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Abstract. The gasification of Russian regions is one of the most important problems for the nationaleconomy. The development of the gas supply system contributes to the socio-economic development of theregional economy, to the increase increasing the level and quality of life, and to the solution of the keyenvironmental issues. The Krasnoyarskiy Kray is the only region in the east of the country that has asignificant resource potential of natural gas but at the same time, it can't be connected to the trunk gaspipeline in the short and long term perspective. The purpose of the study is to assess the efficiency ofinvestments in the construction of gas supply facilities, gasification, and their exploitation in the southernand central regions of the Krasnoyarskiy Kray. In this study authors solved the following objectives: wesystematized information about the current state of the Krasnoyarskiy Kray gasification and theprerequisites for its development (resource base and transport infrastructure); we assessed economicefficiency of the investments in the construction, gasification, and exploitation of gas supply facilities in thesouthern and central regions of the Krasnoyarskiy Kray; we formulated proposals to ensure economicefficiency using the mechanism of public-private partnership. The authors recommend an option accordingto which federal budget investments will amount to 70% of their total investment in the Krasnoyarskiy Kraygasification program. Under this option, the selling price of gas will drop to 4708 rubles per 1000 cubicmeters of natural gas excluding VAT. Organization of production, preparation for transport, andtransportation of natural gas in the central regions of the Krasnoyarskiy Kray will create new highly paidjobs, significantly increase the GRP, and improve the demographic situation.

1 Introduction
Gasification of Russian regions is one of the mostimportant tasks named by V.V. Putin in the annualmessage of the Russian Federation President to theFederal Assembly on January 15, 2020 [1]. Thedevelopment of the gas supply system contributes to thesocio-economic development of the regional economy,to the increase increasing the level and quality of life,and to the solution of the key environmental issues.Gasification of the regions in the east of the country willstrengthen the energy security of the territories andcreate the basis for the development of equal traderelations with the countries of the Asia-Pacific region(APR).The preconditions for increasing the level of gassupply of Russian regions are the presence of the world'slargest natural gas reserves, and the high production andexport rates of gas resources. The main factor thathinders the development of gasification in the region(primarily in the east of the country) is the absence oftrunk gas pipelines and gas pipelines-branches fororganizing gas supplies to settlements and industrialfacilities [2].

