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Arctic Cities:

Abstract. The subject of the present research is the assessment of access of residents of Northern cit-
ies to energy produced from renewable energy sources (RES). The largest Arctic cities in Russia, Sweden,
Norway, Finland, Denmark, the USA and Canada, located above 66 ° 33" North latitude, are analysed.
The importance of the study is due to the categorisation of access to RES as a fundamental good in the
context of Sustainable Development Goals and fight against climate change. The work uses the index
method, followed by ranking cities by the level of access to energy from RES. The following variables con-
stitute the index: variety of operators, variety of types of energy sources, alternatives of energy sources,
micro- and macro-generation support. It was found that residents of Kiruna and Tromse have the best ac-
cess to energy from renewable sources due to the support of initiatives at all levels, while Utgiagvik has
the lowest indicator due to its isolation. Energy from renewable energy sources does not have a signifi-
cant share in all of the cities under consideration; moreover, the market is often monopolised, which lim-
its the choice and availability of various energy sources. Consequently, it is important to create suitable
conditions for developing of RES on all levels, with the focus on micro level (as it makes ordinary people
participate actively in the agenda, which is the key to support such remote areas with energy); otherwise
it is unlikely to support the cities and territories of the region with energy from RES.
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WCCNENOBATE/bCKAS CTATbS
A. JI. Cmosinos @ @ 4, A. C. Caxaposa ® @)

9 HauMoHabHbIM MCCNIen0BaTeNbCKUI AAePHbIN YHUBEPCUTET «MUDU» (MOCKOBCKMI MHKEHEPHO-DU3IUYECKUIA MHCTUTYT),
r.MockBa, Poccuiickas @epepaums
") HaumnoHanbHbI MCCNeaoBaTenbckmnil YyHUBEPCHUTET «BbiCiuas WKona 3KOHOMUKM», I. MockBa, Poccuitckas ®Depepaums

[OoCTYyNHOCTb 3HEepruu U3 BO306HOBNSIEMbIX UCTOUHUKOB AN XXUTENEH

dPKTU4YECKUX roponos

AHHoTauums. [lpegMeToM AaHHOMO MCCNeA0BaHMS SBNSETCS OLEHKA A0CTYNa XUTeNen ceBepHbIX ropoaoB
K 3Hepruu, npomM3BoLMMON Bo306HOBASIeMbIMU UCTOYHMKaMK (BU3). C 3Toi Lenbto 66111 NpoaHann3MpoBaHbl
KpynHenwme apktuyeckme ropoga Poccuu, Leeunn, Hopserun, ®unnsHonm, anmu, CLUA n KaHapgbl, Haxo-
aawmecs Boiwe 66 ° 33 " ceBepHOM WKMPOTLI. B cTaTbe NpeacTaBieH penTUHT LOCTYNMHOCTM BO30OHOBASEMBIX
WUCTOYHMKOB 3HEPTUM, MPUHMMAEMBbIX 33 QyHOAMEeHTanbHoe 61aro B KOHTEKCTe Lienen yCTOMYMBOro pasBu-
™S U 60pbbbl C U3MEHEHUEM KauMaTa. [1pM NOMOLLM MHAEKCHOTO MeToaa Oblno NPOBELEHO PaHXMPOBAHME
ropofoB MO YPOBHIO f0CTyna K 3Heprun u3 BU3. B ocHoBe MHAeKca nexar cinenyowme nepemMeHHble: pas-
Hoobpa3une NoCTaBLLMKOB, pa3HO0Opasne TUMOB MCTOYHMKOB SHEPTUU, HANIMUYME ANIbTEPHATUBHbLIX UCTOUYHU-
KOB, FOCYAapCTBEHHAS NOALEPXKKA MUKPO- M MakporeHepaumu. bbino BbisiBNEHO, YTo 3Heprus u3 BU3 Hanbo-
nee poctynHa ang xxuteneit KupyHol u TpoMcE; Takow pesynbrat 6bi1 JOCTUIHYT 3@ CYET NOALEPXKKM COOTBET-
CTBYIOLLMX MHULMATMB Ha BCEX YPOBHSAX. HanMeHbLIMIA NoKasaTenb OTMeYEH B ropoe YTKMareuk BCaeacTame
€ro M30/1MpoBaHHOCTW. He BO Bcex M3 paccmaTpyBaeMblx ropodax 3Heprust u3 BMI 3aHmMmaert 3Hauutens-
HYH0 LON10 pblHKa. bonee Toro, 3a4acTyto ppIHOK MOHOMOMM3MPOBAH, YTO OFPaHMYMBAET BbIGOP M AOCTYNHOCTb
pa3fIMYHbIX UCTOYHMKOB 3Hepruun. CnefoBaTenbHO, BaXKHO CO34aTb NOAXOAALME YCIOBUS Ans pa3suTus BUI
Ha BCEX YPOBHSIX, 0COOEHHO HAa MMKPOYpPOBHE (BOBNEYEHME UHAMBWUIAOB SBNSETCS BaXKHbIM (DakTopoMm obe-
CneYyeHns OTAANEHHbIX MECTHOCTEW 3HEprMen); B MPOTMBHOM Cly4ae NpeacTaBAseTcs MasioBepOSTHbIM obe-
CneyeHune ropooB U TEPPUTOPUIA perMoHa aHepruen ns BUS.

