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PART II: ACTUAL ISSUES 
OF MACRO AND MICROECONOMICS 
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 Abstract: The article actualizes the issues and considers the prospects of ensuring the innovative development of alternative energy in Ukraine and the world in the context of using existing experience in the energy efficiency field and the renewable energy sources. The authors characterize the most attractive objects of innovative investments and identify the leading countries in terms of the number of patented innovations in the clean energy field. It is identified and described the economic tools to impact the development of alternative energy by the government and noted the need for the government intervention in the funding research, development and implementation of innovative projects in the renewable energy field. 
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 INTRODUCTION Due to limited resources, humanity has always faced the problem on how to allocate them in such a way to achieve a maximum efficiency possible. Over the past decades, the issue of finite resources has become increasingly important in the world's energy sector. Although the main part of electricity generation in our time is provided by the traditional sources, the percentage of alternative energy in the global energy balance has been increasing every year. The main reasons for this growth are limited resources for obtaining energy from the traditional sources, the constant rise in the cost of fuel and energy resources, the need to protect the environment, increasing efficiency and access to the cheap sources of energy production.  Therefore, now there are two main problems for modern energy (1) improving the efficiency for the traditional energy sources use and searching for the new types of energy. Consistent support of the innovative development of alternative energy is very important to solve this issue. 
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MATERIALS AND METHODS Such Ukrainian scientists as Chmeruk (2018), Diachuk (2016), Kasych, & Lytvynenko (2017), Kuzmina (2017), Savenko (2017), Stoian (2014) et al have researched the renewable energy development. However, still there are many problematic issues regarding the development of alternative energy sources. We can point out the main of them, viz. ways to finance such innovative projects, uncertainty with the types of renewable energy, failure to comply with state programs to increase the share of alternative energy in the structure of the fuel and energy complex, weakness of levers of influence by states on producers and consumers of non-traditional energy. The aim of the article is to study the prospects for innovative development of alternative energy in Ukraine and the world in the context of using existing experience in the energy efficiency field, as well as the use of renewable energy sources in Ukraine. The methodological basis of the study has become the scientific achievements of Ukrainian and foreign scientists on ensuring the alternative energy development. A number of general scientific and special research methods have been used interrelated and consistently applied in the research process. Thus, analysis, synthesis, and logical generalization have been applied to identify trends and features of the alternative energy development in Ukraine and the world. The generalization of existing practical experience in the energy efficiency field and the use of renewable energy sources in Ukraine, as well as the systemic approach are implemented to identify interdependencies and effective tools for the economic impact on the innovative development of alternative energy by the government. Both statistic and economic analyses have been provided to study the state of world energy markets over the past years. Both graphical and analytical method have been employed to visualize the results obtained. 
 RESULTS AND DISCUSSION Energy use is one of the basic feature of human civilization. Nowadays, fuel reserves of natural organic compounds (coal, oil and gas) are the basis of energy in the world. It gets about 82% of energy worldwide from these sources. There are four areas of energy, viz. (1) traditional energy based on organic fuels (coal 28%, gas 22%, oil and petroleum products 32%); (2) nuclear power 5%, and hydropower 2.5%; (3) alternative energy sources (biofuels and waste 9.5%); (4) solar, wind, biofuels and others 2% (IEA, 2019). According to the State Agency on Energy Efficiency and Energy Saving of Ukraine (2020), alternative energy sources are non-fossil energy sources that constantly exist or periodically appear in the natural environment, such as solar, wind, geothermal, aerothermal, hydrothermal, wave and tidal energy, hydropower, biomass energy, landfill gas, a gas of sewage treatment plants, 
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biogas. World experience shows that over the past years, developed countries have not only conducted active study and search for alternatives to organic fuel, but also they are gradually increasing the generation and consumption of renewable energy sources. Thus, over the period from 2007 to 2017, the total electricity production from renewable sources increased from 10.3% to 11.35% (from 1,151.5 to 1,585.9 Mtoe, respectively) worldwide. The average growth rate of energy generation from alternative energy sources over the same period rose up to 16.2%, according to the Centre for Energy Economics Research (2019). The renewable energy is already an important element of energy supply for many regions worldwide. The Asia-Pacific region accounts for about 40% of all generation capacities of alternative energy in 2018, while Europe and North America account for 31% and 21% respectively; South and Central America 6.31%, Africa 1.28%, CIS countries 0.11%, and Middle East 0.3%. The leading countries in alternative energy production (in terms of the total capacity of existing renewable energy facilities) are China (25.57%), the US (18.49%), Germany (8.43%), India (4.9%), Japan (4.53%) the UK (4.26%), Brazil (4.2%0, Spain (2.85%), Italy (2.65%), and Canada (1.84%), according to the Centre for Energy Economics Research (2019). It is notable, that China is actively developing the sector of generating energy from alternative sources over the past decade. Although the percentage of energy from the renewable sources in the country's energy balance is small still, it is expected to grow rapidly in the next ten years. The attractiveness of renewable energy sources (hereinafter – RES) is due to their inexhaustibility, independence from price conditions on world energy markets and environmental friendliness. The prospects for using RES are associated with the environmental friendliness, low cost of operation and the inevitable shortage of traditional fuels in the future. At the current consumption level, proven oil reserves will last for the next 40 years, gas – for the next 60 years, and coal – for the next 200 years. The sharp rise in oil prices at the end of 2007 forced countries that consume carbon resources to take a responsible approach to the need to switch to the renewable alternative energy sources.  