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Abstract: This paper investigates the theoretical foundation for developing renewable geothermal 12 

resources locally. For this reason, we pay attention to the role of communities in geothermal devel- 13 

opment. This study presents arguments for a framework that approaches the geothermal resources 14 

as an endogenous factor of community development. To analyse it, we create a model that explains 15 

the local economic characters of the geothermal exploitation beyond its geological conditions. It 16 

aims to conceptualise a community based geothermal development standard referring to the en- 17 

dogeneity principle. Geothermal energy is given attention since the characteristics of this resource 18 

determine its use locally. We argue that the role of communities in geothermal exploitation is pivotal 19 

in the process of green growth for further expansion of geothermal energy use. 20 

Keywords: geothermal energy; endogenous growth; green transition; energy based local economic 21 

system; geothermal community 22 

 23 

1. Introduction to the geothermal communities concept 24 

This paper investigates the specifics of geothermal resources among other renewa- 25 

bles because of its particular provision of both heat and power for the growing green en- 26 

ergy demand worldwide. In opposite to popular renewable resources like solar and wind, 27 

geothermal is specified to a local exploitation [73]. The underground processes happening 28 

in the geothermal reservoirs limit the use of the geothermal resources to the area of ac- 29 

cessing [54]. This condition indicates the endogenous character of the geothermal re- 30 

sources [20,39]. A concept of endogeneity in relation to natural resources refers to a struc- 31 

turing factor of a location. Open sources define endogenous as having an internal origin or 32 
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confined within a group or society.1 This reference is very popular in the study of develop- 33 

ment in, for example, African countries, where endogenous resources (i.e. human re- 34 

sources, natural or physical resources) are considered to be economically linked to com- 35 

munities or localities. The idea of Endogenous Development (ED) often used in the Afri- 36 

can studies point to the coupled relation called development from within, where communi- 37 

ties are prime the producers and consumers of locally available resources [97,98]. Im- 38 

portantly, in the methodological framework of endogenous development communities 39 

are centric. They are encouraged to use local resources and distribute the benefits. On the 40 

other hand, the role of natural resources is evidenced in the endogenous driven growth 41 

[10]. This endogenous defined approach corresponds to changes initiated within a given 42 

economic system, changes ascribed to innovation using own resources including energy 43 

ones.   44 

 45 

Renewable energy resources are argued to be a part of the economic system by inter- 46 

national organizations [108, 59, 75]. Therefore, the renewable based economy is discussed 47 

to create new, green market sectors [62,168,171]. In case of the geothermal energy, the 48 

resource is considered as an integral part of the environmental system [53, 57, 67]. The 49 

expansion of renewable energies is driven by the concept of green growth. It is associated 50 

with the economic growth and development based on the sustainable use of natural re- 51 

sources. Green growth in particular addresses the renewable energies driver role in the 52 

economy. A positive relationship between the development of renewable energies is af- 53 

firmed enhancing technological innovation and green growth [146]. Renewables are con- 54 

sidered to help decoupling the economic growth and the GDP from energy overuse and 55 

environmental impacts, thereby creating a new economic value [51,94]. The principles of 56 

the green growth pay attention to the energy end-users [167]. They are considered as en- 57 

ablers of the sustainable energy transition. It refers to the expansion of energy prosumers 58 

practices as well as to joint community projects. A similar approach is represented in the 59 

studies of communities’ role in the energy decarbonization processes [61]. Communities 60 

absorb new technologies and often take economic advantage of new opportunities created 61 

by the renewables. Involvement of communities in the decarbonization processes is its 62 

perquisite condition according to [83, 85, 117].   63 

 64 

Technologies based in geosciences are paths to decarbonization [115, 151]. In case of 65 

geothermal, the technology sector observes the fastest adaptation to the extraction of the 66 

resources by upgrading the existing infrastructure of oil and gas [44, 50,103]. Therefore, 67 

expansion of technology is expected to facilitate the geothermal energy development.  68 

 69 

This paper looks into the degree of communities role in the development of geother- 70 

mal resources. As a follow up of a dedicated geothermal study [77], we pay here a partic- 71 

ular attention to the community-ownership model, discussed in the geothermal exploita- 72 

tion practices [23, 74, 86, 110]. A link between geothermal resources use and local commu- 73 

nities development is established in the literature [77, 92, 142, 163]. These studies display 74 

the benefits of the local utilization and importantly communities initiatives in developing 75 

and managing the geothermal projects.  76 

 77 

The community ownership model in the energy transition context is defined as a 78 

form of decentralization of energy production and management. It results in energy em- 79 

powerment for many communities including affordability that was absent before [12,  80 

81]. The system of community owned energy project is practiced for most of the renewable 81 

energy resources [49, 95, 150, 157]. The concepts is found particularly suitable for geother- 82 

mal resources applied in heating, cooling and energy production [33, 63, 90, 132]. IRENA 83 

 
1 [114] 
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[60] underlines the benefits of the community owned geothermal district heating. It is ar- 84 

gued that the level of democratic governance over the resource system determines the 85 

scale of its benefits. A community frame is therefore necessary for the viability of geother- 86 

mal projects. For this reason, the social acceptance studies are typically conducted in the 87 

communities in the vicinity of the geothermal installations [149]. Moreover, a local per- 88 

mission for the geothermal projects takes part of the LCA (Life Cycle Analysis) procedures 89 

[118] and communities crowdfunding initiatives emerge [25, 40]. Therefore, next to tech- 90 

nical implications of the geothermal endogenous features [1,177], this resource displays 91 

tide relations to the endogenous development. Our research problem is oriented to un- 92 

derstand better the dependencies between the development of geothermal resources in a 93 

community frame. We base this work in the assumption of an endogenous character of 94 

the geothermal energy and therefore a role of communities for its development. For this 95 

reasons we ask what characterises a local economic system to develop the exploitation of 96 

its geothermal resources. The purpose of this study is to provide arguments to broad a 97 

societal discussion on community involvement in the geothermal energy development.  98 

The research question of this study comes as well from the development theories that 99 

focus on communities’ roles in the natural resources management. The literature sources 100 

put more emphasis on the communities in the energy dedicated policies context than on 101 

theoretical interpretation, creating a knowledge gap. We attempt to review selected de- 102 

velopment theories that contribute to establishing a link between geothermal resources 103 

and community economic growth. This is our proposed way to argue about an endoge- 104 

nous character of the geothermal resources. 105 

After an introduction to the research problem, Section 2 reviews some theories that 106 

place communities’ role focal to geothermal development leading to the formation of ge- 107 

othermal communities in the EU policies discourse. Furthermore, to investigate what 108 

characterises a local economic system to develop the exploitation of its geothermal re- 109 

sources in Section 3 we present two development frameworks based in exogenous and 110 

endogenous energy type provided. This section aims to illustrate the principles of endog- 111 

enous and exogenous factors driven economic growth in the context of green energies 112 

transition. In-depth analysis of endogenous geothermal potential in presented by Section 113 

4. There, we specify an energy based local economic system model depending on the en- 114 

dogeneity or exogeneity of energy resources using a purposely developed model to visu- 115 

alise these relations. The last Section 5 collects research conclusions attempting some pol- 116 

icy recommendations for fostering the green transition.  117 

2. Some theoretical foundation for the role of communities in the development of geo- 118 

thermal resources.  119 

The primary recipients of the geothermal resources are the communities located 120 

around the geothermal reservoirs [101]. Unlike the solar or wind, community is histori- 121 

cally a pivotal point of the geothermal energy use. Primitive forms of the resource use 122 

date back to the ancient Greek and Roman times, where the hot thermal waters served for 123 

heating, bathing and health purposes [156]. Practice of applying geothermal to local en- 124 

ergy models is known to the indigenous people from Africa, New Zealand, Canada or 125 

China. It is argued that the availability of geothermal resources determined the human 126 

settlements next to the resource estuaries since early times [18]. Geothermal localities of- 127 

fering various geothermal by-products including fertile volcanic soil and water sources 128 

attracted primitive forms of urbanization. Therefore, the formation of a man-geothermal 129 

energy relationship is of a historic evidence. 130 

The history of mankind and energy use is conjugated. Use of natural energy re- 131 

sources to generate energy and human development repeats throughout the history. 132 