KnioueBble ciioBa: MCNONb30BaHUe JHepruu, yCTOl‘/’NVIBOG pa3suTue, BO34ENCTBME Ha OKpYyXXatouyto cpeny, yFI'IEKIACﬂbIIZ ras,
ApKTl/IKa, rmapaBnmnyeckoe rpa>kaaHcTeo, BO30OHOB/ISIEMbIE UCTOYHMKM JHepruu, B0306HOB/SIEMAs 3Heprua, uenm yCTOEIHVI-
BOro pa3eutuA, ropoackoe niaHMpoBaHue, yp63Hl/ICTIAKa, JHepreTnmyeckoe rpa>kaaHcTeo

Ans umtupoBanus: CrosHoB A. [l., Caxaposa A. C. (2023). JoCTynHOCTb S3HEPTrMKU 13 BO30OHOBASIEMbIX UCTOYHWUKOB A5 KUTE-

Nnev apKTUYeCckMx ropofoB. IKoHoMuka peauoHa, 19(3), 860-869. https://doi.org/10.17059/ekon.reg.2023-3-18

1. Introduction

The relevance of this study is justified by the
escalating environmental agenda and, as a result,
by changing patterns in consumption. Because of
that, environmental friendliness and sustainabil-
ity of lifestyles and actions become a priority for
both individuals and cities and states. The pres-
ence of the opportunity itself becomes insuffi-
cient for many groups of people; the presence of
the stable alternatives becomes important. So,
for example, car-sharing, waste sorting are grad-
ually becoming more and more in demand and
are perceived as basic goods that fulfil a person’s
need to defend their values and an eco-friendly
lifestyle. Thus, sustainable infrastructure is in-
creasingly becoming an object of political strug-
gle and mixed agency (active participation of res-
idents). This brings sustainable infrastructure
closer to the ideas of “hydraulic” and “ecologi-
cal” citizenship and makes it possible to analyse it
through the categories of these concepts. In addi-
tion, while developing the ideas of the mentioned
concepts, this study attempts to create an index

based on them. For the study, the case of sustain-
able energy systems was chosen, since the energy
infrastructure is usually under the control of the
state or business; so the analysis of related policy
is more objective than of small private initiatives’
policy. The case is considered applicable to Arctic
cities, since the Arctic ecosystem is the most envi-
ronmentally vulnerable, while having significant
potential for renewable energy sources (RES).

