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Abstract. Despite increasing pressure to decarbonise, manufacturing organisa-
tions globally lack standardised frameworks to benchmark their overall progress
toward net zero goals, relying instead on fragmented, process-oriented models. To
address this gap, this paper introduces the Net Zero Maturity Model (NZMM), a
structured framework designed to help manufacturing organisations evaluate their
current maturity levels and select the most pertinent strategic actions toward net
zero by avoiding prioritisation conundrums. The NZMM was developed through
an extensive literature review that identified key thematic areas critical for net zero
manufacturing, validated and ranked through input from 30 recognised industry
practitioners. The resulting model integrates three maturity levels across seven
key dimensions, addressing Scope 1, 2, and particularly the complexities in
Scope 3 emissions. The framework serves as a practical decision-making tool
to reduce uncertainty and facilitate structured decision-making, allowing organ-
isations to gauge their net zero maturity and systematically navigate capability
development. Validation with two manufacturing organisations demonstrated the
NZMM’s effectiveness in identifying capability gaps and prioritising improve-
ment initiatives. The NZMM contributes to existing literature and industry prac-
tice by introducing a cohesive, standardised approach that bridges the gap between
narrowly focused, process-specific models and holistic organisational assessment
needs.
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1 Introduction

The Net Zero Maturity Model (NZMM) addresses manufacturing organizations’ strug-
gles to implement comprehensive decarbonization strategies amid increasing climate
imperatives. Current approaches remain fragmented and process-oriented, creating
strategic paralysis particularly when managing complex Scope 3 emissions across global
supply chains. While literature on specific decarbonization technologies exists, a gap
remains in frameworks enabling systematic evaluation of organizational maturity and
action prioritization. The NZMM fills this void by providing a comprehensive frame-
work integrating technological, organizational, and strategic dimensions across seven
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key thematic areas with a three-tiered classification system. Developed through litera-
ture review and validated by 30 industry practitioners plus implementation in two manu-
facturing organizations, the model bridges theoretical foundations with practical imple-
mentation considerations. The NZMM contributes to both theoretical understanding and
practical application by offering manufacturers a standardized approach to benchmark
their position and strategically navigate their decarbonization journey, particularly when
addressing the challenges of indirect value chain emissions.

2 Literature Review: Heuristics for Net Zero Manufacturing

A comprehensive literature review on net zero manufacturing implementation revealed
seven key categories of heuristics, identified through thematic analysis of the existing
literature. Figure 1 presents these categories and their corresponding sub-themes, which
collectively provide a framework for understanding the systematic approach required
for manufacturing decarbonization.
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Fig. 1. Thematic analysis of literature

Leadership and strategy heuristics form the foundation of net zero manufacturing by
integrating sustainability into core business strategies, balancing environmental goals
with economic competitiveness, and developing scenario-based transition pathways [1—
3]. This strategic approach addresses both short and long-term emission reduction mea-
sures [4, 5] while shifting toward ecosystem-based collaborative strategies [6]. Sup-
porting this foundation, risk and performance measurement heuristics establish robust
emissions monitoring systems with comprehensive ESG disclosure frameworks [1],
facility-level monitoring [7], and progress tracking toward targets [8], complemented by
life cycle assessments that evaluate environmental impacts across supply chains [9, 10].
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To implement these strategies effectively, organizational structure and culture heuris-
tics establish specialized sustainability teams [ 1, 7] with capabilities to operate both con-
ventional and low-carbon technologies, reinforced by cross-functional integration [11,
12]. Clear communication and awareness heuristics ensure transparent reporting of envi-
ronmental initiatives [1], enhanced stakeholder engagement, and industry-wide sharing
of best practices [7, 13]. These efforts are supported by measurement and reporting
heuristics that implement standardized frameworks tracking emissions across all scopes
[14, 15] and deploy sensors for real-time monitoring of energy use and embodied carbon
[16].

Success depends on collaboration and partnership heuristics that build relationships
with research institutions, enable industry collaboration on shared infrastructure, and
strengthen supply chain integration through supplier relationships [8]. Underpinning all
these elements, training and skill development heuristics invest in employee capabilities,
ensure continuous technological upgrading [ 17], and provide comprehensive sustainabil-
ity training [8]. This thematic analysis demonstrates that achieving net zero manufac-
turing requires a comprehensive approach integrating strategic planning, organizational
transformation, stakeholder engagement, and continuous improvement.

