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[bookmark: OLE_LINK766][bookmark: OLE_LINK767]Section S1. Detailed descriptions of data and methodology
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[bookmark: OLE_LINK327][bookmark: OLE_LINK328][bookmark: OLE_LINK1535][bookmark: OLE_LINK32]Section S1.1 Searching protocol
[bookmark: OLE_LINK1552][bookmark: OLE_LINK1553][bookmark: OLE_LINK1570][bookmark: OLE_LINK2020][bookmark: OLE_LINK2021][bookmark: OLE_LINK1638][bookmark: OLE_LINK1639][bookmark: OLE_LINK478][bookmark: OLE_LINK463][bookmark: OLE_LINK464][bookmark: OLE_LINK461][bookmark: OLE_LINK462][bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK129][bookmark: OLE_LINK130]The searching protocol of this study is developed through a two-step procedure consisting of defining conceptual system boundaries and formulating searching strategies. The system boundaries are defined around our focusing topic (i.e., the low-carbon transition of energy systems) based on existing studies and conceptualizations, and the searching strategies are designed according to our boundary definitions and the searching tools provided by the WOS database.
[bookmark: OLE_LINK291][bookmark: OLE_LINK367](1) Boundary definitions
[bookmark: OLE_LINK3015][bookmark: OLE_LINK3016][bookmark: OLE_LINK465][bookmark: OLE_LINK466][bookmark: OLE_LINK623][bookmark: OLE_LINK624]The term “energy system” has been used and defined differently in various disciplines (such as physics, chemistry, biology, engineering, and management). In this study, we stand on the shoulders of engineering management scholars. With this regard, Pfenninger et al. [6] define an “energy system” as the process chain (or a subset of it) from the extraction of primary energy to the end use of energy for services and goods. Yalew et al. [7] argue that the “energy system” includes primary energy supply, the conversion of primary energy to secondary energy, and energy demand in different sectors (such as the building, transport, and industry sectors). Grubler et al. [8] indicate that the “energy system transition” is not only a change in individual energy technology or fuel source but also in the state of an energy system.
[bookmark: OLE_LINK1587][bookmark: OLE_LINK1592][bookmark: _Hlk116209593][bookmark: OLE_LINK758][bookmark: OLE_LINK803][bookmark: OLE_LINK319][bookmark: OLE_LINK320]In order to cover a broad range of related literature, this study takes a general definition of “energy systems”, which contain the processes of energy circulation (such as exploitation, production, storage, transmission, final usage, and end-of-pipe disposal) for all types of energy (including primary energy like fossil fuels and renewables, and secondary energy like electricity and heat) to achieve energy-related functions in human society. In addition, the “low-carbon transition of energy systems” is defined as the change in the state of energy systems triggered by carbon emissions reduction targets, which mainly includes the transformation of energy structure (e.g., through replacing fossil fuels with renewables), decarbonization of fossil fuel utilization (e.g., through applying low-carbon technologies such as carbon capture and storage), and improvement of energy efficiency (e.g., through enhancing operational efficiency during the whole process of energy utilization). All published studies relating to this topic from a management perspective will serve as potential subjects in this review study.
(2) Searching strategies
[bookmark: OLE_LINK1833][bookmark: OLE_LINK1834]Firstly, we choose the SCIE and SSCI Core Collection in the WOS database as our data searching pool, with the purpose of capturing mainstream research trends published in well-established peer-reviewed academic journals. This database has been frequently used in systematic bibliometric reviews (e.g., Fahimnia et al. [3] and Xu et al. [4]). Besides, a reasonable number (over 5000) of publications have been finalized with this database; thus, we do not extend the searching pool further. 
[bookmark: OLE_LINK1193][bookmark: OLE_LINK1194][bookmark: OLE_LINK1442]Secondly, we carefully construct a list of searching strings, trying to capture all possible topics within our boundary definition for the “low-carbon transition of energy systems”. To achieve this goal, we first look into the searching strings used in previous review studies on relevant topics related to “low-carbon transition” or “energy system” (as summarized in Table S1). Then we recognize two streams of searching string construction rules: 1) using a broad term representing “energy transition”, and 2) using a combination of two phrases representing “low-carbon transition” and “energy system” respectively. With the first rule, we develop searching strings such as “energy transformation”, “energy revolution”, and “energy decarbonization”. With the second rule, we develop searching strings such as “power system”, “heat system”, and “cooling system” to represent different types of energy systems, and words such as “low-carbon”, “zero-carbon”, and “decarbonization” to indicate the low-carbon transition. The developed searching strings are incorporated into the Boolean searching tool provided by the WOS online system, generating the searching formula as (“energy transition*” OR “energy transformation*” OR “energy revolution*” OR “energy decarbonization”) OR ((“energy system*” OR “power system*” OR “electricit* system*” OR “heat* system*” OR “thermal system*” OR “cooling system*”) AND (“low-carbon” OR “zero-carbon” OR “decarboni*” OR “emission reduction” OR “net-zero emission*” OR “carbon neutral*” OR “clean” OR “CO2 mitigation*” OR “CO2 capture”)).

