Technological forecasting related to the energy sector: a scientometric overview 
Alexey V. Mikheev
Melentiev Energy Systems Institute of Siberian Branch of the Russian Academy of Sciences, 
130, Lermontov str., 664033
Irkutsk, Russia
E-mail: avmiheev@gmail.com 

Abstract
Scientometric review of trends and key points of technological forecasting related to the energy sector is carried out in this study. Using co-keyword, co-citation techniques to analyze a set of research and review articles indexed in the Scopus database, clustered networks were built to understand content relationships and research topic evolution within the 2000-2019 period. This study provides an overview of future-oriented research efforts and trends in the energy technology knowledge domain.
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Introduction
Technology forecasting is usually determined as decisive and systematic attempts to anticipate and understand the potential direction, rate, characteristics, and effects of technological changes, especially invention, innovation, adoption, and use [1]. In [2] the group of experts systematizes methods and forms of technology forecasting within a future-oriented technology analysis framework. They distinguish several overlapping forms of technology forecasting such as:
· technology monitoring, watch, alerts (gathering and interpreting information);
· competitive intelligence (converting that information into usable intelligence);
· technology forecasting (anticipating the direction and pace of changes);
· technology roadmapping (relating anticipated advances in technologies and products to generate plans);
· technology assessment (anticipating the unintended, indirect, and delayed effects of technological changes);
· technology foresight (effecting development strategy, often involving participatory mechanisms).
In recent decades, the works [3] and [4] review the families of technology forecasting methods, its relationships, and applications. Nevertheless, there are no general overviews of technology forecasting evolution applied to the energy sector. This research tries to investigate the impact of energy technology forecasting in the scientific literature.
The energy technology forecasting concept is not always used to imagine prospects and the coming advances in the energy area. Many works anticipating future energy technologies use “technological change” or widely discussed “energy transition” toward sustainable development by transitioning from fossil-based to zero-carbon energy resources [5]. So these concepts should be additionally involved in the consideration.
The main goals of this study:
· summarizing the recent existing research efforts on energy technology forecasting;
· helping to systematically understand the co-citation documents, term clusters, and keywords clusters, as well as the knowledge pattern of energy technology forecasting;
· quantitative estimation of the status quo and development trend of energy technology forecasting;
· visualization of the research landscape of technology forecasting in the energy area.
Methodology, data, and tools
The methodology of the study is a scientometric analysis joint with supporting visualization to provide an in-depth understanding of the research structure and trending topics in energy technology forecasting. The scientometric analysis is a well-established technique to construct a knowledge map of the specific area over a large massive dataset of scientific literature. An example of a scientometric review of global research on sustainability and sustainable development can be found in [6]. General workflow of scientometric analysis includes several sequential steps:
1. Publications data retrieval related to a specific problem or knowledge area.
2. Data cleaning manually or automatically to remove irrelevant publications.
3. Scientometric quantitative analysis applying various metrics like betweenness centrality, burst strengths to construct different co-occurrence networks. The network examples are co-authorship network, co-word network, co-terms network, co-citations network, and others. Further cluster analysis over the constructed networks is also a part of the scientometric approach.[image: ]
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Fig. 1. The number of articles on energy technology forecasting in the Scopus database: (a) during period 2000–2019, (b) country distribution, (c) most productive journals.

