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Abstract

:

This paper aims at justifying the significance of investment in the improvement of labour productivity (LP) and importance of the latter on economic performance of companies manufacturing wind energy components (WEC) in Lithuania in terms of value added (VA) created, profitability and wage earned. The time period covered is 2000–2020. The following methods have been employed: analysis of legal acts, programmes, strategies, and business structure and finance indicators, interdependence (correlation and regression), trend, case analysis, logical economical reasoning and graphical representation. The research results of current status analysis showed that the business of WEC manufacturing is small in regard to their variety of products but increasing in terms of VA and employment in Lithuania. Investment has been found as a driver of improvement in LP. The calculated historical ratio of change in LP to investment showed that, on average, after 1000 EUR per employee has been invested in tangible assets (TA), the LP increased by 0.13 EUR/h. A higher than average ratio was found in the manufacture of other transport and repair and installation of machinery and equipment (1.41), such as rubber, plastic and other non-metallic mineral products (0.17), but lower in the manufacture of electronic and communication (0.12) and metal (0.06) products. Taking into account the linear curves of LP to investment in TA curve and the average volumes of investment in different manufacturing activities, it is estimated that LP could grow by 5.3% a year in the manufacture of electronic products, and communication equipment are expected to increase by two-fold to 33 EUR/h in 2030, but it could grow only by 2.0% a year in the manufacture of rubber, plastic and other non-metallic mineral products to reach 28 EUR/h in 2030. Due to investment related changes in LP, the VA created by WEC companies could increase by 5.9% a year and account to 2.9 billion EUR during 2021–2030. Net profitability and real wages (and salaries) could also increase in future. Seeking to use the potential of companies to manufacture WEC for domestic wind installations and exports, investment supporting programmes are of high importance in the fields of promotion of innovations, development of human capital and adaptation of new technologies.
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1. Introduction


Motivation of research. Global energy consumption is steadily rising due to the growing population and increasing demands. During 2009–2019, the average annual growth rate of global primary energy (PE) consumption was around 2%. In 2020, PE consumption fell by 4.3% due to the global COVID-19 pandemic, the first decline since 2009. The structure of global PE is dominated by fossil fuels (85%). Oil and its products make the largest share (36% in 2020), followed by coal (31%) and natural gas (28%), the consumption of which increased due to the substitution of coal with natural gas and the increase in natural gas consumption in the United States of America (USA) and China. In the European Union (EU), fossil fuel consumption has been declining by an average of 1.1% per year and, in 2020, it decreased by as much as 11.0% to 1092.4 Mtoe. In the structure of global PE consumption, this is equivalent to 10%. Trends of fossil fuel consumption have remained almost unchanged over the last decade and have remained stable at around 5 Mtoe per year in Lithuania [1].



The production and consumption of fossil fuels poses significant environmental challenges, particularly the emission of greenhouse gases (GHG), the growth of which will result in further warming and climate change. Between 2009 and 2019, the global carbon dioxide (CO2) emissions from the combustion of fossil fuels grew at an average rate of 1.7% per year. A short-term drop of 5% was fixed in 2020. As the EU is showing a global leadership in tackling climate change, its CO2 emissions decreased by 1.5% per year between 2009 and 2019. In 2020, EU CO2 emissions from fossil fuel combustion fell by more than twice as much as the rest of the world, i.e., by 10%. Lithuania’s CO2 emissions decreased by only 0.3% per year [1].



In order to reduce environmental problems, renewable energy sources (RES) are used. Between 2009 and 2020, the average annual growth rate of global RES consumption was as high as 6% [1]. It was 6% in the EU and 4.5% in Lithuania. Worldwide, hydro energy dominates in the RES structure, but the contribution of wind energy to the global PE balance is becoming increasingly significant (22.6% in 2020). The share of wind in RES structure in EU and Lithuania was 42% and 8% in 2020, respectively, with a tendency to increase rapidly. Production of wind energy increases under conditions of volatile and increasing global fossil fuel prices and the low costs of wind energy. The average global natural gas and coal prices increased by a third between 2009 and 2020 to 7.5 USD/MBTU and 83 USD/t, respectively [1]. According to [2], the levelized cost of energy (LCOE) of onshore wind farms in Europe is the lowest among electricity production technologies, as it varies from 58 USD/MWh to 76 USD/MWh, while the LCOE of electricity from cogeneration is about 45% higher. In comparison, the LCOE of electricity generated by a nuclear power plant can be several times higher and reach 240 USD/MWh. Moreover, the cost of onshore and offshore wind energy reduced by two-fold over the last decade [3] and if the investment costs of these technologies reduce in the future, it is expected that wind energy could become cheaper.



In 2016, countries around the world reached the Paris Agreement and decided to take actions ensuring that the global average temperature increase would be below 2 °C (in comparison to pre-industrial level) by putting their efforts towards keeping the global temperature increase below 1.5 °C (in comparison to pre-industrial level). This agreement meant that countries could continue to promote development while maintaining GHG emissions at a lower level, thus continuing to provide the necessary funding. Lithuania, together with other EU countries, has committed to a total reduction in GHG emissions of at least 40% by 2030 compared to 1990 levels [4]. In March 2020, the European Commission (EC) presented a long-term strategy for the EU, setting out its vision of a climate-neutral EU economy by 2050 [5].



In line with the provisions of the Paris Agreement, the EU member states have adopted the Climate Change and Energy Guidelines for 2020–2030, outlining the key objectives for EU climate change and energy, including increasing the share of energy from RES to 32% by 2030 (20% by 2020) compared to 1990. At the end of 2019, the EC published a communication entitled “A European Green Deal” (2019), which is the EU’s new growth strategy to transform society into a resource-efficient, competitive and growing economy. Within the framework of the European Green Deal, the European Industrial Strategy [6], the Circular Economy Action Plan [7], the European Commission Communication “Wider Europe 2030 Climate Ambition: Investing in the Future of Climate-Neutral People” and “Marine Renewable Energy Strategy” [8] have been adopted. These request an increase in the use of RES energy (RES to be 38.5% by 2030) [8] and an increase in European offshore wind farms from the current 12 GW to 60 GW by 2030, and up to 300 GW in 2050. Until 2050, ocean energy and other new technologies (including floating wind and solar power) will have a capacity of 40 GW.



Supporting the ambition of the Paris Agreement and meeting the requirements set out in the Climate Change and Energy Guidelines 2020–2030, Lithuania intends to increase the share of RES in final energy consumption to 45% [9]. Wind energy will be the main resource for electricity generation. The electricity from RES will be generated in the Baltic Sea. A 330 kV substation at sea and a new cable line will be built. The new 330 kV transmission lines connecting the wind farm to the transmission network will be constructed in the Baltic Sea [10].



In such a context of significant global and regional issues, as well as policies dealing with them, the self-supply with wind energy components (WEC) for the construction of wind farms and, therefore, the development of related manufacturing business is of high importance.



