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Abstract: A harmful impact of climate change and global warming has concerned various sectors of 

the international community. Numerous energy policies aiming at climate change mitigation have 

been implemented on a national and global scale. Renewable Energy Technologies (RET) play a 

critical role in enhancing sustainable solutions that significantly limit greenhouse gases (GHG) emis-

sions. Such innovative technologies can facilitate energy transition through providing e.g. energy 

security, sustainable development, or effective usage of indigenous resources. However, the com-

mercialization of RET becomes extremely challenging. The barriers can be of a different nature, alt-

hough in this study the focus has been put on socio-economic and regulatory issues. In fact, there is 

ample evidence that energy policies play a central role in supporting renewables adoption. It is also 

claimed that RET require the whole ecosystem to support their successful diffusion. In this study, 

we explore multifarious barriers for a widespread RET diffusion in two European Union countries: 

Finland and Poland, indicating the most common barriers existing in the literature as well as ana-

lyzing major bottlenecks in the viewpoint of renewable energy companies’ executives. We also pre-

sent statistics of the most commonly used RET in these countries in order to express the diffusion 

issues more appropriately. The research shows that inflexible, ineffective, and excessive regulatory 

frameworks, limited financing options as well as insufficient level of societal awareness have been 

seen as the main bottlenecks for RET diffusion in both countries. The outcomes of this study provide 

useful insight for the researchers in the energy transition field as well as practical managerial and 

regulatory implications aimed at overcoming these challenges. 

Keywords: renewable energy; technology diffusion; innovation management; energy policy; sus-

tainable development; European Union (EU); barriers 

 

1. Introduction 

The world’s current geopolitical landscape is struggling with numerous problems. 

We are witnessing unprecedented issues, primarily the COVID-19 global pandemic, 

which has dramatically shifted the reality we exist in. Moreover, the challenges that bother 

the international community the most already from several decades are still present, such 

as overpopulation, ‘consumerism’, raising levels of socio-economic inequalities, military 

conflicts, or - especially important in this study - air pollution. The adverse impact of cli-

mate change is causing multifarious constraints. Global warming is deteriorating the nat-

ural resources of the planet, which causes massive human and animal migrations as well 

as the distinction of different species, overflooding, ozone layer vanishing, melting and 

greying of the polar zone, etc. It is already common knowledge that action from different 

sectors of society needs to be taken immediately if we wish to protect our planet from the 

forecasted catastrophic consequences [1]. 

One of the processes that would significantly improve the quality of life on our 

planet, is to limit greenhouse gases emission by implementing environmentally-friendly 

technology solutions, such as circular economy or renewable energy sources [2]. 
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Renewables, as the name suggests itself, are free, constantly available, and coming from 

natural resources – therefore, it is in common sense to implement such technologies not 

only to save costs but most importantly, to save our planet. However, the implementation 

of renewable energy technologies (RET) into the countries’ energy mixes is a complex, 

multidimensional, and also problematic process. Such a socio-technical transition requires 

e.g. an alteration in current technological and regulatory regimes, time- and cost-consum-

ing infrastructural investments, introduction of supportive energy policies, or awareness-

raising actions within the society [3]. 

This paper aims to present the most commonly used renewable energy sources in 

two European countries: Finland and Poland. After such determination, we will focus on 

the renewables with the most share in order to examine the specific barriers to their im-

plementation. We will do so by presenting the most popular barriers from the literature 

review to also put them into categories. Next, we will reveal the results of our empirical 

analysis. It is important to note here that, for the purpose of this study, the focus has been 

put on the socio-economic and regulatory barriers for a successful RET diffusion. The au-

thors’ team consists of researchers from two Universities in Finland and Poland. Having 

a long-lasting scientific collaboration experience, we decided to compare the multi-dimen-

sional conditions for the development of innovative, renewable energy technologies in 

these two countries. We believe that such a comparison will provide useful implications 

for the interest groups coming from different sectors of both Finnish and Polish society. 

The differences between these two countries are meaningful and relatively easy to 

notice even at a first glance. Finland is one of the world’s most innovative countries, lead-

ing in many global R&D and sustainability rankings [4]. In the case of the economy, the 

share of domestic capital in total GDP generation is astonishingly high, making the coun-

try relatively close to the state of autarky. Moreover, as a Nordic country, the archetype 

of admiration and cultivation of nature is deeply rooted in Finnish culture [5]. Therefore, 

the circumstances for enhancing sustainable practices are strongly favorable: where the 

level of societal willingness to adopt renewables is very high, and the government is 

providing a supportive regulatory framework, businesses focused on developing RET are 

emerging more eagerly and have more chances to prevail [6]. 