Thus, the level of gasification in Russia on average in2019 was around 70%, and it should reach 90% in 2030,following the General Scheme for the Development ofthe Gas Industry until 2030 [3-5]. However, thegasification of the regions is extremely uneven. TheEuropean part regions of the country are being gasifiedat a faster pace, while in the Eastern Siberia and the FarEast regions the level of gasification is significantlylower than the average gasification values in the country.Also, in some regions, full-scale gasification programshave not yet begun. At the same time, the constructionand commissioning of the Power of Siberia gas trunkline(December 2, 2019) had a positive impact on thedevelopment of gas supply in the east of the country.The gas pipeline route passes through the territory offive constituent entities of the Russian Federation - theRepublic of Sakha (Yakutia), the Amurskaya Oblast', theJewish Autonomous Oblast', the Khabarovsky Kray, andfrom 2023 through the territory of the Irkutskaya Oblast'[6-7].Thus, the Krasnoyarskiy Kray is the only region inthe east of the country that has a significant resourcepotential of natural gas [8]. Nevertheless, it can't beconnected to the trunk gas pipeline in the short and longterm perspective. The significant and negative feature of
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the socio-economic situation in the Krasnoyarskiy Krayis the extremely tense ecological situation in the mainindustrial centers [9-10]. One of the goals of thisterritory gasification should be improving the currentsituation.The purpose of the study is to assess the efficiency ofinvestments in the construction of gas supply facilities,gasification, and their exploitation in the southern andcentral regions of the Krasnoyarskiy Kray. To achievethis goal, we set the following objectives: wesystematized information about the current state of theKrasnoyarskiy Kray gasification and the prerequisites forits development (resource base and transportinfrastructure); we assessed economic efficiency of theinvestments in the construction, gasification, andexploitation of gas supply facilities in the southern andcentral regions of the Krasnoyarskiy Kray; weformulated proposals to ensure economic efficiencyusing the mechanism of public-private partnership.The basis for the development of the gastransmission system in the east of the country was thecompletion of the Power of Siberia gas pipeline at theend of 2019. The gas pipeline has been laid across fiveconstituent entities of the Russian Federation - Irkutskand Amur Oblas', the Jewish Autonomous Oblast', theRepublic of Sakha (Yakutia), and the Khabarovsky Krayregion. The “Power of Siberia” route is laid along theexisting oil trunk pipeline “Eastern Siberia - PacificOcean”. At present, this allows significant savings ininfrastructure and energy supply costs. In the future, ithelps to organize the sale of natural gas from alreadydeveloped oil and gas fields, which now supply oil to theESPO and are experiencing problems with thecommercial development of gas potential. The distancebetween the two pipelines ranges from 700 m to 17 km.The total length of the gas pipeline is about 3 000 km,and the design capacity is 38 billion cubic meters of gasper year.
2 Resource base and transportinfrastructure as the basis for efficientgasification
2.1. The current state of Krasnoyarskiy Kraygasification
On the territory of the Krasnoyarskiy Kray, networknatural gas is currently supplied only to Norilsk and theNorilsk industrial hub. Gas supply to other consumers ofthe region is carried out according to autonomousschemes due to liquefied petroleum gas (LPG). LPG is amixture of light hydrocarbons liquefied under pressure.The main components of LPG are propane and butane.According to the established procedure, thegasification program for the Krasnoyarskiy Kray must beimplemented by the General Scheme for Gas Supply andGasification of the Krasnoyarskiy Kray developed andapproved by the Administration of the region and by thePJSC "Gazprom". These programs were developed andapproved in 2009 and 2016. Table 1 shows a

comparative analysis of these two gas supply andgasification programs for the Krasnoyarskiy Krayregion. The table shows that in 2009-2015 the generalscheme of gasification and gas supply of theKrasnoyarskiy Kray was almost not implemented.Moreover, for some indicators (the number of gasdistribution stations, the number of gasified settlements,the number of the population served by gas, the numberof gasified households and apartments, etc.), the GeneralScheme of 2016 provides for the value of targetindicators that are significantly lower than in the 2009scheme. It should be noted that the General Schemeprovides for the construction of gas distributionnetworks, gas branch pipelines, inter-settlement gaspipelines and does not provide for the construction of thetrunk gas pipeline. Therefore, the development of a newGeneral Scheme, synchronized in time with strategicdocuments for the development of the energy and oil andgas industry of Russia and coordinated in terms offunding at the state and corporate levels, is relevant andtimely.
Table 1. Comparative analysis of gas supply and gasificationschemes for the Krasnoyarskiy Kray according to the GeneralSchemes of 2009 and 2016.

Index General Schemes, year2009 2016
Number of gas distributionstations, units 19 12

Length of gas pipeline branch,thousand km 61.8 61.8
Length of inter-settlement gaspipelines, km 3 012.3 3 130.1
Number of gasified settlements,units 415 396

Population served by gas,thousand people 1 567.0 480.0
Number of gasified households(apartments), thousand units 603.5 207.4
Total annual consumption,million cubic meters m 3 637.2 3 398.1
including: population,million cubic meters 542.4 413.7

2.2 Resource base for gasification of the region
The largest initial natural gas resources in the east of thecountry are in the Krasnoyarskiy Kray (Figure 1), whichhas concentrated about 60% of the gas potential ofEastern Siberia and the Republic of Sakha (Yakutia)(more than 28 trillion cubic meters). However, the regionis characterized by the lowest degree of exploration (4%)among the East Siberian regions, which is associatedwith the difficult geological structure of the deposits, theremoval of subsoil use objects from potential consumers,and the lack of transport infrastructure.Therefore, the share of industrial-grade reserves inthe Krasnoyarskiy Kray is only 20% of the region'sreserves as a whole. The largest deposits of the region interms of total reserves of natural gas are Yurubcheno-
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Tokhomskoye, Pelyatkinskoye, Tagulskoye, Sobinskoyeand Kuyumbinskoye gas and oil, and gas-condensatefields.

