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Abstract:



This study aims to highlight the contribution made by different international institutions in the field of urban generation of renewable energy, as a key element to achieve sustainability. This has been possible through the use of the Scopus Elsevier database, and the application of bibliometric techniques through which the articles content published from 1977 to 2017 has been analysed. The results shown by Scopus (e.g., journal articles and conferences proceedings) have been taken into account for further analysis by using the following search pattern (TITLE-ABS-KEY ({Renewable energy} AND ({urban} OR ({cit*})). In order to carry out this study, key features of the publications have been taken into consideration, such as type of document, language, thematic area, type of publication, and keywords. As far as keywords are concerned, renewable energy, sustainability, sustainable development, urban areas, city, and energy efficiency, have been the most frequently used. The results found have been broken down both geographically and by institution, showing that China, the United States, the United Kingdom, Italy, Germany and India are the main research countries and Chinese Academy of Sciences, Ministry of Education China and Tsinghua University the major contributing institutes. With regard to the categories, Energy, Environmental Sciences, and Engineering are positioned as the most active categories. The scientific community agrees that the study of the renewable energy generation in cities is of vital importance to achieve more sustainable cities, and for the welfare of a growing urban population. Moreover, this is in line with the energy policies adopted by most of developed countries in order to mitigate climate change effects.
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1. Introduction


Energy production and consumption have considerations that affect both sustainability and economy [1]. Indeed, not only the depletion of fossil resources and generated greenhouse gasses emissions, as a consequence of a coal and oil based model, or the occupation of natural spaces for renewable models of centralized production should be taken into account, but also the increasing cost of energy [2,3]. In the economic activity, this cost has an impact on the income statement, which may involve a variable amount in relation to the total costs of the activity, usually ranging from 5 to 40% of the costs necessary to produce or provide the services [4].



On the whole, energy efficiency is defined as the relationship between the production of goods or services and the energy expenditure required [5]. Thus, through energy efficiency, the reduction in energy consumption is sought by maintaining the same uses of energy that is, without reducing the level of production or decreasing the level of comfort, ensuring supply, promoting sustainability and protecting the environment. This reduction involves the different sources of energy used, such as oil, coal, natural gas, etc. [6,7,8].



The group of fossil fuels (coal, oil and natural gas) used worldwide as a source of energy represents a very high percentage of the primary energy used. This is leading to its depletion and resulting in the increase of prices [9].



Because of the above, it can be said that the current energy system presents serious problems that are summarized in the depletion of fossil fuel reserves, negative consequences for the environment (climate change, greenhouse effect, acid rain, deforestation, etc.) and instability of the geopolitical system caused mainly by inequality in the distribution of energy consumption and reserves [10,11,12].



The alternative to these problems raised by the current global energy system should be the progressive implementation of measures that promote sustainable development [13,14,15]. In the current economic model, three production sectors are of great importance for saving energy and reducing pollution and, therefore, for sustainable development: construction by improving building techniques [16]; the energy producing sector with cogeneration systems [17,18,19], hybrid systems (wind-diesel) and alternative sources [20,21]; and the transport sector using unleaded gasoline, biofuels, catalytic filters and mixed and electric vehicles [22,23,24].



On the other hand, renewable energies cover only 15% of the world’s energy sources, and fossil fuels will continue to satisfy a large part of the world’s energy demand for the foreseeable future [25]. The energy sector is responsible for two thirds of global CO2 emissions and one of the main drivers of climate change. Therefore, to limit this increase in emissions, strategic plans have been put in place such as the Strategic Framework for 2030 of the European Union, or the Clean Energy Plan of the United States in which countries involved are committed to reducing CO2 emissions by 32% by 2030 [26,27].



There are twice as many inhabitants in the world compared to the year 1960, and the population is expected to continue growing to reach 9000 million by 2050 [28]. According to predictive models, developing countries will experience 99% of this population growth, with a 50% population increase in urban areas. In accordance with the information given by the United Nations in relation to the environment program, in Latin America, which has a high degree of urbanization, 78% of its inhabitants resided in urban areas in 2007, and it is expected that this percentage will increase to 89% by 2050 [29]. In less urbanized countries such as Asia and Africa, with 40% of the population living in cities, a high rate of increase in the urban population is also expected, reaching 62% by 2050. According to the United Nations forecasts, in 2050, the number of people who will live in cities will amount to 6000 million [30]. However, the increase in urbanization also means new opportunities for policy makers in developing countries to promote better urban conditions in terms of stricter efficiency standards in buildings, as well as to boost sustainable mobility in order to achieve a sustainable urban development [31].



