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Background

Theproject6 Di al ogue and anadlyen sde¢ weldop mentl oiwn r
seekdo identify typical package®f low-carbonsolutionsandto assessheir costeffectiveness
potentials and implementation schedules(energy efficiency improvementsand renewable
energydevelopment to developa pilot programmeof providing reliable and affordableenergy
servicesto remoteRussianregionswith currentlyvery high pricesfor energysuppliedby small
off-grid sources (including to regions witimited summestime navigation periodd s ev er n
z a v)dozldy the basis for the development of the federal target (sub)programme which may
include not only northern territories, but be expanded to smafjraifsettlemats across the
whole country (nearly 100 thousand in all, according to the RF Ministry of Energy), where it is
very costly to ensure access to central energy infrastructure.

Five to ten million peoplén Russialive in suchremotelocalitieswith extremelycostly energy
supplyfrom small fuel fossiHfired off-grid energysourcegwhere enelise energy supply costs
amount to50% of the municipal product and energy supply is only possible with huge federal
subsidiegmore than 150 billion rubles per year) andolve financial losgsof energy utilitie$.

With current electricity and heat tariffs in Russian Extreme North, energy efficiency
improvementsand renewableenergydeploymentare economically attractive, albeit there are a
few barriers to investing irsuch technologies. Oneuch barrier is poor problem visibility
determined by the small size of each individual energy supply system.

This projectinitiated by CENEf aims to developpackagesf typical low-carbonsolutionsto
substantiallyreduceoperationacostsin integrated heat electricity, fuel) energysupplysystems

to ensurereliable energy servicesby applying an integratedapproachthat combinesenergy
efficiency improvementsdeployment of renewable energy technologies, the use of local fuels
and fossil fueffired equipmenttp serveas elements of hybrid systems at the beginning and as a
standby source at later stagdés)sed on lowcarbon solutions that can be replicated in the
programme for the whole region or the entire country in ordefajoimprove the visibility of

cost reduction (including subsidies decrease) and of other benefits; (b) use such programme as
basis for lowcarbon technologies accelerators; and (c) launch mbdssd mechanisms to
accumulate experience and subsequestjicate lowcarbon solutions across the country.

Evenwith existingcurrencyexchangeates the costof energysupplied by smallossil fuel-fired
sources amounts 20-50 U S/AWh or morewhereas the cost of heat generation is 3 to 10 times
higher, tha in large Russian cities. Therefpemergyefficiencyimprovementsanddeployment

of renewableenergyarequite attractive thoughthe application scale in such regions is currently
not up to the expectation$oday no systemiceffort is takenon the federallevel to address
issuesrelatedto the extremely high energy costs dmayesubsidy demand through legarbon
solutions. Individualmeasuresare taken regionally and are limited to fragmentedenergy
efficiency improvementor renewable energy deegiment, wheresa integrated efforts could
yield multiple and tangible synergistic effects.

Reliability of energy supply is an acute problem not only for remote localities with energy
supply from small ofigrid sources. Remoiahabitedlocationswith accesgo the centralenergy
infrastructure and small electricity loads also need autonomousenergy supply to obtain
maintenance cost savings for power transmission lines and roads, as well as fuel delivery co:t
savings. TheRF Governments currently developinga conceptthat would allow it to sustain

small settlements scattered across the whole country (nearly 100 thousand in all) by providing
decentralized services to such regions, including reliable energy sijmpdyproposed project

can become a test fiefdr this concept. A/. Dvorkovich Vice-Prime Minister of the Russian
Federationrequiredthatmethods to ensure fuel switédr heat supply services from liquid fuels

to local fuels and renewable energy sources be identified. This mostly refegstas that are in

the focus of our project. Therefore, our project can contribute to addressing this issue.
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CENETf estimates, that the national budget spends nearly 150 billion rubles per year to provide
energy subsidies to efjrid regions and to pay emgy bills of local public organizationg.he
analytical center of the RF Governmentassessedotal public spendingand crosssubsidies
provided tocoverheat supplycostsin Russia at more than 70 billion rubles, wilie large part
forwardedto the northen territories. This proposed project can substantially decrease this
subsidy demand at no impact on the @fstctiveness oreliability of energy services.

This paperprovidesan analysisof the currentsituationin off-grid energy systems with high
energy costs and describes pilotv-carbon projectsfor Russian offgrid regions with high
energy costs for six pilot settlements, differing in sapel parameters of energy supgdtyaims

to lay the ground for the discussion by the expert communitpoirh 6-tadan solutions for
offgri d Russian regions with high energy <cos

On December27, 2016 a meeting of the FederalCo un c i | Rutsistilaedds G nv i
development in the interests of future geriere® t o0 o k ForpHisaneeating a Report
Russiabdbs environment al devel opmenwasi nplitehpea
substantiatethe needto developandlaunch federal programme L ecarbon solutions for off
grid Russian r egi ons T Thewgrogramméshoglt be éenetopedfnom c o s
packagesof typical low-carbon solutionswith estimate costeffectiveness, potentials, and
implementation schedules for energy efficiencpnpiovements and renewable energy
deployment. A series of pilot projects can be launched first to lay the grounds for the
development of regional and federal target programmes.st#tedabove this programme may
include small offgrid settlementsacrossthe territory of Russigwhere it is very costly to
maintain grid energy supply rather than be limitecbnly to the northern localitiesThe
experienceaccumulatedn Alaska Norway, and the Arctic part of Canada proves the economic
viability of such solutions even in the absence of subsidies to deploy renewable energy
technologies in these regions. Implementation of these programmes will help substantially
reduce public subsyddemand to cover fuel delivery costs.

The paper includes 4 sections. Tirst sectionpresentsan analysisof the currentsituationin
off-grid energy systems with high energy costs. éeondsectionprovidesthe resultsobtained

for current financialpressure on regions with costly -@ffid energy supply. Théhird section
describedoreign experiencean low-carbontransformationof off-grid energysystemswhereas

the last sectiondealswith pilot low-carbon projectsfor Russian offgrid regions with high
energy costs for six pilot settlements gmdvides recommendations in termshaiw tolaunch

and finance federal a rcarborr selgtions foradifrid pegiong with mme
high energy costso.

The project was implementedby the CENETf staff. Igor Bashmakoy Vladimir Bashmakoy
KonstantinBorisov, Maxim DzedzichekOlegLebedey Alexey Lunin, AnnaMyshak

Reporttranslationandproofreading by Tatiana Shishkinayout byOksana Ganzyuk

The authorsherewithexpressheir gratitudeto the expertsof the Departmentor construction
housing and utility servicesand energyof Magadanskayablast and of the governmentof
SevereEvenskregion of Magadanskayablast Ministry of housingand utility servicesand
energyof SakhaRepublic (Yakutiag) and of the governments of Kobyaisky Ulus and Sangar
settlement of Sakha Republic (Yakutia) for their assistance in data collectioractind
involvement in the discussions of intermediate project results.

Financing was provided through the project dialogue and analysisto drive low-carbon
devel opment in remote Russian regionsé6

Igor Bashmakov
Executive Director
CENE(f

1 CENEfXXI was responsible for the coordinationpséparation of this Report.
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1 Analysis of current situation in off-grid energy supply in
regions with high energy costs

1.1 Extreme North with a large number of off-grid energy
supply systems and high energy costs covers much of
Russiads territory

Russi ads e-bemgise toia argendedrele determined by the development of vast, yet
scarcely populated and haw@treach teritories of Extreme North with severe climate. While
these territories only account for 8% of F
national oil production, 93% of natural gas, 95% of coal, 95% of gold, 100% of diamonds, 100%
of salmon roeand plenty of other valuable resources. These territories are the place where mos
of nickel, copper, and aluminium are smelted. They directly contribut6%5to the national

GDP, while the indirect contribution, with an account of revenues obtainedgtinrresource
transportation, industrial construction, financial and insurance services to resource productior
companies, and resource price markup, equal302b. Extreme North contributes more than a
half to overall nationabudgetrevenues and nearly Z9Oto export revenues. On the other hand,
these territories have ald monthdong heatsupply season, construction is very difficult for
permafrost, and cargo (including fuel) deliveries are only possible during the short summer
navigation period, becauskeere is no permanent ground transportation. Successful deployment
of energy efficiency and renewables technologies would address the strategic goal of Arctic
territoriesodo recovery and active devel opmen

Reliable and goodjuality energy supply to remotnd scarcely populated locations scattered
across the huge part of Russia that is called Extreme North (Ejgrdmains an acute problem
in social, technical, and economic aspects. The number -gfridffenergy supply systems with
high energy costs issemated above several thousand; these are maintirssivemore than

11 million people.

Figure 1.1 Distribution of local off -grid energy supply systems

Centrabsed power supply . Khhaniysk

Autonomous power supply

Not clectrfied

SourcesV.E. Fortov, O.S. PopeRower in the modern worl@2011).

In all, 30 thousand settlements are served by locajraffenergy systems. Of these, more than 6
thousand have population above 500 people, 1 thousand have population above 2,000 peopl
and 580 haveopulation above 800 people. Therefore, replication potential for a successful
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model programmé L ecarbon solutionsforofffr i d Russi ads territordi
may run into thousands.

Scarcity of energy resources and high energy costs hinder local econeveiopient and
hopes for comfortable living conditions and consequently reduce the attractiveness of northerr
territories. Extreme North is characterized with a number of special conditions such as economi
isolation of territories; limited transport awatlility; seasonal navigation and complex multistage
fuel delivery schemes (up to 7,000 km) that include multiple transshipments and the costs o
rent, cargo protection, load and reload, and ice roads maintenance, and sometimes suggest fl
delivery only ayear after shipment for changes in the water content or ice conditions in northern
rivers (sometimes this determines the need to havea 1.y efielrstoc®; long (311 months)
heaing season; polar night, snow storms, low air temperatures and highleads; risk of
permafrost degradation induced by climate change; relatively small power and heat loads. Ir
2017, the costs of summer fuel delivery to the Extreme North may exceed 100 billion rubles.
Whereas diesel fuel engbe cost in the central partRbissia is around 46 thousand rubles/ton, in
many oftgrid territories it is nearly 700 thousand rubles/ton. In many instances fuel
transportation costs are fully or partially coverdmiough public subsidies to make energy
resources affordable. Coal @eiin locations with summer shipping period is up®thousand
rubles/ton In NenetsAutonomousRegion the price of coalis 7.6 thousand rubles/ton and the
price of firewood is 4.3 thousand ruble$/rhut households purchase coal and firewood at 2.1
thousand rubles/ton and 1.26 thousand rubfeséepectively.

1.2 Problems related to off-grid energy systems maintenance

Overall costs(including delivery) ofdieselfuel for power generation in offrid energy supply
systems in 2015 can be estimated clos6G80 billion rubles This shouldbe addedup with

nearly 4 billion rubles inubricantscost.Low-capacitypowersourcesusedfor distributedpower
supply typically have poor technical and economic parameters, and insufficient fuel delivery
results in lmg energy breakdowns or regular outages up to 12 hours a day. Specific fuel
consumption by many obsolete diesel power plants (DPP) may bes0pf gogkWh.

In most northern regions, power consumption was growetgveen 2000 and 20X¥%ig. 1.2).
Powerconsumption structure is |l argely rdgomhnser m
havea relatively large shareof industry. In others buildings are responsible foearly half of

power consumption. The same situation is typical of settlements mblwereff-grid electricity
supply.

