
1 
 

Reviewing two decades of energy system 
analysis with bibliometrics 
 

Dominković, D. F.*,a, Weinand, J. M. b, Scheller, F. c, D'Andrea, M. d, McKenna, R. d,e  

* Corresponding author; dodo@dtu.dk; +45 93 51 15 30  

a dodo@dtu.dk, Department of Applied Mathematics and Computer Science, Technical University of 

Denmark, Matematiktorvet, 2800 Kgs. Lyngby, Denmark. 

b Chair of Energy Economics, Institute for Industrial Production (IIP), Karlsruhe Institute of Technology, 

Karlsruhe, Germany. 

c Energy Systems Analysis, Division of Sustainability, Department of Technology, Management and 

Economics, Technical University of Denmark, Matematiktorvet, 2800 Kgs. Lyngby, Denmark 

d Chair of Energy Transition, School of Engineering, University of Aberdeen, King's College, Aberdeen 

AB24 3FX, United Kingdom 

e Department of Mechanical and Process Engineering, ETH Zurich, Switzerland 

 

Abstract  

The field of Energy System Analysis (ESA) has experienced exponential growth in the number of 

publications in the last two decades. This paper presents a comprehensive bibliometric analysis on ESA by 

employing different statistical techniques to investigate the underlying science's structure, characteristics, 

and patterns. The focus of results is on quantitative indicators relating to the number and type of 

publication outputs, collaboration links between institutions, authors and countries, and dynamic trends 

within the field. The five and twelve most productive countries have 50% and 80% of ESA publications, 

respectively. The dominant institutions are even more concentrated within a small number of countries. 

A significant concentration of published papers within countries and institutions was also confirmed by 

analysing collaboration networks. These show dominant collaboration within the same university or at 

least the same country. There is also a strong link among the most successful journals, authors and 

institutions. The Energy journal has had the most publications in the field, and its editor-in-chief is the 

author with most of the publications in the field, as well as the author with most of the highly cited 

publications in the field. In terms of the dynamics within the field in the past decade, recent years have 

seen a higher impact of topics related to flexibility and hybrid/integrated energy systems alongside a 

decline in individual technologies. This paper provides a holistic overview of two decades' research output 

and enables interested readers to obtain a comprehensive overview of the key trends in this active field.  

 

mailto:dodo@dtu.dk
mailto:dodo@dtu.dk


2 
 

Highlights: 

- A review of more than 12 000 papers in the field of Energy System Analysis (ESA) 

- Five countries with 50% of publications: USA, China, UK, Germany, Italy 

- Strong link among the most successful journals, authors and institutions 

- Collaboration networks predominantly include only institutions within the same country 

- Strong Nordic influence related to region’s energy culture and policy  

 

Keywords: Energy System Analysis, Bibliometrics, Collaboration networks, Renewable energy, 

Sustainable energy, Research impact  
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1. Introduction 

Energy system analysis (ESA) has emerged as a broad interdisciplinary research field in its own right. The 

subfield of energy analysis developed methods to understand energy transformation and use processes, 

mainly motivated by the two oil price hikes of the 1970s and led by proponents Chapman (1974; 1975), 

and Boustead and Hancock (1979). The energy analysis methods reflected thermodynamic properties 

such as energy, enthalpy and exergy, and economic ones such as economic output and/or prices. They 

were subsequently adopted alongside the ideas of systems analysis, which came from defence and 

aerospace contexts, to embody the area of energy systems analysis (Miser 1980). The latter field often 

adopts theoretical and methodological frameworks from Operational Research to support more efficient 

and effective decision-making. Hand-in-hand with rapid developments in computing power since the 

1970s, increasingly detailed and complex models have been developed over the ensuing decades – 

starting in the 1990s, as documented by much of the literature referenced in this article. For example, in 

the United Kingdom context, almost 100 different models have been developed and/or applied in the past 

two decades (Hall and Buckley 2016).  

One common characteristic of ESA research is the development and application of quantitative methods 

and models to the analysis of diverse energy systems. Typically these quantitative methods are 

theoretically rooted within the intersection of Operational Research (OR) and Systems Analysis (Miser 

1980). A second characteristic is the consideration of multiple energy vectors and/or energy service 

demands and/or spatial and temporal scales – meaning that a thermodynamic analysis of an Internal 

Combustion Engine in isolation would not be considered ESA by this definition, but an analysis of the 

whole vehicle’s energy system probably would. Another key characteristic is the combination of multiple 

methods and models, such as engineering, economics and environmental science. More recently, ESA has 

also made attempts to embrace (qualitative) empirical social science research methods, a combination of 

hard (quantitative) and soft (qualitative), which in the sense of OR is termed “mixing methods” - especially 

but not only the literature on socio-technical energy transitions (Cherp et al. 2018; Li et al. 2015; Hirt et 

al. 2020). In addition, the ESA field is concerned with providing decision support to diverse stakeholders 
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such as policymakers, scientists, and the general public. Hence, unlike other more fundamental research 

disciplines, ESA must have an effective and efficient interface with these stakeholders in order to ensure 

proper communication of model assumptions, methods and results (Strachan et al. 2016). 

More recently, rapid transformations of energy systems, partly inspired by the Kyoto Protocol that came 

into force in 2005, and subsequent international agreements and natural disasters (e.g. Fukushima), have 

provided renewed interest and challenges for this field. The global expansion in renewable energy 

generation has required more detailed models of technical systems, markets and policies (Pfenninger et 

al. 2014). Models have had to be enhanced to consider a higher spatial and temporal resolution, new 

types of supply and increasingly flexible demand. At the same time, the field has also attracted much 

criticism, mainly directed at the lack of transparency in modelling exercises, for example, about 

assumptions, data sources, and uncertainties, which also relates to communication and interaction with 

non-expert stakeholders (Strachan et al. 2016; DeCarolis et al. 2017).  

Indeed, the strong interest in ESA in recent decades has inspired many reviews, some of which have 

common ground with the present paper1. While different narrative or systematic reviews have covered 

key areas such as distributed energy resources (Evans et al. 2012), sustainable development (Dincer and 

Acar 2015), energy policy (Jenkins et al. 2016), solar and wind power (Khare et al. 2016), energy efficiency 

(Olatomiwa et al. 2016), flexibility requirements (Kondziella and Bruckner 2016), and multi-energy 

systems (Mancarella 2014) with individual reviews over the last decade, there are far fewer review type 

contributions covering the broad field of ESA in its entirety. When it comes to the research methods, 

previous investigations have focused on optimisation techniques (Baños et al. 2011), multi-criteria 

decision-making (Kumar et al. 2017), agent-based modelling (Scheller et al. 2019), stochastic planning 

(Sharma et al. 2012) and life cycle assessments (Martín-Gamboa et al. 2017). These publications also cover 

different subject areas such as Energy, Engineering, Environmental Sciences, Social Sciences, Chemical 

Engineering, Material Science, Mathematics, and Business Management. Recent reviews assess current 

trends and challenges in modelling the energy transition (Chang et al. 2021) and the actual coverage of 

spatial resolution and regionalisation in energy system optimisation (Aryanpur et al. 2021). 

Additionally, existing analyses with an eye on the country-related, journal-related, research-related, and 

author-related relationships and trends concentrate on a specific field such as municipal planning 

(Weinand 2020a), sustainable technology research (Akbari et al. 2020), smart energy systems (Kikuchi 

2017), multi-energy systems (Balakrishnan et al. 2016), hybrid electric vehicles (Zhang et al. 2015), and 

energy efficiency (Du et al. 2013). The same is valid for the systematic review of research in the design of 

100% renewable energy systems (Hansen et al. 2019). While the paper gives insights into the increasing 

attention, the most important journals and cited papers, the focus clearly lies in analysing the methods 

and topics of the publications. 

Rather than focus on a specific method or area of application, this paper takes a holistic perspective. 

Precisely because of the breadth of the field of ESA and the amount of research activity, this paper deals 

 
1 Scopus search query for reviews, which is the same as the search query for articles of this study: TITLE-ABS-KEY ( ( "energy 
system*" )  AND  ( simul*  OR  model*  OR  "plan"  OR  "plans"  OR  "planning"  OR  optimi*  OR  analy*  OR  assess*  OR  
evaluat* ) )  AND  ( LIMIT-TO ( SUBJAREA ,  "ENGI" )  OR  LIMIT-TO ( SUBJAREA ,  "ENER" )  OR  LIMIT-TO ( SUBJAREA ,  "ENVI" ) )  
AND  ( LIMIT-TO ( DOCTYPE ,  "ar" ) )  AND  PUBYEAR  >  2010  AND  (LIMIT-TO ( LANGUAGE ,  "English" ) ) 
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with mapping competencies, collaborations and output across the whole field over the last two decades. 

To have a holistic view of such a broad field, it is not enough to carry out a critical review of the field, as it 

would be able to cover only a fraction of the ESA field due to the very large number of published 

documents. Thus, the employed methods in this paper are a combination of literature review and 

bibliometrics, whereby the precise methodology and search terms employed can be found in Section 2. 