Poland, on the other hand, is still categorized as a developing country. Even though 

the annual GDP growth rate is steadily fast, innovative energy investments are forced to 

compete with the conventional solutions. There are growing numbers of especially solar 

PV and wind turbines installations, however, the country’s energy mix is strongly coal-

oriented. The mining industry has been important for the Polish economy for many dec-

ades, and still is [7]. It is located mainly in the Silesia region; therefore, such a socio-tech-

nological transition would require systemic change that could create new opportunities 

for all the interest groups coming from this sector. The other important factors slowing 

the adoption of renewables in Poland is the cost of the infrastructural change required to 

enhance RET development and general reluctance to change the current situation within 

the society [8]. However, there are many national and regional energy policies, activist 

movements, and other mechanisms that aim to support sustainable energy generation and 

set ambitious targets for the future. 

2. Literature review  

The successful commercialization of innovative technologies is highly reliant on the 

technology, regulatory, and market-related aspects. This process becomes even more trou-

blesome when the technology in question is highly innovative and requires an adjustment 

in current structures. Renewable Energy Technologies (RET) can be classified as disrup-

tive [9], and therefore require substantial investments with usually a relatively long pay-

back time, have significant dependence on the available infrastructure and regulatory 

support, and are often challenged by unpredictable market conditions [10]. 

 

2.1. A central role of energy policies 
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The literature firmly supports the claim that supportive regulatory frameworks are a 

key factor for the renewable energy markets development, suggesting that this factor is 

preliminary, thus even more critical than the economic, managerial, or commercial excel-

lence of the companies [11]. Governments, often legally bonded by numerous interna-

tional energy policies, are nowadays more eager to enhance sustainable technologies in 

order to fulfill the targets of such regulations [12]. The common efforts of the international 

community to combat the deteriorating impact of global warming have resulted in the 

introduction of the United Nations’ Paris Agreement during the COP21 global summit in 

2015. The goals for 2020 were so-called ‘3x20%’ which corresponded to increasing the 

share of renewables and energy efficiency by 20% as well as reducing the CO2 emissions 

by 20%, compared to 1990 realities [13]. UN organizes following climate change confer-

ences updating the targets and measures for a climate-friendly world – with a most recent 

one, COP26, organized in November 2021 in Glasgow, Scotland. The current targets for 

2030 within the European Union aim at 40% greenhouse gases (GHG) emissions reduc-

tion, compared to the 1990 situation, as well as 32% share of global renewable energy 

sources and 32,5% global energy efficiency [14]. Furthermore, the European Commission 

has implemented the strategy for making Europe climate-neutral by 2050, which imposes 

80-95% GHG emissions cut in comparison to 1990 as well as increasing the level of renew-

ables to 50% [15]. These two major policies play a lead role in keeping the global temperate 

increase below 2 ⁰C with the aim to maintain it at 1.5 ⁰C. 

In addition to the strictly legal and image-creating aspects, renewables-enhancing 

national policies are created when the long-lasting potential benefits coming from RET 

usage are forecasted. Importantly, renewables can provide e.g. energy security, sustaina-

ble development, or proficient use of the country’s indigenous resources [16]. Moreover, 

RET can help to diversify the energy supply, significantly decrease the dependency on 

imported fuels or create niche markets. Governments, realizing these multifarious bene-

fits coming from the renewables’ adoption, include such energy sources in their national 

energy strategies, and often develop and publish well-suited Renewable Energy Action 

Plans in order to reflect the global requirements on the country-specific level, and to gen-

erate a roadmap for implementing environmentally-friendly technologies in a realistic, 

efficient and sustainable way. 

 

2.2. The importance of socio-economic conditions 

Studies conducted by Shakeel et al. [10] and Peura et al. [17] claim that the limited 

financing options, market uncertainty, infrastructural support, internationalization chal-

lenges, or market-driven technology development are some of the main hindrances caus-

ing the slow commercialization of renewable energy technologies in Finland. As can be 

concluded, the challenges for the companies developing are multidimensional and RET 

require the whole ecosystem to enhance their diffusion. It is argued that apart from the 

supportive policy framework, technology push and market pull effects are perceived as 

key factors for a successful sustainable energy innovation adoption [18]. A relatively high 

level of social awareness is a crucial aspect, as various bottom-up initiatives aiming at 

improving the overall quality of life by introducing more and more environmentally-

sound solutions can be raised by, inter alia, using the market pull mechanisms to bring 

the sustainable products into the economy. 