3 Interview Findings: Heuristics for Net Zero Manufacturing

Industry interviews revealed clear patterns in how manufacturing can approach net zero
strategic decisions. The strongest consensus emerged around industry-academia partner-
ships, with 18 participants emphasizing their crucial role in bridging theoretical knowl-
edge with practical implementation. This was closely followed by a call to redefine car-
bon accounting practices, particularly around scope 3 considerations — a view supported
by 15 participants who believed current approaches may be causing decision paralysis.
Leadership’s role emerged as critical, with 14 participants advocating for a top-down
approach, though they stressed this needed to balance with ground-level engagement.
The power of collective problem-solving resonated strongly, as 13 participants high-
lighted how collaborative environments can help overcome individual limitations and
foster more robust decision-making. Public awareness and clear problem definition were
also identified as key enablers, garnering support from 11 and 10 participants respec-
tively. The findings pointed to a need for organizations to embrace uncertainty while
maintaining agility in their approach. At the operational level, participants emphasized
the importance of governance structures, data-driven modelling, and effective incen-
tive systems. While digital tools were acknowledged as helpful, they were seen more as
enablers rather than primary solutions, with the focus remaining firmly on organizational
and strategic frameworks.

The overall findings from interviews are first summarized below in Fig. 2. The
findings reveal a clear hierarchy of solutions, with systemic and structural changes
receiving stronger support than tactical interventions.
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Fig. 2. Summary of interview findings

4 Discussion: Net Zero Maturity Model

The Net Zero Maturity Model (NZMM) addresses the gap between theoretical frame-
works and practical implementation by providing manufacturing organizations with a
structured approach to decarbonization. Based on the comprehensive literature review
and industry practitioner insights, the model classifies heuristics into three distinct impact
levels, creating a clear prioritization framework for decision-makers.

To help clarify this complex decision space, 30 industry practitioners ranked iden-
tified heuristics on a 1-5 Likert scale. Heuristics with average scores of 4.0-5.0 were
classified as Level 3 (high impact), those with scores of 3.0-3.99 as Level 2 (medium
impact), and those with scores of 1.0-2.99 as Level 1 (low impact). This classification
was validated by two manufacturing organizations with proven emission reduction track
records, strengthening the reliability of the assessment.

The NZMM as shown below in Fig. 3 integrates above heuristics findings across
seven key dimensions identified through literature review: leadership and strategy, risk
and performance measurement, organizational structure and culture, communication and
awareness, measurement and reporting, collaboration and partnership, and training and
skill development. This creates a comprehensive framework that enables organizations
to assess their current maturity level and identify high-impact practices for prioritization.
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Fig. 3. Net Zero Maturity Model

The Net Zero Maturity Model offers a structured framework in aid of reducing the
cognitive burden typically associated with complex net zero transitions. The model’s
tiered classification structure enables organizations to address both immediate emission
reduction opportunities and long-term strategic interventions. Its progressive structure
acknowledges that decarbonization requires balancing short and long-term measures,
allowing manufacturing organisations to learn and implement simultaneously rather
than waiting for perfect knowledge before taking action. Thus the model has the dis-
tinctive potential to support decarbonization as a strategic objective rather than a mere
compliance activity. The NZMM’s ecosystem-based collaborative approach further dis-
tinguishes it from other frameworks by recognizing that the most challenging aspects of
net zero manufacturing, -managing indirect value chain emissions-, require coordinated
action beyond organizational boundaries, fostering inter-organizational collaboration.
By offering a standardized yet adaptable approach to benchmark organizational maturity
before prioritizing actions, the NZMM could empower manufacturing decision-makers
to navigate uncertainty with confidence, transforming what was once an overwhelming
challenge into a structured pathway for advancing towards net zero.

5 Conclusion

The NZMM addresses a gap in manufacturing decarbonization by providing a frame-
work for capability assessment and action prioritization across seven key dimensions
with hierarchically organized heuristics. Validation with two manufacturing organiza-
tions confirmed its practical utility as a strategic decision-making tool. However, at the
same time this means that its generalizability across diverse industrial contexts may be
limited. Additionally, the assessment relied primarily on practitioner perceptions rather
than quantitative performance metrics, which may introduce subjective bias. Future
research should expand validation across different manufacturing sectors, organizational
sizes, and geographical regions to enhance generalizability. Longitudinal studies track-
ing organizations’ progression through maturity levels may provide additional valuable
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insights into the model’s effectiveness as a transformation roadmap. Further work could
also explore the correlation between NZMM implementation and quantifiable emis-
sion reductions, developing more objective assessment methodologies. Finally, research
examining the interplay between regulatory frameworks and maturity progression would
enhance the model’s practical application in varying policy environments.
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