However, fossil fuels are the factors of industrial revolutions, when the economy demands 133 

an excessive amount of energy. Man is historically most closely connected with renewable 134 

energy resources such as hot water, sun, wind or biomass. However, global energy 135 
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demand increased dramatically during the 20th century, but the efficiency with which 136 

energy services were produced increased even more rapidly [144]. Deployment of locally 137 

available renewables diversifies the energy sources and cuts on oil and gas dependency. 138 

Therefore the transition to renewable energy use is inevitable but as a long-term plan [144] 139 

but the technological gap, transformation of the energy technology has to be firstly ad- 140 

dressed. As most of the energy sources are directly or indirectly sun dependent, geother- 141 

mal energy is an exception [144]. Next to sun, geothermal energy is considered a prime 142 

energy source i.e. the most suitable for human use. 143 

2.1. Geothermal energy as a commons 144 

 145 

The community discourse with respect to the natural resources management is care- 146 

fully studied by Elinor Ostrom; and crowned in 2009 with the Nobel Prize for her discov- 147 

eries in this matter. The core of Ostrom’s work is the concept of locality, a system that 148 

dictates how the resources are managed. She undermines the dominant role of national 149 

governments in imposing a central system for management of the resources. Instead, a 150 

horizontal relationship between institutions is proposed, where the local government has 151 

a leading role in policymaking. Ostrom [112] finds three key elements that determine em- 152 

powerment of communities which are: the commons (ability to manage own resources, 153 

sustainable communities competitiveness), self-governance (controlling of own resources 154 

develops local services and facilities), and poly centricity (local resilience raises from the 155 

bottom-up approach, instead of centralized solutions).  156 

 157 

The concept of Ostrom’s analysis of commons (i.e. resources) is applied to the renew- 158 

able energies sustainable use [2, 8, 78, 113, 176]. The community based resources sharing 159 

Ostrom’s concept is best fitted for naturally occurring resources [8]. The study of Ostrom 160 

[113] pays attention to the role of natural resources in climate change actions with a lead- 161 

ing function of communities in emission reduction. The key is in rescaling the global en- 162 

vironmental policies to the capacities of local institutions. Interpretations of Ostrom’s con- 163 

cept of energy for all address as well barriers of the geothermal energy development. The 164 

social acceptance and engagement of public institutions as significant obstacles for the use 165 

of geothermal energy can be solved in the principle of Ostrom’s cross-scale institutions 166 

linkage [121]. Enhancement of geothermal technologies providing cheaper energy for lo- 167 

cal mini-grids is a policy principle [14] and dedicated geothermal policies as a reference 168 

for Ostrom’s energy for all concept are found. The democratization of geothermal resources 169 

exploitation according to the Ostrom’s schemes is exploited by scholars [29, 32, 41, 69, 89, 170 

131,175]. Geothermal energy development is there discussed as dependent on the decen- 171 

tralized socio-technical networks. In details, the Ostrom’s socio-ecological framework is 172 

adopted to analyse the sustainable geothermal resources exploitation [24]. On the example 173 

of Reykjavik, an urban nexus of water-energy-food is presented. Geothermal hot water 174 

generates energy for the city and the surplus is used for sustainable food production. 175 

Therefore, the nature of this renewable resource creates interconnections in the urban 176 

functions and operations. The fact that the geothermal infrastructure is multifunctional 177 

helps achieving synergy towards the sustainable development. Ostrom [111] introduces a 178 

different approach to the common resources. The dichotomy between public or private 179 

governance is overcome by combinations of public and private instruments. In her view, 180 

either public or private exploitation of resources is under risk of a mismanagement or 181 

even depletion, whereas, collective actions lead to the beneficial use of a resource. It is 182 

observed on the example of the geothermal water resources. The geothermal water is con- 183 

sidered as a commons. A function of geothermal spas and bathing centres from the 184 

Ostrom’s commons perspective is as well elaborated [41]. Next to delivering a functional 185 

value, the geothermal baths activate some local identity. Within a territory new mecha- 186 

nisms occur based on the relation between public and private investment and ownership. 187 

It is claimed that geothermal spas address the importance of geothermal water as a 188 
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resource that is not to be wasted. They as well induce new relationships between what is 189 

natural and what had to be built. The resource is managed according to the sustainable 190 

principle, especially in situations, where the geothermal bathing establishments emerge 191 

to deploy the surplus of the geothermal hot water extracted for heat purpose. The context 192 

of commons ownership [141] can be applied to the system of geothermal royalties. Basing 193 

on the Ostrom classification of property rights local communities can gain fairer access to 194 

the geothermal resources and a system of geothermal royalties reoriented towards 195 

broader participation of stakeholders increases the legitimacy of a resource management 196 

regime [65]. The concept of geothermal royalties opens a discussion about sustainable lo- 197 

cal development using common pool resources. Moreover, the system of revised geother- 198 

mal royalties ignites the local energy transition. Examples of geothermal projects that re- 199 

placed the fossil fuels infrastructure using the royalties are discussed by scholars [80,169].  200 

 201 

Discussions about democratization of energy underline a change taking place in de- 202 

centralization of energy supply. It implies a decision about consumers having a greater 203 

input into their energy choices [162]. Therefore, this choice provides opportunities to in- 204 

crease the use of renewable resources on a local level [31,159]. The concept of energy de- 205 

mocratization places communities in the centre of energy transition [21]. Moreover, the 206 

energy demand is better recognized at the local level which drives the choice of the most 207 

effective types of renewables to use. The governance of the energy resources is repre- 208 

sented in the primary choice of the renewable energy [174]. Different resources are geo- 209 

graphically specific to locations, hence the available resources should be mainly consid- 210 

ered in the efficient energy democratization processes. The energy transition according to 211 

an economist and social theorist Jeremy Rifkin [130] should run under the principle of 212 

power for everyone i.e. based on democratization of decarbonized energy production. The 213 

essence of this approach lies in the decentralized sources of energy. Therefore, local com- 214 

munities in available renewables become producers of the green energy according to their 215 

own needs. It adapts energy production according to the local demand argues Rifkin, in 216 

addition to transition from centralized fossil energy production and distribution. He 217 

points as well to the job creation and local economy benefits following the transition to- 218 

wards the green energies. The local production of geothermal energy fits into the concept 219 

of Rifkin’s zero emission economy. He repeatedly mentions geothermal energy as one of 220 

the future sources of energy and encourages to invest in its technologies [127, 129]. More- 221 

over, the geothermal energy development is as well referred to in the Rifkin’s pillars of 222 

the Third Industrial Revolution [128]. Among the five pillars Rifkin introduces, the geo- 223 

thermal resources features correspond with three. They address the demand for the non- 224 

intermittent renewable energy shift, securing energy production at the micro-level (local) 225 

and providing the technologies for hydrogen generation and individual energy storage. 226 

Rifkin’s analysis highlights the need of expansion of the geothermal power production, 227 

which is yet limited by the current technologies and geothermal exploitation costs.  228 

2.2. Cultural Ecology and geothermal culture 229 

The cultural ecology concept offers another angle of the man-energy relationship 230 

analysis. It examines the specifics of local resources that create the local identification, and 231 

so, the local culture. Relaying on the endogenous character of environment and resources 232 

available cultural ecology explains the range of policy and decision making, economy, 233 

technology and social integrations regarding transitions. The relation between the form of 234 

environment and society is coined by Julian Steward [155], who attempted to describe the 235 

adaptation of culture to the environmental factors associated with the territory. Although 236 

his concept of cultural ecology is rooted in anthropological paradigm it reminds that hu- 237 

man rely on natural resources and ecosystems. Steward recognized the interaction of so- 238 

cial organization with the local resources utilization processes. As far as the trend of cul- 239 

tural adaptation to the environment was already known by the anthropologists, he 240 
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formulated regularities in which people organize themselves adopting to the local envi- 241 

ronment and use technology. This process of adaptation evolves into a local culture, de- 242 

termined by how the local resources are exploited. The evolution of Steward's concept of 243 

cultural ecology initiates discussions about the cultural identification with the local envi- 244 

ronment [116, 154]. Local communities grow new cultural habits while stewarding the 245 

available resources. It manifests in ways of nature conservation and new environmental 246 

