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Mobilizing sustainable energy – the
importance of rural regions, small units
and energy villages
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Small rural regions, termed energy villages, are potentially self-sufficient, due to the renewable energy
sources harvestable nearby, and most such villages would be able to produce further energy or raw
materials, energy for sale outside their region. In many areas, bioenergy would suffice to cover the
demand for all energy (electricity, heating, transport, agriculture etc.), and overall in all research areas,
bioenergy potential corresponds to some 1/3 of the consumption of energy. Wind and solar power
could thus make regions over-productive. The same applies to larger regions, consisting of multiple
small villages. An increasing number, rural areas are capable in covering the energy demand cities
within the region, including the industries there. The economic potential is vast. The values used here
were estimated before the Russian–Ukrainian war, therefore, is not possible currently to provide an
accurate current value, other than to estimate that prices and the entire economic value of energy will
increase. Also, and as this is not a technical planning document, it has not been possible to analyze
more precisely single separate or systemic regional solutions. Our paper presents and discusses the
logical frameworkwithin which rural regions are crucial in the process of sustainable energy transition.

Sustainable energy transition (SET) has been high on the energy sector’s
agenda throughout this century. The transition entails increased and
widespread use of renewable energy sources (RESs) in the production of
energy (ref. 1 including review). RESs, together with the rational use of
energy (RUE; energy saving and energy efficiency), are the main con-
stituents of sustainable energy (SE, e.g.,1–4). Today, there are several positive
drivers for SE. It has been acknowledged, for instance, that there is realistic
potential for RESs to satisfy today’s energy demand even globally (for a
review and references1,5). Also, RES business profitability, and its benefits
beyond business, specifically the “regional value added” (monetary aspects,
reduction of costs, increase of purchasing power, new employment, tax
income, social, ecological and ethical aspects, improved vitality6,7), can be
significant. The social acceptance of RESs, observed since the early 1980s8,
has enabled the SET to become a comprehensive global movement.
Alongside the SET, technical evolution is accelerating with new solutions
constantly emerging and being implemented. “There is a consensus that the
energy system will need to change, but … a lot of uncertainty … [of]
… how”9.

Like most other major societal transitions, the SET has also met with
big challenges. The diffusion of RES-based energy management systems
means a total replacement of fossil fuels by RE. This will require new
technologies and institutional frameworks (e.g.,10–15). The prevailing actors,
with massive resources and networks, have often prevented developments

that do not support their business16 and RES solutions are fighting against
existing structures. Today, this is changing as utilities begin to accept RES.
However, the rules of the game have “…historically been developed to
support the incumbent centralized power system”17. For new solutions to
fully manifest, there still is a need to develop value chains in order to make
production efficient and to create markets, i.e., a system of supply and
demand. However, institutional issues and other barriers slow the process;
these barriers are non-technical challenges, rather than technical issues18.
The diffusion of separate innovations, especially the systemic level of
transition, and the shift towards these structures, different from the pre-
vailing centralized system, will be a long evolutionary societal process, and
the involvement of all stakeholders will be necessary. It is crucial that the
main principles of SE are followed, and, in particular, that the solutions are
sustainable (cf.1,7,19–22).

The importance of small units and regions has become more obvious,
as has recently been acknowledged in the SET conversation: rural regions
will be among the main focuses when implementing SE and the SET. This
will have a significant impact on rural regions globally and may even result
in a disruptive change in the societal role of rural regions. The rural energy
transition has remained rather unexplored, but its potential and logical
framework are clear: “urban energy transitions are simply impossible
without rural energy transitions”23. To make the implementation of RES-
based solutions credible and convincing, it is essential to consider the
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strategy, organization and concepts creatively. As the energy content per
mass unit is much smaller in RES than in fossil fuels, the transition will
clearly affect and essentially prevent global or long-range logistics. This will
result inmore regional, even local, praxes utilizing the RES, both in terms of
producing andconsuming energy, and “…energy transitionwill bring about
a more decentralized global energy system”24. Smaller-scale production
units, in contrast against today’s highly centralized plants, will becomemore
common, as well as a distributed strategy in energy management. The
production units can still be relatively large and “regionally centralized”,
although they are “distributed”, i.e., producing energy for proximal dis-
tribution networks and close-range delivery4. Such a configuration also
offers huge potential to establish profitable production units for all energy
vectors—electricity, heating, transport fuel, agriculture, industries—which
contribute to improving regional economies and their vitality, especially in
rural regions (Table 1).

This scenario means a two-way benefit for rural regions:
• Because most RESs grow, are located, or can be harvested in large

countryside areas, rural regions will be the focus in terms of SET. This
may lead to a significant shift of the societal role of rural regions.

• The potential regional economic and employment impacts are among
the most powerful drivers for SE. For instance, it is repeatedly claimed
that RESs generatemore jobs than conventional energy (e.g.,7,25). RESs,
especially existing but presently unused resources, can play an
important role in vitalizing regional and particularly rural economies.

Money currently spent on importing fossil energy could be kept cir-
culating in the regional economy. Such spending can reach €5000 per capita
per year, so, in a region with just over 2,00,000 inhabitants, this would total
€1Bn every year (in Finland7). These first results suggest that the regional
economic impactwould increase considerablywere the region self-sufficient
in raw materials, including intermediates. The literature on the socio-
economic impacts of SE, although not yet very extensive, mainly con-
centrates on costs and employment, themethods for analyzing employment
within certain branches or separate technologies and their value chains, and
includes jobs created during the construction phase, the operation and
maintenance of the studied plants (for reviews, see9,26,27) or low-carbon
technologies, including RES28.

Effecting the transition is much more than a merely technical opera-
tion. Besides technologies, the main dimensions include the macro-
economy, the regional economy, general rules and regulations, social
acceptance, societal structuring processes, and environmental drivers, etc.,
all of which point to the need to develop implementation procedures. The
literature agrees that the “implementation processes of renewable energy
require “strong” ecological modernization” and, above all, “(…) trust”: all
relevant stakeholders must be committed to “open democratic decision-
making, participation and involvement, and incorporation of multiple
views”. The transition towards RES “requires (…) innovative institutional
frames” and societal innovations (quotations14).

Due to the complexity and need for long-term societal structuring in
conjunction with technical and economical evolution and the diffusion of
innovations within the transition process, it is essential to pay attention to
the implementation processes in terms of promoting this complex, society-
wide reconfiguration—not only by committing citizens and consumers, but
also by creating whole communities and entities capable of functioning as
units in the energy sector. This paper discusses the rural SET in general,
introducing the importance of the rural context, and, in terms of imple-
mentation, it examines the energy village (EV) concept. EV is a general
concept that describes smaller and predominantly rural regions which aim
at or have the potential to be self-sufficient in their production of energy,
including the procedures from idea to implementation.

More specifically, we aim to answer the following research questions:
Research question 1: What is the SE self-sufficiency potential in terms

of RES from within the own area in small regional units, referred to here as
EVs, and in larger regions, which consist of EVs?

Research question 2: What is the economic potential of SE in rural
regions?

In this paper, the Section “Results” defines the EV concept, the Section
“Discussions” describes the research areas, methods, research gaps,
approach, and limitations, and in the Section “Methods”, we present the
results. Chapter 5 discusses and concludes the research.