Although fossil fuels continue to be the main source of energy in cities, the use of sustainable energy as a policy solution to mitigate the serious pollution issues, is becoming more and more essential [3]. Upcoming technologies such as the use of cogeneration systems and biomass district heating in cities are characterized by energy savings and high energy efficiency. Research and development of renewable energy models in urban areas are becoming an imperative to achieve a sustainable energy system. Many cities have already expressed their commitment towards a 100% renewable model. It is expected that by the year 2025, cities such as Copenhagen and Munich will obtain 100% of their electricity from renewable sources, thus becoming neutral carbon cities [32].



With regard to the main sources of renewable energy that are currently used in cities, biomass, solar and wind energy are the main technologies, which remain under-researched [33]. Municipal Solid Waste (MSW) generated in urban areas is generally carried to dumps and buried, without making a sustainable use of it. Once decomposed by anaerobic digestion, they end up generating a methane-rich biogas that reaches the atmosphere and becomes carbon dioxide, one of the main drivers of global warming. This generated biogas can be used for thermal and electrical energy generation, avoiding in this form the negative consequences of its release into the atmosphere. The use of biomass (wastewater, agricultural and livestock waste, urban or industrial residues, remains of trees or crops, ...), for the generation of useful energy-electricity or heat-, is a source of energy production with a large potential, which contributes on the one hand to a more sustainable waste management, and on the other hand, to reduce the energy dependence on fossil fuels [34].



Moreover, solar energy applied in urban environments is an effective and environmentally friendly technology, since panels and photovoltaic (PV) equipment, as well as thermal solar collectors, can be placed on the roofs of buildings, where they function efficiently, without hindering normal activity and with low maintenance [35]. It is estimated that the global capacity for concentrating solar energy production will reach 147 GW in 2020, 337 GW in 2030 and 1089 GW in 2050 [36].



Another growing research trend is related to small-scale wind energy generation. The installation of wind turbines in cities is a simple and eco-friendly technology; since a mini wind generator has a low maintenance cost, is very reliable and has a minimum environmental impact. It also works with low intensity winds, does not need the creation of new electrical infrastructures and has a high efficiency index, since it avoids the losses that occur in the transport and distribution electricity grids [37]. A Chinese home, for example, would currently need a 1 kW turbine to generate all the energy needed for a year; a European house would not need more than 4 kW, and an American home would need roughly a 10 kW wind turbine to cover an average consumption of 11,500 kWh of annual electricity [38].



Nowadays, the use of green energy in urban areas represents a field of great interest to the scientific community. The large-scale urban generation of renewable energy is postulated as a solution for the development of sustainable energy, both, to meet the growing demand for energy in cities and, to reduce greenhouse gasses emissions [39]. Research is needed to achieve more efficient, profitable and sustainable renewable sources. Then, the knowledge about the distribution of the worldwide scientific scene with regard to the urban generation and use of renewable energy in cities is of utmost interest [40].



Because there are two widely used databases, Web of Science (WoS) and Scopus, the problem related to the statistical data provided from different sources arises, as regards their comparability and stability. The overlay among these databases and the effect due to the use of data coming from different sources for specific research fields in bibliometric indicators, have been studied. To solve this problem, and taking into account some studies involving citations, it has been limited the citation period from 1977 onwards, since Scopus citations are comparable to Web of Science citations in this period (the citation coverage from Scopus); it has been proved that each database covers approximately 90% of the references identified by the other [41]. Nevertheless, if the scope of WoS and Scopus journals is taken as an indicator, a comparative study shows that Scopus has a greater coverage of active academic journals (20,346 journals) compared to WoS (13,605 journals) [42], being the correspondences between the data obtained with both databases in relation to the quantity of documents and citations by country and range extremely high (R2 ≈ 0.99) [43]. The advantages of Scopus database are highlighted in diverse papers and, consequently, is frequently employed for many bibliometric analyses [44,45].