practices [11].  247 

The assumptions of Steward's work [47, 104, 126] continue the consideration of cul- 248 

tural ecology in the context of the relationship between man and energy resources. A pos- 249 

itive function of culture in the process of accepting transition into renewable resources 250 

economy is evidenced [96]. Cultural ecology is reasoned for a dialog facilitation between 251 

a local community energy use and environmental protection and acceptance for renewa- 252 

bles is not always related to the high countries GDP or technological advancement [79]. A 253 

cultural impact on a choice of household heating sources is discovered [47]; a household 254 

energy use is exampled as a result of local socio-cultural system developed to use the ma- 255 

terials and new technologies. On the other hand, local communities manage to develop 256 

an internal culture of the energy resources use throughout local knowledge and experi- 257 

ence [152]. The socio-ecological system that emerges between community and local energy 258 

resources is considered an indicator of adaptation to the ecology. Specifics of the geother- 259 

mal energy allow to embed it in the concept of cultural ecology. The endogenous character 260 

of the geothermal resources forms not only the landscape (e.g. geysers, hot springs, creeks) 261 

but also a character of community that lives around the reservoir. Geothermal resources 262 

are already known to link local communities with the environment, since the communi- 263 

ties’ practice is to actively use the forms of geothermal resources. Identification with the 264 

geothermal energy constituting a part of a local culture is already discussed for Indonesia 265 

[92], for Kenya [72], for New Zealand [99] or Peru [26]. Role of a community culture is also 266 

a crucial element for the geothermal infrastructure development. One of the concerns re- 267 

lated to the geothermal projects is the i.e. the social acceptance. It is practically a prereq- 268 

uisite for the promotion and successful implementation of geothermal energy plans. Ma- 269 

jority of geothermal projects due to the hazardous processes of development require con- 270 

sultations and acceptance by a local community. Next to accepting the geothermal project 271 

as a green technology solution for a community, a social acceptance is better achieved by 272 

the established culture of co-habiting with the geothermal landscape. This phenomenon 273 

is further explained [55, 105, 140, 161], where communities exposed to the natural geo- 274 

thermal occurrences e.g. in Kenya or Indonesia have an increased acceptance for geother- 275 

mal projects and infrastructure. The spiritual and cultural significance of the geothermal 276 

resources for the Maori community in New Zealand [161] evidence that communing with 277 

these resources as is a collective value for the Maori. It is also likely to impact the ac- 278 

ceptance of potential externalities linked with the geothermal exploitation. These are bet- 279 

ter internalized since the geothermal energy represents cultural sustainability for this 280 

community. Geothermal resources are as well placed within the concept of “green energy 281 

landscape” [6,43,48]. It means that e.g. for Kenya or Iceland communities geothermal in- 282 

frastructure becomes a strong local value. Moreover, with consideration of the limited 283 

land availability for energy projects but intense energy use in e.g. agriculture, geothermal 284 

resources unlock local energy potentials when using energy landscapes for a decentral- 285 

ized energy provision.  286 

Geothermal resources display important cultural references. Next to creating a geo- 287 

thermal use culture, another cultural form is the anthropological indications for commu- 288 

nity forming. It is argued that the availability of geothermal resources determined build- 289 

ing of human settlements since early times [18]. Geothermal localities offering various 290 

geothermal by-products including fertile volcanic soil and hot water sources attracted 291 

forms of urbanization. Formation of a man-geothermal energy relationship is observed 292 
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since historic evidence shows that nomadic tribes of the Middle East began to settle down 293 

in the geothermal areas. For centuries they inspired myths and religious practices since 294 

temples were built devoted to the hot springs and their believed gods including pilgrim- 295 

ing practices. The hot water outlets were used for instance for public baths, as feasting 296 

centers and social gatherings places during the Greek and Roman empires. This specific 297 

relation between man and energy and historical evidences indicate the role of the geother- 298 

mal for communities. It is well observed in the countries where the geothermal energy 299 

manifests in the volcanic creations and processes of hot water extraction are familiar to 300 

the public from decades. Such geographic determinants add to the cultural ecology aspect 301 

in studying geothermal. This anthropologically derived features of the geothermal are to 302 

be considered an advantage for the resources’ development; furthermore, an argument in 303 

adopting the geothermal policies to the needs of local communities. Whereas, the exoge- 304 

nous energy resources are less integrated in the cultural ecosystem of a community. This 305 

refers as well to the renewables with imported technologies. Evolution of Steward's con- 306 

cept indicate that local environmental conditions determine the community economy and 307 

culture. It is based on the use of local resources that create local identification, introducing 308 

ecological culture. Contemporary interpretations of cultural ecology lay foundations for 309 

local energy clusters and cultural ecology principles was looked at while construction the 310 

United Nations 17 Sustainable Development Goals [15, 17, 19, 123]. Regarding to Stew- 311 

ard’s idea of adaptation, environmental problems can be addressed by the transfer of 312 

knowledge from science to culture i.e. society and integration of the new knowledge, tech- 313 

nologies, norms and ideas into culture. For this reason, transformation of environmental 314 

practices does not lie in the technology solely. Communities that adapt to ecological fac- 315 

tors belonging to their location, and by so base in using water and land resources develop 316 

the ecological culture in the Steward’s paradigm.  317 

2.3 Geothermal communities in the EU energy polices discourse 318 

Attention to local resources and local ownership, including energy resources, as part 319 

of local resilience strategy is the latest direction of the EU policies [122]. A message is 320 

developed that strong communitarian approach to define problems and develop policies, 321 

and policy implementation should rely upon local resources. Efficient use of local re- 322 

sources is indicated to be a part of national stability strategies and EU challenges such as 323 

political and economic instability. Furthermore, the local resilience is introduced as a part 324 

of endogenous capacities especially for addressing the climate-related technology issues 325 

[122]. Renewable Energy Directive II [28] promotes the decentralized energy production. 326 

Decentralized and demonopolized renewable energy production is encouraged through- 327 

out the document. Communities as beneficiaries of the energy transition are specifically 328 

underlined (Article 1 § 65). The community-owned energy projects incentives are dis- 329 

cussed in the Article 1 (§ 71) of the document. Article 2 (§ 16) introduces the renewable 330 

community concept, where the energy production and distribution is recognized as en- 331 

dogenous development factor. Geothermal energy is listed as one of the renewable appli- 332 

cable to the renewable community resources. Furthermore, shift into decentralized energy 333 

supply is one the Green Deal pillars by empowering the local renewables use. Decentral- 334 

ized energy systems lead towards more affordable and reliable energy provision This ap- 335 

proach interlinks the regionalization of energy production and the sustainability of energy 336 

provision. The Green Deal refers to the capacities of communities as the main inductor of 337 

such efficient energy multi governance scenario. Concept of endogenous capacities corre- 338 

sponds with adopting technologies to local conditions [166]. The focus of endogenous ca- 339 

pacities and endogenous technologies should be the identification of local assets to de- 340 

velop technologies in order to respond to local needs and conditions.  341 

 342 

Recent years’ energy policies put more emphasis on the communities as the im- 343 

portant element in the expansion of renewables. On the European Union arena, the Re- 344 

newable Energy Communities were first defined by the Renewable Energy Directive I 345 
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(2009/28/EC) and then by the 2019 Internal Electricity Market Directive [122]. The docu- 346 

ments set the overarching European target for energy from renewable sources and contain 347 

provisions ensuring the use of RES in the transport sector and in heating and cooling, as 348 

well as rules and regulations regarding the rights to produce and use renewable energy 349 

locally by establishing renewable energy communities. The strong element of decentrali- 350 

zation of energy production that appears with renewable energy communities is primarily 351 

an opportunity to use local sources. This is illustrated in the studies, some claim that the 352 

geothermal energy has the technical capacity to replace fossil fuels [70]; whereas other 353 