Results
Consumption of energy in the research areas
The results have been collated in Tables 2–5. The research sites altogether
consume nearly 12 TWh/annum of electricity, heating energy, and energy
for transport, agriculture, and other purposes, of which some 73% is con-
sumed inOstrobothnia, ca. 20% in the city of Vaasa alone, and a little over a
third among the cities of Vaasa, Pietarsaari, and Kaskinen. The variation in
energy consumption is mainly within the range of ca. 30–70MWh/a per
capita. The exceptional peaks in average consumption (per capita) are
caused by a large wood refining factory in Kaskinen, the considerable
greenhouse concentration inNärpiö, and the largemining companies active
in Sodankylä, all accompanied by relatively small populations (Table 1). The
total consumption of electricity, heating energy, and energy for other pur-
poses across the research sites is 4.2 (35%), 3.4 (29%), and 4.3 (36%)TWh/a,
respectively. The village research sites consume around 605GWh/a of
energy. The share of their electricity consumption in relation to the total
consumption is significantly smaller than across all sites, some 20% of the
total consumption, while heating corresponds to ca. 33%, and transport and
other purposes amount to as much as 46%. In the case of the municipalities
(including the small rural cities of Kristiinankaupunki, Uusikaarlepyy, and
Kauhava, excluding Vaasa and Pietarsaari), the shares are 33, 26, and 41%,
respectively, and the total consumption is around 8 TWh/a. Correspond-
ingly, the share of electricity is clearly the highest in Kaskinen (85%),
Sodankylä (66%), and Pietarsaari (53%).

The share of energy used for transport and agriculture is substantial in
the rural sites, varying mainly within the range of 35–57% of the total
consumption of energy. However, the share is small in Kaskinen (3.4%),
Närpiö (23%), Sodankylä (ca. 20%), and in the cities of Vaasa (ca. 34%) and
Pietarsaari (23%). The rural sites consume more heating energy than elec-
tricity, but, depending on the economic structure and, for instance, the
presence of large energy-intensive enterprises, some of these sites use sig-
nificantly more electricity. The potential RE here includes bioenergy and
wind power. Bioenergy consists of the materials available for biogas pro-
duction and combustion, which are listed separately (Table 3).Wind power
includes both the turbines already erected and the planned wind parks and
smaller production units. The total RES potential within the research sites is
ca. 23 TWh/a. Nearly 81% of this is wind power (1.8 TWh/a of existing
turbines and 16.9 TWh/a planned). Bioenergy potential is 3.75 TWh/a,
slightly more than 18% of the total potential.

Themain component of the bioenergy potential is that of combustible
materials (2.8 TWh/a). while the biogas potential is just below 1 TWh/a.
There are large wind parks planned for the villages of Siipyy, Tiukka, and
Dagsmark inKristiinankaupunki, and in the villages of Jepua andPensala in
Uusikaarlepyy. Moreover, a great deal of wind power is planned for all
regions and for most municipalities within the research areas, while some
villages (Kallträsk, Härkmeri, Lapväärti, Komossa, Alahärmä, Sassali) and
municipalities (Pietarsaari, Kruunupyy, Kaustinen, Sodankylä) have neither
existing nor planned wind power. The main element of bioenergy comes
from forestry, consisting mostly of logging residues and thinnings from
younger forests. Thebiogas and strawpotential are typical by-products from
agriculture, indicating the volume of cultivation residues, predominantly
from rural areas, some of which are also located within the borders of cities.
The Ostrobothnian counties are known for their strong agricultural tradi-
tion, the by-products of which increase their biogas and straw potential to a
level that equals the forest energy potential, while in Lapland, forestry
produces the greatest energy potential by far. In the cities, themain source of
biogas potential is wastewater sludge and organic waste separated at source.

https://doi.org/10.1038/s44406-026-00021-z Article

npj Clean Energy |             (2026) 2:6 2

www.nature.com/npjcleanenergy


Table 1 | Characteristics of the research areas: population (1000 inhabitants in 2020), land area (km2), economic structure, and
unemployment (%, in 2019; source61)

Region
Municipality
Village

Population
1000 inhabitants

Land area
km2

Primary
production
%

Secondary
production
%

Services% Unemploy-ment %

Vaasa 67.6 364.7 0.4 27.3 71.4 8.5

Vähäkyrö 5.36 215.7

Kristiinankaupunki 6.49 683.3 10.7 16.1 71.1 4.9

Dagsmark 0.41 69.5

Härkmeri 0.37 114.4

Kallträsk 0.059 19.7

Center 2.83 40.8

Lapväärtti 1.72 138.6

Metsälä – Kallträsk 0.20 72.4

Siipyy 0.15 79.7

Skaftung 0.23 41.4

Tiukka 0.51 75.2

Vöyri 6.38 782.1 13.9 31.4 53.0 3.8

Komossa 0.22 72.8

Uusikaarlepyy 7.54 732.7 14.7 38.8 45.1 3.9

Jepua 0.94 155.7

Pensala 0.34 47.6

Laihia 7.94 505.2 8.1 21.8 68.1 6.9

Korsnäs 2.06 236.0 20.3 14.0 62.0 6.4

Närpiö 9.59 977.8 23.2 23.8 51.5 3.9

Maalahti 5.50 521.8 10.0 28.2 59.7 5.6

Luoto 5.63 142.5 2.7 40.9 55.1 2.1

Pietarsaari 19.1 88.5 1.0 38.8 59.2 7.6

Pedersöre 11.2 794.3 10.4 45.1 43.3 2.9

Kruunupyy 6.44 712.9 12.2 40.8 45.4 3.9

Mustasaari 19.5 849.2 5.6 27.6 64.4 4.6

Kaskinen 1.28 10.6 1.9 39.4 56.8 6.5

Ostrobothnia 179.3 7401.4 5.0 30.4 63.3 6.3

without Vaasa 114.0

Kauhava 15.3 1313.9 11.8 30.5 56.2 8.0

Alahärmä 2.33 102.4

Teuva 5.04 554.7 15.3 22.8 59.9 7.0

Isojoki 1.94 642.4 21.9 24.0 51.7 5.3

Perho 2.70 747.9 16.7 28.6 52.9 9.0

Perho center 1.24 290.7

Veteli 3.11 502.1 21.5 22.0 54.7 6.2

Toholampi 3.04 609.0 21.1 25.2 51.6 6.6

Lestijärvi 0.72 480.0 36.5 12.3 48.5 10.2

Kaustinen 4.26 353.9 14.8 21.0 62.3 5.8

Halsua 1.11 413.0 27.8 23.0 47.0 8.8

Kaustinen Region 14.9

Sodankylä 8.31 11693 6.4 27.1 65.5 7.4

Sassali 0.053 82.5

Salla 3.40 5729.8 13.3 6.4 79.1 15.8

Posio 6.25 3039.7 20.9 13.4 64.0 16.7

Tervola 6.34 1559.7 15.3 22.8 59.9 12.6

FINLAND 5533.8 303948 2.7 20.7 75.1 9.8
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Table 2 | Consumption of energy in the research areas: electricity, heating, transport, and agriculture (GWh/annum) and per
capita (MWh/annum)