Based on a review of the literature as discussed above and throughout the article, with a focus on the 

field of Energy System Analysis, the central research questions of this paper are:  

• What key topics and dynamic trends can be identified, and which are emerging or could be 

emerging for the coming years? 

• Which authors/institutions/countries collaborate most?  

• Which authors/institutions/countries are most productive over time, and what indicators can be 

employed to measure this?  

The key contribution of this paper is to answer these questions with a holistic, global perspective across 

two decades of research. The paper thereby adds to the existing literature (e.g. the reviews cited above) 

through a consideration of research trends, authors, institutions and countries, and collaborations 

between them. 

The paper is structured as follows: Section 2 explains the employed methodology before Section 3 

presents the results. Section 4 discusses the implications of the results, while a summary and conclusions 

are presented in Section 5.
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2. Methodology 

An overview of the methods and results of this paper can be seen in Figure 1, whereby the methods 

comprise of different statistical techniques to investigate the structure, characteristics and patterns of the 

underlying science (Weinand 2020a). The bibliographic database Scopus (Elsevier 2020) was employed to 

analyse the literature on ESA (Section 2.1). Alongside the web interface biblioshiny of the R-tool 

bibliometrix (Aria and Cuccurullo 2017) (Section 2.2), the statistical indicators h-, m- and g-indices (Section 

2.3), a method for measuring trends (Section 2.4), an approach for analysing a countries' impact (Section 

2.5) and an algorithm for the investigation of keywords (Section 2.6) are explained in the following 

subsections.  

 

Figure 1. Logical tree representation of the methods used in the paper. In addition to existing tools, own tools have been applied 
for the analysis of the retrieved articles. 

2.1. Bibliometrics search terms 
The corpus of documents used in the bibliometric analysis was the result of a thorough filtering process. 

From the field of energy, the search was restricted to documents related to the analysis and modelling of 

energy systems in the last 20 years, as shown by the initial search in Table 1. This general energy search 

of the literature was carried out to compare the results between the general energy search and more 

specific search of the ESA area. The search resulted in 30,391 documents, of which 14,215 were articles 

in English2. Furthermore, to exclude results that were considered unsuitable for the ESA area, the search 

 
2 The requirement criterion of the language is based on the fact that English is the international language 
of science. Nevertheless, one has to keep in mind that certain countries are still publishing important 
papers in their own language. In our search, especially publications in the Chinese language (818) but 
also the German (106), Japanese (80), and Russia (60) have been excluded.  
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was narrowed to the following research areas: Engineering, Environment and Energy. Excluded subject 

areas were Computer Science, Mathematics, Physics and Astronomy, Materials Science, Decision 

Sciences, Social Sciences and Chemical Engineering. Although some of the papers relevant for this study 

could be assigned to the excluded subject areas, it is expected that the majority of the relevant papers 

were encompassed by the search strategy. The search term included an asterisk symbol (*) in order to 

retrieve all documents with words that have different root forms. The final search terms are presented in 

the adjusted search row in Table 1.  

Table 1: Search queries and the resulting number of articles in the literature database Scopus. 

Search 

name 

Search query Date Number of 

documents 

Energy 

search 

TITLE-ABS-KEY (energy) AND PUBYEAR > 1999 AND PUBYEAR < 2020 AND (LIMIT-TO (SUBJAREA 

"ENGI") OR LIMIT-TO (SUBJAREA "ENER") OR LIMIT-TO (SUBJAREA "ENVI")) AND (LIMIT-TO 

(DOCTYPE "ar")) AND (LIMIT-TO (LANGUAGE "English")) 

25.05.2020 762,418 

Initial 

search 

TITLE-ABS-KEY (("energy system*") AND (simul* OR model* OR "plan" OR "plans" OR "planning" 

OR optimi* OR analy* OR assess* OR evaluat*)) AND PUBYEAR > 1999 AND PUBYEAR < 2020 

25.05.2020 30,391a 

Adjusted 

search 

TITLE-ABS-KEY (("energy system*") AND (simul* OR model* OR "plan" OR "plans" OR "planning" 

OR optimi* OR analy* OR assess* OR evaluat*)) AND PUBYEAR > 1999 AND PUBYEAR < 2020 AND 

(LIMIT-TO (SUBJAREA "ENGI") OR LIMIT-TO (SUBJAREA "ENER") OR LIMIT-TO (SUBJAREA "ENVI")) 

AND (LIMIT-TO (DOCTYPE "ar")) AND (LIMIT-TO (LANGUAGE "English")) 

25.05.2020 12,182a 

a Out of the initial 30,391 documents, 14,450 were articles, and 28,845 were publications in English. After limiting the search to 

articles in English, the filtered number of publications was 14,215. After limiting to the subject areas (to exclude results that we 

assessed that were not suitable for our analysis, as described in the manuscript above), the 12,182 publications were left.  

2.2. R-tool bibliometrix 
Once the data had been retrieved from the Scopus database, the R-Tool bibliometrix was applied to 

examine the corpus of literature. Bibliometrix is an open-source tool for conducting comprehensive 

scientific mapping analyses. This tool is implemented in R, and therefore the package is flexible and 

facilitates integration with other statistical or graphical packages (Aria and Cuccurullo 2017). One example 

for which bibliometrix was used is the number of collaborative publications of countries (Table 3). 

2.3. Measures of influence: h-index, m-index and g-index 
Several measures were employed in order to assess researchers', institutions' and countries' output 

productivity. The h-index quantifies the cumulative impact and relevance of an individual's scientific 

output (Hirsch 2005), whereby an individual here denotes researchers, institutions and countries. It 

reflects the number of h papers of an individual that have been cited at least h times. For example, if 50 

publications of an author have at least 50 citations, then that author's h-index is 50.  

In Hirsch (2005), the m-index was also introduced, which reflects the period since the first publication of 

an individual by dividing the h-index by the number of years of scientific activity. For example, if an 

individual has an h-index of ten after twenty years of scientific activity, then his m-index would be 0.5. 

According to Hirsch (2005), an individual with an m-index of m = 1 is a "successful scientist", with m = 2 

an "outstanding scientist", and with m = 3 a "truly unique individual".  

The g-index was suggested by Egghe (2006) as an alternative to the h-index. It represents the unique 

largest number of the top g most cited articles, which together received at least g² citations. Therefore, 

highly cited articles are weighted stronger than with the h-index. For example, five publications, of which 
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one is cited 21 times and the others only once each (25 citations in sum), result in a g-index of five and an 

h-index of only one. 

In this study, the indices presented refer only to the analysed literature body (based on the search terms 

outlined above). This is because publications on ESA often only constitute a subset of an individual's total 

publications and cannot be used to measure the general scientific influence of an individual. 

2.4. Measuring trends 
In order to measure the trends in publication numbers of authors, institutions or countries as well as on 

specific topics, the development of the last five years (2015-2019) was analysed. Thereby the slope in 

publications per year was used. For example, if an author published one article in 2015, two in 2016, three 

in 2017, four in 2018 and five in 2019, the slope is 1.0. After determining the publication development 

(slope) for all individuals, five ranges of trends were introduced in order to obtain two ranges of positive 

and negative trends and one range for a steady publication number (i.e. slope = 0.0). Table 2 shows an 

example for the case with the maximum slope of one of the individuals of 70.4 and a minimum slope of -

10.6. 

Table 2: Range intervals and corresponding arrow signs for indicating the trend in publication numbers, for example, with a 

maximum slope in publication numbers of 70.4 and a minimum slope of -10.6. 

Range interval Arrow for indicating the trend 

[-10.6; -5.3) ↓ 

[-5.3; 0.0) ↘ 

[0.0] → 

(0.0; 35.2] ↗ 

(35.2; 70.4] ↑ 

 

2.5. Analysis of the countries' impact 
In order to compare the research impact of different countries, several indices can be used. To narrow 

the scope of the analysis, the number of analysed countries was reduced to 20 based on their total number 

of publications within the timeframe 2000-2020. However, this approach is biased towards large 

countries. Furthermore, Man et al. (2004) and Meo et al. (2013) identified a positive correlation between 

the Gross Domestic Expenditure on R&D (GERD) and the country's total number of publications. 

Therefore, in order to level off the differences between the countries, their publication output was 

normalised based on three factors: the GERD, the Gross Domestic Product (GDP) and the population (cf. 

Section 3.1).  

 

2.6. Keyword analysis 
Further analyses are performed with a MATLAB algorithm, which was based on Weinand et al. (2020b). In 

this algorithm, the similarity of strings is determined with the Levenshtein distance (Levenshtein 1966). 

Thereby, the number of occurrences of author keywords could be measured by matching equivalent 

strings under one keyword. This ensured that slightly different keywords, such as the plural of a word or 

the use of a hyphen, are recognised as the same keyword (e.g. smart grid and smart-grids). In addition to 

the number of occurrences of the keywords, the algorithm also calculated the mean publication year and 
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the mean citations of all articles containing the respective keyword. Furthermore, the algorithm examined 

the keywords for their simultaneous occurrence in the same articles. Further brief analyses were 

performed with additional simple methods and data, which is explained in Section 3 next to the relevant 

results. 
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3. Results 

The results are presented in this section as follows. First, the focus is on the national publication output 

and productivity in Section 3.1, followed by institutional output and collaboration in Section 3.2. In Section 

3.3, attention is then focussed on the productivity of individual authors and their key collaborations. 