According to Aventon (2019), global investments in renewable energy, including investments in hydropower projects with a capacity of more than 50 MW, in 2018 amounted to 332.1 billion US dollars. If to consider global new investments in renewable energy without taking into account investments in hydropower projects with a capacity of more than 50 MW, then in 2017 they amounted to 280 billion US dollars (159 billion US dollars, in 2007). According to REN21 (2019), 74% of global investment in 2017 was received by the three world leaders in renewable energy production – China, the EU 
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and the US. In particular, China made in input 45% of global investments that is 10% more compared to 2016. The EU occupies the second place (15%), as the European Investment Bank allocated 4.3 billion euros for initiatives in the energy sector in 2017. The third and the fourth places were shared by the US (14%) and Asia-Oceania excluding China and India (11%). Smaller shares have North and South America excluding Brazil and the US (5%), India (4%), the Middle East and Africa (4%) and Brazil (2%). In all of abovementioned countries, the most of popular innovative investment are wind energy, solar energy and biofuel energy. In 2007-2017, the highest growth rates were observed in the wind and solar energy sectors. If to ignore the participation of countries in the renewable energy development, it could be said that large corporations have long been investing billions of dollars in this industry. The leaders in the number of patented innovations in the field of clean energy are the UK, Germany, the US, France, South Korea and Japan. A study prepared by the experts from the United Nations Environment Program (2019) states that the top six, led by Japan, account for 80% of all registered patents in the field of solar, wind, photovoltaic and geothermal energy. In all of countries with a high share of alternative energy sources in the energy balance, appropriate programs are implemented to support the innovative non-traditional energy projects. Such programs have been adopted in more than 60 countries around the world including the US, Canada, EU member-countries, Japan, India, China, Brazil and Mexico. The economic impact on the innovative development of alternative energy by the government includes the following main tools: - "green" tariffs; - quotas; - "green" certificates; - a system of tariff auctions; - an exemption of producers of "clean" energy from energy taxes; - a preferential taxation of profits invested in the innovative development of non-traditional energy; - accelerated depreciation of equipment; - governmental participation in the financing of R&D and implementation of innovative projects in the field of renewable energy. The Energy Entrepreneurs Associations established in many countries are important in ensuring of the non-traditional energy development. In Germany, Spain and Japan, there are associations of solar photovoltaic converters manufacturers; in the Scandinavian countries – small hydropower associations; in Germany, Spain, the UK, the Netherlands and the US there are wind-generating associations (Klopov, 2016). 
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Regarding the alternative energy development in Ukraine, it should be pointed out the following. According to the State Statistics Service of Ukraine (2020), a high share of coal (29.6%), natural gas (27.5%) and nuclear energy (23.8%) has characterized the structure of total primary energy supply in 2018. The share of petroleum products and crude oil was 10.6% and 3.9% respectively. The total share of all alternative energy sources in the structure of Ukrainian energy production was 4.3 Mtoe (4.5%), of which the share of biomass – 3.4%, hydropower – 0.9%, solar power, wind power etc. – 0.2%. Installed renewable energy capacities in Ukraine tend to grow annually (the decline was caused by the loss of energy facilities in the Autonomous Republic of Crimea and in the ATO zone in 2015). According to the State Agency on Energy Efficiency and Energy Saving of Ukraine (2020), starting from 2015 and up to the third quarter of 2019, the capacity of renewable energy facilities (excluding the temporarily occupied territories of the Autonomous Republic of Crimea), which set a "green" tariff, increased by 3,968 MW (from 967 MW to 4,935 MW), of which 32 MW were put into operation in 2015; 136 MW in 2016; 291 MW in 2017; 848 MW in 2018; 2,661 MW for 9 months of 2019, i.e. twice as much as in the previous four years. The energy generation from alternative sources in Ukraine has been growing upwards at a high rate. Year 2019 is generally marked by a rapid increase in capacities, but this is partially because of the "green" tariff for production that will be put into operation after 2019 will be much lower, and will gradually decrease annually in the future. Taking into account the emergence of new power generation facilities (Table 1), the period from the beginning of 2019 is quite interesting, since it was during this time that 7,638 (298 industrial and 7,340 household solar power plants) renewable energy facilities with a total capacity of 2,661 MW were put into operation, of which the largest number are solar generation facilities, i.e. 253 solar power facilities with a total capacity of 2,032 MW and 7,340 household solar stations with a total capacity of 188 MW. Small hydropower has been replenished with the seven facilities with a total capacity of 1.5 MW, wind power – five facilities with a total capacity of 399 MW, and, respectively, nine and one biogas and biomass power plants appeared with a total capacity of 40 MW. It should be noted that private households have invested about 300 million euros into the installation of solar power plants since 2015. The leaders among the regions of Ukraine in the total number of private households that have installed solar power plants are Dnipropetrovsk region (1,982 households), in the second and third places are Ternopil and Kyiv regions – 1,369 and 1,345 households, respectively. 
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Table 1 Installed capacity of the renewable energy facilities  operating at the "green" tariff, MW, as of October, 10, 2019 
Renewable energy facilities 