Fig. 1. The structure of the initial total gas resources in EasternSiberia and in the Republic of Sakha (Yakutia).
In the Krasnoyarskiy Kray region, gas production in2019 amounted to 12.8 trillion cubic meters, which is9.0% more than the level of gas production in 2018.Associated petroleum gas (APG) prevails in the structureof gas production in the Krasnoyarskiy Kray. Thegrowth of its production is associated with the activedevelopment of oil fields after the commissioning in2008 of the trunk oil pipeline "Eastern Siberia - PacificOcean". In the period 2017-2019, the growth in gasproduction in the region is associated with the intensivedevelopment of the Yurubcheno-Tokhomskoye andKuyumbinskoye fields and, as a result, an increase inassociated petroleum gas production. At the end of 2019,gas production at the fields increased by 2.3 billion cubicmeters. Most of the gas is injected back into the reservoirto maintain reservoir pressure to increase the oilrecovery factor and minimize the impact on theenvironment.A decline in associated gas production was noted atthe Vankor field, which is at a declining stage of oilproduction. Thus the volume of gas production at thefield is 3.7 billion cubic meters lower now than at itspeak in 2015. The Suzunskoye and Lodochnoye fieldsare located in the immediate vicinity. And on the borderwith the Turukhansk district in the Taimyr Dolgan-Nenets municipal district situated the Tagulskoye field.These fields have been consistently brought intodevelopment during the past three years and maintain thelevel of APG production in the Krasnoyarskiy Kray.Free gas is produced within the local gas supplysystem based on the Pelyatkinskoye and Severo-Soleninskoye fields in the north of the KrasnoyarskiyKray. Gas production in 2019 amounted to 2.8 billioncubic meters. In the Norilsk industrial region, gas issupplied for the needs of the energy sector, including thegeneration of heat and electricity. The main gasconsumers are JSC Norilsk-Taimyr Energy Company,enterprises of the Polar Division of PJSC MMC NorilskNickel, and the city of Dudinka. There is no gas supplyto the population, since earlier, during the construction