Table S1 Searching strings used in the existing review studies of relevant topics.
	Keywords
	Authors
	Searching String
	Topic

	Low-carbon transition
	Wang et al. [9]
	“low carbon” OR “low fossil fuel” OR “decarbonized” NOT “steel*” NOT “alloy*”
	Low carbon development transformation

	
	Zhang et al. [10]
	“clean energy”
	Clean energy transition

	
	Wang et al. [11]
	“low carbon economy” OR “low-carbon economy”
	Low-carbon economy

	
	Vatananan-Thesenvitz et al. [12]
	(“sustainable development” OR “sustainable growth”) AND (innovat*)
	Sustainable development

	Energy system
	Meng et al. [13]
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2](“low carbon” OR “low-carbon” OR “carbon neutral” OR “carbon emission”) AND (“energy system” OR “power system” OR “electricity” OR “electric power”)
	Power system

	
	Jin et al. [14]
	(“methanol combust*” OR “ethanol combust*” OR “low* carbon alcohol* combust*” OR “primary alcohol* com- bust*” OR “short chain alcohol* combust*” OR “methyl alcohol* combust*” or “ethyl alcohol* combust*” OR “c1 alcohol* combust*” or “c2 alcohol* combust*”) AND (“internal combust* engine*” or “compress* ignit* engine*” or “spark ignit* engine*” or “IC engine*” or “CI engine*” or “SI engine*”)
	Road transport system

	
	Omrany et al. [15]
	(“net zero energy” OR “zero energy” OR “net zero carbon” OR “zero carbon” OR “NZEB” OR “ZEB” OR “ZCB” OR “zero emission” OR “zero net energy” OR “ZNE”) AND (“build*” OR “hous*” OR “construction*” OR “home*”)
	Net-zero energy building system

	
	Dominkovic et al. [16]
	(“energy system*”) AND (simul* OR model* OR “plan” OR “plans” OR “planning” OR optimi* OR analy* OR assess* OR evaluat*)
	Energy system analysis



[bookmark: OLE_LINK1819][bookmark: OLE_LINK1820][bookmark: OLE_LINK1884][bookmark: OLE_LINK1885]Thirdly, we set the publication time span to be from January 2012 to December 2021. A primary reason for choosing this period is that early studies on energy transition that are not aiming to reduce carbon emissions could appear in the searching results due to our broad set of searching strings. According to the Kyoto Protocol and Copenhagen Accord, developing countries began to take obligations to reduce carbon emissions in 2012, which was a significant milestone in global climate governance [17]. Related studies on the low-carbon transition of energy systems have also started to burst since then [18]. As such, we choose to look deeper into the research trends during the recent decade. In addition, to ensure consistency, we only keep articles in English (review papers and publications in other languages are excluded). The searching process was finalized by February 2022, with 9208 publications returned as our initial sample.

