Total payments 0.78 2.27 3.01 11.96 9.52 7.22 5.82 6.40 5.18 

High Production Scenario 

APG Production 0.03 0.04 0.04 0.04 0.05 0.04 0.05 0.05 0.05 

APG Utilization 0.07 0.07 0.07 0.08 0.06 0.04 0.04 0.04 0.04 

APG Flaring, 
including: 

0.65 2.13 2.86 11.81 9.40 7.16 5.77 6.35 5.17 

within the limits 0.18 0.19 0.17 0.16 0.13 0.07 0.07 0.09 0.09 

above the limits 0.47 1.93 2.69 11.65 9.27 7.09 5.70 6.26 5.07 

For reference: above 
the limits excluding 
expenses cover index 

11.6 48.4 67.2 291.4 231.8 177.1 142.4 156.5 126.9 

Total payments 0.78 2.27 3.01 11.98 9.54 7.24 5.85 6.44 5.26 

Source: Vygon Consulting analysis 
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Table 51– Pollutant emissions payments from APG related activities in On-going investment 
scenario, mln USD 

Emissions payments  2017 2018 2019 2020 2021 2022 2023 2024 2025 

Low Production Scenario 

APG Production 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 

APG Utilization 0.07 0.07 0.08 0.09 0.07 0.04 0.04 0.04 0.04 

APG Flaring, 
including: 

0.65 1.63 0.91 1.16 0.10 0.08 0.06 0.05 0.05 

within the limits 0.18 0.18 0.14 0.10 0.08 0.05 0.04 0.05 0.05 

above the limits 0.47 1.45 0.78 1.05 0.02 0.03 0.01 0.00 0.00 

For reference: above 
the limits excluding 
expenses cover index 

11.6 36.3 19.4 26.3 0.4 0.9 0.4 0.0 0.0 

Total payments 0.78 1.77 1.06 1.32 0.23 0.16 0.13 0.13 0.12 

Reference Production Scenario 

APG Production 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 

APG Utilization 0.07 0.07 0.08 0.09 0.07 0.04 0.04 0.04 0.04 

APG Flaring, 
including: 

0.65 1.64 0.95 1.18 0.12 0.09 0.06 0.05 0.05 

within the limits 0.18 0.19 0.17 0.13 0.10 0.06 0.05 0.05 0.05 

above the limits 0.47 1.45 0.78 1.05 0.02 0.03 0.01 0.00 0.00 

For reference: above 
the limits excluding 
expenses cover index 

11.6 36.3 19.4 26.3 0.4 0.9 0.4 0.0 0.0 

Total payments 0.78 1.78 1.10 1.35 0.25 0.17 0.14 0.14 0.13 

High Production Scenario 

APG Production 0.03 0.04 0.04 0.04 0.05 0.04 0.05 0.05 0.05 

APG Utilization 0.07 0.07 0.08 0.09 0.07 0.04 0.04 0.04 0.05 

APG Flaring, 
including: 

0.65 1.64 0.95 1.20 0.14 0.11 0.08 0.08 0.08 

within the limits 0.18 0.19 0.17 0.15 0.12 0.07 0.07 0.08 0.08 

above the limits 0.47 1.45 0.78 1.05 0.02 0.03 0.01 0.00 0.00 

For reference: above 
the limits excluding 
expenses cover index 

11.6 36.3 19.4 26.3 0.4 0.9 0.4 0.0 0.0 

Total payments 0.78 1.78 1.10 1.37 0.28 0.19 0.16 0.17 0.18 

Source: Vygon Consulting analysis 
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Table 52 – Pollutant emissions payments from APG related activities in BAT-BEP scenario, mln 
USD 

Emissions payments  2017 2018 2019 2020 2021 2022 2023 2024 2025 

Low Production Scenario 

APG Production 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 

APG Utilization 0.07 0.05 0.07 0.07 0.05 0.03 0.03 0.03 0.03 

APG Flaring, 
including: 

0.65 1.62 0.79 1.18 0.05 0.03 0.03 0.03 0.03 

within the limits 0.18 0.17 0.08 0.07 0.05 0.03 0.03 0.03 0.03 

above the limits 0.47 1.45 0.72 1.11 0.00 0.00 0.00 0.00 0.00 

For reference: above 
the limits excluding 
expenses cover index 

11.6 36.3 17.9 27.7 0.0 0.0 0.0 0.0 0.0 

Total payments 0.78 1.74 0.93 1.32 0.17 0.10 0.09 0.10 0.10 

Reference Production Scenario 

APG Production 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 

APG Utilization 0.07 0.05 0.07 0.08 0.05 0.03 0.03 0.03 0.03 

APG Flaring, 
including: 

0.65 1.62 0.80 1.18 0.05 0.03 0.03 0.03 0.03 

within the limits 0.18 0.17 0.08 0.07 0.05 0.03 0.03 0.03 0.03 

above the limits 0.47 1.45 0.72 1.11 0.00 0.00 0.00 0.00 0.00 

For reference: above 
the limits excluding 
expenses cover index 

11.6 36.3 17.9 27.7 0.0 0.0 0.0 0.0 0.0 

Total payments 0.78 1.74 0.94 1.33 0.17 0.11 0.09 0.11 0.10 

High Production Scenario 

APG Production 0.03 0.04 0.04 0.04 0.05 0.04 0.05 0.05 0.05 

APG Utilization 0.07 0.05 0.07 0.08 0.05 0.03 0.03 0.04 0.04 

APG Flaring, 
including: 

0.65 1.62 0.80 1.18 0.06 0.04 0.03 0.03 0.03 

within the limits 0.18 0.17 0.08 0.07 0.06 0.03 0.03 0.03 0.03 

above the limits 0.47 1.45 0.72 1.11 0.00 0.00 0.00 0.00 0.00 

For reference: above 
the limits excluding 
expenses cover index 

11.6 36.3 17.9 27.7 0.0 0.0 0.0 0.0 0.0 

Total payments 0.78 1.74 0.94 1.33 0.18 0.11 0.10 0.12 0.12 

Source: Vygon Consulting analysis 
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ANNEX F – POLLUTANT EMISSIONS FACTORS FOR APG UTILIZATION UNITS AND EXCHANGE 
RATES 

Table 53 – Pollutant emissions factors for APG utilization units 

 Sources of pollutant 
emissions 

Pollutant emission 

Methane NMVOC NOx CO 

t/ mln cubic m 
CH4 

Wt %  
t/ mln cubic m 
CH4 

t/ mln cubic m 
CH4 

Gas processing plant (min) 0.030 0.442 - - 

Gas processing plant (max) 0.105 0.851 - - 

Stream ejector 0.001 - 0.130 0.309 

Gas turbine booster / 
compressor package 

0.001 - 0.140 0.415 

Boiler /oil heating unit 7.348 - 3.340 7.331 

Gas-turbine electric power 
plant 

0.050 - 1.494 0.882 

Gas engine electric power 
plant  

6.250 - 3.010 6.600 

Injection pump and valves 0.010 0.035   

Source: Vygon Consulting analysis 

Table 54 – Exchange rates, RUB/USD 

Rate of exchange 2010 2011 2012 2013 2014 2015 2016 2017 2018+ 

RUB/USD 30.37 29.39 31.09 31.85 38.42 60.96 67.03 58.35 60.00 

Source: Vygon Consulting analysis based on Central Bank of Russia information 


