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A B S T R A C T

Organizations are under increasing pressure to improve energy performance while simultaneously advancing 
net-zero commitments and circular economy transitions. However, the existing ISO 50001 literature remains 
fragmented, with limited integration between Energy Management System (EnMS) practices, decarbonization 
pathways, resource circularity, and SDG-oriented outcomes, creating a need to clarify how ISO 50001 can 
function as a strategic platform for low-carbon and circular transformation. Therefore, this study investigates the 
global research landscape of ISO 50001, examining how EnMS activities and sub-activities drive energy per
formance improvement, decarbonization, and alignment with the United Nations Sustainability Goals (SDGs). A 
hybrid methodology was employed, combining bibliometric mapping with a systematic review governed by the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) framework, analyzing Scopus- 
indexed literature published between 2015 and 2025. Bibliometric analysis was conducted to delineate the in
tellectual framework, thematic evolution, geographic distribution, and major research trends of energy man
agement, while a qualitative synthesis of 111 articles was performed to extract key ISO 50001-based EnMS 
activities and implementation practices. The bibliometric results highlight the leading journals, thematic clus
ters, research topics, and analytical approaches in ISO 50001 literature. The systematic synthesis identifies 
recurring links between energy planning, performance measurement, operational control, management review, 
organizational capability, and low-carbon management practices. Building on these findings, this study con
tributes to existing body of knowledge by proposing a conceptual multilayer integrated ISO 50001, net zero and 
circular economy model which offers actionable strategic insights for researchers, energy practitioners, and 
policymakers seeking to enhance ISO 50001 implementation for energy efficiency, resource retention, climate 
mitigation and sustainable development.

1. Introduction

The imperative to mitigate energy consumption and expedite low- 
carbon transitions has elevated global energy governance to a focal 
point of international sustainability policy [1]. By aligning with the 
United Nations Sustainable Development Goals (SDGs), contemporary 
frameworks derive institutional legitimacy for tackling climate and en
ergy challenges by promoting access to reliable sustainable and modern 
energy while supporting broader objectives related to climate action, 
responsible production and sustainable industrial development [2,3]. In 
2015, the UN General Assembly launched 17 goals designed to 
comprehensively address global social, economic, and environmental 

challenges [4]. Among these, SDG 7 on affordable and clean energy and 
SDG 13 on climate change are critical drivers for organizational energy 
strategies as they emphasize energy efficiency improvement, green
house gas reduction, and systematic integration of sustainability prin
ciples into institutional and corporate decision-making [5–7]. 
Improving energy performance has become an important pathway for 
mitigating climate change, while aligning with the Paris Agreement’s 
ambitions and the global transition towards net-zero emissions [8,9]. 
Energy efficiency is widely recognized as one of the most cost-effective 
strategies for reduced emissions, low operational costs, and strong en
ergy security [10]. Yet, achieving long-term energy performance 
improvement depends on structured management practices, continuous 
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monitoring, organizational commitment, and evidence-based deci
sion-making [11]. Therefore, formal Energy Management Systems 
(EnMS) play a strategic role as systematic frameworks for optimizing 
corporate energy use.

Recent literature highlights the increasing importance of ISO 50001 
and EnMS research in the context of digitalization, energy transition, 
and sustainable industrial transformation. Wigger et al. [12] show how 
artificial intelligence (AI) can support energy consumption forecasting 
and anomaly detection in manufacturing energy management, while 
Pagulayan and Calderon [13] highlight the increasing relevance of ISO 
50001 in AI-driven data centers, where cooling loads and power density 
create new energy-governance challenges. Similarly, Iturralde Carrera 
et al. [14] demonstrate that computational modeling, machine learning, 
and intelligent algorithms can strengthen Energy Performance Indicator 
(EnPI) development and dynamic energy baselining. Beyond ISO 
50001-specific studies, Alka et al. [15] emphasize that sustainable en
ergy enterprises require coordinated innovation capabilities, regulatory 
support, market responsiveness, and long-term sustainability orienta
tion. These recent contributions indicate that EnMS research is moving 
from conventional energy monitoring toward intelligent, 
innovation-driven, and strategy-oriented energy governance.

While energy management is often viewed primarily as a tool for 
operational efficiency, the current industrial transition demands a 
broader approach than simply reducing energy intensity. Organizations 
are now expected to lower absolute emissions, decarbonize purchased 
energy, and redesign products and processes to extend material value 
through reuse, repair, refurbishment, remanufacturing, and high-quality 
recycling [16]. Within this broader context, ISO 50001 serves not only as 
a standard for managing energy use but also as an organizational 
discipline that connects operational efficiency with lifecycle thinking, 
procurement decisions, and product stewardship [17]. This perspective 
is particularly important in sectors where resource extraction, process
ing, logistics, use-phase behavior, and end-of-life management 
contribute significantly to carbon emissions [18]. Therefore, this review 
positions ISO 50001 within a comprehensive transition agenda that in
tegrates energy performance, decarbonization, and circular economy 
practices at both the firm and value-chain levels.

The ISO 50001 standard, developed by the International Organiza
tion for Standardization (ISO), provides a systematic framework for 
implementing Energy Management Systems (EnMS) across various 
organizational contexts. Recognized internationally as the primary 
standard for energy management, it offers a structured approach for 
organizations aiming to control and optimize their energy performance 
[19]. Introduced in 2011 and updated in 2018, ISO 50001 outlines re
quirements for establishing, implementing, maintaining, and continu
ally improving an EnMS. Its main objective is to guide firms through a 
systematic process to progressively enhance energy performance, 
focusing on efficiency, utilization, and consumption. Like other ISO 
management system standards, ISO 50001 is based on the 
Plan-Do-Check-Act (PDCA) cycle, which helps align energy management 
with broader corporate strategy, operational management, and perfor
mance evaluation [20]. Additionally, ISO 50001 certification provides 
external validation of an organization’s systematic commitment to en
ergy efficiency, thereby enhancing its credibility regarding sustainabil
ity, cost reduction, and climate mitigation efforts [21].

Prior studies suggest that adopting ISO 50001 can support im
provements in energy efficiency, energy cost savings, operational con
trol, employees’ awareness, and emissions reduction [22–24]. Recent 
studies have often examined the standard through particular analytical 
lenses rather than fully connecting its research evolution with 
process-level EnMS activities and broader sustainability objectives. 
Previous contributions have addressed implementation barriers and 
challenges [25,26], certification and sector specific implementation 
experiences [23,27], integration with broader or comprehensive 

management systems [28], energy management maturity models [29], 
and energy performance outcomes in manufacturing contexts [30]. 
Although existing research provides critical perspectives on distinct di
mensions of ISO 5000, these findings remain dispersed across sectors, 
methodologies, and thematic areas. This fragmentation highlights the 
need for an integrated systematic and bibliometric analysis to map the 
field’s intellectual structure, clarify the main EnMS activities, and 
examine the standard’s contribution to broader sustainability objec
tives, including SDGs, decarbonization and global energy transition.

While previous studies have demonstrated that ISO 50001 enhances 
measurement, operational control, and continuous improvement, the 
literature is less explicit about how these capabilities intersect with 
circular-economy objectives. Much of the existing discussion focuses on 
energy savings or direct emissions reduction, even as organizations 
increasingly face pressures related to material efficiency, supplier 
engagement, take-back systems, product durability, and end-of-life 
accountability [31]. This study identifies a significant gap, suggesting 
decarbonization opportunities depend more on design decisions, pro
curement specifications, logistics configurations, and reverse-flow re
covery than on in-plant efficiency measures alone. The originality of this 
study lies in its integrated framework, where ISO 50001 serves as the 
managerial foundation, net zero as the decarbonization pathway, and 
circular economy as the resource governance principle that extends 
improvement beyond immediate operations. This approach allows the 
review to engage more directly with current discussions on industrial 
transformation, resilient supply chains, and sustainability-focused op
erations management.

This study addresses existing research gaps by providing a compre
hensive, process-oriented analysis of ISO 50001’s role in enhancing 
energy performance, promoting decarbonization, and aligning with 
sustainability objectives. Employing a dual methodology that combines 
systematic literature and with bibliometric analysis, the study consoli
dates fragmented ISO 50001 literature from 2015 to 2025, identifies key 
thematic clusters, and examines the EnMS activities and sub-activities 
that facilitate effective energy management in organizations.

The distinction from prior ISO 14001 analysis is also substantive. 
While ISO 14001 addresses environmental management across a broad 
range of environmental aspects, ISO 50001 is specifically structured 
around continual improvement in energy performance. Accordingly, the 
present study focuses on the core elements of ISO 50001, such as energy 
review, significant energy uses, energy baselines, performance in
dicators, operational control, design and procurement, competence, 
monitoring, and management review. Components related to the CE and 
SDGs are subsequently mapped onto this energy-management archi
tecture as potential extensions, rather than being treated as inherent 
requirements of ISO 50001. Thus, this study provides a domain-specific 
synthesis of energy governance and its possible interfaces with decar
bonization and circularity, rather than replicating the environmental- 
management framework developed for ISO 14001 [32].

This study contributes by developing a multilayer integrated model 
that connects ISO 50001, net zero, and circular economy principles. The 
proposed model broadens the traditional understanding of ISO 50001 by 
linking EnMS activities with decarbonization pathways, circular econ
omy strategies, resource efficiency throughout the value chain, and 
outcomes aligned with SDGs. ISO 50001 is positioned as a managerial 
framework supporting energy efficiency, emissions reduction, circular 
procurement, eco-design, waste minimization, recovery, recycling, and 
sustained value creation. This integrated model conceptually demon
strates how energy management, net-zero transition, and circular 
economy practices as mutually reinforcing components within a unifies 
sustainability framework. The study also provides a comprehensive 
overview of ISO 50001 research and identifies future research directions 
to enhance the standard's impact on global climate objectives.
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2. Methodology

2.1. Study design and literature selection

This study adopts and established procedure for bibliometric analysis 
[33] in combination with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) framework to ensure trans
parency, replicability and quality of the data selection [26,34]. The 
study selection followed the standard four core PRISMA phases: Iden
tification, screening, eligibility, and inclusion. The study selection pro
cess followed the four core PRISMA phases: identification, screening, 
eligibility, and inclusion and one reporting mechanism. Recent 
PRISMA-based reviews emphasize the importance of transparent docu
mentation and clear justification for retaining or excluding records at 
each stage [35]. In line with best practices in systematic reviews of 
sustainable energy systems, this study reports search strings, database 
filters, screening thresholds, eligibility logic, and synthesis boundaries 
to enhance reproducibility and reduce ambiguity [36,37]. Therefore, 
bibliographic cleaning, topical screening, full-text eligibility assessment, 
and final qualitative synthesis were conducted as distinct steps, rather 
than treating all exclusions as a single filtering decision.

Observed gaps in the ISO 50001 literature, the growing importance 
of EnMS in supporting decarbonization and net zero strategies, and the 
need to evaluate how ISO 50001 practices relate to broader climate 
governance mechanisms and SDGS motivated the formulation of cleaner 
research questions a priority to define the scope of the review.

To align the analytical protocol with the integrated ISO 50001 net 
zero circular economy model, the scope of the review was broadened 
beyond energy and carbon performance to also encompass material 
circularity and value-chain interactions. Accordingly, the revised 
screening framework incorporated additional terms such as “circular 
economy,” “resource efficiency,” “reuse,” “repair,” “refurbishment,” 
“remanufacturing,” “recycling,” “reverse logistics,” “closed-loop,” 
“ecodesign,” and “product stewardship,” alongside the existing ISO 
50001 and decarbonization terms. The coding structure was also 
expanded to classify evidence across four interconnected dimensions: 
energy outcomes, carbon outcomes, material-circularity outcomes, and 
governance or coordination mechanisms.

This adjustment does not redefine ISO 50001 as a circular-economy 
standard; instead, it allows the review to examine how EnMS routines 
may support broader sustainability transitions when integrated with 
procurement, design, logistics, and post-use recovery strategies. The 
research questions (RQs) were developed as follow: 

RQ1. : What ISO 50001-based EnMS activities and sub-activities are 
reported in the literature as driver of energy efficiency, decarbonization, 
and CE practices?

RQ2. : How does ISO 50001 integrated with net-zero and decarbon
ization pathways, CE strategies to established energy management 
frameworks, climate governance mechanisms in the literature?

RQ3. : How effective is ISO 50001 in improving energy performance, 
reducing carbon emissions, circular value creation and supporting 
SDGs?

The screening protocol was governed by explicit inclusion and 
exclusion criteria to improve reproducibility. Studies were included 
when they were published in English between 2015 and 2025, indexed 
in Scopus, classified as articles or reviews, and substantively addressed 
ISO 50001 or EnMS implementation, outcomes, governance, or related 
sustainability dimensions. Studies were excluded when they were du
plicates, non-English publications, conference papers, editorials, notes, 
book chapters, or documents that did not provide a substantive 
connection to ISO 50001, EnMS activities, energy performance, emis
sions reduction, or related organizational practices.

Scopus was selected as the exclusive primary database due to its 
extensive multidisciplinary scope and superior international coverage. 

Prior bibliometric evaluations indicate that Scopus includes approxi
mately 27,000–28,000 active peer-reviewed journals, offering a broader 
journal base than databases such as the Web of Science Core Collection. 
Singh et al. [38] and Ikram and Es-sadki [32] reported that nearly all 
journals indexed in Web of Science (approximately 99.11%) are also 
included in Scopus. This makes Scopus particularly suitable for the 
present study, as research related to ISO 50001 spans multiple academic 
disciplines, including energy management, environmental science, op
erations management, industrial engineering, corporate governance, 
and ecological economics. The broader disciplinary scope increases the 
likelihood of identifying relevant studies across these interrelated do
mains. Additionally, Scopus provides enhanced representation of 
research from emerging economies, including localized studies from 
countries such as China and Japan. This expanded geographical scope is 
crucial for fostering a more comprehensive global understanding of ISO 
50001 implementation.

Guided by these RQs, the Scopus search was executed on 21 January 
2026, and the final export used for screening was downloaded on the 
same date. The search covered publications published between 1 
January 2015 and 31 December 2025. The core Scopus logic was 
structured as follows: TITLE-ABS-KEY (("'ISO 50001" W/2 carbon*) OR 
("ISO50001" W/2 carbon*) OR (CO2 W/2 "ISO 50001") OR (CO2 W/2 
ISOS0001) OR ("ISO 50001" W/2 "carbon neutral*") OR ("ISO50001" W/2 
"carbon neutral*") W/3 ("circular economy" OR "resource efficiency" OR 
reuse OR repair OR refurbish* OR remanufactur* OR recycl* OR "reverse 
logistics" OR "closed-loop" OR ecodesign)) OR (('ISO 50001" OR ISO50001 
OR "energy management system*" OR "energy management" OR "energy ef
ficiency") W/4 ("net zero" OR "net-zero" OR"zero-carbon" OR decarboni*)). 
The complete search string utilized in Scopus is presented in Fig. 1. A 
wide search string was developed by merging ISO 50001 related ter
minology with energy management systems, energy efficiency, decar
bonization, carbon emissions, net-zero, sustainability and clean energy 
keywords. Boolean and proximity operators were utilized to optimize 
the search, ensuring it was both exhaustive and highly targeted. To 
maintain alignment with the targeted domain, the search string limited 
results to publications containing “ISO 50001, ISO50001 or energy 
management system" alongside at least one carbon related concept such 
as carbon, CO2, carbon neutral, net-zero, zero-carbon, decarbonization 
(including decarbonizing variants), greenhouse gas, circular economy,” 
“resource efficiency,” “reuse,” “repair,” “refurbishment,” “remanufactur
ing,” “recycling,” “reverse logistics,” “closed-loop,” “ecodesign,” and 
“product stewardship, sustainability, or sustainable development within the 
title, abstract, or keywords. Main thematic nodes were combined using 
the AND operator while the OR was used for synonymous or closely 
related terms. The systematic workflow is illustrated in Fig. 1 alongside 
the search strategy and the resulting dataset.