No matterwhatindustrialto householdconsumptiorratiois, life supportsystemgsuchasDPRs
operatiomeedsboilers watersupplyandsewagég consumeonefourth of total electricity supply:
Therefore, water and heat savings yield electricity savings as -&ffede Around 15-20% of
extremelycostlyelectricitygeneratedby DPP are used for space heating purposes to make up for
the deficiency of thermal comfort. Anoth&B8-20% are used for lighting purposes This is
unaffordable luxury. Inmany localities boiler-housesdo not provide good quality heat to
buildings, and so electric heaters need to be used. Electricity saviB§t6% can be yielded

by addressing spadeeatingproblems andhrough lightingupgrades aloneEnergy efficiency
programmesn power supply includeneasuresuch as installation of variable speeddrives
replacemenbdf uninsulatedpower lines with insulatedones upgrades of lighting systems and
replacement ofappliances with more efficient models; installation of efficient motors and
replacement of industrial equipment with more efficient modelssome regions, energy
efficiency programme®nly include a very limited list of measures. Instead of implemeriieg
electricity saving potential, many localities are planning to build (or have already built) new DPP
to make up for the deficiency of thermal comfort.



@ Centerfor EnergyEfficiency (CENEf)

Figure 1.2 Electricity consumption evolution and structure
in some northern regions
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Subsidies that will be provided in 2017 to heat supply systems of remote municipalities of
Extreme North can be estimatedl1&24 billion rubles.Overall heat consumption in more than
1,000 localities with total population of around 5 million people is 100 million G@ale
assume that average heat price -4 Bousand rubles (and in some settlements it exceeds 10
thousand rubles), then the caftheat supply to these territories380-400 billion rubles.Fuel

costs equal50-200billion rubles.Reduction in subsidies for fossil fuebsed energy along with

the modernization of energy supply systems irgoiil localities ought to become a kegtional

goal.
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Analysis of problemsfaced by boiler-housesin off-grid localities allows for the following
diagnosis poor technicalinventoryandcertificationof boilers few fuel metersandheatsupply
meters installed short remaining lifetime and poashape of equipmentlack of boilers
maintenance in many boikouses;poor fuel quality and subsequent burner failures; poor
automation / lack of automatiohigh specific fuel consumption for heat production; lack / poor
quality of water treatment; incgrhance with air temperature curvdsgh fuel costsshortage
and poor qualification of boilenouse personnel.

Many local heat supply systems have substantially excessive heat production capacities. Overa
inefficiencies of heat supply systems (and ofldrs in particular) are determined by nearly
absolute lack of meters and controls, which makes it impossible to effectively and rapidly adjust
the equipment operation. Typical distribution loss standards for small heat supply systems ma
reach or exceed0%, whereas actual losses can be UpOt80%. Basicproblemsrelatedto the
operation of smallscale heat distribution systemsinclude high distribution losses high
operationcostsof heat distribution networks (on average nearly 50% of overall heat supply

costy; excessive centralization which addsl®6 to even permitted distribution losses; high
wear of heat distribution networks and failure rates above the critical level; unsatisfactory shape
of heat distribution networks, poor insulation and Hehat lossesziolation of hydraulic regimes

of heat distribution networks and consequent underoverheating of individual buildings.
Boilers, distribution networks, and-house heating and DHW systems are in poor shape and
further degradingMany heatsupply systemsdo not practice heatarriertreatment, and so the
service life of boilers, heat pipes andhause systems is substantially shorter, than nameplate
parameters. In such systems equipment repair and maintenance coststanes higher tha
normal.

Therole of district heating in northern settlements varies a lot. In some localities it may account
to just15-20% with other buildings using firewood or gés=d boilers (where natural gas is
availablei for example, in Yakutia)ln otherareasit may reach40-50% andeven100%.To a

large degreethis shareis determinedoy the parameters of the housistpck. For example, one
storey housing dominates in Verkhnevilyuisidjus (region) of Yakutia (97% of buildings),
while multi-storey housing is typical of Evensk (Magadanskaya Oblast) 1&Yy. Theshareof

public organizations in buildings with districeat supply is much larger.

Buildings clearly dominate in the heednsumption structure. Added up with heat distribution
losses, they account for up to three fourths of overall heat usemeoff-grid localities this
sharemay account for85%. Specific heat consumption for residential space heatif&0.9
Gecalm?ly e ar whil e R u sl8 Gealindyeam lm enang q@thern settldments
population keeps stable, so residential construction is mostly substitutive. Stricter requirements
to new buildings may yield just a limited effect, and it is importaribtois on capital repairs of

the buildings stock. Very few or no households have heat meters. Thehefatgroductionand
heatconsumptionare not metered but mostly estimatedand heat bills are based on normative
consumption, rather than on the actusg.
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Figure 1.3 Examples of housing stock in Extreme North

Verkhnevilyuisky ulus (region) of Yakutia Evensk, Magadanskaya Oblast

Potential heatsavingsin many Extreme North settlements can dstimated at 40%With
additionalweatherizatiorthey may scale up t®0-70%. Potential heat savings in buildings in
Kobyaisky ulus (region) of Yakutia to 2020 alone are estimate8%t & Oimyakonsky ulus at
34%, and in Aikhal settlement &87%. Heat supply efficiency programmes include projects
dealing with boilers upgrades; replacement of heat distribution networks withspitated pipes;
installation of individual automated heat controls in residential and public buildings; housing
weatherization; d installation of ifhouse and individual heat meters. Optimization of the
housing stock (phasing out partially inhabited buildings along with the relocation of people and
subsequent capital repair) is an important measure. Where there is heat sugplyestbe
primary goal would be to improve energy efficiency and thus eliminate this shortage, rather than
to reduce heat consumption. Unsatisfied-aadheatdemandmay be completely met through
improvedheatefficiency andreducedheatlossesto comply with heat supply requirements and
avoid the use of electric heaters.

High energy intensity hampers the economic development of Extreme North territories and
reduces the opportunities for additional tax revenues. Eneffggrency policies in northern
territories haveyielded relatively scarce fruits, and additional energy demand in many regions
was determined not only by GDP growth, but alsgitowing GDP energy intensity.

1.3 Examples of renewables development in off-grid energy
systems

For many offgrid enegy supply systems, alternative technical solutions for energy source
upgrades are quite practical, yet applied on a very small scale. Renewnaligresourcesre
abundantin Extreme North, so solar and wind are a feasible alternative that can replace a
substantial part (460% at the beginning and even more at a later stage) of dieseHigel.

solar radiation is typical even of a number of areas beyond the Polar Circle, particularly in
summer. Regionwvith the highestaveragewind velocitiesare locatedin the north and east of
Extreme North.

Development of renewables can build on huge esossidies to diesel energy, which in Yakutia
alone amounted t6.5 billion rubles in 20146 billion rubles in 2015, and 8 billion rubles in

2016. Crosssutsidies place a substantial additional price pressure on industrial customers. Each
kWh used by industrial customers involves 2.48 rubles in -@alssidies to diesel energy. Cross
subsidieq(i) encouragdarge customerdo enterwholesaleelectricity and capacitymarkets;(ii)

senda messageo largeindustrial customerthat theyneedto establishon-site powergeneration;
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(i) impair the attractiveness of investment projects dealing with the development of deposits
and establishment of processing plants.

Figure 1.4 Examples of solar and wind plants in Extreme North

Joint Russiardapanese pilot project for wind energy 10 kW automaticsolartrackerin Yuchugei,
devel opment i n -Kamchatsk settlememt Oimyakon ulus

Dataanalysisfor ExtremeNorth shows that overall installedsolarandwind capacity does not
exceed the load in any one of more than 1,000 settlements with more than 1,000 peopl8 each (7
MW) connected to offyrid energysupply systems with fuel delivered during summer navigation
period. This means, that less than 1% of the potential is used today. Like correctly highlighted by
Surzhikova, despite numerous resolutions and extensive programme development, practice
implemertation of electricity supply to ofgrid customers, including from renewable energy
sources, is only smaédicale and does not allow it to address problems related to pamdefuel
supply.

Fuel shift of boilersto renewable energy is only possible wgharanteed stable renewables
availability over many years to come. RenewabBourcesireabundantn the north of Russids
Europearpart and beyond the Urals, yet much scarcer in many Arctic regiondaftéemay

focus more on using local coals along wth drastic improvements in boilers efficiency,
construction of cogeneration plants, reduction of heat distribution |oslesdification of the
optimal scale for district heating, radical weatherization of buildings, reduction of heat loads, and
drasticimprovement of individual boilers efficiency.

1.4 Barriers

Implementatiorof the fuelsavingpotential(which is estimatedat leastat 40% in the beginning
and more than 50% at a later stage through energyefficiency improvementsand renewables
deploymentis hinderedby a numberof various barriersprice and financial relatedto the
economyand marketstructure institutional; social; cultural; behavioural; eto. other words
any factor that directly or indirectly affects decisionmaking regardingenergygenerationand
energy usean potentially become a barrier to energy supply cost reduction-gnidfiocalities.

So far, energy efficiency improvement and renewable energy developmentin Extreme

North has not been realized by the national and regionalgovernments, local
admi ni strations, compani es®6 management t ea
variety of social and economic problemsEnergy efficiency and renewablesdevelopment
programmesan substantiallyreducefuel delivery costsand the interest paid on fuel delivery

loans reducethe costs(including public expensesof energysupplyto residential and public
customers; improve the reliability of heatnd power supply systems; improve the

10
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competitiveness of industrial companies through ceduenergy costs, including through the
reduction in crossubsidies. Resulting monetary savings can then be used to give momentum to
social and economic development of Extreme North territofieday, only scarce institutional

and economic resources alocated to reduce the costs of energy supply tgdflocalities.

Mentality of 0econo mgtheedonomyeffdefidency,meggvérnmerésr s i <
entireinstitutionaland economicresourcesre usedto coverthe shortage: ensure fudklivery,
develop and comply with the power outage schedule, Sfortageof funds resultsin fuel
shortage against the background of inefficient haatl power supplyHeat shortage leads to
excessive power consumption for space heating and ultimatéhgltand funding shortage. The
circleis closed,yetneeddo bebroken

After 2014 there has clearly been a downtrend in the activities that encourage energy
efficiency efforts. On the national level, between 2013 and 2016 publenergy efficiency
spendingunder the OEnergy efficiency and ene
dropped 50fold (from 7,110 to 140 million rubles).Data obtained from 22 regions that used to
benefit from national subsidies for energy efficiency programmes show, that waehof
subsidies reduction in 2042D16 brought along 5.4 rubles in overall reduction of energy
efficiency financing from all other sources. 0 RF regions investmentin energyefficiency
programmes from all sources halved in 2@D46 (or dropped 2.Bmes in comparable prices).
Elimination of nationalsubsidiegnearly6 billion rublesper yeai) resultedin at least55 billion
rublesreduction in regional and local public and private financing and in a shortfall of annual
additional tax revenues of last 1012 billion rubles. In fact, could be much mopagcording to

the RF Ministry of Energy investment in energy efficiency measures in 20036 dropped by
178billion rubles(from 233 billion rubles in2013to 55 billion rubles in2016,or 4-fold), while
nati onal funding for the OEnergy efficienc
down by nearly 7 billion rubles.

Lack of financial support from regional and local budgets. Many regions have no energy
efficiency or renewables programmes uner way. Without financial support energy efficiency
activities are very dull. Programmes that are formally existent receive very limited financing. In
2016 public financing to energy efficiency programmes in Kamchatka dropped more -than 2
fold; in Murmanskaya Oblast, they droppedf8ld, while overall financing 4old. In Sakhalin,

public financing to these activities decreased by nearly 2.5 times, in Khabarovsky Krai by 39
times. 13% growth was expectedn 20160only in Yakutia. In many of the regions wimergy
efficiency programmes or programmes related to municipal utilities sector, too little attention is
given to offgrid settlements.