No work has been identified that directly ap-
plies the concept of “hydraulic citizenship” to
sustainable technologies. However, the work of
Nikhil Anand “Hydraulic City: Water and the
Infrastructures of Citizenship in Mumbai” (Anand,
2017) contains not only the initial concept, but also
a number of universal theses regarding the role of
urban infrastructure in self-identification, urban
processes, legal and relationships agents. Thus,
the author presents a conceptual and methodolog-
ical basis for the further development of the prob-
lem. In this study, the concept outlined by Anand
is applied to sustainable technologies in energy
supply. Anand’s fundamental idea is to remove
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the exploitation of urban infrastructures from just
physical space, giving it additional meanings and
functions in the life of society. Infrastructure is
not limited to networks, but is complemented by a
number of relationships established in connection
with it. Infrastructure, its implementation and op-
eration are associated with the interaction and in-
terests of a number of agents, so it can become the
object of manipulation by the government, opera-
tor or society. At the same time, infrastructure re-
mains a fundamental good necessary for a com-
fortable existence; therefore, it is a marker of a
kind of recognition of certain groups of the pop-
ulation and territories. For the above reasons, ac-
cess to infrastructure often becomes the object to
the political agenda and struggle, the author calls
it a basic political right, and the legal personality
that appears due to access is called “hydraulic cit-
izenship” (Anand, 2017).

Another concept on which the present study
is based on is “energy citizenship”, first outlined
by Patrick Devine-Wright in his work “Energy cit-
izenship: Psychological aspects of evolution in
sustainable energy technologies” (Devine-Wright,
2007). Devine-Wright’s key idea is that with the
transition to low-carbon energy systems, pub-
lic support and assistance are required. Thus, in
order to promote energy innovations, residents
should not be perceived as an indifferent passive
consumer, but as a full-fledged agent, whose ac-
tions affect the achievement of energy policy
goals. Devine-Wright emphasises the existence of
a hybrid relationship between residents and en-
ergy companies, noting that residents are not only
conscious consumers of innovations, but also po-
litical actors (protestors, promoters, forming new
practices) (Devine-Wright, 2007).

This study was also influenced by modern con-
cepts related to changing consumption patterns.
Among them, the concept of sustainable develop-
ment, put forward by the United Nations in 2015,
as a sequence of the concept of the Millennium
Development Goals, was summarised by the or-
ganisation in the form of 17 goals (Ruhil, 2017).
Some of the goals directly or indirectly relate to
providing residents with high-quality sustaina-
ble infrastructure, namely: clean water and san-
itation, affordable and clean energy, innovation
and infrastructure, sustainable cities and settle-
ments, responsible consumption and production,
and combating climate change.

This study is based on the research outlined
above, taking as a starting point the following: in
modern realities, access to sustainable infrastruc-
ture is a basic good and a political right of every
inhabitant.
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Further, it seems necessary to highlight the ob-
ject and subject of research. The object of research
is access to renewable energy sources; the subject
of research is the assessment of access to renewa-
ble energy sources.

The purpose of this study is to assess the ac-
cess of residents of Arctic cities to sustainable en-
ergy alternatives.

To achieve the goal, the following tasks were
set: analysis of the power systems of the cities un-
der study; identification of measures supporting
renewable energy in cities; development of an ac-
cess assessment index based on theoretical con-
cept metrics and power system data; highlighting
of the strengths and weaknesses of access to re-
newable energy sources based on the index.

Consequently, the scientific hypothesis is as
follows: cities have unequal availability of energy
from renewable sources as a basic need, described
by hydraulic citizenship.

2. Methodological and Informational Basis
of the Study

In terms of methodological tools for this study,
analytical, inductive and index methods should
be distinguished. The analytical method was used
when examining the existing power systems of the
declared cities for the availability of access to re-
newable energy sources; it should also be noted
that this method was applied to highlight the
main features of the policy (at the state, regional
and municipal levels) in relation to renewable en-
ergy sources. Based on the inductive method, gen-
eralised conclusions were obtained regarding the
aggregate access of residents of the declared cit-
ies to renewable energy sources. Finally, the in-
dex method was applied to form a ranking of ac-
cess to renewable energy sources as a fundamen-
tal benefit among residents of the considered
Arctic cities. Thanks to this method, Arctic cities
with the best access for residents to renewable en-
ergy sources were identified. The proposed index
is based on the values of the diversity of energy
operators in the cities under consideration, the di-
versity of types of energy sources, the availabil-
ity of a choice between traditional and renewable
energy sources, the availability of support for mi-
cro- and macro-generation of RES at various lev-
els, etc.