Focus of research. Thus, this paper focuses on a historical and perspective scale that manufacturing companies in Lithuania could use to produce and supply WEC domestically and for export. Particularly, in agreement with [11], it addresses the role of labour productivity (LP) as the most important factor of the above. In line with [12], the paper considers that “…higher productivity comes, at least in part, from preceding investment outlays…” and it takes into account the results of investigations performed by [13], who found that in “…all European countries, a 1% increase in gross investment in tangible goods (G.I.T.G.) per person employed (P.E.) has a 0.0373% long-run effect on apparent labour productivity (A.L.P.) …”.



Goals of research. Taking this into account, the goal of this paper is threefold: (1) an analysis of the economic performance of companies manufacturing WEC for the purposes of identifying drivers of LP, tendency of it, and justification of the role of LP for growth; based on that (2) the determination of the relationship between investment in tangible assets (TA) and change in labour productivity (LP) of companies manufacturing WEC in the country and, finally, (3) taking these into account evaluating the perspective changes in value added (VA) created, net profitability and wages (and salaries) earned by WEC companies in Lithuania.



Aim of research. With respect to the identified goals, this paper aims to assess the development perspectives of WEC companies in Lithuania, taking into account a company’s established link between investment in TA and LP.



Contributions of research. From a practical point of view, the contribution of this research is the fact that, for the first time, WEC manufacturing activities have been identified as a relevant business supporting the Green Deal, analysing its development perspectives from the point of view of changes in LP determined by a function of investment. From a scientific point of view, the descriptive and trend analysis, as well as the analysis of business structure research indicators instead of econometric methods, have been used to understand the links and channels through which the growth of WEC manufacturing companies could be assured.



Organization of paper. The rest of the paper is organized as follows. Section 2 reviews the literature on LP issues. Section 3 briefly introduces the research method applied. Section 4 presents an analysis of the economic performance of WEC companies, determining the ratio of change in LP to investment in TA, drawing the curve of LP to investment in TA, providing perspective estimates of LP and the impacts of investment caused improvements in LP from the perspective of the growth of WEC companies (net profitability and wages (and salaries)) and its contribution to the country’s economy (VA created). Section 5 discusses the results achieved. Finally, in Section 6, the conclusions are drawn.




2. Literature Review


2.1. Concept of Labour Productivity


Freeman [14] defines productivity as the ratio of the outputs of a system to the inputs used to produce those outputs. It can measure efficiency of activity. Productivity measures are used at the level of companies, industries and the entire economy. Frankel et al. [15] stated that productivity can be calculated for all production factors: land, labour and capital. Of all the factors of production, labour is the most basic and most obvious factor used in any production or in the provision of services. The use of any factor of production is impossible without labour [16]. Therefore, when calculating productivity, labour costs should take preference over other costs.



LP is an economic indicator reflecting the performance of an economic system in terms of the quantity of goods and services produced over a given period of time with the use of given resources, per worker or per hour worked. LP measures the hourly output of a country’s economy. In practice productivity is calculated per unit of working time or per worker and integrates actual intensity. In general, intensity is closely related to a worker’s skills and the equipment used in the production process.



Gross domestic product (GDP) or VA are the most commonly used indicators for measuring LP at national level. Therefore, LP is often treated as a measure of the economic performance. Change in LP as a measure could be considered too [17,18]. It is affected by the changes in the amount of capital (tangible and intangible) per employee and the changes in multifactor productivity (MFP) [19], which itself refers to combined inputs, including labour, capital, land, etc. Regardless of the level at which LP is analysed and evaluated, the need to analyse LP is driven by the search for opportunities to promote growth in LP.



An industry advances by using less to make more. In [20], it was stated that improvements in productivity can basically be caused by five different relationships: output increases faster than input; more output from the same input; more output with a reduction in input; same output with fewer inputs; output decreases, but input decreases more. From the perspective of the individual company, the second case is the more ambitious, but from a social point of view, the first case is more ambitious.



In [15], it was argued that LP is an especially sensitive indicator of this economizing process and is one of the main indicators used to measure the economic progress of a country or a sector. The overall increase in a country’s LP means that more goods and services are produced per worker than before. This view is shared by many other studies, including Saari [21], Ross [22] Gomez-Salvador [23], etc.




2.2. Impacts of Labour Productivity


LP is a relevant economic indicator, which is closely interrelated to economic growth [24,25], competitiveness [26,27] and living standards [28] within an economy and wellness [29]. According to Gomez-Salvador et al. [23] “…productivity gains are a key factor driving long-term economic growth and increases in living standards. In the short to medium term, productivity also affects business cycle developments, inflation, exchange rates and other key macroeconomic variables, such as consumption, investment and employment…”. In [30], it was observed that growth in productivity contributes to higher wages, lower prices, higher profits and stronger economic growth. In contrast, poor labour productivity hurts living standards—“…when productivity growth is lower, wage growth tends to be lower too, meaning some families need to work long hours to achieve decent incomes. The result is they have less time to spend with family and in the community….” [31]. Korkmaz et al. [32] confirmed productivity has effects on economic growth by means of reducing input costs and the efficient use of the production factor. In this way, productivity leads to sustainable economic growth in developed countries. Auzina-Emsina [27] investigated the relationship between productivity growth and economic growth of Baltic countries in the pre-crisis and post-crisis period. The results proved that there was a weak relationship between productivity growth and economic growth before the crisis. However, the increase in LP during the crisis was a significant driver of the economy growth after a same period of time. The performed analysis showed that due to growth in LP and the positive impact of other factors, the Baltic countries have gained back the global competitiveness that was lost during the crisis period. LP analysis is necessary seeking to identify opportunities for economic growth in a country and/or a sector and competitiveness. It is, therefore, necessary to analyse the drivers that lead to improvements in labour productivity.




2.3. Drivers of Growth in Labour Productivity


Any production process is a complex and socio-economic system. The reconciliation of the interrelationship between labour, capital and socio-organisational environment into one integrated whole is essential. The promotion of growth in LP depends on the successful identification and use of the drivers of the socio-economic system framework.



Growth in LP depends on three main factors: saving and investment in physical capital, new technology, and human capital [33]. Levanon et al. [34] confirmed that LP depends on the quality of the workers and on how much capital is available per employee. The main factor in increasing LP is the growth in the amount of capital per employee, which is called the capital intensity. LP is determined by the efficiency at which labour and capital are used during the production process, which is called the total factor productivity (TFP). Tang et al. [35] agreed that the effects of different factors on LP are manifested through capital deepening and an increase in TFP. Growth of TFP could be achieved introducing technological innovations and ensuring technological efficiency. The basic premise behind the framework is to measure LP as a function of physical capital intensity, labour quality, and an efficiency-enhancing parameter. Tang et al. [35] confirmed that LP growth is a function of capital intensity, human capital, and technology progress. In [36] capital deepening, growth of labour quality and TFP were segregated as key sources of productivity. These factors have a direct impact on labour productivity.