[179] study the technological possibilities utilizing the existing oil infrastructure, which 354 

significantly lowers the cost of geothermal harness. As well, the demand from the energy 355 

consumers is coalesced around the most reliable, affordable, and environmentally respon- 356 

sible energy sources. These consumers e.g. cities are integrating renewables into their 357 

smart city plans or communities oriented at sustainable energy procurement or emerging 358 

markets that declare their development dependent on the deployment of renewables. The 359 

geothermal energy has the competitive features (against e.g. wind or solar) for supplying 360 

the demands of city networks and community energy projects [30, 37]. It fits the Renewa- 361 

ble Energy Community concept imposed by the Clean Energy Package, where local stake- 362 

holders including municipalities are the primary beneficiaries of the resources [87]. More- 363 

over, examples of the geothermal energy application showcase its significant role for the 364 

developing countries [5, 35, 68, 143, 178]. Therefore, the deployment of new geothermal 365 

technologies is likely to facilitate further decrease of its costs and accelerate national en- 366 

ergy transitions across the world.  367 

3. Exogenous vs endogenous energy development framework for communities 368 

 369 

Economic development is controlled by many ecological and environmental factors, 370 

energy among them. This section motivates the classification of the geothermal resources 371 

as the endogenous factors of growth. It compares the two frameworks of communities’ 372 

development when energy resources are of a determinant function. Such approach serves 373 

to address the research question in this study what characterises a local economic system 374 

to develop the exploitation of its geothermal resources, which is assumed to be of an en- 375 

dogenous characteristics.  376 

3.1. Exogenous factors of energy development 377 

In terms of economic growth the role of energy is irreplaceable. The exogenous 378 

growth model stresses the role of technology as an independent factor for sustaining eco- 379 

nomic growth. It associates external factors to the economic system with national growth. 380 

This theory interprets exogenous factors as a technological progress, government policies, 381 

and well-functioning institutions to drive economic growth [148]. An exogenous factor is 382 

considered to be one independent of factors within a specific economic system. For in- 383 

stance, advancements in technology (in general terms) lead to savings and investment and 384 

therefore induce economic growth. Grounded in the neoclassical theory, the Solow-Swan 385 

model connects economic growth with macroeconomic variables of an exogenous nature. 386 

Since rooted in the macroeconomic theories it omits a local context of the economic 387 

growth, assuming the dominant role of national productivity outputs to the growth. Ex- 388 

ogenous change originates outside of the economic systems [137].  389 

The context of energy supply is traditionally analysed in the frame of exogenous 390 

growth approaches. Energy resources are usually representing stochastic trends of devel- 391 

opment caused by the seasonal demand. Stochasticity in the energy consumption is a 392 

wide- known phenomenon related to seasonality and forecasting methods. It is a recog- 393 

nizable element of analysing conventional energy resources especially for power produc- 394 

tion. Energy itself is constituted as a derived demand in the exogenous models, meaning 395 

that it is demanded for the output it produces [13]. An entire argument about the 396 
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exogenous function of technology relation to imports of energy and energy consumption 397 

is built [71], with an example of the derived demand for the energy imports and related 398 

imported technologies contributing to the emerge of industrial clusters in Germany [139].   399 

 400 

According to the exogenous economic theories, growth is determined by external 401 

factors to the economic system. A relation between the economic growth and factors of 402 

the green growth technologies is established [145], where the exogenous nature of energy 403 

technology is considered. Exogenous growth drivers include technological advancements 404 

introduced to the economy, diminishing returns of capital, saving rates and sectoral pro- 405 

duction with labour growth parameters. Conventional energy resources like oil or gas are 406 

primarily considered as an exogenous factor of economic growth inducing technological 407 

imports and productivity- GDP relation [7]. In the renewable energy context, an imported 408 

technology for the cases of the wind, sun, and hydro energy are considered as an exoge- 409 

nous factor for both the economy growth and CO2 reduction [36,147,173]. These renewa- 410 

ble technologies introduce a radical change to the energy industry, itself manifesting as a 411 

factor of economic growth. Thus, technology developments paired with energy imports 412 

are considered main drivers of exogenous induced growth. This phenomenon is related 413 

to globalization and energy trade, both considered fundamental for shaping national pol- 414 

icies [7,56]. National level discussions regarding the energy development usually refer to 415 

obtaining and distributing the resources. They result in a series of policies that are placed 416 

for the energy systems. Nevertheless, the exogenous energy systems depend on the global 417 

trends of trade and as well are vulnerable to energy supply shocks [109]. Exogenous fac- 418 

tors stay behind the energy reforms aimed at preventing from energy shortages especially 419 

in the developing countries [22, 84,100]. Impact of the exogenous factors is also perceived 420 

as a limited control of the energy resources management, for instance, the dependency on 421 

foreign energy labour and therefore lack of local human capital [100]. Personnel imports 422 

characterise exogenous factors of growth, but also the exports of local raw resources to be 423 

refined elsewhere. It impacts the access of local communities for local energy resources 424 

[4], at the same time limiting the local workforce involvement. Externally controlled en- 425 

ergy technologies, as typical for exogenous systems, although responding to the increas- 426 

ing mass energy demand, have less impact on the local communities energy security [58]. 427 

In the context of the technological growth selected renewables are considered as the ex- 428 

ogenous growth model characteristics. Wind or photovoltaic renewables represent the 429 

technical exogeneity, in addition to the seasonality of the weather conditions they depend 430 

on. This risk related to the economic feasibility of externally controlled resources and tech- 431 

nological immaturity is one of the major barriers in the development of imported green 432 

energies [57]. Nevertheless, in the resources discourse, the exogeneity form is rather asso- 433 

ciated with growth rather than a development concept. It implies the macroscale nature of 434 

this approach, with references to growth of national economic indicators. This is in oppo- 435 

site to the development process using natural resources that usually refers to a region, 436 

locality, community as its beneficiaries [93,172]. In a specific context of the exogenous de- 437 

velopment using the resources, the process is oriented on market forces and institutions 438 

rather than local economic systems [170]. It reflects in focus on trade and transactions that 439 

involve imported technologies or knowledge. These patterns lead to modernising econ- 440 

omy and market strategies according to the exogenous development principle.  441 

3.2. Endogenous energy development 442 

According to the endogenous growth theory the internal forces determine economic 443 

growth. Emerged in the 1980s as a theory of development economics, it shifts attention to 444 

endogenous factors of growth i.e. innovations, knowledge or human capital [134]. These 445 

endogenous features are the major contributors to a technological change according to 446 

Romer [133]. Whereas for Lucas [88] endogenous growth is determined by the market 447 

specialization and labour productivity. This view contrasts the neoclassical economics, 448 

where the economic growth bases in dynamics between market supply and demand. The 449 
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neoclassical approach includes the models (i.e. the Solow-Swan model), where technolog- 450 

ical progress in the society is exogenous [148,158]. Yet, the endogenous growth theory 451 

argues that improvements in productivity can be tied directly to faster innovation and 452 

more investments in human capital from both governments and private sector. Endoge- 453 

nous growth models take into account key economic factors that are specific to a group, 454 

business or an industry. According to the endogenous growth theory, technological ad- 455 

vances are specific, i.e. considered with respect to their likely impact within an industry. 456 

One angle of the endogenous growth model addresses issues of resources and environ- 457 

ment, considering resources as endogenous public goods. Following some scholars 458 

[16,27,64,125] endogenous resources are a core element to regional specialization and are 459 

found to initiate growth in small size economies.  460 

Endogenous growth theories consider the internal factors of growth, i.e. resources. 461 

Reflecting on the specifics of geothermal and its local potential for replacing fossil fuels at 462 

an cost efficient level [42], next to a stimulating role of the local development [77], this 463 

renewable is a considerable internal factor of local growth, fitting into the endogenous 464 

growth model. The endogenous growth model states in simple words that economic de- 465 

velopment is a function of human capital, knowledge, and innovation (including technol- 466 

ogy) of which none of these forces are of foreign origin to the economic system. The im- 467 

portance of the renewable energy sources to the endogenous growth model equilibrium 468 

is already measured [9,102], however without specifying the energy type.  469 

 470 

Following the principles of the endogenous growth infrastructure enhancement is 471 

particular sought for sustaining growth. This relation is described in details [45], where 472 

an endogenously provisioned energy is a main growth factor for an economic system. 473 

