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Foreword

Recent years have seen researchers worldwide concentrate their efforts on finding, and
introducing intothe fuel and energy production cycle, neonventional renewable energy sources such
as solar and wind power, smaltale hydropower, tidal energy, and other resources. The application
potential of these energy sources is vast, and their ecological adgestare likewise undisputed.

The great benefits offered by renewable energy have not been completely disregarded in Russia,
and certain steps have been undertaken to put them to economicusdzd & A I Q& 9y SNH& {
Period up to 2036,which se LINA 2NA GAS&a F2N GKS O2dzyiNEQa S
LINE GARSE F2NJ Iy AYyONBIFraSR aolfS 2F LW AOlLIGAZY
of state policy in the field of enhancing energy efficiency of electric poweatymtion based on the use
2T NByYySéloftS SySNHE &2 dz§B®&aumaneadproled By DedtebNE, & dzy (
January 8, 2009, of the Government of the Russian Federgtiaiso envisions engaging renewable
energy sources for economic purpgseas a means to promote energy conservation, reduce
consumption of carboibased fuels, and curb environmental pollution.

adzNX¥IlFyal wS3IAz2ys | fFNHS FRYAYAAOGNr GA3S | NB
has a broad range of nectonventional enewable energy sources at its dispogahe sun and wind,
small rivers, tides and ocean waves, etc. Each of these resources has its own distinct seasona
characteristics. For instance, the supply of solar energy and hydroenergy is at its peak duringr summ
periods, while consumer demand is traditionally highest during the winter. Conversely, energy derived
from the wind and ocean waves reaches its maximum availability in the winter, with the onset of
seasonal cyclone activity. Finally, tidal energy is awtitingent on a particular season, and its mean
monthly values remain unchanged throughout the year or across iyedti spans. These peculiarities
determine the specific areas and scope of practical application of renewable energy sources on the
peninsué.

Energy production and power supply in Murmansk Region depend to a considerable degree on
FdzStf AKALILISR FNRBY 20KSNJI NBIA2yad ! &aLISOAFE OF
remote decentralized consumers based in outlying, coastal bander areas of the Kola Peninsula. Fuel
deliveries to such consumers are fraught with significant logistical difficulties. Furthermore, because of
the rising fuel expenses incurred by the sea, road, and other trangpiotluding, at times, aviation
whose services are used for such deliveries, the prime cost of electric power and heat produced at local
dieselfired power stations and boiler houses ends up being several times as high as that of electricity
and heat provided to consumers served by thelgfihis is why the issue of utilizing local energy sources
¢ renewable energy sources among thenis one deserving of the greatest attention with respect to
decentralized consumers specifically. In particular, a more vigorous use of renewables in é&ggl en
production could become a main avenue for advancing the goals of energy conservation and enhancing
the economic efficiency of decentralized energy supply systems.

These considerations prompted what was deemed both an important and timely effort éoatak
Ot2aS8SNJ 221 +G NBySélotS SySNHeQa LINRaLlSoOoGa |y
Peninsulaand to attempt an outlineof the basis forg as well ashe possible scale and areas ©f
application of renewable energy sourcesoiffi-grid energy supply. The results of this study are offered
to the reader in the present report.

! BezrukikHP.P., Boriso.A., VissarionoV.. et al. Energy resources and the efficiency of usmg renewable energy
sources in Russig.St. Petersburg: Nauka, 2062314 pages( ., m x h'W .  _t  mcomTH o ~e Y
o "0 *eo H’ﬁlY(oa; e’kie_h mmo*mm/i( . “h X . ,*3 h r‘pso ¢* mm‘ h f.‘”o e’ ohq

,.2002.¢ 314).
EnergyStrategyof Russwfor the Periodup to 2030.¢ Moscow Institute of EnergyStrategy 2010.¢ 180 pages.
(‘e : _"’Ymth'”t< k'Y qblﬂDfY ]”e”emrtht)ot H®<hH}'IOtI1

cMYy J)"Se@ also the English version of this documerttttd://www .energystrateqgy.ru/projects/docs/ES
2030_%28Eng%29.pdf

L
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1. Murmansk Region: A brief survey

1.1 Geography, climate, and infrastructure

Spanning a total area of 145,000 sqma&ilometers Murmansk Region stretches across the
northwesternmost tip of European Russia, covering the Kola Peninsula and the adjacent territories of
the mainland in the west and southwestatistics available as of January 1, 2010, put total population
at 865,000nhabitants with 8.8 percentresidng in rural communities.

Climate.Over 9 percent of Murmansk Region liaerth of the Polar Circland the area mostly
owes its climate and eather conditions to this peculiarity of its geographical location. The warm
Atlantic ocean current Gulf Stream also plays a significant role in shaping the local cliialade.
together, these factor$ OO0O2 dzy i F2NJ G KS NB I A 2 gdnintersidBup to Gelved Brf &
eight months in duratiorg and short, cool summerdAverage ronthly air temperature valuesange
between -8° and -14°C in the winter, andbetween ? and 14 C in the summet. Annual mean
temperatures hover around®@. Snowcoverusually appears strong in Novembaard remains stable for
180 to 200 daysThe Kola Peninsuladtsocharacterized by a distinctive wind regime; robust winds with
speeds of over 1t 15 meters per secondre a commorieature, especially during thevinter period.

The polar day and night are anotheharacteristicphenomenon of Murmansk Region. At

69°north latitude¢ s KA OK ONRaasSa GKS |NBF FNRdzyR (GKS NB
Murmansk¢ the polar day lasts from Ma@l to Julyll, and the polar night from Decembér to
Januaryll.

The predominantly cold climate of the Kola Peninsula is what determinebkigiedemand for
electric power and, especially, heat supplyongl t £ OF 6§ S32NASa 2F (Kbthe NB3.
heating seaon spansapproximately250 to 300 daysor even longerin certain populated areas along
the coast of the Barents Sea, whéreontinuesalmost all year roundpr up to 350 days.

Roads andther transport networksMurmansk Regioiis served by a diverdeansport system
operatingrailroad, water (sedased), air, and roambutes(see Picl.1).

The railroad network is represented, first and foremost, by treganline connecting Murmansk
andwdzid a Al Qa & S OBSY RetefshuliB 3 & (i GoSdrinestzyith NaBahlinks branching
out toward Alakurtti, Kovdor, Kirovsk, and Nikal.system ofdepartmental railroadss also used to
deliver cargoes to mining enterprises and Aemrous metal smelters and refiners, as well as sites of the
energy poduction industry.

Overthe-road transport isparticularly commorin the region.An extensive roadetwork now
O2@SNRBR Yz2al 27T (dwBs oNEaking i Susficiedt/devdldpraentlinythie outlying areas
to the east,where small settlemets areboth quite removed¢ to distances ofip to between 15@nd
300kilometers¢ from the major roads andbroadly dispersedjeographicallyThese are, for instance,
the villages of Krasnoshchelgad Kanevka in the central part of the Kola Peninsuld, a@h of the
coastal localities of Tersky, Lovozersky, and Severomorsky Districts.

Sea0 SR (NI yaLRNI | O002dzydia F2NJ I O2yaiRSNJ
Murmanskis a major warrrwater sea port, and remains in operation throughout tyear. This is the
LRAYG 2F 2NRIAY F2N £t 20t OFNH2 GNIFFAO o02dz/R
other large sea port is Kandalaksha, whietndleshefty volumes of freight move@long the shipping
routes of the White Sea.

*USSR Climate Reference Book. YdPart2. Air and soil temperatures.Leningrad: Gidrometeoizdat, 1965359
pages_(ech”ﬁocp_e’:k_a:etgc._c]_’;lz_'(ac(h”txh"’ Hoc,',*q)xrﬁ‘h o*a<cto<,ow.'®““t
1965.co p " @
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Air traffic is mostly routed through the two principal airports of Murmansk and Kirovsk. Local air
NRdzi Say &ASNWAOSR o0é& (GKS FANLRNIA [2021 SN2 | yR
localities where aviation remaingll but the single accssible means of transport during the winter
period.

—m— railways
== highways

—b)— local airlines

""" sea routes

~ ® weather stations
lighthouses
S5 ®  border outposts

* A fisheries
and deer farms

Pic.1.1. Traffic networks of Murmansk Regio@ff-grid energy consumers.

Weather stations1¢ VaydaGuba; 2¢ TsypNavolok; 3 Kharlov Island; 4 Kolmyavr; & Svyatoy Nos;  Terske
Orlovsky; 7 Sosnovets Island; @Pyalitsa; I; Chavanga; 1@ Nivankyul.

Lighthouses11 ¢ Vaydayubsky; 12¢ TsypNavolok; 13¢ SetNavolok; 14¢ Tyuvagubsky; 1% Kildinsky Severny
(North Kildinsky); 16 Teribersky; 1€ Russkiy; 1& Kharlovsky; 1€ Svyatonossky; 26 Gorodetsky; 2%, Terske
Orlovsky; 22; Sosnovetsky; 28 Nikodimsky.

Border outposts24¢ Pummanki; 2%, TsypNavolok; 2& Kildn; 27¢ Gavrilovo; 28, Vostochnaya (East) Litsa; 29
Drozdovka; 3@ Ponoi.

Fisheries and deer farm31¢ Sosnovka; 32 Chapoma; 38 Chavanga; 34 Krasnoshchelye

z

Power networks¢ KS Y I 22 NA (& 2 FurbardaNdrrirabdetgy corSiierd yeied
their power from the Kola Power Gritd.K S INA RQ&A G204 f Ay aniegatvdttSard i©O | LI
unique in composition: It derives electricity from 17 hydropower stations; five thermal power plants;
Kola Nuclear Power Plant; and a tidal poywtant, the only one in operation in Russ#dl these sources

supply power to a unifiethigh-voltage transmission networ{see Picl.2)for distribution managediia
central dispatch
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The Kola grid is connected by 3@&volt overhead transmission linesith the Republic of
Karelia, to the southwest of the Kola Peninsula, and, via Karelia, with the unified power grid of
Northwest Russia. Higlpltage power lines also link the Kola power system with those of Norway and
Finland.

§ hydropower plants

B thermal power plants

nuclear power plant

power lines,
330 kilowatts

power lines,
110 to 150 kilowatts

\ transmission
to Karelia

Pic.1.2. Electric powemetworks ofthe Kola Power Grid.

