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ABSTRACT: This systematic review, adhering to the PRISMA framework, critically analyses 22 peer-

reviewed articles from the Scopus database, focusing on Sustainable Net Zero Economy 

Implementation (SNZEI). Spanning publications from 2017 to 2023, this study encapsulates the 

evolving landscape of SNZEI research, highlighting its interdisciplinary nature and diverse 

methodological approaches. The findings reveal a strong emphasis on practical applications across 

energy, transportation, and urban planning sectors, underpinned by robust theoretical frameworks 

such as risk assessment, technology adoption, and educational theories. A significant gap is identified 

in research from developing economies, suggesting an avenue for further exploration, particularly in 

high-impact industries like pharmaceuticals. The review advocates for global collaboration and 

interdisciplinary strategies to transition towards sustainable net-zero economies, providing insights for 

researchers, policymakers, and industry stakeholders. They offer actionable insights and 

recommendations, stressing the need for comprehensive policy analysis and technological innovation. 

This review not only provides a current snapshot of SNZEI research but also charts a course for future 

studies, underscoring the need for global collaboration and interdisciplinary strategies to effectively 

transition towards sustainable, net-zero economies. These insights are pivotal for researchers, 

policymakers, and industry stakeholders in their collective efforts to address climate change and 

promote environmental sustainability. 

Keywords: Interdisciplinary Research, Circular Economy, Environmental Sustainability, Green 

Technology Adoption, Global Climate Initiatives. 

I. INTRODUCTION 
A Sustainable Net Zero Economy (SNZEI) integrates the imperative of carbon neutrality with economic 

activities, ensuring that growth does not come at the cost of environmental degradation. Implementation is 
essential as it represents a crucial pivot towards rectifying the current trajectory of climate change by aligning 
human endeavors with the planet's ecological boundaries. An exemplar of SNZEI in action is Costa Rica's 
National Decarbonization Plan, which showcases a bold commitment to achieving net-zero carbon emissions 
by 2050. Costa Rica has demonstrated a significant transition towards renewable energy, with nearly 99% of 
its electricity now generated from renewable sources. This proactive approach sets a benchmark for other 
nations, highlighting the integration of environmental sustainability into economic growth without 
compromising on development objectives[1]. SNZEI is vital due to the pressing need to limit global 
temperature rise to 1.5°C above pre-industrial levels, as outlined in the Paris Agreement. This target 
necessitates a 45% reduction in emissions by 2030 and achieving net zero by 2050, necessitating an 
unprecedented transformation in energy production, consumption, and general lifestyle [2]. 

Achieving net zero implies a systemic overhaul where renewable energy sources replace fossil fuels, 
signifying a substantive shift in the energy sector responsible for the majority of greenhouse gas emissions. 
The urgency is underscored by the fact that current national commitments are insufficient, as global 
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emissions are projected to increase by 9% by 2030 relative to 2010. The UN's establishment of a High-Level 
Expert Group to develop robust criteria for net-zero pledges and the Race to Zero campaign reflect global 
efforts to catalyze this transition. However, the concentration of emissions among a few major emitters 
highlights the need for targeted and effective policies, especially within the G20 nations, responsible for 
approximately 76% of global emissions. Contrastingly, least developed countries and small island 
developing states, which contribute minimally to global emissions, face disproportionate climate risks, 
reinforcing the ethical imperative for SNZEI [3]. 

The concept of a Sustainable Net Zero Economy (SNZEI) is a focal point in environmental discourse, 
epitomizing the global quest to harmonize economic growth with environmental sustainability. This 
systematic literature review rigorously examines the SNZEI landscape, highlighting its evolution, 
methodologies, and foundational theories. A thorough search was conducted in the Scopus database, 
intentionally excluding the use of quotation marks to ensure the inclusion of a wide spectrum of research 
beyond the constraints of exact phrase matching. 

Employing the Theories-Characteristics-Contexts-Methods (TCCM) framework, as introduced by Paul & 
Rosado-Serrano[4], this review offers a structured synthesis of SNZEI research, facilitating an intricate 
understanding of its theoretical, methodological, and contextual dimensions. The deliberate use of the TCCM 
framework is aligned with the review's core research question: 

"What are the dominant theoretical frameworks, methodological approaches, and contextual settings in 
Sustainable Net Zero Economy Implementation studies, and what is their synergy in shaping the field?" 

The objectives of this review are delineated as follows: 
• To map and critically evaluate the theoretical frameworks in SNZEI research. 
• To assess the methodological diversity and rigor in these studies. 
• To explore the contextual deployment of SNZEI, focusing on its capacity to tackle real-world 

challenges. 
An examination of the SNZEI literature reveals a significant research gap: while theoretical and 

methodological discussions are burgeoning, there is a striking deficiency in research that translates these 
elements into practical applications, especially in varied geographical and socio-economic settings. This 
underscores a pivotal area for future research, advocating for studies that operationalize SNZEI concepts in 
diverse, real-world contexts. 