Publications from 2026 were analyzed separately from the main 
review corpus (2015–2025) and were only included in the bibliometric 
or systematic dataset if they were indexed within the defined search 
period and identified by the final database search. Publications from 
2026 cited in the introduction, discussion, or future-research sections 
serve as supplementary sources to contextualize recent developments 
beyond the review window, and do not affect the PRISMA counts, bib
liometric networks, or qualitative coding outcomes.

To avoid ambiguity in the PRISMA flow, each reduction stage was 
assigned a distinct methodological purpose: the first stage involved 
cleaning and limiting the database output; the second stage screened for 
topical relevance through titles, abstracts, and keywords; the third stage 
assessed full-text eligibility; and the final stage retained only studies that 
provided extractable evidence for the systematic coding framework. The 
initial Scopus query yielded a total of 863 documents. All records were 
exported into R for cleaning, normalization, and duplicate detection 
using DOI matching, exact-title matching, and manual verification of 
near-duplicate variants. Before substantive screening, 199 records were 
removed: 46 duplicate records, 82 documents that did not meet the 
predefined article/review document-type criterion, 15 non-English 
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Fig. 1. PRISMA screening and methodological workflow.
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publications, and 56 records that fell outside the specified publication 
period or scope. This left 664 records for title, abstract, and keyword 
screening. At this stage, 332 records were excluded because their focus 
did not sufficiently relate to ISO 50001 or Energy Management Systems 
(EnMS) in the context of energy performance, decarbonization, sus
tainability, resource efficiency, or the circular-economy dimensions 
considered in this review. As a result, 332 records remained and pro
gressed to the second screening stage. The second screening involved a 
more detailed assessment of the abstracts and available article infor
mation against the eligibility criteria. A further 214 records were 
excluded because they did not provide sufficient substantive or analyt
ical engagement with ISO 50001/EnMS within the scope of the review. 
This stage resulted in 118 reports being retained for full-text eligibility 
assessment. Following examination of the complete articles, 7 additional 
reports were excluded for documented full-text eligibility reasons: 
insufficient substantive focus on ISO 50001/EnMS (n = 1); no relevant 
energy-management/decarbonization evidence (n = 2); outside the 
organizational or policy scope defined for the review (n = 3); other 
prespecified eligibility reason (n = 1). These exclusions are reported in 
Fig. 1 according to the documented reason for exclusion, rather than 
being combined with the 214 records removed during the preceding 
screening stage. These 111 studies constitute the dataset used for the 
systematic synthesis and, where specified in the bibliometric methods, 
the corresponding bibliometric analyses.

The search strategy was intentionally broad at the identification 
stage; studies were not required to discuss ISO 50001, circular economy, 
and zero-carbon transition simultaneously to be included in the review 
pool. Instead, records were retrieved if they contained a clear ISO 50001 
or EnMS anchor along with at least one adjacent sustainability domain, 
such as decarbonization, carbon emissions, net zero, sustainability, 
SDGs, circular economy, or resource efficiency. During revision of the 
search protocol, circular-economy and resource-efficiency terminology 
was incorporated explicitly into the search expression to improve 
coverage of the conceptual intersection examined in this review. 
Following this modification, the Scopus search was rerun using the 
revised query on 21 January 2026. The resulting dataset of 863 records 
replaced the earlier exploratory retrieval and constitutes the definitive 
source dataset used for screening, PRISMA accounting, bibliometric 
mapping, and systematic synthesis. All numbers reported in the manu
script and Fig. 1 therefore refer to this regenerated dataset. This broader 
retrieval logic explains why a sizeable number of studies remained after 
screening, even though only a smaller subset explicitly discussed 
circularity or net-zero framing. In the second screening stage, titles, 
abstracts, and author keywords were reviewed for alignment with the 
study's focus on ISO 50001 and Energy Management System (EnMS) 
practices related to energy performance, decarbonization, sustainabil
ity, and, where relevant, resource efficiency or circularity themes. At 
this stage, 214 records were excluded because they did not demonstrate 
a substantive link to ISO 50001 or EnMS implementation, or because 
they focused on general energy policy, unrelated technical optimization, 
or sustainability topics without meaningful ISO 50001 content. This 
resulted in 111 records for eligibility assessment.

To reduce selection bias, an independent screening approach was 
used at both the title/abstract and full-text stages, employing a shared 
decision sheet based on the inclusion criteria. Disagreements were 
resolved through discussion, and reasons for exclusion were recorded at 
each stage. The final qualitative coding of the 111 included studies was 
supported by a calibration round in which both authors independently 
coded a subset of the sample against the main EnMS categories and their 
associated sub-activities. Inter-coder consistency for this calibration 
round was assessed using Cohen's kappa, yielding κ = 0.86. After 
refining the codebook, the remaining papers were coded and cross- 
checked, with contested assignments resolved through discussion. 
Because the review included conceptual, empirical, and review-based 
articles, a light-touch quality appraisal was used to assess thematic 
relevance, clarity of method, specificity of reported practices, and 

adequacy of supporting evidence. This appraisal informed interpreta
tion, but studies were not excluded solely on the basis of methodological 
design differences.

In the final stage, abstracts were read in full, and full texts were 
consulted when abstract information was insufficient to determine fit. 
The final review corpus comprised 111 articles. Fig. 1 presents the 
PRISMA-based screening logic. A hybrid coding approach was used: 
deductive coding was guided by predefined energy management sys
tems derived from the ISO 50001 standard, while inductive coding 
identified emerging themes, and insights that extending beyond the 
initial analytical framework [39]. This approach aligns with systematic 
reviews that use standards-based frameworks to organize and synthesize 
management system study [40]. To ensure direct alignment with the 
research’s core objectives, the synthesized results were structured 
around the three initial research questions: (i) Organizational adoption 
of ISO 50001-based practices for enhanced energy management and 
decarbonization (RQ1); (ii) the integration of ISO 50001 within broader 
net-zero strategies, energy management frameworks, and climate 
governance systems (RQ2); and (iii) the tangible impact of ISO 50001 on 
energy performance, carbon reduction, and relevant Sustainable 
Development Goals (RQ3). This organization maintains a focused 
analytical approach throughout the review.

2.2. Data analysis tools

This research utilized an integrated analytical approach supported 
by different software tools for data processing and bibliometric map
ping. Initial bibliographic data extracted from Scopus database was 
managed and preprocessed in R via Rstudio to mainly clean the dataset, 
remove duplicates, filter keywords, and run preliminary frequency 
analysis. Moreover, to map and visualize the structural and thematic 
landscape of the ISO 50001 literature, CiteSpace (version 12.6.4 R1) was 
employed to visualize complex bibliometric networks, including evalu
ating author collaboration patterns, articles, co-citations, as well as 
keywords co-occurrence maps. The networks’ structural integrity was 
validated by key topological metrics. Network fragmentation and group 
distinctiveness were evaluated via Modularity (Q), and internal cluster 
homogeneity was assessed using the Weighted Mean Silhouette (S). 
MATLAB was employed to aggregate, quantitatively analyze and visu
alize the coded results from the systematic review, facilitating aligned 
synthesis and the generation of charts/graphs [41]. Ultimately, 
combining bibliometric mapping with systematic review for both macro 
level view of the field’s evolution and micro-level qualitative assessment 
of ISO 50001 implementation practices.

A distinction was maintained between evidence synthesized directly 
from the included studies and the conceptual extensions formulated in 
this review. Findings related to the implementation of ISO 50001/EnMS, 
energy-performance practices, barriers, enabling conditions, and re
ported organizational outcomes were considered as evidence derived 
from the literature when explicitly reported in the included studies. In 
contrast, connections between these EnMS practices and CE strategies or 
specific SDGs were regarded as analytical mappings unless the founda
tional study empirically investigated that relationship. The CE mapping 
was established by evaluating the extent to which a recognized practice 
is likely to support resource reduction, reuse, recovery, lifecycle exten
sion, or associated circular principles. In contrast, the SDG mapping was 
based on alignment with official target descriptions and relevant liter
ature. These mappings indicate conceptual alignment and potential 
contribution, rather than established causal effects on circularity or the 
achievement of SDGs.

3. Results

3.1. Bibliometric analysis results

The bibliometric findings were interpreted using both visual patterns 
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and network indicators. The final network contained 443 nodes and 
1848 links, with a density of 0.0189. The cluster solution yielded 
Modularity Q = 0.7204, Weighted Mean Silhouette S = 0.7937, and 
Link Retaining Factor (LRF) = 2.5, indicating that ISO 50001, carbon 
neutrality, SDGs, and CE practices exhibit excellent structural separation 
and internal coherence. These metrics demonstrate that the mapped 
clusters represent meaningful thematic groupings rather than being 
merely descriptive visualizations. The largest clusters were #0 Energy 
management system, #1 Production control, #2 Significant energy 
users, and #3 ISO 14001. Nodes with the highest betweenness centrality 
included, Journal of Cleaner Production (centrality=337), Energy Man
agement Systems (centrality=415), and Carbon emissions reduction 
target (centrality=291), suggesting that these nodes bridge otherwise 
separated strands of ISO 50001 research.

3.1.1. Leading Journals in ISO 50001 research
The analysis of the top ten academic journals publishing research on 

ISO 50001 and carbon management topics between 2015 and 2025 re
veals a highly centralized citation structure (see Fig. 2). The Renewable 
and Sustainable Energy Review, Journal of Cleaner Production, Energy 
Policy, Applied Energy, Sustainability emerge as the most influential 
journals, confirming its central role as the leading outlet for high-impact 
publications related to integrated energy management systems, decar
bonization and net-zero studies. Collectively, these top energy-oriented 
journals account for the majority of academic impact, indicating that 
ISO 50001 research is strongly concentrated around the theme of energy 
transition. Other technical engineering outlets, including Sustainable 
Energy Technologies and Assessments, IEEE Access, Energy Building, Energy 
Procedia, Applied System Innovation, and Journal of Engineering, Design 
and Technology show the interdisciplinary nature of the topic demon
strating that ISO 50001 and decarbonization research spans energy 
management, corporate sustainability strategy and management 
frameworks.

The journal co-citation network shown in Fig. 2 indicates a concen
trated publication structure around a small set of high-impact energy 
and sustainability outlets. Renewable and Sustainable Energy Reviews, 

Journal of Cleaner Production, Energy Policy, Applied Energy, and Sus
tainability occupy the most influential positions in the map, as indicated 
by large node size and, where applicable, high betweenness centrality. 
Specifically, Journal of Cleaner Production received 743 citations, 
Renewable and Sustainable Energy Reviews 618, Sustainability 318, Energy 
Policy 260, Energies 197, and Sustainable Energy Technologies and As
sessments 59 citations. This quantitative reporting strengthens the 
interpretation that ISO 50001 research is still anchored primarily in 
energy-transition and industrial-sustainability journals, even as it be
comes more interdisciplinary.

3.1.2. Top leading research areas in ISO 50001
The bibliometric analysis mapped several primary thematic clusters 

within the ISO 50001 literature. A total 12 distinct thematic domains 
were identified through keyword network science mapping, under
scoring the interdisciplinary nature of ISO 50001 scholarship. The most 
critical clusters are synthesized below and presented in Fig. 3:

3.1.2.1. Energy Management System (Cluster #0). This is the largest and 
conceptually central hub of the network, indicating that ISO 50001is 
primarily studied as a structed organizational framework for deploying, 
sustaining, and optimizing energy management systems. This core 
cluster focuses heavily on the structural lifecycle of the standard, 
including institutionalizing energy policies, conducting formal energy 
reviews, establishing robust performance monitoring systems, and 
continual improvement loops. Because of its central positioning, this 
cluster acts as the theoretical foundation upon which other specialized 
research streams, such as production control, energy efficiency and 
sustainable energy, are build.

3.1.2.2. Production Control (Cluster #1). The second major theme rep
resents the operational execution of ISO 50001. Rather than treating the 
standard purely as an administrative or managerial framework, research 
focuses on how energy management practices are translated into pro
duction processes, emphasizing energy conservation tactics, process 
optimization and operational monitoring. The prominence of this cluster 

Fig. 2. Top scientific journals in the ISO 50001, net zero and circular economy.

M. Ikram and J. Es-sadki                                                                                                                                                                                                                     Next Sustainability 8 (2026) 100506 

6 



highlights the standard’s deep integration with industrial operations, 
where real time production control is crucial for reducing energy con
sumption and improving efficiency.

3.1.2.3. Significant Energy Users (Cluster #2). Focusing on one of the 
core technical mandates of ISO 50001, this cluster captures how orga
nizations systematically isolate, analyze and govern areas of substantial 
energy consumption. The co-occurrence of related terms such as energy 
audit and energy management indicates that studies in this field ex
plores how firms leverage data, audits and energy reviews to isolate 
primary consumption sources and develop targeted improvement ac
tions. This cluster underscores the performance-driven nature of ISO 
50001, where energy savings directly depend on the precise manage
ment of high-impact equipment and processes.

3.1.2.4. ISO 14001 (Cluster #3). This fourth major thematic area ex
plores the convergence of ISO 50001 with ISO 14001 environmental 
management standards and broader corporate sustainability strategies. 
The emergence of this cluster indicates that ISO 50001 is often studied in 
relation to environmental management systems and cohesive sustain
ability strategies. This alignment reflects the structural compatibility 
between energy and environmental management standards, notably for 
firms aiming to harmonize energy efficiency, carbon footprint mitiga
tion and overall environmental performance. The cluster also indicates a 
macro-level perspective, positioning ISO 50001 as a component of a 
broader integrated management framework and not as an isolated en
ergy standard.

Beyond these top clusters, the bibliometric landscape also revealed 
several specialized clusters, including machine learning, energy con
servation and energy planning. These themes indicate that ISO 50001 
literature has diversified across various organizational contexts, 

technologies, and analytical approaches. This diversification demon
strates that ISO 50001 scholarship has matured, evolving from a focus 
on the implementation of formal energy management systems to a 
comprehensive research agenda that addresses operational control, 
digitalization and sustainable transitions.

3.1.3. Thematic Approaches in ISO 50001 Research
To complement the identification of the main thematic areas, the 

cluster map illustrated in Fig. 4 provides a deeper interpretive 
perspective of the approaches through which ISO 50001 has been 
examined in the literature. While the thematic areas highlight what 
subject dominates the field, these distinct clusters reveal the underlying 
conceptual, methodological and practical lenses applied by researchers. 
By shifting the focus from subjects to approaches, this visualization 
uncovers how the academic community frames and implements ISO 
50001 across different contexts.