2.3.1. Human Capital


The concept of human capital is multidimensional, encompassing a person’s knowledge, skills, education, experience, intelligence, creativity, health and other attributes that make it possible to increase a person’s LP and wage income [37]. The human capital also affects economic development. Education and health expenditure are seen as key elements of human capital accumulation [38,39,40]. This means that increasing investment in education and health should lead to higher levels of labour productivity.



According to [41], the investigation performed using the Autoregressive Distributed Lag (ARDL) method in Indonesia showed that the quality of human resources is cointegrated with LP. The outputs of the analysis showed that education (including primary, secondary and tertiary) and health variables have a significant positive impact on LP, especially in the short-run analysis. In the long-run analysis, only primary and secondary educations showed a significant positive influence on LP, while the health variable has a positive but not significant effect. In [42], it was analysed how the three basic levels of education (primary, secondary and tertiary) contribute to the growth in LP in the selected 125 countries in the period 1999–2014. For this analysis, the model was based on the neoclassical production function enhanced with human capital. The results showed that tertiary education has the strongest impact on LP across the considered economies. Similarly, the relationship between the education and the LP across the selected European countries was analysed in [43]. It was found that part of variability in the LP can be explained by the differences in the number of schooling years (measured as the school life expectancy). The results of the performed analysis also confirmed the importance of education in countries across Europe. Le et al. [44], using the ARDL model and the Granger causality test with the data of the 1986–2014 period in Vietnam, affirmed that human capital and foreign direct investment has a positive impact on LP in the long-term. The results revealed that that more investment should be directed to education and training. Numerous scholars [45,46,47] have emphasised that the health of an employee is related to productivity, i.e., healthy people are more productive. Therefore, the impact of investments in improving health on LP is direct.




2.3.2. Capital Intensity


Numerous studies on the EU, Canada, the USA and other countries have pointed out the importance of tangibles and, especially, intangibles for growth in LP of the advanced countries.



The authors in [48] analysed the relationship between intangible capital and growth in LP using the largest, up-to-date macro database (2000–2015) of 16 EU countries. The relationship was disclosed during the global economic crisis (2008–2013) and the recovery of economies (2014–2015). The results of the analysis showed that intangibles were the dominant source of growth in LP in EU, explaining up to 66% of growth. During the economic crisis, in contrast to tangible capital, the results detected a solid positive relationship between intangibles and growth in LP, and for the economic recovery period the results confirmed a highly significant and remarkably strong relationship between intangible capital and growth in LP. A study at the macro-level on investment in TA and intangible assets (IA) for European countries and the USA over the period 2000–2013 was performed in [49]. It was found that capital deepening was the main driver of growth in LP, with TA and IA accounting for 80% and 20% in the EU, while both accounting for 50% in the USA. The authors in [50] analysed the relationship between the current level of LP and a set of indicators representing investments, human capital and organisational capabilities. This empirical study also confirmed the immediate positive impact of intangible investments and a lag-distributed positive impact for tangible investment. An analysis of LP and its determinants in the manufacturing and service sectors of Kenya, based on the World Bank’s Enterprise Survey’s database for 2013, was carried out by [51]. Their results showed that capital intensity significantly and positively affected LP. In [52], a medium-run approach was applicated in order to investigate the development of LP and the components of six advanced economies after the global economic crisis of 2007–2009. The performed analysis provided evidence that a lack of investment was one of the major factors for the slowdown of growth in LP. An analysis of two different types of capital services (information and communication technologies (ICT) capital services and non-ICT capital services) revealed that the contribution of ICT capital deepening to growth in LP was much lower in European countries than it was in the USA before the economic crisis. In [53], it was argued that capital accumulation is the main driving force of growth in LP. This evidence was based on the established relationship between growth in LP and ICT capital development using the set of data of 14 OECD countries during 1995–2005 and a non-parametric approach. However, this study found that ICT capital could produce an opposite effect on growth in productivity: an increase through capital accumulation and a decrease through technological change. This result confirmed the hypothesis that ICT technologies require complementary investments, i.e., without complementary investments, the LP gains from ICT capital will not be fully realised. In [54], a review of the literature provided evidence of the increasing role of investment in IA in explaining the dynamics of LP change. The findings of the literature review argued that additional investment in IA by firms is needed to reap the full benefits of investment in ICT and artificial intelligence (AI). The importance of IA for the transformation of the developed economy into a fully-fledged knowledge economy is widely recognised in the literature. In [55], researchers found that foreign direct investment improves the LP of the host country, which causes a positive impact on economic growth, both in the short- and in the long-run; therefore, in order to maintain long-run sustainable LP, foreign direct investment must be enhanced. This conclusion was based on an analysis of the data of 19 OECD countries during 1980–2009, using the generalized method of moments to study the causalities between foreign direct investment, LP and economic growth. In [56], an empirical analysis was carried out covering 32 countries and 30 industries between 1990 and 2014 in order to test the hypothesis that access to finance was more important for growth in productivity in intangibles-intensive sectors. The research results confirmed that it varies according to the institutional set-up of a given country and specific sectoral characteristics such as IA intensity, financial structure and dependence on external finance. In general, intangible investment is becoming an increasingly important driver of productivity growth in OECD countries. The authors in [57] presented the results of an econometric analysis using the EU KLEMS 2019 data, which covers EU, USA and Japan, focussing on the role of ICT and IA employing a growth and confirmed that ICT capital and IA are related to economic competences (in particular, advertising and market research assets) and are important drivers of output and growth in LP. The results suggested that economic policies should facilitate the accumulation of IA and ICT capital, which are indispensable for growth in productivity and competitiveness. The authors in [58] examined the contribution of IA to growth in LP in the Canadian business sector. Analysis results showed that investment in innovative property and investment in economic competencies (i.e., investments in human capital via management and training investments as well as management consulting services) made a significant contribution to annual growth in LP: around 0.2–0.3 percentage points of growth in LP in the business sector. In [59], the study stated that growth in LP in major advanced countries has been experiencing a slowdown in recent years. An examination of low growth in LP in Japan using the growth accounting framework to decompose led to the conclusion that this was affected mainly by a slowdown in TFP. Japan’s productivity decline was due to underinvestment in IA. Therefore, investment in IA is essential in order to lead to technological innovation and productivity improvements. In [60], it was observed that “… a weakness or a slowdown in ICT investment can therefore negatively affect MFP and labour productivity growth…”. Furthermore, long-lasting structural problems, including financial and economic crises, led to the slowdown of LP in developed and emerging economies. In [13], the results of the study showed a negative and inverse relationship between LP and the level of investment (investment in TA divided by VA), i.e., changes in apparent LP led to changes in investment in TA, but not vice versa. The negative correlation between apparent LP and the level of investment indicated that investment in TA is ineffective.