Section 3.4 subsequently examines different journals and individual articles before Section 3.5 explores 

the keywords and central themes within the field of ESA. 

3.1. National publication output and productivity 
Figure 2 presents the development of publications within the field of ESA during the last two decades. The 

number of total publications showed quasi-exponential growth during the period, and the sharp increase 

between 2016 and 2019 underlines the increasing importance of ESA. Compared to the general energy-

related literature, there was a greater increase in publications in the ESA field, especially in the last five 

years. The growth of ESA publications from 2015 to 2019 was 142% (940 to 2276), while the general 

energy-related publications saw a growth of 61% (57,385 to 92,632). Furthermore, the analysis of search 

queries used in Table 1 shows that the Energy System Analysis articles increased their share in the articles 

published in the general field of Energy between the years 2000 and 2019. In the year 2000, the share of 

Energy system analysis publications in total energy publications was 0.6%, while by the year 2019, its share 

had increased to 2.5%.  

 

Figure 2: Number of publications per year for the ESA field ("adjusted search" from Table 1  and the Energy field ("Energy 
search" from Table 1) over the period 2000-2019.  

Figure 3 gives an overview of the productivity of the top 20 countries in terms of the total number of 

publications. Although the United States of America (USA) was the country with the largest number of 

publications, its relative production in relation to the GDP and the total population was rather low. A 

similar pattern of very low relative indicators can also be seen for China, India and Japan, despite their 

high absolute output. The United Kingdom and Iran had a very high number of publications relative to 

Gross Domestic Expenditure on R&D (GERD). Relative to the GDP and the total population, Denmark, 



11 
 

Sweden, Switzerland, Austria, the Netherlands and Finland significantly outperformed the other countries 

on the list.  

 

Figure 3: The top 20 most productive countries in terms of the total number of publications on energy system analysis in the 

period 2010-2019, that is a subset of the whole analysed period from 2000 to 2019 as presented in Table 3. On the right side, 

the secondary y-axes show the normalised total number of publications based on the GERD3, GDP4 and the total population for 

each country. For each normalisation factor, the mean value in the range of 2010-2019 is used. 

Table 3 presents the top 20 most productive countries in the field of ESA, measured by the total number 

of publications. The top 5 countries (USA, China, United Kingdom, Germany, Italy) covered about 50% of 

the total publications. The USA tops the list both in the total publications indicator, as well as in the 

country of the first author's affiliation and in terms of all h, g and m indices. 

In terms of relevance in the ESA field, the most productive countries in terms of Total Number of 

Publications (TNPs) will still be the most relevant ones, independently of their size. In line with the yearly 

growing TNPs, as shown in Figure 2, there is also a positive trend regarding the number of publications in 

each listed country (Table 3). While nearly all countries show a similar average increase in publications 

from 2015 to 2019, China represents a positive outlier. Accordingly, it is expected that China will replace 

the USA at the top in the next few years concerning the TNPs. 

The most productive countries in the field in terms of the TNPs are very populous countries, including the 

USA, China and India. However, Sweden and Denmark managed to enter the top 10 most productive 

 
3 GERD = Gross Domestic Expenditure on R&D of the respective country, expressed in current Purchasing Power 
Parity (PPP) and constant prices USD2000 (UNESCO 2020). 
4 GDP = Gross Domestic Product of the respective country,  expressed in current Purchasing Power Parity (PPP) and 
current prices USD2020 (UNESCO 2020).  
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countries list, showing that there is a weaker correlation between the total number of publications and 

the population of different countries in this field.  

Iran and Denmark were the most productive countries in terms of the number of publications per 

expenditure on research and development in general (TNPs per GERD indicator, Figure 3). As they had 

significantly higher TNPs per GERD indicator than the remaining countries, it means that their funding was 

used more efficiently or that they invested a larger share of the total R&D spending in the ESA field.  

Throughout this manuscript, a simple correlation analysis was done for many instances. The Pearson 

correlation coefficient r was used in all instances. The number of observations was always 20, and the 

correlation coefficient was deemed positive if the absolute R-value of the correlation coefficient was 

greater than or equal to 0.38, with a statistically significant value that was determined as a p-value of less 

than 0.1.  

Table 3: The top 20 most productive countries in terms of publications on ESA. The numbers for "total publications" do not have 

to sum up to 12,182 or 100% since more than one country could have contributed to a single publication. The percentages for 

"total publications" and "corresponding author's country" refer to the total number of 12,182 articles, while for "single 

publication" and "collaborative publication", they refer to the number of publications of "corresponding author's country".   

Country Total number 

of 

publications 

(TNPs)  

Trend h-

ind. 

g-

ind. 

m-

ind. 

Corresponding 

author's country  

Single 

country 

publication 

Collaborative 

publications  

The average 

number of 

authors per 

publication* 

 No. %     No. % No. % No. %  

USA 1,803 15 ↗ 100 155 5.00 927 7.6 761 82 166 18 4.78 

China 1,446 12 ↑ 68 97 3.40 559 4.6 398 71 161 29 4.81 

United Kingdom 1,031 8 ↗ 79 120 3.95 462 3.8 353 76 109 24 4.71 

Germany 1,019 8 ↗ 71 110 3.55 594 4.9 469 79 125 21 5.15 

Italy 818 7 ↗ 63 91 3.15 505 4.1 400 79 105 21 4.66 

India 805 7 ↗ 45 67 2.25 375 3.1 337 90 38 10 3.18 

Canada 596 5 ↗ 65 100 3.25 320 2.6 228 71 92 29 3.88 

Sweden 531 4 ↗ 59 98 2.95 277 2.3 219 79 58 21 4.21 

Spain 515 4 ↗ 57 102 2.85 290 2.4 201 69 89 31 4.90 

Denmark 494 4 ↗ 75 126 3.75 289 2.4 208 72 81 28 4.58 

Japan 493 4 ↗ 46 70 2.30 357 2.9 299 84 58 16 4.64 

Iran 463 4 ↗ 51 74 3.19 164 1.3 135 82 29 18 3.55 

Netherlands 381 3 ↗ 52 89 2.60 206 1.7 124 60 82 40 5.40 

France 354 3 ↗ 45 79 2.25 140 1.1 88 63 52 37 5.08 

Turkey 336 3 ↗ 46 79 2.56 170 1.4 143 84 27 16 2.86 

Switzerland 331 3 ↗ 52 76 2.60 167 1.4 103 62 64 38 4.56 

Australia 294 2 ↗ 43 75 2.15 100 0.8 81 81 19 19 4.08 

Austria 287 2 ↗ 52 96 2.60 139 1.1 79 57 60 43 5.80 

South Korea 270 2 ↗ 34 57 1.89 226 1.9 172 76 54 24 4.28 

Finland 258 2 ↗ 34 56 1.70 164 1.3 134 82 30 18 4.39 

*In the calculation of the "average number of authors per publication", the document Aad et al. (2013) is excluded. It is a joint 

publication of 3060 authors. A large number of authors would skew the average, making the comparison between countries less 

meaningful. 

Simple correlation analyses between the h-, g- and m-indices values reported in Table 3, and various 

normalised indicators presented in Figure 3 revealed that the GERD indicator is a reliable and relevant 

metric when evaluating the impact of the research, as well as general research productivity, contrary to 

the general productivity of society expressed via GDP (Table 3). While the normalised TNPs based on the 
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GERD was correlated with all of the h, g and m indices (correlation coefficient from 0.56 to 0.66), the 

impact of publications expressed via h-, g- and m-indices was uncorrelated to both TNPs per GDP and the 

TNPs per total population (absolute correlation coefficient less than 0.38).  

Furthermore, the TNPs was correlated to the TNP per GERD indicator but was uncorrelated to both the 

TNPs per GDP and the TNPs per population. The presented findings confirmed the findings from Meo et 

al. (2013), in this paper, more specifically for the ESA field. Meo et al. (2013) showed that the GERD is 

correlated with the total number of published documents which is similar to TNPs, citations per 

documents and h-index, while they did not find a strong correlation between GDP per capita and research 

outcomes, while their study was carried out for a wide range of social and science subjects.  

Further correlation analyses in relation to Table 3 showed that there was no correlation between the 

share of collaborative publications and the TNPs nor any of the indices. The latter points to the conclusion 

that so far in the field of ESA, transnational collaborative approaches did not generate more impactful 

papers on average. On the other hand, there was a strong correlation between the TNPs and all three 

measures of influence, with correlation coefficients between 0.7 and 0.82. The latter points to the 

conclusion that, on average, the most productive countries also generate the most impactful papers in 

the field, showing that the quantity and the impact of papers are highly correlated in this field.  