Hydropower plant cascadestll: Nivsky (Niva) Cascade;M\l: Pazsky (Paz) CascadeXItXovdinsky (Kovda)
Cascade; XXIII: Tulomsky (Tuloma) CascadeXXN: Serebryansky (Serebryanka) Cascade)XXMIl Teribesky
(Teriberka) Cascade.

Centralized power supply iavailableon roughly one half of the territory of Murmansk Region,
or to over 99percent of total population. At the same time, several dozen setépts (see Pi@.1
through 2.3below), due to their I@ations atconsiderabledistances from the grid and lovevels of
power consumption, do not have access to centralized electricity supplinate@hdreceive their power
from small diesefired stations running at capacities of betweea®d500 kilowatts.

1.2. Fuel and energy resources and their development

The territory of Murmansk Regiorhas no fossil fuel deposits available for development.
However, intensive geological exploration of the last fifteen to twenty years has led to the discovery of
severaloil and gas fields the Barents Sean the shelfadjacent tothe northeasern coast of theKola
PeninsulaThe combined extractable resources of two of the natural gas fields closest petiesulag
Murmanskoye (Murmansk) and Severokildinskoye (North Kildin) dispgdotal no less than 306
500billion cubic meters, while the reserves thfe Shtokman field are estimated at 3,7billion cubic
meters.

At the same time, the practical development of the discovered gas reserves is in its initial stages
at the moment. For the time being, all types of fuel that Murmansk Regmoploys for varias uses;
gasoline, fuel oivarieties gas, coal, diesel, and nuclear fgedre shipped from other Russian regions.
Gasoline and fuel oil are uséd power road and sea transporboiler houses and cogeneration heat
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and power plantsun on coal and fuadil; liquefied gas is useid householdgor domestic purposesand
nuclear fuel isburned in the four reactors of Kola Nuclear Power Pl&ff:grid consumers in small
settlements commonly have demand for gasoline and diesel fuel, which they use aslcandiat local
diesel power stationgHeat generation plants often run on firewood, either locally produced or shipped
from elsewhereand, less frequently, on coal.

2. Off-grid e nergy supply in Murmansk Region: Current situation

2.1. Types and brief descriptions of off -grid consumers of Murmansk Region

Depending on their location, the specific activities they are engagethihievels ofdemand for
energy and power supply, effrid consumers in Murmansk Region fall into the following distinct groups:

a) Weather stations and lighthouses (see Rid. and 2.2).

The electrity these consumers receive is used to power the special equipment and devices
operatedat these sitesto provide lighting in theébuildingsand on the surroundingpremises, and to run
various domestic appliances. A significant amounttatal energy consumed; as much as 60
to 80percent¢ is used to heaboth the work areas and living quarterat present, electricity supplied
to these consumers is provided by gasoliaed dieseldriven power generators of capacities ranging
between 8and 20 kilowatts; heatis supplied by means dfoilers running at capacities of up to
20,000kilocalories per hour or simple fire stové&he total power and heating load per each consumer
in this group varies leveen 20and 50kilowatts.

\\\%

‘: Murmansk

(

k %
\

/' Apatlty

Kandalaksha

\___, R\ umbs Q

\'

L 6

Pic.2.1. Remote weather stations operating in  Pic.2.2. Lighthouses run by the Hydrographi

Murmansk Region. Service on the coast of the Kola Peninsula.

1 ¢ VaydaGuba; Z TsypNavolok; 3 Kharlov 1 ¢ Vaydagubsky; 2 TsypNavolok; 3 SetNavolok; 4¢
Island; 4¢ Kolmyavr; & Svyatoy Nos; 6 Terske Tyuvagubsky; § Kildinsky Severny (Nortildinsky); &
Orlovsky; * Sosnovets Island; 8Pyalitsa; ; Teribersky; & Russkiy; & Kharlovsky; @ Svyatonossky;
Chavanga; 1@ Kashkarantsy; 1¢ Kanozero; 12, 10¢ Gorodetsky; 1k, TerskeOrlovsky; 12;

Nivankyul Sosnovetsky; 18 Nikodimsky; 14, Kashkarantsy
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b) Coastal border outposts (see F2c3).

Electricity is supplied to these sites by small didisetl power stations with installed capacities
of up to 60kilowatts (running two or three diesgenerators of between 15 ar@D kilowatts each).
Coal or liquidfuel-based boiler systems with capties of 0.1to 0.2gigacalories pehour are used to
provide heatto work and residential areas. Common weoodr coalburning stoves are also in
widespread use. The combined electricity and heating load for each cangarthis groups between
100and 150kilowatts.

C) Shorebased naval sites of the
Russian Northern Fleet.

Theseoperate to provide support to the
bl & Qa @I NRaddzdiffer 2irS kA O S &
specific activities and the volumes of energy
consumed.Some of these sites receive electric
power from 100- to 150kilowatt diesel power
stations running two or threaliesel generators

Apatity

K dalaksh
./ KanCRle w  with capacities of betweerB0and 50 kilowatts
\-_‘“'L each The heating load at such sites reaches
\ e between 0.3and 0.5gigacalories @r hour and is

provided by boilemplantsfired by either coal or

. . liquid fuel.
Pic.2.3. Locations of border outposts (I througt . .
_ _ d) Fishing enterpriseslarge deer
VIl), fisheries, and deer farmson the Kola .
_ farms, and other isolated remote settlements
Peninsula. .
(see Pic2.3).

Border outpostsl ¢ Pummanki;ll ¢ TsypNavolok;lll ¢

Kildin; 1V ¢ Gavrilovo;V ¢ Vostochnaya (East) Litsétc These include the fishing collective
DrozdovkaVlic Ponoi. farms (or kolkhozy Belomorsky Rybak and

Remote settlementsl ¢ Chavanga (Belomorsky Rybal Chapoma, in  Chavanga and Chapoma,

fishing cooperative)2 ¢ ChapomaChapoma fishing respectivelyg both in Tersky Distriat as well as

cooperative) 3 ¢ KrasnoshchelyéTundra deer farm); 4 the dee-breeding farm (or state farngovkhoz

¢ Sosnovka. Tundra, in Krasnbghelye, and the settlement

of Sosnovkahese twoin LovozeskyDistrict.
Electricity supply to these consumers is provided by local diesel power stations with capacities

ranging between 20@nd 20 kilowatts. For heating purposes, boiler systemsningon fossil fuel with
capacities of 20 3 gigacalories per hour could be usedhe future.

2.2. Fuel deliveries to decentralized consumers

A wide variety of methods are used to deliver fuel toafinoff-grid consumers residing in
outlying areas of Murmansk Region. The logistidsaatd depen®2 y (G KS 02y adzySNRa a
activities, 0 KS & S (i fotaton Elatived the nearessource offuel supply, and the current
condition of the traffic networkCoastal communities on the White and Barestsasreceive their fuel
via shipments by sedeliveriesof full annual fuel supplieare made during the summer navigation
period. Tankers, proceeitig along the shore, offload fuel supplies to each of the settlements in turn.
Where a particular settlement lacks berthing facilities, fuel unloading is done whileshipeis at
anchorage and either smallewvesselsor a pipeline are then used to delivére fuel to shore. Further
delivery to remote communities on the mainland is done by road transport or {rgak vehicles, as
well as cat trains andometimes by air.
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Information collected on the costs of fuel shipping and deliveries by variouspmansieans in
Murmansk Region indicates thdtigher costs involved inlocal logistics cause fuel prices to rise
significantlyfor the end consumerAnalysis shows thais shipments are taken over for local deliveries,
prices increase by 1t® 1.5times ifdelivered by road transport, 118 1.8times iftransported by boats,
1.5to 2.5times if offroad vehicles are used, and by three times or more if delivered bgaxirpared to
the originalselling pricenvhen initially disbursed ate fuel supply distbution point.

With wholesale prices for diesel hovering in 201lbatween RUR6,000and RUR7,000 per
ton, its price after delivery to the end consumer can reach between IR0 and
RUR50,000(EUR750 to EURL,250) per ton. Calculatedn standardfuel values, this corresponds to
EURS50 to EUROO per ton of fuel equivalentespectivelythe heating value o$tandard fuel is 7,000
kilocalories per kilogram; fatdiesel fue] this valueis 19000 kilocalories per kilogram).

The high fuel prices affect thefficiency and economitJS NF 2 NI yOS 2F -1KS
producing sites. This is wlpne of the crucial issues faced by remote communities with no access to
centralized power and energy supply is onavifidful and frugaluse ofdeliveredfuel and finding ways
and methods to enhance energy efficiency and reduce fuel consumption.

2.3. Off-grid power supply

Because of thgeographical locatiogof the areas where most offrid consumergesideg and
the low levels of power ad energy consumptioq bringinga grid connection tahese highly scattered
and isolatedemote communitieds an economically unviable option. Accordingly, lgaalostly, diesel
basedc¢ power plants will likely continue to serve as primary electricity sources for these consumers
both today and in the near future.

Large diesel power plants operate five to digsel generatorswhile smaller sites are usually
equipped withjust two or three generaing sets. Lowercapacity sets are commonly used during the
low-load summer months or provide additional electricity along with the primary generators during
peakloadperiods.

Tablel liststhe operatingand economic characteristics of some of the diesel power plants
currently in use ira number ofrural localitiesof Murmansk Region. As shown in the table, the number
of hours the installed capacityf sites is used wer the year varies widelyAt best, this value reaches
slightly over 3,30Gours. But in those communities that are experiencing financial difficulties, and
where the goal oextendngthe service lifeof the diesel enginess, by necessity, a prioritthe common
practiceis to usethe generatorsas sparingly as possibtewhich amounts to no more thabetween
800and 1,00thoursof operationa year.In these localities, power stations do not, as a rule, work during
night hours and in the summer, due tthe prolongedlength ofday and the decreased demand for
fAIKIGAYAT GKS aidl GA2 yoetQeersfitdanidight hfuds alddy Yirs theAnornifigh Y A
and late afternoon only).

The capacity of a particular site and the time it remains in operation throughout the day have a
direct effect on the number of personnel working at the plant. During the summer moathksgle
employee is sufficient to run 30- to 100-kilowatt station.In the winter, two or three employees usually
remainon site. Larger power plants require a significantly higher number of operating staff.

" Here and elsewhere in the report (unless otherwise indicated), prices and euro equivalents for amounts in
Russian roubles are rendered as given in the Russian original, written in 2011. Present exchange rates nqay differ.
Translator.