Geothermal energy emerges from the local, geological conditions, therefore not imported 474 

resources. Its know-how is also built locally since the geothermal technology often bases 475 

in already locally practiced gas or coal mining infrastructure and science (geothermal ex- 476 

ploitation occurs on territories previously exploited with fossils [38]. Geothermal re- 477 

sources combine the aspects of natural and human defined endogenous factors. This two- 478 

fold endogeneity approach [165] indicates the character of a phenomenon relating it either 479 

to a place itself or a human intervention. The natural endogenous factors representing 480 

geothermal are the geological conditions including geothermal water springs and terrain 481 

topography that allows for the resources exploitation; whereas human induced endoge- 482 

nous factors related to the infrastructure are land use, economic activities emerging and 483 

community engagement and communication as a part of local geothermal development.   484 

 485 

The endogenous resources are considered as an element to regional specialization 486 

and initiating growth in small size economies [3,16,27,124,125]. Since natural resources 487 

including the energy ones are considered as endogenous public goods, it applies as well 488 

to the geothermal resources. Few extensive studies [135,160] prove that developing re- 489 

newable resources revitalizes and enhances the economic potential of a location. Moreo- 490 

ver, complementary findings [66,138] point to the socioeconomic impact on local devel- 491 

opment. Geothermal energy classified as produced and used locally is argued to have an 492 

added value for local communities [20,52,119,120]. Furthermore, in-depth studies [77] 493 

open a discussion about the endogeneity of geothermal resources and a structural change 494 

of local economies they cause.  495 

  496 

The following Section 4 conceptualizes the exogenous and endogenous energy de- 497 

velopment framework for communities. A visualisation of dynamics between a local eco- 498 

nomic system and energy function depending on its origin is developed. 499 

4. Conceptualising endogenous and exogenous energy based local economic system 500 

 501 
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Deployment of renewable resources is one of the main local economic development 502 

factors [108]. Local and small-scale energy systems are said to reduce community energy 503 

dependencies and stimulate new business. Next to it, they potentially reduce energy con- 504 

sumption increasing energy self-sufficiency for communities [76,109,164]. Relatively 505 

small-scale energy systems provide integrated and sustainable energy use, especially 506 

practical for communities challenged with energy imports. The OECD [107] underlines 507 

the role of local ownership in a community’s energy system. In this section a simplified 508 

model of community energy based local economic system is proposed conceptualized 509 

from the perspective of endogenous and exogenous energy resources. The central point 510 

of this modelling is the community as a beneficiary of the energy based local economic 511 

system. The OECD [107] strategies for local development point for embedment of energy 512 

systems into the local economy, where local economic initiatives are based on local (re- 513 

newable) energy systems. This approach evolves into the energy community concept, con- 514 

sidered fundamental for energy policy reforms in the EU [34]. The basis for interpreting 515 

the energy based local economic system is as well referring to the energy as a commons. 516 

In such case, the community ownership provides a balance between the private and public 517 

energy provision [46].  518 

 519 

Two simplified models at Figure 1 and Figure 2 display a role of energy in the local 520 

economic system assuming the endogeneity or exogeneity of resources. They serve to dis- 521 

play the function of the energy in a local economic system where the dynamics of local 522 

economy, labour and technology depends on the origin of energy resources. For the en- 523 

dogenous resources the geothermal is analysed (Figure 1).  524 

525 
Figure 1. Endogenous geothermal energy based local economic system. Own elaboration. 526 

Geothermal energy based economic growth refers to the community activities of en- 527 

ergy production and consumption. In case of an endogenous energy source that is har- 528 

nessed within a local economic system a community becomes the prime user. As Figure 1 529 

illustrates, endogenous energy source takes a part of the local economic system. This local 530 

economic system relies on the energy production from the endogenous resources, here 531 

the geothermal. There is an interrelationship between the geothermal resources, technol- 532 

ogy and workforce. Characteristics of geothermal exploitation imply the use of local land. 533 

Further endogeneity of exploitation concerns employment of a local labour that, in case 534 

of localities with previous fossils deployment provides workforce already experienced in 535 

drilling and exploitation. Basing geothermal operations in locally existing technologies 536 

(like gas or coal) limits the need of technology imports. This situation is particularly rele- 537 

vant for the energy transition in regions and locations, where costs of phasing out fossil 538 

fuels and introducing renewables instead is a public concern. Utilisation of an experienced 539 
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labour pool and technological knowhow increases the sustainable resource use (since ex- 540 

perienced labour is there and mining knowhow to be replaced with geothermal). Endo- 541 

genic character of geothermal is therefore a solid argument in favour of its development. 542 

Moreover, the variability of the direct local use (see the Lindal Diagram Figure 3) provides 543 

the local economic system with geothermal based activities. This include as well energy 544 

products that can be interchanged outside of the local economic system. Therefore, this 545 

exchange of energy products represents a form of certain system self-dependence and self- 546 

growth. As evidenced [77] such geothermal dynamics causes a structural change within 547 

the local economic system and contributes to the community development. Since geother- 548 

mal becomes a part of the economic system the energy and energy products are locally 549 

consumed. The structural change of the local system is caused by an internal factor i.e. the 550 

exploitation of geothermal resources. They get internalised into a labour market and re- 551 

lated technologies creating an economic symbiosis within the local system and resources 552 

self-reliance in a community. 553 

 554 

 555 
Figure 2. Exogenous energy based local economic system. Own elaboration. 556 
 557 

In the exogenous energy based economic system energy imports are basic economic 558 

activity (see Figure 2); they supply the local economy and industries while depending on 559 

the external energy products - in order to be generated. The fossil fuels characterize well 560 

such system [153]. Nevertheless the renewable sun and wind solutions heavily rely on 561 

imported technologies in order to yield energy output (e.g. PV installations or wind tur- 562 

bines). The community energy demand is therefore met by imported elements to the sys- 563 

tem. In the scenario of energy transition locations, a specialized labour to maintain the 564 

energy sources requires importing them along with the technology. This is also related 565 

with the character of the renewable enterprises that aren’t local but lease or supply the 566 

technologies at any location. Therefore, outside of the system no internalization of re- 567 

sources, labour, technology takes place. It results with an emerge of a new economic sys- 568 

tem in which communities participate to some degree. Activities where a relation between 569 

production and technology generate added value happen out of the system. Therefore,  570 

the community energy demand is supplied by the external resources and imports. The 571 

exogenous energy character in this context is the relation to external to the system factors; 572 

and these factors determine the economic growth.  573 

The two concepts of endogenous and exogenous energies based local economic sys- 574 

tems present a community development model. The reference to the energy based local 575 

economic system is inspired in the OECD [106] generic concept of a green growth 576 
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framework, where natural resourced based growth model explains the productivity 577 

throughout resources with economic outputs for the society. For the purpose of this study 578 

and to answer the research question we ask what characterises a local economic system to 579 

develop the exploitation of its geothermal resources. The endogenous energy economic 580 

system refers specifically to the geothermal resources. Table 1 illustrates some central dif- 581 

ferences in both systems, complementary to the Figure 1 and Figure 2 visualisations of the 582 

systems’ dynamics.  583 

Table 1. Energy based economic system according to the exogeneity and endogeneity of energy 584 
resources. Own elaboration.  585 

 Subject Endogenous system Exogenous system  

a System Internalization based Transformation based 

b Structure Existing infrastructure  Adding infrastructure 

c Scale Small scale Large scale 

d Energy source Renewables / Geothermal Fossil / Renewables 

e Energy demand Internal (local, regional) External (national) 

f System beneficiary Community Market  

g Factors Capital accumulation Foreign investment 

h Labour Domestic Imported 

i Sustainable development Development with controlled depletion Depletion in scale 

j Expected benefit Self-sufficient system  Economic returns of energy projects 

k Ownership Royalties Land use regulations (licences, permits) 

l Policy intervention Fiscal instruments  Regulatory instruments (price component) 

m Economic theory relevance  
Schumpeter’s Theory of Innovation, 

Ostrom’s Theory of Self-Governance 

Solow-Swan exogenous growth model, 

Theory of Production 

Legend: The categories (a-m), in which the systems are analysed, are sourced from the OECD 586 
model of local green growth indicators [106]. 587 