As a part of this study, 7 states were selected:
Russia, Sweden, Norway, Finland, Denmark, the
USA and Canada. On the territory of the respective
states, the largest cities located above 66 ° 33 " N
(cities beyond the Arctic Circle that are included
in the Arctic region) were selected. In each coun-
try only one largest city (according to population)
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Utqiagvik

2 000 km

Fig. 1. Location of the cities under study compared to the Arctic Circle

Table 1
Information on the cities under study

Name Country Coordinates Population Reference
Inuvik Canada 68°21"N133°43 W 3,100 (2021) | (Frigault & Giles, 2020)
Kiruna Sweden 67°51"N20°13"E 23,000 (2019) | (Szpak, 2019)
Murmansk Russia 68°58"N33°05"E 295,400 (2021) | (Degai et al., 2021)
Sisimiut Denmark 66 ° 56" N 53°40°W 5,600 (2020) | (Fris Skovsen et al., 2021)
Sodankyla Finland 67°25"N26°35E 8,200 (2021) | (Lassila, 2021)
Tromseg Norway 69°39"N18° 57 E 77,000 (2020) | (Morseth & Hopstock, 2020)
Utqiagvik USA 71°17"N 156 ° 47" W 4,900 (20200 | (Tysiachniouk, 2020)

is chosen because of great difference in popula-
tion size of respective countries. Iceland is not in-
cluded in the corresponding list generated for the
study, since there are no large cities in Iceland lo-
cated above 66 ° 33 * N (Sandvik on the island of
Grimsey is the largest, however, it is not a city, but
a settlement that has only 60 inhabitants).

Thus, the following cities were chosen (Fig. 1):
Inuvik, Kiruna, Murmansk, Sisimiut, Sodankyld,
Tromsg and Utqiagvik. More detailed information
about cities under study is presented in Table 1.

In the context of the studyj, it is of paramount
importance to consider the energy systems of
these cities. Further, we will designate the features
of those.

3. Results and Discussion

3.1. Energy Systems of Cities and Support
of Renewable Energy Sources

3.1.1. Tromsg
The first city proposed for consideration is

Tromsg in northern Norway. It has been recog-
nised as a city since 1794, but the first settlements

appeared as early as the I-II millennium BC. The
city is a major fishing port, research cluster and
tourist destination (Heimtun & Haug, 2022). The
local energy system does not include traditional
sources of fossil fuels (oil, gas, coal), but is entirely
based on RES: wind power plants (WPP), solar
power plants (SPP) and hydroelectric power plants
(HPP). WPP and HPP account for the largest share
in the production volume — 281 MW and 200 MW,
respectively. Solar energy is currently underdevel-
oped, it accounts for 0.67 MW, however, according
to recent studies, the potential of SPP in Tromsg
is high (Eikeland et al., 2020). The existing energy
system is closely integrated into the Norwegian
common energy market and thus forms part of an
interstate network linking Norway and Sweden.
An important feature of the system is the ability
to create a combined micro-generation system at
the private consumer level, thanks to the Enova
project.

Moving on to the issue of state and municipal
regulation of RES, the following support mech-
anisms should be noted. The first of them is the
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Client + system, which assumes micro-genera-
tion (independent production and consumption
of electricity at the level), in return, the house-
hold is provided with a reduced tax rate and the
opportunity not to pay commission for electricity.
However, it is obligatory to sell the surplus pro-
duced energy to a specific supplier. The second
mechanism is the certification of industries using
only renewable energy sources in their activities.
The products of companies with green certifica-
tion are marked with a special sign. Those goods
that do not have this mark cannot be purchased
by state and municipal institutions, are less often
supplied abroad and, as a rule, are less interesting
to buyers. The third mechanism is the Enova pro-
ject. This is a system of gratuitous targeted sub-
sidising of micro-generation. A resident is issued
NOK 28,750 for the installation of his own energy
production. The fourth mechanism is the promo-
tion of macro-generation of renewable energy
sources by the municipality (support for construc-
tion, profitable lending, and so on).