This review aspires to bridge this research gap, merging the synthesis of existing SNZEI studies with an 
emphasis on areas ripe for practical implementation. Our aim is to chart a comprehensive course for future 
SNZEI research—a trajectory that is not only theoretically sound but also finely tuned to the pragmatic 
realities of sustainable solutions across diverse global contexts. 
 

II. MATERIAL AND METHOD 
Our review strictly follows the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-

Analyses) guidelines [5]. On the 24th of November 2023, we initiated our search within the Scopus database, 
employing the descriptor "Sustainable Net Zero Economy Implementation." This terminology was 
intentionally selected without the use of quotation marks to facilitate an extensive retrieval of pertinent 
literature, reflecting the broad scope of SNZEI studies. This search strategy brought forth 47 documents 
encompassing a spectrum of research outputs. 

We applied a meticulous exclusion criterion, rooted in our methodological rigour, to sieve through these 
initial findings. Our intent was to foreground empirical studies that offered fresh insights and data on SNZEI, 
thereby excluding literature types such as reviews (10), conference papers (6), book chapters (6), editorials 
(1), and books(1), which often synthesize existing research rather than contribute new empirical findings. 
This process refined our pool to 23 empirical articles. However, a subsequent in-depth review revealed one 
additional literature piece that was categorized as a review, thus, it was removed, leading to a final count of 
22 articles for our review. 

The initial identification phase was designed to capture primary research, setting aside derivative 
documents like reviews and editorials, which frequently interpret rather than introduce novel empirical data. 
Each article was screened against a set of eligibility criteria detailed in a supplementary Excel sheet, 
emphasizing peer-reviewed status and direct relevance to the SNZEI discourse. This dual-filter ensured the 
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incorporation of articles that were both academically sound and specifically pertinent to SNZEI practices and 
policies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1. PRISMA Framework. 

 

After a thorough eligibility assessment, 22 articles were deemed appropriate for inclusion. These articles 
underwent an in-depth analysis within the structured framework of TCCM (Theories-Characteristics-
Contexts-Methods)[4], which provided a systematic lens to dissect the data. This analysis illuminated the 
theoretical underpinnings, research characteristics, situational contexts, and methodological approaches 
across the studies. Through systematic data extraction, we collated key information that was synthesized 
and thematically analyzed in accordance with the TCCM framework, thereby ensuring a comprehensive and 
nuanced understanding of the current SNZEI landscape. 

 

III. FINDINGS 
Our systematic literature search, conducted in accordance with the PRISMA framework successfully 

identified 22 articles that met the inclusion criteria for our review on Sustainable Net Zero Economy 
Implementation (SNZEI) studies. These articles, meticulously selected from the Scopus database, were 
published across a range of English-language peer-reviewed journals, covering various disciplines. The 
period of publication for these articles spanned from 2017 to 2023, with a notable increase in recent years, 
highlighting an escalating academic interest in the field of SNZEI. The diversity of topics addressed in these 
studies is vast, ranging from hydrogen mobility and digitalization's transformative potential in 
transportation to the use of urban vegetable gardens as educational tools for sustainability and 
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advancements in renewable energy systems. By applying the TCCM framework, we conducted a structured 
and comprehensive analysis of each article, focusing on their theoretical contributions, methodological 
approaches, contextual relevance, and the characteristics of the research within the SNZEI domain. This 
approach revealed a significant diversity in methodologies, encompassing both empirical research and 
theoretical discussions. Importantly, there was a pronounced focus on the practical implementation of SNZEI 
principles across various sectors such as energy, transportation, and urban planning. However, the analysis 
also brought to light certain research gaps, notably an underrepresentation of studies from developing 
economies and a call for more interdisciplinary research that bridges the gap between technical feasibility 
and socio-economic considerations. A recurring theme across these studies was the integration of 
sustainability practices within the net-zero framework, especially considering the implications for policy and 
the challenges in implementation. 

1. THEORETICAL FOUNDATIONS IN SUSTAINABLE NET ZERO ECONOMY IMPLEMENTATION 

This subsection details the statistical methods, software used, and the application of analytical tools to 

quantify and interpret numerical data. It may include techniques such as regression analysis, ANOVA, 

correlation, or other statistical tests employed for data interpretation. 

In exploring the theoretical foundations present in SNZEI research, a diverse array of frameworks and 

approaches were evident, each offering unique perspectives on sustainability and net-zero targets. Notably, 

risk assessment and decision-making frameworks, such as Quantitative Risk Assessment (QRA) and 

Decision-Making Trial and Evaluation Laboratory (DEMATEL), were employed in studies like "Enabling 

Safe and Sustainable Hydrogen Mobility" [6]. These frameworks are pivotal in evaluating operational risks 

and emphasize the importance of safety in sustainable mobility. In other studies, such as "How digitalization 

transforms traditional circular economy" [7], the Technology-Organization-Environment (TOE) framework 

was utilized, highlighting the influence of technological, organizational, and environmental factors in the 

integration of smart circular economies. Educational theories, particularly Environmental Education (EE) 

and Education for Sustainable Development (ESD), underpinned studies like "Urban vegetable gardens as 

an environmental education tool"[8] which focused on active learning methods to engage youth in EU Green 

Deal strategies. 