The largest and most central cluster is Carbon emissions reduction 
target (Cluster #0). Its central position underscores that ISO 50001 
research is strongly connected to the macro-level energy-related emis
sions mandates. This indicates that the standard is frequently examined 
as a pragmatic governance framework rather than a tool for improving 
energy performance. The dominance of this cluster reflects the 
increasing relevance of ISO 50001 in the context of climate action, en
ergy transition policies, and organizational mandates to align energy 
efficiency improvement with emissions reduction targets. A second 
important approach is represented by Resource-based view (Cluster #1) 
which evaluates ISO 50001 through a strategic and organizational lens. 
This perspective shifts the focus from purely technical energy-savings 
measures to the development of internal resources such as energy 
knowledge, managerial commitment, employee awareness, and 
continual improvement routines. As a result, ISO 50001 can be 

Fig. 3. Leading thematic clusters in ISO 50001 research.
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understood as a framework that strengthens organizational capabilities 
and may contribute to long-term competitiveness through improved 
energy management.

The Energy efficiency (Cluster #2) represents of the most direct ap
proaches within the mapped literature. Studies in this node appear to 
examine the standard through its ability to reduce energy consumption, 
improve energy performance indicators (EnPIs), and identify opportu
nities for efficiency improvement. Its tight structural connection with 
the central carbon emissions- reduction cluster confirms that energy 
efficiency is treated as a primary operational pathway through which 
ISO 50001 contributes to environmental and climate-related objectives. 
The inclusion of Building energy demand assessment (Cluster #3) un
derscores a significant shift in the literature, demonstrating that ISO 
50001 research has expanded far beyond traditional industrial and 
manufacturing sectors. The presence of this approach underscores that 
the standard is applied in contexts where energy consumption patterns 
must be measured, benchmarked, and controlled. It also shows that ISO 
50001 provides a structured basis to assess energy demand and improve 
performance in built environments.

The Check-act cycle approach (Cluster #4) highlights the importance 
of the Plan-Do-Check-Act logic integrated into ISO 50001. This cluster 
suggests that exiting literature pays particular attention to the evalua
tive and corrective phases of the standard, specifically performance 
monitoring, internal auditing, management review and continual 
improvement. The presence of this approach empirically confirms that 
ISO 50001 is studied as a dynamic, evolving management system rather 
than as a one-time certification exercise, reinforcing the idea that sus
tained energy performance improvement depends on systematic 
checking, learning, and adjustment.

In addition to these leading clusters, the bibliometric mapping 
highlights several specialized approaches related to implementation 
cycles, system integration, standardized practices, manufacturing 

applications, and intelligent energy management. These approaches 
underscore that the ISO 50001 literature has moved well past generic 
discussions of energy efficiency and emissions mitigation to investigate 
how the standard functions in practice.

3.1.4. Geographical Distribution of Research
The global footprint of ISO 50001 literature and its cross-border 

collaborative networks between 2015 and 2025 are illustrated in 
Fig. 5. The visualization reveals that while academic inquiry into ISO 
50001 is internationalized, productivity remains concentrated within 
specific cluster. Germany, the United States, Brazil, Italy, Spain, the 
United Kingdom, Japan, France, and the Russian Federation account for 
a large number of publications within the network. These countries 
appear as central node, functioning as critical hubs for academic pub
lication, citation influence and transnational knowledge exchange on 
energy management systems. The prominence of European countries 
reflects the significance of regulatory and industrial relevance of ISO 
50001 standard, driven by regional mandates for energy efficiency and 
decarbonization. Correspondingly, the presence of the United States and 
Japan indicates that ISO 50001 research is also strongly connected to 
technologically advanced economies with established energy perfor
mance policies.

Furthermore, the map highlights a rising contribution of emerging 
and transitional economies. Countries such as Pakistan, Morocco, South 
Africa, Malaysia, Turkey, Saudi Arabia and Uzbekistan appear within 
the broader collaboration structure, indicating that ISO 50001 is 
capturing academic interest well beyond traditional industrialized 
economies. Their presence reflects the growing relevance of EnMS in 
regions facing rising energy demand and sustainability pressures. Many 
of these countries have limited publications output and international 
collaboration intensity compared to the leading research hubs and thus 
remain positioned on the periphery of the network.

Fig. 4. Leading thematic approaches in the ISO 50001 research.
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The network analysis illustrates an increasingly internationalized 
research domain for ISO 50001, with collaborative links bridging 
Europe, America, Asia, Africa and the Middle East. Nevertheless, the 
network architecture remains noticeably clustered, with collaborative 
ties often aligning along regional, institutional or thematic boundaries, 
indicating that while ISO 50001 has achieved broad global relevance, 
academic development across regions remains uneven. Fostering deeper 
collaborative partnerships between established research hubs and 
emerging economies could further diversify the academic literature. 
This integration is crucial given that ISO 50001 is closely linked to 

global energy efficiency, carbon reduction, and sustainability transition 
agenda.

3.1.5. Keyword co-occurrence network
Fig. 6 illustrates the keyword co-occurrence landscape maps the 

thematic framework of ISO 50001 literature by evaluating the frequency 
by which key terms intersect across publications. At the network’s 
epicenter lie foundational terms such as “Energy Management System”, 
“Energy Management Standard”, “Energy Performance”, Energy Effi
ciency” and “ISO 50001”. The central positioning and high density of 
these nodes demonstrate that the wider body of literature remains firmly 
anchored in the deployment and performance outcomes of structured 
energy management practices.

Branching outward from the central nexus, several clusters highlight 
the operational and managerial dimensions of ISO 50001. Keywords 
such as “management system”, “energy audit”, “energy policy”,”
certification”,”energy savings”, “energy baseline” suggest a substantial 
research focus on the structural requirements of ISO 50001 imple
mentation. The presence of terms such as “cost benefit analysis”, “cost 
effectiveness” and “Investment” indicates the studies’ evaluation of ISO 
50001 not only as a technical standard, but also as a managerial tool 
leveraged to optimize operational efficiency and reduce energy related 
costs.

A major paradigm shift within the network is the explicit conver
gence of energy management with macro-level environmental goals. 
Keywords such as “sustainability”,” sustainable carbon footprint”, 
“greenhouse gas emissions”, “carbon emissions”, “carbon” and “environ
mental management” indicate that contemporary research links energy 
management systems with climate change mitigation and zero-carbon 
objectives. Additionally, the prominence of “ISO 14001” within the 

Fig. 5. Geographical distribution of ISO 50001 research.

Fig. 6. The keyword co-occurrence network.
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network further suggests that ISO 50001 is frequently examined in 
relation to other management system standards, especially environ
mental management systems, reflecting the significance of integrated 
management approaches.

The network also reveals a clear technological and digitalization- 
oriented cluster. Terms such as “industry 4.0”,” information manage
ment”, “data acquisition”, “benchmarking”, “energy monitoring”, “ma
chine learning” and “automation” shows that recent ISO 50001 studies 
are connected to smart energy management and data driven decision 
making. This suggests a shift from traditional compliance-based imple
mentation toward dynamic and automated energy analytics.

Furthermore, the keyword co-occurrence network suggests that ISO 
50001 research is a multidisciplinary and evolving field. Previous 
studies centered mainly on energy management systems, certification, 
energy audits have expanded into broader debates on sustainability, 
greenhouse gas reduction and digital transformation. The co-occurrence 
patterns suggest that ISO 50001 standard is examined as part of a wider 
framework linking energy efficiency, environmental management and 
carbon reduction, which reflects the growing relevance of the standard 
as both practical for organizational energy management and strategic 
instrument to improve global sustainability transitions.

3.2. Systematic literature review results

3.2.1. ISO 50001 implementation and alignment with SDGs
To examine the contribution of ISO 50001 to broader sustainability 

outcomes, the systematic review assessed how the main EnMS activities 
identified in the literature align with the SDGs and CE principles. 
However, the evidence base is not uniform across these dimensions. 
Direct evidence in the reviewed articles is strongest for energy effi
ciency, performance monitoring, operational control, waste prevention, 
resource efficiency, procurement, and recovery-oriented practices such 
as residual heat or process-energy recovery. By contrast, explicit evi
dence connecting ISO 50001 to refurbishment, remanufacturing, 
repurposing, product-service systems, or reverse-logistics design was 
limited in the reviewed set. The circular-economy mapping in Table 1 is 
therefore interpreted as an evidence-informed analytical extension built 
around EnMS routines, rather than as proof that ISO 50001 by itself 
delivers the full 10 R hierarchy.

The results indicate that ISO 50001 aligns most strongly with SDG 7 
(Affordable and Clean Energy), SDG 8 (Decent Work and Economic 
Growth), SDG 9 (Industry, Innovation and Infrastructure), SDG 12 
(Responsible Consumption and Production), and SDG 13 (Climate Ac
tion). These goals reflect the core operational logic of the standard: 
improving energy performance, strengthening organizational capa
bility, supporting technological upgrading, reducing inefficient con
sumption, and contributing to climate mitigation. The integration of 
circular economy principles further strengthens this alignment, partic
ularly with SDG 12, by extending the focus from energy use alone to
ward resource efficiency, procurement decisions, material flows, waste 
reduction, recycling, and recovery.

At the strategic level, EnMS1 (Energy Policy), EnMS2 (Energy 
Planning), EnMS4 (Objectives and Targets), and EnMS5 (Action Plans) 
create the governance foundation for energy and circularity integration. 
Energy policy establishes formal commitment to efficiency, emissions 
reduction, and responsible resource use, while energy planning iden
tifies significant energy uses, consumption patterns, improvement op
portunities, and potential recovery streams. Objectives, targets, and 
action plans then translate these commitments into measurable pro
grams. From a circular economy perspective, these activities are mainly 
linked to R0 (Refuse), R1 (Rethink), R2 (Reduce), R8 (Recycle), and R9 
(Recover), as they encourage organizations to avoid unnecessary energy 
and material use, redesign inefficient practices, reduce waste, and 
identify opportunities for recycling and recovery.

A second group of activities relates to measurement, documentation, 
communication, and verification. EnMS3 (Performance Metrics), EnMS8 

(Communication), EnMS9 (Documentation), and EnMS13 (Internal 
Audit) provide the information infrastructure required to evaluate en
ergy, carbon, and circularity performance. Energy performance in
dicators, baselines, metering systems, documented records, and audit 
procedures allow organizations to verify whether improvement actions 
produce measurable results. When extended to include circular econ
omy indicators, these mechanisms can also capture material intensity, 
recycled inputs, waste generation, recovered energy, and resource pro
ductivity. This shows that ISO 50001 can support not only energy 
accountability but also traceability and transparency in circular resource 
management.

The operational activities of ISO 50001 provide the most direct 
connection between energy performance and circular economy imple
mentation. EnMS10 (Operational Control), EnMS11 (Energy-Efficient 
Design), and EnMS12 (Sustainable Procurement) influence how orga
nizations design, operate, maintain, and acquire energy-related assets. 
Operational control reduces unnecessary consumption and prevents 
avoidable energy and material losses. Energy-efficient design can be 
expanded into eco-design by incorporating durability, modularity, 
repairability, refurbishment potential, remanufacturing feasibility, and 
recyclability. Sustainable procurement supports circularity by priori
tizing energy-efficient equipment, recycled or secondary materials, 
refurbished assets, remanufactured components, and suppliers with 
credible lifecycle documentation. These activities connect strongly with 
R2 (Reduce), R3 (Reuse), R4 (Repair), R5 (Refurbish), R6 (Remanufac
ture), and R8 (Recycle).

Human and organizational capabilities are also essential to this 
integration. EnMS6 (Roles and Competency) and EnMS7 (Training and 
Awareness) demonstrate that energy and circularity performance 
depend not only on technologies, but also on employees’ ability to 
identify inefficiencies, apply efficient operating practices, maintain 
equipment properly, reduce waste, and participate in improvement 
initiatives. These activities support SDG 8 by strengthening workforce 
capability and SDG 12 by encouraging responsible consumption and 
production behavior within the organization. Training and awareness 
are particularly important for embedding circular economy principles 
into daily practices, including reuse, repair-oriented thinking, proper 
material handling, and recycling discipline.

EnMS14 (Nonconformity), EnMS15 (Management Review), and 
EnMS16 (Continual Improvement) represent the corrective and learning 
mechanisms of the ISO 50001 system. These activities ensure that the 
EnMS remains adaptive rather than static. Nonconformity management 
identifies deviations that lead to unnecessary energy use, weak process 
control, or avoidable waste. Management review enables senior lead
ership to evaluate whether energy, carbon, and circularity objectives 
remain aligned with organizational strategy. Continual improvement 
provides the strongest integration point because it allows organizations 
to progressively reduce energy and material intensity, redesign ineffi
cient processes, reuse resources, repair and refurbish assets, remanu
facture components, repurpose by-products, recycle materials, and 
recover energy or value from residual streams.

The expanded mapping in Table 1 indicates that ISO 50001 can 
support selected circular-economy outcomes when firms extend EnMS 
routines toward material efficiency, procurement reform, design 
improvement, waste reduction, recycling, and recovery. The strongest 
evidence remains concentrated on energy-related and process- 
governance functions. Accordingly, the contribution of ISO 50001 to 
circularity is framed as enabling and conditional, rather than automatic 
or comprehensive. Where direct evidence was not found consistently in 
the reviewed set, the circular interpretation is presented as a conceptual 
implication of EnMS logic rather than as a recurring empirical finding.

3.2.2. ISO 50001 EnMS activities framework and carbon mitigation
To comprehensively address RQ1, the systematic literature review 

synthesized a comprehensive framework of EnMS activities and sub- 
activities demonstrating how ISO 50001 implantation drives 
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Table 1 
Mapping of ISO 50001 Activities, Circularity Economy and UN Sustainable Development Goalsa.

Main Activity Aligned SDGs R0 R1 R2 R3 R4 R5 R6 R7 R8 R9 Description

Energy Policy – 
EnMS1

✓ ✓ ✓ ​ ​ ​ ​ ​ ​ ​ An effective energy policy strengthens access 
to clean and efficient energy use by 
embedding energy performance, cost 
reduction, and emissions mitigation into 
strategic priorities. It also supports circular 
economy principles by refusing avoidable 
energy and material waste, rethinking 
operational priorities, and reducing inefficient 
resource consumption. In this sense, EnMS1 
establishes the strategic commitment required 
to connect energy governance with 
decarbonization and circular resource 
stewardship.

Energy Planning – 
EnMS2

​ ✓ ✓ ​ ​ ​ ​ ​ ​ ✓ Energy planning contributes to SDG 7 and 
SDG 13 by identifying significant energy uses, 
efficiency opportunities, and carbon- 
reduction potential. It also supports SDG 9 by 
encouraging systematic planning tools and 
process innovation. From a circular economy 
perspective, planning enables organizations to 
rethink energy and material flows, reduce 
avoidable losses, and identify opportunities 
for recovering waste heat, process energy, or 
other residual resources.