4. Knowledge domain visualization and in-depth analysis to obtain status-quo of research, discover emerging trends, hidden interrelations, and other valuable outputs.
In the study, the Scopus database was selected as the most comprehensive and easy-to-use data source. A search in the database was carried out using the base word “energy” and a specific set of additional words related to concepts of future-oriented technology analysis. The last concept has fuzzy semantics and includes such terms as “technology forecasting”, “technology foresight”, “technology monitoring”, “technology roadmapping”, “technology trend”, “technology assessment”, “technology change”, “technology transition” and so on. Symbol “*” is inserted instead of the end of some words to satisfy a fuzzy search. The publications with the language “English” and document type as “Article”, “Review” from reviewed and trusted journals were selected. We consider the period 2000–2019 when the rapid growth of publications in the Scopus database is observed.
The final query text inserted in the bar of “Advanced search” of the Scopus search engine is presented below.
TITLE-ABS-KEY ( energy  AND  ( "technol* forecast*"  OR  "forecast* technol*"  OR  "technol* trend*"  OR  "technol* monitoring"  OR  "technol* chang*"  OR  "technol* transit*"  OR  "technol* transform*"  OR  "emerging energy technol*"  OR  "technol* assess*"  OR  "technol* roadmap*"  OR  ( technolog*  AND  "future prospect*" ) ) )  AND  (LIMIT-TO ( DOCTYPE ,  "ar" )  OR  LIMIT-TO ( DOCTYPE ,  "re" ))  AND  (LIMIT-TO ( LANGUAGE ,  "English" ) )
To avoid including irrelevant documents, for example from medical science, the search results were filtered to remove the subject areas far from “Energy” like “Medicine”, “Nursery”, “Computer Science”, “Arts and Humanities”, etc. On the other hand, since the “energy” is a multidisciplinary topic, such subject categories as “Engineering”, “Chemistry”, “Environmental Science”, “Social Science”, “Material Science” and so on also remain under consideration.
The search with this query gives 3448 articles. Fig. 1 presents the document statistics by years, countries, and sources provided by the standard Scopus tool.
To investigate semantic content, key topics, and its corresponding interrelations the two scientometric techniques were used in this study, namely, co-citation analysis and co-term (keyword) analysis. 
In this paper, two software tools are used for scientometric analysis. First, VOSviewer software pays special attention to displaying large bibliometric maps in an easy-to-interpret way [7]. Another one is CiteSpace, which is a very powerful and extremely featured application for analyzing and visualizing co-citation scientific networks [8]. The application developed by Chaomei Chen has rich possibilities to identify the emerging trends and general points in a specific domain.
Results of scientometric analysis
Initially, the co-occurrence network based on the article’s keywords was generated with VOSviewer. General terms like “article”, “review”, “technology” were excluded from the keywords list summarized from all articles. The visualization of the clustered network graph is shown in Fig. 2. 
[bookmark: _GoBack]Fig. 2. Colored clusters of keywords co-occurrence network generated using VOSviewer software.

Several colored clusters found over the keywords network reflect the main research topics of two recent decades. Technological change implies the advancement of renewable energy resources such as wind energy and solar energy (mixed violet and blue clusters). The red cluster contains another class of renewable energy technologies based on biomass. The bioenergy cluster is linked to renewable solar and wind technologies through hydrogen technologies including fuel cells. The green cluster presents energy policy issues including planning and market development for renewable energy sources on the one hand. On the other hand, climate change and emission control issues are directly related to environmental protection and carbon dioxide emissions topics located in the yellow cluster. Such general terms as energy efficiency, energy conversion, energy consumption, performance assessment, electric power system development, and other issues remain important research topics. 
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Fig. 3. Co-citation network from publications of Scopus database over period of 2000-2019 years.
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Fig. 4. Top 47 papers with strongest citation bursts. Most intensive citation period is selected by red color.

Generating a co-citation network using CiteSpace software with default parameters is the next step of the analysis. For the correct construction of the co-citation network, the publications of the years preceding 2000 were also included to take into account previous research impact. Co-citation network in Fig. 3 presents an evolution of technology forecasting research from 2000 to 2019 years. It’s observed that the presented co-citation graph becomes sparser during the last decade 2010-2020.
The list of top 47 papers having the strongest citation burst is shown in Fig. 4. These papers are sorted by start year of burst to show the dynamics of the most “hot” topics and documents along with the considered period. In the early and middle 2000s, the learning rates of energy technologies to assess forthcoming technological changes were the most important subject of interest for researchers. A highly cited research study [9] by Alan McDonald and Leo Schrattenholzer considers assembled data on cost reductions for many energy technologies to estimate learning rates. During the 2010s the sustainable technological transition to renewable energy sources receives special attention as an important issue of energy policy.
Conclusions
A preliminary scientometric overview was carried out for the research domain of energy technological forecasting. General trends of technology forecasting in the energy sector were quantitatively estimated and visualized. The findings show the research spectrum from environmental policy issues like climate change and emission control to a set of alternative energy technologies including solar, wind, biomass, and hydrogen technologies. However, to discover non-evident topics and relationships the more deep analysis is needed together with further comprehensive critical review similar to the methodology used in [10]. This analysis can also be improved on the base of the iterative procedure using preliminary prepared hierarchical concept maps or applied ontologies of energy technologies and forecasting methods.
Acknowledgments
The research is funded by the Russian Foundation for Basic Research (project No. 20-07-00994).