There are no mechanismsto stimulate the construction of renewable energyacilities in off-

grid energy supply systemsincluding for microgenerationor to promote renewablenergy

heat generatiorfisuch as setting loagerm tariffs (price formula) for renewablessed power

over the payback periodlispatch control to ensungriority load of renewablebased power
generation capacitiesompensation of technical integration costs; &tce key purpose of
renewable energy generation facilities construction irgaff localities is to obtain fuel savings.
Even with higher specific capital costs extremely high powsff$ make them economically
viable (58 years paybacks) and they do not require federal subsidies (providintgtantariffs

are set). Setting longerm power tariffs for the whole payback period of a renewable energy
project will help make renewablesart of energy supply mix. Buchprojectsarecombinedwith
energyefficiency programmeghat include buildings weatherizationspaceheatingtemperature
curvecompliance control, and replacement of appliances with more efficient models, then from
the vey beginning customers can start obtaining savings even if tariffs are kept at the same level
whereas capital costs of solar or wind plants can be substantially redlcednational

2The RF Ministry of Energy. 2016. State reportstateof-the-art energy conservation and energy efficiency in the
Russian Federation in 2015.
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government may want to finance some of the housing weatherization seastiareto-reach
northern areas. Thisan be done similarly to the schemeoutlined in the RF Governments
ResolutionNo. 18 dated 17.01.2017 O60On approval of
from the budget of the federal corporatiofrund forthe promotion of municipal utility sector
reform to finance capit al schempaggestshatihdnationall t i
governmentbuys out 2-4 year® energy costsavingsfrom housingowners, providing these
savings exceed 10% ofunicipal utility services payments baseline.

Instability of overall economic situation determines dunch of problems. Spikda prices
rubleUSD exchangeates interestrates etc. make it difficultto assess theosteffectivenes®of
investment in energefficiency and renewable energy, or to monitor the results. Reduced
incomes of energy customers and growing debts, as well as huge energy disssegage
mobilizationof financefor energy efficiency measures.

Insufficient information support to energy efficiency and renewable energy policies?oor
informationsupporthasadversampactsont h e p e rgsabficatioeshnilis a serious barrier
to the development and implementation of energy efficiency meadurgsmportant to ensure
local trainingin energy efficiency and renewable energy.

Energy pricing. Energy prices are very high. However, the pressure is mostly on industrial
plants and organizations, whereas residential sector benefits from substantisubsigdes.
Eliminationof subsidiess hardlyfeasibleduetolowh ous e hol ds & i ncomes a
power for space heating, as district heating is only very poor quality.isTare factor driving
househol dsd energy =efficiency motivatiison ¢
important to shift crossubsidies mostly to purchasing energy efficient and renewable energy
equipment, so residential tariffs could grow without increasing the pressure of energy bills
(primarily through reduced energy consumption for lighting arateheating). Reduced cress
subsidies could give a new lease of life to the industry and so give momentum to the
development of Extreme North territories.

Lack of mechanismsto finance small-size projects and to incentivize customers and
investors to inves in energy efficiency improvements and renewable energy development.

It is importantto developandcodify such incentives. Households and many organizations cannot
afford to purchase energy efficient equipment and materials. dfaftkancial schemessuch as
microloansor O6whi ted or O6greenbd c e seftectifeipmjactselis , [
crucial to deploy new financial mechanismsfor energy efficiency projects set up energy
efficiency fund; leasing, etc.; microloans with repayment fromnicipal utility payments.
Interestingexperienceén tuning ESCO mechanisms to energy efficiency and RE projects is being
accumulated in Yakutia Republic.

Weak mechani sms t o a tltisimpartantthatthegevernn@entriitiatenaadn c i r
paricipatein thediscussion®f perspectiveandpossibled i r e ct i 0 ndevelopnenar@g r e «
that it support the development of &égreenbd
energy efficiency and renewable energy projects in ExtrenrmthNacluding through setting up

a guarantee fund for projects that have a
productg(bonds; special products designed by international development banks; private investors
i nterest ed cis)nThiswgpuldeeguiréthatpgwo @roldems be addressed: development
of bankabl e projects that may be classifie
financing in Russia.

Intricate logistics and weak local markets for energy efficient and REequipment. Market
infrastructurefor EE and RE equipmentand services is not existent in remote locationss It
possibleto assignprovidersof municipal utility serviceswith ESCO responsibilitiesand to
launch delivery and sales of energy efficient pquent with repayment from municipal utility
bills.
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15 Project O6Dial ogue andcarhanal ysi s t
devel opment in remote Russian r e

Energy efficiency and renewables projects ingftl localities are economically viable. They
are widely supported However the work is moving too slowly. In Russia real management
decisionmaking is done by top officialsTherefore while preparing Report 6 Ru és i a
environmentatlevelopmentn the interestsof futureg e n e r dot thed-edera Council, which
meton December 27, 2016, CENET initially included the following wording into the draft list of
the RF Presidentds instructions:

T The RF Government shall devel op Feder al
be comprehensive, take account of BAT depiewt perspectives, and include:

0 energy efficiency targets for the whole economy and by sectors;

0 mechanisms to incentivize, manage, and coordinate the implementation efforts;
0 plan to improve the energy efficiency legislation and to update earlier regalation
0

energy efficiency and renewable energy subprogramme for remote localities with
high energy supply costs to lay the basis for the modernization of local energy supply
systems and ensure c@gtective, sustainable, and reliable energy supply at minimal
cost to altlevels budgets;

1 The RF Government shall submit proposals on amending the RF legislation so as to ensur
the most favourable conditions for renewable endr@sed microgeneration with the
intended goal to:

0  ensure integration of renewables andrgneecoveryin the energy supply mix of
buildings, constructions, and facilities and to provide incentives for the development
of RE-based microgeneration:

V  oblige power distribution companies develop technical specifications for
integrating REbased micrgeneration in the grid,;

V  oblige power distribution companies and default suppliers to:

1 sign contractsfor the purchase of excess power generated byb&¥ed
microgeneration facilities, including with physical persons, individual
entrepreneurs, and legattities, whose principal activity is not power generation
or sale;

1 developan accountingsystemfor power consumptionto allow for offsets of
excesspower suppliedto the grid byGsupersmalb RE-based power generation
sources, including for physical perss, individual entrepreneurs, and legal
entities, whose principal activity is not power generation or sale.

The final versionof the List of the RF Presidents instructionsfollowing the meetingof the
FederalCouncil6 R u 6 snvi@nmentabevelopmentn the interestsof futureg e ner at i on.
not include part of these proposals and has the following wording:

1 develop strategic planning documents and a comprehensive2Pb7action plan for the
RF Government for 2022025 for the main purpose of ensugy Russi abs tr
sustainable development model that will allow for laagn efficient use of national
natural resources and at the same time remove environmental threats to human health wit
a particular focus on:

0 setting energy efficiency taets for the whole economy and by sectors, and on the
implementation of energy efficiency improvements, including the development and
deployment of renewables and development ofdda&ed microgeneration;
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1 with the involvement of the leading entrepreneur essions develop and submit
proposals:

0 on t he depl oyment of 6greend financi
institutions and public companies.

Draft regulationon energyefficiencytargetsfor thewhole economyandby sectorsaswell ason

the implementation of energy efficiency improvements, including the development and
deployment of renewable energy and development ofb&fed microgeneratiprshall be
submitted by the RF Government before Jul@17. Thereis still sometime left to convince

the RF Governmento integratethe developmentindimplementatiorof an EE/RE programme

for off-grid localitieswith high energycostsin the Getof energyefficiency measures, including
the development and depl oy me n is footlie modemizton b |
of energy supply in these areas and to ensure economically and environmentally sustainabl
energy supply at minimal cost to-#ivel budgets.

It is exactly for this purpose that CENEf is implementing the projectd Di a | o @nalgsisa n d
todrivelowc ar bon devel opment i nThepeojaapurposelR topussh a n
inter-regionalcooperatiorto developregionalandmunicipalprogramme® L ecarbon solutions
foroftfgr i d Russi an r egi o0n dasadontthe deveiogmentofestarmdard) y
packagesof low-carbon solutions including costefficiency assessmentspotentia] and
implementatiorschedulegenergyefficiencyimprovementsandrenewablesnergysupply), to be
integrated in a pilot programme to provide able and affordable energy services to remote
Russian regions with currently very high costs of energy supply frorgrioffsmall sources
(including to the regions with shortsummer navigation period6 s e v e r n,ywhich avilt o z 6
then lay the groundfor a federal target (sub)programme that may include not only northern
territories, but also small offrid Russian settlements (nearly 100,000 in all, as estimated by the
RF Ministry of Energy), where it is too costly to provide centralized energy supply

In order to attain this purpose it is important to do the following:

1 analyze current situation in effrid energy supply and small energy sources and discuss it
by the Stakeholder committee of the Interregional agreement and by the expert community:

1 analye current financial pressure on regions with costlygoff energy supply and small
energy sources and discuss it by the Stakeholder committee and the expert community;

1 set up Stakeholder committee and get its work started;

1 develop a library of succeswses and useful contacts based on-taxbon best practices
in off-grid energy supply (with a focus on regions with severe climate) in Russia and
abroadCase studies;

1 develop a model programndeow-carbon solutions for offirid Russian regions with high
e ner gyto assesstthe @osts and benefits of the transition talawr b on 6 s ma i
comprehensive energy supply systems; calibrate the model programme for two pilot
regions;

1 replicate energy efficiency and renewable energy practices and experienaisyrid
localities with high energy costs. Develop three issues of quarterly electronic newsletter
OLevar bon solutions for yegions with high

1 organize a workshop and a meeting of the Stakeholder Committee in Moscow to discuss
the projet results that are expected to lay the grounds for a federal programme.

CENETf invites any and all stakeholdersand experts to provide their commentsandor
suggestionsas to what and how needsto be doneto developand implementnational energy
efficiencyandrenewable energgrogrammeor remotelocalitieswith high energysupplycosts
to ensure costffective and sustainable energy supply at minimal cost4e\al budgets.
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Referencedo Chapter 1

Reportfor the FederalC o u n c i | & eavRanmentaldevelopmenin the interestsof future
g e n e r aDedernbe®752016.

SurzhikovaO.A. Problemsandmajor guidelinesfor the developmenbf energysupplyto remote
andscarcehpopul ated Russiabs territ8@ies. Vestni

V.E. Fortov, O.S. PopeRPower in the modern world2011).
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2 Analysis of current financial pressure on regions with
costly off-grid energy supply

Overall costsof energysupplyto all customers in 15 regions of Extreme North is 1.7 trillion
rubles. Suchhuge costsare determinedby both poorenergyefficiency in theseregions with
costly offgrid energy supply and high energy price. -pelwer, andheatpricesin Russianoff-

grid energysupplysystems are nearly the highest in the world. Electrityesamountto 20-
237rublegkWh, whichis 5-55timesaboveRu s si ad6s aver ag&-20thausahd h e ¢
rubles/Gcalwith peaks far above the range), whicl8i$7t i mes hi gher , t han
A largepart(two thirds) of energycostsareattributedto largeindustryand distribution systems.

The incomeof providersof municipal utility servicesfrom power, heat, and natural gas sales
amounts ta464 billion rubles.Of these total spendingirom all-level budgetsfor energysupply

to ExtremeNorth regions amounted to more than 150 billion rubles in 2016she=of public
spendingin the costs of energy supply to many regions of Extreme North exceeds 30%,
occasionally even 60 %, wh e r e a ssub$tdiesasditha loss a v
suffered byenergyutilities in Extreme North amount to 40 billion rubles or more. Aboaif of
thisamountis attributed to subsidiggovided tocustomersn off-grid energy supply territories.

Nearlyin all regionsof ExtremeNorth (exceptfor thasewith oil andgasproductior) the shareof
energysupply costsin grossregional product (GRP) amounts to-20% and is several times
beyond energy affordability thresholds, hampering economic developmait-grid inhabited
localities the ratio of energysupply costs to municipal product is often above 40%. Energy
efficiencyimprovementsandrenewablesnergydevelopmentanyield nearly 100 billion rubles

in annual savings from reducesubsidies deman@nd cut down energy bills of public
organizatims. Thisis 14 times the maximum subsidiesfor energy efficiency improvements
underthe &nergy Efficiency and Energy SectorDevelopmend Programmeallocatedin 2013,

and 714 timesthe amountallocatedin subsidiesn 2016.The questionis, how to best usdhese

100 billion rubles keeppluggingthe holesin the financial discipline of customers in the North
and the Russian Far East or make energy af
production?The first option is not feasiblewithout contiruously increasing publispending,
whereas the second one is very feasible.itAthkesis to startthinking in the termsof @reerd |,
dow-carbobd e vel opment instead of in the terms o
period deliveryo.