Similarly, the ecologically-conscious stakeholders often require the managers to fol-

low the triple-bottom-line approach to generate economic, environmental, and societal 

value for their portfolio companies [19,20]. Such business conduct styles cause an im-

portant change from the strictly short-term profit orientation practices, widely performed 

previously. However, it is important to note that the fact of being eco-friendly and efficient 

will not act as a sort of a magic wig and automatically get and sustain the RET a reasonable 

market share as the end-products generated from such technologies are often costlier, and 

consequently – uncompetitive with the conventional solutions. It is in common economic 

knowledge that for the customers, the cost is often a critical variable. Nevertheless, 
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according to Owen [21], the RET will become cost-competitive if the so-called ‘externality 

costs’ are considered, and they stand for the costs of the ecological damage inevitably re-

lated to the energy production from fossil fuels. Therefore, it can be concluded that the 

higher level of the environmental awareness within all the sectors of society, the bigger 

chances for the RET of being successfully commercialized.  

Moreover, to support the importance the societal conditions, it is also important to 

mention the Technology Acceptance Model (TAM) developed by Fred Davis in 1989, 

which is a theory that models the acceptance and utilization processes within the end-

users of new technology [22]. According to this theory, the decision of the end-user is 

influenced by numerous factors, and mainly by 1) perceived usefulness, further defined 

as “the degree to which a person believes that using a particular system would enhance their job 

performance"; and by 2) perceived ease-of-use, which can be explained as "the degree to which 

a person believes that using a particular system would be free from effort". 

 

2.3. Major RET diffusion barriers 

The literature review provides plentiful examples of different barriers to a successful 

RET adoption. Primarily, Owen mentioned externality costs as major market barriers, 

which are often not included in the business strategies [21]. In his analysis based on the 

International Energy Agency’s report, he provides further commonly experienced market 

barriers in the energy area, as can be seen in Table 1. 

Table 1. Examples of market barriers to RET diffusion. Developed based on [21].  

Market barrier Characteristics Solutions 

Uncompetitive electricity prices & 

price distortion 

Externality costs and economies of 

scale not yet included 

Awareness-raising actions, 

Subsidies & taxes customized 

Insufficient knowledge 
Information about the technologies 

need to be widely available 

Standardization & labeling 

Quality certificates 

Transactional costs 
Administration cost, green certifica-

tion, permits, and usage 

Information & calculation systems 

for the decision-makers 

Financial risk 

Long payback time, high entry 

threshold, limited financing, sunk 

costs 

Live cycle cost analysis 

External funding options 

Inappropriate regulations 
Obsolete energy policies, often sup-

porting traditional solutions 
Future-oriented energy plans 

Conservative markets 
Inadequate split of benefits between 

different stakeholders 

Market restructuration and democra-

tization 

Technology-related 
Obsolete infrastructure, technologi-

cal know-how required 

Grid modernization, commercializa-

tion aspects, business-oriented engi-

neering 

  

As renewable energy sources are diversified, and the technology diffusion process is 

multifaceted and complex, scientists consider diverse concrete renewable energy technol-

ogies e.g. solar PV [23], biogas [24,25,26], or wind energy [27,28]. Furthermore, authors 

often scrutinize it by basing on particular determinants or perspectives of various interest 

groups as well as perform case studies on specific geographical areas. For example, some 

authors investigated the bottlenecks of RET implementation from the customers’ view-

point [29,30], whereas others reflect this issue from the investors’ perspective [31]. Inter-

estingly, a study led by Lucchi provides a conceptual framework for the integration of 

solar PV on the heritage sites, and they determined three major criteria to consider by 

governments during the planning process, and these are: “localizing”, linked to location; 

“qualitative”, primarily suggesting the smallest possible impact the environment; and 

“quantitative”, determined by technology performance and economic aspects. The study 

concludes with the claim that the RET require well-defined energy policies, simplified 
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standards, skilled personnel, and large amount of existing leading examples to lead the 

way for the others to ensure their widespread diffusion [32]. 

Authors like Ruggiero, Davis, or Jung examined the societal awareness and technol-

ogy acceptance as well as ‘willingness-to-pay determinants [22,33,34]. Studies led by Popp 

and Tsoutsos provide insight on the technology diffusion phenomena through the lens of 

energy sustainability [35,36]. Nonetheless, the vast majority of research on renewable en-

ergy adoption concentrates on energy policies’ analysis [7,37,38,39]. However, in this 

study, the holistic approach has been chosen to present the socio-economic and regulatory 

barriers of the diffusion of different RET in general, which follows a method previously 

used in the literature that serves to provide the overview of the whole renewable energy 

industry, and not to focus on the specific technology [40,16,10]. 