3.1.2. Murmansk

Next, we will consider the features of the
power system of the Russian northwestern city
of Murmansk that was founded in 1915 as a po-
lar port city. Today, the economic specialisation
of the city is based on fishing and fish processing,
heavy industry, and trade (Mitroshina, 2019). It
also serves as a base for nuclear-powered icebreak-
ers. The main share of heat is produced in the tra-
ditional way and is represented by combined heat
and power (CHP), which accounts for 75 % of the
city’s heat supply. Electricity is produced by nu-
clear power plants (NPPs) and HPPs with a capac-
ity of 1760 MW and 268 MW. Even though the ex-
isting energy infrastructure in the Russian Arctic
is characterised by remoteness and, often, isola-
tion, and the main sources of electricity and heat
supply are hydrocarbons and some nuclear en-
ergy projects, Murmansk is one of the centres for
RES deployment. So there are wind farm projects
that are currently at the implementation stage
due to the high wind energy potential of the ter-
ritory (Minin & Furtaev, 2020) that will produce
extra 700 MW. In addition, a number of other re-
newable energy sources are located on the terri-
tory of the Murmansk region, but they supply the
entire constituent entity, therefore, it is not pos-
sible to estimate the share attributable directly
to the city of Murmansk. However, it can be noted
that they are also represented by HPPs (total ca-
pacity of 1133 MW), therefore, regardless of the
share of Murmansk in consumption, regional re-
newable energy sources do not diversify the type
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of source. Significant monopolisation is one of the
distinguishing features of the Murmansk network.
The operating CHP and HPPs are projects of PJSC
Gazprom, the entire infrastructure is included
in the unified energy grid of the Unified Energy
System of Russia. That is, the consumer has virtu-
ally no choice of operator.

Thus, the state largely regulates the issues of en-
ergy production, all programmes are implemented
at the federal, not the municipal level. Among
the support measures are the following. First, the
plan to subsidise the construction of large renew-
able energy sources until 2036. The state has also
set targets for the rate of introduction of renew-
able energy sources, which should stimulate the
development of such. In addition, the state covers
the difference in the cost of electricity produced
by RES compared to traditional sources. Thus, the
consumer does not feel the difference in the price
of electricity after the introduction of RES. Finally,
in the context of macro-generation, it is neces-
sary to mention the establishment of a fixed price
for electricity produced when it is sold to the state
for up to 15 years, so, the operator does not de-
pend on price fluctuations in the electricity market
(Konovalova, 2018). If we talk about micro-gener-
ation, then the state issues a permit for the sale of
generated electricity to the grid. At the same time,
the owners of these renewable energy sources are
exempt from the tax burden (Konovalova, 2018). It
should also be noted that there is a simplified pro-
cedure for the placement of micro-generation fa-
cilities in the case of choosing RES over traditional
energy generators (Konovalova, 2018).

3.1.3. Sisimiut

The next considered power system belongs to
the city of Sisimiut, a Danish city in the Greenland
Autonomous Territory. The city was founded in
1764, but the first settlements appeared 4000
years ago (Thuesen, 1999). The basis of the city’s
economy is fishing and fish processing, as well as
tourism, however, it is planned to develop the alu-
minium industry. A distinctive feature of the city’s
power system is complete autonomy, since the
networks of all Greenland cities are isolated from
each other. The basis of the city’s electric power
industry is an HPP (15 MW), but today a project
for the introduction of RES is at the stage of im-
plementation and a part of a wind farm (one tur-
bine) with a capacity of 0.025 MW has already
been installed. Heat supply to the city is provided
by a waste incineration plant. As for micro-gener-
ation projects (Luc et al., 2016), they proved to be
unprofitable during the experiment in 2005-2006
with the introduction of self-sufficient houses
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(Rode et al., 2009). This is a popular practice, but
for Sisimiut it is ineffective as it does not justify
the costs caused by low energy efficiency due to
geographic characteristics.