Further, climate change projections and consumer behavior theories, including the Shared Socioeconomic 

Pathways (SSPs) and theories of planned behavior, shaped studies that examined renewable energy systems 

and climate resilience, as seen in "Enhancing Renewable Energy Systems" [9]. Bio-hydrogen production was 

another focal area, with studies like "Improving sustainable hydrogen production from green waste"[10] 

guided by biochemical and circular bioeconomy principles, focusing on enzymatic activity and gene 

expression in hydrogen production. In the realm of energy efficiency, thermodynamics and policy metrics, 

particularly exergy analysis and new metrics like the Resource Efficiency Ratio (RER), were central to 

assessments of building heating efficiency, such as in "A circular economy approach to building heating" 

[11]. 

Policy analysis also played a crucial role, as evidenced in papers like "Incentivizing BECCS—A Swedish 

Case Study"[12] , which explored governmental and market mechanisms for encouraging carbon capture 

and storage. Strategic management and economic analysis were employed in studies evaluating the 

economic viability of projects, exemplified by "Economic analysis of a zero-carbon liquefied hydrogen tanker 

ship"  [13], using business model canvases and economic value-added assessments. Mission-oriented and 

nation-building frameworks were advocated in studies addressing large-scale challenges of transitioning to 

a net-zero emissions economy, such as "Mission net-zero America" [14] Local-level decarbonization was 

another important theme, with qualitative methods and governance analysis informing studies on strategies 

for deep decarbonization at the community level, emphasizing the significance of governance in successful 

implementation[15]. 
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Cross-sectoral policy synergies were highlighted in studies like "Identifying cross-sectoral policy 

synergies for decarbonization"[16] , using value chain analysis and models like CLEW to understand the 

unique challenges of different sectors. Community empowerment and planning were central to "Planning 

Principles for Integrating Community Empowerment into Zero-Net Carbon Transformation" [17] applying 

collective action and coevolutionary theories to integrate community efforts into sustainability planning. 

Techno-economic modelling was another key approach, with studies like "Circular Hydrogen Economy and 

Its Challenges" [18] employing such models and optimization techniques to streamline hydrogen production 

processes. Finally, barrier analysis in manufacturing was used to understand challenges in implementing 

sustainable practices, as explored in "Barrier analysis for carbon regulatory environmental policies 

implementation in manufacturing supply chains to achieve zero carbon"  [19]. 

Overall, the synthesis of these theoretical underpinnings across the SNZEI studies demonstrates a rich 

blend of quantitative models, qualitative theories, and frameworks, spanning across risk management, 

technology adoption, education, policy analysis, and economic evaluation. This diverse theoretical landscape 

reflects the interdisciplinary nature required to effectively address the complex challenges of implementing 

sustainable and net-zero practices. 

2. CONTEXTUAL AND COMPARATIVE ANALYSIS OF SNZEI STUDIES. 

The Sustainable Net Zero Economy Implementation (SNZEI) studies, conducted across diverse 

geographical regions and sectors, demonstrate a rich tapestry of strategies toward achieving net-zero 

emissions. This comparative analysis categorizes the studies into thematic insights, contrasting various 

approaches and best practices. 

Policy and Governance: A cross-sectoral analysis reveals a range of policy-driven strategies. Victor-

Gallardo et al. [16] dissect Costa Rica's cross-cutting decarbonization policies, juxtaposed against Ruggieri et 

al.'s [20] detailed roadmap for Italy's energy-efficient building retrofits. Li et al. [17] extend this dialogue, 

scrutinizing the interplay between fiscal policies and carbon emissions. Linton et al. [15] and Jenkins et al. 

[14] further explore local governance structures for deep decarbonization, highlighting the transformation 

of the U.S. energy system and local governments' strategic roles. Popova [21] reviews the EU Green Deal's 

policy tools and their global reach. 

Technical and Safety Considerations: Yazdi et al. [6] concentrate on the safety management within 

hydrogen fuel infrastructure, presenting a comparative perspective on risk assessments and mitigation 

strategies, crucial for the net-zero transition in vehicular and storage applications. 

Energy Transition and Renewable Energy: Govindan [7] and Gan et al. [9] offer a sector-specific contrast, 

with Govindan focusing on the digital transformation in textiles for net-zero emissions, while Gan et al. 

examine the broader application of renewable energies, including hydropower and wind. Zetterberg et al. 

[12] introduce a policy dimension by evaluating financial incentives for Bio-Energy with Carbon Capture 

and Storage (BECCS) in Sweden. Additional insights into the energy transition are provided by Arizzi et al. 