Table 4. The Pearson correlation coefficient r between different sets of indicators from Figure 3 (bold indicates 
statistically significant correlations as described in the text) 

 
h-ind. g-ind. m-ind. TNP 

TNPs in relation to GERD 0.66 0.56 0.62 0.77 

TNPs in relation to GDP -0.13 -0.09 -0.12 -0.31 

TNPs in relation to population -0.17 -0.14 -0.14 -0.33 

 

3.2. Institutional output and collaboration 
The ordered list of institutions per total publications can be seen in Table 5. The first two positions are 

both held by Danish universities, which were affiliated with 3.6% of the publication in this research field 

and published 88% of the total publications in the country. The outstanding position of both institutions 

is also underlined by a consistently high h-, g-, and m-index. The two Swedish universities Royal Institute 

of Technology KTH and Chalmers University of Technology, were affiliated with 50% of the total 

publications of Sweden in the field, while the UK's universities Imperial College London and the University 

College London were responsible for 29% of the UK publications in the field. The Aalto University, the 

International Institute for Applied Systems Analysis and the ETH Zurich took similar outstanding roles for 

their respective countries (Finland, Austria and Switzerland, respectively) by accounting for at least 37% 

of the total publications of their countries in this field. Finally, four of the Chinese institutions that made 

it onto the list (Tsinghua University, North China Electric Power University, Chinese Academy of Science 

and the Ministry of Education China) produced 38% of the Chinese publications in the field. This analysis 

shows that only a few most productive institutes are responsible for the bulk of the publications within 

the most productive countries, meaning that the development of the field is highly concentrated within a 

few groups and institutions.  
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Although the USA was the most productive country in terms of total publications, it does not have an 

institution on the list of top 20 institutions. Interestingly, the first USA institute is NASA, with 82 

publications. On the other hand, four institutes are based in China. This shows that the research groups 

and their financing is more distributed in the USA than elsewhere. At the same time, the influence indices 

of the Chinese institutions were closer to the lower midfield.  

Table 5: The top 20 of the most productive institutions in terms of publications on energy system analysis. The percentage values 

refer to a total of 12,182 publications. *In the calculation of the "average number of authors per publication", it is excluded the 

document Aad et al. (2013). It is a joint publication of 3060 authors. Such a large number of authors would skew the average, 

making the comparison between countries less meaningful. 

Institution Country Total publications Trend h-

index 

g-

index 

m-

index 

The average 

number of 

authors per 

publication* 

  No. %     No. 

Aalborg University Denmark 242 2.0 ↑ 63 113 3.15 3.51 

Technical University of Denmark Denmark 193 1.6 ↑ 43 72 2.15 4.00 

Tsinghua University China 169 1.4 ↑ 34 58 1.79 4.24 

Imperial College London United Kingdom 161 1.3 ↑ 39 64 2.79 4.94 

North China Electric Power University China 149 1.2 ↑ 24 37 1.20 4.42 

Ontario Tech University Canada 137 1.1 ↗ 40 66 2.35 2.95 

Chinese Academy of Science China 137 1.1 ↗ 28 48 1.75 4.00 

University College London United Kingdom 135 1.1 ↗ 31 51 2.58 4.89 

The Royal Institute of Technology KTH Sweden 134 1.1 ↗ 28 51 1.56 5.18 

Chalmers University of Technology Sweden 132 1.1 ↗ 33 64 1.65 3.90 

ETH Zürich Switzerland 125 1.0 ↗ 35 58 1.94 4.00 

International Institute for Applied Systems Analysis Austria 110 0.9 → 39 60 1.95 6.30 

Aalto University Finland 108 0.9 ↗ 23 37 1.44 4.20 

RWTH Aachen Germany 102 0.8 ↑ 28 44 1.40 5.34 

Ministry of Education China China 99 0.8 ↑ 20 33 1.43 4.00 

National Technical University of Athens Greece 99 0.8 ↗ 28 46 1.40 3.77 

Norwegian University of Science and Technology Norway 94 0.8 ↗ 28 49 1.47 4.65 

University of Tehran Iran 92 0.8 ↑ 28 42 2.33 3.56 

Polytechnic University of Turin Italy 91 0.7 ↗ 25 43 1.25 4.00 

University of Tokyo Japan 87 0.7 ↗ 23 37 1.15 3.45 

 

The collaboration network of institutions, presented in Figure 4, revealed that most of the influential 

institutions in the ESA field collaborate overwhelmingly within the country. This could be because of the 

energy policy frameworks that can significantly differ from country to country, funding regimes that 

favour domestic institutions, educations system specifics, and other reasons. Institutions from the United 

Kingdom, Netherlands, Austria, Sweden, and Canada seem somewhat more open to collaboration with 

other countries. Very active collaboration exists between the RWTH Aachen and E.On in the form of the 

E.On Energy Research Center. Furthermore, the Ministry of Education China and the Tianjin University, 

the University of Regina, the North China Electric Power University, and RWTH Aachen and the 

Forschungszentrum Julich FZJ had a high number of publications in common.  
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Figure 4: Collaboration network of the top 20 most productive institutions, together with their top three most productive collaborations. Collaborations with less than five 

collaborative publications are not shown. The number in brackets after the institute describes the number of total publications within the ESA corpus analysed in this paper. The 

number in the rectangle on the connection between two institutes indicates the joint number of publications. 
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A look at the collaboration networks of the most relevant authors (Figure 5) reveals several points. First, 

the core of their collaborations were colleagues from the same groups or institutions. For example, the 

connection between the top authors Lund H and Mathiesen BV is emphasised with 27 joint publications. 

Furthermore, Lund H published 45 publications with Mathiesen BV, Østergaard PA and Möller B, which 

belong to the same institution. The same goes for the cooperation of the top authors Dincer I and Rosen 

MA as well as Li YP and Huang GH, with each of the pair of authors having 21 joint publications. Second, 

the most productive authors also had one to two dominant collaboration networks in other institutions. 

For the case of Dincer I and Rosen MA, those were the colleagues from the University of Tehran (Ahmadi 

P and Maleki A) and Ege University (Hepbasli A), for the case of Lund, that was the University of Zagreb 

(Duić N and Krajačić G) and the Technical University of Denmark (Münster M and Karlsson K), while for 

the case of Huang GH, it was the University of Regina (Lin QG). It is interesting to note that the current 

affiliation of Huang GH is the University of Regina and Lin QG's current affiliation is the North China Electric 

Power University, meaning that those two authors exchanged positions between the same universities 

during their careers, which might also be one reason for the strong collaboration. Third, the list of 

collaboration networks of the authors presented in Figure 5 also confirmed that the most dominant 

collaboration networks were within institutions from the same country.  

The list of the most productive authors showed significant differences according to the different indices 

and the total number of relevant publications (Table 6). It should be noted here that the list was created 

based solely on the top 20 authors according to the total number of relevant publications and not 

according to the other indices. According to the total publications, the top 3 authors were Dincer I 

(University of Ontario Institute of Technology), Lund H (Aalborg University), and Rosen MA (University of 

Ontario Institute of Technology). While the University of Ontario had two authors in the top 3, the Aalborg 

University exhibited three authors in the top 6. Lund H topped the ranking in terms of the three indices, 

being the first based on h- and g-indices and the third based on the m-index.  

Furthermore, the performance over the last years of Breyer C (Lappeenranta University of Technology) 

has been promising since he has been cited most frequently in the last years (m-index of 3.00), which is 

significantly higher than from the other authors in the list, closely followed by Mathiesen BV (Aalborg 

University, m-index of 2.58). The correlation analysis of the authors' indices revealed that the h- and g-

indices were mutually highly correlated (r-value of 0.96), while h- and m- and g- and m- indices were only 

weakly correlated (r values of 0.48 and 0.38 respectively). 

Moreover, the total number of publications of the most productive authors was highly correlated with h- 

and g-indices (r values of 0.88 and 0.93, respectively), while it was uncorrelated with the m-index (0.35). 

This shows that the most productive authors also had the largest impact in terms of h- and g-indices. 

Finally, the average number of authors per publication was negatively correlated with h-, g- and m-indices 

(-0.54, -0.48 and -0.38, respectively). The latter shows that the most productive authors tended to 

collaborate in smaller groups.  It is interesting to note that the top three authors (Dincer I., Lund H. and 

Rosen MA) all tended to collaborate in smaller groups with an average number of authors of 2.7, 3.3 and 

3.3, respectively. 
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Figure 5: Collaborations network of authors with at least 15 publications and at least one collaboration among these authors with at least three collaborative publications. In 

parentheses behind the authors is the total number of publications on ESA, and the numbers on the edges refer to the number of collaborations. The colours show the affiliation 

of the authors for the majority of their publications.  
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Table 6: The top 20 of the most productive authors in terms of publications on energy system analysis.  