” Standard fuel (or fuel equivalent) is a concept used in the USSR and Russia to measure comparative efficiencies
of various types of fuel, with one unit corresponding to one kilogram of fuel with a heat combustion of 7,000
kilocalories pekilogram. A common international unit of energy is the ton of oil equivalent, or the amount of

energy released by burning one ton of crude oil. The International Energy Agency (IEA) determines one ton of oil
equivalent to be equal to 41.868 gigajouledranslator.
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The specific fuel consumption rate of natural diesel fuel at diesel power plants is quite &igh
320to 400grams per kilowatthour. Calculated in standard fuel units, this corresponds to td60
570grams of fuel equivalent per kilowaktiour™ . The prime cost of power produced at diefietd
stations is likewise quite considerable, ranging between RRBnd RUR7 (EURD.34 and EUR.44,
respectively” ) per kilowatthour. A comparison with the prime cost of energy that is supplied to- grid
connected consumergivesa difference marked enough to put dieggloducedelectricity in a separate
pricing range.

Tablel. Operatingand economic characteristics of diesel power plants in coastal communities of
adzNYIFyal wS3aAaz2yQa ¢SNE{& 5Aa0NAOGO

Indicator
" 0 | g Operating costs
0 %) = | 2|2 Including, in percent
= ko) 2 c c c g, np
© S| |5
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< | %|.,2] 2 | g8 S |E8 "
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=l |28 & 2| 2|5z » s
M y = - —
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® = = .g Lo] () S % — = © = <
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Varzuga,
Kuzomen, 535 | 6 1,801 | 3,366 | 19 | 716 | 398 87 9 19| 2.1 | 11,588
Kashkarantsy

Chavanga, | ;10| 4 | 297 | o958 | 6 | 101| 341 | 711 | 153 | 41 | 95 | 1844
Tetrino
Chapoma |540| 6 | 440 | 815 | 4 |141] 320 | 90 | 91 | - | 09| 1868

Operatingexpensesinvolved inrunning a diesel power plardand how they are distributed
across the cost structurgsee Tabld above)epends to a significant degree on local factors such as the
logistics of fuel delivery and delivery costs. Ingh localities thatack wellestablished and convenient
transport links fuel expenses are what primarijeterminesthe prime cost of power proded. The
share of these expenses in the overall structure of operating costs may reaol8@@ercent (of vhich
25to 35percent will account for delivery costs).

Fuel expensesufther, are composed of fixed and variable cogtse former representing the
cost of fuel loading and unloading upon delivery, and the latter contingent on the length ofArairk
depth look at these expenses reveals that the fixed costs involved in liquid fuel delivery are four or five
times greater than the variable costs. An increase in the distance of haul frono ZIDkilometers
only results in a 1do 15-percent incease in the shipping expenses. This, furthermore, is true for

" SeealsoFootnote f T2NJ 6F O1 ANRdzyR 2y G(KAa FyR 20KSNJ NBFTSNBy
report. ¢ Translator.
This roubleto-euro conversion is accurate as per the rate current as of March 21, 20kanslator
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destinations that have welleveloped berthing infrastructure to facilitate fuel unloading from the
tanker upon deliveryln practical reality, however, not all of the remote coastal communithest
depend on fuel deliveries for electricity and heating offer suitable and reliable conditiorshifosto
approach the shore or the necessary facilities available for mooring. Where this is the case, fuel is
unloaded from the tanker while at anchomgvith the help of small vesselghe only option of choice
that leads to longer unloading times and further increases the fixed costs of fuel delivery, and, by
extension, fuel expenses overall. In the end result, fuel expeasenfluencedmore by how fast and
efficiently fuel is unloaded upon delivery than by the distance it has traveled before arriving at its
destination.

Depreciation expenses at old diedelsed power plants in operation in Murmansk Region
remain within the range of ¥ 7 percent d total operating costs; a characteristicaccounted for,
apparently, by the high degree of wear andtéadza G  AYSR o6& GKS L lFydaQ od

Standardcalculation of the prime cost of electric power produced at diedelsed power plants
Totalannual operating costs at a diesel power plant include fuel expenses, wages and salaries,
depreciation costs, maintenance, and other expenses. The prime cost of power produced at a diesel
plant will be calculated as the ratio of the total sum ofoperathg a ia (2 GKS LI I yiQa
Other aluesused in the calculatioq specific fuel consumption rate, number of operating staff,
depreciation rate, and capital investment per unit of productipare provided in Tablg below. The
results of the calalationare shown in Pic2.4.

Table2. Operating characteristics of diesel power plants

. Specific consumptior Capital investment pel

Number of | Diesel plant . . ) o

. .. | rate, in grams of fuell Number of | Depreciation unit of production in
residents | capacity, in . .
. . . equivalent per personnel | rate,in percent| thousand roubles per
in locality | kilowatts . .

kilowatt-hour kilowatt

20 20 460 2 20 23

50 50 428 3 17 17

100 100 410 5 15 13

200 200 395 7 13 10

500 500 383 14 10 75

As illustrated in Pi@.4 below, at a plant capacity of 1@® 300kilowatts, the prime cost of
power generatedby the diesel power plant will be RUR to RUR8 per kilowatthour. Because of the
high fuel prices,uel expenseswill remain the predominantomponentof this, accounting for between
50and 80percent of the prime cost of diesel electricigmployeecompensation is the second largest
expense item, correspondinto 15to 30 percent of the prime cost.

* Vissarionow.l., BelkinaSV., DeryuginaG.V., Kuznetsovad/.A., Malinin N.K Energyproducingequipmentfor the
applicationof unconventionabndrenewableenergysources¢ Moscow OOOFirmaVIEN 2004.¢ 448 pages.

(e h t : m ) o el xR o™ ¢ e Y &yt h~" ¢ oteoe:.eg o 0’Heo *h
K

¢ mm”‘h**o<eo» CP” oy x  T_ e (ORI ODY q:(kdl')\o e 1, dfadzy &%~

«
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The number of hours the
installed capacity of a diesel power plant
is in usehas beentaken as equal to
3,000, a value considereduitable to
ensure boththe optimal conditions for
0KS 2LISNIGA2Y 27F 0
and a sufficiently comfortable level of
power supply forthe residents ofa
remote community.

Diesel fuel expensehave been
assumed to bewithin a range of
between RUR34,000 and RURO,000
per ton (or RUR24,000 and RURS,000
per ton of fuel equivalentrespectively),
with costs of delivery by local
distribution  transport taken into 12
account.

The main strategy to reduce the . 1 ’ -
prime cost of electricity generated at 20 50 o 200 S00 1,000 2000
diesel power plants coultie focusedon e R —t

fuel-saving measures, including by

energy Sources SUCh as W|nd and Solar W|th d|ese| pOWEI’ plant CapaC|ty and fuel costs

energy, smalkcale hydropower,
bioenergyresourcesand similar.

~N
N

yiQa SljdaaLySyi

B0

Cost “ = RUR 40,000 per ton

16 1

14 4

Prime cost of electric power, in roubles ;»wi:’wamh::..v

3

Cost’*™ = RUR 34,000 per ton

2.4. Off-grid heating

The common types of fuel that consuménssmall rural localities of Murmansk Region use for
heating are coal, oil products, firewood, and timber waste. In boiler systems with capacities of no less
than 2gigacalories per hour, the specific fuel consumption rate reaches betweear#@08kilograms
of fuel equivalent per gigacalori€oalfired boilers have an efficiency factor of &0 60 percent; for
those that burn liquid fuel, that value is within the range ofté@0 percent.

Small boiler systems do not allow for a high level of mech#aizaor automationin their
operation which implies greaternumber of staff needed to run thplant. Boilerplantswith a capacity
of 2gigacalories per hour have a staffing ratio db57 employees per one gigacalorie per holihis
value increases tas many as 2t 30, or even higher, t®35 to 40employees per gigacalorie per hour,
when servicing 0-gigacalorieper-hour units running on either liquid fuel or coabr firewood,
respectively.

The number of hours the installed capacityadboiler hoseremainsin use in a year depends on
the expected functions of the particular site and the prevailing weather conditions in the locality it
serves. As the material compiled for this report shows, this number for heating plants ranges between
3,000and 3500hours.

Standard calculation of the prime cost of heat energy produced at boiler plants
The heating load of small rural communities with populations under 500 residents does not
exceed 2.gigacalories per hour. This is whwg this report,the following boiler capacity parameters
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have been useds examplesvhen examining heating optiorfer such consumers.05, 0.10, 0.25, 0.5,
1.0,and2.5gigacalories per hour.

Annual operating costs of boiler plants consist of fuel expenses, salaries and wages,
depreciation, maintenance, and other expenses. The prime cost of the heat energy produced will be
defined as the ratio of total operating costs to annual energy output.

Source dta used to calculate annual operating costs and the prime cost of energy produced
have been applied with the following factors taken into account:

9 delivered fuel costs, contingent dhe geographical location of the end consumers and
the conditionof road and other transport links in the area;

9 distance to the nearest fuel distribution poirg either Murmansk in the north or
Kandalaksha in the south of the Kola Peninsula (see also 3 ablew).

As of 2011, diesel fuel pricegere at the level o0RUR26,000 to RUR7,000 per ton; fuel olil
prices were withinthe range ofbetweenRURL2,000 and RUR4,000 per ton; and coal prices hovered
between RUR,800 and RUR,100 per ton. With payments for delivery by local distribution transport
added to the fuel purchasexpenses, overall fuel costssesgnificantly.

Table3. Distances between remote coastal communities of Murmansk Region and fuel supply
distribution points in Murmansk and Kandalaksha.

Locality name Distance to Murmansk Locality Distance to Kandalakshe
in kilometers in kilometers

Pummanki 180 Sosnovka 420

VaydaGuba 160 Pyalitsa 350

TsypNavolok 100 MayakNikodimsky 330

Kildin 70 Chapoma 320

Gavrilovo 110 Tetrino 290

Russkiy Island 135 Chavanga 270
Kharlov Island 185
Vostochnaya (East) Lits 210
Svyaty Nos 310
MayakGorodetsky 380
MayakTerskaOrlovky 440
Ponoi 470

As mentioned above, the number of hours the installed capacity of a boiler plasetover a
given year depends on thmurposesdt servesandweather conditionscommonly expected in the area. If
the boiler plant isused to provide heating, ventilation, and hot water supply, this parameter can be
taken as equal to 3,000ours

Table4 below lists data specifying boiler efficiency ratio, number of operating personnel, and
capital investment per unit of energy producatthe plant.With heatingsystemsrunning on coal and
wood, the value for the latter parameter increasieg 1.3and 1.8times, respectivelywhen comparedo
those burning liquid fuel

The yearly salary of one employee working at a wawdccoal-fired boiler planthas beertakeng
with a dzZNXYF ya1 wS3IA2yQa oSy STAdsfor wokRn the Leshditiorts fof th@ 2 Y LJ
Russian Far North factored gas equal to RUR80,000 (RUR5,000 a month)for employees working
at liquid-fuel-based plang, that valuehas beertaken as equal to RURI0,000 (RURO,000 per month).