Years The third quarter of 2019 2014 2015 2016 2017 2018 
SPP (Solar Power Plants) 411 432 531 742 1,388 3,420 Household SPP 0.1 2 17 51 157 345 WPP (Wind Power Plant) 426 426 438 465 533 932 SHEPP (Small Hydroelectric Power Plants) 

80 87 90 95 99 112 

Biomass 35 35 39 39 51 56 Biogas 15 17 20 34 46 70 Total 967.1 999 1,135 1,426 2,274 4,935 Source: formed by the authors based on State Agency on Energy Efficiency and Energy Saving of Ukraine  Thus, we may conclude that over the past years in Ukraine, the number of households that have installed solar panels has been increased rapidly that is a good sign of Ukrainians realize the advantages of decentralized electricity generation from alternative sources and are actively investing in this area. However, it worth to note that the government is quite passive and does not sufficiently stimulate the population in this direction compared to European countries. Solar power plants and small hydropower facilities also show high rates of development. The great importance in this growth should be given to a high "green" tariff that operates in countries (among all of EU countries, the "green" tariff of Ukraine was the highest). The question arises whether the government will be able to maintain the growth trend of this area at the same level after the tariff is significantly reduced, whether it is possible to look for new ways to stimulate the innovative development of alternative energy. 
 CONCLUSIONS AND RECOMMENDATIONS Summarizing all of abovementioned, we note that the alternative energy development has been increasingly gaining momentum in the world so far. More and more countries are adopting programs to encourage this, and the amount of investment in this area is growing as well. The efficiency of using renewable energy sources is increasing that can help humanity to move away from the use of fossil fuels in the long run. An important argument in a favor of the alternative energy development is that it has been actively developing in many countries worldwide including developed and developing countries. 