2.4. Factors of Slow down in Labour Productivity


The potential impact of climate change on LP is an important economic issue. Negative changes in LP will have a direct impact on national output and personal income. Changes in the environment conditions are affecting LP. Current climate change already negatively affects LP, particularly in tropical countries. In [61], an empirical multi-model study based a large collection of micro-survey data aggregated to sub-national regions across the world was used to estimate the robust global and regional temperature and wet-bulb globe temperature exposure-response functions for labour supply. Study results confirmed that future warming will have a significant negative impact on LP. These results provided evidence that the effect of temperature on labour supply is heterogeneous across the world regions and work conditions. The results of this study [62] showed that climate change will result in declines of up to 17% in daily outdoor LP by the end of the century, under a high warming scenario. The largest impacts for LP are projected for Southern Europe. In Northern European countries, the average daily outdoor productivity will also decline with climate change. However, in these countries, the decline in LP is much smaller than in Southern European countries and will be around 2–4% by the end of the century. Study [63] also confirmed that LP could be 1.6% lower in Europe in the 2080s, with a clear geographical gradient showing that southern and eastern regions are much more affected due to global warming and the resulting increase in heat stress. Reduced LP also reduces GDP, which can put more pressure on economic growth in countries that would otherwise grow faster. An analysis performed by [64] showed that temporary employment has a negative impact on productivity growth, especially in skilled sectors. The decrease in LP growth would be about 1–1.5% in skilled sectors and 0.5–0.8% in unskilled sectors when the share of temporary employment increases by 10 percentage points. In [65], the authors found that high shares of temporary employment had a negative impact on the company’s investment in innovations. An analysis of the impact of some socio-economic drivers on the dynamics of LP performed by [66] confirmed that the share of temporary employment in total employment is likely to be a drag on productivity.




2.5. Policies and Strategies for Growth in Labour Productivity


Various policies and strategies could be employed to improve LP. In [17], the policy taxonomy for the improvement of productivity was given. This included policies for knowledge creation (for example, coherence and transparency of regimes of intellectual property rights, university-private sector collaboration, public investment in higher education and basic research, etc.), knowledge diffusion (for example, injecting competition, trade and investment agreements, etc.) and efficient reallocation of resources (for example, housing policy to support mobility, adult learning, etc.). In [66], nine points for a new productivity strategy in Europe were given in light of slowed down productivity in the region. Strong innovation policy, targeted promotion of technology diffusion and sustainable investment were identified as key pillars of the proposed new productivity strategy. In [67], the idea of improving skills development to improve LP was proposed, particularly for industries. Particularly, apprenticeships and retraining the labour force through appropriate training was found to be a solution. Sustainable investments in research and development (R & D) are needed with a special focus on upgrading technology to boost LP. In [68], the analysis of about one thousand small businesses in Spain showed that social responsibility policies could contribute to short-term growth in LP. In [69], it was argued that labour market policies, including employment protection legislation, minimum wages, parental leave and unemployment benefits, could influence productivity through impacts on employment. In general, due to growth in employment the improvement in LP could slow down as more low-skilled employees find jobs. Therefore, incentives for employees to invest in training are needed. However, the channels of the impact of labour market policies on LP are found to be multiple in [69]. Based on a UK analysis [70], LP policies could include R & D tax credits to increase innovation activity and a reduction in corporation tax rates to impact investment in enterprises. The authors in [71] proposed restoring declines in LP by implementing policies oriented towards: the investment in human capital, which will foster a more-educated and more-skilled labour force; the technology and infrastructure available to employees; governmental spending on R & D and infrastructure; reforms in the intellectual property system to promote innovation; and limitations to unnecessary regulations and impediments to new business formation. In [36], it was stated that when seeking to improve productivity, the policies should address investment in human capital and technology improvement for better access to information; accessible and affordable education; and investment in ICT. Based on the established relationship between LP and competitiveness in Vietnam in [26], it was proposed to focus on policies developing thinking and creative capacity, creating dynamic and flexible workers, attracting all economic sectors in a way they take part in human resource training for the purpose of improving competitiveness.





3. Research Method


Object of research. The paper analyses the development of the LP of companies manufacturing WEC in Lithuania from the perspective of investment in TA and in relation to the economic development of WEC companies. A total of 40 companies manufacturing different WEC were identified in Lithuania. The companies were grouped in accordance to Statistical Classification of Economic Activities in the European Community, Rev. 2, in a way that at least 3 WEC companies made a group. This is the confidentiality requirement set by Lithuania Statistics [72]. The following groups have been identified:




	
Manufacture of metal products;



	
Manufacture of rubber, plastic and other non-metallic mineral products;



	
Manufacture of electronic products and communication equipment



	
Manufacture of other transport and repair and installation of machinery and equipment;



	
Manufacture of other products.








Figure 1 provides information about the number of WEC companies, the data of which have been extracted from the database of Lithuania Statistics and covered by the paper.



The following hypotheses of development of LP and its impacts were formed:



Hypothesis 0 (H0).

Real investment in TA is a relevant driver of improvement in LP in companies manufacturing WEC in Lithuania.





Hypothesis 1 (H1).

Improving LP impacts on growth of WEC companies.





Data collection. Data for H0 and H1 hypothesis testing were collected during December 2021 by Lithuania Statistics based on the list of grouped WEC companies, which themselves were identified between March and July 2021. Lithuania Statistics provided the time series of business structure and finance indicators, i.e., both time series data and cross-sectional data were collected.



Time spam. The time series covered the period 2000–2020. It responds to the beginning of the performance of economic activities of WEC companies and includes their development over the next 20 years. This is a sufficient time span to observe trends and, based on that, to develop forecasts for 2030, which coincides with the time period of the European Climate and Energy Framework.



Steps of research. The analysis of LP of WEC companies was conducted taking in account the approach of the step-by-step implementation of research activities with reference to the activity-specific research methods and indicators, as shown in Figure 2.



The research was accomplished on the strength of five formulated research activities: are the names of the constructs in Figure 2, as described below:




	
Firstly, a review of EU and Lithuanian legislation was performed. Its results allowed justifying the increasing demand of economic activities performed by the WEC companies in the country.



	
Secondly, the current status of the WEC companies was analysed. The business structure and finance analysis method were used to disclose the structure and scale of manufacturing activities of WEC companies in terms of VA created, persons employed and hours worked, investments made and profits (losses) earned.



	
Thirdly, assumptions of WEC companies’ development were determined considering the Lithuanian Economic Development Scenario prepared by the Ministry of Finance of the Republic of Lithuania [73] and the publication of [74]. These important sources of information were used to understand the changes in LP and employment in the future. Furthermore, data were compared corresponding to the average values of WEC companies. Then, decisions were taken about assumptions for the perspective analysis of WEC companies’ development. Particularly, the Index of Prices of Sold Manufactured Products (2000 = 100%) provided by Lithuania Statistics [75] was applied to eliminate the impacts of price changes on nominal values of different indicators.