The depreciation rate at small boiler plants ranges betweesnd 13percent. Inour standard
calculationsbased oraveragedvalues this valuehas beerassumedas equal to 1(@ercent.
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Table4. Boiler plant characteristics depending on the type of fuel used.

5 e
- O Qg g2
g5 Sa=5
QO = . . . . .. . [ <
of 8 | Efficiency factor, in percent, if | Number of staff servicing boilgiant, o 2 E §
S o fuelled by depending on fuel type % % ~23
2= O S0 P2c
c 2 >S5 50 o
2 S o0oXZ oo
a 8 — a2 nQ
s S E§o 3209
55 2223
m £ | Liquidfuel | Coal | Firewood | Liquid fuel Coal Firewood 8 Ec?o
= S O =
0.05 0.60 0.50 0.40 4 4 5 2.50
0.10 0.60 0.50 0.45 4 5 7 2.35
0.25 0.60 0.50 0.45 5 6 8 2.20
0.50 0.65 0.55 0.50 6 7 9 2.10
1.00 0.65 0.55 0.50 7 8 10 2.05
2.50 0.70 0.60 0.55 8 9 12 1.65

The main factors that determine theperating parametersand economic performance of a
heating plant are its installed capacity and the price of the fuel used. A series of calculations using
different sets of sourcedata have beendone in order to assess the influence these factors have on a
LI I yiQa 2LISNI A2y ®

Table5 lists the results of calculating the overall operating costs and the prime cost of one unit
of heat energy produced at boiler plants running on liquid fulgraphic representation of the
calculated prime cost is shown in F2c5 below (Curvel). Analogous calculationsave beendone with
respect to boiler plants based on other fuel types (fuel oil, coal, and wood). The results are likewise
represented graphically in P2.5 (Curveg, 3, and4).

Analysis shows that if a heating plant is locatdéase to arailroadlink, and thus naadditional
outlay occurs as a result of paying foel delivery by local distribution transporthose boiler plants
that run on coal prove to be the most efficient: They provide the cheapest energy compared to other
plants within the examined capacity range (0t02.5gigacalories per hour).

Table5. Prime cost of heat energy produced by liquifuel-based heating plants located close to fuel
supply distribution points filo additional expenses on local fuel delivery

‘UE) Boilerplant characteristics Operating costs, in thousand roubles S

(] - - c 0

2 o} o) = @ D AN
c o = T c -

o = 0 Se | 643 2 e S 258

s >0 | €9 = O © 2 I - — ©£eg

g S o6 3| 2 <= < @ [5) 2 8 QT &

© cg 8| @ c = 3 Q o = o ESc O

Q 2 o€ o2 5 —= = S ) = = 85

£ S © £ > 0 L = @ a3

> 2 © Q L @ a) o

=z [ w (@] (0p] E

10 0.05 0.60 4 677 960 13 195 1,845 12.3

20 0.10 0.60 4 1,355 960 24 197 2,536 8.4

50 0.25 0.60 5 3,387 1,200 55 251 4,893 6.5

100 0.50 0.65 6 6,252 1,440 105 309 8,106 5.4

200 1.00 0.65 7 12,505 1,680 205 377 14,764 4.9

500 2.50 0.70 8 29,029 1,920 413 467 31,829 4.2

BarabanelKhZ Heatingin ruralcommumtlesc Tallinn Valgus 1976.¢ 196pages(x “ h = * e h ~ &~ ¢
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It should be specified that the curves in R illustrate calculation results based on just such
conditions where no expenditures are incurred on additional fuel delivery costs (boiler @amts
located close to the railroad). The price of distillate fgeiesel, kerosene, and similaris in such cases
determined by the wholesale price alogeat around RUR6,000 per ton (or RUERB,000 per ton of fuel
equivalent). The same is true for tipeice of fuel oil, at RUR2,000 to RUR4,000 per ton (or RURO0O
to RURLO,000 per ton of fuel equivalent).

With regard to other types of fuel,

144\ Buiit-in Stand-alone coal prices may differ depending on the
boilers boilers
@ \‘1 source. Coal from two sourceg the
3 o124\ Fuel costs, in roubles per ton Pechora basin, in the KonRepublic in
F of fuel equivalent: v v - z , A v 4
* \\ wdza aAl Qa y2NIKgSadz Iy
] Delivered fuel: H H H
5 10 \ 1 — disilate fusi (RUR 18,000) (Kuzbass), in Kemerovo Region in
= \ 2 —fuel oil {RUR 10,000) southwestern Siberia¢ is in use in
[} 3 —coal (RUR 3,000) ) .
T 4 \\ Murmansk Region. According to
o Local fusl: . . . .
H \ 2 Tireveaad (R 2,500} information  provided by Apatitskaya
R \ CKSNXYIE t26SNItflyaGs A
@ town of Apatity¢ this gation uses coal from
3 X both sources; the price of Pechora coal is
= about RURL,800 per ton, and Kuzbass coal
= -
% N comes at a price of around RQRO00 per
o - e . . .
2 : IS T i— ton, transportation costs included in each
< ’ case.
li] . .
002 oms o1 o2 05 10 20  sp Calculated in fuel equivalent values
Boiler house capacity, in gigacalories per hour G taking the heating value of coal from each

source into account, at 4,004localories
per kilogram and 5,60Kilocalories per
kilogram, respectivelg the average price of
coal supplied to Murmansk Region should
be within the range ofbetween RUR,700
and RUR3,100 per ton of fuel equivalent. In
our calculatioms, a value of RUB 000 per tm of fuel equivalenhas beerusedfor this parameter.

Wood supply costs in Murmansk Region fluctuate widely and depend on a number of factors.
According to data fronthe forestry management, loggingnd sawmill companyerskyLeskhoz and the
lumber prodwcer BelomorlespromHfoth inthe locality of Umba), the average price of firewood stands at
around RUROO per cubic meterTaking wood density to be equal to 7kilograms per cubic meter,
and heating value at 2,500localories per kilogram, the price wbod as calculated using standard fuel
units will be around RURB00 per ton of fuel equivalent. This, accordingly, is the price lthatbeen
used in our calculations.

In Murmansk Region, only a limited numbmrt of allsmall-capacityheating plants iroperation
are located near the railroadAs a rule, the distance between a heating plant and the nearest railroad
link spans between 208nd 300kilometers, or more, andne of theadditionallocal options ¢ such as
road, offroad, se, or air transportc isrequired to deliver the fuel to the end consumer.

A significant number of remote communities in Murmansk Region are those scattered along the
coasts of the White and Barensgas Tankers are used to transport diesel fuel and gasoline to these
consumers. Experience shows thia¢ costs incurredvhenpaying for both loading and unloading works
and the shipping per sdrive the price of the delivered fualp by one third¢ or RURB,000 per tong
compared to the initial price. For instance, distillate fuel delivered to a destination located close to the

Pic.2.5. Expected prime cost of heat energy producet
by boiler plants located close to railroad links (no
local delivery costs) and its correlation with boiler
capacity and fuel type
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railroad costs RUR6,000 per ton, but this price will increase to RRRD00 per ton if the destination is
one of the outlying locéties on the coast. The price of fuel dikewise, will rise from RUR2,000 to
RUR20,000 per ton depending on the location of the end consur@aiculated in standard fuel values,
the price of distillate fuel and fuel oil will be RR&KR000 and RURA000 per ton of fuel equivalent,
respectively.
la y2GSR 1 02@Ss 02t NBYlIAya GKS OKSI LISai
consumers from elsewhere. Its price after delivery by rail and unloading does not exce&jORURer
ton. The idea of ging it to power heating plants to providéstrict heating in coastal localities seems
quite attractive.However,one needs to take into account that the heating value of Kuzbassthoagh
it has greater calorific properties than Pechora coal, is EK#k than that of liquid fuek at
5,600kilocalories per kilogram compared o A |j dzA RLO,000k#8dal€rigés per kilogramln other
words, the calorific value of distillate fuel and fuel oil istb.Z.8times greater than that of coal.
Besideswith loose goods such a®al transportation is fraught with sizable losses: Around
20 percent of this commodity is lost while shipping, transshipping, and stocagempared to liquid
fuel, where spillage during transportation only constitutepescent. This means that in order for a
heating plant tomaintain efficient operation based on coal as the fuel of choice rather than liquid fuel,
the amount of coal it needs to burn to produce the same amount of energy must be multiplied by
1.75times to account forthe difference in calorific properties, and further by lirfRes to offset
anticipated spillage during deliveryor
by a total factor of 2.1If shipping one

16 _
ton of fuel to a remote coastal "-‘_‘ :;::r': E‘E{rd-a'ﬂne
olers
community ¢ irrespective of whether @ ‘., _
i . i . 5 14 1 \ Fuel costs, in roubles per ton
liquid fuel or coal is the argo being = \ of fuel equivalent:
. i i
dellvgred c-costs RUR,OO(.),.then. the E‘=g _ . Delivered fuel
resulting price of coal after it is deliverec g \ 1 - distillate fuel {RUR 24,000)
. . @ \ 2 —fuel oil (RUR 14,000)
to the end consumer will, accordingly s \ 3 — coal (RUR 15,000)
include both the initial price of 2 10 '
. o Local fuel:

RUR2,000 and the RURO000 in & 4 - firewood [RUR 2,800]

—
shipping charges, with the latter 2 =
multiplied by 1.2 to compensate for the £

o
coal lost during transportation. The total A

=
will come to RUR1,600 per ton of coal -
or, in standard fuel valuesp around £,

[=]
RURL5,000 per ton of fuel equivalent. g

Pic2.6 shows the results of 2

calculating the prime cost of heat energr &
produced by boiler plants in remote . . . . . . . .
coastal communities. The factors 002 005 01 02 05 10 20 5.0
mentioned aboveg those particular to Boiler house capacity, in gigacalories per hour

fjlfferent fugl types, as well as the Pic.2.6. Expected prime cost of heat energy produced by
increases in fuel costs caused by, . . " .
boiler plantslocated in remote communities (local delivery

additional payments for IocaI. delivery costs taken into account) and its correlation with boiler
and how they affect the end pricesare .
capacity and fuel type

all reflected in these results.A

noteworthy conclusia is that even though coal remains the cheapest of all the types oshipped to

the Kola Peninsula from other Russian regions, still, the prime cost of heat energy generated- by coal
based heating plants ends up higher than tHatnd with boiler plantsrunning on fuel ojl and
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commensurate with that of boiler plants burning distillate fuel. The reason is the higher level of capital
investments per unit of productioand the greater number of operating personmelquired by coal

fired boiler plants.If, furthermore, coal of Pechora origiq which has a lesser calorific value
(4,000kilocalories per kilogram) compared to Kuzbass coal (kt@€alories per kilogram) is used at

the plant, this serves as an additional factor of influence, making thereiifte in prime cost values all

the more appreciable.