Performance 
Metrics – EnMS3

​ ​ ✓ ​ ​ ​ ​ ​ ✓ ✓ Energy performance indicators, baselines, and 
metering systems make energy efficiency and 
emissions reduction measurable, thereby 
supporting SDG 7, SDG 9, and SDG 13. When 
these metrics are expanded to include material 
intensity, waste generation, recycled inputs, 
recovered energy, or resource productivity, 
they also support circular economy 
implementation. EnMS3 therefore provides 
the measurement infrastructure for tracking 
reductions in both energy demand and 
resource leakage.

Objectives & 
Targets – EnMS4

​ ✓ ✓ ​ ​ ​ ​ ​ ✓ ✓ Objectives and targets translate energy policy 
into measurable energy, carbon, and 
performance commitments. They support SDG 
7 by improving energy efficiency, SDG 8 by 
reducing operational costs, SDG 9 by 
stimulating process innovation, and SDG 13 
by linking energy savings to emissions 
reduction. They also support circularity when 
organizations set targets for lower material 
intensity, reduced waste, recycled-content 
use, energy recovery, and improved lifecycle 
efficiency.

Action Plan – 
EnMS5

​ ✓ ✓ ​ ​ ​ ​ ​ ✓ ✓ Energy action plans convert energy objectives 
into concrete projects, responsibilities, 
timelines, and verification methods. These 
plans advance SDG 7 and SDG 13 through 
efficiency upgrades and emissions reduction, 
while also contributing to SDG 8 and SDG 9 
through cost savings and operational 
innovation. Circular economy alignment 
occurs when action plans include waste 
reduction, scrap recycling, recovery of 
residual heat, improved resource productivity, 
and circular procurement initiatives.

Roles & 
Competency – 
EnMS6

​ ✓ ✓ ​ ​ ​ ​ ​ ​ ​ Defining roles and competencies supports SDG 
8 by strengthening workforce capability and 
SDG 9 by improving organizational capacity 
for technical and process innovation. Circular 
economy integration depends on assigning 
clear responsibilities for resource 
productivity, supplier engagement, waste 
minimization, and lifecycle-oriented decision- 

(continued on next page)
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Table 1 (continued )

Main Activity Aligned SDGs R0 R1 R2 R3 R4 R5 R6 R7 R8 R9 Description

making. Competent personnel are essential for 
translating energy, carbon, and circularity 
objectives into daily operational routines.

Training & 
Awareness – 
EnMS7

✓ ✓ ✓ ✓ ✓ ​ ​ ​ ✓ ​ Training and awareness programs enhance 
workforce capability and support SDG 8 by 
preparing employees to participate in energy 
and sustainability improvements. They also 
support SDG 12 by encouraging responsible 
energy and material consumption. From a 
circular economy perspective, training can 
promote refusal of unnecessary resource use, 
rethinking of work practices, waste reduction, 
reuse of materials, repair-oriented behavior, 
proper segregation, and recycling awareness.

Communication – 
EnMS8

​ ✓ ✓ ✓ ​ ​ ​ ​ ✓ ​ Communication strengthens SDG 7, SDG 12, 
and SDG 13 by making energy performance, 
responsible resource use, and climate-related 
progress visible to internal and external 
stakeholders. It also supports circular 
economy implementation by communicating 
resource-efficiency goals, reuse practices, 
recycling outcomes, product stewardship 
information, and credible circularity claims. 
Transparent communication helps prevent 
vague sustainability claims and reinforces 
accountability for energy, carbon, and 
material performance.

Documentation – 
EnMS9

​ ​ ✓ ​ ​ ​ ​ ​ ✓ ✓ Documentation supports SDG 7 by 
maintaining evidence of energy performance 
and SDG 12 by strengthening accountability 
for responsible resource use. Accurate records 
of energy consumption, baselines, audits, and 
improvement actions can be extended to 
include material flows, recycled inputs, waste 
streams, recovered resources, and circularity 
outcomes. EnMS9 therefore provides the 
traceability needed to verify both energy 
improvements and circular economy 
performance.

Operational 
Control – EnMS10

✓ ​ ✓ ✓ ✓ ​ ​ ​ ​ ✓ Operational control contributes to SDG 7 and 
SDG 13 by reducing unnecessary energy use 
and related emissions through standardized 
procedures, optimized settings, and 
preventive maintenance. It also supports SDG 
9 through improved industrial process 
control. Circular economy alignment occurs 
when operational controls reduce material 
losses, reuse suitable resources within the 
process, maintain equipment to extend asset 
life, avoid unnecessary waste, and recover 
residual energy or process outputs where 
feasible.

Energy-Efficient 
Design – EnMS11

✓ ✓ ✓ ✓ ✓ ✓ ✓ ​ ✓ ​ Energy-efficient design supports SDG 7 and 
SDG 13 by embedding lower energy demand 
and emissions reduction into facilities, 
equipment, and processes from the outset. It 
also contributes to SDG 9 by promoting 
innovation in industrial systems. Its circular 
economy relevance is particularly strong 
because design choices determine durability, 
modularity, repairability, reuse potential, 
refurbishment options, remanufacturing 
feasibility, and recyclability. EnMS11 
therefore connects energy efficiency with eco- 
design and lifecycle responsibility.

(continued on next page)
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decarbonization. Table 2 categorizes these activities across the typical 
EnMS implementation cycle, moving from strategic governance and 
data-driven planning to operational execution, monitoring, performance 
evaluation, and continual improvement. The EnMS activities are pre
sented in a logical implementation sequence which broadly reflects the 

ISO 50001 Plan-Do-Check-Act cycle. These activities and sub-activities 
are interconnected processes, where planning (EnMS1-EnMS5), imple
mentation (EnMS6-EnMS12), monitoring (EnMS13-EnMS15) and 
improvement (EnMS16) continuously reinforce one another. This 
framework translates the high-level clauses of ISO 50001 into 

Table 1 (continued )

Main Activity Aligned SDGs R0 R1 R2 R3 R4 R5 R6 R7 R8 R9 Description

Sustainable 
Procurement – 
EnMS12

✓ ✓ ✓ ✓ ​ ✓ ✓ ​ ✓ ​ Sustainable procurement supports SDG 7 by 
prioritizing energy-efficient equipment, SDG 
12 by promoting responsible purchasing, and 
SDG 13 by reducing emissions linked to 
purchased goods and services. It also advances 
circular economy principles when 
procurement criteria favor durable products, 
recycled or secondary materials, refurbished 
equipment, remanufactured components, 
repairable assets, supplier documentation, 
and lifecycle-based purchasing decisions.

Internal Audit – 
EnMS13

​ ​ ✓ ​ ​ ​ ​ ​ ✓ ✓ Internal audits reinforce SDG 12 by verifying 
whether energy and resource-management 
practices are implemented effectively. They 
can also assess whether circular economy 
procedures, such as waste reduction, 
recycling, energy recovery, procurement 
compliance, and resource-efficiency controls, 
are properly followed. By identifying gaps 
between planned and actual performance, 
EnMS13 supports corrective action and 
strengthens the reliability of energy, carbon, 
and circularity claims.

Nonconformity – 
EnMS14

✓ ​ ✓ ​ ✓ ​ ​ ​ ✓ ​ Nonconformity management supports SDG 12 
by identifying and correcting deviations that 
lead to inefficient energy use, unnecessary 
waste, or weak resource control. Corrective 
and preventive actions help eliminate root 
causes of energy loss, equipment inefficiency, 
poor recycling performance, or process waste. 
CE integration is reflected in refusing repeated 
inefficiencies, reducing recurring losses, 
repairing faulty processes or assets, and 
improving recycling-related controls.

Management 
Review – EnMS15

​ ✓ ✓ ​ ​ ​ ​ ​ ✓ ✓ Management review links energy performance 
with governance, business performance, and 
responsible production, thereby supporting 
SDG 8 and SDG 12. It allows senior leadership 
to evaluate whether energy, carbon, and 
circularity objectives remain suitable, 
measurable, and aligned with organizational 
strategy. Circular economy relevance emerges 
when management reviews include resource 
efficiency, recycling performance, recovered 
energy, waste reduction, supplier 
performance, and lifecycle improvement 
priorities.

Continual 
Improvement – 
EnMS16

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ Continual improvement is the strongest 
integration point between ISO 50001, 
decarbonization, and circular economy. It 
supports SDG 8 through cost savings and 
productivity gains, SDG 9 through innovation, 
SDG 12 through responsible resource use, and 
SDG 13 through progressive emissions 
reduction. Under a circular economy lens, 
EnMS16 enables organizations to refuse 
inefficient practices, rethink processes, reduce 
energy and material intensity, reuse resources, 
repair assets, refurbish equipment, 
remanufacture components, repurpose by- 
products, recycle materials, and recover 
energy or value from residual streams.

a Evidence concerning ISO 50001/EnMS practices and reported energy-performance outcomes is synthesized from the included literature. CE and SDGs associations 
shown in this table represent literature-informed conceptual mappings. Accordingly, the CE and SDGs links interpret as proposed pathways for integration rather than 
empirically established effects of ISO 50001.
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Table 2 
ISO 50001 EnMS activities and sub-activities framework aligned with decarbonization objectives.

Author(s) Main Activity Sub-Activity Description

Alotaibi et al., [22, 
42–50]

Energy Policy (EnMS1) Develop Energy Policy EnMS1 
(a)

Top management commitment and a strategic energy policy lay the foundation for 
decarbonization. The formulation of an energy policy signifies the commitment of top 
management to enhance energy performance and achieve decarbonization. The policy 
articulates the organization’s dedication to energy efficiency and the reduction of 
greenhouse gas emissions, directing all future energy management choices and indicating 
sustainability priorities throughout the company.

Allocate Resources EnMS1(b) Obtaining management support requires the allocation of adequate resources, including 
budget, personnel, and time, to the EnMS. The allocation of dedicated resources facilitates 
the execution of energy-saving initiatives and the integration of low-carbon technologies, 
thus advancing decarbonization objectives.

Communicate Policy EnMS1(c) Documenting and disseminating the energy policy to all employees promotes organizational 
awareness and engagement. Effective communication of policy promotes a culture of energy 
efficiency and stimulates employee engagement in achieving decarbonization goals.

Andersson et al., 
[51–56]

Energy Planning. 
(EnMS2)

Identify Significant Energy Uses 
– EnMS2(a)

In this “Plan” phase, the organization evaluates its energy use and carbon footprint to 
identify improvement opportunities. Conducting an energy review to identify major energy 
uses is essential for focusing on efficiency enhancements. Concentrating on SEUs enables 
organizations to prioritize initiatives, such as process enhancements and equipment 
optimization, that result in significant reductions in energy consumption and carbon 
emissions.

Establish Energy Baseline 
EnMS2(b)

Establishing an energy consumption baseline serves as a reference point for evaluating 
performance longitudinally. A strong baseline facilitates the monitoring of consumption 
reductions, connecting energy management to greenhouse gas mitigation through the 
quantification of carbon savings resulting from efficiency enhancements.

Fichera et al., [12,
49,57–61]

Performance Metrics 
(EnMS3)

Define EnPIs EnMS3(a) Perform a comprehensive energy review to analyze current energy consumption patterns and 
related GHG emissions. Defining EnPIs, such as energy per unit of output, offers quantitative 
metrics for assessing efficiency improvements. EnPIs facilitate progress in decarbonization 
by linking energy consumption to production or service levels, thereby enhancing the 
tracking and verification of emissions reductions.

Implement Metering EnMS3(b) The implementation of metering and a measurement system guarantees precise 
documentation of energy consumption within primary systems. The collection of real-time 
data via meters, sensors, and similar devices is essential for identifying inefficiencies and 
verifying carbon reductions resulting from energy savings.

Analyze Energy Data EnMS3(c) Consistent evaluation of energy consumption data relative to EnPIs and baselines facilitates 
the identification of inefficiencies and the monitoring of improvement trends. This data- 
driven monitoring may provide evidence that the implemented measures lead to verified 
reductions in energy consumption and emissions.

Ford, Hardy 
[62–65]

Objectives & Targets 
(EnMS4)

Set Energy Objectives (SMART) 
EnMS4(a)

Based on the energy review, set energy objectives and targets that support the organization’s 
decarbonization goals. Establishing specific and measurable energy objectives and targets 
converts the energy policy into tangible results. Aligning these targets with efficiency 
improvements guarantees that the EnMS facilitates measurable carbon reduction, as each 
objective is directly associated with performance metrics.

Align Targets with Strategy 
EnMS4(b)

Aligning energy targets with overarching business objectives integrates efficiency into 
strategic planning. This integration directs innovation and investment towards solutions, 
such as process changes and new technology, that reduce energy consumption while 
promoting long-term economic growth and sustainability.

Coelho et al., 
[66–72]

Action Planning (EnMS5) Develop Energy Action Plan 
EnMS5(a)

This phase corresponds to the “Do” part of the cycle – executing the action plans and 
embedding energy management into day-to-day operations. Developing a comprehensive 
energy action plan requires enumerating activities, designating responsibilities, and 
distributing resources necessary to achieve objectives. An explicit action plan facilitates the 
execution of decarbonization initiatives, such as retrofits and efficiency upgrades, detailing 
the methods of implementation and evaluation.

Allocate Tasks & Schedule 
EnMS5(b)

Prioritizing and scheduling energy efficiency projects directs resources toward initiatives 
that yield the most significant impact. This methodical approach facilitates decarbonization 
by systematically implementing high-impact measures, such as process optimizations and 
equipment upgrades.

Verify Implementation – EnMS5 
(c)

Incorporating methods for result verification within the action plan enhances accountability. 
By delineating the metrics for outcome assessment, organizations can ascertain whether their 
actions produce the anticipated energy and carbon reductions, thereby ensuring ongoing 
commitment to decarbonization objectives.

Bevan et al., 
[73–78]

Roles & Competency 
(EnMS6)

Define Roles & Responsibilities 
EnMS6(a)

Assigning roles and responsibilities for energy management tasks is crucial for an effective 
EnMS. Explicit responsibilities, such as leadership of energy teams, enhance organizational 
coordination of efficiency initiatives and sustain emphasis on emission reduction results.

Identify Required Competencies 
EnMS6(b)

Defining the necessary skills for each major energy use can help align energy management 
activities with the appropriate technical and managerial expertise. Competency mapping and 
gap analysis facilitate targeted training, allowing personnel to effectively implement 
complex decarbonization solutions, such as renewable technologies and control systems.

Provide Energy Training EnMS6 
(c)

Developing training programs to enhance essential skills, such as data analysis and 
operational efficiency, facilitates ongoing improvement. Effective training enables personnel 
to recognize and implement carbon-reduction opportunities, such as optimizing system 
settings, thereby reinforcing the objectives of the EnMS.

Fernando et al., 
[79,80]

Training & Awareness 
(EnMS7)

Conduct Training Programs – 
EnMS7(a)

Develop competence and awareness at all levels of the organization. Provide training 
programs for employees and operators on energy-efficient practices, equipment use, and 
maintenance. Providing specialized training in energy management and efficiency enhances 
the workforce's ability to identify savings. Employees with adequate training are more 

(continued on next page)
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Table 2 (continued )

Author(s) Main Activity Sub-Activity Description

inclined to engage in decarbonization initiatives by, for illustration, proposing process 
enhancements or following energy conservation protocols.