Region
Municipality
Village

Electricity Heating Transport,
Agriculture

TOTAL Per capita

Vaasa 542 1056 835 2432 36

Vähäkyrö 38 44 66 148 28

Kristiinankaupunki 62 101 169 332 51

Dagsmark 3.9 8.9 11 23 58

Härkmeri 3.5 7.4 9.6 21 56

Kallträsk 0.6 1.3 1.5 3.4 58

Center 27 34 74 135 48

Lapväärti 16 28 45 89 52

Metsälä – Kallträsk 1.9 4.3 5.3 12 57

Siipyy 1.4 5.1 3.8 10 70

Skaftung 2.2 5.7 6.0 14 60

Tiukka 4.9 8.3 13 26 52

Vöyri 65 112 162 338 53

Komossa 2.2 4.6 5.5 12 57

Uusikaarlepyy 108 116 174 398 53

Jepua 13 17 22 52 55

Pensala 4.8 6.3 7.7 19 56

Laihia 62 76 152 290 36

Korsnäs 35 31 48 114 55

Närpiö 630 164 238 1032 108

Maalahti 64 67 125 256 47

Luoto 31 35 81 147 26

Pietarsaari 616 273 272 1161 61

Pedersöre 118 139 236 493 44

Kruunupyy 116 91 144 351 54

Mustasaari 175 201 382 758 39

Kaskinen 529 69 21 619 483

Ostrobothnia 3153 2500 3039 8698

without Vaasa 2649 1488 2270 6408

Kauhava 168 290 385 843 55

Alahärmä 26 42 58 126 54

Teuva 57 92 112 262 52

Isojoki 29 37 56 123 63

Perho 12.0 33 59 104 39

Perho center 5.5 14 27 47 38

Veteli 30 54 69 153 49

Toholampi 40 48 65 153 50

Lestijärvi 10 13 16 38 54

Kaustinen 52 106 95 253 59

Halsua 12 16 27 55 50

Kaustinen Region 156 238 330 725

Sodankylä 540 108 168 816 98

Sassali 0.8 0.9 1.1 2.7 51

Salla 38 49 71 158 47

Posio 39 44 71 154 50

Tervola 41 42 68 151 52

https://doi.org/10.1038/s44406-026-00021-z Article

npj Clean Energy |             (2026) 2:6 4

www.nature.com/npjcleanenergy


Table 3 | The potential of RE (GWh/annum) in the research areas

Region
Municipality
Village

Biogas Forest Straw Waste Wind
existing

Wind
planned

TOTAL

Vaasa 153 35 29 65 135 40 461

Vähäkyrö 15 12 23 5.1 127 40 226

Kristiinankaupunki 24 79 14 6.2 286 3604 4012

Dagsmark 1.9 9.8 2.0 0.4 0 694 708

Härkmeri 1.6 5.9 1.0 0.4 0 0 8.8

Kallträsk 0.5 3.5 0.1 0.06 0 0 4.2

Center 6.9 12 0.9 2.7 7.2 40 70

Lapväärti 5.7 14 4.2 1.6 0 0 26

Metsälä – Kallträsk 1.7 13 1.1 0.2 0 277 293

Siipyy 1.4 12 0.3 0.1 0 1526 1540

Skaftung 1.1 5.8 0.3 0.2 0 156 163

Tiukka 2.3 9.3 3.2 0.5 0 1188 1203

Vöyri 46 86 44 6.1 0 158 340

Komossa 3.8 6.2 3.7 0.2 0 0 14

Uusikaarlepyy 90 84 32 7.2 79 624 916

Jepua 42 14 8.0 0.9 16.8 624 706

Pensala 3.8 4.7 5.6 0.3 4.8 272 291

Laihia 22 59 33 7.6 0 216 338

Korsnäs 7.7 29 3.7 2.0 0 612 654

Närpiö 38 115 57 9.2 463 1778 2459

Maalahti 22 59 21 5.3 127 469 702

Luoto 14 16 0.5 5.4 2.4 0 38

Pietarsaari 43 8.4 0.7 18 0 0 70

Pedersöre 65 91 23 11 0 1304 1494

Kruunupyy 54 81 15 6.2 0 0 155

Mustasaari 49 107 38 19 158 108 479

Kaskinen 2.6 1.0 0 1.2 0 0 4.8

Ostrobothnia 629 849 309 169 1249 8913 12123

without Vaasa 476 813 280 104 1115 8873 11661

Kauhava 80 97 83 15 9.6 137 421

Alahärmä 8.6 7.2 8.0 2.2 0 0 26

Teuva 24 69 25 4.8 20 323 466

Isojoki 12 63 7.5 1.9 141 1325 1551

Perho 21 53 4.5 2.6 65 749 894

Perho center 7.5 18.8 0.9 1.2 65 70 163

Veteli 28 35 7.0 3.0 0 108 185

Toholampi 31 52 11 2.9 0 1248 1345

Lestijärvi 6.3 38 1.5 0.7 0 1133 1180

Kaustinen 31 32 7.2 4.1 0 0 76

Halsua 13 25 4.5 1.1 0 1056 1107

Kaustinen Region 130 236 36 14 65 4294 4786

Sodankylä 23 329 0 8.0 187 0 914

Sassali 0.2 3.5 0 0.05 0 0 3.7

Salla 11 223 0.02 3.3 0 767 314

Posio 15 156 0.03 2.9 55 264 995

Tervola 18 95 1.1 2.8 72 864 1554
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Table 4 | Energy balance (consumption, RES potential, consumption–potential, GWh/a; balance andRESpotential withoutwind
power, %) in the research areas

Region
Municipality
Village

Consumption
GWh/annum

RES potential
GWh/annum

BALANCE
GWh/annum

BALANCE
%

RES–Wind
%

Vaasa 2433 461 −1971 19 12

Vähäkyrö 148 226 79 153 37

Kristiinankaupunki 332.3 4012 3679 1207 37

Dagsmark 23 708 685 3078 61

Härkmeri 21 8.8 −12 42 42

Kallträsk 3.4 4.2 0.8 124 122

Center 134.8 70 −64 52 17

Lapväärti 89.2 26 −63 29 29

Metsälä – Kallträsk 12 293 281 2442 133

Siipyy 10 1540 1529 15,400 138

Skaftung 14 163 149 1164 53

Tiukka 26.4 1203 1177 4557 58

Vöyri 338 340 1.9 101 54

Komossa 12 14 1.6 117 116

Uusikaarlepyy 398.0 916 518 230 54

Jepua 52 706 654 1358 125

Pensala 19 291 273 1532 76

Laihia 290 338 48 117 42

Korsnäs 114 654 540 574 37

Närpiö 1032 2459 1427 238 21

Maalahti 256 702 446 274 42

Luoto 147 38 −109 26 24

Pietarsaari 1161 70 −1091 6 6

Pedersöre 493 1494 1000 303 39

Kruunupyy 351 155 −196 44 45

Mustasaari 758 479 −278 63 28

Kaskinen 619 4.8 −614 1 1

Ostrobothnia 8692 12123 3431 139 23

without Vaasa 6408 11661 5402 182 26

Kauhava 843 421 −422 50 33

Alahärmä 126 26 −100 21 21

Teuva 262 466 204 204 47

Isojoki 123 1551 1428 1261 69

Perho 104 894 790 860 78

Perho center 47 163 116 347 60

Veteli 153 185 32 121 48

Toholampi 153 1345 1192 879 63

Lestijärvi 38 1180 1141 3105 122

Kaustinen 253 76 -177 30 29

Halsua 55 1107 1051 2013 79

Kaustinen Region 725 4786 4062 660 57

Sodankylä 816 914 98 112 44

Sassali 2.7 3.7 1.0 137 139

Salla 158 314 155 199 150

Posio 154 995 841 646 113

Tervola 151 1554 1403 1029 77
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Table 5 | Costs of energy in the research areas (millions of euros, M€/annum) and per capita (Euros; €/annum)

