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Abstract

This research delves into the progression of technologies designed to facilitate the shift toward
sustainable energy and eco-friendliness, assessing their potential influence on both ecological and economic
systems. By examining data from sources like Scopus and patent records, it pinpoints promising technologies,
such as offshore wind turbines, carbon capture storage, electrochemical CO2 conversion, bioconversion of
CO02, sustainable ammonia production, and cellular agriculture. While certain of these technologies are already
making significant progress in the market, others are still undergoing research and development. The study
underscores the significance of these technologies in curbing CO2 emissions and environmental harm,
providing valuable insights for policymakers and investors. It stresses the necessity for nations to transition from
fossil fuel-dependent economies and instead adopt principles of a circular economy, renewable energy sources,
and environmentally friendly production practices. Despite its limitations, this research illuminates essential
technological avenues for sustainable development and ecological transformation.
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I. INTRODUCTION

Research into the impact of human activities on the environment traces its origins back to the 1860s, as
noted by Marsh in 1864. This scientific interest is closely linked to the industrial revolutions that began in the
1760s. While these revolutions have driven technological, economic, and social progress, they have also
resulted in significant pollution from fossil fuels and environmental degradation, as discussed by Fowler and
colleagues in 2020. The industrialization that began in the 1760s heavily relied on coal, natural gas, and
petroleum-based materials, which have been integral to sectors such as textiles, automotive, heavy organic
chemicals, synthetic materials, and petrochemicals globally (as observed by Ayres in 1990 and 1990a).
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Ayres (1998) highlighted that this industrial shift ushered in new manufacturing processes fueled by fossil
fuels, leading to radical technological innovations that supported economic growth and human development, as
corroborated by Sterner et al. in 1998 and Coccia in 2010.

Furthermore, Foley et al. (2013) pointed out that these industrial revolutions, technological
advancements, and economic transformations spurred the rapid growth of the human population, increased
energy consumption, and raised atmospheric CO2 levels. The impact of human activities on the biosphere, as
asserted by Chin et al. (2013), is attributable to various factors, including industrialization and urbanization, all of
which contribute to fossil-fuel pollution.

This chain of events begins with industrialization, economic development, and population growth, leading
to heightened consumption of goods, depletion of resources, the accumulation of billions of tons of solid waste,
and, consequently, pollution and environmental changes, as discussed by Coccia in 2021 and Kaza et al. in
2018. In practice, industrialization in Europe, North America, and emerging nations has indeed driven economic
growth. However, it has also been accompanied by fossil-fuel pollution, environmental degradation, and public
health concerns, as noted by various scholars (Adam in 2021, Ali et al. in 2021, Belpomme et al. in 2007,
Coccia in 2017, 2018, 2019, 2020, Constant et al. in 2014, IPCC in 2007 and 2013, Global Change in 2022, La
Scalia et al. in 2022, NASA Global Climate Change in 2022, Steingraber in 1997, and Thomson & Stanberry in
2022). Some scholars have introduced the concept of the "Anthropocene" to describe these temporal and
spatial phenomena, marking a new geological epoch characterized by the profound impact of human activities
on the atmosphere, lithosphere, hydrosphere, and biosphere (as proposed by Crutzen & Stoermer in 2000 and
Zalasiewicz et al. in 2011). Ruddiman (2003) suggests that the onset of the Anthropocene can be traced back
6,000 years due to CO2 increases, while Crutzen & Stoermer (2000) and Steffen et al. (2007) argue that it
commenced with the industrial age in the 18th century, which also contributed to environmental pollution (as
discussed in Bowman et al. in 2011, Glikson in 2013, and Steffen et al. in 2007). One significant consequence
of this environmental degradation is the rise in greenhouse gas emissions and global temperatures, which could
result in a 5°C temperature increase by 2100, along with permafrost thawing, as highlighted by Hausfather &
Peters in 2020, Moss et al. in 2010, and Tollefson in 2020. Chapman et al. (2022) argue that mitigating this
climate change risk requires achieving a state of net-zero CO2 emissions and carbon neutrality, in line with
recommendations from the National Academies of Sciences in 2022 and Wang et al. in 2021. The pursuit of this
objective can also be accomplished through innovative technologies focused on carbon capture, storage, and
utilization, green hydrogen, sustainable production, solar thermal energy and storage, among others (referenced
in Chapman et al., 2022; National Academies of Sciences, 2022; NIST, 2022). In fact, as Linstone (2010) aptly
points out, "the global future will strongly depend on our willingness to take near-term action for a sustainable
long-term future." In this context, one of the central challenges is the examination of emerging technological
directions and eco-innovations that can facilitate the transition to sustainable socioeconomic systems while
preserving the integrity of the atmosphere, lithosphere, hydrosphere, and overall biosphere (as explored by
Sanni & Verdolini, 2022). The primary objective of this study is to identify and assess novel technological
pathways capable of reducing atmospheric CO2 emissions and environmental pollution, thereby guiding society
toward ecological transitions, including energy, industrial, and agri-food transformations, in pursuit of a
sustainable future.The following section outlines the research methods employed to investigate these critical
aspects in the realm of science and society.