References
V. Coates, M. Faroque, R. Klavins et al. On the future of technological forecasting. Technol. Forecast. Soc. Change, 67 (1), 2001. pp. 1 – 17.	
https://doi.org/10.1016/S0040-1625(00)00122-0
Technology Futures Analysis Methods Working Group, Technology Futures Analysis: Toward Integration of the Field and New Methods, Technological Forecasting and Social Change, Vol. 71, 2004. pp. 287-303. 
Firat, A.K., Woon, W.L., Madnick, S. Technological Forecasting – A Review, Working Paper, Massachusetts Institute of Technology, Report, USA, 2008.
Haleem, A., Mannan, B., Luthra, S., Kumar, S. and Khurana, S. Technology forecasting (TF) and technology assessment (TA) methodologies: a conceptual review, Benchmarking: An International Journal, Vol. 26 No. 1, 2019, pp. 48-72. https://doi.org/10.1108/BIJ-04-2018-0090 
Grübler, A., Nakićenović, N., & Victor, D. G. Dynamics of energy technologies and global change. Energy Policy, 27(5), 1999. pp. 247–280.	 https://doi.org/10.1016/S0301-4215(98)00067-6 
Olawumi, T. O., & Chan, D. W. M. A scientometric review of global research on sustainability and sustainable development. Journal of Cleaner Production, 183, 2018. Pp. 231–250. https://doi.org/10.1016/J.JCLEPRO.2018.02.162
Van Eck, N. J., & Waltman, L. Software survey: VOSviewer, a computer program for bibliometric mapping. Scientometrics, 84(2), 2010. 523–538.	
https://doi.org/10.1007/s11192-009-0146-3 
Chen, C., Song, M. Visualizing a field of research: A methodology of systematic scientometric reviews. PLoS ONE, 14(10), 2019.  		
https://doi.org/10.1371/journal.pone.0223994 
McDonald, A., & Schrattenholzer, L. Learning rates for energy technologies. Energy Policy, 29(4), 2001. pp. 255–261. https://doi.org/10.1016/S0301-4215(00)00122-1 
Zhong, B., Wu, H., Li, H., Sepasgozar, S., Luo, H., & He, L. (2019). A scientometric analysis and critical review of construction related ontology research. Automation in Construction, 101, 2019. pp. 17–31.	 https://doi.org/10.1016/J.AUTCON.2018.12.013 

image2.png
Documents by country or territory Scopus

Compare the document counts for up to 15 countries/territories.

United States
china

United Kingdom
Germany

Netherlands

Japan
ttaly
India
Spain
Australia
0 100 200 300 400 500 600 700 800 900
Documents

Copyright © 2020 Elsevier B.V. All rights reserved. Scopus® is a registered trademark of Elsevier B.V.




image3.png
Documents per year by source Scopus

Compare the document counts for up to 10 sources.Compare sources and view CiteScore, SJR, and SNIP data

Documents

0
0
40
20
o

S D P P P P P

P O & PP PP

I A I U S

Year
“-Energy  ==Applied Energy 8- Renewable And Sustainable Energy Reviews - Renewable Energy

< Energy Policy

Copyright © 2020 Elsevier B.V. All rights reserved. Scopus® is a registered trademark of Elsevier B.V.




image10.png
Documents by year

Documents

450

400

350

300

250

200

150

100

50

2000 2002 2004 2006 2008 2010 2012 2014 2016

Year
Copyright © 2020 Elsevier B.V. All rights reserved. Scopus® is a registered trademark of Elsevier B.V.