Author Total 

publications 

Trend h-

index 

g-

index 

m-

index 

The average number of 

authors per publication 

Histogram 
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Dincer I 79 ↘ 32 55 1.68 2.70 

 

Lund H 74 ↗ 43 74 2.15 3.30 
 

Rosen MA 69 ↗ 31 57 1.72 3.30 

 

Huang GH 60 ↘ 24 39 1.60 4.17 
 

Mathiesen 

BV 

43 ↗ 31 43 2.58 4.37 

 

Østergaard 

PA 

42 ↗ 20 39 1.00 2.85 

 

Duić N 37 ↓ 24 37 1.41 4.76 

 

Breyer C 33 ↑ 18  29 3.00 4.03 
 

Maréchal F 32 ↘ 16 27 1.15 3.53 

 

Müller D 30 ↗ 15 22 1.88 5.03 

 

Riahi K 30 ↗ 19 30 1.19 9.13 

 

Li YP 28 ↗ 17 27 1.71 3.89 

 

Strachan N 28 ↓ 17 28 1.42 5.11 

 

Howells M 27 ↘ 12 26 1.20 6.85 

 

Krajačić G 27 ↘ 19 27 1.46 5.07 

 

Mancarella 

P 

27 ↗ 18 27 1.29 3.04 

 

Fichtner W 26 ↗ 15 23 0.79 4.15 

 

Gargiulo M 26 ↗ 13 24 1.44 7.04 

 

Stolten D 26 ↑ 10 24 1.25 6.46 

 

Loeb NG 25 ↘ 14 25 0.78 5.84 

 



20 
 

3.3. Journals and articles  
The Energy journal was the most productive one in terms of the total number of relevant publications 

with 1,017 publications, while its h-, g- and m- indices were 77, 117 and 3.67, respectively (Table 7). 

However, according to all the other indices, the journals Applied Energy (h- and m-index of 86 and 4.1, 

respectively) and Energy Policy (g-index of 137) outperformed it. The relatively young journal Energy 

Research and Social Science (established in 2014) also showed an impressive m-index of 4.0, 

demonstrating that the social science topics within the field of ESA have been gaining more importance.  

Moreover, based on the m-index, it is expected that the Applied Energy and Energy Research and Social 

Science journals will have the most impactful publications in the future. Although the journal energies 

reached a high place on the list according to the total relevant publications with 460 publications, its 

number of average article citations was very low (7 per article). The situation was even worse for the 

journal Renewable Energy and Power Quality Journal (with two citations on average per article). The first 

six journals from Table 7 published 30.4% of the total publications in the field. However, all the top 20 

journals published only 47.1% of the publication in the field. The latter shows that the publications are 

very spread among the many different journals, making it increasingly hard to follow the development in 

the field, potentially reducing and slowing down the spread of research results. 

A correlation analysis showed that the measures of influence, expressed as h-, g- and m-indices, were 

highly correlated with the total number of publications in different journals (r values of 0.83, 0.79 and 

0.87 respectively), similar to the findings relevant for different countries and their productivity. However, 

average article citations were very weakly correlated with the total number of publications, with a 

correlation coefficient of 0.44. As h-, g- and m-indices are based on the absolute numbers, their values 

will naturally be higher for journals that have more publications, as the indices do not include a penalty 

for low-quality articles. A very low correlation coefficient between the total number of citations and the 

number of articles published in specific journals reveals that the quantity of articles in the field of ESA is 

not very concentrated in the small number of journals. 
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Table 7: The top 20 of the most productive scientific journals in terms of publications on ESA. The percentage values refer to a 

total of 12,182 publications.  

Journal Total publications 

(TP) 

Trend Average 

article 

citations 

h-

index 

g-

index 

m-

index 

The average 

number of 

authors per 

publication 

 No. %      No. 

Energy 1,017 8.3 ↑ 30 77 117 3.67 3.61 

Applied Energy 846 6.9 ↑ 37 86 124 4.10 3.87 

Energy Policy 603 4.9 ↗ 47 77 137 3.67 3.33 

Energies 460 3.8 ↑ 7 23 31 2.30 4.17 

Renewable Energy 421 3.5 ↗ 42 73 109 3.48 3.31 

Energy Conversion and Management 367 3.0 ↗ 33 57 86 2.71 3.48 

International Journal of Hydrogen Energy 311 2.6 ↗ 31 47 82 2.35 3.74 

Journal of Cleaner Production 237 1.9 ↗ 22 36 58 2.00 3.84 

Energy and Buildings 208 1.7 ↓ 29 41 63 1.95 3.68 

Applied Thermal Engineering 170 1.4 ↘ 29 38 60 1.81 3.55 

Solar Energy 170 1.4 ↗ 40 47 77 2.24 3.45 

Sustainability 155 1.3 ↗ 7 16 23 2.00 2.47 

Energy Research and Social Science 117 1.0 ↗ 22 28 46 4.00 2.86 

International Journal of Energy Research 116 1.0 ↗ 19 28 40 1.33 3.11 

International Journal of Renewable Energy Research 107 0.9 ↗ 8 15 21 1.50 3.00 

Energy Strategy Reviews 97 0.8 ↗ 12 20 29 2.22 4.88 

International Journal of Electrical Power and Energy Systems 93 0.8 ↗ 27 31 45 1.63 3.42 

Renewable Energy and Power Quality Journal 80 0.7 ↘ 2 6 7 0.33 3.44 

Energy Economics 77 0.6 ↘ 35 32 49 1.52 3.74 

Sustainable Cities and Society 76 0.6 ↗ 15 21 28 2.10 3.46 

 

The list of the most frequently cited papers is dominated by the papers that are ten or more years old 

(Table 8). The most recently published paper on the list is Connolly et al. (2014). Palensky and Dietrich 

(2011) was the most cited paper from the list and has been also cited the most on a per year basis.  

In terms of the top 20 most cited articles, five articles were published in the journal Energy Policy (Unruh 

2000; Jacobson and Delucchi 2011; Lund and Kempton 2008; Jacobsson and Lauber 2006; Jacobsson and 

Johnson 2000; Connolly et al. 2014), three articles were published in the journal Energy (Lund 2007; Lund 

and Mathiesen 2009; Lund et al. 2010), and one publication appeared in Applied Energy (Kalogirou 2000) 

and Solar Energy (Yang et al. 2007) respectively. Lund H wrote four out of 20 top publications as a first 

author (Lund 2007; Lund and Mathiesen 2009; Lund et al. 2010; Lund 2005). Mathiesen BV was involved 

in two collaborations with Lund H (Lund and Mathiesen 2009; Mathiesen et al. 2011). In this context, from 

the top institutions, Aalborg University represents four (Holm-Nielsen et al. 2009; Lund 2007; Lund and 

Mathiesen 2009; Lund et al. 2010), the Chalmers University of Technology two (Jacobsson and Lauber 

2006; Jacobsson and Johnson 2000), and the Technical University of Denmark represents one (Holm-

Nielsen et al. 2009) of the most cited publications in this field. At the same time, six of the most referenced 

articles came from the USA (Crawley et al. 2008; Jacobson and Delucchi 2011; Zhang et al. 2004; Thomson 

et al. 2011; Lund and Kempton 2008; Wang and Nehrir 2008), followed by Denmark with five (Holm-

Nielsen et al. 2009; Lund 2007; Lund and Mathiesen 2009; Lund and Kempton 2008; Lund et al. 2010). 

These results showed that the impact of specific authors, institutions and countries in the ESA research 
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field depends on more factors than productivity, as analysed above (Figure 3 and Table 3), which illustrates 

the importance of employing multiple indicators. 

Table 8: Most frequently cited articles among the scientific contributions on ESA. The articles are sorted by the number of global 

citations. At the end of the table, the six articles from the top 10 of the most locally cited articles are added, which were not 

already contained in the top 20 of the most globally cited articles. 
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Article title Global 

citations 

Global 

citations 

Local 

citations 

Publication 

year 

Journal Type of paper 

 No. Per year No.    