	
Fourthly, the relationship between LP and investment in TA was determined, as the paper focuses on the impact of LP as a factor of investment on economic performance in terms of VA created by WEC companies. For that purpose, the ratio of change in LP to investment in TA was calculated. It showed the scale 1000 EUR of investment in TA per employee makes on a change in LP of that employee. The indicator was used to draw a curve showing the relationship between the demand of investment requested to achieve the expected value of LP.



	
Fifthly, the logical economical reasoning and interdependence as a strategy was used in making forecasts of economic performance of the WEC companies with a focus on the impact of changes in LP. In detail, the number of employees was calculated based on:










   E t  =  E  t − 1   ×   1 +  e t         



(1)




here Et−1—number of employees during year t − 1, et—percentage change of employees referring to [74].



Real investment in TA was calculated based on:


   I  T A ,       t   =  I  T A ;   E ;   T     ×  E  t      



(2)




here    I  T A ;   E ;   T    —investment in TA per employee during time period T (2005–2020).



Ratio of change in LP to investment in TA per employee during time period T based on:


  R =   L  P  2020   − L  P  2005      I  T A ;   E ;   T      



(3)




here LP2020—LP in 2020, LP2005—LP in 2005.



Real LP was calculated based on:


  L  P t  = L  P  t − 1   + R ×  I  T A ;   t    



(4)




here LPt−1—LP during year t − 1.



Real VA was calculated based on:


  V  A t  = L  P t  ×   H ¯   E ;   T   ×  E t   



(5)




here     H ¯   E ;   T    —average hours a year worked by employee during T.



The correlation and regression analysis methods were employed to assess the interdependence between LP and net profitability and real wages of WEC companies. Taking into account the results, forecasts of the latter economic indicators were prepared.




4. Results


4.1. Analysis of Economic Performance of WEC Companies


WEC companies manufacture wind turbine blades, fillings for blades, frame from glass-plastic, glass, carbon and hybrid fabrics, modular transformers for wind projects, cement and concrete, anchor bolts for foundation structures, as well as provide programming work for wind turbines in Lithuania. WEC are mainly produced for export and a very small share is used in the country. In the production structure of the largest WEC companies, the WEC make 70–100%. In other WEC companies, they account for 10% of production.



The contribution of WEC companies to the country’s economy is small but increasing in terms of VA created (Figure 3). In early 2000, WEC companies generated 0.3% of total VA created by the manufacturing companies, but during the following two decades, their contribution has increased. Therefore, the share reached 2.5% in 2020. The development of VA is characterized by significant growth and drop rates. Since 2000, it has been increasing by 30% a year. Then, an upward trend was halted by the financial crisis. A drop of 43% was fixed in 2009. The decrease was so significant that it required 5 years to again achieve the pre-crisis level. In comparison, the decrease rate of VA of the Lithuanian manufacturing sector was also relevant, but twice as low (20% in 2009) and in two years, the sector returned to its pre-crisis level. Since 2013, the growth rates of VA of WEC companies have been twice as low (by 16% a year), except in 2020, when the highest yearly increase (by 45%) was monitored. In that year, WEC companies created 194.72 million EUR. Manufacturers of electronic products and communication equipment alone created one-third (35%) of the total VA, while manufacturers of metal products and manufacturers of other transport and repair and installation of machinery and equipment—16% and 15%, respectively. Contribution of manufacturers of rubber, plastic and other non-metallic mineral products was 11%.



Technically, an increase in the total VA was determined, both by the growth of the number of employees (Figure 4) and the LP (Figure 5).



Since 2008, employment in WEC companies has increased by 6.6% a year, faster than the average in the manufacturing sector. Therefore, the share of employees in WEC companies in comparison to employees in the manufacturing sector has increased, although thus far it remains low. In 2020, WEC companies employed 3.0% employees of the manufacturing sector (i.e., 6100 persons) in comparison to 1.2% (2840 persons) in the pre-crisis level (Figure 5).



In the pre-crisis period, on average, the LP in WEC companies demonstrated faster improvement rates (by 18% a year) than on average in the manufacturing sector (by 11% a year). This resulted in twice as much LP in WEC companies than on average in the manufacturing sector in 2008, i.e., 14.6 EUR/h and 7.4 EUR/h, respectively. LP in WEC companies manufacturing metal products increased the most—to 23.1 EUR/h in 2008, followed by manufacturers of rubber, plastic and other non-metallic mineral products (13.7 EUR/h). The LP in WEC companies was affected by the financial crisis. It lost the improvement direction and the stability of level. The situation lasted up to 2013. Since that year, on average, the LP in WEC companies has moved in hand with manufacturing sector. In 2020, the LP was about 18.5 EUR/h in WEC companies in comparison to 17.6 EUR/h in the manufacturing sector. It had been the lowest in the manufacture of electronic products and communication equipment. Further improvement in LP is unlikely under the conditions of loaded production capacities. Lithuanian Statistics [75] showed that at the end of 2020, the use level of production capacities was about 75%. In detail, it was 80.3% in chemicals, 76.3% in metals, 75.9% electronics, 74.5% in rubber and plastics and 73.5% in other non-metallic mineral products industries. The results of the assessment of production capacities [75] disclosed the increasing share of valuations by manufacturers, confirming an insufficient amount of production capacity available and a reducing share of sufficient quantity available. Therefore, investment is essentially requested.



Yearly investment by type of assets attracted by WEC companies is shown in Figure 6. Distribution of investment in TA by economic activity of WEC companies is presented in Figure 7.



Responding to loaded production capacities, investment already increased by 98.7 million EUR in 2019 and 83.9 million EUR in 2020. Up to 85% was invested in buildings. Investment in IA (software, patents and licenses) was negligible (up to 1%). The last two years alone has seen the same investment rates as during the decade from 2009 to 2018. Moreover, during 2009–2015, investment was very low and more than half of it had been made in machines, equipment and transport.



The manufacture of electronic products and communication equipment attracted 47% (218 million EUR) of investment made during 2000–2020. However, 60% of investment was made during 2019–2020. Over 140 million EUR has been invested in the manufacture of metal products (31% of total during 2000–2020). The specifics of investment in the manufacture of metal products had been its relatively greater annual intensity in comparison to investment in other economic activities. Here, investment has started to increase since 2016. Investment in rubber, plastic and other non-metallic mineral products has remained among the lowest, i.e., 24 million EUR during 2000–2020 (5% of total). However, the stability of the invested amount has been the most even (1.5 million a year).



Wages (and salaries) also increased (Figure 8).