Scopus

2018

2020




image20.png
Documents by country or territory Scopus

Compare the document counts for up to 15 countries/territories.

United States
china

United Kingdom
Germany

Netherlands

Japan
ttaly
India
Spain
Australia
0 100 200 300 400 500 600 700 800 900
Documents

Copyright © 2020 Elsevier B.V. All rights reserved. Scopus® is a registered trademark of Elsevier B.V.




image30.png
Documents per year by source Scopus

Compare the document counts for up to 10 sources.Compare sources and view CiteScore, SJR, and SNIP data

Documents

0
0
40
20
o

S D P P P P P

P O & PP PP

I A I U S

Year
“-Energy  ==Applied Energy 8- Renewable And Sustainable Energy Reviews - Renewable Energy

< Energy Policy

Copyright © 2020 Elsevier B.V. All rights reserved. Scopus® is a registered trademark of Elsevier B.V.




image4.png
phase change materials

electric loadidispatching
heat(storage)
solar.atlng % °
o . ® oIar callectors
electric er.y storage P ¢
micro grid [} A .h . I
= O.‘IC cells .
ontario canada] Y heatJ)ur. systems ) P A @ silicon selar cells
solappvs @ ° /) °

replacement

residential en rgy
o~ smaftgridy, %

crystallineamaterials

. / X low temperature

H vi semicenductors

[ ]
power markets Q ?da 0 ' N > A ) . sol.ells dye-sensitized solar cells
electric pow.ra%smi ion At ¢ [ ) °@ ° fabrieion
¥ ' / /. Y lithium- |.batter?es IOSQ ©
i i Qs [ ] etamons'tr nsitiom metals
renewable generation office bwildi | . ® ® @
° %o all

rurawletrification SOV effect b4 angdes ® Erapbene i

° fm © )
Sessment [ ] PY (abonnonotubes

[ ] ele ySiS ° e\ectromta\ysws

electricity prices electric

.ele&r.ir‘is
ele.de

elegn‘mlstry

ysi
@ abs.tlon &S‘tl‘ sodlunr.hlorldo
osr.zsls regenerative fuel cells
ion @ ° P0.1er o

° ]
Y
power generation teghnology
. renewablgelectrici

subsidgisystem leaffing © light @ium _ion exghange ®
o T
tgchnolo.diffusion .‘qen‘bra;. o8y ©
ethan nic liguid reactlo.unetles b
° engineerir.edu‘aw .alur.mm . 8 . C(‘G_\I‘ ca'SIS . miggobia) fuel Eell
o energ.a'cee vnro ental congitions ‘
empiricglianalysis i ' N re‘ry. ® @ater F‘ffatlon. @ °
° - { echnologyjtra y ! o 2 . ‘ea ater " eadhing, ® oier Pt
ene it icture A% P pa.er.wat PRY \wat HW ° er polltap
continuum damage mechanics ® decarb 4 . . - ol [ ) Qr.m? (] badgria @
° reboul‘ effe,

price d

structural change

a S = ) Y & - z ronn‘talfac&)r qw.‘ i ob.actlvl
ami 3 afric G N Sr v
Ve hoio New o g ot

climatology ‘ @ @ )
learningsby-doing (] % i \
° co2 effiissions _energy m se&e
endogenous techlinological chang ta).on X 6 OS (,
[ ]
spillover effegt pollcy.|aly5|’ ‘ .wast mp.&t removal
induced imnovation pOIIL.n tax . .I.DS‘ % S|&b
Y /hi @ nutrienteremoval
kyoto potocol Gelasticity , A ® fe.'n n

emissions trading

° ® . postinge @
o e gas mitigation N oil sha oIIut. - \ - ’nairob‘gestlob [ .
em|55|or.d‘t|on ® .autc.)t‘e Pra.ort . & POty v bioréhne® © @ ’ o Yorenstormation