2.1  Energy prices and tariffs in regions with costly off-grid
energy supply

Fuel, power, and heat prices in Russian off-grid energy supply systems are nearly the
highest in the world. For this reasonif thereis one location where energefficiency or
renewableenergysolutionspay off, it is exactly offgrid areas of the Russian Extreme North.
The mathematics is as follows. The price of diggel is 50-100 thousandrublegton, specific
consumption for electricity generation320-500 gce/kWhtherefore, fuetost (net ofdieseloil
cost) amounts td.1-34 rubles/kWh(it normally amountsto nearly half of the costs of power
generation).Thenthe full costswould vary between22 and 68 rubleskWh. It will be shown
later, thatt is possible to go beyond thppervalueof thisrange. Speakingboutcoalfired heat
production the price of 1 ton of coal (including delivery costs) in these regiods8shousand
rubles. With180-240 kgcedGcal specific fuel consumption 50% of other costsin overall heat
supplycoss, and with 20% heat distribution losses, heat taritfighousand rubles/Gcal, which
is below the real heat tariff cap though.
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Below we provideinformationon the currentpowerandheattariffs in Extreme North territories,
including in offgrid energysupply areas. For the purposesettingthe scale herearethetariffs
that will be averagefor Russiain 2017,as expected by the RF Ministry of Economy: power
(residential)i 3.86 rubles/kWh for users withoutelectric range$, power (industrial)i 2.53
rublegskWh; heat (residential) 1,184 rublegGcal heat (industrial) 1,806rublegGcal

Flat rate residential electricity tariff irkhangelskaya Oblast,as of the first half of 2017, was
set at 41rubleskWh. Residential heat tariffs vary by municipalities between 725 and
2,276rubles/Gcal Residential electricity tariff set for 2017 in Vologodskaya Oblast is
4.05rubleskWh. Heat tariffs are set between802 and 16,476 rublesGceal® In Kamchatsky
Krai, tariffs for electricity supplied to resetial customers from the central energy knot and
from off-grid energy knots ar®.69 rubleskWh. Economically justified tariffs for off-grid
customersare between 1@4 and 30.57 rublédkWh. Residentialheattariffs vary between904
and 4,835rublegGcal Economically justified tariffs in off-grid electricity supply areasin
Magadanskaya Oblast are much higher than those set for residential customers
(6.93rublegkWh) and vary between 23 and 23778 rubleskWh (Fig. 21). Residentialheat
tariffs vary by municipalitiesbetween9% and 72% of the economically justified level, which is
betweer3,014and86,860rublegGceal

Figure 2.1 Residential heat tariff range and economically justified tariffs for
urban districts and other municipalities in Magadanskaya Oblast
in 2016
20000 230
80000 —
70000 — | 300
60000 —
% 50000 3014~ — " 23.35T|
= 40000 0 — '5100 23778
30000 — %
20000 [508 15355 4132~ — | 5
10000 [4283-693]| | [5721621]
0 0 —
Residential ~ Urban Districts Other Fesidential  Grid energy supply Cff-grid energy
municipalities supply
Residentiaheattariffs andeconomicallyjustified Residentiaklectricity tariffs andeconomicallyjustified

tariffs for urban districts and other municipalities  tariffs for centralized and of§rid electricity supply areas

Source Departmentor prices and tariffs, Magadanskaya Oblast Administration

Economicallyjustified tariff for electricity from dieselpower plantsin Chavaidga, Chapoma
Tetrino, and Pyalitsa (Terskyegion of Murmanskaya Oblast) is 2053 rublegskWh versus
7.95rublegkWh current customer tarifResidentiaheattariffs vary acrossthe Oblastbetween
910 and 6,021 rublegGcal In off-grid electricity supply areasof Nenets Autonomous District,
tariff for residential customers i8.96 rubleskWh versus 5.629.85 rubles/kWh for other
customers. Economicallyustified tariffs are several times higher: 34.4042 rubleskWh.
Residentiaheattariffs areonly 8-19% of the economically justified levels, which vary between
8,650 andl6,953rublegGceal

3 VologodskayaOblasthasexperiencen settingtariffs for electricity (capacityfrom renewable energy sources and
purchased to compensate distribution losses of Bely Ruchei industrialChii Capacitychargeis set at
1,916.71rublegkWh, and electricity tariff at @73 rublegskWh.
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Figure 2.2 Residential heat tariff range and economically justified tariffs for
urban districts and other municipalities in Nenets Autonomous
District in 2014
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Source Departmenfor federalprice/tariff regulation, Nenets Autonomous District.

Residentiaheattariffs in Komi Republic vary between 875 and,354 rublegGcal Residential
tariffs are only 7-88% of the economically justified level, which varies betwe#»98 and
18,949 rublegGcal Electricity tariff in off-grid energy supply systems &akha Republic
(Yakutia) is set at 3.8%5.47 rubles/kWh for residential customers and at 7.80 rubles/kWh for
individual entrepreneurs and agricultural producEronomicallyjustified tariffs vary between

16 and206 rubleskWh (Fig. 2.3). Heattariffs vary widely betweer803and45,574rublesGcal

Figure 2.3 Residential electricity tariff range for centralized and off-grid
energy supply systems in Sakha Republic (Yakutia) in 2017
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Source FederalCommitteefor pricing policiesi Regionalpublic utility commission of Sakha Republic (Yakutia).

In off-grid energysupply areas ofamalo-Nenets Autonomous District economically justified
tariffs amount to 30 rubles/kWh, and heat tariffs in some municipalities are above
5,200rubles/Gcal Residentialheattariffs in Sakhalinskaya Oblastvary between1,023 and
2,096 rubles/Gcal and heat tariffs for public and other stamers vary betweeB86 and
14,481 rubles/Gcal Heat tariffs for residentialand other customersan Tomskaya Oblastvary
betweer687and14,341rublegGcal; and irKhanty-Mansiysky Autonomous District between
249 and 11,946 rublegGcal. In Chukotka, residentialheat tariffs are 400-1,425 rublesGcal
whereas economically justified tariffs ar2,956-:99,219 rublegGcal In other words
economically justified electricity tariffs in off -grid energy systems in Extreme North are 22

237 rubles/kWh, i.e. 555t i mes hi gher , t han Russi at6-80 av e
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thousand rubles/Gcal (with spikes even beyond th range), i.e. 317 times higher, than
Russiads average.

2.2  Public spending for energy supply to customers in Extreme
North

Customerincomesvary substantially across the regions of Extreme Nohthoil and gas
productionregions, as well as in those where valuable natural resources are produced (including
Nenets Autonomous District, Khanlansiysky Autonomous District, Yamalenets
Autonomous Dstrict, Magadanskaya and Sakhalinskaya Oblasts),atedyigher, thanRussids
average, whereas in other regi on $ off-grniccayeasar e
with dominatingconventionalindigenous occupationsuch as hunting, fishingleerbreeding)

i ncomes are oft en Theefomener§ypsces-28 toneshigherghareéan e .
thecontinen§ are unaffordable and so subsidized using a variety of schemes.

Assessmentsf public spendingto finance energysupply to customes in ExtremeNorth are
basedon the informationfrom statisticalform 6 2ZhKH6(2015), data on subsidies provided to
residential customers to pay their energy bills, and information on privileges to certain categories
of residential customers in terms of housing and municipal utility @il latter elementsare
financedfrom the public budget to residential customers so they can pay their energy bills.
Statistical form 6 2ZhKHO0 helps assess(i) paymentsto public organizationsto pay their
municipal utility bills; (ii) public spendingto compensat¢he differencebetweeneconomially
justified tariffs and actual residentialtariffs (i.e. to cover the loss generated by energy price
regulation); (iii) public spending to maintain municipal utility facilities that used to be in
ownership other than municipal; public allocations tdaeg worn out fixed assets (including
networks), to renovate and develop municipal utility facilities (see Box 2.1).

Box 2.1.How public spendingfor organizationsthat provide municipal utility services isshownin
statisti &hlKHfor m 622

Statisticalform 6 2ZhKH6 showsactualfunding provided from all-level budgetsto municipal utility
services providers, including debts from previous years. @bayot includdinancing for winterizatior
or for target programmes (anticrisis programme, installatiometers, handling weather events, ef|
However they include public spendingfor capital repairs of multifamily buildings; allocationsto
compensatehe differencebetweeneconomicallyjustified tariffs and actual residentialtariffs (i.e. the
loss of municipal utility providers generated through energy price regulatipuiic allocations tq
maintain municipal utility facilities that used to be in ownership other than municipal; public allog
to replace worn out fixed assets (including networtksjenovate and develop municipal utility facilitig
Public allocations for capital repairs of energy supply systems are not included.

Source: Rosstat

Total spending from all-level budgets for energy supply to the regions of Extreme North
equaled neary 145 billion rubles in 2015 and more than 150 billion rubles in 201®f these
amounts 60 billion rublesarespentto payenergybills of public organizationsnearly50 billion
rublesare used t@eompensatéhetariff difference;morethan8 billion rublesarespentfor other
needs(replacemenbf worn out fixed assetsrenovationand developmentf municipal utility
facilities, etc); more tharb billion rubles are used for residential subsidies; and finally more than
21 billion rubles go for sociad ner gy 0 (it isharditolsay (pavsmiich of publienergy
spendingis used in offgrid energy systems alone. It should be arot@8&0 billion rubles per
year. Thisestimateis basedon approximately100 billion rubles fuel delivery costs during
summernavigation period, which amount to nearly half of heat and power generation costs.
Then total costsof energysupply to municipal utility providers amount to nearl200 billion
rubles, of which public spending is aroustet40%.
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Public spending amourts to more than 30% in the costs of energy supply to many regions

of Extreme North (excluding large industrial customers); in three regions it is more than

6 0 %, whereas Russi abds ahkiseshaegsethe iagetbo®)in S&kha( F i
Republic(Yakutia); in Kamchatsky Krai and Nenets AD it is above 60%; and in Yaieaitets

AD, Chukotsky AD, and Magadanskaya Oblast it is altss.

Figure 2.4 Share of public spending in revenues of energy utilities in Extreme
North
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Source: estimated by CENEf

In many oftgrid inhabited localities, little information is available to assess the share of public
spending in the revenues of energy utiliti8gcethe shareof publidresidentialsector energy
consumption in these areas is higher, and so are energy tariffs, it may be asses883@o#0
total energy bills.

2.3  Cross-subsidies in the regions of Extreme North

Subsidiesrom the budget araot the only kind of energysubsidies provided to thesidential
sector.There are also crossbsidies, which imply that residential energy tariffs in the regions of
Extreme North, and primarily in offrid areas, are reduced through the increase in tariffs for
other customer groups, including industriakmmers. Increased tariffs are also set for public
organizations, and so the costs of energy supply to households are partially shifted to the publi
budget.

Cross subsidies and the loss of energy utilities in Extreme North amount to more than 40
billion r ubles. Subsidies to customers in offrid localities are responsible for nearlyhalf of
this amount. In Sakha Republic (Yakutia), cressbsidies to diesel energy amounted to
5.5billion rubles in 2014, 6 billion rubles in 2015, and 6.8 billion rubles0&& Theyare a
substantiabdditionalpressureon industrial customers Crosssubsidiegesultin the increasen
average tariffs from 81 rublegskWh to 615 rubles/kWh because average tariff in affid areas

is 358 rubleskWh. Each kilowatthour used by industrial customers includ@48 rubles (or
38% of tariff) in crosssubsidies to diesel energy. Thisgescustomerdo go to the wholesale

4 SanacheyA. 2016.Local energy sector optimization programme of Sakha Republic (Yaklfidnternational
Conference ORenewabl e energy de920l6dpkoigkdl6.i n t he Rus:
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electricity and capacitymarketandgivesa messagéeo largeindustrialcustomerghatit is worth
investing in their own generation facilities. It also reduces the economic attractiveness of
investments in deposits development and construction of processing induBbtigscross
subsidies in the Russian Far East are estimated at neabyli8f rubles. These should be
summed up with crossubsidies in Komi and Karelia Republics (2.3 and 1.6 billion rubles
respectively), in Arkhangelskaya and Murmanskaya Oblasts (1.4 billion rubles each), and in
Vologodskaya Oblast (0.3 billion rubleS)So the total is 37 billion rubles, excluding
Tyumenskaya and Tomskaya Oblasts and Krasnoyarsky Krai. With an account of the latter thre
regions, crossubsidies for power supply alone may be estimated at 40 billion rubles.