[10] on bio-hydrogen production, North and Jentsch [11] on the UK's building heating sector, and Nawaz et 

al. [22] on developing nations' strategies. The global climate initiatives and the Circular Carbon Economy 

concept are framed by Sieminski, [23].  

Educational and Community Engagement: Li and Lange [17] emphasize the societal aspect, discussing 

community integration in urban planning for zero-net carbon transformations, illustrating the importance of 

public participation in achieving sustainability goals. This is complemented by Vicente et al. [8] who examine 

the EU Green Deal's educational implications. Local governments' strategies and governance structures for 

deep decarbonization are analyzed in Linton et al., [15] work. 

Technological Innovation and Challenges: Weger et al. [24] investigate methane cracking as a transitional 

hydrogen production technology, highlighting the need for innovative approaches in creating a sustainable 

hydrogen economy. The technological discourse is enriched by Newman et al. [25]on carbon recycling and 
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new technologies for a circular carbon economy, and Eh et al. [18] on hydrogen's role in a low-carbon 

transition. The role of green financing in renewable energy development in China is assessed in the study by 

Qi et al., [26]. 

Industry-Specific Challenges and Solutions: The manufacturing sector's unique challenges are 

underscored by Kannan et al. [19] and Singh et al.[27], who identify barriers to carbon policy implementation 

and explore sustainable manufacturing practices, respectively. 

Maritime Industry's Transition: Alkhaledi et al. [13] provide an economic perspective on the maritime 

industry, evaluating the viability of zero-carbon hydrogen fuel in shipping, an industry pivotal to global 

trade and emissions. The comprehensive scope of maritime transitions is further highlighted by Victor-

Gallardo et al. [16] and their focus on decarbonization strategies. 

These studies collectively underline the extensive scope and variety of contexts in SNZEI research, 

demonstrating the broad spectrum of sustainability and net-zero challenges and solutions. From policy and 

governance to technical safety, and from energy transitions to community engagement, these articles offer a 

multifaceted view on the paths toward a sustainable net-zero future. 

3. CHARACTERISTIC ANALYSIS OF SNZEI STUDIES 

The Sustainable Net Zero Economy Implementation (SNZEI) studies collectively present a holistic 

examination of various sectors’ approaches to achieving net-zero goals. Safety and risk management in 

hydrogen vehicles  [6] is evaluated through detailed risk assessments, ensuring operational safety is 

paramount in the transition to a sustainable circular economy. The interplay between digital technologies 

and the advancement of circular economies [7] is explored, demonstrating the crucial role of digitization in 

achieving Sustainable Development Goals. The importance of embedding sustainability in education 

through practical activities [8] highlights how experiential learning can foster deeper community 

engagement with the EU Green Deal. 

Furthermore, the growth of renewable energy systems [9] is scrutinized, especially how investment 

trends and scalability support the broader climate mitigation goals, while research into bio-hydrogen 

production [10] enhances our understanding of renewable energy sources’ efficiency. Studies on energy 

system efficiency [11] introduce new metrics for evaluating technology sustainability, linking policy and 

performance. The integration of Bio-Energy with Carbon Capture and Storage (BECCS) into EU ETS [12] 

reflects on policy's role in scaling up sustainable technologies. 

The impact of green financing mechanisms on emission reduction [26] is quantified, underscoring the 

economic aspects of environmental initiatives. A comprehensive approach to climate policy and economic 

growth [21] is presented, promoting a paradigm shift to intertwine economic progress with climate goals. 

The transition from carbon consumption to stewardship [25] is discussed, advocating for policy support in 

adopting carbon recycling technologies. Strategies for achieving net-zero targets  [23] are analyzed, 

emphasizing the need for transparent international cooperation among hydrocarbon producers. 

Strategic planning for energy transitions in developing countries [22] highlights the importance of policy 

coordination and stakeholder involvement, while the feasibility of methane cracking [24] is assessed as a 

transition technology with the potential to reduce greenhouse gas emissions. The challenge of energy retrofit 

in the building sector [20] and its economic implications are examined, considering policy incentives. 

Comparisons to historical nation-building programs [14] provide insights into federal leadership and 

stakeholder engagement necessary for a net-zero transition.  

Local governance strategies for decarbonization [15] are explored, focusing on effective collaboration and 

oversight. The effectiveness of SLCP mitigation policies [16] and their sectoral applications are assessed. The 

economic aspects of LH2 tanker ships [13] are evaluated, including market competitiveness and financial 

metrics. Community empowerment in energy planning [17] is emphasized as a vital component of 

sustainable urban planning, while hydrogen production pathways [18]are investigated within a circular 
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economy framework, stressing the role of waste valorization. Barriers to implementing carbon policies in 

manufacturing [19]  are identified, and the impact of data-driven sustainability practices on manufacturing 

[28] is analyzed, highlighting the interdependencies and multifaceted challenges in sustainability research. 