Demand side management: demand response, intelligent 

energy systems, and smart loads (Palensky and Dietrich 

2011) 

1,518 169 44 2011 IEEE Transactions on 

Industrial Informatics 

Review paper 

Understanding carbon lock-in (Unruh 2000) 1,191 60 66 2000 Energy Policy Position paper 

Contrasting the capabilities of building energy performance 

simulation programs (Crawley et al. 2008) 

849 71 18 2008 Building and 

Environment 

Review paper  

The future of anaerobic digestion and biogas utilisation 

(Holm-Nielsen et al. 2009) 

820 75 7 2009 Bioresource 

Technology 

Position paper 

Providing all global energy with wind, water, and solar 

power, part I: technologies, energy resources, quantities and 

areas of infrastructure, and materials (Jacobson and Delucchi 

2011) 

766 85 44 2011 Energy Policy Research/review 

paper 

Calculation of radiative fluxes from the surface to top of 

atmosphere based on ISCCP and other global data sets: 

refinements of the radiative transfer model and the input 

data (Zhang et al. 2004) 

751 47 8 2004 Journal of 

Geophysical 

Research D: 

Atmospheres 

Research paper 

RCP4.5: a pathway for stabilisation of radiative forcing by 

2100 (Thomson et al. 2011) 

693 77 10 2011 Climatic Change Research paper 

Renewable energy strategies for sustainable development 

(Lund 2007) 

680 52 71 2007 Energy Research paper 

Applications of artificial neural-networks for energy systems 

(Kalogirou 2000) 

636 32 16 2000 Applied Energy Review paper  

Energy system analysis of 100% renewable energy systems-

the case of Denmark in years 2030 and 2050 (Lund and 

Mathiesen 2009) 

626 57 65 2009 Energy Research paper 

Integration of renewable energy into the transport and 

electricity sectors through V2G (Lund and Kempton 2008)  

616 51 76 2008 Energy Policy Research paper 

Power management of a stand-alone wind/photovoltaic/fuel 

cell energy system (Wang and Nehrir 2008)  

561 47 37 2008 IEEE Transactions on 

Energy Conversion 

Research paper 

The politics and policy of energy system transformation - 

explaining the German diffusion of renewable energy 

technology (Jacobsson and Lauber 2006) 

557 40 5 2006 Energy Policy Review paper 

Energy- and greenhouse gas-based LCA of biofuel and 

bioenergy systems: key issues, ranges and recommendations 

(Cherubini et al. 2009) 

552 50 23 2009 Resources, 

Conservation and 

Recycling 

Review paper 

The diffusion of renewable energy technology: an analytical 

framework and key issues for research (Jacobsson and 

Johnson 2000) 

526 26 19 2000 Energy Policy Review paper 

The role of district heating in future renewable energy 

systems (Lund et al. 2010) 

503 50 112 2010 Energy Research paper 

A novel optimisation sizing model for hybrid solar-wind 

power generation system (Yang et al. 2007) 

481 37 69 2007 Solar Energy Research paper 

5Entropy generation in steady MHD flow due to a rotating 

porous disk in a nanofluid (Rashidi et al. 2013) 

472 67 2 2013 International Journal 

of Heat And Mass 

Transfer 

Research paper 

Towards the hydrogen economy? (Marbán and Valdés-Solís 

2007) 

460 35 1 2007 International Journal 

of Hydrogen Energy 

Position/review 

paper 

Electric, hybrid, and fuel-cell vehicles: architectures and 

modeling (Chan et al. 2010) 

452 45 1 2010 IEEE Transactions on 

Vehicular Technology 

Review paper 

The first step towards a 100% renewable energy-system for 

Ireland (Connolly et al. 2011) 

249 28 93 2011 Applied Energy Research paper 

Large-scale integration of wind power into different energy 

systems (Lund 2005) 

378 25 86 2005 Energy Research paper 

Heat Roadmap Europe: Combining district heating with heat 

savings to decarbonise the EU energy system (Connolly et al. 

2014) 

358 60 86 2014 Energy Policy Research paper 
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It can be seen in Table 8 that 11 out of 26 papers were review and/or position papers, and the first four 

of the most cited papers were all review papers (Palensky and Dietrich 2011; Unruh 2000; Crawley et al. 

2008; Holm-Nielsen et al. 2009). The most influential research papers dealt with 100% renewable energy 

systems, hybrid microgrids, distributed systems, hydrogen economy and climate modelling. No less than 

six papers in Table 8 were carried out for the case of Denmark – five of them dealing with 100% renewable 

energy systems (Lund 2007; Lund and Mathiesen 2009; Lund and Kempton 2008; Lund et al. 2010; Lund 

2005; Mathiesen et al. 2011).  

Furthermore, it is interesting to note that none of the papers entering the list dealt with fossil fuel systems 

or nuclear energy. It seems that the research papers entering the list were first movers within specific 

sub-fields, such as simulation of national 100% renewable energy systems or renewable hybrid energy 

systems. The three earliest publications from the year 2000 dealt with topics such as carbon lock-in to 

expand the debate about the energy transition (Unruh 2000), the opportunities of artificial neural 

networks (Kalogirou 2000), and the promising diffusion of competitive renewable energy technology 

while also mentioning the associated uncertainty (Jacobsson and Johnson 2000). The newest publication 

from the year 2014 demonstrated the usefulness of a large-scale renewable district heat strategy to 

reduce greenhouse gases in Europe (Connolly et al. 2014). Six of the papers dealing with 100% renewable 

energy systems were carried out in EnergyPLAN modelling (Lund 2007; Lund and Mathiesen 2009; Lund 

et al. 2010; Lund 2005; Connolly et al. 2014; Mathiesen et al. 2011), out of 26 papers considered in total. 

Two papers from the list dealt with climate modelling – more specifically with modelling of Earth's surface 

radiation (Zhang et al. 2004; Thomson et al. 2011). Lund H was a co-author of no less than eight influential 

papers (Lund 2007; Lund and Mathiesen 2009; Lund and Kempton 2008; Lund et al. 2010; Connolly et al. 

2014; Connolly et al. 2011; Lund 2005; Mathiesen et al. 2011). The list of the most influential papers 

further showed the importance of the review papers in the field, which provide a concise and clear 

overview of different topics, summarising many relevant papers from the respective subfield.  

Studies with the highest annual citation rate since 2015 can be seen in Table 9. Somewhat surprisingly, 

the papers from the more recent years were more represented, as 7 out of 10 papers were published in 

2018 and 2019 (Mengelkamp et al. 2018; Zhao et al. 2018; Zhang et al. 2004; Guan et al. 2018; Grubler et 

al. 2018; Acar and Dincer 2019; Burke and Stephens 2018). The publications are spread among many 

different journals. Three papers more tightly related to material science entered the list, which should 

have been excluded by the keyword filter (cf. Section 2). Out of the remaining seven papers, hydrogen, 

and more generally power-to-gas, are the focus of three papers, showing that the power-to-gas 

 
5 Upon the closer examination of the paper, it was concluded that the paper does not belong to the Energy system 
analysis field. However, as they were captured by the used keywords, we did not remove them in order to apply a 
consistent methodology. 

100% Renewable energy systems, climate mitigation and 

economic growth (Mathiesen et al. 2011) 

374 42 84 2011 Applied Energy Research paper 

Pre-feasibility study of stand-alone hybrid energy systems for 

applications in Newfoundland (Khan and Iqbal 2005) 

249 23 68 2005 Renewable Energy Research paper 

A MILP model for integrated plan and evaluation of 

distributed energy systems (Ren and Gao 2010) 

378 28 68 2010 Applied Energy Research paper 
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technologies came to prominence in the energy systems analysis community recently. Furthermore, five 

of the papers were review papers, confirming the importance of review papers in the quickly developing 

field. Finally, one paper described the possibility of using blockchain for community microgrids leads the 

list, clearly denoting that blockchain technology has gained momentum in the field.  

 

Table 9: Articles among the scientific contributions on energy system analysis, which have the highest annual citation rate since 

2015. The publications are ordered based on global citations per year. 

Article title Global citations Publication 

year 

Journal 

 No. Per year   

Designing microgrid energy markets: a case study: the Brooklyn microgrid 

(Mengelkamp et al. 2018) 

268 134 2018 Applied Energy 

Future cost and performance of water electrolysis: an expert elicitation study 

(Schmidt et al. 2017)  

206 69 2017 International Journal of 

Hydrogen Energy 
5 MoSe2 nanosheets perpendicularly grown on graphene with Mo-C bonding 

for sodium-ion capacitors (Zhao et al. 2018) 

126 63 2018 Nano Energy 

Power to gas: technological overview, systems analysis and economic 

assessment for a case study in Germany (Schiebahn et al. 2015) 

314 63 2015 International Journal of 

Hydrogen Energy 
5 Progress in enhancement of CO2 absorption by nanofluids: a mini review of 

mechanisms and current status (Zhang et al. 2018) 

115 58 2018 Renewable Energy 

5 Hollow Mo-doped CoP nanoarrays for efficient overall water splitting (Guan 

et al. 2018) 

113 57 2018 Nano Energy 

A low energy demand scenario for meeting the 1.5°C target and sustainable 

development goals without negative emission technologies (Grubler et al. 

2018) 

106 53 2018 Nature Energy 

Review and evaluation of hydrogen production options for better 

environment (Acar and Dincer 2019) 

53 53 2019 Journal of Cleaner Production 

How long will it take? Conceptualising the temporal dynamics of energy 

transitions (Sovacool 2016) 

209 52 2016 Energy Research and Social 

Science 

Political power and renewable energy futures: a critical review (Burke and 

Stephens 2018) 

98 49 2018 Energy Research and Social 

Science 

3.4. Keywords and themes  
The most relevant keywords in the ESA literature are presented in Figure 6. Keywords with the highest 

mean publication year were Energy transition, Multi-objective optimisation and Microgrid, while the 

keyword with the most appearances was Renewable energy. Only one keyword (Modelling) did not have 

a rising trend in its use, in line with the growing number of papers published in the field in general. 

However, this keyword was likely replaced by more specific keywords such as Optimisation, Multi-

objective optimisation, and Energy system modelling, which all had later mean publishing years. The 

importance of the Modelling keyword can be seen by the above-average mean global citations of 

publications with that keyword. The keyword with the highest mean global citations was District heating. 