RussianStateDumareducedelectricity tariffs for industrial customers in the Russian Far East.
Draft law fiOn theamendmentso the FederalLaw dOn the electricity sectod passed the second
and the third readings. Thasw No. 508FZ, passedn Decembel 6, 2016 and approved byhe
Federation Council on December 23, 2016, wilsurethat electricity tariffs in the RFE are
brought down toRussid@s averagelevel. The law requires that a specialmarkup on capacity
chargebeintroducedgraduallyover the next three years (fralanuary 1, 2017, through January
1, 2020) across the whole country to compe
levelBeyond 2020, tariffs are expected to dro
number of customers, which ¢sirrently hampered by high electricity costs. Related gramwth
endusetariffs in the restof Russiais estimated by the RF Antimonopoly Service at maximum
1.8%.

Yet even this is not the whole story. Crassidiesexistin heatand gasprices, too (Yaltia

and Kamchatka). For example, in Kamchatka, the price of natural gas was 5,416 ruble$/1000
in 2016. Gaspromeportedcommercialloss of 8,330rubleg1000m?® from natural gas salef
otherwords actualcostsof gassupply equaled13,716 rublesm?, and total loss in gas supply
system amounted to3billion rubles.

2.4  Total costs of energy supply and their share in gross
regional products (GRP) of Extreme North regions

Crosscountryanalysisshows thatthe Gharéof energycostsin GDP or GRP fluctuatesaround

pretty similar levels (8-12%) and is determinedby the structure of economyyet very little
depends on the energy costs. Thasonis, becausgaccordingto the édninusonerule, higher
energyprices in the long run are gradually compensdtgdow energy intensity.When the

share of energy costs in GRP goes above 12%, it is beyond the affordability threshold anc
hampers economic growth. In some regions, this share may occasionally amb#a686, but
normally only for a short while. Datcross some U.S. states show, that the ratio of energy costs
to GRP is basically betweehand 14%, with very few exceptions. The ratio of energy costs to
GDP is mostly determined by the contribution of commercial sector to GDP (Fig. 2.5).

5 BazanovaE.A. Crosssubsidiesin the electricity sectorof the RussianFederationare an inefficient institute
Magisterthesis PetrozavodsiStateUniversity. Petrozavodsk2016.

6 Literally, the ratio of energy costs to GDP is not a share, because a substantial part of energy costs are part
intermediatecommodity, rather than of added value or final product. Indeeergycostscanbe defined as a share

in the gross product. Therefotbeterm& har e of ener gy costs in GDPO6 is he
1. Bashmakov@&conomicof constantdandlong cyclesof energyprice dynamics Voprosyekonomiki(lssuesof

Economy. No. 7, 2016.

21



@ Centerfor EnergyEfficiency (CENEf)

Figure 2.5 Relationship between the share of commercial sector in GRP and
the ratio of energy costs/GRP for some of the U.S. states in 2012
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Source: EIA, 2014. US Regional Energy Datd Energy Consumption, Prices, Expenditures, and Production
Estimates, July 2014.

Total costs of fuel and energy resources purchased in 2014 in the above 15 regions were
estimated at 1,470 billion rubles. In2016 they amounted to more thanl.7 trillion rubl es

This is nearly22% of total energy spending in Russido attempt has been made before to
estimate the O6sharedéd of energy costs in GR
the first ever assessment experienb@o energy costiccountingapproaches were used. The

first approachestimates energy costyy multiplying enduse consumptiomf various enegy
carriersby different consumegroups by corresponding prices and tariffs. 2014wselfuel and
energy consumptionwas estimated using integed fuelandenergy balances developed by
CENETf for these regions. Fugkiceswere taken from 2014 Rosstatdatg and economically
justified heat and electricity-ZhldH® ff Fhees
approachrelies on theenergy costdy sectorsasreported byst at i st i-cEBRO6 ,f owm
includes fuel and energy spending by various companies and organizatiander to avoid
doublecountings pendi ng under Oelectricity, garsmt an
considered, because it is includedinend e pri ces. StERt6i sdtoiecsa In oft
energyspending by small businessasd households, so these two sectors were added: energy
spending by small businesses was estimated by CENEf, andythatibeholds was taken from
statisti-ZhKHb6ormhé2anal ysi s dhétterwedlects redh enérgyt h «
costs angbrovides more reliable estimates.

Practically in all regions of Extreme North (exceptoil and gas production regions) the
share of energy coststo GRP is substantially above the affordability thresholds (812%)

and the Russi abds ahhehighegteharéot eanerdycogtsinOGRP % )in.
Kamchatsky Krai (37%) (Fig. 2.6)n eight regions this share is above 20&bmost regions of
Extreme North it isl.8-3.7 times above the energy affordability threshold. If this threshold is set
at 10%, then energy affordability can be ensured only if energy subsidies of all types to
customers of all groups equal 163 billion rdbin 2016This is quite close to the above estimate

of total public spending for energy supply to regions of Extreme North (more than 150 billion
rubles).

8 Total costsof fuel and energyresourcegpurchasedn 2014 in the 15 regionsare estimated(using the second
method)at 1,228billion rubles
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Figure 2.6 15 Russian regions ranked by share of energy supply costs in
GRP
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Inoff-grid inhabited | ocalities, the O0Osharebo

should be above 40% and may reach 560%. Energy subsidies demand in such localities
amounts to 4650% of municipal product. Thereis anobviouscorrelationbetweeraas r e gi o
fuel and energy seufficiency factotand t he 6éshared of energy
Self-sufficiency factor is inverseto ther e gi onds r el i a mnootherwords theu e |
higher the share of fuel imports, the higher the share of energy supply costs in GRP (reaching u
to 2537% in regions that completely rely on fuel imports).

Figure 2.7

Correlation between the share of fuel and energy supply costs in
GRP and the energy self-sufficiency factor
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Research papers that look into the economic effects of high energy prices rarely explore energ
affordability thr es had endrgy. costd/ineGRE Vs ebelow tthe energys h
affordability threshold, there is no correlation between the energy cost pressure, energ)
efficiency, and economic activity. The latter is hampered by energy cost exceeding the uppel
threshold, but is spurred whehe ratio is below the lower threshold. Correlation between GDP

growth and the Oshare of energy cost i n C

(Fig. 2.8).

Figure 2.8 Correlation between the Gharebof energy cost in GRP and average
GRP increase rates* for regions of Extreme North (the &vingd
function)
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Source: estimated by CENEf

As |l ong as the 6shared of energy costs in
availability and af foogrowtl® b i laintdy epcuotn omod c 6 lgir
determined by other factorS.her ef or e, t he r aongsequiteldrge wiile 6 w

correlation in this zone is pretty uncertain. This period is dominated b thgg nor e/ s at
behaviour All key energyusedecisionmakingis basedon existing stereotypes, while energy
cost optimization opportunities are ransidered, becausiee cost pressure is relativetyodest

and allows for the purchase of other resources or for meeting other Asets.upper threshold

is approached, the decisiomaking scheme is replaced withc o mp e n s a t. mthisgagei mi :
if theold trendsarefollowed, too little resource would be available to address other problems, so
resource use optimization is important. Tisithe only zonewheredecisionmakingis governed

by neoclassiadheory approachesWhen the Gsharé of energycostsin GRP goesbeyondthe

upper threshold reduced affordability of energy neutralizes the impacts of other factors that
could potentially spur economic activities, and thus hampers these activities prevervsaeglaull
implementation of the economicrayvth potential. Whenthe upper thresholdis exceeded
substantially, the need for substitution of energy exceeds opportusntdablein the shor

term, hampering economic growth and focusing on the economic and energy security issues
This situation rguires a new decisiemaking model fisecuré&ransfornd), while mediumterm
optimization problems take a back seat losing it out to strategic probiemnshe regions of
Extreme North, ensuring energy affordability by implementing energy efficiency measures
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and replacing dieselfired gener ati on wi t h 6 gr & @ratégicpridrity ) g €
and the basic means of ensuring their economic and energy securitylt is impossible to
ensue high economic growth rates with high pressure of energy costs. G@yogdthe upper
thresholdis the beginning of dramatically hampered growth or stagnation.2Bghows, that

each percent of going beyond the upper threshold reduces average@RRumicrease rate by
0.1%.The avingdfunctionrange keeps narrowing with distance from the threshold.|&hdsto
decreaseénergydemandandeconomicgrowthrates and to the complete block of the impacts of
other factors that might promote economicvgfito

2.5 Energy efficiency improvements and renewable energy
development to ensure energy affordability in Extreme
North

Energy efficiency improvements and renewable energy development in the regions of
Extreme North can yield nearly 100 billion rubles in annal savings from reduced subsidies
demand and cut down energy bills of local public organizations. Thiss 14 times the
maximum subsidies for energy efficiency improvements allocatedunder the AEnergy
Efficiency and Ener gy Sedn2013, aigiddirhes thamenountdo p
allocated in subsidies in 2016Energy saving potential in Extreme North is above 40%
Renewable energy development potential is also substantibbtlifare fully implemented
energysupplycostscanbereduced by 4@5%, while subsidies demand and energy bills of local
customers can be reduced fra®s0-163to 45-50 billion rubles per year, or by nearl)0 billion
rubles.Approximately half of these savings can be obtained by implementing energy saving and
renewable energgevelopment measures in-@gffid localities of Extreme North. Thguestionis,

how to best usehesel00 billion rubles keeppluggingthe holesin the financial discipline of
customers in the North and the Russian Far East or make energy affordabldn thmorgg
efficient us e a n drhedirgtrogtiennsenot deasiblewattbut cantinwonsB
increasing publispending, whereas the second one is very feasibleh&tlit takesis to start
thinking in thetermsof @reer® Jlow-6arbordd e vel opment i nstead of i
of deficitd or dédsummer navigation period de

Thosewho arguethat energyefficiency and renewableenergytechnologiesdo not pay backin
Russiaoughtto look at theregions where electricity price 80-350U S A / kawthheat price is
50-750USD/Gcal If ahouseholdyetsa 10 W LED lampfor freeto replace a 68V incandescent

lamp, it can save more than 100 kWh annually (with 30 rubles/kWbriffelectricity cost) and

bring more than 3,000 rubles éhectricity cost savings per yediris 15 times the lamp price. In
other words, the investment pays back within a month. Now that the government provides a 20
25 rubles/kWh sbisidy to residential customeby spending 200 rubles to purchase such lamp,
the government will save 2,080500 rubles each year. What other investment across the
Russian economy is more efficient than this olfie?schoolin ExtremeNorth uses2,000Gcal

of heat per year, and installation of & Inillion rubles worth individuaheating unit can yield
30-40% in savings, then, given 5,000 rubles/Gcal economically justified heat aanfial heat
savings will be3-4 million rubles. Thesetwo examplesillustrate the fact that many energy
efficiency improvements have very short pagks with such energy tariffé\s to renewable
energy electricity tariffs of more than 20 rubleskWh make virtually all renewable energy
technologies competitive, even with additional costs required to make them operable in the
Arctic climate.
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3 Foreign experience in low-carbon off-grid energy supply
transformation

High costs of diesel energy in remote regions hamper business development. Diesel energ
generation units produce harmful atmospheric emissions, noise pollution, as well as water an
soil pollution because of potential fuel leaks. Remote inhabitegradf locations can hardly use
natur al gas t o 0 b-carbdnduturetThey can rathed W&e fiebsavinds gielded w
by energy efficiency improvements and renewable energy for thpogelr Because renewable
energy generation costs are continuously going down, and diesel fuel price is sustainably
growing, a shift from fossil fuels to a stronger focus on local and renewable energy resources
offers substantial economic, financial, andiesivmental benefits.