4. METHODOLOGY ANALYSIS OF SNZEI STUDIES 

The methodologies deployed in Sustainable Net Zero Economy Implementation (SNZEI) studies are 

diverse, encompassing a range of analytical tools and approaches tailored to each study's specific focus. 

Quantitative Risk Assessment (QRA), Fault Tree Analysis (FTA), and Decision-Making Trial and Evaluation 

Laboratory (DEMATEL) are used for a comprehensive assessment of hydrogen vehicle risks and safety [6]. 

A case study in the textile industry is paired with multi-criteria decision-making methods, Best Worst 

Method (BWM), and Grey DEMATEL, to evaluate circular economy (CE) practices [7].  

Pilot projects incorporating educational workshops [8] employ experiential learning to instill 

sustainability practices. Renewable energy investment trends and consumer behavior are analyzed through 

structural equation modeling, informed by a rigorous literature review [9]. Experimental quantitative gene 

analysis is undertaken to study hydrogen production efficiency, focusing on [FeFe]-hydrogenases gene 

expression [10]. The Resource Efficiency Ratio (RER), developed through exergy analysis, assesses the 

sustainability of heating technologies [11]. 

Policy analysis and stakeholder workshops converge to scrutinize the integration of BECCS into EU 

Emissions Trading System [12]. Panel regression models and the SE-SBM model quantify the financial and 

emissions impacts of green financing mechanisms [26].  

 Popova [21] undertook a detailed analysis of the Green Deal's policy instruments, systematizing them 

for clear understanding and assessing their impact on the global climate agenda and EU-Russia relations. 

The study balances the costs and benefits associated with the Green Deal, considering the administrative and 

citizens' burdens and scrutinizing compensation systems. 

An intricate systems approach employing Analytic Hierarchy Process (AHP) and hotspot analysis is 

utilized to evaluate the circular carbon economy [25]. Benchmarking and strategic prioritization 

methodologies, alongside qualitative analysis, guide net-zero strategy development and policy assessment 

[22, 23]. Scenario analysis, leveraging IPCC emission factors, explores the environmental viability of methane 

cracking while data analysis is pivotal in formulating policy roadmaps for energy renovation strategies [24], 

while data analysis is pivotal in formulating policy roadmaps for energy renovation strategies [20]. 

Geospatial analysis aids in mapping energy assets, offering insights into the strategies required for a net-

zero transition [14]. Qualitative case studies provide an in-depth exploration of local governance mechanisms 

in decarbonization efforts [15]. Cross-sectoral policy analysis, integrating value chain assessment, is applied 

to evaluate policy instruments for mitigating short-lived climate pollutants [16]. Economic feasibility 

analyses, employing financial metrics such as NPV and IRR, determine the viability of zero-emission 

maritime fuels [13]. Participatory action research anchors community-based energy planning [17] and 

techno-economic models coupled with mathematical programming optimize hydrogen production [18]. 

Barrier identification to carbon policy implementation in manufacturing leverages integrated multi-criteria 

decision-making [19], and Interpretive Structural Modeling (ISM), supported by expert collaboration, sheds 

light on the enablers of data-driven sustainable quality management [28]. 

These methodologies not only reflect the comprehensive nature of SNZEI research but also demonstrate 

the multifaceted approaches necessary to address the complex challenges associated with implementing 

sustainable and net-zero practices. 

5. MAJOR CONTRIBUTIONS AND FUTURE DIRECTIONS IN SNZEI RESEARCH. 

In the realm of Sustainable Net Zero Economy Implementation (SNZEI), the collective contributions from 

22 studies present a multifaceted landscape of advancements and set forth a trajectory for future research 
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and policy development. These studies traverse various domains, offering insights into safety cultures in 

hydrogen vehicle operations and advocating for global partnerships to align safety with sustainability goals, 

as emphasized by Yazdi et al., [6]. Govindan [7] integrates the Technology-Organization-Environment (TOE) 

framework with circular economy principles, highlighting the need for further analysis to generalize findings 

across industries. 

The "Nutrients Boomerang" project, highlighted by Vicente et al., [8], serves as a model for environmental 

education, suggesting the need for session adaptations to enhance educational engagement in sustainability. 

Renewable energy systems, explored by Gan et al., [9], hold potential for climate change mitigation, signaling 

the importance of case studies to bolster efficiency and technological support for Sustainable Development 

Goals (SDGs). Arizzi et al., [10] delve into bio-hydrogen production from green waste, suggesting a focus on 

cellular regulation to optimize hydrogen yields. 

North & Jentsch,  [11] propose the Resource Efficiency Ratio (RER) as a metric for heating system 

assessment, advocating for integrated policies that embrace circular economy concepts. The integration of 

Bio-Energy with Carbon Capture and Storage (BECCS) within the EU Emissions Trading System (EU ETS), 

as analyzed by Zetterberg et al.,  [12], calls for robust policy frameworks and an exploration of market 

mechanisms to facilitate BECCS technology scaling. 