3. Methodology 

In this study, we adopt a mixed methodology of policy analysis, literature review, 

and cross-case qualitative case study. We have conducted semi-structured interviews 

with a total number of 13 executives representing 12 RET companies, including 5 from 

Poland and 7 from Finland. The details about the investigated cases can be found in Table 

2. The experts were asked two basic questions: 1) In your perspective, what are the major RET 

diffusion barriers in your country? and 2) What are the measures to overcome these barriers? It is 

important to note at this point that to assure the transparency and integrity of the study 

as well as to address the GDPR requirements, neither the companies’ nor the interviewees’ 

names will be revealed. This anonymity has been requested and agreed upon by both 

researchers and the respondents. 

Table 2. Details about case companies. 

 

To perform this comparative case study, we based on the policy, statistical and liter-

ature analysis. Energy policy review helped us in performing a thorough insight into the 

regulatory environment of the two investigated countries, including the governmental 

strategies for the future. It also provided us the national targets for including the renewa-

bles into total energy mixes, and consequently, conclusions from the results of the efforts 

to fulfill these goals. An analysis of widely available statistics has served us to identify the 

Company Technology focus Interviewee’s role Country 

A 
Automation & electrification of wind 

power 

Executive Vice President, Marketing & 

Sales 
Finland 

B 
Energy technology hub; smart grids, en-

ergy efficiency, and marine solutions 
Communications & Brand Manager Finland 

C Wind and solar power CEO Finland 

D Solar PV in the maritime sector CEO Finland 

E Circular economy; waste to energy CEO Finland 

F Wind power Head of Project Development Finland 

G Wind power Vice President, Energy Management Finland 

H Wind energy Managing Director Poland 

I Solar energy Operations Manager Poland 

J Solar PV inverters Head of Marketing Poland 

K Energy from waste and biomass CEO Poland 

L Biogas and biomethane  

1) Managing Director 

2) An external expert from aca-

demia 

Poland 
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RES with the highest share in both countries, to focus mainly on the most common and/or 

most prosperous renewables in Finland and Poland. Furthermore, the synthesis of the 

most popular barriers presented in the literature review has been identified and struc-

tured, which has enabled us to create a categorization of barriers for our analysis. Next, 

we’ve compared and combined the barriers existing in the literature with the most com-

monly identified bottlenecks by our interviewees. 

Such analysis, a cross-case comparative study, as in its genuine purpose, has served 

us in performing the extrapolation of the most critical barriers for RET diffusion in both 

countries. This comparison generates the possibility to draw insightful conclusions as well 

as to suggest practical and long-lasting measures for the betterment of the current state of 

affairs. Moreover, practices from the countries taken into scope may vary, which creates 

the capacity to transfer knowledge, technology, and managerial tools within these coun-

tries [41,42]. 

4. Results of the analyses 

As already mentioned before, in this study the main focus has been put on the regu-

latory and socio-economic issues of RET implementation in two European Union member 

states: Finland and Poland. To do so, it is necessary to analyze specific countrywide Re-

newable Energy Action Plans. These are the national policies aimed to address the legal 

commitments coming from the numerous regulations adopted by the international com-

munity. Since Finland and Poland are both EU countries, these obligations are coming 

namely from the Directive 2009/28/EC [43] which are, still, in line with the UN’s and 

IPCC’s1 resolutions. 

In Finland, the targeted RES share for 2020 has been elevated to 38%. In the case of 

GHG emissions, the national target aimed at a 16% decrease, compared to 2005 levels. 

What makes Finland a role model for the rest of Europe and the world, these targets have 

been reached already in 2014 [44]. New targets for 2030 are the following: 51% RES share 

and 39% GHG emissions reductions in comparison to 2005 realities. The government of 

Finland also declares the ambition to become carbon-neutral by 2035 and, consequently, 

to become the world’s first fossil-free welfare society [45]. 

 

 

Figure 1. Share of renewables in final gross consumption. Own calculations based on [49]. 