Renewable energy development in remote regions may provide many useful lessons for large
scale RE use 6on the continent6. This is p
energy and minnetworks trend, which is incraagly viewed as an option to improve energy
security, quality, and reliability of energy supply, and a method to cut energy costs. Reducec
costs of renewable energy make it attractive for households and small communities, so the latte
tend to cut themseds from centralized heat supply and launch their own energy generation.

Renewable energy developmentin-gff i d ener gy systems has thr
of foreign experience presented in this paper is mostly based on publications by IEA,,IRENA
and individual researchers. All of them view-gfid energy systems as inhabited localities that
are not connected to the central heat/power infrastructure, with 10 buildings or more, and 1(
thousand people or less. For such localities, even witB030bles/kWh electricity generation
costs, electricity transmission for more than 110 km is economically unpractical; and for
settlements with less than 1,000 people the economic viability distance is limited to 20 km
(Ziegler, 2015). IEA (2012) defines eammic remoteness as regions where households cannot
afford to pay the full costs of basic energy services.

By a variety of estimates, in Canada there are-30{b oftgrid energy systems with diesel
electricity generatiort® Everything is pretty much the santbere, as in Russia. Average
electricity price in offgrid systems is 1.12 USD/kWh (67 rubles/kwWh) varying between 24 and
72 rubles/kWh; the price of diesel fuel depends on the transportation costs and is@bove
thousand rubles/t reaching 90 thousanblesi/t in the most remote are@Sdvanced energy
centre, 2015Bhattarai, 2013). Specific electricity consumption per person (5,400 kWh) is also
similar to the average consumption in Russiangofi localities, and so is specific fuel
consumption by dies@lants (approximately 330 gce/kWh or more); electric efficiency (34% or
less); electricity generation cost structurb3% fuel, 28% operation costs, and 19%
administrative costs).

What 6s even a bigger surprise, i slsotsimdat. e r
Customers pay only 9% of full energy supply costs. The rest is covered througksudrsgBies

by other provincial customers (34%), provincial governmé&#gs)( national governments6%)
(Advanced energy centre 2015). Not only northern, butalso southern offyrid areas (for
example, French or Japanese) use an approach by which local customers pay the same enel
price as 6on the continent 6, OnwiolPevincetalorren c
annual subsidies for diesel eleciry generation equaled CAD 90 million iR2011 In such
schemethereis no obvious beneficiary from reduced energy subsidiégreisadé di sr upt i

i ncentivesd6: those who can generate energy
to obtain the savings have no physical opportunity.

10292, according to the latest daltép://www.theglobeandmaitomreporton-businestreakthroughemote
communitiesstruggleto-financewind-powerarticlel 5741016/
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The basic strategy to improve the reliability of energy supply to remote regions includes energy
efficiency improvements and energy demand management. These can reduce energy and fu
demand and so reduceeegy supply costs and demand for renewable energy capacity to replace
diesel energy units and boilers. Access of remote customers to the most efficient technologies |
often limited by delivery difficulties. For example, in Scotland, ohBgb6 of householdsn
remote regions are classified as energy efficient versus 55% in the remaining part of the country
In fact, poor transport accessibility can be an advantagmlif highly efficient equipmentwvere
deliveredto remoteareas(with possiblecompensatiorof the price differencewith medium
efficient modelg, then there would be no chance for the customers to buy inefficient models.
This can partially address the problem of poor price motivation for energy savings that results
from energy subsidiesSeriousattention should be paid to electricity distribution losses, which
can amount to 20% or more. Programmmgplementationshouldinclude renovation of power
distribution networks.

A windpark in Kodiak, Alaska, USA (6 thousand people) is a success stomestable energy
deployment in remote regions with long winter seaso2008 a hybrid wind/diesel system was
installed there to include three 1.5 MW wind turbines and a 33 MW diesellhistsystem was
integrated with the existing 20 MW hydropower plahhe effort resulted in the reduction of
diesel fuel consumption by 3.4 million | and yielded USD 2.3 million in energy cost savings over
the first year. In2011, anotherhydro turbine wasinstalled (10 MW), followed in 2012 with 3
more wind units of 4.9MW total capacity and a 3 MW energy accumulation system. This
allowedit to meetnearly 99.7% of local electricity demandwith renewableenergyand to cut
down energy tariffs, rather than increase tHémvhile residential energy price in Alaska is@7.
AlkWh on average, in Kodiak it is BB¥kWh, which is just a little more, than the average tariff
6on t he (X2bAkwh).nne2016,Bydro electricitygeneratiorcostwas 68 AkWh, wind
electricity generation cost wdd AkWh, and diesel energy gemtion cost was 28.AkWh.2

In addition, wind units are installed in Alaska in the following locatidkstzebue Wales
Kasigluk Pillar Mountain and in a number of settlements in West Alaska.

Ramealslandin Canada (600 people) is another example. A hybrid wind/diesel unit combined
with hydrogen accumulation system was installed thaliad capacity is90kW, hydrogen fuel

cell is 250 kW. Thesare combinedwith three925 kW dieselenergyunits. The cost of the first
project stage was CAN 1.4 million, or CAN 3,589 per kW. Tiagionalgovernmenfprovided

CAN 475thousandand CAN 112 thousand in technical aid. For tkecond project stage,
Atlantic CanadianOpportunitiesAgency provided CAN 3 million in addition to CAN 4.5
million from the province government.

In Utsira Island (Norway), the first everwind/hydrogen plant was installed #004.Underthe
project 10 householdsvere suppliedonly with renewableelectricity. An electrolyzeris usedto
produce hydrogenwith excesscapacityand a fuel cell is used to produce electricity from
hydrogen. The project was implemented3tgtoil and allowed it to detect problenand figure
out how to address them. More efficient electrolyzers and fuel cells were needed.

Off-grid energy systems operation experience shows, that renewable electricity generation i
more costly (1.8 times) in offgrid locations, than in energy sgsts connected to central
energy infrastructureThis is a result of smaller unit capacities and additional costs of
transportation and equipment installation. However, electricity generation from renewable
energy sources is still much cheaper, than byetligsits.

To identify the optimal configuration for off-grid electricity supply, various countries use
HOMER, RETScreen, and other models that allow for a-east and highly reliable energy
supply system with minimum emissionrdOMER model (www.homerenergygom) addresses

11 http://blog.rmi.org/blog 2015 05 19an alaskanisland goes one hundred percentrenewable
2 http://www.kodiakelectriccom/generatiorhtml
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three basic problems: modeling, optimization, and sensitivity analysis. It can model systems with
any combinations of PV modules, wind turbines, small hydro, biomass, diesel energglif)
batteries, and hydrogen storage systemsmaée estimatesit requiresinformation on loads
parameter®f generatorandenergystoragesystemyPV panels wind turbines hydroturbines
dieselunits electricnetworks batteries converterselectrolyzersetc); renewable energy (solar,
wind) parameters, and economic information: discount rate, project lifetime, unserved load cost
fuel price, fixed operation costs, maintenance costs, carbon tax; parameters of units an
accumulation batteriesianagement; systemic limitations: operating reserve, maximum annual
capacity shortage. HOMERXxperienceshows that diesel electricity generationcostscan be
reduced through the optimization of diesel unit capacity to best fit the load curve, whitdnis of
determined mostly by the buildings (residential and other) se®tich optimization can cut fuel
demandby 15-20% Bhattaraj 2013).Even with a relatively small share of renewable energy in
the hybrid unit(7-14%)reduction in electricity generatiamosts may amount @0%.With 24-72
rubleskWh energy tariffs this reduction would yield 418 4 rubles/kWh The higher the wind
speed, the larger decrease in electricity tariff and GHG emissions can be offtajnes3.1).

Figure 3.1 Example of sensitivity analysis of effects generated by installation
of a hybrid energy generation unit using HOMER model
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Source Bhattarai(2013).

Therearea numberof barriersto renewableenergydeploymenin off-grid areas|t is important

to havedatain incrementsof 10 minutesat leastfor one year to correctly estimate the wind
profile in any location and to identify the optimal location and parameters for a wind unit. These
datacan be obtained with the help ofeters installed at various altitudes. Durthg project
initiation stage meteorologicaldataof local airports can be used. A variety of organizations
explore the potential of various renewable energy sources, yet most of the data obtained ar
confidental, not meant for other users, and are not accumulated in any central data storage
(Bhattaraj 2013).As far as solar energy is concerned, data obtained under one project can be
used as a baseline for a nearby other project.

Installationof renewableenegy unitsin remote northern localities also faces technical problems
related to equipment reliability requirements, given low loads and early wear. Energy supply
reliability is a top priority, particularly in remote inhabited localities. Therefore, hyystems
including renewable energy sources should be as reliable as diesel units. Renewable energy
often viewed as a new technical solution, whereas diesel energy units are regarded as a prov
alternative. Therefore it is important to collect more rerewable energy successstories,
disseminate information; accumulate operation experience; train personnel; tune financing
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schemes for renewable energy projects. High costs of installing renewable energy equipment i
remote areas are also an important barrier to {acgee RE technologies deployment.
Transportation logistics is an important isqdelvancedenergycentre 2015. Financing for
individual renewable energy projects is often provided from a variety of sources and is based ol
different labofintense application and assessment procedures. Current mechanisms to asse:
renewable energy projects in remote areas do mwtide environmental, social or economic
assessments.

There is no adequate understanding yet, as to which renewable energy technologies and und
which circumstances it is practical to implement; and reliable data on renewable electricity
generation costare not available. Lifecycle costs are rarely taken into account while making
investing decisions, losing it out to the minimization of upfront capital investments. iShere
coordination between investmentdemand and operation costs. Hugsubsidies numerous
subsidysourcesintricatedieselfuel procuremenprocess mess up the structure of incentives for
energy cost savings in effrid areas. Thexisting variety of financial sourcesoften makes it
impossible for one organization to justify renewableergg deployment costs. In many
instances, organizations that provide financing for renewable energy technologies do not havi
sufficient incentives to develop a viable project replication system.

Energy efficiency and renewableenergyproject experiencen remoteareasin other countries
allows for the identification of policy requirements to expand these efforts and improve their
effectiveness. Nationalndregionalaid is importantto optimizesubsidyschemesndgoals;spur

energy efficiency programmes;assist in personnel training and project development and
implementation; develop a system of incentives, including by amending the subsidies scheme
tailor the procurement process to address the problems caused by the small size of any or
project; set reewable energy targets for ejfid energy supply systems; mitigate project
implementation risks.

One possiblenational policy is to usepart of energy subsidies to support renewable energy
development in remote inhabited localities, such as Ramea Isla@dniada. Sakh&epublic
(Yakutiag) has also accumulated an interesting experience @bx Many of early renewable
energy projects were financed, in whole or in part, by national governments, including as pilot
projects. Replicatioof suchprojectswould be practicalwith privatefinancingthatwill pay off

from the savingson heat and electricity subsidies by a scheme similar to that of a performance
contract or using other forms of privataeblic partnership. Relatively small size or remoteness

of an irdividual project may be a problem. bhis case energy utility that servesseveral
settlementamay act as an ESCO, orelgéemay provide operation management services to a
remote ESCO. It is important to consolidate subsidies to make these schemes more efficien
With the feefor-service model investor is the owner of the new RE facilities and signs an
electricity or heatgpply contract with the energy utility for the same or somewhat lower prices.
Thesepricesare useduntil the investorrecovers his investment. tihe new equipments leased

out, then the owner will be getting lease payments according to the paymentis¢hatikeeps
tariffs lower than those for diesel energy (IE813).