Support is provided at several levels: state
and autonomous. Denmark supports micro-gen-
eration. Despite the unprofitability of this type
of system for the end user, it is beneficial for
the state, since it does not require extensive en-
ergy networks and does not imply the supply of
fuel from Denmark. Autonomy initiates a num-
ber of macro-generation projects, since this will
lead to achieving energy independence from
Denmark, which supplies hydrocarbon fuel to
most of Greenland’s cities (which is also signifi-
cant in the context of global warming, observed in
Greenland in the thinning of the ice sheet (Winsor
et al., 2015), so autonomy is forced to give up en-
ergy sources that contribute to global warming).

3.1.4. Kiruna

Another city that is proposed for consideration
in this work is the Swedish city of Kiruna. It was
founded in 1900 as an industrial city. The basis of
the city’s economy is the mining industry, tourism
is of lesser importance (Stihl, 2022). Space research
is actively underway, and a spaceport for suborbi-
tal flights is planned to be located in the city. The
key components of the city’s energy system are the
Vietas HPP (306 MW) and the wind farm within the
municipality (78 MW), which provide the city with
electricity. Another significant object of the energy
system is the Tekniska Verken i Kiruna AB CHP,
which provides the city with central heating and,
by analogy with other Swedish cities (Stoyanov,
2019), operates by incinerating waste (50 %) and
consuming industrial gases and surplus heat from
the LKAB enterprise (20 %). Since the mid-2010s,
the city has been implementing a project for the
introduction of “passive” houses on full self-suf-
ficiency in cooperation with the leadership of
the municipality, the University of Luled and the
Nordic Construction Company.

RES support is carried out at the state level
through incentives such as a quota system and a
green certificate trading system (Johansson et al.,
2016) similar to Norway. Another mechanism is
subsidising photovoltaic SPPs, in which the state
allocates funds for their construction. As for mi-
cro-generation, there are tax incentives for such
RES: a reduction in property tax when using wind
micro-generation, no taxes on electricity produc-
tion at RES facilities with a capacity of less than
50 kW. It is also necessary to note the activities
of LKAB aimed at supporting renewable energy
sources and participating in the work of the dis-

trict heating system in order to reduce the envi-
ronmental impact, as well as investing in the “re-
location” (Szpak, 2019) of the Kiruna city centre
due to threats to residents associated with the
economic activities of the mining company ore
under the territory of the city.

3.1.5. Sodankyld

Finally, the last city that is proposed to be con-
sidered within the framework of the European
Arctic is the Finnish city of Sodankyld that was
founded in 1893. The main source of income for
the city’s economy is the service sector, with a
small share of agriculture and forestry, as well as
gold mining (Haq et al., 2020b). The basis of the
city’s electric power system is a network of HPPs
(7 objects, with a total capacity of 118.9 MW),
which provides 90 % of the city’s electricity de-
mand (Kiviniemi, 2014), as well as the Yukaselka
wind farm with a capacity of 27 MW. At the same
time, the basis of the thermal power system of
Sodankyld is the 34 MW Seitateella CHP, which
uses peat (49 %), wood (48 %) and oil (3 %). As
part of the CHP analysis, it should be noted that
the high level of carbon dioxide emissions from
peat burning requires more environmentally
friendly solutions, in connection with which a
project is being developed to transfer this CHP to
biogas (Hagq et al., 2020a). Also at the stage of de-
velopment and modelling is a project to create a
combined geothermal power plant in Sodankyla,
which will become the basis of the city’s district
heating (Haq et al., 2021). Finally, it is important
to mention the project proposed by the University
of Vaasa to introduce a system of industrial sym-
biosis, which should reduce the energy needs of
Sodankyld and also make the production cycle
closed (Hagq et al., 2020b) (in general, the concept
is similar to the existing systems in Swedish cities
of Kiruna and Lulea (Stoyanov, 2019)).

If we talk about government support, it is rep-
resented by subsidising research and investment
projects in the field of renewable and sustainable
energy. There is also a system of grants and ten-
ders to support RES and a system of investment
in the implementation of RES by farms. However,
in general, the state rather adheres to a neutral
policy in relation to RES. At the municipal level,
energy efficiency is monitored in order to find
the most profitable and effective solutions that
would reduce the costs of the municipality and its
residents.