Qi et al., [26] examine the role of green financing in renewable energy development, pointing to the 

necessity of understanding the interplay between market dynamics and investment in renewable energy 

amidst economic uncertainties. Popova, [21] systematizes the EU Green Deal's policy instruments, urging an 

assessment of their global impact and a reevaluation of financial and administrative challenges. 

Newman et al., [25] advocate for a systemic approach to the circular carbon economy, emphasizing the 

need for standards in carbon utilization. The importance of transparent carbon management and 

international cooperation is underscored by Sieminski [23] as pivotal to achieving climate goals. In the 

context of developing nations, Nawaz et al. [22] propose strategic prioritization methodologies to navigate 

energy transitions, underscoring the necessity of technological advancements and optimization in SMEs. 

Methane cracking, as a bridge technology to the hydrogen economy, is evaluated by Weger et al.  [24] for 

its environmental impact, recommending further technological development and emission factor refinement. 

Ruggieri et al., [20] provide a strategic roadmap for energy renovation in Italy, advocating for refined 

incentive schemes and technological advancements that align with circular economy principles. 

The need for a nation-building approach to achieve net-zero emissions is paralleled with historical U.S. 

programs, as discussed by Jenkins et al. [14] emphasizing the need for federal leadership and new financing 

institutions. Linton et al.,  [15] share best practices in local governance strategies for deep decarbonization, 

suggesting expansion into broader community research. 

Victor-Gallardo et al., [16] estimate emission reductions from short-lived climate pollutants (SLCPs) in 

Costa Rica, advising on the validation of policy instruments and private sector engagement. Alkhaledi et al.,  

[13] assess the economic feasibility of zero-carbon liquefied hydrogen tanker ships, proposing investigations 

into the impacts of hydrogen price reductions on their viability. 

Li & Lange, [17] show the effectiveness of community empowerment in energy planning, recommending 

the identification of structural barriers to enhance local-level planning practices. Eh et al., [18] discuss the 

challenges in the hydrogen economy, suggesting the development of integrated production networks and 

improved storage systems. In the manufacturing sector, Kannan et al., [19] analyze carbon policy barriers, 

calling for comprehensive studies to navigate these obstacles. Finally, Singh et al.,  [28] focus on the role of 

Data-Driven Sustainable Quality Management (DDSQM) in manufacturing, encouraging further research on 

its integration and the influence of governmental policies. 

Together, these contributions and forward-looking recommendations construct a roadmap for advancing 

the field of SNZEI, addressing the need for technological innovation, strategic policy formulation, and 

sustainable practices to support a transition toward net-zero emissions. 
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IV. DISCUSSION AND IMPLICATIONS 

The transition towards a Sustainable Net Zero Economy (SNZEI) is a multifaceted challenge that 

encompasses technological innovation, educational reform, policy development, and cross-sectoral 

collaboration. This discussion synthesizes findings from the literature to propose strategic implementations 

and policy developments crucial for advancing SNZEI. It reflects on the collective wisdom gleaned from 

recent research efforts and seeks to contextualize these insights within the broader framework of sustainable 

development. By analyzing the implications of these studies, we aim to delineate a clear path forward that 

aligns with global sustainability goals and addresses the pressing need for a coherent and effective approach 

to achieving net-zero emissions. This section will explore the nuances of integrating research findings into 

practical strategies, ensuring that the theoretical insights translate into tangible benefits for societies, 

economies, and the environment. 

The synthesis of SNZEI studies underscores the need for integrating safety and sustainability within 

hydrogen mobility, advocating for global partnerships and policy alignments [6]. Bhutan's Carbon Negative 

Economy serves as an invaluable case study, emphasizing the potential of national policies to align with 

SNZEI goals. As a nation that absorbs more carbon than it emits, Bhutan's prioritization of sustainability 

over unrestrained economic expansion presents a unique model of a carbon-negative policy framework that 

other developing countries can emulate[29]. The transition to smart circular economies necessitates 

embracing digital technologies, suggesting a comprehensive analysis across industries for generalization of 

results [7]. Educational strategies for sustainability, exemplified by projects like "Nutrients Boomerang," call 

for adaptive learning environments to reinforce the EU Green Deal's principles [8]. 

Renewable energy's growth trajectory indicates a pressing need for policy support in scaling up 

renewable energy systems and addressing investment challenges [9]. The potential of green waste for 

hydrogen production highlights the significance of optimizing bio-hydrogen processes, emphasizing 

research into microbial consortia and cellular regulation [10]. The introduction of the RER metric by North 

& Jentsch [11] advocates for policy frameworks that integrate energy efficiency and circular economy 

approaches. Denmark's leadership in wind energy presents a case study in sector-specific implementation of 

SNZEI. With wind turbines providing 47% of the country's power consumption, Denmark's commitment to 

a fossil-free future by 2050 exemplifies the blend of technological innovation and supportive policy-making 

necessary to transform energy sectors across the globe.[30]. 