The ultimate purpose of this study is to establish the current situation as well as the research trends in the field of renewable energy in urban areas over the 1977–2017 period, in order to help the scientific world to have a greater understanding about the present and future situation, providing useful information to foresee future tendencies that might occur in research lines.




2. Materials and Methods


Bibliometrics is the branch of bibliology that studies the scientific production contained in various types of documents through statistical methods. Bibliometrics is considered one of the key research tools widely extended to all scientific fields, being frequently used in the evaluation of the results of peer-reviewed research.



On the other hand, the Scopus database, which has a catalog of more than 20,000 publications coming from more than five thousand international publishers, has been chosen in this study, owing to the fact the scientific community agrees on its great usefulness as the largest source of data and citations on the referenced literature.



Through the use of this database, a thorough search of the subfields of the title, abstract, and authkey involving the topics of renewable energy and city has been accomplished. The search was limited between the years 1977 and 2017. The success of this methodology has also been proved by other studies [46,47,48,49].



The following search pattern has been used, in order to avoid distorting the results: (TITLE-ABS-KEY ({Renewable energy} AND ({urban} OR ({cit*})).



Several indices, as well as the statistical indicators in lot of interest areas can be established by combining the field results with the information collected. The publications found concerning renewable energy and urban areas or cities over the time frame from 1977 to 2017 were assessed based on different criteria such as kind of publication, language, scientific product features, distribution of publications by country and institution, categories of distribution topics, analysis of citations as well as the frequency of the key word appearance. For the analysis of citations, the influence of the h-index has been taken on board. This index, which was suggested in 2005 by Hirsch, is extensively used to evaluate the impact of an individual researcher. It is considered the most reliable way to measure the work scientific quality, evaluating the regularity of production and predicting the future result, since it takes into consideration both productivity and impact. The h-index of a researcher is equivalent to the number of articles of that researcher whose number of citations is equal or greater than the number of articles published. That is, if the index h is 20, that means that the author has 20 articles with 20 or more citations each. Therefore, it can be concluded that the higher the h-index, the better the academic scientific quality of the researcher.




3. Results and Discussion


3.1. Type of Publications and Languages of Publications


Considering several fields and types of documents, the search has shown a total of 46,172 documents. A further analysis of the different types of publications reveals that the great part of the research works are articles (30,764; 67%) and conference papers (8074; 17%). By contrast, there are a remarkably lower number of reviews (3933; 9%), being devoted the lowest percentage to book chapters and books. Figure 1 shows a chart representation of the distribution according to the type of document during the period 1977–2017.


Figure 1. Chart representation of document type distribution during period 1977–2017.
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Due to the fact that the majority of the analysed publications are articles published in international journals, a great percentage (96.50%) of the works have been published in English, with a minute percentage (2.61%) being written in Chinese, German or Spanish language. Figure 2 depicts the percentage of publications according to the language used in the document.


Figure 2. Chart representation of publications based on the language used.
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3.2. Characteristics of scientific output


Figure 3a represents the evolution trend in the publications amount over the last four decades. As can be seen, scientific production in this area was scarce until the beginning of the 2000s, when it began to increase almost exponentially, going from barely 250 annual publications, to exceed 9000 in 2017. This important rise was motivated by a greater understanding of the environmental issue at the dawn of the 21st century, in which different governments and institutions established energy policies with the objective of encouraging renewable energies and energy efficiency, as a measure to mitigate the effects of climate change. In Figure 3b, a logarithmic scale is used to represent the data, thus giving a clear view of the growth rate.


Figure 3. (a) Trend in renewable energy in urban areas publications during the period of 1977–2017. (b) Trend in renewable energy in urban areas publications showing the data with a logarithmic scale along the y-axis.
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3.3. Publication Distribution by Regions and Institutions


Figure 4 shows a representative map of the publications distribution according to the country of origin. The quantity of publications is represented by colors ranging from turquoise that indicates the greatest number of publications, to gray that indicates the non-existence of publications. As can be observed, China is the top country in number of publications, followed by the United States and the United Kingdom. It also highlights the scientific production of other countries such as Italy, Germany, or India. These data lead us to the conclusion of the importance of urban generation of renewable energy in developed countries as a key element to achieve sustainable development. Governments all over the world, especially in industrialized countries, develop increasingly stringent energy policies, having as main objective reducing greenhouse gas emissions to mitigate climate change effects.