The conclusion to make from this analysis is that even though renadinsa costeffective
solution for boiler plants located close to the railroad, its uiseoutlying rural communities proves
economcally unsound, compared to liquid fuel. As for alternatives to liquid fuel, localkected
firewood presents a better option gufficient quantitiesof this resourceare in place to ensureeliable
supply to the consumeiThis may be possible on thewghern coast of the Kola Peninsula, whéoeests
available for harvestingre found in close vicinity. But the same cannot be said about the woodless
expanses of the open tundra stretching inland from the northern shore.

What particular costs are involvad the generation of heat energy at boiler plants can be seen
in Table5 above. It shows that of all expense items, fuel costs remain the predominant one, accounting
for between 40and 90percent of all operating costs. Again, vigorous development andotfidecal
renewable energy sources couddeatly facilitate efforts to reduce reliance on liquid fuel supplies and to
save on associated delivery costs.

2.5. Expected energy consumption levels in small rural communities of

Murmansk Region

The overall scope of energy consumption and specifitsumption patternsvary from one rural
community to another depending on a number of factors: Local climate and weather conditions, the
kinds of economic activities that are performed in a given locality, the deplgnning and layout of
existingbuildings andnfrastrudure, the condition ofhousing andcommunal services, et&orecasting
future demand for energy for such a diversified group of consumers is a challenge, since the parameters
needed to determine expected consumption rates are quite variegated as wellthamdimpact is
difficult to predict in advance.

Because in small localities energgnsumption rates are, for the most padetermined bythe
patterns of heat use in domestiand communal services sectoasnd depend on the number of
residents,assessinghe amount ofenergythat is commonly usedn a community can be done by
examining a abstractrange of localities with the following population sizes: 10, 20, 50, 100, 200, and
500residents.

In rural communities, the share of heat energy in the oveaatount of energy consumed is
quite significant, reaching between @hd 80percent. Before going further with this analysishe
specific purposes for which heat energy is used by consugis componens that make ughe heat
energy consumptiomix ¢ need to bedistinguishedchere, which are Cooking, hot water supplygpace
heating, and ventilation. Specific heat consumption rates associated with cooking and hot water supply
depend little on weather conditions and, combined, constitute a total oftd.4.6gigacalories per
personyear. The amounts of heat that are used $paceheating and ventilation, on the other hand, do
depend considerably on the seasonal faa{dhe duration of the heating periodq as well aghe thermal
characteristics of buildings and$h NB a A RSy (i a Q (résitledthalyfidor space peh fpefn)2 Vv a
Calculations show thawith the thermal characteristiof one- and two-storey wood and brick buildings
at 0.6kilocalories per cubic metdrour-degree Celsius living space quotaat 15square meters per
person (esidential volume quota at 4&ubic meers per person)and rated outdoor and indoor
temperatures at ¢30and +20degrees Celsius, respectivetiie maximum hourly rate of heat use for
space heating and ventilation will total 1,3kllocalories per persagrnwith heat use irpublic buildings



20 ECONOMIC ASPECTS OF SSIBALE RENEWABLE ENERGY DEVELOPMENT IN REMOTE SETTLEMENTS OF THE KOLA PEI

taken into account (2@o 30percent), this value will reach 1,7%0ocalories per person. With the
number of hours of maximum heating lotaken as equal t&,500 a year, the annual per capita rate of
heat use for space heating and ventilation purposes widllt6.5gigacalories per perseyear.

Using the parameters above amgdsuminghe fuel utilization factor as equab 50 percent we
canestimate (see Table6) the required boiler plant capacitidsr the examined typical localities toe
within the rangeof 0.05to 2.3gigacalories per hour.

Table6. Calculated boiler plant capacities requiretd meet heating needs in remote communities of
Murmansk Region

= Specific heat energy consumptionral 5. _ . -8
12} in ai lori >.E o c O — cC =
= gigacalories pepersonyear g = > = ex G O
2 552 | °F | 8% |°%.
82 : = 0 o o2 g = 253
£ % | Cooking and ~ Space o - 0 S ES o 2 Sp2
S 8 hot water heating ey o 232 3= B -0
= = Total C c© o_§ S 5 = >0
L supply and 28 g o % T o S5
E ventilation < = = TS 28
z T o r g
10 15 6.5 8.0 80 3,500 50 0.046
20 15 6.5 8.0 160 3,500 50 0.092
50 15 6.5 8.0 400 3,500 50 0.228
100 15 6.5 8.0 800 3,500 50 0.456
200 15 6.5 8.0 1,600 3,500 50 0.914
500 15 6.5 8.0 4,000 3,500 50 2.286

As forpower plant capacities, with the average required capacity per person ranging between
0.75and 1.00kilowatt per persof, the electric power capacities of power stations serving communities
with populations of between 1@nd 500residents will need to be ithin the range of &nd
500kilowatts.

3.- O0Oi ATOE 2ACEI 160 OAT AxAAT A AT AOCU (
application

3.1. Wind power

Wind as a source of energy is described as a total of its aeralagid energy properties
unified into a concept ofwind power cadastré®. These cadastral characteristics include such
parametersas average annual and monthly wind speeds, annual wind cycle, and recurrence rate of wind
speeds.

Dataon average annual wind speeds serve as the basic parameter used tatestim overall
wind intensity level, allowing, as a first approximation, for an assessment of the prospects available for
the application of wind energy converters in a particular area.

6 StepanoM.R. Issues of energy production and supply in the nartteningrad: Nauka, 1976.129 pages.
(t c‘"eoho*"‘Hea.h' t o &7 " x 1976.¢129 ).
" Minin VV.A. , StepanollR. Wind energy cadastre of the European North of the USSBws of the USSR Academy
of Suences Energy and Transport, No. 1, 198!31 106114( e ‘s, t ¢ ™ed tho 'He h t ;

”*”mthhoc om_ oéh(_d’e// ST L. ) e h t - *C(}CDM:UE@COhtZ S |
Zubare\A/V Mlnan A., StepanoiR. Appllcat|0n of wind energy in the Arcnd_enlngrad Nauka,1989.¢ 208
pages('x+'”fh¢“:ﬁ* e Cs t c™edmco TE He "Rt ™ oe” g.hxrx 7

1989.¢ 208.).
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Results ofinalyzingdata compiled from a series of wind speed obsdions carried out at the
Y2l t S @gAweath duey statioh®ver a period of 20 years are summarized in Bit.

SOl dzaS é6AYR &aLISSRa RSLISYR 2y GKS IINBIQa fFyR |
factors¢ conditions thatvary considerably from one sunyestation to another; survey daa have been
analyzed with these parameters processed accordingly for a comparison under commensurable
conditions, namelyflat open surface and setwind elevation.The map shown in Pi8.1demonstrates
that the highest wind speeds can be observedhe cosstal areas of the Barents Sea. Hera, the
northern coast of the Kola Peninsuknd at an elevation equaling X0eters above the groundyind
speedsreach 7to 9 meters per secondit is worth noting thatthe farther inland from the shoreline, the
more noticeableésthe decrease inwind speedsBut the higher the elevation, the greatare the values
of average multyear wind speedsincremental changes in elevation from h@ters to 20, 50, and
70meters result in average muifgiear wind speed increases of 0.6, 1.7, andreters per second,
respectively.

The annual wind cycle, represented in Bi€, reflects seasonal changes in average wind
speeds. On the Kola Peninsula, thebarges are manifest most prominently on the northern coast,
where the difference betweethe winter wind speed maximum and the summer wind speed minimum
reaches 30 6 meters per second. The curves in B2 showthat in all areas surveyed, rather favotab
conditions exist for efficient application of wind energy in the region. Maximum wind speeds are
observed during colder seasons of the year and coincide with the seasonal period of peak elagaric po
and heat consumption

V, m/sec

Vievi IX X XI X 1 i m v Vv Vi VI months

Pic.3.2. Annual cycle ohverage monthly wind speeds

Pic.3.1. Average multiyear wind (V, in meters per second) on the islands (1) and coast
speeds i meters per second at a 10 (2) of the Barents Sea, on the coast of the White Sea
meter markabovethe groundin a flat (3), in the Khybiny mountains (4), and a river
open-surface area. hydrograph (5)

Summarizing the analysis of wind energy potential of Murmansk Region, one can make the
following conclusion: Wind energy resources are not evenly spread throughout the region. Wind
intensity is noticeably above the average level in the coastal and mountainous parts of the peninsula. On
the coasts of the Barents and Whigeas in fact, wind conditions are nothing short of unique, with
annual average wind speeds reaching @ meters per second at an elevation mark ofrhiéters This,

®Minin VA., DmitriyeVG .S.Wind energy: A promising renewable energy resource in Murmansk Region /
Minin VA., DmitriyevG S, Ivanovaye.A. et al. / Preprintq Apatity: Kola Science Center of the Russian Academy of
Sciences, 2006.73pages( ¢ . h  '¢c  hmb ™t e o "o%eo Y a.  He h
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simplyput,is2yS 2F (GKS gAYRASAG | NBrthBuch fgvorhble ffact@sfas wirtka & A
speed recurrence rate, the presence of stable prevalent winds, and the winter windsitytenaximum

¢ all ofthesecreateunquestionably propitious conditiorfer asuccessful use of wind energy converters

in the area

3.2. Small hydropower

For a long time, the development of the energy production industry of Murmansk Region
pivoted on a stadily expanding use of Higefficiency hydropoweresourcesBy now, a considerable
portion of thepotential2 FFSNBR o6& (KS NBIA2yQa YI 22N NAJSNE
stations have been built in Murmansk Region. The large and mesiagd hydropower plants are
L dzZ33SR AyiG2 GKS 3IANAR | YR & dzudltiigtrarBmidsiBn liges. S Ol NA O

The rivers thahaveremaired untapped for power generatigrthough they havesuitable sites
for prospective hydropowedevelopment, are significantly removed from areas characterized by high
energy demand, which implies sizable increases in the capital and operating costs associated with
building new power stations ther&some of these sites agtuatedon riversconsidered to b of great
importance for fisheries management anil K S NXB 3 A 2 ¥ Q & andcbritfadtigh ®f hydsopodmx i NB
installations is not permitted in these locations. At the same time, grid electricity still remains
inaccessible for many outlying villages, fishing settlements, lighthouses, weather stations, and other
energy consumers. Construction of overhead power lines to bring grittielgcto these consumers is a
costly enterprise, and these populations are forced to rely on fuel deliveries for local-daessel power
stations and heagenerating plantsThe need to find a cosdffective offgrid energy source is the
driving force lehind the ongoing research into the potentiahd application prospect®f local
renewable energy sources, including the energy of small rivers.