of urban infrastructure, it had been agreed to use electricstoves in households. The household needs of thepopulation are met through centralized power supply andheat supply to housing.Traditionally, the main gasification of the country'sterritory was the trunk pipeline system. The main gastransportation system in Russia is the Unified GasSupply System with an endpoint in the east of thecountry in the village. Proskokovo (Kemerovskayaoblast'). That is why the level of gasification in theregions of Eastern Siberia and the Far East (about10.0%) is almost seven times lower than the nationalaverage level (68.5%). Due to the absence of maintransport infrastructure in the east of the country, severallocal gas supply systems have been formed, including inthe north of the Krasnoyarskiy Kray region.Until now, a unified gas transmission system has notbeen formed in the East Siberian region, which hindersthe development of gas fields already prepared forexploitation. In these conditions, subsoil usersindependently construct gas supply pipelines thatprovide gasification of individual settlements andindustrial enterprises. The gas supply system andoperation of gas transportation facilities in the region arelocated in the production area of JSC Norilskgazprom,JSC Taimyrgaz, and JSC Norilsktransgaz (not includedin the PJSC Gazprom group). Gas transportation throughthe Pelyatkinskoye gas condensate field - Severo-Soleninskoye gas condensate field - Yuzhno-Soleninskoye gas condensate field - Messoyakhskoyegas field - Norilsk is carried out by Norilsktransgaz. Thelength of the gas pipeline is 300 km. Most of it passesthrough the territory of the Krasnoyarskiy Kray.The basis for the development of the gastransmission system in the east of the country was thecompletion of the Power of Siberia gas pipeline at theend of 2019. The gas pipeline has been laid across fiveconstituent entities of the Russian Federation - Irkutskand Amur Oblas', the Jewish Autonomous Oblast', theRepublic of Sakha (Yakutia), and the Khabarovsky Krayregion. The “Power of Siberia” route is laid along theexisting oil trunk pipeline “Eastern Siberia - PacificOcean”. At present, this allows significant savings ininfrastructure and energy supply costs. In the future, ithelps to organize the sale of natural gas from alreadydeveloped oil and gas fields, which now supply oil to theESPO and are experiencing problems with thecommercial development of gas potential. The distancebetween the two pipelines ranges from 700 m to 17 km.The total length of the gas pipeline is about 3 000 km,and the design capacity is 38 billion cubic meters of gasper year.The Chayandinskoye field in the Republic of Sakha(Yakutia) and the Kovyktinskoye field in the IrkutskOblast' have been laid down as the resource base for the"Power of Siberia" gas pipeline in the short term. Theconnection to the gas pipeline of the fields of theKrasnoyarskiy Kray has been postponed for the longterm, which acts as a limiting factor in the developmentof gasification of the Krasnoyarskiy Kray according tothe scheme of connection to the trunk pipeline system.
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3 Methodology for assessing theeffectiveness of the gasificationprogram
3.1 Schematic diagram of gasification of theKrasnoyarskiy Kray
Long-term prospects for gasification of theKrasnoyarskiy Kray are associated with the constructionof branches from the Unified Gas Supply System(UGSS) in the area of the Proskokovo compressorstation of the Kemerovo Region or the Volodinocompressor station of the promising "Power of Siberia-2" gas pipeline, and with the formation of new gasproduction centers in the Krasnoyarskiy Kray itself at thebase of deposits of the Evenki municipal andBoguchansky regions. The Sobinskoye oil and gascondensate field, which is large in terms of gas reserves,located in the Tungusko-Chunsky district of the Evenkimunicipal district, can become the basis for theformation of such a gasification center. The operator ofthe field is Gazprom Ltd Geologorazvedka, which is partof PJSC Gazprom.The initial plan until 2023 for the preparation ofgasification in the south of the Krasnoyarskiy Krayincludes additional exploration and the start of thedevelopment of fields in the Evenk regional andBoguchansky districts; the beginning of the creation ofthe Krasnoyarsk gas transmission system with the trunkgas pipeline "Sobinskoye oil and gas condensate field -Boguchany - Achinsk - Krasnoyarsk".After 2023, it is planned to transfer a significant partof the utility sector and boiler houses to LNG. Also, theaction plan includes the use of natural gas in transport inthe form of compressed natural gas (CNG) from 2020. InKrasnoyarsk, in 2020-2021, it is planned to purchase 50units of a bus fleet that will operate on this CNG. After2023, similar activities will be carried out in other citiesand districts of the region.
3.2 Algorithm for calculating the economicefficiency of the implementation of thegasification scheme of the Krasnoyarskiy Kray
Assessment of the economic efficiency of gas supply andgasification projects is based on the methodology forevaluating the effectiveness of investment projects,developed by the Methodological Recommendations forEvaluating the Efficiency of Investment Projects(approved by order of the Ministry of EconomicDevelopment of Russia, the Ministry of Finance ofRussia and Gosstroy of Russia No. VK 477 dated June21, 1999).The calculation of the costs for the construction ofthe trunk gas pipeline was carried out based on theaggregated figures of JSC Gazprom promgaz. Accordingto the current practice in economic assessments, theprogram defines a list of gas supply and gasificationfacilities, and proposes the sequence of theirconstruction, taking into account the geographicallocation and reserves of the selected natural gas sources.

The taxation system is adopted by the Tax Code ofthe Russian Federation, and the distribution of taxes paidby the budgets of various levels is following the BudgetCode of the Russian Federation.To assess efficiency, according to therecommendations, we use indicators that characterizecommercial and budgetary efficiency (Table 2).
Table 2. Economic Performance Indicators.