Region
Municipality
Village

Electricity Heating Transport,
Agriculture

TOTAL Per capita

Vaasa 28.2 37.0 189 254 3758

Vähäkyrö 2.0 1.6 18.2 21.7 4049

Kristiinankaupunki 3.2 3.5 42.3 49.1 7568

Dagsmark 0.20 0.31 2.9 3.4 8434

Härkmeri 0.18 0.26 2.6 3.0 8227

Kallträsk 0.03 0.05 0.42 0.50 8459

Center 1.4 1.2 17.4 19.9 7050

Lapväärti 0.85 1.0 11.3 13.1 7637

Metsälä – Kallträsk 0.10 0.15 1.5 1.7 8397

Siipyy 0.07 0.18 1.3 1.5 10,186

Skaftung 0.11 0.20 1.7 2.0 8805

Tiukka 0.25 0.29 3.4 3.9 7669

Vöyri 3.4 3.9 42.7 49.9 7830

Komossa 0.12 0.16 1.6 1.8 8486

Uusikaarlepyy 5.6 4.06 43.5 53.2 7056

Jepua 0.70 0.59 5.6 6.9 7379

Pensala 0.25 0.22 2.0 2.5 7451

Laihia 3.2 2.7 36.0 41.9 5269

Korsnäs 1.8 1.1 9.2 12.1 5874

Närpiö 32.8 5.8 60.7 99.2 10,349

Maalahti 3.3 2.4 30.7 36.4 6618

Luoto 1.6 1.2 19.8 22.6 4018

Pietarsaari 32.0 9.6 70.2 111.8 5853

Pedersöre 6.1 4.9 59.2 70.2 6286

Kruunupyy 6.0 3.2 36.2 45.4 7055

Mustasaari 9.1 7.0 93.4 109.4 5602

Kaskinen 27.5 2.4 4.6 34.5 26,945

Ostrobothnia 164.0 87.5 737.4 988.9 5515

without Vaasa 137.8 52.1 566.5 756.4 6635

Kauhava 8.7 10.2 100.5 119.4 7793

Alahärmä 1.3 1.5 15.3 18.1 7789

Teuva 3.0 3.2 30.0 36.2 7184

Isojoki 1.5 1.3 12.9 15.7 8081

Perho 0.62 1.2 11.4 13.2 4909

Perho center 0.29 0.49 6.0 6.7 5435

Veteli 1.5 1.9 18.0 21.5 6897

Toholampi 2.1 1.7 15.5 19.3 6361

Lestijärvi 0.52 0.4 3.6 4.6 6362

Kaustinen 2.7 3.7 24.9 31.3 7348

Halsua 0.62 0.57 6.1 7.3 6575

Kaustinen Region 8.1 8.3 79.6 97.2 6523

Sodankylä 28.1 3.8 37.1 69.0 8300

Sassali 0.04 0.03 0.24 0.31 5877

Salla 2.0 1.7 16.0 19.7 5777

Posio 2.0 1.5 15.6 19.2 6246

Tervola 2.1 1.5 15.5 19.1 6637
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Across all research sites, the total RES potential is almost double the
consumption (Tables 2–4). Typically, in the largest cities of Vaasa, Pie-
tarsaari, and Kaskinen, the RES potential is only 19, 6, and 1% of the total
consumption, respectively. Nevertheless, across the whole of Ostrobothnia,
the potential is nearly 140%, and 2.5-fold the consumption when excluding
the cities. In the sites of SouthernOstrobothnia, the potential is around twice
the consumption, in the Kaustinen region 6.6-fold, and in Lapland
three-fold.

Costs of energy in the research areas
The greatest potential in relation to consumption exists in the small villages
of Siipyy, Tiukka, Dagsmark, and Jepua, in the municipalities of Närpiö,
Pedersöre, Tervola, and Posio, and in the Kaustinen region. The balance is
negative in some villages (Härkmeri, Lapväärti, Alahärmä) and munici-
palities (Luoto, Kruunupyy, Mustasaari, Kauhava, Kaustinen) due to the
presence of industries and other larger enterprises. The RES potential
without wind power is only some 18% of the total potential, which corre-
sponds approximately to one-third of the total consumption over all of the
research sites. Excluding the cities mentioned above, bioenergy (including
biogas, energy from forestry, straw, and waste) covers around half of the
consumption. This element of the potential is clearly more than the con-
sumption in the smaller villages of Kallträsk, Metsälä, and Siipyy, Komossa,
Jepu, and Sassali, and in the municipalities of Korsnäs, Lestijärvi, Salla, and
Posio. The cities produce very little bioenergy resource, and their potential
coverage in terms of bioenergy is also minimal in the more industrialized,
yet rural, municipalities. Within the village sites, in contrast, bioenergy
potential is 95% of the consumed electricity and heating energy combined.
Correspondingly, the share is 85% across the municipality sites and only
12% in the cities. In Lapland, the bioenergy potential is 1.4–2.7-fold the
electricity and heating energy consumption, with the exception of the
municipality of Sodankylä with its mining industries. In Ostrobothnia, the
share is 35% and, in the Kaustinen region, 106%.

The research sites, overall, spend nearly €1.4 Bn per year on energy
purchases, of which ca. €1 Bn is used for transport, agriculture, and uses
other than electricity and heating. Only €120M goes toward heating, and
€220M for electricity. The sites in Ostrobothnia alone consume nearly €1
Bn per year in energy, 75% of which is used for purposes other than elec-
tricity and heating. The share of purchasing this part of energy varies
between 74 and 90% overall, except in Pietarsaari (63%), Närpiö (61%),
Sodankylä (53%), andKaskinen (13%). The total cost of energy in the village
sites is approximately€107Mper year. Electricity andheating cover only 7.4
and 7.7% of the total cost, respectively, while the other uses, excluding
electricity and heating energy costs, covers 85%. In the cities, the share of
electricity costs is 22%, and around two-thirds of the total sum of money is
spent on energy, while €400M is spent on transport. Within the munici-
pality sites, the corresponding figures are 13 and 80% from a total of €1 Bn.
The highest shares of electricity costs are in Kaskinen (80%), Sodankylä
(41%), Närpiö (33%), and Pietarsaari (29%). The range of the share of
heating costs is less than that of electricity and other energies, primarily
being 10% or below, with exceptions of the city of Vaasa (ca, 15%), Kaus-
tinen (12%), and Siipyy (12%). The average annual economic value of
purchasing energy per capita is as high as €7400, with extremely high
spending in Kaskinen (ca. €27000), Närpiö (ca. €10350), and Siipyy
(ca. €10200).

Discussions
The potential of RESs exceeds the actual consumption of all forms of energy
in small rural regions or EVs, excluding the larger industries. Wherever the
villages have installed or planned wind power, the total RES potential is far
larger than any consumption, including industries. Moreover, within larger
regions, e.g., counties, the potential exceeds the consumption. Larger cities
(Vaasa, Pietarsaari), industries (Kaskinen), and areas with energy-intensive
businesses (Närpiö, greenhouse concentration) have negative balances even
in rural regions: their RES potential would not cover their whole con-
sumption. The rural areas surrounding these sites would, however,

potentially cover all their energy demands, as well as those of the whole
region. The potential of bioenergy will not suffice to cover more than one
third of all the energy demands in county-level areas with the aforemen-
tioned energy-intensive sites. For them, the erection of wind turbines or
other RE sources, such as solar power and ground-source energy (not cal-
culated in this study), will be necessary to achieve regional self-sufficiency.
Reaching this is still highly realistic, although some 90% of the wind
potential is “only” at the planning stage: turbine erection is very actively
underway in Finland, including within the research sites.