© ® ® wlp al en.ne
climate chamge policies @ . g puip
. b policy .aroach g%ba.wa&e ¢ sq’% ec.gy energy production b bohyd t
technolagy policy © par‘tlculat’m|§|or, [ ] . [ ] . . [ Io‘nol carbohydrate
computable general equilibriun, ©  gassupply . . crude .ro&urz CI.S blor‘r‘.hane o 0 bBr“S production
° ghg .ssmn “ road t.EPOR (] o [ ] crop r.swdue anl.alla [
climate change policy ar.ise . CI.S
& VOSviewer © cements’ land use change city .

energycrops




image5.png
N

SIS

VALY A
%/\A«
\ ;,
|

P

b

./4

opp
uonanno

P
Buon:

M
I WY
@





image6.png




image7.png
References
Messner S, 1997, Endogenised technological learning in an energy systems .., V7, P291-313

Griibler A, 1998, Technology and Global Change @ . V0. PO

Nakicenovic N, 1998, Global Energy Perspectives @ , V0, PO

McDonald A, 2001, Learning rates for energy technologies @ ENERGY POLICY .., V29, P255-261
Goulder LH, 2000, Optimal CO2 abatement in the presence of induced technological .., V39, P1-38
‘Goulder LH, 1099, Induced technological change and the attractiveness ., V21, P211-253

Mattsson N, 1997, Assessing new energy technologies using an energy system .. V21, P3§5-303

Newell RG, 1999, The induced innovation hypothesis and energy-saving ... V114, P941-975

Argote L, 1990, Leaming curves in manufacturing @ SCIENCE, V247, P920-924

‘Grubb M, 2002, Induced technical change in energy and environmental ., V27, P271-308

Popp D, 2001, The effect of new technology on energy consumption ..., V23, P215-239

Tacobsson S, 2000, The diffusion of renewable energy technology, V28, P625-640

Kemp R, 1998, Regime shifts to sustainability through processes of ., V10, P175-195

Nordhaus WD, 1994, Managing the Global Commons, V0, PO

Gerlagh R, 2003, Gross world product and consumption in a global warming .., V25, P35-57

Popp D, 2002, Induced innovation and energy prices @ AMERICAN ECONOMIC ... V92, P160-180
Popp D, 2004, ENTICE, V48, P742-768

Buonanno P, 2003, Endogenous induced technical change and the costs of ., V25, P11-34

Acemogly D, 2002, Directed technical change @ REVIEW OF ECONOMIC STUDIES ..., V69, P781-800
Rip A, 1998, Technological change @ HUMAN CHOICE AND CLIMATE CHANGE .., V2, P0
Stem N, 2007, The Economics of Climate Change, V0, PO

Markard J, 2008, Technological innovation systems and the multi-level ... V37, P596-615

De Piante Henriksen A, 1997, A technology assessment primer for management of technology
Fare R, 1994, Productivity growth, technical progress, and . V84, P66-83

Kern F, 2008, Restructuring energy systems for sustainability?, V36, P4093-4103

Griibler A, 1999, Dynamics of energy technologies and global change @ ... V27, P247-280
Ferioli F, 2009, Use and limitations of learning curves for energy technology ... V37, P252:
Nemet GF, 2006, Beyond the leaming curve, V34, P3218-3232

Tohnstone N, 2010, Renewable energy policies and technological innovation
Chung YH, 1997, Productivity and undesirable outputs, V51, P220-240
Fischer C, 2008, Environmental and technology policies for climate mitigation ... V55, P142-162
Wistenhagen R, 2007, Social acceptance of renewable energy innovation, V35, P2683-2601
Markard J, 2012, Sustainability transitions, V41, P55-067

Acemoglu D, 2012, The environment and directed technical change @ AM ..., V102, P131-166
Kriegler E, 2014, The role of technology for achieving climate policy .., V123, P353-367

Geels FW, 2011, The multi-level perspective on sustainability transitions .., V1, P24-40
Jacobson MZ, 2011, Providing all global energy with wind, water, ., V39, P1154-1160
Tacobsson S, 2006, The politics and policy of energy system transformation ..., V34, P256-276
Peters M, 2012, The impact of technology-push and demand-pul policies .., V41, P1296-1308
Su'B, 2012, Structural decomposition analysis applied to energy . V34, P177-188