Figure 4. Distribution of renewable energy in urban areas publications according to country.
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In the case of China, in view of its overwhelming pollution issues and the possibility that their coastal cities being devastated by the rising sea level, Beijing was forced to launch a campaign in search of green solutions. The program “Made in China 2025”, a central axis of the internal industrial policy of Beijing, foresees a considerable investment in research and development of clean energies, in order to meet climates aims. State banks invest tens of billion dollars each year in technologies such as solar and wind energies, as well as strategies for energy conservation such as high-speed rail and underground transport lines. China already enjoys a dominant position in many low carbon emission energy technologies. It produces two thirds of the solar panels and almost half of the wind turbines in the world. It has also rapidly expanded its fleet of nuclear reactors and is the undisputed world leader in hydropower energy [50].



One of the studied emerging technologies consists of the installation of floating photovoltaic solar panels. In a lake originated after the collapse of abandoned coal mines, China has built the largest worldwide floating solar project, capable of supplying light and air conditioning to a nearby city almost completely. The government plans to extend this project to ten more cities, which together could produce the same amount of energy as a normal-sized commercial nuclear reactor. This project is a sample of the contribution of China to the urban generation of renewable energy, as a key element to achieve its climate goals.



In addition to the reduction of air pollution in cities, energy security is another of the main drivers of renewable energy in urban areas. For example in the United States energy security is considered part of a national security issue, which plays a key role in ensuring the security of its own military operations. Energy security is also widely considered in terms of increasing the resilience of the electrical system.



Also from an economic point of view, the implementation of renewables will generate value and employment at the local level. The renewable energy sector offers an alternative to increase wages, improve the trade balance, contribute to industrial and local development, and generate jobs. Analyses made show that countries with stable regulatory frameworks in renewable energies are the ones that benefit the most from the value generated by this sector at the local level.



Figure 5 represents the total scientific production for the top 50 contributing countries. As can be seen, China and the United States are the countries with greater annual scientific contribution, more than 800 per year from 2014, followed by the United Kingdom with roughly 400 annual editions, and Italy close to 300 publications each year from 2014. As previously stated, all countries experienced an exponential increase in scientific publications amount over the first decade of the 21st century. Figure 6 depicts the evolving trend of the main five countries over the last 17 years.


Figure 5. Scientific production for the top 50 contributing countries.
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Figure 6. Trends in publications on renewable energy in urban areas during the last 17 years for the top five countries.
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The 10 institutions with the highest scientific output are sorted in Table 1. In the first place is The Chinese Academy of Sciences, secondly the Ministry of Education of China, and thirdly the Tsinghua University. These institutions belong to China, the top productive country in this field, as has already been specified above. If publications are analysed according to their key words, it is observed that the term “Energy utilization” leads the research, occupying the first place in four of the top 10 institutions. If this analysis takes into account the three main keywords, it is observed that “Energy efficiency” appears in five of these institutions, followed by “Energy utilization” and “Sustainable development” in four of the 10 main institutions. Figure 7 represents the research activity of the five main institutions in the last decade, in addition to the share of publications in this field on overall.


Figure 7. Time evolution of the top five productive institutions over the period 2007–2017.



[image: Energies 11 00577 g007]






Table 1. Ranking of the top 10 most productive international institutions.