¢CKS GSNX¥Y aqavlftf KERNRBLR2GSNE A& dzadzr £ €& | LILJ
30megawatts, lilt primarily to supply energy to isolated consumers or groups of small consumers
wdza a Al Qa ! NODGAO NBIA2yasr o0 SOararidSinhabiantdi geSsquarg 6 L
kilometer ¢ small hydropower stationgan be expected to come witbapadties not exceeding 3o
5megawatts. In a number of cases, a hydropower plant of a capacity ranging between less than a
hundred to a few hundred kilowatts would in fact be viewed as the most appropriate option.
Hydropower stations with an installed capgcof less than 10@ilowatts fall under the category of
micro hydropower.The flooded area per unit of installed capacity and the overall costs incurred by
building a small hydroelectric power station ares a rule, greater than those involved in the
construction of large ad mediumsized installations. Buthe expediency of using a small river for
electric power generation is nonetheless determined by local factors.

The notion of small hydropower as a solution to the challenge of electricity suppbfffgrid
consumers is not a new one. In Murmansk Region, a series of small hydropower plants were built as
long ago as the middle of last century. Most of these stations vizeri# from wood and generated
power using the conventional dammed method. Afté& @& 30 years of operation, these sites gradually
fell into disrepair and are now completetierelict. But the appeal of using small hydropower stations
for off-grid electricity supply has grown considerably in the past years both in Russia and elsewhere i
the world.

As far as prospects for the development of small hydropower on the Kola Peninsula are
concerned, the following can be noted: The hydropower potential of small rivers implasidably a
dependence on thestream flow What possibilities areffered by this renewable energy source are
limited to the extent to which suitable sites are available for the construction of small hydropower
stations in close vicinity to the prospective consumer. In Murmansk Region, such locations would be
coastalconvdzy AGASa NBAARAY3I ySIENI I NAGSN Y2dziKZ | & |
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and western parts that are also situated near stable river floWwsnsmission of power from small
hydropower stations to the grid involves significant addidbrcosts and is considered to be
economically ineffective.

3.3. Solar power

To evaluate the potential of solar energy and the prospects of its application in Murmansk
Region,onezdzf R f 221 |G (GKS NBadzZ §a 27 ZadiiNggShere afel 1 Sy
severalactinometric stationsin the region, of which three; Dalniye Zelentsy, Khibingnd Umbag
compile datathat provide informationon the solarradiation conditions in the north, soutland central
area of the Kola Peninsulasapectively An analysis of this information shows that thetential annual
values for cumulative solar radiation exposure of Murmansk Region on clear days correspond to
between 1,28(nd 1,36ilowatt-hours per square metetdigh cloudiness, which is atacteristic for
Murmansk Region as a whole, decreases direct solar radiation expbsueeby 60to 75percent.
However, the same conditions are responsible for increasing diffuse radiation exposure by more than
50 percent. When actual weather conditioasid cloud coveare taken into consideratiorthe resulting
total annualsolar radiation exposure fluctuatdsetween 650and 850kilowatt-hours per square meter
(see Pic3.3).

Murman:k e | Q, kWh/sqm
s/ " R
« W, kWh/sqm
. Murmansk £ 80
( 150-/\'\ )/
y ~ ‘ el
\. - 100 \“\\ ’\’ // 2
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Pic.3.4. An annual cycle of mean monthly global sol:
Pic.3.3. Global solar radiation exposure radiation (Q, in kilowatthours per square meter) in the
on the territory of MurmanskRegion (in polar (1), middle (2) and southern (3) latitudes; an annui
kilowatt-hours per square meter). cycle of potential energy production at a wind energ
1¢ TzypNavolok; Z; Dalniye Zelentzy; § converter (Wyeg in kilowatt-hours per square meter) on the
Murmansk; 4¢ Yaniskoski; § Khibiny; 6 northern (4) and southern (5) coasts of the Kdbeninsula.
Krasnoshchelye; Umba; 8¢ Chavanga. 1 ¢ Khibiny station; Z Minsk; 3¢ Sochi; & Dalniye Zelentzy;

5 ¢ Chavanga.

The higher the sun is over the horizon, the less the depth of the atmosphere that sunbeams
have to penetrate, andaccordingly, the greater the amountofsolaRa G A2y G KF G OF y N
surface. Pic3.4 summarizes data on cumulative solar radiation expodore polar latitudes (as
measured at Khibingctinometric station 68° north latitude), moderate climate areas (Minsk, Belarus,
54° north latitude),l Y R wdza & A I Q a°nérth ldatude) 'A§ deddastratedmtire graph,global
solar radiation exposures in the north and south differ most dutirgwinter months.In the summer,

Y UssKlimateReferenceBook Vol. 2, Part1. SolarRadiation RadiationBalanceand Sunshinec Leningrad

Gidrometeoizdat1966.c 62pages(, ¢ h ™ _ o ; e co To®Mdx o e @ "CYchd THE ¢
h”" "‘C*oee. """”emc q)mo]"e'hoeaout@@Hyye '”tq;z MCpCC¢
Heat Balance//Works of the Chief Geatnysical Observatory, Issue N@9. c Lenlngrad Gidrometeoizdat965.
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exposure values become commensurate on account of the increasethlefglay in the northern
latitudes. In overall annual values, the subpolar areas of oda Peninsula will receive lifhes less
solar radiation tha the middle latitudes, and 1ifmes less than the south.

Pic.3.4 illustrates seasonal changes in betiar energy supply and the potential yield of wind
power installations in the examined areas. As solar and wind energy are in an antiphase, they can
supplement each other, which serves as a premise for the joint application of their resources.

The durnal solar radiation cycle is first and foremost determined by the changing values of the
{dzyQa St S@IFIiA2Yy Rdd2NAYy3I GKS RIFIed ¢KS KAIKSEG AN
through July and reach, on average, betweendhd 0.5kilowatts per square meter. On some days,
favorable weather conditions with minimal cloud cover obscuring the sun will allow for an increase in
irradiance values to between 0ahd 1.0kilowatts per square meter.

When assessing solar energy potential and prospéatsits application, sunshine duration
becomes an important value as it determines the scope of incoming solar energy and the conditions for
the efficient use of solar energy systems. In Murmansk Region, which lies almost entirely above the
Arctic Circlethe average monthly number of hours of sunshine fluctuates widely throughout thegyear
betweenzero hours in December and 2@0300hours in June anduly (see Tae 7). Cumulative annual
sunshine duration is about 1,200 hours in the north of the regin,increases to some 1,600 hours in
its southern parts

Table7. Monthly breakdown of sunshine duration in various localities of Murmansk Region, in hours

Locality name Month Total per year
(I T[] V. | V | VI | VI VI IX]|X]|X|XI

TsypNavolok | O | 27| 103 | 173 | 169 | 234|209 | 145| 86 [44| 6 | O 1,195
Dalniye Zelentsy| 1 | 37 | 114 | 176 | 177 | 225|204 | 141 | 84 (48| 6 | O 1,213
Murmansk 132|121 | 203|197 | 246|236 |146| 73 [43| 3 | O 1,297
Yaniskoski 3 |41|126|200| 195|242 | 258 |162| 74 |48 4 | O 1,353
Khibiny 3 |37|128| 166 | 200 | 258 | 243 | 176 | 97 | 54| 10| O 1,372
Krasnoshchelye| 4 | 38| 135|186 | 180 | 250 | 256 | 157| 75 | 45| 9 | O 1,335
Umba 8 |43 | 151|198 |229|293|309|204|115|67|15| O 1,632
Chavanga 10| 42| 136|200| 221 (290|302 | 196 | 96 | 63| 17| 2 1,575

On the whole, the technical resources of solar energy in MurmaRselion are quite
considerablec around 16°kilowatt-hours. But these resources are scattered acrosast area and
have low densitySignificant investment funds will be required to develop practical application of solar
energy in the region. Today, thglobal market pricefor solar energy installations ranges between
EUR4,000 and EUR,000 per kilowatt of installed capacifyThis is much higher than the same for, say,
wind energy converters (EURD00 to EUR,000 per kilowatt of installed capacity)s /A result, the
prime cost of power produced by solar energy installations is high as well.