Complementing our review's emphasis on technological and policy innovation for SNZEI, Bag's[31] 

research provides valuable insights into the human and cultural aspects crucial for these transitions. His 

findings suggest that while tangible resources and human skills are necessary, it is the intangible resources—

such as sustainability culture, employee training, and knowledge management—that predominantly drive 

successful SNZEI adoption. This underscores the importance of developing robust educational strategies 

and organizational cultures aligned with sustainability principles, echoing the adaptive learning 

environments and community engagement strategies highlighted in our synthesis. Additionally, Bag's[31] 

linkage of SNZEI adoption to enhanced financial, environmental, and social performance offers empirical 

support for the economic viability of these transitions, reinforcing the need for strategic frameworks that 

incorporate socio-economic considerations alongside technological advancements. The integration of such 

intangible resources is critical for actualizing the theoretical insights into tangible societal, economic, and 

environmental benefits, hence ensuring a coherent and effective approach to achieving net-zero emissions. 

Strategic Frameworks for Implementation: To translate these findings into actionable strategies, a multi-

level governance approach that aligns local, national, and international policies is paramount. Public-private 

partnerships can foster investment in hydrogen mobility and renewable energy systems, while community 

engagement strategies can enhance sustainability education and circular economy practices. 
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International and Local Policy Integration: The studies highlight the importance of integrating policy 

tools such as the EU Green Deal's initiatives [21] into local contexts. This necessitates evaluating the global 

impact of policy instruments, considering costs, benefits, and the sufficiency of redistribution and 

compensation systems. Moreover, Sweden's strategic approach to a Fossil Fuel-Free Transportation sector 

illustrates the integration of local initiatives with overarching policy instruments like the EU Green Deal. By 

implementing congestion pricing and promoting the use of public transportation, Sweden provides a 

replicable model for cities worldwide to contribute to national net-zero targets[32]. 

Economic and Social Transition Strategies: Developing a strategic prioritization methodology for energy 

transition [22] is crucial for managing economic and social transitions. This approach should delineate 

pathways for sectors like renewable energy, construction, and manufacturing to create job opportunities that 

align with the future green economy. It should also include skill development programs to prepare the 

workforce for new roles in these sectors, thereby ensuring that the transition not only propels economic 

growth but is also socially equitable. Moreover, mechanisms must be put in place to safeguard communities 

that are dependent on legacy industries, providing them with alternatives that prevent economic 

displacement. 

Innovation and Technology Deployment: To achieve net-zero targets, policy must support the 

deployment of innovative technologies. This encompasses incentivizing carbon capture and storage [12],  

facilitating methane cracking technologies [24], and advancing hydrogen production and storage [18]. 

However, the road to innovation is fraught with challenges, including financial constraints, market 

readiness, and regulatory barriers. Policies must therefore address these barriers, for instance, by providing 

subsidies or tax incentives for research and development, easing regulatory requirements for green 

technology deployment, and fostering a market environment conducive to the adoption of these 

technologies. 

Monitoring and Evaluation Mechanisms: The establishment of robust monitoring and evaluation 

mechanisms, as suggested by the strategic planning for energy transitions [22] is essential for tracking 

progress towards net-zero goals. The KAPSARC CCE Index [23] is an example of a benchmarking tool that 

can serve this purpose. However, for comprehensive monitoring, it is crucial to tailor these tools to local 

contexts and integrate them with global standards, ensuring that they capture the nuances of regional 

implementation while aligning with international benchmarks. 

Case Studies of Successful Implementation: The practical application of strategies for deep 

decarbonization can be best understood through case studies[15]. These success stories offer insights into the 

methodologies and practices that have yielded positive outcomes. For instance, a local government's strategy 

to retrofit buildings for energy efficiency can serve as a replicable model for other municipalities. 

Documenting and disseminating the results of such initiatives can provide a template for similar 

interventions elsewhere and encourage the adoption of proven strategies. 

Challenges and Opportunities: The development and implementation of sustainable projects like zero-

carbon LH2 tanker ships [13] encapsulate both the challenges and opportunities inherent in the transition to 

a net-zero economy. Policymakers face the task of fostering an environment where investment in 

sustainability is both attractive and feasible. This entails navigating the trade-offs between immediate 

economic costs and long-term environmental benefits, mediating between stakeholders with divergent 

interests, and crafting policies that catalyze innovation while ensuring economic viability.

V. LIMITATIONS AND FUTURE RECOMMENDATIONS 

This review, though thorough in its approach to exploring Sustainable Net Zero Economy 

Implementation (SNZEI), exhibits certain limitations that are pivotal to consider. A notable limitation is the 

scarcity of studies specifically addressing SNZEI. This constraint implies that while the review captures the 

essence of the available literature, it may not fully represent the entire scope of research in this emerging 
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field. The reliance on a single keyword could inadvertently overlook relevant studies that discuss similar 

concepts under different terminologies or within broader sustainability discussions. To build upon the 

findings of this review and address its limitations, the following recommendations are proposed for future 

research in SNZEI: 

Broadening the Research Scope: Future reviews should consider expanding their search criteria to include 

a variety of terms and concepts related to sustainability and net-zero goals. This approach would help in 

capturing a wider range of studies, offering a more holistic understanding of the field. 