Launch Awareness Campaigns 
EnMS7(b)

Internal communication, including newsletters, meetings, and signage, regarding energy 
goals and achievements, reinforces the cultural transformation necessary for achieving 
savings. Awareness campaigns emphasize the significance of each staff member's 
contribution to minimizing energy consumption and emissions, thereby fostering greater 
involvement in decarbonization efforts.

Sutton, Le Roux 
[81,82]

Communication (EnMS8) Internal Energy Communication 
EnMS8(a)

Establish internal and external communication processes regarding energy performance. 
Internally, communicate policies, goals, and progress to all departments via dashboards or 
team meetings to keep energy and carbon goals visible. Creating a communication plan for 
EnMS activities keep organizational levels informed about energy performance and related 
initiatives. Transparent internal reporting, such as posters and dashboards, enhances 
employee engagement and emphasizes advancements in achieving emissions reduction 
targets.

External Reporting EnMS8(b) Communicating energy performance and initiatives to external stakeholders, such as 
customers and investors, fosters accountability and trust. The public disclosure of energy 
targets and outcomes strengthens the commitment to SDGs and can enhance community and 
customer support for decarbonization efforts.

Daroon et al., 
[83–86]

Documentation (EnMS9) Maintain Documentation 
EnMS9(a)

Documented procedures, manuals, and guidelines are essential for ensuring consistency in 
energy management practices. Systematic documentation facilitates clear monitoring of 
energy-related activities, essential for ensuring compliance and assessing carbon savings 
over time.

Control Energy Records EnMS9 
(b)

Implementing document control for energy data, including bills, logs, and reports, 
guarantees the availability of accurate and current information. Accurate documentation of 
consumption and savings is crucial for substantiating emission reduction claims and 
facilitating ongoing enhancement.

Use Records for Verification 
EnMS9(c)

The effective use of maintained records of energy consumption and enhancements facilitates 
the monitoring of progress relative to established targets. The evidence base is essential for 
illustrating the efficacy of decarbonization measures, such as quantifying avoided CO₂ 
through documented energy savings.

Benedetti et al., 
[87–89]

Operational Control 
(EnMS10)

Implement Operational 
Controls EnMS10(a)

Establishing operational procedures and control setpoints, such as optimal temperature 
settings and scheduling, is essential for ensuring the efficient operation of SEUs. The 
consistent application of these controls minimizes energy waste and directly contributes to 
emission reductions through the optimization of equipment performance.

Preventive Maintenance 
EnMS10(b)

Regular maintenance of energy-intensive equipment, such as HVAC systems and motors, is 
essential for sustaining system efficiency. Proper maintenance of equipment mitigates 
degradation, such as motor wear, thereby preventing declines in energy performance and 
unintended increases in CO₂ emissions.

Standardize Efficient 
Operations EnMS10(c)

Establishing standard operating procedures (SOPs) for processes characterized by high 
energy consumption promotes consistent efficiency. Well-defined standard operating 
procedures for equipment start-up, shutdown, and cycling minimize variability caused by 
operators, thereby reducing energy waste and limiting excess emissions.

Fitzgerald et al., 
[53,90]

Energy-Efficient Design 
EnMS11

Integrate Energy in Design 
EnMS11(a)

The integration of energy performance criteria into the design of facilities and equipment 
enhances efficiency from the foundational level. Designing systems such as HVAC or process 
lines for energy efficiency and flexibility, including the incorporation of automatic controls, 
results in reduced energy consumption and lower greenhouse gas emissions throughout their 
operational lifespan.

Include Energy Specs in 
Procurement EnMS11(b)

Incorporating energy performance outcomes from design evaluations into procurement 
specifications facilitates the acquisition of efficient equipment. Specifying high-efficiency 
chillers or lighting fixtures based on prior evaluation helps align procured assets with long- 
term decarbonization objectives.

Ikram [16,91,92] Sustainable Procurement 
– (EnMS12)

Green Procurement Criteria 
EnMS12(a)

Integrating energy efficiency and sustainability standards into procurement policies, such as 
energy labels and lifecycle costs, facilitates the procurement of low-carbon products. 
Prioritizing high-efficiency products and services enables the organization to minimize 
embedded energy and advance Sustainable Development Goal 12 concerning responsible 
consumption.

Engage Suppliers on Energy 
EnMS12(b)

Engaging with suppliers and contractors to enhance their energy practices promotes 
efficiency across the supply chain. This enhances the decarbonization effect upstream, as 
suppliers implement more sustainable processes and provide products with reduced carbon 
footprints.

Assess Lifecycle Impact EnMS12 
(c)

Assessing the energy and carbon implications of prospective acquisitions via lifecycle 
assessment facilitates informed decision-making. Considering total energy use, including 
production and disposal, procurement choices align with decarbonization by circumventing 
high-emission options.

Boharb et al., 
[93–95]

Internal Audit (EnMS13) Plan Internal Audit – EnMS13 
(a)

Implementing a regular internal audit schedule, typically on an annual basis, guarantees that 
the EnMS processes are assessed for their effectiveness. Audits facilitate the early detection of 
non-conformities and performance deficiencies, enabling timely corrective actions that 
ensure the effectiveness of decarbonization initiatives.

Conduct EnMS Audits EnMS13 
(b)

Audits entail the verification of adherence to documented energy procedures and the 
assessment of target achievement. Audits verify the effectiveness of energy and emissions 
reduction measures through interviews, observations, and data analysis.

Audit Follow-up EnMS13(c) Documenting audit findings and ensuring follow-up actions through corrective plans 
completes the process in the EnMS. This feedback guarantees the rectification of any 
inefficiencies or unforeseen energy consumption, thereby strengthening the system's 
contribution to ongoing decarbonization efforts.

(continued on next page)
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operational components explicitly geared toward enhancing energy 
performance, reducing energy consumption, and contributing to the 
reduction of corporate carbon footprints.

The EnMS activities identified in this review can be interpreted as 
supporting circularity through at least five connected mechanisms. First, 
strategic commitment, policy setting, and planning create the manage
rial conditions under which resource-efficiency and circularity priorities 
can be formalized rather than treated as ad hoc sustainability claims. 
Second, energy review, baseline development, and performance in
dicators can be expanded to identify not only significant energy uses, but 
also material-intensive stages, loss points, and recovery opportunities 
across production and logistics. Third, operational control, competence 
development, and communication enable the practical coordination 
needed for leaner process design, waste prevention, maintenance, reuse, 
and more efficient handling of returns and secondary materials. Fourth, 
procurement and supplier engagement can extend ISO 50001 beyond 
direct operations by linking energy performance with upstream material 
choices and embodied-carbon considerations. Fifth, audit, management 
review, and continual improvement provide the feedback structure 
required to institutionalize closed-loop learning over time. ISO 50001 
does not itself prescribe circularity; instead, it may provide the gover
nance architecture through which circular objectives can be translated 
into routines, metrics, and verifiable improvement cycles.

The framework of an ISO 50001 EnMS relies fundamentally on an 
explicit energy policy backed by executive leadership. The reviewed 
literature demonstrates that organizations typically begin their EnMS 
journey by defining an energy policy that expresses their commitment to 
improving energy performance and mitigating greenhouse gas (GHG). 
This phase, represented by Energy Policy (EnMS1), encompasses 
formalizing policy statements, allocating appropriate resources, and 
communicating the policy across the organization. Necessary gover
nance conditions for energy savings initiatives and low-carbon 

investments are built by securing management support and dedicating 
financial, human and technical resources. Moreover, circulating the 
policy internally helps embed energy stewardship into corporate cul
ture, motivating employees to participate in decarbonization efforts. 
EnMS1 thus serves as strategic entry point through which ISO 50001 
aligns corporate strategy with energy and carbon reduction ambitions.

Building on this strategic commitment, ISO 50001 mandates robust 
planning to establish a technical benchmark for improvement. Energy 
Planning (EnMS2) involves identification of significant energy uses and 
the establishment of an energy baseline, allowing organizations to un
derstand where energy is consumed most intensively and where 
improvement opportunities are most relevant. In practice, this requires 
conducting an energy review to map major operational processes and 
prioritizing significant energy uses such as production lines, heating and 
cooling systems, motors, compressed air systems, or any other energy 
intensive equipment. The development of a rigorous energy baseline is 
crucial, as it provides the analytical reference point necessary to quan
tify future efficiency gains and associated carbon reductions. This 
planning phase supports the treatment of carbon mitigation as a 
measurable process grounded in actual energy consumption data. A 
primary differentiator of ISO 50001 is its focus on data tracking and 
performance evaluation. Performance Metrics (EnMS3) focuses on 
defining energy performance indicators (EnPIs), implementing metering 
systems, and analyzing energy data. The synthesized literature demon
strates that EnPIs, such as energy consumption per unit of output, pro
vide quantitative metrics that connect energy use to organizational 
activity, allowing companies to distinguish between absolute reduction 
in energy use and efficiency improvements relative to production. This 
data infrastructure is reinforced by sub-meters, sensors, and real time 
monitoring software that capture high-fidelity operational data. 
Through regular analysis of energy data against baselines and EnPIs, 
organizations are able to pinpoint operational anomalies, verify the 

Table 2 (continued )

Author(s) Main Activity Sub-Activity Description

Iribar et al., 
[96–98]

Nonconformity (EnMS14) Identify Nonconformities 
EnMS14(a)

Establishing procedures for detecting deviations, such as through monitoring or audits, 
guarantees the identification of failures to comply with EnMS requirements. Identifying 
nonconformities in processes or performance constitutes the initial step in mitigating energy 
waste and related emissions.

Corrective Actions EnMS14(b) Implementing corrective measures to address the root causes of identified nonconformities 
effectively mitigates the risk of recurring inefficiencies. An effective corrective action process 
addresses underlying issues, thereby minimizing energy losses and consistently reducing 
carbon emissions.

Preventive Actions EnMS14(c) Implementing preventive measures addresses potential nonconformities prior to their 
occurrence. Proactively addressing conditions that may result in energy overruns, such as 
equipment drift, enhances the reliability of decarbonization outcomes through preventive 
actions.

Gahm et al., 
[99–102]

Management Review 
(EnMS15)

Schedule Review Meetings – 
EnMS15(a)

Regular management review sessions, such as quarterly or annual meetings, facilitate the 
assessment of EnMS performance by senior leadership. The review of energy outcomes and 
plans by top management strengthens accountability for emissions targets and incorporates 
energy considerations into strategic decision-making.

Evaluate Performance – 
EnMS15(b)

Management reviews that analyze overall energy performance data reveal both successes 
and shortcomings in meeting objectives. This systematic evaluation enables leadership to 
assess progress in decarbonization and make informed adjustments to maintain alignment 
with objectives.

Update Policy/Plan – EnMS15 
(c)

Management ought to revise the energy policy, objectives, and resources in accordance with 
the findings of the review. Through the revision of plans based on performance evaluation, 
the organization maintains ongoing alignment with its decarbonization objectives and 
adjusts to emerging challenges.

(S. [103–106]) Continual Improvement 
(EnMS16)

Identify Improvement 
Opportunities – EnMS16(a)

Continuous assessment of performance relative to targets identifies additional opportunities 
for enhancement. Continuous analysis, such as benchmarking and audits, identifies 
opportunities for further reductions in energy consumption and emissions, thereby 
contributing to a cycle of ongoing optimization.

Implement Improvement 
Projects – EnMS16(b)

Establishing a culture of continuous improvement requires the planning and execution of 
projects, such as upgrades and efficiency measures, aimed at enhancing performance beyond 
the existing baseline. Each improvement initiative contributes to decarbonization by 
progressively reducing the organization’s carbon footprint.

Measure Improvement 
Outcomes – EnMS16(c)

Monitoring and evaluating the outcomes of enhancement initiatives verifies that reductions 
in energy consumption and emissions are realized. Transparent reporting of these results 
guarantees that improvements are recorded and utilized to establish more ambitious future 
objectives.
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impact of implemented measures, and demonstrates the carbon reduc
tion benefits of energy savings. Thus, by embedding empirical energy 
performance as the primary mechanism for carbon mitigation, ISO 
50001 differs from broader management standards. The framework also 
highlights the tactical transition from data analysis and planning to 
concrete and targeted objectives. Objectives and targets (EnMS4) and 
Action Planning (EnMs5) represent the collaborative stage where policy 
goals and energy review insights are converted into specific, measur
able, and time-bound improvement actions. Firms set energy goals 
which supports broader decarbonization targets and align them with 
core business. This integration can help position energy performance as 
a key variable in capital allocation, technological innovation, and long- 
term asset management. Action planning subsequently defines the 
concrete steps required to achieve these objectives, including assigning 
clear responsibilities, allocating tasks, scheduling projects, and estab
lishing evaluation protocols. Through this mechanism, ISO 50001 sys
tematically translates abstract carbon goals into practical engineering 
and operational improvements.

The implementation phase of the EnMS involves embedding energy 
management into day-to-day corporate routines. This organizational 
integration is governed by a cluster of interconnected activities 
including Roles and Competency (EnMS6), Training and Awareness 
(EnMS7), Communication (EnMS8), and Documentation (EnMS9). 
Formally assigning energy responsibilities helps position energy man
agement as a coordinated, cross-functional corporate discipline rather 
than a function limited to a technical department.. Competency map
ping and structured technical training empower operators to identify 
energy waste, apply efficient operating practices, and support the use of 
more advanced energy technologies. Simultaneously, internal commu
nication campaigns and performance dashboards maintain the visibility 
of energy performance, while rigorous documentation and record con
trol provide the transparent audit trail required to track energy con
sumption and verify emissions reduction claims. These organizational 
and human factors are crucial, as technical improvements alone remain 
vulnerable to performance decay without clear responsibilities, 
employee engagement, and reliable information systems. Moreover, 
direct carbon mitigation occurs primary through real-time operational 
execution. Operational Control (EnMS10) involves establishing control 
procedures, maintaining energy-intensive equipment, and standardizing 
efficient operating practices. These interventions directly reduce un
necessary energy consumption by ensuring that significant energy use 
operate under optimized parameters. Energy Efficient Design (EnMs11) 
and Sustainable Procurement (EnMS12) extend the reach of the EnMS 
beyond existing assets by embedding energy performance metrics into 
the design of new facilities, asset purchasing, and capital procurement 
decisions. Because design and procurement choices lock in an organi
zation’s energy profile and carbon path for decades, prioritizing life- 
cycle energy costs and sourcing high-efficiency equipment allows or
ganizations to expand the decarbonization impact of ISO 50001 beyond 
internal operations and towards upstream value-chain decisions. The 
verification and governance loops within the ISO 50001 framework 
ensure accountability and systematic resilience. Internal Audit 
(EnMS13), Nonconformity (EnMS14) and Management Review 
(EnMS15) function as the feedback mechanisms of the PDCA cycle. In
ternal audits allow firms to verify whether energy procedures are being 
allowed and whether targets are being actively met. Nonconformity and 
corrective action processes establish root-cause analysis to investigate 
performance deviations, preventing recurring inefficiencies. Manage
ment reviews then enable senior leadership to evaluate energy perfor
mance, assess whether objectives remain appropriate, and update 
policies, resources, or action plans. These feedback mechanisms prevent 
the EnMS from degenerating into passive compliance exercise, main
taining its utility as a responsive, active system for energy and emissions 
improvement. Finally, Continual Improvement (EnMS16) captures the 
long-term contribution of ISO 50001 to decarbonization. The review 
indicates that ISO 50001 does not prompt a singular, static reduction, 

but rather fosters a progressive cycle where organizations repeatedly 
identify, execute, and verify energy-saving interventions. This continual 
cycle allows companies to move from basic energy-saving measures 
toward more advanced efficiency improvements and low carbon in
vestments. Nevertheless, the ultimate decarbonization of ISO 50001 is 
bounded by its depth of its implementation. While the standard offers an 
exceptional framework for reducing energy related operational emis
sions, achieving absolute carbon neutrality requires the integration of 
external strategies. Therefore, ISO 50001should be understood as a 
powerful operational and managerial platform for zero-carbon targets, 
but not a standalone net-zero solution.