The examination of prospects for solar power development in Murmansk Region shows that
solar energyesourcesavailable to the regiomre not insignificant. But beause this is an Arctic territory
t20FGSR FEtY2ad O2YLX S35t & o Boedtil Bolarieefgysupphisstil O / 7
1.5to 1.7times less tharthat available tod KS 02 dzy (i NBE Qa Mad@vmi EofaNdidiatieds 3 A 2
exposure valuetn Murmansk Regioare observedn the summer, while consumer demand for energy
reaches its peak in the winter. Furthermore, solar energy installations are for the time being an

12 BezrukikhP.P. On cost indicators of energroducing installations based on renewable energy sources. //
Energeticheskaya Politikblo.5, 2009¢Pp. 511.( , "hx _ 5 & &  mtoHea dmt & . g @0
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expensive option. Their pricgtakingheat collectors of suitable capacity cmmaccountg can be as high
as EUR,000 per kilowatt of installed capagi

2AGK FEE 2F GKS F102@S (1 1Sy Ayid2 O2yaARSNI G
regions could be a viable alternatigebut only in such isolated cases when etlenergy supply options
are associated witheven higher costsOne such casefor instance,is the need to provide
dzy AY G SNNHzLIJi A0t S (St SLIK2YyS 0O02YYdzyAOF GA2Y S @Al |
localities¢ weather stations, lighthousesind similarc F YR 0 KS NBaid 2F GKS vY2f
other regions. A Murmanskased company called R8Ktonomniye Tekhnologii has in fact installed
solar power systems with capacities of around KilBwatts, complete with heat collectors of remed
capacity, in many such outlying localities. Additionally, Norway and a number of other countries have
since 198 provided financial support to the program of installing solar panels in place of radioisotope
thermoelectric generators~ used as powed 2 dzNDS& |G f A3IKGiK2dzaSa | yR
Northwest. Altogether, 180 radioisotope thermoelectric generators have been replaced by solar power
installations in the course of this program.

3.4. Tidal power

An important characteristic of dial energy is the reliability of its average monthly supply both
across the yearly and mulfiear spans.It is owing to this feature that tidal energy, despite its
intermittent availability throughout the diurnal cycle, is a powerful source of energy amd be
recommended for use inombinedoperation with reservoir hydropower plantfn such a combination,
the pulsating, intermittent, but nonetheless invariably guaranteed flow of tidal energy, regulated by the
energy of hydropower plants, can contribute power
supply toprovide forthe necessary electric power load.

In contrast to the energy derived from river
flow, assessing the potential of tidal energy is tied with
certain peculiarities Where the capacity of a
hydroelectric power plant is determindaly the product
of water head and flow rate, the average capacity of a
tidal power plant will be calculated by multiplyirnige
area of the basin td®e dammedoff for the future plant
by thevalue oftidal range to the power of two.

A reconnaissance survey of the shorelines of
the Barents and Wike seas to research optimal sites

Pic 3.5. Possibledistribution of tidal power there for the potential construction of tidal power

L Fyda 2y GKS Y2t t ¢ plants was carried out in Russia by Lev Bernstein as

1¢ Ozerko2 ¢ Kislaya Bay3 ¢ Severnayad long back as 1938 to 1941. Already then, a number of

Dalniye Zelentsys ¢ Porchnikhab ¢ Rynda;7 ¢ . . . .

Drozdovka8 ¢ Lumbovsky. suitable sites for construction of tidal power plants
were idertified on the coasts of the Kola Peninsula (see
Pic.3.5).

Because of the relatively low height of tides washamginsti KS LISy A y a dzftheQ &
average tidal range ist@ 3 meters ¢ and the limited basin areas that could be cut off by a dam,
congruction of tidal power plants in many locations proves from the start to be an economically
inefficient option The concept of an efficient tidal power plastiggestghat such a plant will have a

kR

’ Radioisotope thermoelectric generators are electrical generators that receive power from radioactive decay.
{SS Ifaz . 2ddrtielgdraisofpeindryhéelectric generators here:
http://bellona.no/bellona.org/english_import area/international/russia/nginorthern_fleet/incidents/31772 ¢
Translator.
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cgpacity of hundreds of megawatts, but such capacity ramgeatly exceedshe levels required to meet
the demand of small remote communities whose energy needs are examined in this report.

The following conclusiopresentsitself: Tidal energy resources available to Murmansk Region
are concentrated along the entire 1,08@lometer coastline of the Kola Peninsula, but successful
application of this type of energy is only possible in certain locations where a suitable kissin such
as a bay, that can offer a higher range of tidal waver @meters or higher).

In that regard, one noteworthy site is Lumbovsky Bay of the White iS¢he east of the Kola
Peninsulawhere the averageidal height is 4.2neters, and the sie of the water basin suitable for use
by a tidal power plants between 70 and 9Kilometers. A tidal power plant with a capacity of several
hundred megawatts could be built in this location. An installation of such capacity, however, would
imply a largegrid-connected energygenerating site and as such, it falls beyond the scope of stali
power generation and beyond the subject matter studied in this report.

3.5. Wave power

Wave energy possesses a higher energy density than wind and solar .e@egpn waves
accumulate wind energy as they move over significant distgraedit is this advantage thamakes
them |  ayl GdzNY £ S ysSmdher advanyageSof thislrefie@able energy source is the
availabilityof ocean wave$o a large group of amssumersresidingalonga coastline. Thalisadvantages
of wave energyon the other handare its periodic instability, @bendence on ice conditions, as well as
difficultiesassociated with converting and transmitting the power derived from ocean waveomih
the consumer.

Table8a K2g64& RAFTFSNByYyG oIt dzSa 2 ¥ Thedvaliges @enabingBe T
the Barents Seawhichborders on the far northeastern part of the Atlantiae commensurate with
those describing the potential of oceanave energy available at the shoreline of Norway, where these
values reach 28 30kilowatts per meter* Taking this intoaccount one can conclude than the
Barents Seaaverage annuaspecificwave energy can be within the range of ®025kilowatts per
meter. For the White Sea, the wave energy potential is much |lawer more than %o 10kilowatts per
meter.

Table8. Wave energy flux in Russian seas.

Sea, name Wave energy flux, in kilowatts per meter
Sea of Azov 3
Black Sea 6-8
Baltic Sea 7-8
Caspian Sea 7-11
White Sea 9-11
Sea of Okhotsk 12-20
Bering Sea 1544
Sea of Japan 21-31
Barents Sea 20-25

When considering the practical and, especially, economic aspects of using tidal energy for power
generation, one can note that the prime cost of electric power produced by ocean wave energy
converters is at present still quite high much higher than the fme cost of power produced by

13 Sichkaryow.l., AkulicheW.A. Ocean wave energy convert&rsMoscow Nauka 198¢.132 pages.
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conventional power facilities. In the future, as fossil fuel prices rise and wave energy converters improve
in design and efficiency, this gap in costs giélduallydecrease. The prospects of using ocean waves for
power praduction will thus improve accordingly. But this report details options that could be available
to the small remote communities of Murmansk Region in the short term; because of this, ocean wave
energy as a renewable energy source has been left outside #ngins of this study.

The following, however, can be concluded when assessing the possibilities of using ocean wave
energy for power generation. The potential of wave energy in the Barents Sea is, on average,
25kilowatts per one meter of wave front edgé&his is comparable to the wave energy flux observed in
the Sea of Okhotsk (28lowatts per meter) ands two or three times less than that in the Bering Sea
(45kilowatts per meter) or the North Atlantic (%0 75kilowatts per meter). In the White Sedis value
is even lower at around 1Ckilowatts per meter.

Furthermore, application of ocean wave energy in the conditions of the Arctic climate presents
certain challenges first and foremost, because ocean waves reach their peak duringallerseasons
of the year, wherair temperature falls below zero and me@mponents or structuregsuch as those
that may beused in an ocean wave energy conveyteecome exposed ticing For this reasowg and
also because of the short length of day in thetie (the Polar Nighty; the operation of wave energy
installations will be difficult in Murmansk Region. Another technological problem will be the
transmission of power produced by these installations onshore to the consumer. Taken as a whole, this
makesapplication of ocean wave energy a challenging option in Murmansk Region.

3.6. Bioenergy resources
Biodegradable wastes from livestock and poultry breedifagms

Thedevelopmentof agricultural industriesvorldwide has resulted in a significant concentration
of livestock and poultry populations on farms and farming complexels by extension, in thaccrual of
large quantities of organic wast@amely,liquid dung and poltry droppings near the farmdn broad
use d present is he method of sacalled anaerobic recycling of biodegradable livestock wast@ulti
stage process oflecomposition of organic matter in special containers, or digesters, where organic
waste is processed in an oxygiae environment by anaebic microorganisms and produces methane
and carbon dioxide as a result.

The biogageneratedas a result of waste fermentation comprisest6080percent methane,
20to 25percent carbon dioxide, and lesser quantities of hydrogen sulfide, hydrogen nitsia
nitrogen oxides. Through a series of relatively simple operations, biogas can be freed from the carbon
dioxide and the traces of hydrogen sulfide and thus distilled to the grade of natural gas. As natural gas,
purified biogas can be compressed insgylinders and used as fuel for automotive vehicles or burned
to generate heat energyrhe heatgenerating capacity of biogas is 5,d006,000kilocalories per cubic
meter.

In Murmansk Region, the severe climate and weather conditions do not allow fogous
development of the agricultural and farming industri&till, there are eleven large and meditsized
pig, poultry, and cattle (dairy) farming complexes in the regidre majority of them are located near
the regional center, the agriculturafirms Tuloma andPolyarnaya Zvezd#e poultry farms Snezhnaya,
Murmanskaya, and other enterprises. Other farms operate in the vicinity of large industrial centers such
as Apatity, Kirovsk, Kovdor, or Monchegorsk. All these agricultural and farming gesple, as a rule,
connected to the grid and receive their electric power and heat energy from major external power
sources, whiclsolves the problenof independent power and energy suppty these consumerssome
of the farms, such as the agroindustri@im Tuloma, argust making their first steps toward introducing
bioenergy technologiedn their operations other enterprises, such as the agricultural complex
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Kovdorsky, are well on their wapmmarizinghe experience they havalreadygainedemployirg such
technologiedn practical application

Wastes from the woodogging and wooelworking industries

I O2Y&aARSNIOGES LRNIA2Y 2F adaN¥lFyal wS3IA2zyQ:
1980s. Timber felled in the region nowadays is no longer usetiégoroduction of paper or pulp. In the
past five years, wood harvesting output has fallen bytig2s ¢ from 125,000 to 39,0080lid cubic
meters. Part of the lumber resources is sold for export, but the majority of it is losadlyto produce
sawn timber.For the time being,umber and woodwork wastes arenly usedin very insignificant
quantitiesas fuel for electric powesupplyand heating A number of various obstacles still hindbae
development of fulscale application of wablogging and woodwork wastes. Lumber camps are often
located at great distances from induistt centers or other populatedareas, and no developed
infrastructure isavailable to effectively collect, transpgend recycle woodogging waste.