[bookmark: OLE_LINK1107][bookmark: OLE_LINK1141][bookmark: OLE_LINK1142]Section S1.2 Screening criteria
[bookmark: OLE_LINK1668][bookmark: OLE_LINK1651][bookmark: OLE_LINK1652][bookmark: OLE_LINK697][bookmark: OLE_LINK698][bookmark: OLE_LINK704][bookmark: OLE_LINK1632][bookmark: OLE_LINK1633][bookmark: OLE_LINK654][bookmark: OLE_LINK655][bookmark: OLE_LINK1656][bookmark: OLE_LINK208][bookmark: OLE_LINK215][bookmark: OLE_LINK271][bookmark: OLE_LINK1516][bookmark: OLE_LINK1523][bookmark: OLE_LINK1712][bookmark: OLE_LINK1767][bookmark: OLE_LINK1653][bookmark: OLE_LINK1654]After obtaining the initial literature sample, we move forward to calibrate our sample for further review and analysis. A set of screening criteria are applied to improve the relevance and quality of the selected publications. Most of the screening processes are implemented manually (or with subjective judgment) due to the limitation of machinery recognition. A summary of the screening procedure is illustrated in Fig. S1.
[image: ]
Fig. S1. Selection procedure of the literature sample
[bookmark: OLE_LINK2055][bookmark: OLE_LINK2056][bookmark: OLE_LINK2053][bookmark: OLE_LINK2054][bookmark: OLE_LINK1228][bookmark: OLE_LINK1229][bookmark: OLE_LINK648][bookmark: OLE_LINK653][bookmark: OLE_LINK493][bookmark: OLE_LINK494][bookmark: OLE_LINK931][bookmark: OLE_LINK932][bookmark: OLE_LINK1001][bookmark: OLE_LINK1002]To keep the sample’s relevance to our focusing topic, we first exclude publications in the WOS categories that do not match (e.g., from disciplines of biology, physics, and chemistry). Then we exclude publications from irrelevant journals (e.g., Journal of Physics Energy, Earth Surface Dynamics). As the remaining sample is still sufficiently large (i.e., over 7000 publications), we choose to exclude publications in journals ranking in the third Quartile (Q3) and the fourth Quartile (Q4) as in the 2020 Journal Citation Report (JCR). In other words, only publications in the 2020 JCR reported first Quartile (Q1) and second Quartile (Q2) journals remained in our final sample. By doing so, we narrow our sample pool to the top 50% ranked journals and further improve the quality and consistency of selected publications. Lastly, we go through the titles and abstracts of the remaining sample publications to exclude those falling out of our boundary definition of the “low-carbon transition of energy systems” and those not addressing management issues (e.g., studies focusing purely on natural science or technological problems). For example, Serra et al. [19] designed a method to produce hydrogen by water electrolysis at low temperatures, and Cai et al. [20] proposed a host-guest semibiological photosynthesis system to facilitate energy transformation. Although these two papers include the keywords “energy system”, “decarbonization”, or “energy transformation”, they focus purely on technological problems without studying managerial problems. Hence, these two publications are excluded. After all the screening procedures, 5336 papers remained in the final sample (with 166 ESI highly cited papers) for our subsequent bibliometric analysis.
Section S1.3 Bibliometric analysis
[bookmark: OLE_LINK1671][bookmark: OLE_LINK19][bookmark: OLE_LINK22][bookmark: OLE_LINK365][bookmark: OLE_LINK1768][bookmark: OLE_LINK1799][bookmark: OLE_LINK1829][bookmark: OLE_LINK1832][bookmark: OLE_LINK1849][bookmark: OLE_LINK1850][bookmark: OLE_LINK1841][bookmark: OLE_LINK1842][bookmark: OLE_LINK2783][bookmark: OLE_LINK2784][bookmark: OLE_LINK1791][bookmark: OLE_LINK1792][bookmark: OLE_LINK601][bookmark: OLE_LINK602][bookmark: OLE_LINK1081][bookmark: OLE_LINK599][bookmark: OLE_LINK600][bookmark: OLE_LINK1096][bookmark: OLE_LINK1097][bookmark: OLE_LINK1111][bookmark: OLE_LINK1129][bookmark: OLE_LINK161][bookmark: OLE_LINK209][bookmark: OLE_LINK897][bookmark: OLE_LINK898][bookmark: OLE_LINK899][bookmark: OLE_LINK900][bookmark: OLE_LINK1105][bookmark: OLE_LINK1110][bookmark: OLE_LINK940][bookmark: OLE_LINK941][bookmark: OLE_LINK1137][bookmark: OLE_LINK1138][bookmark: OLE_LINK1156][bookmark: OLE_LINK1165][bookmark: OLE_LINK1046][bookmark: OLE_LINK134][bookmark: OLE_LINK12][bookmark: OLE_LINK30][bookmark: OLE_LINK238][bookmark: OLE_LINK399][bookmark: OLE_LINK400][bookmark: OLE_LINK435][bookmark: OLE_LINK1203][bookmark: OLE_LINK1204][bookmark: OLE_LINK244][bookmark: OLE_LINK1418][bookmark: OLE_LINK1793][bookmark: OLE_LINK1794][bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK1935][bookmark: OLE_LINK1936][bookmark: OLE_LINK280][bookmark: OLE_LINK281][bookmark: OLE_LINK468][bookmark: OLE_LINK469][bookmark: OLE_LINK795][bookmark: OLE_LINK875][bookmark: OLE_LINK1527][bookmark: OLE_LINK1528][bookmark: OLE_LINK510][bookmark: OLE_LINK597][bookmark: OLE_LINK740][bookmark: OLE_LINK741][bookmark: OLE_LINK1865][bookmark: OLE_LINK1866][bookmark: OLE_LINK1890][bookmark: OLE_LINK1845][bookmark: OLE_LINK1846][bookmark: OLE_LINK1843][bookmark: OLE_LINK1844][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK912][bookmark: OLE_LINK913][bookmark: OLE_LINK471][bookmark: OLE_LINK488][bookmark: OLE_LINK660][bookmark: OLE_LINK876][bookmark: OLE_LINK988][bookmark: OLE_LINK1959][bookmark: OLE_LINK1966][bookmark: OLE_LINK2003][bookmark: OLE_LINK2010][bookmark: OLE_LINK1814][bookmark: OLE_LINK1815][bookmark: OLE_LINK1967][bookmark: OLE_LINK1810][bookmark: OLE_LINK1813][bookmark: OLE_LINK1818][bookmark: OLE_LINK1821][bookmark: OLE_LINK1822][bookmark: OLE_LINK2001][bookmark: OLE_LINK2002][bookmark: OLE_LINK1971][bookmark: OLE_LINK1977][bookmark: OLE_LINK2015][bookmark: OLE_LINK2016][bookmark: OLE_LINK1882][bookmark: OLE_LINK1883][bookmark: OLE_LINK2028][bookmark: OLE_LINK2029][bookmark: OLE_LINK2030][bookmark: OLE_LINK283][bookmark: OLE_LINK284][bookmark: OLE_LINK1095][bookmark: OLE_LINK64][bookmark: OLE_LINK133][bookmark: OLE_LINK1747][bookmark: OLE_LINK1748][bookmark: OLE_LINK1756][bookmark: OLE_LINK1757][bookmark: OLE_LINK1825][bookmark: OLE_LINK1826][bookmark: OLE_LINK1789][bookmark: OLE_LINK1790][bookmark: OLE_LINK2031][bookmark: OLE_LINK2032][bookmark: OLE_LINK2033][bookmark: OLE_LINK1903][bookmark: OLE_LINK1904][bookmark: OLE_LINK2011][bookmark: OLE_LINK2012][bookmark: OLE_LINK2017][bookmark: OLE_LINK2018][bookmark: OLE_LINK2019][bookmark: OLE_LINK1897][bookmark: OLE_LINK1900]The bibliometric method was proposed in the 1950s for quantitative analysis of existing literature [21] and was firstly named by Pritchard in 1969 [22]. With increasing data accessibility and enriching analytical tools, bibliometric analysis has gained great popularity in recent years. Broadly speaking, bibliometric analysis can be divided into two major steps: descriptive and exploratory data analysis [3, 4]. In descriptive data analysis, the numbers of publications and citations are the most used metrics to evaluate academic performance, which can be categorized by regions/countries, organizations, journals, and authors. In exploratory data analysis, co-occurrence and co-citation frequencies are often used as metrics for co-authorship analysis, co-citation analysis, and co-word analysis based on network and clustering techniques [23, 24]. The keywords analysis is the most popular approach in bibliometric reviews for revealing thematic features of specific research fields. It identifies the relations among keywords by calculating their co-occurrence frequency matrix and clusters them through algorithms [24]. The most frequently used clustering algorithms are principal component analysis, hierarchical clustering analysis, multidimensional scaling analysis, and community finding algorithms (e.g., the Louvain method and the Islands algorithm). 