	
Institution

	
Country

	
Items

	
Main Keywords Used




	
1

	
2

	
3






	
Chinese Academy of Sciences

	
China

	
1145

	
Carbon dioxide

	
Sustainable development

	
Biomass




	
Ministry of Education China

	
China

	
669

	
Energy utilization

	
Energy efficiency

	
Carbon dioxide




	
Tsinghua University

	
China

	
563

	
Energy utilization

	
Energy efficiency

	
Carbon dioxide




	
Harbin Institute of Technology

	
China

	
489

	
Hydrogen Production

	
Fermentation

	
Biomass




	
North China Electric Power University

	
China

	
380

	
Optimitation

	
Decision making

	
Sustainable development




	
National Renewable Energy Laboratory

	
USA

	
354

	
Fuels

	
Solar energy

	
Biomass




	
University of Malaya

	
Malasia

	
317

	
Energy utilization

	
Energy efficiency

	
Renewable Energies




	
Beijing Normal University

	
China

	
306

	
Sustainable development

	
Ecology

	
Decision making




	
Tongji University

	
China

	
283

	
Energy utilization

	
Anaerobic digestion

	
Energy efficiency




	
Delft University of Technology

	
The Netherlands

	
278

	
Energy efficiency

	
Sustainable development

	
Innovation










Figure 8 depicts the collaborative network existing among countries that share the same co-author in the publications. The map was achieved using the VOSviewer software v.1.6.6., which generates a CSV file obtained through the SCOPUS database, with the key aspects of our search. It can be seen a remarkable scientific link in this field between China and the United States, likewise between the United States and Canada or between China and Australia. Traditionally the industrialized countries and those that speak the same language tend to have a greater exchange of information and works. However, due to the English language proficiency in the scientific field, there are already great interconnections with non-English speaking countries. It should also be noted that unlike other fields of research, renewable energy in urban areas is a subject where most countries maintain relationships with each other.


Figure 8. Collaborative network between countries.
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3.4. Distribution of Output in Subject Categories and Journals


The Scopus database generated the time evolution of the distribution of publications on renewable energy in urban areas, by subject area [51]. Figure 9 depicts the findings of the search classified by topic. The highest percentage corresponds to the subject of Energy (37.4%), followed by Environmental Science (34.7%) and Engineering (31.1%). The “Other” area includes the unspecified subject areas. Table 2 lists the number of publications by subject area.


Figure 9. Publication distribution by subject area, according to Scopus.
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Table 2. Number of publication by subject area.


	Subject Area
	Number of Publications





	Energy
	17,249



	Environmental Science
	16,041



	Engineering
	14,361



	Social Sciences
	6917



	Computer Science
	3469



	Agricultural and Biological Sciences
	3422



	Chemical Engineering
	3091



	Earth and Planetary Sciences
	2717



	Business, Management and Accounting
	2680



	Chemistry
	2457



	Materials Science
	2297



	Economics, Econometrics and Finance
	1783



	Physics and Astronomy
	1730



	Biochemistry, Genetics and Molecular Biology
	1343



	Mathematics
	1309



	Medicine
	833



	Decision Sciences
	668



	Arts and Humanities
	528



	Immunology and Microbiology
	512



	Multidisciplinary
	337



	Psychology
	190



	Pharmacology, Toxicology and Pharmaceutics
	168



	Neuroscience
	35



	Veterinary
	35



	Nursing
	31



	Health Professions
	28



	Undefined
	5



	Dentistry
	1









Table 3 shows the top twelve journals that have published most of the works in this field. The data has been presented based on the h-index, since it is the criterion most frequently used to catalog a publication. First of all is the journal “Bioresource Technology” with a 216 h-index, followed by “Renewable and Sustainable Energy Reviews” with a 176 h-index and thirdly “Energy Policy” with a 146 h-index.


Table 3. International journal classification according to the impact factor of scientific publications.


	Journals
	Q
	SJR
	H-Index
	JCR
	Total Docs (2016)
	Total Docs (3 Years)
	Total Refs.
	Total Cites (3 Years)
	Cites/Doc (2 Years)
	Country





	Renewable and Sustainable Energy Reviews
	Q1
	3.051
	176
	8.050
	1354
	2716
	125,280
	25,093
	8.78
	The Netherlands



	Applied Energy
	Q1
	3.058
	125
	7.182
	1673
	3494
	84,348
	26,677
	7.58
	United Kingdom



	Energy Policy
	Q1
	2.197
	146
	4.140
	595
	2119
	28,582
	9362
	4.40
	United Kingdom



	Energy and Buildings
	Q1
	2.093
	123
	4.067
	962
	2233
	36,500
	10,215
	4.42
	The Netherlands



	Journal of Cleaner Production
	Q1
	1.615
	116
	5.715
	2002
	3104
	96,466
	15,164
	5.35
	The Netherlands



	Renewable Energy
	Q1
	1.697
	134
	4.357
	1208
	2231
	45,476
	10,941
	4.80
	United Kingdom



	Energy
	Q1
	1.999
	134
	4.520
	1619
	3642
	66,714
	18,256
	4.95
	United Kingdom



	Energy Procedia
	-
	0.467
	51
	-
	1414
	7966
	21,251
	9115
	1.02
	United Kingdom



	Sustainability
	Q2
	0.524
	35
	1.789
	1342
	1629
	73,601
	3159
	1.96
	Switzerland