Integrated energy contract (IEC)s a new schemeecently developetb finance installation of

PV panels in the U.S. It integrates tleefor-servicemodel with energy efficiencyneasures.
Under the integrated energy contract, priority is given to energy efficiency measures. Baseline
energy costs, which are important to estimate savings, include former energy supply cost:
(including all subsidies), which can be reduced either tiilvoenergy efficiency measures or
through renewable energy deployment across the whole energy supply sysimm.cAntract

paclo of energyefficiency measures and renewable energy deployment allows it to reduce the
payback period and can become an attrachstrument for the implementation of such projects

in remote areas. The subject of the contcastersthe whole energy supply system, including
fuel supply. The energy service company decides as to which elements of the system need to |
renovated tabtain the maximum effect. Theehemads practicallyimpossibleto implementin
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energysupplysystemdhat are connected to central energy infrastructure, but it perfectly fits off
grid areas. Incentives may also include tax benefits for certain typepigfment used for off
grid energy systems renovation.

Box 3.1

From July 31, 2014,through November17, 2015,SakhaRepublic (Yakutia) was governedby the
fAlgorithm to providesubsidies from the budget of Sakha Republic (Yakutia) to partially compehe
costs of energy efficiency i mprovements und
government of July 31, 2014). Accordirtp this document those legal entities and individual
entrepreneurshat implemented energy efficiency improvems under energy service contracts in
territory of SR(Y) were eligible for a subsidy amounting to 30% of the actual investment in
efficiency improvements under energy service contracts.ifigorithm to provide subsidiesfrom the
budgetof Sakha Republic (Yakutia) to partially compensatehe costsof energy efficient equipment
purchasedy economicentitiesfor the implementationof energy efficiency projects, including to t
economic entities who have accomplished ene
and was in effect through AuguBt 2016.Legal entitieseligible for the subsidyincludedlegal entities
and individual entrepreneurswho investedin energy efficient equipmentfor the implementationof
energy conservation and energy efficiency projects, including the economic entities wh
accomplished energy service contracihe list of eligible technoldgs includes solar energ
accumulators and wind turbines. Teigbsidywasnot to exceed30% of the actual investment. Subs
effectiveness indicators include: reduction in monthly specific-hpatver, and water consumption a
the economic effect yiettl by the new equipment. Relevant targets specified in the agreement
partially compensate the relevant costs signed between the Republican Ministry and the
applicant. Thesubsidy effectivenessis assessedy the RepublicanMinistry by compaing actually
achieved reductions and those specified in relevant subsidy agreententibsidy must be returned
the specifiedtargetsare not achieved. ThAlgorithm to provide subsidiesfrom the budgetof Sakhal
Republic (Yakutia) to partially compensatdease payments of economic entities &rergy efficient
equipmenteased forthe implementatiorof energy efficiency projects, including lease payments by
economic entities who have accompl i s lemaber2& 204
and was in effect through August 8, 20T6e subsidywasnotto exceed30% of the actually made lea
payments.

A Remote Area Energy Service Company (RESCO) is often set up to serve several remote off
grid inhabited localities. It is easiéor such company to attract financirlg.renewable energy
projects RESCO maintains its ownership, ensures installation, operation, maintenance, repai
and additional services. Another direction to address personnel shortage and poor qualification i
to develop professional networks to provide technical assistance, training, and technical suppor
(hotlines). Yet anotheform of supportcould include training for technical experts in remote
areas with the involvement of nqmofit organizations, expertsdm regional universities and
colleges, and setting partnerships with academic institutions.

National governments can support and promote energy efficiency and renewable energ
programmes in remote areas through aggregation and scaleup. Rekltiadllgrogrammesan

be put together to form larger ones and so obtain scale beriigsiseof standardequipment

in regional and federal programmesallows it to benefit from much lower equipmentprices,
develop effective technical and training support, attfiaeincing from large bankgxtend the
number of potential lenders, and launch competition to reduce loan interest rates.

The complex issue of distributed institutional and economic responsibility for energy supply to
off-grid areas requires effective edmation of action taken by the national government,
regional and local governments.alsorequiresthatan energyefficiency andrenewablesnergy
subprogrammée developedandimplementedor off-grid areaswith high energysupply costs

to lay the basis for the modernization of local energy supply systems and enstatectist,
sustainable, and reliable energy supplthaiminimal cost to allevels budgetsRussia will have

to address energy supply problems of itsgrffl areas. Revant albeitlimited, experiencehas
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beenaccumulatecbroad It mustbe explored But at the same time it is important to accumulate
and export our own experience.

There is a huge market for renewable energy to replace diesel energy generation. 0early 4
GW diesel energy generation capacity with less than 0.5 MW unit capacity is currently in
operation globally. Diesel generators of about 500 GW total capacity are operated in the
industrial sector. 50 to 250 GW of total installed capacity can be hybdididth renewable
energy sources. Today, solar batteries are installed at more than six million buildings; around :
million small wind turbines are in operation; a substantial, yet unknown, number of solar street
lights, road signs, and more than 10 thowaks&lecommunication platforms are powered by
renewable energy, in particular by PV (IRENA, 2015). It is a market where Russia can become &
global leader.
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4 Low-carbon pilot projects for Russian off-grid regions
with high energy costs

4.1  General characteristics of pilot settlements

The purposeof CENETfGs project d_ow-carbonsolutionsfor Russianoff-grid regionswith high
energycost® is to developmodel pilot programme$ L cocarbon solutions for regions not
connected to central ener gy 1 n Whila €Hapteust-3 ur e
presem a dop-downd i.e. a macroeconomi@ictureof energysupplyproblems anaostsin off-

grid areasthis Chapteraimsto presenta dottomup viewd i.e. to show the current situation in
concrete offgrid settlements, including what exactly it takestsure energy supply and what

can be done to reduce these costs and to use the savings for the purpose of remote are
development.

Six settlements were selected for the pilot programmes development in Magadanskaya
Oblast and in Sakha Republic (Yakutia). Their locations are shown in Fig. 4.1. Table 4.1
presents very general characteristics of these territories. Of the six settlements, one (Sangar)
rather large, another (Evensk) is medisized, and the other four are small/tiny settlements.
Therefore, tkb pilot territories represent the whole specter of inhabited localities in terms of
population. In all pilot territories, electricity generation is diesel-hssed. Thresettlements
(GarmandaGizhigg andVerkhnyPar end) have no Igrelson fuinaces foh e a |
space heating.

Table 4.1 General characteristics of six pilot settlements
Evensk | Gizhiga | Garmanda | Topolovka | Verkhny
Par e

Population people 4,657 1,546 241 150 132 64
Diesel fuel and crude t/year 6,400 1912 192 123 39 37
oil consumption
Coal consumption t/year 20,177 10,140 2,060 756 387 415
Diesel fuel price rublest 50,137 57,276 61,153 56,980 73,646 64,630
Coal price rublest 8,000 9,750 11,879 9,916 11,879 11,879
Economically rubleskWh 2222 2835 4213 46.40 80.02 80.06
justified electricity
tariff
Economically rublegGeal 4,869 6,776 19,318 no DHS no DHS no DHS
justified heat tariff
Energysupplycosts min rubles 654.4 3034 51.6 215 65.7 118
Same perperson thou. ruble: 140 198 1517 1455 1184 908

Source: CENEf
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Figure 4.1 The geographic position of six pilot settlements
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Analysisof datain Table4.1 revealsa few consistent patterns (Fig.2 and4.3). As diesel fuel

price andtransportation costs grow, the curve in Fig. 4.2 shifts upwards and the price of
electricity grows too. Apopulationdropsandelectricity salesgo down againstthe background

of relatively stablesemifixed costs of diesel fudlred electricity generabn, the curve shifts
rightwards and the tariff grow3hese two parallel processes ensure stable growth in the price of
diesel fuelfired electricity generation.
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Figure 4.2 Relationship between economically justified electricity tariff and
number of population
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The costsof energysupplyto inhabitedlocalitiesincludeelectricity, heat andfuel delivery costs

as basedon the economicallyjustified tariffs. Total costs of energy supply to sixpilot
territories are more than 1.1 billion rubles per year, or 106200 thousand rubles/year per
person (Fig. 4.3). In some settlemen{®ften in large ongsper person costs are higher, because
of the social infrastructure and higher level of amenities.

Figure 4.3 Relationship between per person costs of energy supply and
number of population
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Public spendingfor energy supply to the residential and public sectors in SevereEvensk
region equaled 268 million rubles in 2016Public spendingfor fuel and energysubsidiesto
householdsand winterization was 204 million rubles, &3 thousand rubléperson and for
energy supply to public organizations it wa&smillion rubles, or29 thousand rubles/persoAt
that the shareof tax and nontax budgetrevenuess 16%, which is 3.5 times less, than public
spending for energy supply alone.
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In 2001, CENEf developedan Energy efficiency programme for Sewkreensk region of
MagadanskayaDblast!® Therefore, CENEf is now in the position to compare the parameters of
energy supply to the settlement as of 2000 and 2016 (Table 4.2).

Table 4.2 Parameters of energy supply to Evensk in 2000 and 2016

Units 2000 2016/2017 | Growth (+) or

reduction (-)

Population in regiorf1990=83 thou. peopl¥ thou people 4,4 2.2 -50%
Evensk thou people 2,159 1,546 -28%
Electricity generation thou kWh 16500 8228 -50%
Heat generation thou Gceal 65 29,6 -54%
Diesel fuel consumption t 4190 1912 -54%
Fuel delivery costs min rubles 123 207 68%
Share of electric space heating in electricity % 35% 12-18% -50%
consumption (households)
Fuel consumption and heat sales metering at N/A N/A
boiler-houses
Heatsales metering buildings N/A 1
Number of flats with DHW meters flats N/A 10
Economically justified electricity tariff rubleskwh 5,14 28,3t 452%
Economically justified heat tariff rublegGceal 633 677¢ 970%

*Economically justified tariffs arehown for 2017.

Source: CENEf

Analysis of these data shows, that

)l

Population of the region is continuously decreasing. It took 10 yefaosn 1990 through
20007 for the population to nearly halve for the first time (from 8.3 to 4.4 thousand
people) and @ years to halve for the second time between 2001 and 2016);

In Evensk, population decrease was slower: by 28% between 2001 and 2016, becaus
population of small settlements was partially concentrating in Evensk;

i Electricity and heat generation, as weldassel fuel consumption, halved over 16 years;

While electricity and heat generation and consumption halved, fuel delivery costs showed
68% growth;

The share of residential electricity consumption for space heating substantially decreased
(from 35% to 1218%), yet is still substantial

There is still no metering of heat sold by heat sources, and practicaliyilding-level
metering of heat sold to residential customers, or housééwadt hot water consumption
metering;

Economically justifiecelectricity tariffs grew up 5.5 times over 16 years, and economically
justified heat tariffs grew up 10.7 times.

13 CENEf. 2001. Energy efficiency programme for Sevefwensk region of Magadanskaya Oblast. Evensk
MagadarMoscow FebruaryApril, 2001.
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Thereforethree effects are clearly seen in many settlements of Extreme North

T6frozent htei medanges that t a k anclugimgairc energy o n
efficiency and renewable energy, have little impact on these settlements (Fig. 4.4);

1 &shrinking e ¢ o n omeduded population, reduced economic activity, growth in subsidy
demand, reduced electricity and heat generation and consunmptioned fuel delivery;

1 reduction in energy affordability: growth in energy supply costs, both per person (to
100-200 thousand rubles/person/year) and the overall costs per settlement, despite thi
6economy of compressiond effect.