[bookmark: OLE_LINK1223][bookmark: OLE_LINK1327][bookmark: OLE_LINK978][bookmark: OLE_LINK1931][bookmark: OLE_LINK1932][bookmark: OLE_LINK2789][bookmark: OLE_LINK2790][bookmark: OLE_LINK1909][bookmark: OLE_LINK1910][bookmark: OLE_LINK1121][bookmark: OLE_LINK1222][bookmark: OLE_LINK928][bookmark: OLE_LINK929][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK1126][bookmark: OLE_LINK1127][bookmark: OLE_LINK470][bookmark: OLE_LINK477][bookmark: OLE_LINK456][bookmark: OLE_LINK467][bookmark: OLE_LINK1752][bookmark: OLE_LINK2547][bookmark: OLE_LINK2548][bookmark: OLE_LINK1557][bookmark: OLE_LINK1805][bookmark: OLE_LINK2742][bookmark: OLE_LINK2743][bookmark: OLE_LINK454][bookmark: OLE_LINK455][bookmark: OLE_LINK804][bookmark: OLE_LINK807][bookmark: OLE_LINK1823][bookmark: OLE_LINK1824]Currently, several kinds of software (such as Pajek, VOSviewer, Gephi, and bibliometrix R) have been developed as bibliometric tools for scholars’ ease of use. Most of these software tools are equipped with network analysis, clustering analysis, and visualization functions, while they vary in capabilities and limitations. For example, Pajek can present satisfactory bibliometric results of small samples containing no more than 100 publications [3, 25]. VOSviewer functions well with large samples to construct and visualize knowledge landscapes, which is able to avoid label overlap through labeling algorithms with zoom functionality but cannot merge different forms of the same words [23, 25]. Gephi and bibliometrix R, as emerging tools, can provide more complex bibliometric analysis, but they only work with processed data by other tools such as BibExcle and VOSviewer [4, 26]. Given the research purpose and large dataset (over 5000) of this study, VOSviewer is chosen as our software tool for conducting bibliometric analysis.
[bookmark: OLE_LINK2036][bookmark: OLE_LINK2037][bookmark: OLE_LINK2038][bookmark: OLE_LINK2039][bookmark: OLE_LINK2528][bookmark: OLE_LINK2529][bookmark: OLE_LINK2532][bookmark: OLE_LINK2518][bookmark: OLE_LINK2519][bookmark: OLE_LINK2042][bookmark: OLE_LINK2043][bookmark: OLE_LINK2644][bookmark: OLE_LINK2645][bookmark: OLE_LINK1962][bookmark: OLE_LINK1963][bookmark: OLE_LINK1773][bookmark: OLE_LINK1774][bookmark: OLE_LINK1782][bookmark: OLE_LINK2520][bookmark: OLE_LINK2521]Specifically, we first display the scientometric features of sample publications, including publication quantities, co-authorship networks by countries, and co-citation networks by academic journals. It should be mentioned that we have also conducted the co-occurrence and co-citation network analysis at the organizational level and the personal level. However, the results are too trivial to be reported due to the interdisciplinary feature of our focusing research area. Secondly, we analyze the emergence, clusters, and evolution of hot topics in our focusing research field with the assistance of clustering and visualization tools provided by VOSviewer. Deep content analysis is then conducted to better understand each algorithmic clustered research category. Through the bibliometric analysis process, the landscape for management studies on the low-carbon transition of energy systems is gradually revealed and summarized with the authors’ viewpoints embedded. 
[bookmark: OLE_LINK1673][bookmark: OLE_LINK1674]Section S2. Supplementary information for the scientometric analysis
[bookmark: OLE_LINK1208][bookmark: OLE_LINK1209]Section S2.1 Distribution of the number of authors per article
[bookmark: OLE_LINK1702][bookmark: OLE_LINK1703][bookmark: OLE_LINK1704][bookmark: OLE_LINK145][bookmark: OLE_LINK146][bookmark: OLE_LINK143][bookmark: OLE_LINK144]According to our sample, the distribution of the number of authors per article ranges from 1 to 46 with a right-skewed distribution (as shown in Fig. S2). Articles contributed by three authors take the most proportion (22.6%), followed by articles with two authors (20.9%) and four authors (19.1%). Around 9.4% of the sample publications are marked with a single author, and about 1.7% have more than ten authors.