A national analysis of Finland’s self-sufficiency energy potential29 has
shown that around 50% of all energy demands in Finland can be covered
both by the RE already used and the unused and available bioenergy. In
2016, ca. 130 TWh/a of fossil-fuel energy was consumed; replacing this by
renewables would require around 13,000 new 5MW wind turbines. Since
then, wind and solar power have been installed at an accelerating pace.
These figures include all energies, including industries and the largest cities.

As for rural regions, the situation is dramatically different, as our
research has shown. Even more than ten years ago, it was known that
bioenergy alone could potentially cover all electricity and heating energy
demands in rural Finland, and an extensive literature review showed the
same globally5. Including the energydemands for transport, agriculture, and
other purposes, however, changes the formula: to reach RES self-sufficiency
even within smaller areas often requires other RESs besides bioenergy. The
results can be applied on a global scale: even “…amegacity suchasDelhi can
benefit and drive a regional energy transition” and “develop local renewable
energy resources to decouple from expensive overseas imports of fossil
fuels,” and thus “set an example for othermegacities around theworld…”30.
In the island mode, “[t]he non-interconnected islands in Greece […] not
scheduled to connect to the mainland grid will be converted into green
energy islands”31. The results in this study support thepresuppositionsmade
in Section “Results”, and the answer to the research question 1 is clearly
positive. Therefore, the issue is not whether there would be sufficient RES to
cover all energy demands, but how to implement sufficient RES production.

Since 2022, the Russian–Ukrainian war has led to an extremely
unstable societal, political, and economic situation and has had a significant
impact on the energy sector. The dependency on and restricted availability
of Russian energy have led to a shortage of energy in Europe and con-
siderably high energy prices. In this research study, it has been almost
impossible to obtain reliable results concerning the economic situation, as
the prices have not only been very high but have also been constantly
changing, making it difficult to forecast some kind of “normal” situation.
This complication also applies to the future: the exclusion of one major
source of energy, the Russian fossil fuels, will affect the entire energy sector
for a long time. Another impact will be the accelerated transition to
renewable energies. This has been a high-level goal for most European
countries and beyond, but many countries have found the required pace of
change too great to achieve. The prospect of RES energy production,
however, will be significant in any case, and this will provide rural regions
with evenmore opportunities than previously anticipated. As practically all
RESs are located and harvestable in rural areas23, it is clear that these areas
will focus not only on promoting the energy transition but will do so at an
accelerated pace.

The results indicate the vast economic importance of energy, and
directly highlight the potential significance of RES production for rural
regions. It is also important to note that the prices used here even under-
estimate the real and future significance, as nearly all actual political and
public discourses anticipate that prices will either remain high or will
increase considerably. The other side of this coin is that the high energy
prices may also improve the financial feasibility of RES-produced energy,
owing to profitable implementation and mobilization. The logic of the
economic development, studied in this article, can give the rural energy
transition23 a realistic boost. Energy transition can turn rural areas into
arenas for the local promotion of eco-economies, in which RES form a
central pillar32. In addition to the pure economic gain, the transitionwill add
value to a region6 with the introduction of completely new, entire value
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chains fromRES harvesting to refining, as well as the delivery of energy, the
management of regional systems, improved employment opportunities,
societal benefits, and a new kind of rural vitality (cf 6,7,25,33–36).

The impact of the energy transitionon regional economieswill behuge,
even larger than previously observed7. In our sites, the economic value per
capita most often exceeds 5000 euros per year. Within smaller villages, the
total economic value already amounts to millions of euros; within muni-
cipalities of some10,000 inhabitants, thefigure canbe asmuchas€50–80M,
and in counties of some 1,50,000 people, even €1 Bn. Although every
investment must be independently feasible and profitable, the regional
value, including the emerging new value chains close to the energy sources,
might also motivate the public sector, mainly municipalities and their
development companies, to participate in these investments, which could
lower the threshold for investment for other regional stakeholders. In
answer to research question 2, we state the following: the economic
importance of rural regions, in particular, will be vast in the energy transi-
tion, and this may offer rural regions a central role in future energy man-
agement systems both nationally and globally.

This research gives clear, positive answers to our research questions:
RES self-sufficiency is realistic both within smaller areas (EVs) and larger
regions (counties, nationally). The implementationwill be another issue and
a longer societal process. The economic and regional economic potential is
huge for rural areas. “Rural, sparsely populated, and economically under-
developed regions […oftenwith cheap landandsmall communities…] have
thus become target areas for the installation of renewable energy facilities”23.
This is completely in line with some previous observations and the eco-
economic paradox: “rural areas have high ecological potential, yet low levels
of economic activity (…) few welfare services”37. Rural regions could
potentially fill this gap, as “…renewable energy constitute a key element of
energy transitions and are inextricably tied to rural spaces”23. This clearly
implies the importance of mobilizing rural resources. Summing up the
potential for RES availability and both the business and regional economy
may imply significant prospects for rural areas, even “… the emergence of a
new role and potentiality for rural areas …”37, the possible “productivist
countryside”38, meaning a new productive quality of rural areas, the
actualizing potential of energy transition and the utilization of renewable
energy with its business potential, employment prospects and rural vitality
—the “regional value added”6.

This might also offer farmers new positive motivation and interest to
apply climate-beneficial measures, instead of being persuaded or forced
(cf 39) to reduce costs and generate income on the farm40. Farms could even
play a key role in supporting rural community projects to develop RE
production40. The remaining question is “…how and by what means new
and revised production–consumption chains, networks and relationships
can become established bothwithin rural areas and between them and their
urbanneighbors”37.WhileRE is potentially important in rural development,
“social acceptance defines decisions in renewable energy expansion in rural
areas”41; this refers to the active and individual role of rural societies in
choosing whether or not to take advantage of this opportunity. Conse-
quently, despite the anticipatedbenefits, this concept is highly contested and
is structured in three dimensions23: (1) while such resources are limitless,
physical space is not; RES production may cause physical impacts
(appearance, noise, odors, and landscape changes) and may also compete
with other forms of land use (such as “food vs. fuel”). (2) One result can be
the “financialization” of rural areas, which prioritizes investor profits over
local distributive benefits (cf.42) and legitimizes the clearance of space, for
instance, for wind farms43. The distribution of costs and benefits may be
unfair. (3) Local decision making and participation23, as well as community
engagement by the public sector (e.g., municipalities) might be prioritized,
where trust will be the key issue 13–15).

There are still several questions remaining, such as who decides, who
benefits, and who is affected by RES installations, etc., directly confronting
the historical ways of exploiting natural resources, the resource peripheries’
dilemma, ecological colonialism, and even robbery21,44–48).Moreover, history
has shownamyriadof adverse impacts that cannot be categorizedwithin the

concept of sustainable energy or development (cf.21), even though the RE
transition is poised to reduce the levels of the ecological footprint22.
Therefore, the question is the same as in the general philosophy of utilizing
natural resources: energy transition is part of a series of larger spheres, such
as climate change abatement, the circular economy47 and carbon neu-
trality (cf 23,37). Nevertheless, the “post-carbon transitions will be mainly
fought out in rural areas”23.