 
1 The Intergovernmental Panel on Climate Change (IPCC) is the United Nations body for assessing the science related 

to climate change. It was created to provide policymakers with regular scientific assessments on climate change, its 

implications and potential future risks, as well as to put forward adaptation and mitigation options. 
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In the Polish case, the goal for 2020 concerning the distribution of renewables in over-

all energy consumption has been limited to 15%, and furthermore, the target of 10% share 

of biofuels in transport has been established [46,47]. It is important to note that despite 

these reductions, Poland failed to meet the previsioned targets [48]. New targets for 2030 

aim at 21-23% RES share in gross final energy consumption, 14% of renewables in 

transport as well as 32% RES share in electricity production. On the EU level, in 2018, 12 

Member States met and exceeded the (2020) target for the share of renewable energy in 

gross final energy consumption. The remaining 16 countries have yet to reach their target 

[49]. Figure 1 shows the effectiveness in reaching the renewable energy targets in Finland, 

Poland, and the whole EU-28. 

 

 

Figure 2. The structure of energy production from renewables in 2018. Own calculations based on 

[49]. 

As can be concluded from Figure 2, solid biofuels were the principal type of renew-

ables in the total energy generation (for electricity, heating, and transport determinations) 

in the whole EU-28 in 2018. In energy statistics, they are defined as the “product aggregate 

equal to the sum of charcoal, fuelwood, wood residues, and by-products, black liquor, bagasse, ani-

mal waste, other vegetal materials and residuals and the renewable fraction of industrial waste”, 

whereas liquid biofuels refer to “the sum of bio-gasoline, biodiesels, bio-jet kerosene and other liquid 

biofuels” [50]. Both Finland and Poland are characterized by the richness of forestry and 

agricultural areas, therefore wood fuels and biomass lead the way in these countries. 

However, in terms of electricity production, which has the most share in case of the energy 

use, as well as commercial applications, other types of renewables take the leading role. 

In Finland, the share of renewables in electricity generation in 2020 amounted to 52%, with 

hydro (45%), black liquor (17%), wind (23%), and other wood fuels (12%) [51]. In Poland, 

wind energy was the main RET in terms of electricity generation in 2018 with a 58% share, 

followed by solid biofuels (24%), hydro (11%), and biogas (over 5%) [49]. 

 

4.1. Categories of barriers for RET diffusion in Finland and Poland 

As already shown, the literature analysis provides different types of challenges for a 

successful RET adoption in the investigated countries. For example, Salmela examined the 

non-environmental issues from the Finnish electricity customers’ perspective and they 

have recognized three categories: cognitive, associated with the lack of trust and techno-

logical know-how; orientational, related to time and efforts put into former customer be-

haviors or priorities; and economic, linked with relatively higher initial costs [29]. Fur-

thermore, Aslani considered the potential for various RET development in Finland, and 

came up with joint barriers and they fall under three following categories: policy, 
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environment, and cost [5]. Moreover, Kangas studied energy efficiency-related barriers in 

Finland from the viewpoint of energy companies, and concluded with such factors as un-

satisfactory level of technological skills, ineffective regulations, and imperfections in the 

information stream as main difficulties [52]. 

In Poland, major bottlenecks identified in the literature are supporting the main-

stream barrier of ineffective regulatory frameworks, mainly by underlining the excessive-

ness or insufficiency of the current policy support schemes. For instance, the most recent 

study on this topic by Brauers focuses on the political implications of the Polish coal-based 

energy mix and identifies major challenges linked with this issue, and these are generally: 

economic, political & legislative, and social & environmental factors [7]. Within the first 

category, the most critical constraints are the regional economic dependency of the Silesia 

region associated with the high employment rate in the mining sector, limited financial 

schemes to support renewables as well as relatively high electricity prices for households 

in the short-term perspective. Under the second category, they identify energy security 

consternation, but more importantly the political influence of the coal industry and its 

labor unions. The last category is related to the past geopolitical experiences, which imply 

a threat of such disruptive change within the society and a lack of eagerness to resign from 

coal as a source of the country’s further development. Furthermore, Paska and Surma ex-

amined different national energy policies aiming at enhancing RET development as well 

as to fulfill the international emission targets. The study identifies the main challenges for 

the Polish energy sector, i.e. limited domestic fuel demand and energy generation capacity 

or distribution infrastructure as well as heavy dependence on an external supply of energy 

from natural gas and crude oil. After concluding that renewables can play a significant 

role in overcoming many of these obstacles, they have found numerous negative implica-

tions associated with the current policy schemes, e.g. green energy certificates mecha-

nisms generating more costs for the end-customers of electricity, lack of long-term vision 

from the government, resulting in instability and unreliability of the regulatory environ-

ment, or ineffective grid development [47]. Similarly, Dolega found out namely legal/for-

mal and technical barriers for the further RET development in Poland, and these are e.g. 