41 

There is an increase in energy generation for all types of alternative energy. Currently, the most common sources are hydropower and bioenergy production, though solar and wind energy are rapidly developing. Further study should focus on looking for effective mechanisms for stimulating the innovative development of alternative energy in Ukraine. Taking into account the advanced experience of developed countries, it is important to find effective solutions to activate the process of implementing the research results in the field of renewable energy sources. 
 

REFERENCES 1. Global flows of investment in renewable energy sources (2019). 
Avenston. Available at: https://avenston.com/articles/world_investment_flows 2. BP Statistical Review of World Energy (2019), Centre for Energy 
Economics Research and Policy, Heriot-Watt University. 68th ed. Pureprint 
Group Limited, UK. Available at: https://www.bp.com/content/dam/bp/ 
business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/ bp-stats-review-2019-full-report.pdf. 

3. Chmeruk, T. (2018). Alternative Energy Trends in Ukraine: from the 
recession to the progress. ZN,UA, Vol. 4. Available at: https://zn.ua/ukr/energy_ market/trendi-alternativnoyi-energetiki-ukrayini-vid-zanepadu-do-progresu- 
268117_.html. 

4. Diachuk, O.A. (2016). Ukraine's Contribution to the New Global Agreement on Climate Change. Economy and Forecasting, Vol. 1, pp. 129-
141. 

5. World Energy Balances (2019). International Energy Agency 
Available at: https://www.iea.org/data-and-statistics. 6. Kasych, A.O., & Lytvynenko Y.O. (2017). Factors for the Development 
of Alternative Energy in Modern Conditions. Economy and Society, Vol. 12, 
pp. 93-99. 7. Klopov, I. (2016). The Mechanisms of State Support for Alternative 
Energy Sources. Problems and Prospects Economics Management, Vol. 1, 
pp. 117-125. 

8. Kudria, S.O. (2015). State and Perspectives of Renewable Energy Development in Ukraine. Visnyk of the National Academy of Sciences of 
Ukraine, Vol. 12, pp. 19-26. 

9. Kurbatova, T.O. (2014). Economic Mechanisms for Stimulation of Renewable Energy Development in the European Union. Mechanism of 
Economic Regulation, Vol. 4, pp. 139-147. 

10. Kuzmina, M.M. (2017). Forms of Investment in Renewable Energy. Economic Theory and Law, Vol. 2, pp. 112-121. 



42 

11. Savenko, B.V. (2017). Ecological and Economic Evaluation of the 
Effectiveness of Alternative Energy Sources. Balanced Nature Using, Vol. 1, pp. 136-142. 

12. Stoian, O.Yu. (2014). The International Experience of State 
Regulation and Promotion of Renewable Energy Development. Visnyk of Chernihiv State Technological University. Series “Economics”, Vol. 4, pp. 320-326. 

13. The State Agency on Energy Efficiency and Energy Saving of Ukraine 
(2020). Available at: http://saee.gov.ua. 14. The State Statistics Service of Ukraine (2020). Available at: 
http://www.ukrstat.gov.ua. 

15. World Investment Report 2019 – Special Economic Zones (2019). United Nations Conference on Trade and Development, UNCTAD. 
Available at: https://unctad.org/en/pages/PublicationWebflyer.aspx?publication 
id=2460. 
   