A further look also revealed the importance of the ESA research field for a sustainable and decarbonised 

future system. Thereby, keywords like Renewable energy, Solar energy, Energy efficiency, Wind energy, 

Renewable energy systems, Photovoltaic, Climate change, Sustainable and Energy transition made up the 

core of the publications. 

Moreover, there were some keywords with a high number of global citations that had a low number of 

appearances. For example, energy system analysis, district heating, biomass and bioenergy keywords had 
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very high mean global citations indicators but a very low number of appearances. Those keywords are 

very broad, and thus, those could be used for review papers that appeared to be very influential (Table 

8). On the other hand, keywords like Renewable energy and Optimisation had a high number of 

appearances but a low global mean citations indicator. This shows that they also appeared in many low 

impact publications that dragged the global mean citations indicator down. Furthermore, a keyword such 

as Optimisation could also be used in articles that are tackling very specific and complex problems, which 

will often have a lower number of citations due to the specificity of the subfield.  

Furthermore, according to our clustering of the individual keywords, fundamental aspects and multi-

generation aspects were discussed extensively in the first half of the past decade. In the past few years, 

grid and methodological aspects seem to play a more important role. Thereby, various renewable aspects 

remained a focus of research throughout this whole period. Furthermore, more specific and descriptive 

keywords started appearing in the last few years as the development of the field of ESA gained 

momentum. For example, Multi-objective optimisation instead of Optimisation, Integrated energy 

systems instead of Energy systems and Hybrid renewable energy systems instead of Renewable energy 

systems were used more often. The focus on the methods but also more specific keywords can indicate 

that the results achieved so far started to be tested concerning robustness. The highest appearances, 

denoted with the largest bubbles, are associated with the keywords Optimisation, Renewable energy, and 

Energy systems. All of the latter keywords had a mean occurrence in the period 2014-2015. The keywords 

with the latest mean occurrence are Integrated energy systems, Energy transition and Demand response, 

at least two of which highlight increased attention on sector coupling and demand-side flexibility. Thus, 

the general tendency shows that as the number of keywords increased in the last years, becoming more 

descriptive, their global average citations count became smaller in absolute numbers.  
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Figure 6: 50 most relevant keywords in publications on ESA in terms of the total number of appearances in the period 2000-2019. The x-axis shows the mean year of publication 

for each keyword. The bubble size indicates the total number of appearances. The keywords are grouped according to their topic by manual classification based on the authors’ 

expert judgement. Keyword trends can be further examined in Appendix A. The mean global citations represent the global citations of the publications where the keyword is 

used averaged over the total number of publications where the keyword is used. For example, if two articles contain the keyword "District heating" among the articles that are 

analysed, one with ten and the other with 15 global citations, then this keyword would have (10+20)/2=15 mean global citations. The appearances present the number of times 

the keyword was used in publications.
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4. Discussion 

This review paper has highlighted several important findings. Firstly, there was neither correlation 

between the share of collaborative publications (the authors' institutions that do not belong to the same 

country) and the total number of publications nor with any of the h-, m- and g-indices. Two potential 

reasons can explain this. First, different co-authors having different educational backgrounds could end 

up working in the same affiliation as a result of previous collaborations. The second potential reason is 

that the policy specifics are very different from country to country, which presents a hindrance to the 

potential wider collaboration between the authors. Although most of the research on the subject focuses 

on the individual authors’ collaboration, one of the papers focusing on extramural collaboration indeed 

confirmed our finding that there is no clear correlation among the two (Abramo et al. 2009). Secondly, 

Aalborg University has four authors among the most productive ones, and they collaborated on five of 

the most cited publications. Hence, it can be seen that there is a strong attraction force among the most 

active authors and their affiliations within the field. The latter can be a good sign if it succeeds in increasing 

the exchange of ideas inside the group. On the other hand, in the long run, it can also curb the visibility of 

scientific debate to the wider community if the most prominent scientific questions are debated within 

certain affiliations.  

At the same time, very well-known publications do not appear in the most frequently cited list despite 

their importance in the ESA field. For example, due to a lack of transparency in modelling exercises, the 

ESA field has attracted a lot of criticism (Strachan et al. 2016; DeCarolis et al. 2017), and there have been 

increasing calls to make study assumptions, data sources, and applied models more transparent or even 

publicly available (Pfenninger et al. 2018; Pfenninger 2017). A review of 37 tools in collaboration with the 

tool developers have been conducted by Connolly et al. (2010), and existing open-source models are 

outlined by Groissböck (2019). An innovative component-oriented open-source framework for 

optimisation of energy systems design and operation is presented by Langiu et al. (2021). Further insights 

into national and international policy models, including future challenges, are demonstrated by 

Pfenninger et al. (2014). While the concept of multi-energy systems or cross-energy systems at different 

scales is explained in detail by Mancarella (2014), analyses regarding the integration of different sectors 

into the existing electricity sector are calculated, among others by Lund (2006) and Münster et al. (2012). 

In addition, this paper presented the resulting trends regarding countries, institutions, authors, journals 

and keywords. As the most recent dynamics are expected to persist in the near future, one can estimate 

dominant groups, locations and topics in the field. First, China has by far the highest slope of the number 

of publications, showing its importance for the field in the future. Second, all the most productive 

universities show an increasing trend in the number of publications, at least from 2015. The first three 

institutions with the highest slope are North China Electric Power University, Ministry of Education China 

and the Technical University of Denmark (in that order). All three of them find their way to the list of the 

most productive institutions, although none of them topped the list. Third, trends regarding the most 

productive authors show mixed results, as 8 out of 20 authors that entered the list show a declining trend 

in the number of publications. Fourth, there are three journals with a significantly steeper growing trend 

than the others: energies, Applied Energy and Energy (in that order). Especially the journal energies is 

dominating the rising trend, which confirms the rising trend in open-access publishing, as the energies 

journal is completely open-access. The ranking in Table 7 is broadly aligned with the ranking of these 



29 
 

journals in terms of scientific quality. Some exceptions could be noted, namely energies from MDPI has 

very aggressive marketing and quite mixed peer review quality. It is probably fair to say that this journal, 

whilst receiving a lot of attention of eminent researchers in this field, has not yet achieved the standing 

that its ranking in this table would suggest. Energy Economics, on the other hand, is a very high quality 

journal with a rigorous peer review in the energy economics field, which is probably under-graded within 

this table. Fifth, the keywords Renewable Energy, Optimization and Solar Energy (in that order) showed 

the strongest upward trend in the field. On the other hand, only one keyword from the list had a declining 

trend, Modelling. Moreover, none of the keywords that could be associated with fossil fuels managed to 

enter the list of the 20 most frequent keywords, confirming the tendency of the field to put more emphasis 

on the research of renewable energy systems. 

While this paper presents a far more comprehensive and deeper assessment of existing peer-reviewed 

papers with a focus on energy system analysis and modelling, there are existing bibliometric analyses that 

have covered some parts of the work carried out in this paper. In a quite broad analysis of energy-related 

papers from the year 2014 to 2017 of all fields without focusing on peer-reviewed publications, Angulo-

Cuentas and Mongua (2018) point out that China, the USA, India, United Kingdom, and Germany are the 

countries with the most publications in the corresponding field. Despite the minor differences in the 

ranking (Figure 3), this finding was confirmed in this paper, where it was shown that the USA, China, the 

UK, Germany and India (in that order) are the most productive countries. The same or nearly the same 

countries in slightly different order also lead the ranking in more specific bibliometric analyses with a focus 

on peer-reviewed journal articles such as Weinand (2020a) on municipal energy system planning (China, 

USA, Germany, UK, Canada), Akbari et al. (2020) on sustainable technology research (USA, China, UK, 

India, Germany), and Zhou et al. (2018) on energy security (USA, China, UK, India, Germany). In contrast, 

the bibliometric analysis by Janik et al. (2020) on sustainable city landscapes lists Italy and Spain as the 

countries with the highest number of total publications. In this paper, Italy and Spain were placed 6th and 

9th in the list of the most productive countries. This discrepancy shows that some countries were more 

productive in specific subfields of the ESA field, while they were less productive in the ESA field in general.  

Furthermore, the study by Janik et al. (2020) concludes that the USA and the UK are the countries with 

the strongest collaboration. Since this paper showed that authors from one country mostly work with 

authors from the same country, this seems to be contrary to our results. Regarding the origin of the most 

important institutions, Angulo-Cuentas and Mongua (2018) have found that they come from China and 

Denmark, a finding that was confirmed in this paper. Furthermore, according to Angulo-Cuentas and 

Mongua (2018), the Journal of Power Sources and the Journal of Cleaner Production are the most 

productive journals in the respective fields. The latter is also at the top in the case of Akbari et al. (2020). 