The observations in our research, both currently and previously,
indicate the very obvious development of rural energy transition, also
supported by other researchers (e.g.,23,32,37,38,42). This also confirms our pre-
suppositions, according to which the transition will be focused on solutions
of a smaller scale, based on rural sources of energy and shorter-range
logistics. This especially applies to forms of energy other than electricity,
which have a more centralized system and an established transmission and
delivery infrastructure, although electricity can also be produced in smaller-
scale local and regional units. This development logically supports the
previously introduced dichotomy vision5, which sees the energy markets as
on the brink of division into two overlapping strategies, viz., the prevailing
centralized systems and the distributed systems in development. The new
distributed energy management structure would serve the less populated
rural areas andwould provide energy for regional, evennational, population
centers and industries. In Finland, this would constitute roughly 90% of the
whole country. The centralized system would then concentrate, in the
future, on serving the largest population centers and the most energy-
intensive industries. Both strategies would rely on RES, and they would
ideally function in dialectical, unbroken collaboration and continuous co-
development and synergy.

The data are also in line with the concept of rural areas supporting
larger regions, including cities and even industries in their production of
energy, by deploying all relevant renewable sources of energy. Therefore, the
peripheral areas can provide the core sites (as named by Wallerstein49) or
centers nationwidewithenergy services andnatural resources sustainably. It
remains to be seenwhat thedivisionof labor and capitalwill be, andwhether
or not this might become a new target for ecological colonialism and rob-
bery; perhaps there will be a new and positive transition enabling rural areas
to benefit from their valuable, natural resources in a novel way. In summary,
“…renewable energy sources belong to the core of rural capital, […] The
development of a distributed energy model responds to societal needs and
creates thousands of jobs in rural areas…” (50 translated fromFinnish). This
is likely to provide rural areas with a completely new societal role: besides
primaryproduction andother traditional roles, the countryside canoffer the
whole nation renewable and sustainable energy. Support, however, is crucial
because “…without leveraging and developing rural capital this will not
materialise” (50 translated fromFinnish). Smart energy systems focus on “…
achieving the goals of transitioning the energy system to become solely
relying on renewable sources”51 “by exploiting synergies through the inte-
gration of the various energy sectors—heating, cooling, electricity, transport
and industrial—in a holistic approach where demand flexibility, storage
optimization and production synergies can be used to better exploit the
varying energy production from fluctuating renewable energy sources”52.

Small rural regions, termed EVs, are potentially self-sufficient, due to
the RES harvestable from within their own region, and most EVs would be
able to produce energy or raw materials for energy for sale outside their
region. In many areas, bioenergy alone would cover the energy demand;
adding solar and wind power could potentially make all regions over-
productive. The same applies to larger regions, comprising multiple small
EVs. An increasing number of rural areas are capable of covering the energy
demand of cities within the region, including industries located in that
region. The economic potential is vast. The values used here were estimated
before the Russian–Ukrainian war; therefore, it is not possible to provide a
reasonable current value, other than that prices and the entire economic
value of energy are expected to increase. As this is not a technical planning
document, it includes no analysis of more precisely single, separate, or
systemic regional solutions. The rural energy transition in all its forms will
have a vast impact on the rural eco-economy and its vitality, even providing
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rural regions with a new societal role: to serve the whole of society by
producing sustainable RE.

The RES potential has been calculated as the total volume of energy,
which only provides directional comprehension as regards the real poten-
tial. Some of the materials assumed might not be available in practice, but
much of the potential has yet to be revealed: new free spaces, e.g., from turf
refining, young forests, and even cultivation groundsmay become available
for both bioenergy and solar power production, to name but a few. More-
over, these calculations do not consider seasonal variations in the con-
sumption, nor the seasonal intermittency of the RES production
possibilities. The estimates of heating energy consumption are pretty vague,
as the statistics arenot up-to-date andare estimatedby standard averageuse.
Our intention here is only to show approximately where the path can lead
and how best to follow it. The economic values used here were estimated
before thedisruptive change in energyprices across the entire energymarket
due to the Russian–Ukrainian war, as well as the turbulence of the Covid19
pandemic. As the war currently affects the prices and the markets overall, it
will not be possible to predict any reasonable future values beyond linking
figures to oneparticular point in time—in this case, the spring of 2022.What
seems certain, however, is that prices and the whole economic value of
energy will not be less than during the pre-war situation. The technical
solutions for utilizing theRESswithin eachEVand region cannot bedefined
at this stage, and, for this reason, we are unable to present investment and
feasibility calculations (capital, payback time, profitability) for the targets.
Moreover, concerning the economy, the purpose is to show the potential
magnitude of regional economies. In relation to single, separate investments
or regional, systemic solutions, however, economic analyses remain to be
conducted case by case after more precise technical planning.

Methods
From village to energy village
Defining ‘village’ and ‘energy village’. A village is a small settlement, a
group of houses, usually in a rural setting, larger than a hamlet but smaller
than a town. It can also be an incorporated minor municipality, a terri-
torial area having the status of a village, especially as a unit of local
government, smaller than a town and including the inhabitants of such a
community collectively, e.g.,53–55. In scholarly contexts, the con-
ceptualization of villages and of villagers’ roles has mainly been based on
“… the village as an economic entity and amajor base for the livelihood of
its inhabitants”56. In the 1970s, villages were predominantly agricultural
communities. In the 1990s, the roles were about to change: “With the
ever-smaller role of agriculture for the villagers, the residential function
of the village gained more and more attention”56.

In the 2010s, “…the conditions are so manifold and various that no
measure of agricultural policy is able to meet the needs of the entirety of
small farmers…”56. Changes unfolded in the conditions of local populations
and local heterogeneity: “…the villages changed from being the location of
small family farms towards socially and economically differentiated places”,
and this change also encompassed “…growing mobility, urbanization and
internationalization”56. Even though villages are “… strongly interwoven
with their surroundings”56, their relationships with the natural resources
around themhave barely been explored. In this article, we pay less attention
to the social dimensions of the villages, although these will certainly have
importance as regards the implementation of the SETprocedures, and focus
mainly on the RESs in their surroundings. The major hypothesis is that a
larger region consists of smaller units, referred to here as EVs (Fig. 1). These
EVs are defined as follows:

Fig. 1 | Jepua village (Western Finland, Uusikaarlepyymunicipality; upper left), a conceptual presentation (upper right) as examples of EVs, and a schematic regional mosaic
of EVs (lower).
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• AnEVis a small townor region, amixture of houses, small commercial
and industrial properties, or local authority-owned buildings and
farms, akin to the typical village concept described above.

• An EV also comprises the surrounding impact area, for example,
forests, open countryside, or cultivation grounds with their associated
RES potential.

The EV idea corresponds to that of energy islands, as EVs can be
defined in such a way that they are completely or nearly isolated from the
wider energy grid and, froman external perspective, canbe treated almost as
a single energy-consuming and producing entity.

Theoretically, larger regions, such as municipalities or counties, can be
divided into EVs that border one another and, in union, cover the whole
region.

Typically, EVs are situated in rural locations, where most of the RESs
can be harvested and utilized, but, correspondingly, independent units can
also be identified, such as suburbs, blocks of houses, or even single houses,
which are essentially independent energy management units.