Moreover, the systematic review develops an EnMS activity frame
work illustrating how ISO 50001 promotes decarbonization through a 
structured sequence of interconnected practices. These include estab
lishing energy-conscious leadership and policy, conducting data-driven 
energy planning, defining measurable performance indicators, imple
menting targeted efficiency actions, strengthening employee involve
ment, controlling energy-intensive operations, and evaluating progress 
through audits, corrective actions as well as management reviews. This 
process-oriented perspective clarifies that ISO 50001 contributes to 
decarbonization not through a single intervention, yet through the cu
mulative effect of multiple energy management practices embedded 
deep within organizational routines. Consequently, these finding sug
gest that future research should further examine how ISO 50001 can be 
integrated with renewable energy strategies, digital energy monitoring 
systems, lifecycle-based procurement, and broader net-zero frameworks 
to maximize its contribution to global climate stabilization.

The study followed a sequential integrative framework. The biblio
metric analysis addressed the macro-level structure of the field by 
identifying dominant journals, thematic clusters, analytical approaches, 
and collaboration patterns across the ISO 50001 literature. The sys
tematic review then moved to the micro-level by extracting recurrent 
EnMS activities, implementation practices, and reported sustainability 
outcomes from the final 111 articles. The integrated model in Fig. 7
developed only after these two stages were compared: bibliometric 
clusters indicated the main directions of the field, while the coded re
view results identified the organizational mechanisms through which 
ISO 50001 is implemented in practice. The model therefore regarded as 
the synthesis point connecting field-level patterns, article-level evi
dence, and forward-looking conceptual integration.

4. Discussion

By merging bibliometric analysis with a process-focused systematic 
review, this study advances the understanding of ISO 50001 by framing 
it as a management standard for energy performance improvement, 
decarbonization, CE and corporate sustainability. Integrating science 
mapping with a process oriented systematic review, enables this 
research to move beyond treating the standard as merely a certification 
tool, instead positioning it as an organizational infrastructure through 
which energy-related objectives embedded into managerial routines. 
The discussion of the findings highlights two distinct academic contri
butions: first, the bibliometric analysis reveals how the ISO 50001 
research field has evolved intellectually and thematically from 2015 to 
2025: second, the systematic review clarifies the potential EnMS activ
ities and sub-activities that drive energy efficiency, carbon reduction, 
and broader institutional sustainability goals. Together, this dual 
approach provides a comprehensive framework for conceptualizing how 
standardized management systems translate high-level environmental 
targets into continuous and structured corporate improvement.

The findings clarify the distinctions between the current synthesis 
and related review traditions. Prior bibliometric studies on ISO 50001 
predominantly establish the foundational knowledge and emerging 
research themes, whereas implementation research focuses on energy 
savings, organizational adoption, and performance enhancement. Our 
synthesis builds on this evidence but shifts the analytical focus from 
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whether EnMS enhances energy management to how its existing rou
tines interact with broader sustainability decisions. This distinction is 
significant as empirical evidence indicates that energy-performance 
enhancements under ISO 50001 are supported; however, these im
provements cannot be universally applied to circular-material out
comes, comprehensive value-chain decarbonization, or the achievement 
of Sustainable Development Goals (SDGs). The proposed mappings of CE 
and SDG thus broaden the interpretation of EnMS while maintaining the 
formal scope of the standard [28].

This distinction has become more significant following the release of 
ISO 50100:2026, which specifies requirements for reducing energy- 
related greenhouse gas emissions and explicitly details its connection 
to ISO 50001:2018. The existence of a dedicated decarbonization stan
dard underscores that ISO 50001 should not be presented as a 
comprehensive tool for achieving carbon neutrality. Instead, ISO 50001 
serves as a foundational framework for organizational energy perfor
mance, which can support broader decarbonization efforts when inte
grated with specific emissions targets, carbon accounting, renewable 
energy strategies, and related standards [107].

The significance of this study is more apparent when contextualized 
within related research in the ISO 50001 and EnMS literature. Rampasso 
et al. [26] and Yuriev and Boiral [25] primarily address implementation 
barriers and critical adoption challenges. In contrast, the current study 
integrates field mapping with process-level synthesis across a wider 
range of literature. Jovanović and Filipović [20] create and validate an 
energy-management maturity model; however, they do not offer the 
bibliometric overview or the synthesis focused on SDGs and decarbon
ization presented in this study. Todaro et al. [40] provide a review of 
organization and management theories within the broader context of 
environmental management systems research. In contrast, the current 
manuscript focuses specifically on ISO 50001 and connects EnMS ac
tivity coding to outcomes related to energy, carbon, and cautiously 
considered circularity. Schmitt et al. [30] focus on energy efficiency in 
industrial manufacturing, while this study broadens the analysis to 
include research evolution, EnMS activity architecture, SDG alignment, 
and the conditional relationship among ISO 50001, decarbonization, 
and circularity. Together, these distinctions characterize the originality 
of the current review as an integrative, multi-method synthesis rather 
than a singular thematic evaluation.

The bibliometric analysis results highlight that ISO 50001 scholar
ship has progressively matured from early focus on implementation, 
certification, and EnMS adoption toward a broader research agenda 
encompassing energy performance, digitalization, operational optimi
zation, sustainable production, and climate action outcomes. Founda
tional literature on energy management systems primarily analyzed 
adoption drivers, certification processes, implementation barriers, and 
measurable energy savings. In contrast, the thematic structure identified 
in the study suggest that recent research on ISO 50001 is more closely 
with energy performance improvement, sustainability integration and 
climate mitigation [108]. Driven by the post 2015 global sustainability 
agenda, including the Paris Agreement and the UN SDGs, energy man
agement has increasingly shifted from an operational concern to a core 
corporate strategy [109,110]. In recent years, energy security concerns 
and resource scarcities have intensified the pressure on firms to manage 
and mitigate greenhouse gas emissions, optimize resource efficiency, 
and restructure corporate practices to support the transition toward 
low-carbon energy systems [111]. Within this context, ISO 50001 has 
gained critical relevance far beyond its capacity to deliver immediate 
utility cost savings. Instead, it serves as a robust mechanism for inte
grating energy efficiency directly into organizational governance. 
Empirical insights from ISO 50001 case studies consistently show that 
firms report cost savings, productivity gains, operational improvements, 
and GHG emissions mitigation, while implementation research un
derlines the importance of management support, structed workforce 
coordination, and cross-functional teams for effective EnMS operation 
[17,60].

The geographical concentration illustrated in Fig. 5, highlighting 
Germany, Italy, Spain, the United Kingdom, and France, likely indicates 
a synergy of robust industrial foundations, energy-efficiency regula
tions, and well-established applied-research networks within Europe. 
This region has closely integrated energy and environmental manage
ment standards with corporate sustainability and policy instruments 
[17,20,45]. The United States and Japan are pivotal due to their 
extensive research systems, developed industrial energy-management 
programs, and robust digital and engineering infrastructures that facil
itate measurement-intensive EnMS research [21,53,112]. The promi
nence of Brazil and Russia may be associated with the practical 
significance of energy performance in sectors that are resource- and 
energy-intensive, where operational efficiency holds immediate eco
nomic and environmental relevance [30,108,113]. In contrast, the pe
ripheral representation of emerging economies may indicate reduced 
certification density, limited access to plant-level energy data, and 
insufficient institutional support for the publication of ISO 50001-based 
empirical studies [17,114]. These patterns indicate that research on ISO 
50001 is influenced not only by sustainability priorities but also by the 
interplay of policy capacity, industrial demand, and research infra
structure, which collectively render formal energy management a viable 
subject for scholarly publication.

This conceptual shift fundamentally redefines how ISO 50001 should 
be interpreted within the literature. When the ISO 50001 standard is 
treated as a static certification instrument, its contribution is evaluated 
mainly in terms of adoption rates, compliance, or formal recognition. 
Conversely, when it is conceptualized as an organizational energy 
management infrastructure, its contribution is assessed by the extent to 
which it transforms energy related decision-making. The systematic 
review conducted in this research supports the latter interpretation. The 
empirical evidence demonstrates that EnMS functions through a chain of 
interconnected processes: leadership defines the direction, energy 
planning identifies significant energy uses, performance indicators make 
energy performance measurable, operational controls translate objec
tives into practice, and audits and management review create feedback 
loops for continual improvement [115,116]. Therefore, the effectiveness 
of ISO 50001 depends more on how deeply its practices are internalized 
across the firm.

Additionally, the strongest evidence concerns the role of ISO 50001 
in structuring energy planning, monitoring energy performance, estab
lishing operational controls, reviewing results, and supporting continual 
improvement. These capabilities can create organizational conditions 
that are relevant to decarbonization, particularly when energy- 
performance objectives are coordinated with emissions measurement 
and low-carbon investment decisions. By systematically lowering energy 
intensity and elevating process efficiency, these activities indirectly 
mitigate energy-related emissions; a structural contribution that may 
have important implications for carbon-mitigation strategies in energy- 
intensive industries [113]. This interpretation is strongly backed up by 
the analysis of 83 manufacturing facilities further shows that ISO 50001 
can support carbon dioxide mitigations by integrating energy efficiency 
into operational processes, making it a relevant policy lever for climate 
action targets [53]. This result aligns with the broader energy efficiency 
literature, that identifies energy efficiency as one of the immediate and 
cost-effective pathways to greenhouse gas emissions mitigation, espe
cially in energy intensive sectors where energy represents a crucial 
source of direct and indirect emissions [117]. Paradoxically, the findings 
also reveal a clear limitation: ISO 50001 does not explicitly require firms 
to adopt renewable energy, electrify processes, establish science-based 
targets, or manage full value-chain emissions [118]. Its climate contri
bution is therefore enabling rather than determinative. The standard 
delivers the structural management architecture required execute car
bon reduction, but it does not dictate the depth of decarbonization goals, 
nor does it describe the technological roadmap required to achieve 
them.

A third core insight relates to the operational mechanics of how ISO 
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50001 drives broader sustainability objectives. The SDG mapping 
executed in this research reveals that the standard intersects most 
robustly with SDG 7 (Affordable and Clean Energy), SDG 12 (Respon
sible Consumption and Production) and SDG 13 (Climate Action) [118]. 
This thematic alignment is theoretically coherent, as these global targets 
correspond to the areas where an EnMS exercises its most immediate 
operational leverage: energy efficiency, responsible resource use, and 
climate action. Through energy planning, monitoring, operational con
trol, design, procurement, and continual improvement, ISO 50001 
provides organizations with a practical blueprint for reducing energy 
waste, boosting resource productivity, and lowering energy-related 
emissions. However, the findings of this study also reveal that ISO 
50001 standard’s contribution to the SDGs is not uniform. While its 
main impact remains operational and tied to energy metrics, the stan
dard offers only passive or indirect support to broader social, institu
tional, or partnership-oriented SDGs unless firms deliberately extend the 
EnMS scope to encompass proactive stakeholder engagement, trans
parent reporting, inclusive training, or integrated sustainability gover
nance [119].

Furthermore, the systematic results suggest that ISO 50001 creates 
value when it is internalized within existing organizational functions. 
This interpretation aligns with ISO 50001 case-study evidence indi
cating that management support and energy-aware culture are among 
the most prominent success factors, while weak energy-management 
culture and lack of internal expertise remain major implementation 
barriers [114]. While energy management is often segmented as purely 
technical or engineering task, this research highlights that successful 
EnMS deployment is fundamentally a cross-functional endeavor. 
Achieving meaningful energy performance involve leadership strategy, 
procurement protocols, employees’ competence, internal communica
tion, documentation, performance evaluation and management review 
(S. Y. B. [120]). Therefore, ISO 50001 standard should be understood as 
a managerial capability rather than only technical energy-efficiency 
tool. Recent evidence further supports this perspective by framing the 
standard based EnMS as a way of managing energy as crucial business 
practice and as a practical pathway to carbon mitigation [121]. The 
standard provides a common management, but its effectiveness depends 
on implementation depth, data quality, organizational culture, mana
gerial commitment and the extent to which energy considerations are 
integrated into day-to-day decision making. The effectiveness of ISO 
50001 depends on translating energy objectives into operational rou
tines and continuous improvement practices, as shown by studies inte
grating ISO 50001 with Lean Six Sigma and Define, Measure, Analyze, 
Improve, Control (DMAIC)-based energy optimization approaches [51].

Based on the data, several clear pathways emerge for future ISO 
50001 research. Notably, the bibliometric mapping identifies a strong 
trend towards data-driven energy management, driven by emerging 
topics like digitalization, machine learning, algorithms, automated en
ergy planning. Since the effectiveness of ISO 50001 systems rely on 
accurately measuring and analyzing energy performance, in this regard 
Industry 4.0/5.0 technologies such as IoT, big data, analytics, cloud 
platforms and smart sensors can strengthen EnMS integration and de
cision making [122]. By adopting these tools, firms can move from 
manual tracking to real-time monitoring and more accurate verification 
of energy savings [123]. Moreover, the findings indicate that ISO 50001 
research remains more developed in relation to internal energy man
agement than value-chain energy emissions management. Most EnMS 
activities focus on energy consumption under the firm’s direct opera
tional control, which is consistent with the structure of the standard. 
However, from a decarbonization perspective, this internal focus is 
inadequate for certain industries. In sectors where upstream materials, 
logistics, outsourced activities, product use, or end-of-life processes ac
count for large energy footprint, managing internal operations alone is 
insufficient. This matches recent studies showing growing regulatory 
and scholarly attention to supply-chain carbon footprints, green supply 
chain management, and carbon accounting as a necessary dimension of 

corporate decarbonization [124,125]. Future research should examine 
how ISO 50001 can be connected more explicitly with digital energy 
infrastructures, life-cycle thinking, supplier engagement, carbon ac
counting, and carbon-neutral supply-chain strategy.