	Energy Conversion and Management
	Q1
	2.278
	139
	5.589
	1021
	2736
	42,581
	16,277
	6.06
	United Kingdom



	Bioresource Technology
	Q1
	2.191
	216
	5.651
	1655
	5089
	54,795
	30,004
	5.74
	The Netherlands



	Energies
	Q1
	0.691
	48
	2.262
	672
	1543
	27,302
	3810
	2.23
	Switzerland









To go beyond the analytical results representation, it is necessary to combine several techniques along with the use of new applications that provide a different approach in the presentation of the found results. With a view to evaluate the appearance of international Scopus newsletter in the investigation field that occupies us, besides the editorial production of the different countries and regions, it is necessary to consider the overlap existing between the main journals of the Energy, Environmental Science, and Engineering sectors.



Figure 10 shows this overlap, through a map which is generated by taking into account the citations, co-citations and the bibliographic linkage of the approximately 30,000 publications (journals and congress proceedings) found in Scopus, which are used to generate a relational array that serves as the basis for the output presentation. In this chart the bibliometric indicators, as well as the shape of the clusters in which they are arranged, according to the utilization given by the authors, can be observed. The overlap mapping methodology is applied to situate subasemblies of publications within the general context of publications. The different clusters generated by the algorithm are represented in different colors. At the top of the map, a green cluster dedicated mainly to Environmental Sciences is represented. On the right-hand side it is observed two small clusters, one yellow dedicated to Biology and Ecology, and another reddish brown that deals with Hydrological Processess. These two groups blend with two bigger clusters, one purple dedicated to the Technology of Materials and Water Research, and elongated bright blue one dedicated to Electronics, Automatics, and Signal, Sound and Video Processing. On the left-hand side there is a small orange cluster dedicated to Neuroscience and Physiology and just below a pinkish group that deals with mutation research, biotechnology and bio-medical materials. It can easily observed that most of the journals stay on the right side of the map, coinciding with the areas of Environmental Science, Engineering, Computer Science and Energy.


Figure 10. Overlap in the scientific areas Energy, Environmental Science, and Engineering with node size according to the SJR-2016.
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3.5. Analysis of Authors and Keywords


With regard to the most noteworthy authors in the field of renewable energy in urban areas, Figure 11 and Table 4 show the quantity of publications of the top five authors of this subject in the last decade. At a glance, it can be seen that Ren leads the classification with 95 publications since 2007. This researcher has a 55 h-index, with greatest part of his works being released by the Harbin Institute of Technology. He is followed by Huangof the University of Regina, with a total of 76 publications and a h-index of 50. Next are Sovacool, Zuo, and Chen with 64, 62 and 61 publications, respectively, in the 2007–2017 period. It is outstanding the growing trend of publications in recent years on urban generation of renewable energy. A proof of this is that the publications number during the last three years, accounted for more than 40 percent over the total publications in the last decade. It should be highlighted the year 2015 with a total of 60 publications among the five main authors.


Figure 11. Author distribution regarding the number of publications during the 2007–2017 period.
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Table 4. Publications number of the most relevant authors between 2007 and 2017.


	Year
	Ren, N.
	Huang, G.H.
	Zuo, J.
	Sovacool, B.K.
	Chen, G.Q.
	TOTAL





	2007
	0
	0
	0
	2
	2
	4



	2008
	1
	1
	0
	1
	0
	3



	2009
	11
	11
	0
	2
	1
	25



	2010
	11
	8
	1
	2
	4
	26



	2011
	3
	12
	1
	9
	7
	32



	2012
	10
	5
	2
	10
	1
	28



	2013
	9
	6
	8
	9
	10
	42



	2014
	9
	10
	4
	6
	12
	41



	2015
	13
	14
	17
	9
	7
	60



	2016
	13
	5
	10
	5
	8
	41



	2017
	15
	4
	19
	9
	9
	56



	TOTAL
	95
	76
	62
	64
	61
	358









Figure 12 shows the relationship between different co-authors and the main authors of publications on the subject. It can be observed a strong attachment among Asian authors, presumably due to both, the idiom and the proximity of their institutes.