Definition Formula Criterion
Net presentvalue 𝑁𝑃𝑉 =

𝑇

𝑡=1

𝑁𝑃𝑡 +𝐷𝑡 − 𝐶𝑡
(1 + 𝑟)𝑡

𝑁𝑃𝑉 > 0

Internal rateof return 𝐼𝑅𝑅 = 𝑟∗:𝑁𝑃𝑉𝑡 𝑟∗ = 0 𝐼𝑅𝑅 > 𝑟

Profitabilityindex 𝑃𝐼 =
∑𝑇

𝑡=1
𝑁𝑃 𝑡 +𝐷 𝑡
(1 + 𝑟) 𝑡

∑𝑇
𝑡=1

𝐶 𝑡
(1 + 𝑟) 𝑡

𝑃𝐼 > 1

Discountedpaybackperiod 𝐷𝑃𝑃 = 𝑡∗:
𝑡∗

𝑡=1
𝑁𝑃𝑉𝑡= 0 min

Budgetefficiency 𝐵𝐸 =
𝑇

𝑡=1

𝑇𝑎𝑥𝑡
(1 + 𝑟)𝑡

𝐵𝐸 > 0

where 𝑁𝑃𝑡 – net profit; 𝐷𝑡 – depreciation; 𝐶𝑡– capitalinvestment; r– discount rate; 𝑇𝑎𝑥𝑡 – taxes and fees.
3.3 Public-private partnership mechanism
The sources and mechanisms of financing regionalgasification programs in the Russian Federation aredefined by Article 17. “Legal framework for thedevelopment of gasification of the territories of theRussian Federation” Federal Law No. 69 “On gas supplyin the Russian Federation”. According to this article,financing of regional gasification programs for housingand communal services, industrial and otherorganizations can be carried out through: federal budget funds; budgets of the respective constituent entities ofthe Russian Federation; other sources not prohibited by the legislationof the Russian Federation.Based on the existing practice in Russia, PJSCGazprom expands the concept of “other sources notprohibited by the legislation of the Russian Federation”and understands by them: investments of PJSC Gazprom within theframework of its programs; funds of enterprises - promising gas consumers; public funds for the construction of internal gaspipelines, the purchase of gas equipment,installation of equipment; gas distribution company funds;
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 other mechanisms of investment and attractionof investments in the development of theregional gas market not prohibited by thelegislation of the Russian Federation.Therefore, when forecasting funding sources, the GasSupply Programs for the Krasnoyarskiy Kray included,together with PJSC Gazprom, PJSC Rosneft, PJSCMMC Norilsk Nickel, RN-Vankor, AO Norilskgazprom,JSC Norilsktransgaz, JSC Taimyrgaz. This list can beexpanded during the implementation of the program.To increase the efficiency of the gasification programimplementation, the mechanism of public-privatepartnership was taken into account. The federal budget issupposed to finance part of capital investments ingasification of the Krasnoyarskiy Kray. Ten options havebeen developed and evaluated, where the share of stateparticipation varies from 0% to 100% in 10%increments.
4 Results and discussion
According to our calculations, the development of gassupply and gasification of the Krasnoyarskiy Kray iseconomically efficient at the sale price of natural gasexcluding VAT - 6 125 rubles per 1 000 cubic meters.This scenario assumes the development of gas fields inthe Boguchansky and Evenkiysky municipal districtswith the technological schemes of development adoptedby Gazprom VNIIGaz and JSC Gazprom promgaz, gastransportation through the predicted pipelineinfrastructure and its implementation to end consumersunder the established price and tax conditions in theoption when all these investments are made by PJSCGazprom. The calculations were made for the period upto 2050, taking into account a discount rate of 10%.We took the internal rate of return (IRR) of PJSCGazprom's investments as an efficiency criterion whenevaluating the project. The project is consideredprofitable if the IRR of the investment is not lower thanthe initial threshold value. According to the concept ofJSC Gazprom's participation in the gasification of theregions of the Russian Federation (approved onNovember 30, 2009), the required level of return oninvestments must be at least 12%.No other region of the Russian Federation has such ahigh gas price. For example, let us point out that theminimum level of wholesale prices for natural gasexcluding VAT varies in the regions of the RussianFederation under consideration as of July 1, 2020, fromRUB 4 105 to RUB 4 792 per 1,000 cubic meters.In terms of the average monthly wages of thepopulation, the Krasnoyarskiy Kray is in 20th placeamong the subjects of the Russian Federation. Theaverage monthly salary in 2019 in the KrasnoyarskiyKray was about 35 thousand rubles. In the central andsouthern regions of the region, it is significantly lower.With a gas selling price of 6125 rubles per 1000cubic meters, excluding VAT, network gas will not beable to compete with brown coal, and the population willnot be able to purchase such services.