The research’s findings indicate that ISO 50001 may provide greater 
value when it is woven into wider corporate and policy frameworks 
instead of running as a stand-alone technical project. Within the firm, 
co-implementing alongside other management standard strengthens its 
impact by connecting energy metrics to environmental management, 
quality controls, ESG operating, operational efficiency, occupational 
practices, and corporate climate strategies. This interpretation is 
consistent with broader research positioning ISO management system 
standards within corporate sustainability, ESG and SDG agendas [126]. 
For instance, integration with ISO 14001 aligns energy efficiency with 
broader environmental objectives and emissions reduction, at the same 
time ISO 50001 provides a more specific energy-performance orienta
tion, since ISO14001 and EMS can support some energy-management 
practices but do not impose the same explicit energy performance re
quirements as EnMS [45]. At the macro policy level, ISO 50001 standard 
reinforces national and sectoral energy efficiency and decarbonization 
strategies by translating energy savings opportunities into sustained 
management practices. While conventional energy audits are sufficient 
for identifying improvement opportunities, ISO 50001 provides the 
structural framework required to systematically implement, track, and 
continuously improve those opportunities over time [20]. Consequently, 
policymakers can accelerate adoption through incentives, technical 
assistance, sectoral guidance, and support for digital energy monitoring. 
This policy intervention is particularly critical for SMEs, which often 
face financial, technical, and data-related implementation barriers 
[127]

4.1. Multilayer Integrated ISO 50001, Net Zero and Circular Economy 
Model

This study develops an integrated ISO 50001, Net Zero and CE model 
that positions energy management as a strategic mechanism for 
advancing organizational decarbonization and circular industrial 
transformation, as illustrated in Fig. 7. In place of viewing ISO 50001 as 
a certification-oriented management standard, the proposed model 
conceptualizes it as an enabling architecture through which firms can 
institutionalize energy efficiency, carbon reduction, renewable energy 
integration, operational accountability, and resource circularity. Net 
zero represents the strategic destination of the framework, while ISO 
50001 provides the managerial discipline required to progress from 
energy baselining and performance monitoring toward verified decar
bonization outcomes. CE principles further extend this logic by shifting 
the focus from energy consumption alone to the wider management of 
materials, waste, product life extension, and closed-loop value creation. 
Accordingly, the model conceptualizes sustainable industrial perfor
mance as the combined outcome of energy excellence, decarbonization 
capability, and circular resource governance.

Fig. 7 represents an evidence-informed integrative model derived 
from three interrelated sources within this review. Initially, the mana
gerial core is directly informed by the sixteen EnMS activities and sub- 
activities outlined in Table 2, particularly focusing on policy, plan
ning, energy review, performance indicators, operational control, 
competence, procurement, auditing, management review, and continual 
improvement. Secondly, the decarbonization pathway is informed by 
consistent findings in the reviewed literature, which include energy 
savings, enhanced monitoring, operational discipline, improved 
decision-making, and, in certain instances, reported reductions in 
emissions or alignment with carbon-management strategies. Third, the 
circular-economy aspect is only partially direct. In the reviewed set, 
resource efficiency, waste prevention, recovery, and procurement/ 
design-related improvements were consistently supported. In contrast, 
reverse logistics, remanufacturing, and broader closed-loop value-chain 
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features were less consistently evidenced and are thus included as con
ceptual extensions that align with the governance logic of ISO 50001. 
Consequently, the model is characterized as a synthesis framework 
derived from the review, rather than as a fully empirically validated 
causal model.

A central contribution of the framework is its expansion of the ISO 
50001 boundary from the facility level to the wider value chain. Net- 
zero progress cannot be fully achieved through internal energy effi
ciency measures alone, particularly when upstream and downstream 
activities account for substantial environmental impacts. The model 
therefore links raw materials, suppliers, manufacturing operations, lo
gistics, product use, collection, recovery, and recycling through coor
dinated flows of energy, materials, and information. Upstream decisions 
related to supplier selection, material sourcing, eco-design, and sus
tainable procurement shape both embodied carbon and resource in
tensity. Downstream practices, including product stewardship, take- 
back systems, reuse, repair, refurbishment, remanufacturing, and recy
cling, determine whether products and materials are discarded as waste 
or retained within productive circulation. In this sense, the reverse-flow 
pathway is not a peripheral element of the framework but is conceptu
alized as a core mechanism for reducing virgin material dependency, 
lowering lifecycle emissions, and converting end-of-life management 
into a source of recovered economic and environmental value.

The operational logic of the model is expressed through a staged 
implementation pathway that translates broad sustainability commit
ments into managerial routines and measurable actions. The diagnostic 
stage begins with energy reviews, carbon and material baselines, iden
tification of significant energy uses, and risk–opportunity assessment. 
Planning then converts these insights into energy performance in
dicators, action plans, net-zero roadmaps, eco-design priorities, and 
resource-efficiency targets. At the implementation stage, process opti
mization, smart monitoring, operational controls, preventive mainte
nance, and waste-loss reduction support the practical execution of 
energy and circularity objectives. Measurement and verification connect 
energy performance monitoring with greenhouse gas accounting, in
ternal audits, corrective actions, and performance review. Finally, cir
cular closure is achieved through take-back systems, repair, reuse, 
remanufacturing, recycling, and continual improvement. This sequence 
suggests that circular economy can be viewed as a logical extension of 
ISO 50001’s continual improvement philosophy when energy perfor
mance is integrated with material productivity and lifecycle 
responsibility.

Digitalization functions as a critical enabling infrastructure within 
the proposed framework. Smart meters, IoT sensors, energy analytics, 
artificial intelligence, digital twins, renewable energy management 
systems, and cloud-based dashboards enhance the visibility, accuracy, 
and responsiveness of energy and carbon performance. These technol
ogies strengthen the monitoring and verification requirements of ISO 
50001 by enabling real-time detection of energy waste, improved fore
casting, predictive maintenance, automated reporting, and more reli
able evidence for decarbonization claims. At the same time, the effective 
deployment of such technologies depends on cross-functional organi
zational capabilities, including workforce competence, green procure
ment, lean operations, innovation culture, sustainable investment, data 
governance, and supply-chain collaboration. The model therefore avoids 
a purely technology-driven interpretation of transition and instead 
emphasizes the alignment of people, processes, data, suppliers, and in
vestment decisions with energy, carbon, and circularity objectives.

Governance is embedded throughout the framework through the 
coordinated participation of multiple stakeholders. Top management 
provides strategic direction and resource commitment, energy managers 
translate objectives into measurable actions, operations teams imple
ment process-level improvements, suppliers support low-carbon and 
circular inputs, customers influence responsible use and product return 
systems, and regulators and investors reinforce accountability through 
compliance, disclosure, and financial expectations. Communities and 

the natural environment are also incorporated as essential reference 
points for evaluating the broader legitimacy and societal value of in
dustrial transformation. This governance structure suggests that ISO 
50001 becomes more effective when it is integrated into organizational 
decision-making rather than confined to technical departments. Energy 
management is therefore repositioned as a collaborative governance 
system through which firms can align internal operations, external 
partnerships, and sustainability commitments.

The framework also clarifies how ISO 50001 can support a smart and 
resilient operating system. Strategy and energy policy establish the di
rection of change, while process design, engineering, and sustainable 
procurement translate strategic priorities into operational configura
tions. Production planning, energy control, quality management, 
maintenance, inventory coordination, workforce safety, equipment ef
ficiency, demand-side response, and resource productivity collectively 
shape day-to-day energy, carbon, and material performance. Logistics 
and warehousing extend the scope of improvement beyond production, 
while management reviews, benchmarking, lessons learned, improve
ment projects, and corrective actions sustain the dynamic character of 
the system. This architecture reflects the central logic of ISO 50001: 
long-term performance improvement is achieved not through isolated 
interventions, but through repeated cycles of planning, implementation, 
verification, correction, and organizational learning.

The expected outcomes of the model can be grouped into three 
mutually reinforcing dimensions. Energy excellence is reflected in lower 
energy intensity, more reliable energy data, efficient assets, and a more 
energy-aware workforce. Decarbonization excellence is reflected in 
reduced Scope 1 and Scope 2 emissions, improved identification of 
Scope 3 hotspots, renewable energy integration, and stronger alignment 
with long-term transition pathways. Circular excellence is reflected in 
longer product life, improved material efficiency, reverse logistics 
capability, waste valorization, and reduced reliance on virgin resources. 
By integrating these outcomes, the model advances a broader interpre
tation of ISO 50001 beyond conventional energy savings. Its principal 
contribution lies in proposing how energy management, net-zero strat
egy, and circular economy could operate as interdependent components 
of a single transformation framework, where efficiency, emissions 
reduction, resource circularity, transparency, resilience, and continual 
improvement reinforce one another rather than function as separate 
sustainability agendas.

Fig. 7 is presented as an integrative conceptual model rather than an 
empirically validated causal model. Its pathways synthesize relation
ships identified across the reviewed literature and extend them to CE 
and SDG-oriented applications. The model suggests that ISO 50001 can 
provide a managerial infrastructure through which energy planning, 
measurement, operational control, procurement, design, competence 
development, auditing, and continual improvement are connected with 
broader decarbonization and resource-efficiency initiatives.

5. Future research directions

Based on the synthesized insights in the review, several gaps in the 
contemporary ISO 50001 literature emerge, outlining important di
rections for future research. Future research should move beyond asking 
whether ISO 50001 improves energy performance and examine the 
conditions under which it supports combined energy, carbon, and 
circularity outcomes. One promising direction is the development of 
integrated indicator systems that connect EnPIs and energy baselines 
with metrics for material efficiency, waste prevention, secondary ma
terial use, and product-life extension. A second priority concerns value- 
chain governance, including how ISO 50001-enabled firms interact with 
suppliers, logistics providers, and customers when seeking to reduce 
embodied emissions and strengthen reverse-flow systems. A third 
agenda involves digitalization, particularly the use of sensor networks, 
digital twins, traceability systems, and shared dashboards to monitor the 
joint performance of energy, carbon, and material loops. Sector-specific 
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Fig. 7. Proposed integrated ISO 50001, net-zero, and circular-economy conceptual model.
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studies are also needed, since circular strategies are likely to differ 
considerably across manufacturing, process industries, buildings, 
transport-intensive sectors, and service operations. Moreover, the next 
phase of ISO 50001 research should focus on whole-system integration, 
not only standard adoption, and should test how routine energy- 
management capabilities can be mobilized for wider low-carbon and 
circular transitions.

One major gap concerns the limited attention given to under 
researched sectors and small and medium-sized enterprises (SMEs). 
Most of the existing ISO 50001 literature has focused on large industrial 
facilities, specially manufacturing and energy intensive sectors where 
energy use is highly visible and where the business case of energy 
management is easily quantified. While this focus is economically 
logical, it leaves significant empirical blind spot given the massive 
aggregate emissions of under presented sectors including transportation, 
commercial buildings, agriculture, retail, hospitality, education, and 
public services. Similarly, SMEs encounter distinctive barriers to ISO 
50001 adoption, including limited financial resources, lack of technical 
expertise, insufficient internal staffing, and ROI uncertainty. To bridge 
this gaps, future research must pivot towards sector-specific frameworks 
and examine how ISO 50001 can be adapted to various sectors and 
organizational sizes. In particular, research should investigate scalable 
intervention strategies, such as cluster based collective energy man
agement and tailored guidance designed to reduce administrative and 
financial burdens without compromising the core principles of continual 
energy performance improvement.

A second crucial relate to the organizational and cultural dimensions 
of ISO 50001 implementation. While the literature frequently ac
knowledges that successful EnMS adoption requires leadership 
commitment, employee engagement and cross-functional coordination, 
these factors are often framed s generic prerequisites rather than oper
ational mechanisms that actively drive energy performance outcomes. 
Fundamentally, implementing ISO 50001 is not merely a technical ex
ercise, it demands restructuring of routine operations, decision-making 
processes, and organizational culture. Too often, energy management 
is confined to technical departments, limiting its integration into pro
curement, operations, maintenance, finance, and long-term strategic 

planning. Future research should therefore investigate how organiza
tional structure and cultural factors shape the effectiveness of ISO 50001 
and leverage longitudinal studies to analyze organizations that maintain 
strong energy performance improvements after certification with those 
that experience stagnation or decline. Furthermore, such research could 
study the role of energy manager, energy committees, staff training, 
incentive systems, internal communication, and top management re
view in embedding energy awareness into daily practices. A deeper 
understanding of these human and organizational factors would help 
explain why firms with similar certification status yield highly variable 
of energy and carbon performance.

Another important research gap involves the strategic decoupling of 
ISO 50001 from overarching corporate decarbonization frameworks. 
While the standard is designed to optimize energy performance, its 
explicit alignment with net zero targets, carbon neutrality and climate 
strategies remain neglected in the literature. Several firms adopt ISO 
50001 primary as a tactical instrument for energy cost reduction, 
operational efficiency, or regulatory compliance, leaving its systematic 
contribution to greenhouse gas (GHG) mitigation largely unexamined. 
This creates a conceptual and empirical gap between energy governance 
and carbon management. To reconcile this, future research should 
investigate the integration of EnMS practices within corporate decar
bonization pathways. Specifically, evaluate whether the integration of 
ISO 50001 with GHG inventories, carbon accounting frameworks, in
ternal carbon pricing, or science-based targets fields superior climate 
outcomes. Methodologically, future studies would benefit from longi
tudinal and quasi-experimental designs that track energy performance 
indicators and associated emissions before and after ISO 50001 imple
mentation. This approach will allow researchers to move beyond general 
claims of efficiency improvement and provide stronger evidence of the 
standard contribution to measurable decarbonization.

The integration of digital technologies into ISO 50001 also repre
sents an emerging and underdeveloped research frontier. While the 
standard dictates a systematic PDCA architecture, many EnMs applica
tions remain bound to legacy data-collection paradigms. The rapid 
evolution of industry 4.0, including smart meters, IoT sensors, cloud- 
based platforms, artificial intelligence, machine learning, and digital 

Table 3 
Key research gaps and future directions for ISO 50001 and carbon neutrality.

Research Gap / Future Direction Description and Rationale

Under-Researched Sectors and SME 
Adoption

Existing ISO 50001 research remains concentrated in large industrial and manufacturing facilities, while sectors such as commercial 
buildings, transportation, agriculture, hospitality, retail, education, and public services remain less examined. SMEs also face specific 
barriers, including limited financial resources, lack of internal expertise, staffing constraints, and uncertainty about return on 
investment. Future studies should develop sector-specific and SME-sensitive EnMS frameworks, including simplified implementation 
models, cluster-based energy management, and practical business cases that can expand ISO 50001 adoption beyond large energy- 
intensive industries.

Organizational Integration & Cultural 
Challenges

ISO 50001 implementation often requires organizational change, cross-functional coordination, and sustained top management 
commitment. However, many studies still treat culture, employee engagement, and internal communication as general success factors 
rather than mechanisms that shape long-term energy performance. Future research should examine how energy managers, energy 
committees, training systems, incentive structures, and management review processes embed energy awareness into daily routines. 
Longitudinal studies comparing organizations that sustain energy performance improvements after certification with those that 
experience performance decline would provide valuable evidence.

EnMS and Decarbonization Strategy 
Alignment

A key gap concerns the limited integration between ISO 50001 initiatives and wider corporate decarbonization or net-zero strategies. In 
many organizations, EnMS implementation remains focused on energy cost reduction or regulatory compliance rather than being 
connected to greenhouse gas inventories, climate targets, internal carbon pricing, or science-based targets. Future research should 
examine whether organizations that integrate ISO 50001 with carbon accounting and climate-risk management achieve stronger 
emissions-reduction outcomes than those using EnMS as a stand-alone energy-efficiency tool.