Turnheim B, 2013, The destabilisation of existing regimes, V42, P1749-1767

Chu'S, 2012, Opportunities and challenges for  sustainable energy ... V488, P204-303

Kivimaa P, 2016, Creative destruction or mere niche support?, V43, P205-217

Luo X, 2015, Overview of current development in electrical energy ., V137, P511-536

Ang BW, 2004, Decomposition analysis for policymaking in energy, V32, P1131-1130

Nykvist B, 2015, Rapidly falling costs of battery packs for electric .., V5, P320-332

Rubin ES, 2015, A review of leaming rates for electricity supply technologies . V86, P198-218

. V45, P133-155

‘Year Strength Begin End

1997
1998
1998
2001
2000
1999
1997
1999
1990
2002
2001
2000
1998
1994
2003
2002
2004
2003
2002
1998
2007
2008

V13, P615-638 1097

1994
2008
1999
2009
2006
2010
1997
2008
2007
2012
2012
2014
2011
2011
2006
2012
2012
2013
2012
2016
2015
2004
2015
2015

5.18432000
7.6396 2000
345112000
850722002
552282002
417152003
3.19342003
3.6380 2004
449552004
357162004
3.58562004
3.93122005
3.93122005
3.15542005
5.15022005
833082005
7.6643 2005
8.7436 2005
3.19122006
4.00372007
342012008
352562009
359302011
403412011

33022012
367052012
322012012
347272012
637472013
510622013
480622014
377442014
5.00542014
326812014
344362015
390792016
3.82052016
536552016
327312016
405552017
317372007
370452017
317372007
438392017
370452017

6.0812018
555802018

2004
2007
2004
2012
2008
2009
2004
2008
2007
2008
2006
2010
2010
2006
2008
2010
2009
2008
2010
2010
2011
2010
2012
2014
2014
2014
2013
2018
2017
2016
2018
2020
2017
2020
2017
2020
2017
2018
2017
2020
2018
2018
2018
2020
2018
2020
2020

2000 - 2020




image50.png
N

SIS

VALY A
%/\A«
\ ;,
|

P

b

./4

opp
uonanno

P
Buon:

M
I WY
@





image60.png




image70.png
References
Messner S, 1997, Endogenised technological learning in an energy systems .., V7, P291-313

Griibler A, 1998, Technology and Global Change @ . V0. PO

Nakicenovic N, 1998, Global Energy Perspectives @ , V0, PO

McDonald A, 2001, Learning rates for energy technologies @ ENERGY POLICY .., V29, P255-261
Goulder LH, 2000, Optimal CO2 abatement in the presence of induced technological .., V39, P1-38
‘Goulder LH, 1099, Induced technological change and the attractiveness ., V21, P211-253

Mattsson N, 1997, Assessing new energy technologies using an energy system .. V21, P3§5-303

Newell RG, 1999, The induced innovation hypothesis and energy-saving ... V114, P941-975

Argote L, 1990, Leaming curves in manufacturing @ SCIENCE, V247, P920-924

‘Grubb M, 2002, Induced technical change in energy and environmental ., V27, P271-308

Popp D, 2001, The effect of new technology on energy consumption ..., V23, P215-239

Tacobsson S, 2000, The diffusion of renewable energy technology, V28, P625-640

Kemp R, 1998, Regime shifts to sustainability through processes of ., V10, P175-195

Nordhaus WD, 1994, Managing the Global Commons, V0, PO

Gerlagh R, 2003, Gross world product and consumption in a global warming .., V25, P35-57

Popp D, 2002, Induced innovation and energy prices @ AMERICAN ECONOMIC ... V92, P160-180
Popp D, 2004, ENTICE, V48, P742-768

Buonanno P, 2003, Endogenous induced technical change and the costs of ., V25, P11-34

Acemogly D, 2002, Directed technical change @ REVIEW OF ECONOMIC STUDIES ..., V69, P781-800
Rip A, 1998, Technological change @ HUMAN CHOICE AND CLIMATE CHANGE .., V2, P0
Stem N, 2007, The Economics of Climate Change, V0, PO