As shown in Figure 8, on average, wages (and salaries) in WEC companies increased significantly (by 6 times) from 2 EUR/h (2001) to 12 EUR/h in 2020. The highest wages (and salaries) were paid for manufacturing other transport and repairing and installation of machinery and equipment (14.1 EUR/h in 2020), but the lowest was for manufacturing of other products (10.7 EUR/h in 2020). In WEC companies, wages (and salaries) increased the most (by almost 6 times) in the manufacture of electronic products and communication equipment; however, this was 2.4% lower than on average in WEC companies in 2020.



Performance efficiency in terms of net profitability of WEC companies is presented in Figure 9.



Net profitability presents different results by different manufacturers, but on average there was about 5.0% in WEC companies during 2000–2020, except during 2012–2013 and in 2017 when companies suffered losses. The highest (48.6%) and the lowest (−62.3%) profitability was faced by the manufacturers of metal products. This discloses the significant volatility of economic performance of that activity. Remarkable drops in profitability were observed by the manufacturers of other transport and repair and installation of machinery and equipment (−25.7%) in the 2012 and by the manufacturers of electronic products and communication equipment (−24.0%) in 2017. Over the last several years, lower than average profitability rates, especially in the manufacture of electronic products and communication equipment activity, have been demonstrated, with no profitability or even losses of 3.0% in 2019. The following below explains in detail the changes in performance efficiency through the ratio of LP to investment, curve of LP to investment in TA, and the correlation between LP and net profitability.



Thus, the current status analysis disclosed the positive developments of WEC companies in terms of VA created, persons employed, LP, investment made, wages (and salaries) paid and net profitability achieved. Following these tendencies, the WEC companies has potential to grow. Taking this into account, the relevance of investment in TA for the improvement in LP and the impact of the latter on growth (increase in VA, profitability and wages (and salaries)) is researched by sequential testing of H0 and H1 hypotheses.




4.2. Role of Real Investment in TA for Improvement in LP in Companies Manufacturing WEC


4.2.1. Ratio of Change in Labour Productivity to Investment in Tangible Assets


For the H0 hypothesis testing, we began by estimating the historical ratio of change in LP to investment in TA. The estimated historical ratio and its structural parts are graphically represented in Figure 10.



Figure 10 allows us to identify the relationship between investment in TA and improvements in LP during 2005–2020. In detail, LP in the manufacture of metal products increased the most (by 17.6 EUR/h), representing the largest amount of real investment in TA (290 thousand EUR per employee), while it grew the least in the manufacture of rubber, plastic and other non-metallic mineral industries (by 13.4 EUR/h), where real investment in TA amounted to 77 thousand EUR per employee. The specifics of the manufacture of other transport and the repair and installation of machinery and equipment are one of the largest increases in LP (by 14.9 EUR/h), achieved with the lowest investment in TA (11 thousand EUR per employee). These represent a very high ratio of change in LP to investment in TA in the manufacture of other transport and the repair and installation of machinery and equipment (1.41), but a very low ration in the manufacture of metal products (0.06) in comparison to the total manufacture of WEC (0.13). In economic terms, the ratio discloses that, historically, the increase in investment in TA by 1000 EUR per employee was related to the growth of LP by 1.41 EUR/h, 0.06 EUR/h and 0.13 EUR/h, respectively. Thus, the effectiveness of investment was the highest in the manufacture of other transport and the repair and installation of machinery and equipment, but the lowest in the manufacture of metal products. In other manufacturing companies, the ratio is distributed in regard to the value of the total manufacture of WEC. Taking this into account, the curves of LP to investment in TA were drawn (Figure 10).




4.2.2. Curve of Labour Productivity to Tangible Investment


Figure 11 provides information on the demands for the amount of real investment in TA (in 1000 EUR per employee) to increase LP from its current level (2020) to up to 55 EUR/h, when the slope of the curves is the estimated historical ratio (Figure 10).



Figure 11 shows that seeking to significantly improve LP (to 55 EUR/h), on average, 250 thousand EUR per employee should be invested; specifically, 24 thousand EUR per employee working in the manufacture of other transport and the repair and installation of equipment and machinery, and even 455 thousand EUR per employee working in the manufacture of metal products. The manufacture of electronic products and communication should attract at least 300 thousand EUR per employee, while the manufacture of rubber, plastic and other non-metallic mineral products should attract 186 thousand EUR per employee. However, these improvements in LP and demands for investment are theoretical and are not supported, at least, with an observation of historical tendencies of aforementioned indicators, for which the economic assessments are presented in Figure 12 and Figure 13 below.




4.2.3. Expected Demand for Investment in Tangible Assets


Historically, WEC companies have invested in TA for the manufacturing of other transport and repairing and installing machinery and equipment invested about 660 EUR per employee a year (based on data presented in Figure 4 and Figure 7). For those who work in the manufacture rubber, plastic and other non-metallic mineral products and other products, about 4600 and 4800 EUR per employee has been invested a year, respectively; while manufacturers of WEC-related electronic products and communication equipment saw an investment of twice as much, i.e., 8000 EUR per employee. Investments in the manufacture of metal products amounted to about 18,100 EUR per employee. Taking into account the forecasted developments in employment referred to in [76], the actual and expected real investment in TA until 2030 are provided in Figure 12.



As it is seen from Figure 12, WEC companies could attract about 33 million EUR a year or totally up to 330 million EUR, two-thirds of which could be invested in the manufacture of metal and electronic products and communication equipment between 2021 and 2030.




4.2.4. Expected Development of Labour Productivity till 2030


Due to expected investment in TA (Figure 12), the LP could increase in the future (Figure 13).



Estimations in Figure 13 show that the real LP should grow by 5.3% a year in the manufacture of electronic products and communication equipment, an increase to 33 EUR/h in 2030. The growth in LP in the manufacture of other products, other transport and the repair and installation of machinery and equipment is expected to be twice as slow, i.e., 4.9% and 3.1% a year, respectively. Therefore, it should account to 34 EUR/h and 30 EUR/h for manufacturing companies in 2030. The slowest development of LP is expected in the manufacture of rubber, plastic and other non-metallic mineral products by 2.1% a year. This should have an impact on LP of 28 EUR/h in 2030. LP in the manufacture of metal products should improve slowly, i.e., by 2.4% a year. However, it should be among the highest in 2030, 35 EUR/h. In comparison, the Lithuanian Economic Development Scenario [73] assumes that LP in the manufacturing sector should increase by 3.9% a year.



Thus, the step-by-step analysis proves the H0 hypothesis that real investment in TA is a relevant driver of improvement in LP in companies manufacturing WEC in Lithuania.





4.3. Expected Impacts of Improvement in Labour Productivity of WEC Companies


Taking into account the observations of [23,24,25] and [30], this section provides evidence, tests and proves the H1 that improving LP impacts on the growth of WEC companies, i.e., higher wages, net profitability and VA created.