Figure 12. Co-authorship network.
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On the other hand, the analysis of the keywords used in the quest is of vital importance to define the areas and themes that have been considered in the study. Based on the last 40 years, 173,925 items have been found. Thus, the key word “Energy Efficiency” appeared in 4069 items (2.34%), followed by “Sustainable Development” with 3998 appearances (2.30%) and in third place “Energy Utilization” with 3447 occurrences and a percentage of 1.98% over the total. Table 5 lists the 40 most significant keywords in the last four decades.


Table 5. List of the 40 most used keywords.


	Order
	TERM
	Items
	%





	1
	Energy Efficiency
	4069
	2.34



	2
	Sustainable Development
	3998
	2.30



	3
	Energy Utilization
	3447
	1.98



	4
	Renewable Energy Resources
	3243
	1.86



	5
	Carbon Dioxide
	2793
	1.61



	6
	Climate Change
	2600
	1.49



	7
	Solar Energy
	2434
	1.40



	8
	Energy Conservation
	2396
	1.38



	9
	Biomass
	2374
	1.36



	10
	China
	2335
	1.34



	11
	Renewable Resource
	2254
	1.30



	12
	Energy Policy
	2201
	1.27



	13
	Optimization
	2185
	1.26



	14
	Buildings
	2169
	1.25



	15
	Sustainability
	2161
	1.24



	16
	Renewable Energies
	2153
	1.24



	17
	Environmental Impact
	2147
	1.23



	18
	Renewable Energy
	2065
	1.19



	19
	Economics
	1977
	1.14



	20
	Greenhouse Gases
	1949
	1.12



	21
	Wind Power
	1924
	1.11



	22
	Decision Making
	1781
	1.02



	23
	Carbon
	1743
	1.00



	24
	Costs
	1586
	0.91



	25
	Emission Control
	1549
	0.89



	26
	Heating
	1507
	0.87



	27
	Investments
	1455
	0.84



	28
	Energy Use
	1441
	0.83



	29
	Gas Emissions
	1342
	0.77



	30
	Solar Radiation
	1337
	0.77



	31
	Life Cycle
	1324
	0.76



	32
	Global Warming
	1236
	0.71



	33
	Biofuel
	1230
	0.71



	34
	United States
	1220
	0.70



	35
	Photovoltaic Cells
	1214
	0.70



	36
	Waste Management
	1180
	0.68



	37
	Biofuels
	1165
	0.67



	38
	Economic Analysis
	1163
	0.67



	39
	Housing
	1138
	0.65



	40
	Nonhuman
	1125
	0.65









The keyword analysis in scientific publications in the fields of science and engineering is highly recommended for the follow-through and search of research trends. However, to obtain the data that have been presented, it has been previously necessary to apply a search filter to the data supplied by Scopus. At this point, it should be pointed out the existence of different versions for the same keyword, depending on the writing made by each author. For instance, “Renewable energy”, may be written as “Green energy”, “Sustainable energy” or “Renewable power” thereby giving rise different expressions for the same concept. Indeed, in Table 5, the first and third positions are occupied by the concepts of “Energy efficiency” and “Energy utilization”, which although they may share some aspects, their meaning is completely different. Finally, Figure 13 represents a cloud of words which, at a glance, provides a clear overview of the most representative keywords.


Figure 13. Word cloud based on the main keywords related to renewable energy in urban areas worldwide research.
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Figure 14 represents a map with the most frequents words that our searching brought to light. They are split according to their field, shown by a color. It can be seen that, the bigger the circle, the more frequent is the used term. In the case study, “Energy efficiency”, “Sustainable development”, “Energy utilization”, “Carbon dioxide”, and “Renewable energy resources” are the most common words. Moreover, the lines that connect the different circles reveal the linkage between the keywords by means of papers and other publications.


Figure 14. Co-occurrence-keywords.
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The graph in Figure 15 shows the tendency of use of these five technical terms in the publications of the last decade. As we can see, the take-off in the use of these terms took place at the end of 2005, probably due to the entry into force of the Kyoto protocol, and this rising tendency continues nowadays, where these topics seem to be of overwhelming interest to the international scientific society.