Markard J, 2008, Technological innovation systems and the multi-level ... V37, P596-615

De Piante Henriksen A, 1997, A technology assessment primer for management of technology
Fare R, 1994, Productivity growth, technical progress, and . V84, P66-83

Kern F, 2008, Restructuring energy systems for sustainability?, V36, P4093-4103

Griibler A, 1999, Dynamics of energy technologies and global change @ ... V27, P247-280
Ferioli F, 2009, Use and limitations of learning curves for energy technology ... V37, P252:
Nemet GF, 2006, Beyond the leaming curve, V34, P3218-3232

Tohnstone N, 2010, Renewable energy policies and technological innovation
Chung YH, 1997, Productivity and undesirable outputs, V51, P220-240
Fischer C, 2008, Environmental and technology policies for climate mitigation ... V55, P142-162
Wistenhagen R, 2007, Social acceptance of renewable energy innovation, V35, P2683-2601
Markard J, 2012, Sustainability transitions, V41, P55-067

Acemoglu D, 2012, The environment and directed technical change @ AM ..., V102, P131-166
Kriegler E, 2014, The role of technology for achieving climate policy .., V123, P353-367

Geels FW, 2011, The multi-level perspective on sustainability transitions .., V1, P24-40
Jacobson MZ, 2011, Providing all global energy with wind, water, ., V39, P1154-1160
Tacobsson S, 2006, The politics and policy of energy system transformation ..., V34, P256-276
Peters M, 2012, The impact of technology-push and demand-pul policies .., V41, P1296-1308
Su'B, 2012, Structural decomposition analysis applied to energy . V34, P177-188

Turnheim B, 2013, The destabilisation of existing regimes, V42, P1749-1767

Chu'S, 2012, Opportunities and challenges for  sustainable energy ... V488, P204-303

Kivimaa P, 2016, Creative destruction or mere niche support?, V43, P205-217

Luo X, 2015, Overview of current development in electrical energy ., V137, P511-536

Ang BW, 2004, Decomposition analysis for policymaking in energy, V32, P1131-1130

Nykvist B, 2015, Rapidly falling costs of battery packs for electric .., V5, P320-332

Rubin ES, 2015, A review of leaming rates for electricity supply technologies . V86, P198-218

. V45, P133-155

‘Year Strength Begin End

1997
1998
1998
2001
2000
1999
1997
1999
1990
2002
2001
2000
1998
1994
2003
2002
2004
2003
2002
1998
2007
2008

V13, P615-638 1097

1994
2008
1999
2009
2006
2010
1997
2008
2007
2012
2012
2014
2011
2011
2006
2012
2012
2013
2012
2016
2015
2004
2015
2015

5.18432000
7.6396 2000
345112000
850722002
552282002
417152003
3.19342003
3.6380 2004
449552004
357162004
3.58562004
3.93122005
3.93122005
3.15542005
5.15022005
833082005
7.6643 2005
8.7436 2005
3.19122006
4.00372007
342012008
352562009
359302011
403412011

33022012
367052012
322012012
347272012
637472013
510622013
480622014
377442014
5.00542014
326812014
344362015
390792016
3.82052016
536552016
327312016
405552017
317372007
370452017
317372007
438392017
370452017

6.0812018
555802018

2004
2007
2004
2012
2008
2009
2004
2008
2007
2008
2006
2010
2010
2006
2008
2010
2009
2008
2010
2010
2011
2010
2012
2014
2014
2014
2013
2018
2017
2016
2018
2020
2017
2020
2017
2020
2017
2018
2017
2020
2018
2018
2018
2020
2018
2020
2020

2000 - 2020




image1.png
Documents by year

Documents

450

400

350

300

250

200

150

100

50

2000 2002 2004 2006 2008 2010 2012 2014 2016

Year
Copyright © 2020 Elsevier B.V. All rights reserved. Scopus® is a registered trademark of Elsevier B.V.

Scopus

2018

2020