In this paper, the Journal of Cleaner Production was ranked 8th in the list of the most productive journals 

(Table 7). Nevertheless, most of the productive journals listed in this paper, such as Energy, Applied 

Energy, Energy Policy, Energies, and Renewable Energy, are also in the front ranks of further bibliometric 

analyses. This is especially true for the analyses of Weinand (2020a), who also states that the top journals 

(Energy, Applied Energy, Energy Policy, Energies, Renewable Energy) have published 37% of the retrieved 

articles. The ranking of Zhou et al. (2018) covers similar journals but concludes that Energy Policy is the 

most important journal. In contrast, the ranking of Akbari et al. (2020) lists a quite different top 5 to our 

presented results: Journal of Cleaner Production, Abstracts of papers of the American Chemical Society, 
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Sustainability, Energy Policy, Clean Technologies and Environmental Policy Production. Additionally, the 

presented keywords and topics differ widely. This can be attributed to the different focus of the 

bibliometric analyses. While Weinand (2020a) states that the major focus of the publications is on 

renewable energies and optimisation, according to him, the top keywords are energy fuels, 

thermodynamics, environmental sciences, and green technologies. Moreover, Janik et al. (2020) 

presented the core topics with smart cities, sustainable cities, sustainable development, ICT, big data 

analytics, and urban sustainability, as well as Akbari et al. (2020), revealed five topic clusters with the 

competitive advantage of environmental innovation, development of sustainable technologies, 

environmental policy tools, undesirable output solutions, innovative environmental activities. 

Based on the above discussion, we now offer some reflection on the broader implications of our findings. 

Indeed, many of the results are as might be expected, with larger countries having the highest absolute 

output, the dynamics in the publications reflecting strong growth in China, and the trend in the themes 

towards more energy system integration topics (Figure 6), for example. But the results showing limited 

collaboration were certainly not expected and suggest a need for more intensive, especially international 

efforts to improve this. The benefits of wider and more intensive collaboration are clear in the ESA field, 

where research typically involves multiple disciplines such as engineering, economics and environmental 

science. Also the development and application of diverse energy system models represents a strong 

argument for more intensive collaboration, as has been embraced by the “open” modelling communities 

in recent years. Examples include several platforms and projects for sharing models and data in a co-

creative sort of workspace. If interest and usage of these shared resources continues to grow strongly, 

the knock-on effect should be more intensive international collaboration. But so far the international 

dimension of this collaboration seems to face barriers, which may relate to lacking funding possibilities, 

inadequate networks, or simply the tendency to “stick with what you know” (in the form of local 

collaborators). The second less obvious result is the dominance of the Nordic countries within the results. 

Arguably this is related to the energy culture and policies in these countries, especially in Denmark, which 

has gained a reputation as a sustainable energy pioneer. The implication is that much of the ESA literature 

has strong elements of District Heating, wind energy and waste-to-energy, which are all strong 

components of the Danish energy system. But for regions with radically different climates this may be a 

disadvantage when it comes to the application. Clearly there is no generic approach to ESA or sustainable 

energy systems, meaning that research needs to be tailored to local specifics, which is not necessarily 

guaranteed with a dominance from a few authors, institutions and/or countries.  A third implication of 

the results is the need to embrace social sciences within the field of ESA, in order to better account for 

non-technical dimensions of energy transition. As mentioned in the introduction, subfields such as socio-

technical energy transition are already devoted to this endeavor. But the results presented here do not 

reveal any strong trend in this direction, which is indubitably necessary if ESA is to develop fit for purpose 

decision support tools and methods.    

Several limitations arose in this study. First, the analysis of keywords did not include a check of the 

relevance of each paper itself due to the very high number of publications involved in the analysis5. 

Consequently, some of the papers entering the analysis were not always relevant to the field. Second, 

regarding the analysis of authors and institutions, one author could have changed affiliation one or several 

times throughout her career. In that case, all the publications were attributed to the first affiliation of an 
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author having several affiliation changes. Third, some smaller countries having high indicators per capita 

could have been left out of the lists, as the lists themselves were based on the absolute numbers and then 

expressing other indicators that were presented in relative numbers. Fourth, although our Scopus search 

focused only on the papers classified as articles and not including review papers, Table 8 reveals that many 

of the papers that passed through the Scopus filter were review papers. Hence, it can be concluded that 

the total number of 12,182 articles included in this analysis also included some of the research papers. 

Fifth, this level of analysis involving a combination of bibliometric and manual analysis remains by 

definition at quite a high level. Whilst we were able to explore broad keywords, for example, it was not 

feasible to delve into the details of the individual models and methodologies. What the study loses in-

depth, however, it makes up for in breadth. 

 

5. Summary and conclusions 

A comprehensive bibliometric analysis on ESA was carried out in this paper for the first time, by employing 

different algorithms in Matlab and R. The focus of the results was on quantitative indicators relating to 

the number and type of publication outputs. Furthermore, collaboration links between institutions, 

authors and countries were established, as well as dynamic trends within the field.  

The field of ESA has experienced exponential growth in the number of publications since at least the year 

2000. The five most productive countries have 50% of the publications on ESA (representing only 25% of 

the world population), while the twelve most productive countries have more than 80% of the 

publications. The dominant institutions are even more concentrated within a small number of countries. 

A significant concentration of published papers within countries and institutions was also confirmed by 

the analysis of collaboration networks. The collaboration networks of both institutions and authors show 

that they dominantly collaborate within the same university, as well as within the same country. There is 

also is a strong link among the most successful journals, authors and institutions. The Energy journal has 

had the most publications in the field, and its editor-in-chief Lund H is the author with most of the 

publications in the field, as well as the author with most of the highly cited publications in the field. In 

terms of the dynamics within the field in the past decade, recent years have seen more focus on topics 

related to flexibility and hybrid/integrated energy systems alongside a decline in individual technologies.  

The advantage of the approach in terms of a wide scope is also its disadvantage in terms of depth. On the 

one hand, it was possible to identify broad themes and publication trends in the ESA field during the past 

few decades. On the other hand, it was not feasible to explore specific methods and models in order to 

have a more critical analysis of the research content. This is an inherent limitation of such bibliometric 

approaches, which tend to focus more on outputs themselves rather than their content.  

Nevertheless, by taking stock in this way, the study still has several implications for the field. It provides a 

holistic overview of two decades' research output and enables interested readers to obtain a 

comprehensive overview of the key trends in the field. It could also provide a solid foundation for 

interested scholars to expand their collaboration networks in order to involve a more diverse group of 

collaborators, potentially increasing the relevance of analyses in the field. Finally, the results presented in 
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this study can support researchers new to the field in a deeper understanding of trends and key authors 

(researchers, institutions, countries) internationally. 
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Appendix A 

Table A1: The 25 most relevant keywords in publications on ESA are divided into categories. The percentage of values refer to a 

total of 12,182 publications.  

Keywords Appearances Trend Mean year Mean global citations 

 No. %    

Renewable energy 828 6.8 ↑ 2015.1 24.0 

Optimization 547 4.5 ↑ 2014.6 25.1 

Energy systems 480 3.9 ↗ 2013.9 20.5 

Solar energy 286 2.3 ↗ 2015.2 17.9 

Energy 274 2.2 ↗ 2012.9 25.4 

Energy efficiency 271 2.2 ↗ 2014.6 25.7 

Wind energy 260 2.1 ↗ 2014.3 21.4 

Renewable energy systems 253 2.1 ↗ 2014.8 31.2 

Hybrid energy system 245 2.0 ↗ 2015.4 26.1 

Photovoltaic 239 2.0 ↗ 2014.8 24.8 

Energy storage 222 1.8 ↗ 2015.9 27.3 

Climate change 203 1.7 ↗ 2014.2 29.0 

Energy system modelling 194 1.6 ↗ 2015.8 18.7 

Fuel cell 193 1.6 ↗ 2013.3 30.0 

Hydrogen 188 1.5 ↗ 2013.3 33.1 

Smart grids 188 1.5 ↗ 2016.0 30.3 

Sustainability 176 1.4 ↗ 2014.8 19.3 

Exergy 173 1.4 ↗ 2013.6 27.7 

Microgrid 168 1.4 ↗ 2016.7 19.8 

Modelling 161 1.3 ↓ 2013.5 30.3 

Energy policy 159 1.3 ↗ 2014.5 18.6 

District heating 156 1.3 ↗ 2014.4 36.1 

Multi-objective optimization 154 1.3 ↗ 2016.3 24.2 

Energy transition 152 1.2 ↗ 2017.2 16.6 

Life cycle assessment 149 1.2 ↗ 2015.0 24.0 

 

The matrix of correlations between different keywords can be seen in Figure A1. The most correlated 

keyword pairs are Exergy-Energy, Optimisation-Renewable energy, Wind energy-Solar energy, Energy 

storage-Renewable energy, and Energy systems-Optimization. In this context, keywords with a joint 

appearance of over 30 can be seen as important. Due to the high correlations in terms of four pairs, the 
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keyword Renewable energy plays a particularly important role in the analysed body of ESA literature. This 

underlines once again the importance of ESA in tackling future transformative challenges.  

 

Figure A1: Correlation matrix of the 25 most relevant keywords in the research field of ESA. The numbers indicate how often the 

keywords appear together in publications. The darker the fields in the matrix are coloured green, the more often these keywords 

appear together. 
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