To reduce the selling price of gas, we consideredoptions for the federal budget to participate in financingthe gas supply and gasification system in the central andsouthern regions of the Krasnoyarskiy Kray region.When assessing the budgetary efficiency of thefederal budget for the extractive industries as a whole, itshould be borne in mind that the Krasnoyarskiy Krayranks first in the Russian Federation in the production ofgold, platinoids, nickel, lead, and one of the first in oil(fourth) and copper production. Thus, if we take intoaccount the revenues to the federal budget of enterprisesof all these extractive industries, then the actualefficiency of budget investments in the economy of theKrasnoyarskiy Kray will be higher.We considered several options in which the federalbudget contribution varied from 0 to 90%. In theseoptions, the selling price of gas without VAT will varyfrom 6 125 rubles of gas to 4 380 rubles per 1 000 cubicmeters of gas. In the program, we recommend focusingon the option according to which the federal budgetinvestments in the objects of PJSC Gazprom'sresponsibility will amount to 70% of their total amount.Under this option, the selling price of gas without VATwill be 4 708 rubles per 1 000 cubic meters of naturalgas (Table 3).
Table 3. Economic efficiency indicators.

Index Values
Source of financing 100%
Federal budget 70%
PJSC Gazprom 30%

Sales price including VAT, rubles / thousandcubic meters 5650
Sales price excluding VAT, rubles / thousandcubic meters 4708

Natural gas consumption,million cubic meters / year 8150
Natural gas consumption, million cubicmeters 165650

Sales proceeds, million rubles 935923
Capital investments, million rubles 28525
Operating costs, million rubles 746162

Taxes, million rubles 180673
Federal budget 152091
Regional budget 16214
Local budget 12368

Net profit, million rubles 9087
Cash flow, million rubles 66828

Net present value (NPV), million rubles 2947
Internal rate of return (IRR),% 12%

Discounted payback period, years 22
According to the recommended option, by 2050, dueto the payment of taxes based on the results of the gassupply and gasification system in the central andsouthern regions of the Krasnoyarskiy Kray, investmentsfrom the federal budget will be fully returned to the
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budget, and the GNI of budget investments (budgetaryefficiency) will reach 7%.
4 Conclusion

The implementation of the gasification program forthe central and southern regions of the KrasnoyarskiyKray will provide a significant contribution to theeconomic and social development of the KrasnoyarskiyKray in several areas: a new large gas production center will beformed in Eastern Siberia, which will allowgasification of the central and southern regionsof the Krasnoyarskiy Kray, the Republic ofKhakassia and the Republic of Tyva; the implementation of the program will ensurethat the budgets of all levels for 2024-2050 willreceive at least 176 148 billion rubles, thebudget efficiency of the program will exceed7%; due to the gasification of power plants, boilerhouses, automobile transport in large cities(Krasnoyarsk, Achinsk, Kansk), the ecologicalsituation in the central and southern regions ofthe Krasnoyarsk Territory will improve, and atthe enterprises of the energy and metallurgicalcomplexes will increase the life expectancy andimprove the quality of life of the population.
The research was carried out with financial support from thegrants of the President of the Russian Federation No. MK-1459.2019.6, No. NSh-2571.2020.6 and the RFBR grant No.20-010-00699.
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