Technology Integration and Industry 
4.0

Digital technologies such as smart meters, IoT sensors, cloud platforms, artificial intelligence, machine learning, and digital twins offer 
strong potential to improve ISO 50001 implementation through real-time monitoring, anomaly detection, predictive maintenance, 
automated reporting, and improved decision-making. However, practical guidance on embedding these technologies into ISO 50001- 
compliant workflows remains limited. Future research should investigate digital EnMS models, assess the performance effects of AI- 
enabled energy analytics, and examine implementation challenges related to data quality, cybersecurity, cost, and workforce capability.

Policy Integration and Support 
Mechanisms

Governments increasingly use ISO 50001 as a policy instrument through energy-audit requirements, tax incentives, subsidies, and 
regulatory recognition. However, the actual impact of these policy mechanisms on adoption quality, energy performance, and emissions 
reduction remains insufficiently evaluated. Future studies should compare policy contexts across countries and sectors to identify which 
incentives, regulations, or support mechanisms most effectively promote meaningful EnMS implementation. Further research should 
also explore how ISO 50001 can be better aligned with carbon accounting, ESG disclosure, sustainable finance, and broader climate- 
policy frameworks.
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twins, offer new opportunities to enhance the effectiveness of energy 
management systems. These technologies can improve real time moni
toring, detect anomalies in energy consumption, support predictive 
maintenance, automate reporting, and enable more dynamic decision- 
making. Yet, the literature lacks a comprehensive blueprint for sys
tematically embedding these technologies within standard compliant 
workflows. Future research should explore the concept of a digital EnMS 
and examine how digital tools can strengthen the PDCA cycle. Pilot 
studies and industry demonstrations could assess whether IoT enabled 
monitoring, AI based optimization, or digital twins yield high, long-term 
energy savings. Concurrently, research should address the challenges 
associated with digital integration, including data quality, cyberse
curity, implementation cost, and the skills required to interpret and act 
upon energy data. This area offers strong potential for interdisciplinary 
research linking energy management, information systems, engineering, 
and sustainability studies.

Furthermore, the policy and institutional context of ISO 50001 
adoption remain insufficiently understood. Governments globally re 
integrating the standard into public policy by linking certification to 
energy audit mandates, tax relief, and sustainability subsidies. Yet, 
limited research has evaluated how these policy instruments influence 
actual organizational outcomes. In practice, managers face a discon
nected patchwork of carbon accounting rules, energy audits, efficiency 
incentives, and ESG disclosure requirements. Without clear integration, 
ISO 50001may be perceived as one additional compliance requirement 
rather than a strategic framework connecting energy efficiency and 
climate action. Future research should therefore assess how different 
policy mechanisms affect ISO 50001 adoption, implementation quality 
and energy performance outcomes. Comparative cross-country studies 
could examine whether organizations operating under strong regulatory 
or incentive-based frameworks achieve better outcomes than those in 
less supportive contexts. Additionally, future research should investi
gate how to seamlessly blend ISO 50001 with corporate climate 
disclosure and sustainable finance protocols. Such research would sup
port the development of a more unified energy carbon management 
model, reduce duplication and improve the strategic relevance of ISO 
50001 for organizations and policymakers.

Recent sustainability and technology-oriented reviews suggest that 
future ISO 50001 research should move toward more testable, method- 
driven, and socially grounded research agendas. Govindan [128] em
phasizes the value of operations research methods for supporting 
SDG-oriented decision-making in supply-chain environments, which is 
relevant for examining ISO 50001 beyond facility-level energy man
agement and toward value-chain decarbonization and circular resource 
flows. Raman et al., [129,130] highlighted the role of sustainable 
technologies, social innovation, and inclusive development in advancing 
community-oriented sustainability outcomes, suggesting that future 
EnMS research should examine not only technical performance but also 
inclusive adoption in SMEs, public organizations, and under-represented 
regions. Raman et al., [129,130] further stress that advanced AI systems 
require responsible governance, transparency, and ethical alignment, 
which is directly relevant to future digital EnMS research involving 
AI-enabled forecasting, automated energy optimization, and 
decision-support systems. Building on these insights, the following 
future research questions and tentative hypotheses are proposed to 
guide subsequent empirical work.

The future research agenda of ISO 50001 should move beyond the 
introductory question of whether standard adoption yields efficiency 
improvement and focusses more critically on how its impact is condi
tioned by sectoral boundaries, organizational contexts, technological 
capabilities, and policy environments. How does ISO 50001 imple
mentation differ across SMEs, service sectors, logistics systems, and 
digital-infrastructure settings compared with large manufacturing 
firms? Which organizational capabilities explain persistent versus short- 
lived EnMS outcomes? To what extent does digital maturity change the 
effectiveness of ISO 50001? Can ISO 50001 support broader 

decarbonization strategy beyond internal efficiency? How can ISO 
50001 support circular-economy transition at the process and value- 
chain levels? What policy instruments most effectively support the 
diffusion and quality of ISO 50001 adoption? Expanding the literature in 
these directions would shift the future research agenda from asking 
whether ISO 50001 matters to asking under what conditions, through 
which mechanisms, and in combination with which complementary 
systems it produces durable energy, carbon, and resource-performance 
gains (Table 3).

6. Conclusion and implications

This study aimed to address three questions regarding the structure 
of ISO 50001 research, the EnMS activities through which the standard 
functions, and its connection to broader sustainability objectives. In 
addressing RQ1, the review identified sixteen recurring EnMS activities 
that organize implementation across various domains, including policy, 
planning, measurement, resourcing, operational control, auditing, 
management review, nonconformity management, and continual 
improvement. These activities suggest that ISO 50001 operates through 
an integrated management cycle rather than through discrete technical 
interventions.

In addressing RQ2, the findings demonstrate that ISO 50001 offers a 
systematic organizational structure for managing and continually 
improving energy performance, while also providing management 
processes may be relevant to wider decarbonization efforts when they 
are explicitly connected to carbon objectives. The standard enhances 
energy baselining, performance visibility, corrective learning, and 
operational discipline, thereby facilitating more manageable and sus
tainable energy-related carbon reductions. Simultaneously, the evidence 
does not substantiate the notion that ISO 50001 certification serves as a 
direct pathway to achieving net zero. Absolute decarbonization relies on 
additional strategies, including electrification, renewable energy 
sourcing, technological substitution, product redesign, and value chain 
engagement.

In addressing RQ3, the reviewed literature provides robust empirical 
evidence regarding enhancements in energy performance, operational 
control, and organizational accountability, with the most evident con
nections to SDG 7, SDG 12, and SDG 13. The circular economy dimen
sion remains more uncertain. The reviewed articles infrequently assess 
circular outcomes directly; rather, they propose that EnMS routines may 
be expanded to enhance resource efficiency, repair, reuse, recycling, and 
recovery when organizations intentionally broaden the implementation 
scope. The proposed framework’s contribution to the circular economy 
in this study should be viewed as a structured conceptual extension 
based on EnMS evidence, rather than as a definitive empirical outcome.

The bibliometric analysis highlights a growing yet fragmented 
research landscape. Academic discourse on ISO 50001 has converged 
around several interconnected themes, notably energy management 
system, energy efficiency, energy performance, sustainability, imple
mentation challenges, and industrial energy optimization. The thematic 
trajectory indicates a paradigm shift, gradually moving beyond early 
discussions of certification and formal implementation towards a 
broader agenda encompassing operational control, continuous moni
toring, strategic energy planning, digitalization, and sustainable ori
ented transformation. Furthermore, the thematic analysis shows that the 
field is not limited to descriptions of ISO 50001 adoption, but increas
ingly examines the standard through diverse analytical, managerial, and 
technical lenses. The most prominent clusters underscore growing in
terest in the mechanisms through which ISO 50001 contributes to 
organizational energy performance, while more specialized clusters 
such as machine learning, energy conservation, and energy planning 
signal a clear diversification toward data-driven and digitalized energy 
management paradigms.

The systematic review identifies the specific EnMS activities and sub- 
activities through which ISO 50001 functions at the micro- 
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organizational level. The results indicate that the standard associated 
with energy performance enhancements through a structured set of 
activities, including the establishment of energy policies, energy re
views, energy baselines, energy performance improvement indicators, 
objectives and targets, operational control, design and procurement, 
competence development, documentation, communication, internal 
audits, nonconformity management, management review, and continual 
improvements. Crucially, these activities do not operate in isolation or 
as a strict linear sequence; rather, they form a dynamic, interconnected 
management cycle. This cyclical framework empowers organizations to 
plan, execute, monitor, assess, and optimize their energy performance. 
In this sense, ISO 50001 functions as process-oriented management 
infrastructure that embeds energy considerations directly into day-to- 
day organizational routines, governance structures, and accountability 
frameworks.

Despite these contributions, the existing literature reveals consider
able limitations. Current research primarily assesses the effectiveness of 
ISO 50001 using proxy metrics, including reported energy savings, 
perceived organizational advantages, factors contributing to successful 
implementation, or outcomes of certification. There is a deficiency in 
empirical depth concerning rigorous, longitudinal evaluations of energy 
performance when comparing pre- and post-adoption phases. Further
more, the literature rarely explores whether ISO 50001 fosters enduring, 
absolute emissions reductions, or how its impact varies across sectors, 
countries, firm sizes, and regulatory environments. This limits the ability 
of the literature to fully assess the standard’s contribution to climate 
actions. Consequently, future research must pivot away from adminis
trative, compliance-focused inquiries toward outcome-oriented empir
ical designs that examine actual performance trajectories, real word 
emissions data, and the conditions under which ISO 50001 delivers 
measurable sustainability benefits. From a theoretical perspective, this 
research contributes to the literature by contextualizing ISO 50001 
scholarship within the broader discussions on energy transition, 
corporate sustainability, and organizational decarbonization. Its argues 
that ISO 50001 should not be viewed only as a technical or compliance 
-mandate; instead, it represents a structured organizational mechanism 
through which energy performance improvement can be institutional
ized. Furthermore, the EnMS activities framework conceptualized 
herein offers a highly transferable analytical model for dissecting stan
dard operationalization at the process level. By mapping the activities 
and sub-activities that shape corporate energy behavior, this study il
luminates the precise causal pathways linking formal management 
structures to macro-level sustainability metrics. Consequently, this 
contributes to management system theory by demonstrating how 
structured standards foster organizational learning, operational disci
pline, accountability, and continuous improvement. Methodologically, 
this study underscores the synergistic value of pairing bibliometric 
analysis with systematic literature review techniques when navigating 
an expanding, highly interdisciplinary research domain. This dual- 
method approach is suited to the ISO 50001 ecosystem, where litera
ture is typically dispersed across different disciplines, including energy 
policy, industrial engineering, sustainability management, environ
mental management, and operations management. By bridging thematic 
mapping with process-level EnMS operations, this paper provides a 
unified, holistic synthesis.

The findings also carry broader academic implications for research 
on management standards, energy transitions, sustainability gover
nance, and organizational decarbonization. First, the study contributes 
to ISO 50001 and EnMS scholarship by clarifying that ISO 50001 should 
be viewed primarily as a governance framework that enables ongoing 
improvements in energy performance, rather than as a direct or stand- 
alone tool for decarbonization. This distinction is important because it 
shifts academic attention from the status of certification to the organi
zational processes by which energy performance is systematically 
planned, measured, monitored, reviewed, and improved over time. 
Second, the review contributes to carbon-neutrality literature by 

showing that energy management standards may provide the organi
zational infrastructure needed to connect operational energy data with 
broader climate strategies, including emissions accounting, renewable- 
energy planning, investment decisions, and sustainability reporting. 
Third, the study contributes to research on the circular economy and 
Sustainable Development Goals (SDGs) by distinguishing between 
empirical evidence directly related to EnMS implementation and more 
conceptual associations with circular economy and SDG frameworks. 
This distinction helps prevent overstatement of ISO 50001's role, while 
still identifying plausible ways in which energy-management practices 
can support resource efficiency, responsible production, and climate- 
related objectives. Finally, the hybrid bibliometric and systematic re
view design offers a methodological contribution by combining field- 
level knowledge mapping with activity-level synthesis. This approach 
can support future review studies seeking to connect the intellectual 
structure of a research field with the operational practices through 
which management standards are implemented.

This research offers significant practical and policy implications. The 
practical implication of the integrated model is that organizations may 
use the EnMS to support coordination across energy, carbon, materials, 
and value-chain decisions. For managers, this means integrating energy 
policy with procurement specifications, maintenance routines, product 
stewardship, demand-side flexibility, and supplier communication, 
rather than limiting its scope to utility monitoring alone. For policy
makers and standard users this suggests that the strategic value of ISO 
50001is enhanced when it is linked to electrification roadmaps, inte
gration of renewable energy, improved visibility of indirect (scope 3) 
emissions, and initiatives that promote repair, reuse, remanufacture, 
and recycling. For researchers, the implication is equally important: the 
contribution of ISO 50001 should be assessed not only through direct 
reductions in energy use, but through its ability to stabilize broader 
organizational capabilities such as data discipline, cross-functional 
governance, and continuous improvement that make wider transition 
strategies more credible and implementable. In this sense, ISO 50001 
becomes less a narrow compliance tool and more a platform for struc
tured energy management improvement. For corporate managers, ISO 
50001 should be leveraged not merely as a compliance-driven checklist, 
but a strategic mechanism for anchoring energy performance within 
core operational governance, with practitioners prioritizing the opti
mization of EnMS activities that directly support performance im
provements. The EnMS activities framework conceptualized in the study 
provides a basis for evaluating implementation maturity, identifying 
gaps, and exploring the potential contribution of ISO 50001 to long-term 
sustainability outcomes. The contribution of the review is therefore to 
clarify how ISO 50001 may be conceptually positioned as a management 
platform that could support a broader transition toward low-carbon and 
resource-efficient organizations, while distinguishing established 
energy-management evidence from conceptual CE and SDG pathways. 
For policymakers, the results indicate that ISO 50001 can support na
tional and sectoral decarbonization initiatives, especially within energy 
intensive industries. However, policy support should extend beyond 
merely promoting certification and instead prioritize measurable energy 
performance improvements, verified emissions reductions, and align
ment with SDGs and climate commitments. Ultimately, the standard 
may act as an operational conduit, translating high-level sustainability 
goals into actionable, micro-level corporate routines.

The multilayer integrated model illustrated in Fig. 7 is proposed as a 
conceptual framework rather than a validated explanatory model. It was 
developed by integrating bibliometric patterns, the synthesis of EnMS 
activities, and a measured expansion towards decarbonization and sys
tematically incorporating decarbonization and circularity-related prin
ciples. Empirical validation through case studies, survey-based 
modeling, expert elicitation, Delphi analysis, or longitudinal imple
mentation research is essential as a subsequent step.

This study supports the relevance of ISO 50001 as a management 
framework for improving energy performance and suggests it can 
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contribute to organizational decarbonization when it is implemented 
deeply and linked to broader strategic action. The evidence does not 
justify the stronger claim that certification alone guarantees carbon 
neutrality, absolute emissions reduction, or comprehensive circular- 
economy performance. Rather, ISO 50001 should be understood as an 
enabling framework: it improves measurement, accountability, coordi
nation, and continual improvement, thereby creating favorable condi
tions for energy savings, selected emissions reductions, and some 
resource-efficiency gains. Achieving net-zero pathways and circular 
transformation still requires complementary measures such as 
renewable-energy sourcing, electrification, low-carbon procurement, 
product and process redesign, reverse logistics, and value-chain 
collaboration.
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