Fig. S2. Distribution of the number of authors per article
[bookmark: OLE_LINK344][bookmark: OLE_LINK345][bookmark: OLE_LINK348][bookmark: OLE_LINK349][bookmark: OLE_LINK356][bookmark: OLE_LINK357]Section S2.2 Top 10 highly cited papers
[bookmark: OLE_LINK346][bookmark: OLE_LINK347]As of the ending date of our searching procedure (February 2022), the top 10 highly cited papers within our sample pool, as recorded in the WOS database, are summarized in Table S2.

Table S2 Top 10 highly cited papers from 2012 to 2021.
	Author
	Year
	Title
	Journal
	Citations

	[bookmark: OLE_LINK933][bookmark: OLE_LINK934][bookmark: OLE_LINK1470][bookmark: OLE_LINK1471]Gielen et al. [27]
	2019
	The role of renewable energy in the global energy transformation
	Energy Strategy Reviews
	620

	Schmidt et al. [28]
	2017
	Future cost and performance of water electrolysis: An expert elicitation study
	International Journal of Hydrogen Energy
	541

	Bridge et al. [29]
	2013
	Geographies of energy transition: Space, place and the low-carbon economy
	Energy Policy
	536

	Rogelj et al. [30]
	2015
	Energy system transformations for limiting end-of-century warming to below 1.5 degrees C
	Nature Climate Change
	488

	Williams et al. [31]
	2012
	The technology path to deep greenhouse gas emissions cuts by 2050: The pivotal role of electricity
	Science
	448

	Connolly et al. [32]
	2014
	Heat Roadmap Europe: Combining district heating with heat savings to decarbonise the EU energy system
	Energy Policy
	437

	[bookmark: _Hlk114221255]Kivimaa et al. [33]
	2016
	Creative destruction or mere niche support? Innovation policy mixes for sustainability transitions
	Research Policy
	360

	Sovacool [34]
	2016
	How long will it take? Conceptualizing the temporal dynamics of energy transitions
	Energy Research & Social Science
	354

	Rogge [35]
	2016
	Policy mixes for sustainability transitions: An extended concept and framework for analysis
	Research Policy
	353

	Grubler et al. [36]
	2018
	A low energy demand scenario for meeting the 1.5 degrees C target and sustainable development goals without negative emission technologies
	Nature Energy
	329



Section S2.3 Journal co-citation networks
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[bookmark: OLE_LINK2951][bookmark: OLE_LINK2952]Fig. S3. Co-citation networks of journals
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