 588 

Table 1 summarises two economic systems determined by the type of energy pro- 589 

duction. In case of endogenous energy resources they are considered as a part of a system, 590 

since they are produced inside one; whilst resources import dependent display an exoge- 591 

nous character. Endogeneity in reference to energy production is determined by a suffi- 592 

ciency of own, local system to generate energy for economy, whereas in the exogeneity 593 

scenario of energy production the resources are not domestic. It is illustrated by the exog- 594 

eneous nature of e.g. fossil fuels that are depleted in nature and are a global trade com- 595 

modity. Renewable resources identify with constant replenish processes and that in case 596 

of the geothermal is a fully local process.  597 

a) System: For these reasons effects of the endogenous energy resources use, such as 598 

geothermal, in the economy are internalized by the system. It manifests in direct and in- 599 

direct establishments that use the resources i.e. internationalization into the local econ- 600 

omy. Geothermal energy is best internalized by the various forms of local use represented 601 

by the Figure 3 of the Lindal Diagram [82].  602 

 603 
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 604 
Figure 3. The Lindal Diagram of geothermal energy utilisation, source: [82]. 605 
 606 
This diagram shows the temperature range suitable for various direct use activities. 607 

Typically, the agricultural uses require the lowest temperatures, with values from 25 to 608 

90C. Geothermal water application for bathing and health involves low to mid tempera- 609 

tures (40 to 80C). Space heating requires temperatures in the range of 40 to 100C (including 610 

ground-source heat pumps). Cooling and industrial processing normally require temper- 611 

atures of 100C and over. This scale activates the geothermal resources into various sectors 612 

of local economy, internally developed channels of producing and using the energy. Eco- 613 

nomic system that expands around the possibilities of geothermal resources use internal- 614 

izes the direct benefits and commercial applications beyond the energy provision. The 615 

internalization of geothermal resources is observed as well as the market possibilities for 616 

local labour. Local workforce is absorbed by the new employment that is related directly 617 

or indirectly to the exploitation of geothermal. Internalization of energy production espe- 618 

cially in the bottom up approach helps to eliminate the related externalities. In the endog- 619 

enous energy system (such a geothermal based) it is the translates to the uncertainties of 620 

supply, shortage of workforce. In case of the exogenous system, energy products trans- 621 

form the local economic system upon the introduced factors of change. These factors refer 622 

to the intensive technologies that are implemented creating new consumption. Especially 623 

in case of the shift from carbon to green sources energy consumption faces the cost of the 624 

new energy technologies. Cost of the energy from transiting to renewables is charged to 625 

the final energy system element- i.e. the individual consumer. Therefore, a consumer bears 626 

the social cost of the energy transition in the exogenous energy system. Exogeneity of en- 627 

ergy introduces as well the narrative of energy consumption savings and savings dis- 628 

course since it often refers to fossil fuels systems.  629 

b) Structure: Endogenous system uses foundational structures for energy resources 630 

since it focuses on spatial concentration of industrial sectors. Structural transformation 631 

takes place in the exogenous type of the economic system. An industry that develops by 632 

the exogenous factors of growth such as for instance imported energy resources requires 633 

dedicated infrastructure usually absent in the first place. Whereas, energy resources 634 
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applied within the endogenous economic system- base on the existing infrastructure. As 635 

an example, the geothermal energy can develop from the fossil fuels technologies while 636 

wind or solar energy demand own structure of supply.   637 

c) Scale: Since the endogenous system rather refers to a local market the scale of en- 638 

ergy supplies mostly community needs. For this purpose it can be refereed as a small scale 639 

since domestic energy needs are addressed. The scale of energy provision in the exoge- 640 

nous systems corresponds usually with feeding the power grids and therefore aiming at 641 

a large scale supply. It refers to both fossil fuels but as well to the renewable resources 642 

commonly applied for power generation.  643 

d) Energy source: Endogenous system looks into the locally available energy sources. 644 

It focuses on the accessibility to the domestic energy supply chain and therefore locally 645 

harnessed resources are the pillars of the endogenous economic system. Moreover, imple- 646 

mentation of the Water-Food-Energy nexus using endogenous energy saving technolo- 647 

gies impacts an economic system. The nexus is often used in the context of sustainable 648 

development based in the renewables application. Endogenous system addresses the type 649 

of energy resources that are specific to a location or community, for instance the geother- 650 

mal energy which harnessing depends on the geologic characteristics in a location. An- 651 

other endogenous energy type is for instance the hydropower since this energy generation 652 

takes place at a fixed location and the technology is specific to geographical conditions. 653 

Exogeneity of energy refers to the resources that are a subject to transportation in a bulk 654 

form as the fossils or as a final energy product i.e. the power via the grid. Therefore, they 655 

are importable energy sources since they are widely produced with no special local con- 656 

ditions needed. For this reason, some of the renewable resources that are independent of 657 

local conditions and not limited by the efficient transportation go under the edge of the 658 

exogenous energy category such as the biomass, solar or wind energies. Developed tech- 659 

nologies to transport these resources and process them into the green power are little 660 

space dependent.   661 

e) Energy demand: In accordance with the systematic characteristics they represent, 662 

the energy resources address the energy demand by a territorial scale. Resources of the 663 

endogenous nature occur locally and therefore are locally used. For this purpose they 664 

serve the domestic, small scale demand in the first place. Depending on the kind of the 665 

resource they can be sufficient for a community (e.g. geothermal) or a region (e.g. hydro- 666 

power). The exogenous energy resources while relying on imports provide a large scale 667 

energy opportunities. Mainly the fossil fuels are traditionally used to satisfy the national 668 

energy demand.   669 

f) System beneficiary: Following the assumptions of the endogenous factors of 670 

growth which results from internal system processes, the beneficiary of such economic 671 

structure are the local recipients. In case of the exogenous energies types they serve a 672 

broad societal interest. Hence, they are usually categorized as tradable commodities. De- 673 

velopment of the economic system based in the exogenous energy resources feeds the 674 

market and national economy. The beneficiaries are therefore macroeconomic structures 675 

as e.g. related industries or a banking system. It is also reflected in the macroeconomic 676 

measures as GDP or financial statements. Whereas an economic system that incorporates 677 

endogenous resources is beneficial to the communities. Specifics of the geothermal re- 678 

sources impacting the local economic system illustrate that the beneficiaries are firstly the 679 

communities.   680 

g) Factors: Endogenous factors which originate internally include location, topogra- 681 

phy, physical geography, built environment, infrastructure and socioeconomic character- 682 

istics. Endogenous economic system relies on the decisions on local economic growth and 683 

investment in local markets. Investment in local energy infrastructure is an example espe- 684 

cially if public investment takes place. It creates measure of a local capital accumulation 685 

which is a sign of local economic stability. In case of geothermal energy capital accumu- 686 

lation displays in the local infrastructure investment since the energy and geothermal in- 687 

frastructure is not transportable. Geothermal energy investment costs are susceptible to 688 
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specific local characteristics and the accumulation process includes a locally adjusted tech- 689 

nology. Moreover, considering the cascading use of the geothermal resources the accu- 690 

mulation of capital is determined by the broad use of the geothermal resources in various 691 

economic activities at a location.  692 

Exogenous energy types are dependent on national and foreign investment. They are 693 

observed by the size of infrastructure investment and raw material imports into an eco- 694 

nomic system. One of the specifics of the exogenous system factors is a high dependency 695 

on the presence of trade tariffs – a factor absent in the endogenous energy systems. Exog- 696 

enous factors are as well responsive to the state regulations regarding the foreign invest- 697 

ment since an international funds and capital enters the economic system. The conven- 698 

tional energy sources are elements of the neoclassical factors of production and returns of 699 

capital. These on the other hand, are proven to be highly related with the national GDP 700 

rates and energy consumption per capita. Size of the economy is also a factor of the exog- 701 

enous energies system. Usually national scales are the representative measures of exoge- 702 

nous growth interpretation. Factors leading to the development of the exogenous eco- 703 

nomic systems are foreign investment. It commonly requires a size of economy since small 704 

scale markets are usually disadvantaged from the perspective of investors.  705 

h) Labour: Important element of an economic system is an access to labour. Endoge- 706 

nous growth factors include growing population and workforce locally. Labour is related 707 

to the human capital which is a core element in the endogenous growth theory. In case of 708 

energy resources, they require a qualified of labour, which has to be assured within the 709 

system. For this purpose the energy sector workforce is trained and invested in since the 710 

sectoral growth depends on the human capital productivity. Productivity of labour is the 711 

domain of endogenous market structures. It is related to costs reductions but moreover to 712 

the performance of an economic sector. The role of energy resources in the endogenous 713 

economic system is the human link between technical infrastructures and capital accumu- 714 

lation. Next to the value added of the energy materials human capital is being generated. 715 