The latter effectis botthte caus e and shritkiegecesawimty 6o0f t he 0

4.2  Electricity balances

In small settlements (s u c h as Gi zhi ga, Gar manda, Topo
distribution losses (including commercial) were@@o in 20152016.0wn use bydiesel plants
amounéd to nearly 10%. Therefqgrelectricity sales (or, rather, fuly paid electricity supply)

were just 50% or less No accurate data are available on electricity consumption in small
settlements. Electricitgebtsand unauthorized use of diesel fuel usedb® camouflaged with
overstated specific fuel consumption by diesel plants. This practice was terminated. Electricity
debts were then masqueraded with overstated commercial distribution losses. Ther
Magadanskay®blastprice departmenset a 22% cap to drédbution losses (although they may
amount to 25% in some of the settlements, as estimated by CENEf). So under the nev
circumstances, electricity affordability can be ensured only through energy efficiency
improvements, renewable energy development, andftires electricity bills reduction.

There is much more certainty in terms of electricity consumption by large settlefRignts.5

and 4.6). Own useby diesel plants and distribution losses amount to more than one fourth

in total electricity generation. Because economically justified tariffs are estimated byddigi
required gross revenuefE) by electricity sales, the share of these two elements is very
important. Thehigherthe share the higherthe tariff (given specifiedRB value. If electricity
consumptionfor spaceheatingand water supply is takeninto account it is around17% of
electricitygenerationMunicipal utilitiesare responsible for 46% of total electricity consumption
in Evensk. In Sangamwn useand distribution losses amount 22% of overall electricity
generation; heatind water supply to 28%, summing up to 50%.

In otherwords even in large settlements, life sustaining systems and distribution losses
amount to approximately half of local electricity generation The rest is uskby households
(30% in Sangar and36% in EvensB and public organization§8% in Sangarand 9.5% in
Evensh, as well as by other customers. least7-12% of total electricity generation is used for
space heating, at lea$6% for lighting, 18% by pumps,and the rest by all types of electric
equipment.
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A

Figure 4.4 OFrozen ti medfii ae rstrategyoBvenskzire 2001 and 2017

Intense steaming from the
basement

Individual heating in flat]
Combustion products

removed through

2001

2017

From the Energy efficiency programme for SevEre@nsk region of Magadanskaya Oblast (2001):

060The Il ocal government also i mpleméon20802 6W2dd whieclgyi devedep menenpualgr wammd ener
Gi zhi ga, Tavat um, and Evensk. A cofEKOactandaadviageoced paiymenii Sevasr maeae eTd ohnidlhegiiin
installed capacity) in 2001 in Topolovka to be hybridized with a diesel plant.

Today (16 years later), these plans have not been implemented.

Sources: CENEf. 2001. Energy efficiency programme for Selzgemsk region, Magadanskaya Oblast. EvevsigadanMoscow. FebruarnApril. 2001.
Photo: CENEf during a trip to Evensk in January 2017.
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Figure 4.5 Evensk and Sangar: electricity consumption structure
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Figure 4.6 Evensk: electricity consumption structure by processes
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Analysis of distribution of households in multifamily buildings in Eve(etound 600 flagsand
Sangar(more than800 flats) by their annual specific electricity consumption per person
(Evensk) and per household weenducted.The sampleincludesonly flats with at least some
electricity consumptiomeportedover the year. Thesgataare comparedwith 600 kWh annual

per personconsumption(the value corresponding to a good, yet not the best, energy efficiency
level) and with average consumption across skélements. Yellowzone (less than 600
kWhlyear electricity consumptioh may indicate that people either live there only part of the
year, or do not pay their electricity bills in full. Redneshowsthat paid electricitybills include
consumption highethan 600 kWh/person/year. Russiaveragdevel is 996 kWh/persoityear
versusl,751kWh/persortyear average for EvensElectricity consumptiorby somehouseholds

is evenhigherthan 3,000 kWh/persomyear. The highest specific electricity consumptiorseen

in small households. However, specifectricity consumptionvaries within a pretty large
distribution range across each group of households, and mostly depends on the number ar
energy efficiency of appliance§he zone above average consumptiovelleindicates that
electricity is used for space heating purposes @igand4.8). The share of residential spending
for electric spaceand water heating isstimated at8% in Evensk and 16% in Sangar.

Averageelectricityusesubsidylevel per persoror per household can be assessed by multiplying
electricity consumption by the difference between the economically justified tariff and the actual
residential tariff These estimates show, that in Evensk:

1 average electricity use subsidy level per peis@v,331 rubles/person/year, and

1 ininefficient households it is above 50,000 rubles/person/year and may amount to 175,00C
thousand rubles/person/year.

Quite similar result was obtained for Sangar, which is located very far from Evensk:

1 average electrioft use subsidy level is 69,000 rubles/flat/year, or approximately
31,000rubles/person/year,;

1 in inefficient households it is above 100,000 rubles/flat’year and may amount to
200,000rubles/flat/year.

If the electricity saving potential is assessechgainstthe 600 kWh/person/year electricity
consumption level, then it is 51%. If it is assessed against the average consumption level, then
equalsl8%.

If we take that an average household is slightly larger than 2 peoplevti@ge electricity use
subsidy level is31-38 thousand rubles/person/year and may amount td00-175 thousand
rubles/person/year. The most inefficient users are eligible for the largest electricity
subsidies.The national government pays a tangible premium for energy inefficiency. It is
time for a change!
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Figure 4.7 Electricity use (per person) distribution and electricity subsidy level (per person) distribution in multifamily buildings
(Evensk, 2016)
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Figure 4.8 Electricity use (per household) distribution and electricity subsidy level (per household) distribution in multifamily
buildings (Sangar, 2016)
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This situation can be handled through fiblllowing measures:

1 set limits to subsidized electricity consumption (similarly to the scheme that is used to
subsidize coal purchase for furnace space heating in Magadanskaya Oblast);

1 eventually bring these limits down to maximum 100 kWh/person/month,toor
1,200kWh/person/year;

1 as soon as the limit is exceeded by more than 50%, increase the tariff incrementally to &
level that would cover the full costs of electricity supply (22 rubles/lkWh in Sangar or 28
80 rubles/kWh in Evensk or the nearby settlements

T 1 aunch an i nstrument similar to t he 0 W
households to purchase highly efficient lighting equipment and appliances and implement
weatherization measures in their flats and houses to avoid electric space heating;

1 prohibit delivery to remote inhabited localities of incandescent lamps and appliances of
energy efficiency classes other thjah+.

Funding that is currently used for subsidies (76200 thousand rubles/household/year) could
be used to provide all householdsvith the most efficient appliances or to install windows

with the best thermal performance parameters, and over 2 or 3 years end up with highly
energy efficient housing.

A larger part of electricity is used for space heating both by households and publend
other organizations to improve thermal comfort. With electric space heatingand 22-
80rublegskWh electricity price the cost of heat so generated equals incredibl600-
93,040rubles/Gcal. This makesa substantialpart (30-50%) of public spending toprovide
electricity subsidies to households.

Figure4.9 showsa correlationbetweerelectricity consumptiorandestimatecheatconsumption
Becauséheatsupplyis not metered estimatednonthly heatconsumptions determinecentirely
based onaverage montly outdoor air temperaturesElectricity consumptiondistribution by
monthsis nothing but a temperature curvglectricity consumption starts growing with the
beginning of the heat supply season. This is partially determined by electricity use foglightin
purposes, but mostly by the increasing use of electric he&tigrst.10 shows, that electric
heaters are used to address problems related to the poor quality of buildings envelopes.

Figure 4.9 Correlation between electricity consumption and estimated heat
consumption in Evensk
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Figure 4.10
February 2017

Source: CENEf

Figure 4.11
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The first thing to do in regions not connected to central energy infrastructure is to provide
conditions for avoiding electric space heating, namely to implement weatherization and to

improve operation of heat supply systems.

Sales of incandescent lamps keep dominating in the nbern localities, while the use of

these inefficient lamps keeps exhausting the public budgetighting is responsible for
approximately 16% of total electricity consumption in all customer grdigrspsusedin off-

grid settlementsre often inefficient, and so there is a substantial electricity saving potential in
this sector. CENEf accomplished an analysis of lamp sales in Evensk for 2016. Incandescer
lamps amountedto 93% in total lamp salegFig. 4.12) and t098% in sold capacity 95W

incandescent lamps amounted®@®in sold lamp capacity.
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Figure 412  The structure of lamp sales in Evensk: 2016
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The government pays at least 2,243,313 rubles/year per each 98V incandescentlamp as
compensation for the difference between economically justified electricity tariff and actual
residential tariff, assumingsuch lamp is in operation 1,500 hours/yeaiParticularly high are
these costs in small settlements with high economicallifiggsielectricity tariffs. Replacement

of a 95W incandescent lamp with an efficient Wblamp in Severdevensk region yields 3,360
9,600 rubles in operation cost savings and 29,600 in public spending saving$ we take
thatthe price of aLED lampis 300 rubles and anincandescentamp with the same luminous
flux costs 50 rublé$, then by providing a 250 rubles/lamp subsidy to incentivize LED lamps
purchase the budget can recover the cost withiB3L@8ays. Thixzanbecome amosteffective
programne to cut nonrproductive public spending in the Russian Federation.

Table 4.3 Incandescent lamps operation costs in ofjrid inhabited settlements
Lamp sales in2016 Share in sales Operation costs (rubles/year)with 1,500 hours operation
sold capacity | 28rubles/kWh 40rubles/kWh 80rubles/kWh
Total 100% 100%
Incandescent lamps (Il 93% 99%
IL 60W 15% 10% 2,520 3,600 7,200
IL 95W 59% 60% 3,990 5,700 11,400
IL 150W 19% 29% 6,300 9,000 18,000
Efficient lamps 7% 1% 1,260 1,800 3,600
Savingsyieldedper 95W 3,36C 4,80C 9,60C
IL (rublegyeap*
Monetarysavingsfor the 2,76C 4,20C 9,00C

public budget per 95 W
IL (rubles/yeary

* Savings estimated as the difference between the operatsts of an IL and an efficient lamp.

Source: CENEf

There is also a substantial saving potential in the lighting systems of public and other buildings.
Fig.4.11 shows that normally lighting is responsiblefor more than 50% of the boarding
school 6s el ect r i c estinyatesthathgktingngrdasponsibldor aE|&akt B4P6

of electricity consumption by public organizations in Evensk and Sangar, or for 42% if space

14 Average IL price in Evensk was 46 rubles in 2016
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heating is not included. The puttial to reducelectricity consumptiorfor lighting purposes by
public and other buildings is at least one fourth of current consumption level.

A large share of electricity use for space heating and lighting shapes the electricityad
consumption curve (Fig.4.13). In large settlements, electricity consumption is more even by
months, whereas in small locations it is, on the contrary, very uneven and strongly depends o
the average monthly outdoor air temperature and on the length of the daldigbinal
settlements, electricity consumption in summer drepg§dd compared to the winter maximum.
When DHW supply is cut off ifarge settlementan summer for 2 or 3 months, electricity
consumption for water heating growenerally spaceheatingandlighting obviously dominate
electricity consumption increase in wintéfhe share of electrispace heating in small
settlements magxceed20%. Buildings weatherization amdplacemenbf lighting systems can
substantially reduce both electricity consumption and winter load maximum.

Figure 4.13 Electricity and heat consumption curves
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4.3 Heat balances

District heat consumption in oftgrid localities is continuously falling down(Fig. 4.14). In
Evensk, heat consumption halved over 15 recent years. The length of heat distribution network
also halved sinc&000. In Gizhiga, heat consumptiodropped manifold, and now only 2
buildings are connected to district heating and consume only 56% of heat generated by th
boiler-house.Boiler-house in Garmanda closed down. Nine beleuses operate in Sangar.
Heat is mostly used for space heating. Did\Mpply is responsible for nearly 10% of heat sales in
Evensk and for 14% in Sangar

Economicallyjustified heattariff in Sangar 4,869 rubles/Gcalin Evensk6,632 rubles/Gcal
and in Gizhiga 19,318 rubles/Gcal. In Evensk, coal paiceoint of purchasis 1,9802,033
rubles/t, plus additional coal delivery costs are 7,769 rubles/t. In Sangar, coal costs 8,000

45








































