3.1.6. Utqiagvik

Within the North American continent, the
largest polar city in the United States is Utgiagvik.
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Registered as a city in 1959. The economy of the
city is largely based on oil production, a small
share belongs to tourism and crafts, which are the
most active during the midnight sun (Anderson,
2021). An important feature of the city is its iso-
lation (by analogy with many other cities of the
Arctic zone, however, this situation is most clearly
manifested in Russia (Stoyanov & Sakharova,
2020), such isolation leads to deliberate limi-
tations in the choice of electricity suppliers and
sources of energy production), within which com-
munication with the rest of the communities are
carried out by air and sea routes. Thus, the city’s
energy system is closed, the only source of elec-
tricity is the Barrow gas-fired TPP with a capac-
ity of 20.3 MW. There is no centralised heat sup-
ply, the buildings are heated using natural gas. All
energy infrastructure facilities belong to a single
municipal cooperative company BUECI, respec-
tively, consumers do not have a choice of a sup-
plier of heat and electricity. The lack of renewable
energy sources is due to low wind speeds, which
makes the construction of wind farm stranded,
and the low level of insolation makes the poten-
tial use of the SPPs ineffective.

As for the various types of support for RES, the
key one is at the level of the state of Alaska and at
the state level. Thus, it is necessary to mention the
existing system of standards for RES (RPS), thanks
to which the state government can require the
utility company to provide a certain share of elec-
tricity produced from RES, for which tax incentives
can also be provided. On the other hand, the state
provides loans with a reduced interest rate for the
creation of renewable energy facilities, as well as
grants for the implementation of similar projects.
Otherwise, government support is limited to fluc-
tuations in the political course, within which the
United States resorts to both support for hydro-
carbon energy and support for RES.

3.1.7. Inuvik

Finally, the last city to be considered is the
Canadian city of Inuvik. The city was founded in
1953 as a replacement for the previous adminis-
trative centre, which suffered from floods. The ba-
sis of the city’s economy is shaped by the oil and
gas extraction, service sector, tourism and crafts
(Young, 2016). Its electric power base is made up
of two TPPs: one on liquefied natural gas that is
imported from the south as part of an environ-
mental project of the Energy Corporation of the
Northwest Territories) with a capacity of 8 MW
and one on diesel fuel with a capacity of 6.06 MW.
However, since 2020, a transfer of diesel power
plants to biofuels is being carried out as part of the
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programme for the introduction of clean energy
for rural and remote communities (CERRC). Also,
the construction of a wind farm with a capacity of
1.8-2.2 MW by the Northwest Territories Power
Corporation was expected to be complete by the
fall of 2022; this project will reduce the consump-
tion of diesel fuel within the TPP by 36 %. However,
the construction of this RES facility is associated
with a number of litigations due to illegal and im-
proper use of the territory conceived for breeding
livestock as a place for the construction of wind
farms. In terms of micro-generation, Kuby Energy
is installing photovoltaic panels and energy stor-
age systems to create independent self-sustaining
buildings. All renewable energy projects in Inuvik
are aimed at reducing dependence on natural gas,
which has an excessively high cost (more than 10
times the cost of that in the southern states of
Canada) (Coates & Landrie-Parker, 2016).

If we turn to support for RES, support at the
federal level is realised. Thus, for the Northwest
Territories, an energy strategy was developed until
2030, within the framework of which it is planned
to reduce the consumption of traditional energy
resources for electricity production by 25 % in or-
der to reduce greenhouse gas emissions and in-
crease the share of RES in heat production by
40 %. Accordingly, at the federal level, many pro-
jects are being implemented, invested from the
federal budget for the introduction of RES, in par-
ticular, one can refer to the previously mentioned
RES, TPPs on LNG and TPPs on biofuels. In gen-
eral, the bulk of projects are focused on mac-
ro-generation, while micro-generation is not sup-
ported at the legislative and investment levels.

