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Abstract

Addressing the urgent climate change requires a clear knowledge of the options
available, as well as an understanding of the possible strategies to reduce carbon
emissions. Identifying realistic pathways for decarbonization is crucial to inform
agents’ decisions about the relevant measures (Turnheim & Nykvist, 2018), with
unawareness of these pathways often delaying climate action (Bergek et al, 2023).

This paper seeks to identify, categorize, and analyze decarbonization pathways from
the scientific literature, uncovering cross-cutting dimensions, interconnections, and
regional trends for enhanced decision-making and accelerated change.

The research builds on a growing literature that considers transitions as phenomena
occurring at multiple (micro, meso, macro) levels (Geels, 2007), involving technology
systems in interaction (Markard & Truffer, 2008; Andersen & Geels, 2023) and
innovations with transformative effects on related systems and sectors (Fontes et al.,
2021). The paper also draws on energy and climate studies that have advanced the
understanding about the type of knowledge needed for climate change (Callaghan et
al, 2020), as well as of strategies for decarbonization such as energy efficiency,
decarbonization of electricity, and electrification of uses (Sachs et al., 2017). However,
this typology misses important challenges in decarbonization such as shifts in
behaviors, food, and agriculture.

We suggest that a large-scale, agnostic (non-biased), systematic review of the literature
can reveal the complex landscape of decarbonization strategies. The study applies
Artificial Intelligence (AI) techniques to review over 1 million articles from Scopus and
WoS. Cutting-edge techniques like Latent Dirichlet Allocation (LDA) and BERTopic are
employed for pathway identification and dimension analysis respectively
(Grootendorst, 2022). Additional citation network analysis validates the revealed
typology of decarbonization pathways.

The resulting typology identifies six primary decarbonization pathways (see Fig.1) as
well as five transversal dimensions (energy services, economics, planning,



infrastructure, and transition). Regional analysis reveals distinct priorities among key
global players (US, EU, China, Japan). Advanced analysis finds frequent overlaps
between the decarbonization pathways and associated scientific requirements that can
support real-world implementation. Decarbonization requires a systematic change that
goes beyond the focus on transitions in the energy sector, an important lesson for
future research. The findings also advocate for a tailored approach to decarbonization
strategy implementation, offering a framework for policymakers and other
stakeholders.
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Fig 1 Literature map and revealed decarbonization pathways
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Track 1: Accelerating sustainability transitions (sub-category: acceleration challenges)

Alternatively: Track 3: Exploring multi-system dynamics (al. new frameworks; new
approaches); Track 9: Overcoming methodological challenges (al. development of
integrated transition pathways)
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