restrictive auction parameters, the complexity of processes of receiving permits for tech-

nology installations, general bureaucratization and lengthiness of administrative proce-

dures, instability, and unclarity of the legal framework, lack of long-lasting financial sup-

port mechanisms, or insufficient grid infrastructure [53]. Moreover, in their case study 

among the renewable energy industry experts, Pietrzak et al. determined the most ham-

pering factors for RET diffusion in Poland, starting with the strongly unfavorable influ-

ence of the coal-centered energy lobby as well as complex and unclear energy regulations 

as the aspects with the most impact [54]. The experts also outlined relatively high entry 

cost barriers of investments, unsatisfactory level of societal technology knowledge, or low 

and unstable green certificates prices. These numerous issues raised by the studies men-

tioned in this section act as a theoretical and practical foundation for this study, as the 

most common challenges in RET adoption in Finland and Poland can be put into catego-

ries to present the results of the central analysis in a well-organized way. Table 3 presents 

the categories of barriers for RET diffusion in Finland and Poland identified in the litera-

ture. 

Table 3. Categories of RET barriers in Finland and Poland. 

Category  Examples Reference 

Economic & Market 
Lack of financing options, high initial costs, market uncertainty, 

long payback time, investment risk, dependency on energy exports 

5, 7, 10, 17, 25, 

29, 48  
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Political & Regulatory 

Ineffective and unstable policies, excessive and complex proce-

dures, favoring big, state-owned companies or conventional energy 

sources 

5, 7, 39, 47, 48, 

52, 53, 54  

Societal 
Lack of know-how, information issues, reluctance to change, 

NIMBYism 
7, 29, 47, 48, 52 

Technical Ineffective grid development, insufficient or obsolete infrastructure 
10, 17, 25, 47, 

53 

 

Additionally, the main author of this research presented the comparison of RET dif-

fusion barriers in Poland and Finland, based mainly on the literature review and statistical 

analysis. In fact, this study acts as specific development of the author’s research project 

through the support of the empirical evidence from the renewable energy industry [48]. 

 

4.2. Main RET diffusion barriers from the industry experts’ perspective 

Our analysis supports and underlines the barriers already commonly identified in 

the literature as well as adds some new insight on specific bottlenecks that can be included 

in these broad categories. We also provide the measures that in our interviewees’ opinion 

might improve the current state of affairs in both countries. It is also important to note 

that in the case of two Finnish companies, their executives could not specify any critical 

barriers for the RET diffusion as they perceived the country’s current business environ-

ment highly supportive. Still, they were able to suggest some steps aimed at further im-

provement of certain conditions. 

Finnish experts agreed that ‘when it comes to energy, there’s always politics involved’, 

which can have either a beneficial or unfavorable effect. Among the latter ones, our re-

spondents were usually raising the issue of unstable, disorienting, and risk-generating 

regulations. They have experienced some major alterations, e.g. coming from the changes 

in the government that have caused many challenges for their companies. Moreover, there 

are numerous environmental, economic, or technical criteria to fulfill, and ‘getting these 

permits can last forever’, which can result in e.g. selling pilot projects abroad, where such 

innovative solutions can prosper more freely. Another important issue outlined was the 

lack of support schemes for SMEs and start-ups focused on renewables, expressed mainly 

by limited financing - and consequently - commercialization opportunities. This may be 

due to the fact that ‘it’s a rather conservative industry, and it takes about 2-3 years to get your 

technology introduced in the market’. Moreover, Finnish RET companies’ executives men-

tioned some technological issues, like the need for more efficient energy transfer solutions 

or the necessity to maintain sufficient levels of technological know-how to keep up with 

current changes of the customer needs; as well as some socio-economic constraints, such 

as the higher initial cost for the renewables, compared to conventional solutions, or the 

phenomenon called ‘NIMBYism’, which stands for Not-In-My-Backyard, a societal reserve 

and reluctance to constructing some landscape-influencing and noise-generating wind 

parks or foul-smelling biogas plants in their close neighborhoods [55]. 

Similarly, Polish experts have found a coal-centered and highly politicized energy 

sector as a central barrier for the enhanced prosperity of renewables in that country. The 

main objection to the government’s actions is that ‘despite many promises to follow the inter-

national goals, there is still a strong coal lobby (companies and labor unions) and thus, the govern-

ment is far away from giving up on coal-based energy economy’, and this lobby creates a ‘fear 

effect of massive protests and a huge societal challenge how to perform this transition without a 
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harm for the occupational groups from the mining sector’. Moreover, the current national regu-

latory frameworks are not necessarily considered as supportive or providing stability. The 

authorities tend to support rather fossil fuel companies with numerous subsidies or bail-

ing-out of bankrupt coal companies than opting for renewable energy technologies, ‘which 