The energy village design concept for small areas
The EV is also a replicable concept for creating small regions which are RES
self-sufficient, with a particular focus on rural areas. The aim is to bring
small, primarily rural regions to a state of 100%+ RE self-sufficiency, using
local RES. A “normal” EV is a small village, town, or region, with a popu-
lation of 50–10,000 inhabitants, with amixture of houses, small commercial
and industrial properties, local authority-owned buildings, and farms, but
also the surrounding impact areawith associatedRESpotential. The concept
is based on the idea of SE, which goes beyond the use of RES to encompass
also an overall reduction of energy use. It integrates relevant technologies
into systemic solutions and requires sustainability management to avoid
adverse impacts. This provides the commonmethodological base for theEV
concept, encompassingdigitalized applications and tools. This toolkit canbe
widely disseminated andmade available to potential replicators to boost SE
implementation. The focus is on rural-area EVs (communities, districts, or
regions)with a significant and increasing shareofdistributed, low- andzero-
carbon renewable electricity, heating, cooling, and transport fuel generation
from local resources, electric or thermal storage, and flexible demand, and
controllable loads. Electricity can be distributed over both medium (MV)
and low-voltage (LV) networks, or LV only, depending on the size of the
village.

The EV concept is grounded on the following presuppositions:
• Each EV primarily covers its own energy demand with RESs from

within its own area. The energy balance, however, depends on the
demography, industrial structure, and other characteristics of the EV.
Each EV’s energy balance collates and compares the consumption of
energy (all vectors) with the RES potential from the whole EV surface.
Initial estimates of the balance should be refined by research.

• In most EVs, especially rural ones, the balance is usually positive,
meaning that the EV can also produce energy (or raw materials for
producing energy) for sale.

• RESs are usually materials left over from other activities, not used for
any other purpose. This results in the efficient utilization of unused but
available, cheap, and local materials 57.

• Oneof themost importantdrivers for the local and regional useofRESs
is the potential to improve the regional economy, by replacing pur-
chases of (usually fossil) energy from outside with local and regional
activities (cf.7).

In summary, the assemblage of EVswithin a larger regionwill, inmany
cases, be supposed capable of serving societies outside the region itself. This
potential is, however, a question to be confirmed by research, and, in some
cases, the balance might be negative.

EVs, municipalities and regions
The research sites and some of their main characteristics have been listed in
Table 1, and mapped in Fig. 2. The sites include 16 villages and 27 munici-
palities in total, located in theOstrobothnia,CentralOstrobothnia (Kaustinen
Region), SouthernOstrobothnia, andLapland counties. InOstrobothnia, this
includes the largest cities of Vaasa and Pietarsaari, while all the other sites are
rural municipalities and villages, including the smaller rural cities of Kristii-
nankaupunki and Uusikaarlepyy, both having large rural areas and villages.
The economic structure is dominated by a high proportion of primary
production across all rural sites, while Vaasa and Pietarsaari are typically
industrialized and are service-oriented cities. Vaasa has the largest energy
technology industry concentration within Northern Europe, with large,
globally-active enterprises, such as ABB, Wärtsilä, Danfoss, and The Switch,
etc., currently employing more than 11,000 people.

The rural sites, especially within the Ostrobothnian counties, also have
remarkably low levels of unemployment, which is typical in agriculturally
dominated areas, accompanied by a tradition of entrepreneurship (e.g.,58).

Fig. 2 | Research areas.
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This, however, does not apply to the northern sites in Lapland, where
unemployment is a difficult problem.Thehighproportionof services results
from the centrality of tourism in Lapland. The total research area, ca.
35,000 km2, is ca. 11.5% of Finland’s total land mass. Correspondingly, the
population within the research sites, ca. 2,41,000 inhabitants, represents
some 4.4% of the national total. Themainly rural sites are, on average, more
sparsely populated than other areas in Finland. The population in the
research area villages ranges from 49 to 53 in Kallträsk and Sassali,
respectively, to 1240 in Perho municipal center, while Alahärmä (2330
inhabitants) and Vähäkyrö (5360 inhabitants) are formerly independent
municipalities and now parts of the cities of Kauhava and Vaasa, respec-
tively. “During the first two decades of the twenty-first century, the intro-
duction of policies that promote renewable energy in Western European
countries facilitated a shift towards the production of cleaner energy and its
decentralization”59. This study is a continuation of such progress.

Energy balances in the research areas
The energy, by village,municipality, and regionwere defined by calculations
and the comparison of energy demand andRESpotential, both of which are
briefly described below.

Energy demand
Energy demand figures were mainly collated or calculated according to
published statistics and complementary interviews. Energydemandconsists
of the use of electricity, heating energy, and transport fuels, including
machines within agriculture. The methods used are listed in Table 6.

The data for the total actual use of electricity in regions and munici-
palitieswere taken fromofficial statistics,whichoriginate frommetereddata
and reports by energy utilities60. Village-specific demand was estimated

from the average demand within the larger area, scaled to each village’s
population (populationdata61:webpages of the villages). Theheating energy
usage includes all buildings (public and private houses, industrial and
business premises). The number of all houses and premises and their sur-
rounding areas has been obtained from official statistics61,62). These figures
were refined into heating demand as shown in the Appendix, and include
the electricity used for heating. Transport fuel consumption was calculated
as a simple multiplication of vehicle and machine numbers, average dis-
tances drivenorhoursused, andaverage consumption, calculated separately
for different regional units and different vehicle categories, as follows:
• Regional units: villages, municipalities, and the two regions.
• Number of vehicles by category: light traffic including personal vehi-

cles, heavy traffic including buses, trucks, tractors and farmmachinery;
numbers, average consumption, estimated distances for regions and
municipalities61: numbers for villages in relation to the population.

The average figures for fuel consumption and distance or use per year
for the various vehicle categories are provided in theAppendix. Thenumber
of vehicles in each region, by category, was obtained from themunicipalities
for villages and municipalities, and from the national statistics for the
regions. The average consumption, the distances, and hours of use were
taken from the national statistics61.

RE potential metrics
There are several definitions of RE supplies in the literature, adequately
summarized by63 and64). The supply, from several types of sources, is “…
obtained from the continuing or repetitive currents of energy occurring in
the natural environment and includes non-carbon technologies such as
solar energy, hydropower,wind, tide andwaves and geothermal heat, aswell
as carbon-neutral technologies such as biomass”64. These sources have been
described in more detail by e.g.,63 and65. In this study, bioenergy and wind
power have been considered, and, in some cases, there are also small-scale
contributions fromsolar andhydropower. These energy sourcesdooccur in
the study areas: there are industries refining some of the sources, there is
infrastructure for their utilization (e.g., in forestry), and their energy content
can be measured reliably. Other forms of RES have not been considered
because they are either unavailable in Finland or the technology is still
underdeveloped for wider utilization. The figures for the energy content of
each RES were calculated or collated separately from within the defined
borders for each region, municipality, and EV. The methods for obtaining
the data are described briefly below and are summarized in Table 7.

