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Background and Motivation

*Decarbonization has become a central concept in climate, policy, and
economic debates.

°Sir!3(|e the Paris Agreement, scientific interest in decarbonization has grown
rapidly.

*The concept has evolved from a mainly technical issue into a _ '
multidimensional field involving governance, justice, innovation, and industrial

transformation.

*Despite this growth, decarbonization is often studied only as a sub-topic of
climate mitigation or energy transition.

;CI'_o I((ejxamine decarbonization as an independent and interdisciplinary research
ield.
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Research Aim and QueStions g :

Aim: oy  Rechih questlons

* To analyse the evolution, structure, -« How has decarbonlzatlon developed ‘
and thematic orientation of | and grown in scientific Ilterature?
~ decarbonization research in scientific -

hterature
countries lead this research?

.. * What are the dominant themes and
how are they clustered?

© « Where are the main I|m|tat|ons bllnd
spots, and underexplored
d|men5|ons?
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* Which subject areas, mstltutlons and. o “



Data and .Methodology

Data source: i ' Methods used:

* Web of Science Core Collection -« Systematic review
« Search term: “decarbonization” * Bibliometric analysis G
* 16,927 documents |  VOSviewer keyword CO- occurrence £

Period covered: 2006-2025. . Mapping ,
e Longltudma—ltrendanaly5|s

Only-English-language records ‘ &
included ' Lexical comparison with Google Books £

2025-data are'partial' | Z NgramVlewer
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Analytical Procedure

Bibliometric analysis - Keyword mapping in

focused on: | VOSviewer:

* Publication trends over * Co-occurrence analysis
time : '

i f « All keywords
G DR (T ¥ * Full counting method.
* Minimum threshold: 100

~+ WoS subject categories
* Citationtopics - - . occurrences

* SDG linkages . 175 ke'ywe_ro‘ls"anaflysed out
AR : of 43,179 = -

* Leadingjournals, ; Seae

ins‘c.i'tujcions, and countries ht

~ Visual outputs:
* Network visualization
e Overlay visualization .’

« Density visualization :
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Growth of Decarbonization Research

* The topic of decarbonlzatlon shows exponential growth after 2015.

*Publications increased from 16 documents in 2006 to nearly 4,000 in 2024.

*This rise closely corresponds with major climate-policy milestones, especially the Paris Agreement.

*The evidence suggests that decarbonization has moved from a niche topic to a mainstream interdisciplinary field.
Research growth reflects stronger global attention to net-zero transitions and systemic climate action.
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Main Discip.lina’ry and Them_'ati*c, Areas

Leading WoS subjecf categories:

Energy Fuels

Environmental Sciences

Green Sustainable Science Technology
Environmental Studies

Engineering Chemical

Engineering Environmental
Economics
Thermodynamics

Engineering Electrical Electronic
Chemistry Physical

Materials Science Multidisciplinary
Construction Building Technology
Chemistry Multidisciplinary
Engineering Civil

Electrochemistry

0 1000 2000 3000 4000 5000 6000 7000 .

Number of Documents

Top citation topics:

g Sustainability Science

¢ Power Systems & Electrlc

Vehicles
. Therm.,odynami;s_', _
o Catalysts . c = Za s

* Energy & Fuels
* Supply Chain & Loglstlcs

.+ Management and Polltlcal

: SC|ence e

DeCa'rboni'z'aition is both a

technical and socio- economlc_ T

transformatlon
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Geographtic.and Institutionalv Le,adership

Leading | Strong European Leading institutions
countries/regions: contribution from: include:
* United States , * Germany: ; o= LS. Department of Energy
e China ik : e Jtaly ’ . ; . NREL(NatlonaI Renewable
: { e b Energy Laboratory)
e itea Kiheduins - 6 » & QN . ~+ Lawrence Berkeley Natlonal ;
skl e SPrance - ~ Laboratory
e Netherland,s,' e : - Imperial College Londe‘n _ o
l ek | e Univers.ity College London
e ' * Tsinghua Uhfveréity '
Research is globally dlstrlbuted but concentrated |n hlgh- ’ 2 "Chlnese Academy of Suences‘v e

capauty countries with strong research mfrastructure ‘ : » MIT, Stanford, Oxford,
_ oS Cambrldge ETH Zurlch
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Keyword Clustering in Decarbonization Research- Network .Vis'ualization *

e ....identifies four main thematlc
cIusters
« These clusters represent B
| e -technology and energy systems‘
* governance and policy '

* infrastructure and systern
' |ntegrat|on

Y

. “decarbonization” -'the cen‘te,r_ _
the field is highly e
mterdnscuplmary and connects

: technical and pollcy orlented
research A

— enei onsumptlon
Lk :
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Citation Impact of Research _Themes - Overlay Visualization o

| hlghllghts the most influential
keywords in-the literature.

demandgesponse |

Highly C|ted themes mcIude
-*CO2 emissions RO _
eParis Agreement == -
‘eclimate policy ny
eenergy transition

~ eMore technlcaltoplcs such-asiti. -
hydrogen-or electrolysis, show Iower
_,C|tat|on impact. . Wy

..stronger attention to strategic and
pollcy related themes than to :
|mplementat|on iSSuess et
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' °em|SS|ons

Core Topics in the Knowledge Landscape - Density Visualization .

....shows the most frequent and
.connected topics. :

The core of the field is formed by:
-decarbonlzatlon :
-renewable energy

eclimate change = = .

*Emerging topics such as hydrogen
bioenergy, and power-to-gas appear_
more on the periphery.

.the field is expanding from its core = . - ——
toward newer technologles and R co2emissions indsty
) ox b energy-consumptiol torint cement
appllcat|0ns « - 3 : 3 : -“"-ilwmlc-growtmrg‘y e _p‘ 'Earbonfnop steel
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Conclusions and Implications

Conclusions:

Decarbonization is a rapidly maturing
interdisciplinary research field.

Enefg'y systems, environmental sciences,
and sustainability studies form its main
foundation.

New themes such as hydrogen carbon
capture, and justice-oriented governance
show broadenlng scope.

Policy-oriented themes receive stronger
citation attention than.implementation-
focused technical themes.

Limitations:- . ‘
e Only Web of Science Core CoIIectlon '

was used -
* English-only dataset

e Underrepresentation of GIobaI South '
and grey literature - '

Recommendations for future
research:

* Expand database coveragﬂe _

e Include policy and grey IiteratUre .
* Deepen semantlc and lexical analy5|s 5

* Strengthen links between technlcal
and governance-oriented __research
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