seems to be both unreasonable and irresponsible for our future’. Furthermore, various socio-eco-

nomic constraints, our interviewees stressed out so-called ‘willingness-to-pay’ aspects, 

which in their negative aspect is a hesitancy to initially pay more for the energy generated 

from renewables, compared to the cost of the conventionally produced energy. In its eco-

nomic simplicity, ‘cost is always seen as a possible barrier’ both for the companies providing 

green energy as well as for the end-customers. Another important issue is the societal re-

luctance to change the current situation, which is supported by the ‘beliefs that coal is critical 

for Polish further economic prosperity and it should be protected by the government’. This, in con-

sequence, provokes a lack of interest in investing in RETs or nuclear power plants, which 

would significantly increase the level of Polish energy security, e.g. by decreasing the de-

pendency on fossil fuels and energy imports (mainly in case of the Russian gas). Lastly, 

some public protests have been noted in response to the plans of biogas plants or wind 

power parks installments next to the inhabited areas, which is a clear example of the afore-

mentioned ‘NIMBYism’. 

5. Conclusions and suggestions towards improvement 

The most appealing conclusion of this study is that despite relatively huge societal, 

environmental, or economic differences between Poland in Finland, these countries share 

the major barriers perceived by their energy industry experts. In both countries, it was the 

political sector that appeared to have the most possibly negative impact on the renewable 

energy industry. The current policy schemes were estimated as insufficient in terms of 

support provided by the government or excessive when it comes to the complexity of the 

legal and formal procedures. In plus, systematic changes in the regulatory frameworks 

have been seen as a destabilizing factor generating high-risk levels. Such a comparative 

analysis of the conditions for RET development in these two specific European countries 

provides novel implications for the interest groups coming from the energy sector. 

The analysis also shows that there are similarities between the investigated case 

countries in the category of socio-economic aspects. Even though the level of societal 

awareness is significantly higher in Finland, there were several common barriers identi-

fied by the case companies’ executives, such as: high initial investment and transaction 

costs, doubts about the RET efficiency and reliability as well as strictly community-based 

issues like NIMBYism or unwillingness to pay more for the environmentally-friendly so-

lutions. Moreover, the commercialization challenges are common within various technol-

ogy-oriented SMEs and start-ups across the globe, hence it was expected to detect such 

kinds of issues through this analysis. 

There are, however, some differences between various case companies from both 

countries. Firstly, there have been two managers from Finland (companies D&F) who 

could not determine any critical policy or socio-economic barrier for their firms’ further 

development. In their perspective, the conditions for developing RET are highly favora-

ble. It was in fact often the case in the Finnish side of the research that experts needed 

more time to think about possible barriers, as they have mostly underlined the benefits of 

being located and operating in Finland. However, the most common issue expressed by 

the interviewees was the insufficient support for RET start-ups and SMEs. Since such busi-

ness initiatives focus primarily on the technology development aspects, they often lack 

financial and managerial resources that would enhance their commercialization. It has 

also been seen as a regulatory barrier, as ‘government supports the big companies instead of 

small players, and it’s not as much entrepreneurial-driven as it should be’. Polish experts also 

numerously raised this bottleneck, mainly due to the fact that conventional energy com-

panies are more often than not huge, state-owned corporations. Therefore, they receive 

more financial and regulatory support than smaller-sized innovative technology ventures. 
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However, the main difference between Finland and Poland was found in the regula-

tory/policy support for the RET. In Poland, our interviewees firmly underlined the fact of 

the politically-related energy sector, which is currently oriented towards fossil fuels such 

as coal and lignite. This significantly reduces the potential for the RET diffusion, by e.g. 

‘favoring the mining sector, mainly because of the social pressure’, which results in ‘simply leav-

ing less market share for such energy sources’. 

To address these numerous barriers, our respondents were also asked to provide so-

lutions for the betterment of the current state of affairs in their countries. In Finland, where 

the most critical issue is the technology commercialization aspect, there have been numer-

ous wishful recommendations for the Finnish government to become ‘more entrepreneurial-

driven’ and to enhance more emerging sustainable solutions. Under this rather universal 

suggestion, the experts expect that the procedures of acquiring necessary financial sup-

port, collecting feed-in-tariffs, green certificates, or getting legal permits for starting the 

operations would be ‘less challenging, much faster and more simplified’. This kind of more 

specialized support would create the ‘positive push’ from the government to develop new 

technologies by the SMEs and start-ups, which are now dominated by big-sized compa-

nies, which ‘would have that money anyway’. Moreover, some of our respondents expressed 

the will to intensify the cooperation and contacts with the customers, to ‘listen and respond 

to their needs’. This would perhaps boost the levels of customer satisfaction and their will-

ingness to adopt more sustainable solutions, which in consequence, could critically en-

hance the RET diffusion in general. Furthermore, in the case of wind power companies, 

experts – perceiving the landscape-disturbing nature of the wind parks – would appreci-

ate ‘more efficient ways to use less land for wind energy generation’, taking environmental im-

pacts of such technologies into account more appropriately. 