This reveals in the specific know-how of the workforce, usually of local energy character- 716 

istics. The green growth that bases in the renewables exploitation is commonly associated 717 

with labour intensive practices. For the case of geothermal energy, the skilled labour is 718 

related to a structure of the employment market. Because of the mining character of the 719 

geothermal exploitation, it offers an easy solution for replacement of workers from the 720 

‘brown’ economic sectors into the ‘green’ one. Especially if the coal mining sector labour 721 

is to be replaced. Parallelly, it facilitates the knock-on effect on employment in other sec- 722 

tors (considering the variety of local geothermal application explained by e.g. the Lindal 723 

diagram, see Figure 3). A labour market with the geothermal energy use reintegrates these 724 

workers that may lose their job because of the energy transition. Such form of labour con- 725 

tinuity is a representation of endogenous economic growth enhancing variable.  726 

Labour in the exogenous energy supplied economic system characterises with econ- 727 

omies associated with the business cycle. Labour productivity in the exogenous energy 728 

market greatly depends on the specialised labour supply. It is measured in the exogenous 729 

ratio of output and capital per worker. International (private) capital is usually found to 730 

be the external factor of the exogenously stimulated economic system. Rate of investment 731 

in the energy infrastructure corresponds with the labour force growth. It attracts an influx 732 

of labour to a location that is to be employed in the energy sector. An illustration of such 733 

process are the fossil industries. Highly capitalized and depending on the international 734 

supply chains, the coal, oil and gas businesses are known for labour structure adopted to 735 

the type of energy source. Workforce productivity in this scenario is also sensitive to re- 736 

sources supply shocks. Lower productivity in case of fossil energies is assigned to climate 737 

deficiencies or costs of abatements. In the exogeneity of labour situation the role of gov- 738 

ernmental policies for employment is rather limited because of the energy supply volatil- 739 

ity and wage dispersion reasons for workers migrations.  740 

i) Sustainable development: The UN Sustainable Development Goals (SDG) [167] 741 

represent the global development strategy with the principle of economic growth 742 
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convergence and preserving the natural resources. Renewable resources are given a sig- 743 

nificant importance within the SDG. Dedicated sustainable goals (e.g.: SDG no 7, no 9) 744 

address the role of renewable energies in setting off the principles of sustainable develop- 745 

ment and climate protection. The SGD aims to pursue the sustainable energy development 746 

from the lowest, local level. Therefore they refer to local knowledge, local resources or 747 

local markets. One of the main arguments is to sustain the energy resources for next gen- 748 

erations is to practice controlled depletion, thereby preventing the overuse of natural re- 749 

sources. The controlled depletion is for instance a technical characteristic of the geother- 750 

mal energy exploitation. Its exploitation takes place under the conditions of fluid control 751 

systems – securing a minimal damage to the ecosystem. The efficient deployment of the 752 

geothermal resources are based on the activities controlled under existing regulations de- 753 

veloped for petroleum exploration or water resource use and protection. Since geothermal 754 

is considered a mining resource this approach is generally regarded by regulators as being 755 

adequate for managing potential environmental and operational impacts.  756 

The externally provided energy resources like fossil fuels or importable renewable 757 

technologies consider depletion in the development strategies. The sustainable practices 758 

to preserve renewables from potential depletion is the industrial and technical develop- 759 

ment in the exogenous context. It refers for instance to maintaining the infrastructure or 760 

assuring the technological durability of solar panels or wind mills. Characteristics of en- 761 

ergy efficiency for these renewable resources imply economics of scale, i.e. price element 762 

and energy supply is more favourable with increased number of installations. This spe- 763 

cialized practices correspond with the exogenous technological component of an energy 764 

system. For the fossil fuels the depletion in scale translates into dedicated policies to pre- 765 

serve the environment and manage the externalities that result from the fossil fuels deple- 766 

tion. Such policies are particularly demanded to address the energy needs of people with- 767 

out access to modern energy carriers, including renewables, to accelerate the development 768 

of clean and safe advanced fossil fuel technologies. Energy policies constitute the frame- 769 

work of exogenously stimulated sustainable development.  770 

j) Expected benefit: To set up an energy based economic system the market principles 771 

prevail. Benefits are sought in the advantages of the system that is related to the type of 772 

energy introduced. Introduction of an endogenous energy type e.g. the geothermal is ex- 773 

pected to vitalize the local energy resources potential. Considering the fact of a cascade 774 

character of the geothermal resources, an investment into the geothermal resources pro- 775 

vides with green heat and power generation possibilities. The cascade use refers to com- 776 

prehensive scenarios for integrating low-temperature sub-networks in existing district 777 

heating networks. Furthermore, opportunities from geothermal cascading use go beyond 778 

energy supply. Water provision and food production being a part of the geothermal cas- 779 

cade use contribute to the water resilience practices locally. This form of circularity of the 780 

geothermal waters create a critical input for resource intensive industries like for instance 781 

agriculture or energy production. As a representation of the water-energy-food nexus, 782 

geothermal use locally contributes to the self-sustaining system creation. On the other 783 

hand, the energy resources that are less available for cascade use are driven by economic 784 

goals. The benefits are expected to address the returns from the energy infrastructure in- 785 

vestment. It refers to both renewable and fossil resources of exogenous nature, usually 786 

observed as an imported infrastructure system and an international, large scale invest- 787 

ment type.  788 

k) Ownership: The investment type of energy resource is related to the status of its 789 

ownership. The policy planning for the endogenously defined geothermal resources need 790 

to consider aspects of mining sectors (petroleum and mining), but also of (regulated) elec- 791 

tricity markets. Such ownership construction has to be acknowledged in the energy poli- 792 

cies and sustainable development plans. Regulating the ownership status is especially im- 793 

portant for the geothermal developers since projects are constituted of two large stages 794 

i.e. exploration and exploitation. Each one includes particular risks related to geological 795 

conditions of the geothermal reservoir, technologies used and social acceptance of 796 
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potential externalities. The ownership of endogenous type of energies concerns local, re- 797 

gional or national rights, which in this case apply to the mining resources regulations 798 

(since the geothermal resources are underground). A specific condition of the geothermal 799 

ownership that distinguishes this energy from others is the relation to the indigenous 800 

communities. Since the geothermal resources are often located on indigenous territories 801 

for instance mountains, creeks or volcanos these areas have special economic and emo- 802 

tional significance for these groups of residents, (see e.g. Section 2). For this purpose geo- 803 

thermal projects at the indigenous territories are compensated in a form of royalties share 804 

or even geothermal co-ownership of geothermal infrastructure. This form of preferential 805 

arrangements for the indigenous people is found for both heating and power geothermal 806 

installations; another particularity of the geothermal ownership. Community owned geo- 807 

thermal structure is nevertheless limited to the national regulations that classify geother- 808 

mal as a renewable energy with the adherent regulations for environmental tax incentives. 809 

Co-ownership or royalties depend if the land with geothermal resources belongs to the 810 

communities or a state. The indigenous communities are in such cases involved in deci- 811 

sion making for licensing for instance private companies to operate the geothermal infra- 812 

structure.  813 

The energy investments decisions in the exogenously stimulated economic system 814 

aim to minimize related risks. The trajectory of such investment bases in the ownership 815 

structure.  As per universal rule, the state regulates the transmission of heat and power 816 

at the national level. Depending on the preferred form, both public or private corporate 817 

governance structures comply. Ownership refers to the rights of transmission of the en- 818 

ergy products assigned to whom complies with the obtaining of the licenses or permits of 819 

operations. Licenses and permits systems are transforming to reach the targets of decar- 820 

bonization of energy targets. Energy based communities are placed among others for per- 821 

mits (or licenses to operate) granting with no preferences. Nevertheless, in case of the en- 822 

ergy communities looking at green energy generation, the EU laws exclude them from 823 

profit gaining for energy transmission and commercialized energy sales. 824 

l) Policy intervention: Policy instruments play a major role in supporting the devel- 825 

opment of endogenously characterized energy resources local. Among the group of re- 826 

newables the geothermal energy requires additional policymaking activities to success- 827 

fully compete with popular solar and wind resources that lead the energy policies. Policy 828 

interventions for the geothermal energy aim at correcting the barriers in increasing the 829 

renewables market share. Most of them are identified as risks of technical (exploration 830 

and drilling) and economic (capital) failure in the phases of setting up the infrastructure. 831 