The bioenergy potential data have been collected from the Biomass
Atlas, which was created and is maintained by the Natural Resources
Institute Finland66, and which is based on the latest available scientific
knowledge. The potential does not include areas, materials, or products for
food or other industrial production. Therefore, the potential collates
materials and side product flows that are not actively utilized for any other
purposes currently. For instance, wood-based materials from forestry are a
combination of logging residues and culls from thinning young forests. The

Table 6 | Summary of the methods used for obtaining energy
demand figures

Demand Method Source

Electricity Municipalities:
Official statistics
Villages:
In relation to the population

Energy
Industry 2021

Heating Calculation based on building areas
and average heat demand according
to statistics

Statistics Finland
2022
Interviews

Transport fuel
Light traffic:
passenger cars
and vans
Heavy traffic:
trucks and
buses
Farming
machines

Municipalities:
Average distance by vehicle and
average consumption multiplied by
the number of vehicles;
Statistics by area
Villages:
In relation to the population
Separately:
Light and heavy traffic, and farming
machines

Municipalities
Statistics Finland
2022
Interviews

Table 7 | Summary of the methods for obtaining bioenergy supply figures

Fraction Method Source

Manure Number of domestic animals;
classified by species and sub-groups: cattle, pigs, fur animals

Municipal officers
Ministry of Agriculture and Forestry

Sludge Official statistics Municipalities;
Environment administration

Biomass from cultivation grounds Reed canary grass crop (tons/ha) potential from fallowed areas:
Silage (10%), fertilization grass, fallowed fields, fields for environmental management

Municipalities
Ministry of Agriculture and Forestry

Wood Logging residues only;
Actual data from loggings

Regional Forestry Centers

Straw and other cultivation residues Cultivated areas; Specific harvest and energy content for species Municipalities
Ministry of Agriculture and Forestry

Municipal biowaste Official statistics Environment administration
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energy potential of straw combustion has been calculated based on 50%
utilization of the annual yield for cultivated grain66. Waste incineration
figures include the separately collected combustible solid municipal waste,
usually ca. 450 kg/annum per capita in Finland, with an energy content of
2.5 kWh/kg; the energy yield has been presupposed to be 85%66. All quan-
tities were multiplied into energy content units via generally available and
commonly used specific values (e.g.,64,67–70). The biogas potential was cal-
culated basedon the share of total (TS) and volatile solids (VS) andmaterial-
specific gas production (67,69).All quantitieswere thenmultiplied into energy
content units using generally available and commonly used specific
values (68–70).

Wind power has been considered for the already existing turbines and
turbines under construction; the projected wind parks currently under
permitting procedures have also been included in the RES potential. The
data were obtained from refs. 71,72 considering the efficiency of 2400
operative hours yearly (some27%).Thefigures forhydropower, present in a
few of the research areas (multiplication of the number of turbines,
operational hours per year, and operational efficiency), include data from
existing power stations that have already been in use for decades. The
erection of new hydro power stations has been negligible, as most of the
remaining waterfalls that would be suitable are protected by law. The
research target areas were villages or sub-regions of municipalities. As most
of the statistics have been collected by the municipalities, the material was
mainly obtained via personal contact in these areas. All of the villages were
visited, where interviews took place face-to-face. The people contacted fell
into the following categories: municipal officers (technical directors,
environmental, rural, and business managers), personnel from the regional
energy utilities or from development organizations and enterprises.

This compilation of bioenergy metrics, based on official statistics and
relevant specific figures and considering geographical features, corresponds
to the harmonization methods proposed for the EU64. In the literature, this
method of using official statistics as a starting point, multiplied by specific
values and taking geographical characteristics into account, is typical: for
example, for the potential of global field biomass70, global bioenergy72,73,74),
global sustainable biomass energy75,76), global bioenergy from forestry77, and
overall RES on a global scale78. Wind and solar power are, in principle,
inexhaustible, especially over small areas, and theyhavebeen includednot as
mere potential, but as actual existing energy sources or sources under
development, or as examples of howmany production units would cover a
certain energy demand.

Economic value of energy
The economic value of energy was calculated for all regional categories
according to the Spring 2022 energy prices: electricity: 0.052 €/kWh

(excluding VAT and delivery); gasoline, diesel, and oil: 1.9 €/l. All prices are
without VAT, and the electricity price does not include delivery costs. The
price for heating was calculated by multiplying the unit price of the fuel by
the total area per building category bymunicipality. The total building areas
by municipality were divided into building categories, using the national
average proportions61, since no specific datawere available concerning these
categories in the municipalities. Each heating method uses a specific fuel,
each of which has a different price. It is presupposed that all the money
currently spent onenergywill alsobeused for energy in the future.The share
of energy, presumed to be produced by various technical solutions, would
differ between regions, depending on local characteristics, so it was not
possible to conduct a deep and thorough economic analysis. The pre-
existing data regarding the division of money flow along the main value
chains (biogas, CHP, wind power) allowed a rough and indicative estimate
of the money flow for the whole RES-based production of energy. The
overall idea is to show the economic dimension and potential, and, in
practice, the intention has been to motivate and activate the various sta-
keholders in the villages.

Research gap, novelty and approach
We address the following knowledge gaps and scientific novelties:

The approach gap: as SET is a societal process, it will be necessary to
create understanding, reflecting all the relevant branches of knowledge.We
add value to this by introducing the philosophical level of conceptual
integration.

The regional gap: there is a knowledge gap regarding the location of
harvestable RES, which will be crucial in relation to the implementation of
sustainable energy. We address this gap by studying (energy) villages,
regions consistingof villages, and the ability of these entities to servenotonly
the region and the villages themselves, but also the continuum from villages
to larger societies, even cities, through the utilization of RES. We highlight
the importance of rural regions and the traditional periphery–center logic.

The regional economy gap: knowledge and understanding of the
regional economic potential and the significance of utilizing each region’s
own renewable yet unused resources, are still very vague. We address this
gap by analyzing the economic value of energy and how regions would
benefit if fossil energy were to be replaced by RES, within each region firstly,
but with potential for sale to other regions.

The systems gap: The mainstream way of understanding the SET has
been based on single, separate technical solutions, largely neglecting how to
create understanding towards systemic solutions.Weprepare the groundby
introducing the energy village concept, where the wholeness consists of
several single and separate solutions, integrating the societal processing and
stakeholders within the targets, and considering the societal restructuring

Fig. 3 | The constructive research process from
problem to solution, with reference to theoretic and
practical relevance (left; redrawn21,83) and the prin-
ciple of conceptual integration (right; redrawn21).
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under the emergence of new regulations and continuously developing
innovations, for instance. A holistic diagnosis and holistic approach to
solving the problem are lacking, as “…the uptake of energy crops and
renewable energy derived from agricultural biomass is determined by a
combination of interlinked, multidimensional political, institutional, cul-
tural, and economic processes, not just technological ones” (79 cf.59), and
“The integration of knowledge and practice from different scientific dis-
ciplines is essential to achieving the overarching objectives of renewable
energy projects that are important in the long term for communities and
collectives”79.

These quotes encapsulate the research gap addressed and the impor-
tance of the approach adopted in this research: we aim to understand highly
practical problems by scientific means, which epitomizes the constructive
approach. We also integrate knowledge from several disciplines, referring
directly to the philosophy named conceptual integration. Therefore, this
research falls within the constructive approach. This is a type of applied
study which, by its philosophical nature, focuses on technical norms. The
constructive approach is intentional, characterized by the aim of producing
new knowledge, applications, or results (Fig. 380,81). It is important to
highlight the SET reflecting all the relevant branches of knowledge. This
implies the importance of the philosophical approach of conceptual inte-
gration, which “… requires that the postulates of different branches of
science are compatible in a meaningful way to each other”82. Instead of
violating, reducing or simplifying the independent achievements of the
different branches of knowledge, conceptual integration explains and
merges the background presuppositions into larger intellectual entities. It
can integrate the originally different and separate explanations into chains,
creating an important philosophical level of managing and understanding
the ever-growing amount of knowledge and giving it meaning (e.g.,82). An
example of applying conceptual integration has been illustrated in Fig. 3.

Data availability
No datasets were generated or analysed during the current study.

Code availability
Data kept for future use and notwilling to share and there is no coding used.
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