Figure 15. Trend of the five most used terms in the period 2000–2017.
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As can be noticed, there is a clear inclination towards the use of the term energy efficiency, whose synergy with renewable energies is considered a key dynamic duo to achieve sustainable development. The relation between energy efficiency and energy utilization must be highlighted. In fact, energy efficiency is the set of actions that reduce energy consumption to produce the same. Therefore, it is an inverse relationship between production and consumption, in such a way that energy efficiency (EE) improves either if production is maintained with less energy utilization, or the production increases with the same energy utilization. That is, EE = Production/Energy utilization.





4. Discussion and Conclusions


A broad scope of data concerning to the international input to the scientific knowledge of urban generation of renewable energy during the period 1977–2017 has been traced. The data found in more than ten categories have been collected, yielding a total of 46,172 publications. The categories Energy, Environmental Sciences and Engineering stand out, which experienced an exponential growth.



It is pinpointed 2017 as the richest year in scientific production with 9242 publications in all, being the magazine Journal of Cleaner Production the one that accumulated the largest number of publications on the matter. As far as the authors are concerned, Ren, Huang, Zuo, Sovacool, and Chen concentrate the greatest part of the works in the analysed period.



The works have been mostly released in international journals (76%) and congresses (17%), with English being the language used in more than 96.5% of the papers. Regarding the main institutions that have published most of the works in this field, stand out the Chinese Academy of Sciences, Ministry of Education of China, The University of Tsinghua and The Harbin Institute of Technology, which account for half of publications over the last decade. All these institutions (7 of the top ten) are located in China, which demonstrates the great awareness in this country about renewable energy in urban areas.



In mainland Europe, the United Kingdom, Italy, Germany, Spain, Netherlands and France highlight as the main research countries in this field, with the United Kingdom representing 23.06% of the total number of publications in European countries.



Table 6 shows information obtained from both, the World Bank and Scopus database [52]. China is the country with more documents published, however is important to see that Netherlands has the most number of researchers in Research and Development (R&D) per million people. Considering this, the ratio between these variables shows that Netherlands is the leader with 3.40 documents published per million people spending 2.0% of Gross Domestic Product (GDP) in R&D, however Germany is the country with the highest GDP in R&D with 2.9%. China only has 0.50 documents per million people and spend 2.1% of GDP, but is necessary to consider its population.


Table 6. Research information by country.


	Country
	Documents
	Researchers in R&D (per Million People)
	Ratio R&D/Documents
	Research and Development Expenditure (% of GDP)





	China
	8540
	4232
	0.50
	2.1



	United States
	8076
	1177
	0.15
	2.8



	United Kingdom
	4100
	4471
	1.09
	1.7



	Italy
	2917
	2018
	0.69
	1.3



	Germany
	2208
	4431
	2.01
	2.9



	India
	2045
	216
	0.11
	0.6



	Australia
	1915
	2655
	1.39
	2.2



	Spain
	1905
	4531
	2.38
	1.2



	Canada
	1751
	4519
	2.58
	1.6



	Netherlands
	1337
	4548
	3.40
	2.0









Focusing on the keywords study, found publications reveal a considerable dispersion in the utilization of the keywords group. In fact, many compound words are employed, which increase the number of unique terms. In addition, the same term can be typed differently according to the author, giving rise to a broader fictitious range.



The terms most frequently used are “energy efficiency”, “sustainable development”, “energy utilization”, “carbon dioxide”, and “renewable energy resources”. There is a clear trend towards the use of the term energy efficiency, which refers to the increase of productivity with the same energy utilization, and whose synergy with renewable energy is considered a key dynamic duo to achieve a sustainable development.



The analysed data comes to the conclusion that the international contribution to the scientific knowledge of renewable energies in urban areas is outstanding, producing a vast quantity of publications in congresses and high-impact journals. The important boom in renewable energy throughout the world, and especially in industrialized countries, as a key element to mitigate the climate change effects, has also boosted the research in this field. However, it is also necessary to promote research and use of renewable energy in urban areas of developing countries, where there will be a significant increase in urban population in the coming decades, as in the case of Latin American countries. Therefore policy makers in these countries should promote better urban conditions in terms of stricter efficiency standards in buildings, as well as to boost sustainable mobility in order to achieve a sustainable urban development. Analyses made show that countries with stable regulatory frameworks in renewable energies are the ones that benefit the most from the value generated by this sector at the local level.
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