These types of risks are specific to local geothermal development. For this purpose, the 832 

role of dedicated policies is to attempt mitigating the risks, especially from the perspective 833 

of the most vulnerable to the geothermal risks- the local stakeholders. As far as the power 834 

generation from the geothermal resources is addressed in the renewable energy policies, 835 

the geothermal heat production still requires more policymaking actions. The EU energy 836 

policies recognize the geothermal resources as a fossil equivalent especially for heating 837 

purposes, nevertheless they do not yet take fully into account the specifics of complex 838 

geothermal technologies and corresponding risks. The policy challenge lies in finding a 839 

balance between supporting geothermal as the renewable baseload, acknowledging its 840 

endogeneity and at the same time attracting private and public investment. The most prac- 841 

ticed form of policy support is in this case a scope of fiscal instruments. Direct and indirect 842 

subsidies define the governments’ geothermal development plans. Complimentary poli- 843 

cies and tax incentives aim to encourage the investment in geothermal, mainly for the local 844 

developers that will have to manage the varying degrees of project success. Public geo- 845 

thermal development funds are the most found tools for the geothermal projects. With 846 

this solution, the state takes over the risks associated with local geothermal system such 847 

as geophysical exploration and drilling, the major financial constrains for the success of 848 

the geothermal development.  849 
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Exogenous types of energies are subject to feed-in tariffs policies and carbon markets 850 

transactions. Since this type of energy is rather represented by corporate structures, risks 851 

are concentrated on the operational side. Transmission to peripheral areas is one of them 852 

regardless the renewable power type. What jeopardises the fossil fuels are the burdens of 853 

the CO2 emission trading and shocks of connected global energy financial systems. That 854 

is why, the price sensitive element is one of the main subjects for policies and regulations. 855 

However, for the case of exogeneity of energy resources effective regulatory measures are 856 

to establish closer ties between multilateral trade and environmental protection, and more 857 

effective international cooperation. Regulations of fuel prices and trade are the main un- 858 

derlying principles of state interventions. Moreover, the exogenous types of energy re- 859 

sources policies focus on the greenhouses emissions and environmental incentives for in- 860 

troducing solar, biogas or wind installations. Usually national energy policies comply 861 

with the exogenous policies that set the CO2 thresholds on an international scale.  862 

m) Economic theory relevance: The example of economic theories are given that as- 863 

sociate the type of energy with economic development. Endogenous growth theories and 864 

their modern interpretations (e.g. Ostrom’s theory of self-governance) place communities 865 

as a focal element of economic development and relate the local resources use to the de- 866 

velopment dynamics. Considering the characteristics of geothermal resources the theoret- 867 

ical foundation of Schumpeter’s Theory of Innovation can interpret the role of geothermal 868 

in a local economic systems. Due to its mining character and a broad application (see Fig- 869 

ure 3) the innovation does not mean invention but it refers to the commercial applications 870 

of associated technology, new material, new methods and new sources of energy. 871 

Following the specifics of the exogenous type of energies, they correspond better 872 

with economic theories focused on exogenous factors of growth as the resources of pro- 873 

duction/ commodities (e.g. Solow-Swan exogenous growth model, Theory of Production). 874 

5. Conclusions and recommendations  875 

This paper attempts to present a selection of development concepts that place local 876 

communities in the centre of energy transition using geothermal energy. We approach the 877 

research question what characterises a local economic system to develop the exploitation 878 

of its geothermal resources, assuming the endogenous character of the geothermal devel- 879 

opment, by studying the endogenous and exogenous energy factors of local economic 880 

growth. Throughout the paper it is argued that the geothermal development should be 881 

referred to the community discourse. This approach is yet not enough scientifically dis- 882 

cussed regardless a broad technical literature availability on the endogenous and local 883 

character of this resource. We search in this paper for a suited theoretical interpretation 884 

for a role of communities in the geothermal development. We have zoomed into a selec- 885 

tion of social theories that establish an understanding of energy resources development 886 

in a community frame. We have used this analogy for the analysis of geothermal energy 887 

finding relevance to endogenous growth concept and local development. We argue that a 888 

community setting is necessary for a geothermal resources utilisation not from a technical 889 

perspective only but from a resource management view. This is also an indication for ded- 890 

icated green energy policies that have been documented to focus on localities as a prime 891 

carter of energy supply but also a prime user.  892 

 893 

After an overview of a role of energy for local economic system, we reverse this 894 

framework and propose one i.e. local energy development based on endogenous re- 895 

sources (such as geothermal energy). We select development concepts in which local the 896 

exploitation of geothermal resources can be explained. This approach fits into the concept 897 

of several theoretical threads that put the local community at the centre of social-economy 898 

development based on locally available energy resources. We build an endogenous char- 899 

acter argumentation for the geothermal resources with a proposed model of energy based 900 

economic growth. The two models of endogenous and exogenous energy based local eco- 901 

nomic systems are elaborated in order to establish a relation between specify communities 902 
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and the geothermal resources management. We observe a phenomenon of a community 903 

transformation into a self-sustained system when geothermal resources are deployed lo- 904 

cally.  905 

 906 

This study deliver a series of arguments for local community’s involvement in the 907 

development of the geothermal energy. From the observations of its endogenous charac- 908 

ter it is argued that the role of communities is centric. When the geothermal resources are 909 

introduced to the local economic system, they activate interdependencies between the lo- 910 

cal workforce and technology use. It can result in generating the energy and its products 911 

for the own community purposes. This samples a form of a self-sufficient local economic 912 

system, one of the main characteristics of a local economic system depended on the geo- 913 

thermal exploitation. Further features refer to a degree of community involvement in var- 914 

ious, local geothermal activities (presented by the Lindal Diagram [82]), described as inter- 915 

nalization. Moreover, this study aims to support the argument of energy democratization, 916 

taking the example of geothermal energy, and further encourages its technological expan- 917 

sion. An argument of geothermal culture is used explaining the important role of commu- 918 

nities in geothermal development. Moreover, an framework of the geothermal resources 919 

as a commons is applied with the references to the role of communities in managing and 920 

liberating local energy markets from centralised systems. The analysed case of geothermal 921 

energy provides some new contribution to the concept of communities role in energy 922 

transformation in general. The proposed model encompasses the principle of Rifkin or 923 

Ostrom’s energy norms based in endogenous growth and sustainable economics of re- 924 

gional resources. 925 

 926 

Since the local geothermal development displays potential risks of technical chal- 927 

lenge (exploration and drilling) and economic (capital) the role of dedicated policies is to 928 

attempt mitigating these risks, especially from the perspective of the most vulnerable to 929 

the geothermal risk- the local stakeholders. The findings of this study suggest involving 930 

communities further in renewable policies design. Following on the geothermal endoge- 931 

nous character analysis we argue that this renewable is a considerable answer to the en- 932 

ergy transformation policies. Because of its local character it creates resources independ- 933 

ences and incorporates local economic conditions for the energy system change (such as 934 

discussed internalisation of resources, restructuring of a local system and local owner- 935 

ship). Furthermore, geothermal energy more than other renewable resources impact com- 936 

munities’ engagement and emotional connection. Geothermal, as the endogenous re- 937 

source, unlike other renewable, contributes to the redefinition of energy based develop- 938 

ment. Communities and a local economic system are to be central beneficiaries of this de- 939 

velopment dynamics. We argue that the local economic system benefits from the geother- 940 

mal energy exploitation not only in terms of environment and climate but importantly by 941 

gains that geothermal sector is able to provide to a local economic system. We show the 942 

geothermal example for underlining the importance of communities in sustaining the lo- 943 

cal sources of energy. Using geothermal as a local economic system element helps inter- 944 

nalizing existing infrastructure in addition to creating a local identification i.e. the green 945 

energy culture. Implementation of geothermal technology has therefore high chances to 946 

economically enable local communities first. This is to be encouraged by adequate policies 947 

on national and international level.  948 
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