3.2. Index of availability of renewable energy
sources

The next step in the study is to develop an in-
dex of the availability of RES. The index metrics
are developed based on the categories of concepts
of “hydraulic” and “energy” citizenship, the values
of the metrics are assigned in order of priority:

RES access _index =0.1variety _provider +
+0.2variety _supply +0.3alternative +

+0.2support _micro+0.2support _macro, (1)
where:

1. variety provider — variety of operators (each
operator = 1);

2. variety_supply — variety of types of energy
sources (each source = 1);

3. alternative — residents have a choice be-
tween traditional and renewable energy sources
/ access only to renewable energy sources (binary
indicator, 0 — no, 1 — yes);
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support micro

alternative

Table 2
Ranking according to index for availability of RES
place ity RE.S access vari.ety variety alternative sup.port support legend
index provider supply micro macro
1 Kiruna 2.2 0.5 1 0.3 0.2 0.2 strong
2 [Tromse 1.7 0.4 0.6 0.3 0.2 0.2
3 Murmansk 1.2 0.2 0.6 0 0.2 0.2
3 | Sisimiut 1.2 0.2 0.6 0 0.2 0.2
4 | Sodankyla 1.1 0.3 0.6 0 0.2
4 | Inuvik 1.1 0.3 0.6 0
5 | Utqiagvik 0.5 0
varielty provider
0.8 ——Kiruna
0.6 ~——Tromso
support macro g; variety supply Murmansk
o= — Sisimiut
—— Sodankyla
— Inuvik
-~ Utqiagvik

4. support_micro — availability of state / mu-
nicipal support for RES micro-generation (binary
indicator, 0 — no, 1 — yes);

5. support_macro — availability of state / mu-
nicipal support for RES macro-generation (binary
indicator, 0 — no, 1 — yes).

The column “legend” provides description of
markers for the strongest and weakest aspects of
renewable energy policies that promote or hinder
the availability of alternative sources for residents.

Results of the assessment of the cities studied
based on the equation (1) are presented in Table 2.

Utqiagvik

Sisimiut

Low Index Value High Index Value
L —

0 1000

The original index does not appear to be ex-
haustive; its results should be filtered through so-
cio-economic indicators: population size, total
energy consumption by population and industries,
as well as the cost of green energy, taking into ac-
count average statistical salaries/wages.

Summing up, it should be noted that access to
sustainable energy alternatives is being developed
in all the cities considered (Fig. 2), but to a differ-
ent extent and has its own peculiarities.

In some cities, this process is dictated by eco-
nomic expediency and is initiated from above. In

Fig. 2. Index compatrison of cities under study

DKOHOMMKa pervoHa, T.19, Bbin. 3 (2023)



868 OTPAC/TEBAA SKOHOMUKA

other cities, it is additionally supported by the
society (political activity or micro-generation).
RES prevail in energy supply only in some cities
(Tromsg, Kiruna, Sisimiut, Sodankyla). The power
systems of most cities are characterised by a mo-
nopoly or an oligopoly, while energy sources (in-
cluding RES) can be diversified within the network
of one company. Most cities support the intro-
duction of RES at both the macro- and micro-lev-
els with various economic incentives. At the same
time, it should be noted that only in Tromsg and
Kiruna residents are provided with an alternative
(or only RES operate). This is the most important
metric, as it shows the possibility of residents for
abandoning traditional energy sources and influ-
encing the energy system through demand.

4. Conclusions

Summing up the study, the following con-
clusions can be drawn. As for theoreti-
cal significance, the research proposes to ex-
pand the concept of hydraulic citizenship ap-

plicable to the availability of RES as a basic
need.

As for practical significance, it was proved that
the cities under study have unequal availability
of energy from RES as a basic need. This is deter-
mined by both governmental policy and the avail-
ability of the necessary infrastructure and energy
needs. The developed index can be used in as-
sessing the availability of energy from RES for the
population in various cities and countries. It can
be useful when conducting energy planning at the
municipal level and assessing the contribution of
various cities to national, regional or global efforts
to achieve Sustainable Development Goals 7, 11,
13 and 17. The need to use this or a similar index is
dictated by the current conditions in which clean
energy is becoming a basic need of the population.

As already mentioned, in the future it seems
possible to refine the index, taking into account
socio-economic indicators, so that the index will
become more useful not only for the public, but
also for private sector.
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