Focus on Emerging and Underrepresented Sectors: Future research should explore SNZEI in emerging 

and underrepresented sectors, such as the pharmaceutical industry. Given the pharmaceutical sector's 

significant environmental footprint and crucial role in healthcare, understanding its approach to SNZEI is 

essential. Similarly, sectors like agriculture and manufacturing, which have substantial environmental 

impacts, should also be examined in the context of SNZEI. 

Emphasizing Developing Economies: There is a need for more focused research on developing 

economies, which face unique challenges in implementing SNZEI strategies. Understanding these challenges 

can provide valuable insights into creating effective and adaptable sustainability models suitable for diverse 

economic contexts. 

Interdisciplinary and Cross-Sectoral Research: Adopting interdisciplinary and cross-sectoral approaches 

in future studies will offer comprehensive solutions to SNZEI challenges, allowing for the integration of 

diverse perspectives and expertise. 

In-Depth Policy and Regulation Analysis: Studies examining the influence of policy frameworks and 

regulatory environments on SNZEI across different regions are essential. Such research can inform policy 

development and regulatory adjustments to better facilitate the transition to net-zero economies. 

Exploring Technological Innovations: Investigating cutting-edge technologies and innovative practices 

that can accelerate the transition to net-zero economies is crucial. This includes exploring renewable energy 

technologies, sustainable manufacturing processes, and green infrastructure developments. 

Addressing Ethical and Social Implications: Future research should also delve into the ethical and social 

aspects of SNZEI, ensuring that initiatives are not only environmentally sustainable but also socially 

equitable and ethically sound. 

Conducting Longitudinal and Comparative Studies: Long-term studies and comparative analyses can 

shed light on the long-term effectiveness and adaptability of various SNZEI strategies, providing valuable 

lessons and insights for future implementations. 

Fostering Global Collaboration: Encouraging global collaboration and knowledge exchange can lead to a 

more comprehensive understanding of SNZEI, fostering the development of universally applicable 

strategies and solutions. 

The current research landscape, while expansive, does not fully encapsulate the breadth of practical 

SNZEI applications, as seen in emerging economies like Costa Rica and Bhutan. Future research should draw 

upon these case studies, examining the policy instruments, cultural shifts, and technological innovations that 

have led to their success. Such studies will enrich the SNZEI discourse by providing insights into scalable 

and adaptable models of sustainability.

VI. CONCLUSION 

This review, executed using the PRISMA framework, has provided a critical examination of Sustainable 

Net Zero Economy Implementation (SNZEI) studies. Our systematic analysis of 22 peer-reviewed articles 

revealed a rich tapestry of theoretical and methodological approaches, framed within various contexts that 

influence the SNZEI discourse. Our findings highlight the adoption of SNZEI across multiple sectors, such 

as energy, transportation, and urban planning, and underscore the imperative of embedding sustainability 

into the core of net-zero strategies to achieve real-world impact. 
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We identified a crucial research gap in the context of developing economies, where there is a pressing 

need for studies that bridge technical feasibility with socio-economic realities. These findings suggest a 

strong need for future research to focus on SNZEI within sectors that have significant environmental 

footprints, such as the pharmaceutical, agriculture, and manufacturing industries, where the potential for 

impactful sustainability measures is high. 

Furthermore, the case studies from Costa Rica, Bhutan, Denmark, and Sweden not only demonstrate the 

practicality of SNZEI but also its viability and benefits. These examples should serve as motivation for 

researchers, policymakers, and industry stakeholders to adopt and implement SNZEI principles 

comprehensively. They illustrate the effectiveness of multi-faceted approaches, from the implementation of 

national policies to the adoption of sector-specific strategies and grassroots initiatives. 

In light of these observations, future research should broaden its scope to include a diversity of terms and 

concepts related to sustainability and net-zero goals. It should delve into the complex interplay of policy, 

technology, and society, exploring the ethical and social implications of transitioning to sustainable, net-zero 

economies. Longitudinal and comparative studies will be particularly valuable in assessing the long-term 

success and adaptability of SNZEI strategies, while global collaboration will be essential to develop strategies 

that are universally applicable. 

In conclusion, our review has not only illuminated the present state of SNZEI research but also charted a 

course for its future trajectory. It emphasizes the collective need for integrated and interdisciplinary 

strategies that consider both global imperatives and local nuances. The insights gained are pivotal, providing 

a foundation for ongoing efforts to forge more sustainable practices and policies, thus furthering the global 

fight against climate change and advancing environmental sustainability.
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