The improvement suggestions from the Polish renewable energy sector representa-

tives concerned primarily the most challenging issue of the coal-centered energy policy. 

First and foremost, there is a need to develop a long-run strategy to enhance more renew-

ables into the system, followed by tangible outcomes and actions from the government. 

For instance, some immediate actions are expected, with the caveat of their political feasi-

bility, such as dramatically reducing financial support for the mining industry, which is 

already in a bad economic situation, or imposing energy diversification obligations on the 

energy companies. Moreover, more supportive regulations could lead to improvement in 

terms of energy security, independence of energy imports, or competitiveness of the 

Polish economy and they could be aimed at e.g. investing more in state-owned renewable 

energy companies, developing more financial and socio-economic incentives mecha-

nisms, etc. The current Polish energy sector is ‘overly influenced by the politicians and labor 

unions’, therefore a realistic restructuration plan would have to carefully take the coal in-

dustry interests into account, by providing beneficial alternatives, such as e.g. new work 

opportunities, long-perspective – ‘evolution rather than revolution’ approach – transition pe-

riod, or more efficient use of financial capital. There have been some successful examples 

of the swift and effective energy transition processes e.g. in Germany, where the project 

called Energiewende relies heavily on renewables and its positive effects can be clearly no-

ticed, which makes it a relevant case to follow [56]. 

This study also presents collective and universal recommendations for the RET com-

panies and other interest groups associated within the renewable energy industry both 

from Finland and Poland or perhaps from the whole EU. Firstly, it is in common sense for 

the EU member states to follow the regulations aiming at further RET development. For 

instance, the ‘European Green Deal’ [57] or ‘Fit for 55’ [58] strategies can act as effective 

multidimensional (but mostly financial) incentives for the EU countries to strengthen their 

efforts to become carbon-neutral in the future perspective. This can result in numerous 

benefits for both countries, e.g. using this situation to modernize obsolete grid installa-

tions which would enhance the novel, renewables-fitted infrastructural solutions as well 

as provide more energy security and efficiency. Another highly important hindrance to 

challenge is the insufficient levels of: technology know-how, information about the eco-

nomic and environmental impact, and, consequently, support for renewables within the 
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different sectors of society. This issue can be addressed by multidimensional awareness-

raising actions, such as professional training, specialized conferences, business incubator 

programs, activist movements, or impactful media communications, just to mention a few 

possibly favorable measures. Furthermore, high-tech SMEs and start-ups (including RET-

focused ones), which are often struggled with the lack of financial and managerial re-

sources, should consider external funding options other than the EU subsidies, such as 

business angels or venture capitals (VC). Numerous studies support the claim that espe-

cially VC, in addition to the strictly financial contribution, can add value to their portfolio 

companies through providing e.g. corporate governance excellence, business networks 

and internationalization options, legitimization, managerial expertise, etc. [59,60]. Lastly, 

it is critical to follow the fast-paced technological development of the energy sector, ac-

cording to the so-called ‘Energy 3Ds’, which stands for decarbonization, decentralization, 

and digitalization [61,62]. This can be achieved by, inter alia, smart grid investments, or 

deployment of IoT and Blockchain for renewable energy [63-66]. It is forecasted that such 

innovative technologies would revolutionize the energy supply chains by removing the 

intermediaries from the transaction processes, providing more transparency, integrity, 

and security, as well as developing energy trading platforms, or automating the issuance 

of the green certificates, etc. [67]. However, blockchain technology is still in its infancy 

stage as there is no widespread supportive regulatory framework for such solutions yet. 
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Abbreviations 

RET  Renewable Energy Technologies 

R&D  Research and Development 

GDP  Gross Domestic Product 

Solar PV Solar Photovoltaics 

UN  United Nations 

GHG  Greenhouse gases 

TAM  Technology Acceptance Model 

GDPR General Data Protection Regulation 

RES  Renewable Energy Sources 

CEO  Chief Executive Officer 

EU  European Union 

IPCC  Intergovernmental Panel on Climate Change 

SMEs Small and Medium Enterprises 
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