Expected improvement in LP could impact on the increase in VA created by 5.9% a year (Figure 14).



Between 2021 and 2030, WEC companies could create up to 2.9 billion EUR, from which 41% could be created by WEC companies of electronic products and communication equipment. In comparison, the Lithuanian Economic Development Scenario [73] assumes that LP in the manufacturing sector should increase by 1.9–3.4% a year during 2021–2025. Transposing these rates into an analysis of VA created by WEC companies, it is expected that during 2021–2030, VA by WEC companies could reach 2.7 billion EUR. Taking into account the historic growth in LP of WEC companies in projections of LP, it is expected that VA created could be 3.7 billion EUR during 2021–2030. Thus, the analysis justifies the significance of investment in TA in WEC companies for the facilitation of economic growth in terms of increase in VA created by WEC companies. Therefore, investment funds, programmes and measures developed by the Government and EU are important.



Improvement in LP has been found positively correlated (the coefficient of determination (R2) and was found very low (up to 0.2)) with net profitability of WEC companies; therefore, based on the estimated relationship, it could be expected that due to improvements in LP, the net profitability could increase in WEC manufacturing companies (Figure 15).



As seen from Figure 15, net profitability of WEC companies manufacturing metal products could reach up to 15%, while it could be around 3% in WEC companies manufacturing electronic products and communication equipment, as well as other products by 2030.



Following the estimated positive correlation between LP and real wage (and salaries) in WEC companies (when the coefficient of determination had been found in ranges of low to high, i.e., R2 0.3–0.8), real wages could also increase (Figure 16).



As shown in Figure 16, real wages (and salaries) in WEC companies manufacturing other transport and repairing and installing machinery and equipment could increase by 12% till 18.5 EUR/h in the next decade. Economic activity was found to correlate with the highest real wages (and salaries) in 2030. The increase in real wages (and salaries) in WEC companies manufacturing metal products was estimated to be 15% during 2020–2030, with the second highest real wages (and salaries) of 18.2 EUR/h in 2030. The lowest real wages (and salaries) (16.4 EUR/h) are expected to be in WEC companies manufacturing rubber, plastic, other non-metallic mineral products and other products. However, the growth of real wages (and salaries) in these companies was found to be one of the highest, i.e., 31% and 20%, respectively.



Thus, the impact analysis confirmed the H1 that improving LP impacts on the growth of WEC companies in terms of higher wages, net profitability and VA created.





5. Discussion


The discussion is provided in a way to place the results of the research in the context of global studies in the field of LP, its drivers and impacts, as well as strategies to improve LP for the purpose of economic growth, competitiveness and improved living standards.



The regulatory context of the EU, underpinned by the Paris Agreement, the European Green Deal, the European Commission’s Communication “Wider Europe 2030 Climate Ambition: Investing in the Future of Climate-Neutral People”, as well as the European Industrial Strategy [6] and the Circular Economy action Plan [7], is favourable to the development of WEC manufacturing activities in EU and Lithuania, as it creates a demand for WEC accelerated by regulations and facilitates its variety. In the context of the request and call for affordable and clean energy, the promotion of sustainable and inclusive growth and urgent actions to combat climate change identified in the 2030 Agenda for Sustainable Development [77], WEC manufacturing significance becomes even more relevant. Therefore, the perspectives of WEC companies could be valued as positive in Lithuania. In order to meet RES targets in 2030, Europe needs to install 35 GW of wind power plants a year [76,78]. In 2021, the EU deployed 11 GW of wind energy [78]. Therefore, if wind energy-related issues [76] were solved by proposed measures [78], the annual gaps could be transposed into additional WEC manufacturing in Lithuania and other EU countries.



The research presented in the paper substantiates the statement that the growth of WEC companies depends on improvement in LP, which itself is impacted by increased investment in TA. This is partially in line with [13], who found a positive long-run relationship between the latter two variables in all EU countries. In detail, the interdependence analysis of investment in TA and LP in WEC companies by economic activity (Figure 17) finds the statement of [13] to be correct on average in WEC companies, including in WEC companies manufacturing metal and electronic products, communication equipment and other transport, as well as repairing and installing machinery and equipment. In these companies, a higher LP had been achieved subject to a higher amount of investment in TA. However, the estimated relationship has been found to be statistically insignificant, as coefficient of determination (R2) has been determined to be low. The specifics of interdependence of variables in WEC companies manufacturing rubber, plastic and other non-metallic mineral products lies in the observation that subject to high amounts of investment in TA, lower LP is achieved. In [12], it was found that productivity may decline when companies adopt new technologies connected with investment, but later improves as employees acquire experience with new systems. Moreover, in [12] it was found that, on average, the TFP of companies with investment spikes falls in subsequent periods. Such an aspect has not been researched in this paper.



Instead, this research supplements the existing literature [27] by disclosing that business cycles have a role in investment and LP in WEC companies. Particularly, during an economic recession (2008–2009), VA in WEC companies reduced almost twice (Figure 3), annual investment by 4.5 times (Figure 6) and LP by, on average, one-third (Figure 5); while during the period of rapid economic growth (2000–2007), the post-crisis (recovery) (2012–2018) and the global COVID-19 period (2019–2020), VA, investment and LP had increased in WEC companies. In [79], it is stated that “…the rapid growth of the global wind power market with increasing wind turbine manufacturing activities is one of top factors driving the wind turbine components market…”; therefore, the global WEC industry possessed a steady growth until 2019. With reference to [80], “…30 wind turbine manufacturers installed 104.7 GW of new wind power capacity in 2021 despite continuing disruptions caused by the COVID-19 pandemic and increasing pressure from commodity price increases and logistical problems…”. This supports the findings that even during the lockdown, which saw delays in supply chains and an absence of workforce as vendors migrated to their hometowns due to the uncertainties in the income [81], the slowed down growth could be available in WEC companies. This is due to the shifting trend toward the domestic supply chain, which reduced the reliance on foreign imports and encouraged domestic production of wind turbines and the implementation of digitization solutions in remote monitoring, thereby limiting the labour force [82].



Based on the results (Figure 14), in the future, WEC companies in Lithuania could grow by 5.9% a year to reach 350 million EUR in 2030. In comparison, in [81], it was estimated that the global wind turbine component market will grow by 6.34% a year to account 102.4 billion USD in 2030. There are prepared scenarios [83] in which the growth of the market is expected to be significant (7.7% a year), reaching 171.1 billion USD already in 2027. Similarly, in [84,85,86], it was estimated that the global wind turbine condition monitoring market will grow by 6.6% a year, while in Europe it will grow by 6.7% a year to 170.52 million USD by 2028. The comparison of various results discloses that the growth of WEC companies in Lithuania is slower and its contribution to the global wind turbine component market is small. However, recent distortions in supply chains due to COVID-19 and Russia’s actions in Ukraine could change the expected relationships between economic variables and, as a result, impact on growth; decision makers may reconsider the use of RES goals towards more ambitious and change supply routes. WEC companies could find new opportunities to play a bigger role in the regional and global supply chains of WEC if they are able to adapt their strategies quickly enough.