Fishery andish processing waste
Waste producedby the fish processing industry was used to a great extent in the 1980s as
animal feedat fur farms For avariety of reasons, the fisprocessing industry in Murmansk Region has
seen a pronounced decline in the paiftefen years, with both the output of seafood and fish products,
and, by extension, wastes falling significanfly.the moment, ish processing wastis not considered
for applicationas a poweigeneratingoption.

¢2 adzYYlI NART ST adzNIly sésolrcexylbestbck ghed poultdy braedislgSviNste,
primarily ¢ are concentrated around large enough populated localities that receive their power supply
from the grid. These are the areas where issues of biodegradable waste reprocessing have relevance
and these issues are being dealt with both by the management of the farming enterprises in qugstion
the agricultural companies Kovdorsky and Tuloma, among otherand by representatives of the
regional administration But these communities and the farmsidh agricultural sites and facilities
operated there do not belong to the categoof remote offgrid consumersvhose powersupplyneeds
are at the focus of this study. On the other hand, such localities as weather stations, lighthouses, border
outposts, ornaval sitesdo not, as a rule, have agricultural or farming complexes in their immediate
vicinity and cannot, thereforeuse agricultural or farming wastes as a reliable source of power
generation or heaenergysupply.In a number of coastal communitissich as Chavanga or Chapoma,
agricultual productionhasin the past years effectively shut down because of the prohibitive transport
costs andno possibilities to continue sellinggricultural produce.Elsewhere, the settlement of
Krasnoshchelye, in the central part of the Kola Peninsula, is home to théookssting farm Tundra. But
deergrazing takes placen lands quitdar from thesettlement, and no deer farming waste can be made
available for use@a fuel source.

Taking all of the above into account, the prospects of using agricultural and farming wastes,
wastes from the woodogging and woodworking industries, as well as fish processing waste as
bioenergy resources for potential power and heat gation in Murmansk Region are not under
consideration at the moment.

4. Suggestions for renewable energy application for off -grid energy
supply in Murmansk Region
In order to evaluate the prospects of, and develop specific suggestions for, practicabtppli

of renewable energy sources for affid energy supply, one must bear in mind three princfpators
the potential offered by a particular energy source; the availability of such conditions that would call for
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and facilitate its development, anché¢ cost of energyroducing installations (solar, wind, or wave
energy converters) that could be used at the site in question. Our assessments suggest that the
following oftgrid localities look most promisirtgday with regard to practical application eénewable
energy options in Murmansk Region

4.1. Wind energy converters for power supply of weather stations and

lighthouses in Tsyp -Navolok, Kharlov Island, and Tersko -Orlovsky

Weather stations and lighthouses are, as a ralejatedon significantly fgh elevations and on
an open surface, thus having an increased potential of wind energy at their disposal. A weather station
and a navigation beacon will sometimes be in close vicinity to each othewdindoth receive their
electric power supply from # same diesebased power plantThis is the caswith the meteorological
stations and lighthouses in the settlements of Tgvolok, Kharlov Island, and TersRdovsky, all
located on the coast of the Barents Sea (see Picand 2.2)These are the lalities used below as
examples for an assessment of the possibility of using wind energy converters-fuidgibwer supply.

Diesel plant capacities ifisypNavolok, Kharlov Island, and TergRdovskytotal 80, 50, an
35kilowatts, respectively. Tab® shows operating and economic specificatianguel consumption
rate, staffing ratio, depreciation rate, and capital investments per unit of producgifor diesel power
plants in these localities (based on data used earlier in THbl&he number of hars the installed
capacity of a diesel power plant is used over the span of one year has been taken as equal to 3,000; the
price of diesel fuel, taking local delivery costs into account, has been taken as equal 28,BQRper
ton of fuel equivalent. Th® 2 YLI2 Yy Sy G O02ada 2F | RASaSt LIXIydaQa
of electric power produced have been calculated based on these parameters. AQ Tdiwess, the
resulting prime cost of electricity ranges between RIJRind RURO per kilowatthour.

Table9. Operating and economic characteristics of diesel power plants, their operating costs,
estimated prime cost of electric power produced, and recommended wind energy converter capacity
for combined winddieselpower systems
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TSYP 1 g0| 240 | 415 |0048| 15 | 14 | 2789 922 | 168 | 218 | 4007| 171 | 50
Navolok
Klzlaa:’:ct;v 50 | 150 430 | 0.057 | 17 16 1,806 | 684 | 136 | 164 | 2,790 | 18.6 30
Terske | oo | 105 | 440 | 0.066| 18 | 19 | 1,204 | 554 | 120 | 135 | 2,03| 200 | 20
Orlovsky

Note: Figures for capital investments per kilowatt of diepebduced electricity are represented in the table above as based on
the price listsdetailing 2011 prices for diesel power stations with capacitie8 w640 kilowatts sold by Azimut, a Moscow
basedgroup of companies that produce and sell diesel power stations and generators
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Diesel power stations usually employ two or three diesel generators, of which the primary one
accounts for 5@0 60LISNODSy i 2F GKS &adGl GA 2y Qaindittithe ffollo®ihgLI: O A
capacities are recommended for wind energy converters to be used in combination with-lolessel
plants in TsypNavolok, Kharlov Island, and TergRdovsky: 50, 30, and 2@lowatts ¢ which
corresponds to62, 60, and 5percent of S OK RAS&aSt LJt-genératiQgi capacity |- €
respectively. This capacity range is represented, for instance, in such German wind turbine models as
Krogmann 15/50 (capacity: Jlowatts; rotor diameter: 13neters; hub height: 3@neters™), Stidwind
1230 (capacity: 3@ilowatts; rotor diameter; 12.5neters; hub height: 3@neters), and Studwind 1220
(capacity: 2kilowatts; rotor diameter: 12.%neters; hub height: 3@neters). The current costs of
installing such a wind energy converter, including tramsgt@n, construction of the foundation, as well
as assembly and installation and gremmissioning works, range between R&IRO00 and RUB0,000
(or about EUR,000) per kilowatt of installed capacity.

Tablel10. Wind energy convertercharacteristics operating costs of combinedvind-diesel power
production, estimated prime cost of electric power produced, and the resulting environmental benefit
(reduction in, , emissions)
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Tsyp 1608 792 690
Navolok | 80 | 50 67% (33 7 80 | 1,868| 922 | 448 | 274 | 3512 | 14.6 | 146 | , " |

Kharlov 735 765 69.1
Island 50| 30 (49% (51%) 7 85 885 | 684 | 315 | 200 | 2,084 | 13.9 | 25.3 6@ pi

Tersko 559 49.1 454
Orlovsky 35| 20 (53% (47% 7 90 689 | 554 | 246 | 160 | 1,649 | 15.7 | 215 6@ 11

In the examined localitieg TsypNavolok, Kharlov Island, and TergRdovsky¢ the average
annual wind speeslat an elevation of 1@neters abovethe ground reach 7.1, 9.2, and T3eters per
second, respectivelyUsing the powetaw dependence othe vertical wind profileon elevaton ¢ a
relationship where the ratio of a value of wind speed at one elevatignaf\elevation H) to a value at a
different elevation (V, at elevation h) is calculated according t@ ANV, ' o" ™ wher€ mis the
exponent¢ one can estimate averagenaual wind speeds at the hub height to be 8.2, 10.3, and
8.4 meters per second, respectively for each of the three locations.

The share otlectricity demand that can be covered by wind eneggyind energy penetration
¢ can be determined with the help oflata represented in Pid.1, which is based on the results of
analyzing extensive amounts of informatiand superposing the chronological cycle of a wind

1 European Wind Turbine Catalogue. Energy Centre DenmaplenBagen, 1994; 63 pages
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electric load covered by the wind energy converter depends on the ratio of rided ¢ that which
RSGSNX¥AYySa (GKS gAYyR Sy S NH®Rhe O2rsd Sl SiNdspeed/ & Well id
the ratio of the capacityof the wind generatoto that of the diel plant.For the examined localities of
TsypNavolok, Kharlov Island, and TersRdovsky and the types of wind turbines suggested above, the
wind speedatios would look as follows: 13 : 8.2 = 1.58; 12 : 10.316; And 11 : 8.4 = 3. Using these
ratios aspart of initial data for calculations in Pi4.1, we can establish (see Tak® that the share of
wind energypenetrationwill total 33, 51, and 4percent, respectively for each of the communities. The
economy achieved by empting wind energy with regard to fuel consumption at the diesel plants will
be commensurate with these estimates.

Taking into account that one
kilogram of diesel fuel, when burning,
produces around three kilograms of
carbon dioxid&®, reducing diesel fuel
consumption by covering part of the
electric load with wind energy camelp
reduce . , emissions significantly. For
TsypNavolok, the resulting emissions
reduction will be calculated as follows:

79.2n 10’ kilowatt-hoursn 4150 10°
tons of fuel equivalent per kilowatt
hourn 0.7 tons of diesel fuelper ton of
fuel equivalenn 3 = 69tons; for Kharlov
Island, using the same formula, the
achieved reduction will equal 68ns as
well; for TerskeOrlovsky, 450ns.

Using wind energy in parallel

Pic.4.1. Dependence of the share of wind electricit
0 M in meeting electricity demand on the ratios of winc
energy converter (WEC) taliesel power plant (DPP
S LI O AC{=A ,&maxo/i Nopimax) and rated to with a dieselbased power plant to meet
average annual wind speeds /77 . consgmer Iciad will cpntri?ute ) to o
2LIWUAYAI AYy3 U0UKS RASAS
costs by decreasing expenditures
incurred on fuepurchaseand deliverywhich, in turn will result ina lower pime cost of electric power
produced As demonstrated in TablEQ, in TsypNavolok, Kharlov Island, and TergRdovskythe prime
cost of electric power can be reduced by as much5t® 25 percent

4.2. Wind converters for off -grid power supply of bord er outposts in
Pummanki and Kildin

The border outpost Pummanki is situated in the western part of the Rybachy Penimsufar
away from the weather station of Vaydauba. The outpost Kildin is in the eastern part of Kildin Island, a
small island at the@ntrance to Kola Bay in ¢hBarents Sea. Both sites has@nsiderable wind potential
at their disposal. Average annual wind speeds at-m&@er elevation mark redc7.0meters per second
in Pummanki, and 7 .meters per second in Kildin.

' Ravichv1.B. Efficiency of fuel use.Moscow: Nauka, 197% 344 pages. (* _ . ; chxop Y _t  eo
,Mmco TETO " eci'W o IIFCOEDPM D







