Continuing the theme of growth due to improved LP in WEC companies in context of the regulatory framework aiming at climate neutrality and sustainable development (Section 1), the research results supplement the literature [30] in a way that the manufacture of WEC contributes to sustainable economic growth through its relevant contributions to the power sector with significant shares of RES.



The results of the research made in [87] show that LP of the Lithuanian manufacturing sector remains one of the lowest in the EU. It has been stated that rising labour costs and lagging LP in the Lithuanian manufacturing sector are expected to become a major obstacle to the sector’s future competitiveness. The stated misgiving could also be applied in the context of competitiveness of WEC companies. The comparative analysis of the estimated improvements in LP and increases in wages (and salaries) (Figure 18) showed that the competitiveness of WEC could reduce in future if nothing is done. This comes from the observation that wages (and salaries) tend to increase faster than LP in WEC companies up to 2030 and they remain lower (Figure 18) than LP (Figure 13).



Considering the taxonomy of policies [17] and a nine-point strategy [66] to improve LP, policy makers could help WEC companies to improve LP by promoting innovative activities, human capital development and investment in the adaptation of new technologies.




6. Conclusions


The research substantiated the relevance of investment in TA for the improvement of LP and significance of the latter on the economic performance of companies producing WEC in Lithuania during 2000–2020 and later on till 2030.



The analysis of WEC and the identified manufacturing companies has showed that the sector is small, consisting only of a number companies with a small variety of products they manufacture. Several dozen WEC companies specialize in the manufacture of metal, rubber, plastic, non-metallic mineral, electronic and communication products, as well as the repair and installation of machinery and equipment, mainly for export. In Lithuania, these industries have gained several advantages, including access to a cheaper labour force and manual labour, a developed infrastructure (road and sea port) and a convenient geographical location in relation to the placement of installations of wind power plants, for which WEC are supplied and require experiences to use composite material for the shipbuilding. Due to realised investment and improved LP in Lithuania, the internationally performed WEC companies benefited in terms of reloading production capacities in neighbouring countries (Sweden) and thereby keeping their existing customers and acquiring new ones with globally increasing demands for and orders of WEC; to increase the variety of WEC manufactured and therefore to increase turnover, VA and profitability.



By applying the business structure research indicators and the trend analysis, the current status of economic performance of WEC companies has been analysed. It was found that the contribution of WEC companies to the country’s economy has remained negligible but has increased in terms of VA and employment. It has been observed that the development of VA has been characterized by considerable growth and decrease rates impacted by the economic cycle. WEC companies have attracted employees more intensively than on average in the Lithuanian manufacturing sector. Significantly improving LP in WEC companies was suspended by the financial crisis of 2008. Since 2013, on average, the LP in WEC companies has been moving hand-in-hand with the manufacturing sector. Investment has intensified during the last four years. It is a driver for improvement in LP.



The established ratio between change in LP to investment has showed that, on average, LP could increase by 0.13 EUR/h if 1000 EUR per employee is invested in tangible assets. A higher than average ratio has been estimated for the manufacture of other transport and repair and installation of machinery and equipment (1.41), rubber, plastic and other non-metallic mineral products (0.17) but lower in the manufacture of electronic and communication (0.12) and metal (0.06) products. Taking into account the linear curves of LP compared to tangible investment curve and the average volumes of investment in different manufacturing activities, it has been estimated that LP could grow by 5.3% a year in the manufacture of electronic products, and communication equipment is estimated to increase to 33 EUR/h in 2030, but it could grow only by 2.1% a year in the manufacture of rubber, plastic and other non-metallic mineral products to reach 28 EUR/h in 2030.



Due to investment related changes in LP, the VA created by WEC companies could increase by 5.9% a year and account to 2.9 billion EUR during 2021–2030.



Seeking to use the potential of companies to manufacture WEC for domestic wind installations and exports, investment supporting programmes are of high importance.



The research has its own limitations. Firstly, the linear curves of labour productivity to tangible investment were considered. In practice, the interrelations between the indicators could be more complex, therefore, other functions describing the links could be used. Secondly, the method of historical average was used to calculate real investment in TA. It does not reflect real demands for investment. In future research, the issue could be solved by at least relating the demand for investment in TA with expected installations of wind power plants, both regionally and globally. Thirdly, the perspective analysis was carried out considering the business structure research indicators of the existing WEC companies but does not take into account the indicators of companies that could take part in WEC manufacturing activities in the future.



This research has been performed as part of a study aiming at identifying and assessing the opportunities and development prospects of value chain for WEC in Lithuania. Taking this into account in future research, the concept of value chain for WEC in Lithuania will be expanded. In detail, value chain for WEC should include both main and supporting activities, as it is requested by M. Porter’s concept of the value chain. Furthermore, the structure of the wind energy sector is formed by wind turbine manufacturers, wind farm developers, their builders, companies providing operation and maintenance services, financial and insurance companies, consulting companies, research institutes and others. Taking this into account, as well as M. Porter‘s concept of the value chain, the value chain for WEC should be defined as the totality of economic activities of companies from planning and development of wind energy projects to storage and warehousing of end-of life WEC. According to the Lithuanian Wind Power Association, about 30 different businesses are involved in the development of the wind farm, while the paper researched only companies manufacturing WEC.
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Figure 1. Number of WEC companies covered by the research. 
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Figure 2. Logical scheme of research performance (own work). 
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Figure 3. Value added, million EUR (at current prices). 
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Figure 4. Number of employees, in persons and %. 
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Figure 5. Labour productivity, EUR/h. 
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Figure 6. Investment by asset type, million EUR. 
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Figure 7. Investment by economic activity, million EUR. 
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Figure 8. Wages (and salaries), EUR/h. 
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Figure 9. Net profitability, %. 
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Figure 10. Ratio of change of labour productivity to investment in tangible assets during 2005–2020 (own estimation). 
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Figure 11. Linear curves of labour productivity to tangible investment (own estimation). 
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Figure 12. Real investment in tangible assets till 2030, million EUR (own estimation). 
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Figure 13. Real labour productivity till 2030, EUR/h (own estimation). 
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Figure 14. Real value added till 2030, million EUR (own estimation). 
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Figure 15. Net profitability till 2030, % (own estimation). 
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Figure 16. Real wages (and salaries) till 2030, EUR/h (own estimation). 
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Figure 17. Interdependence of investment in tangible assets and labour productivity during 2000–2020 (own estimation). 
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Figure 18. Index of real wages (and salaries) and real labour productivity during 2005–2020 (own estimation). 
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