[I. STUDY DESIGN

This study relies on data from Scopus (2022), a comprehensive database encompassing journal articles,
conference proceedings, books, and even patent records from various global patent offices. To identify scientific
documents and patents relevant to promising technologies for ecological transition and sustainability, as
delineated in Table 1 and in accordance with current environmental science literature (as indicated by Gonzalo
et al., 2022; Li et al., 2022; Wang et al., 2022; Balaji & Rabiei, 2022; Elavarasan et al., 2022; Chapman et al.,
2022; Gadikota, 2021; Bapat et al., 2022; Moritz et al., 2022; Esmaeilzadeh, 2022; Strepparava et al., 2022), the
"Search documents” feature within the Scopus (2022) database is utilized. Initial data retrieval occurred on
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March 30, 2022, with subsequent updates performed on November 15, 2022. Scientific outputs, including
articles, conference papers, book chapters, letters, etc., as well as patents, serve as the fundamental units for
scientific and technological analyses (as detailed in Coccia et al.,, 2022). These analyses aim to identify
emerging technological trajectories capable of mitigating environmental pollution and aligning with sustainability
objectives in socioeconomic systems.

Furthermore, the data is organized into four distinct technological categories, each reflecting primary
applications and usages, to elucidate diverse avenues supporting sustainable futures:

e Technologies focused on renewable energy, such as wind turbines.
e Technologies centered on renewable energy and storage, including thermal energy storage.

e Technologies geared toward CO2 capture and utilization, encompassing catalytic conversion and CO2
copolymerization, among others.

e Technologies oriented toward sustainable products and clean production processes, such as
environmentally-friendly steel production.

Evaluation Criteria The study assesses the advancement of technologies through the following evaluation
criteria:

¢ The quantity of articles and various scientific outputs obtained from the search criteria detailed in Table 1,
aimed at identifying the cumulative body of scientific knowledge underpinning technological advancements. The
year 2022 is not considered in this analysis as it is still in progress.

Additionally, this research scrutinizes patents as indicators of inventive ideas and potential innovations
that contribute to the progression of technological trajectories addressing sustainability challenges. The
evaluation criteria for patents is as follows:

¢ The count of patents retrieved using the search criteria outlined in Table 1, with the exclusion of the year
2022 due to its ongoing status at the time of the study's development.

Table 1. Queries and data analyzed

Queries of articles and patents of technologies oriented to sustainability Data analyzed until 2021*
Documents/ Patents
® Technologies oriented to renewable energy Articles
wave power systems 78 341
offshore wind turbine 6978 3791
floating photovoltaic systems 76 43
green hydrogen 1000 172
blue hydrogen 77 198
geothermal technology 317 182
thermal technology 1841 2451
® Technologies oriented to renewable energy and storage
thermal energy storage 15,573 8888
carbon capture and storage 7544 1365
carbon capture and storage (CCS) post-combustion 631 286
carbon capture and storage pre-combustion 90 70
carbon capture and storage oxy-fuel combustion 89 227
carbon-negative technologies 34 10
e  Technologies oriented to CO, Capture and Utilization
electrochemical conversion AND CO, 510 376
photocatalytic conversion AND CO, 424 32
photothermal catalytic conversion AND CO, 4 0
solar energy conversion AND CO, 300 194
catalytic conversion AND CO, 776 2433
bioconversion AND CO, 896 1060
copolymerization AND CO, 1215 4283
mineral carbonation AND CO, 769 168
102
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e  Technologies oriented to sustainable products and clean production

process

aluminium battery 228 1033
clean steel production 92 28
ammonia AND sustainability 1058 3370
cellular agriculture 81 21
blockchain technology AND sustainability 259 60

Note: * the year 2022 is not considered because data were ongoing when the analysis is performed; this
aspect does not affect the detection and trend of on-going trajectories of technologies.

Data Analysis and Models of Technological Progress

To begin, a logarithmic transformation is applied to the data. This transformation aims to normalize the
distribution of variables, facilitating the use of appropriate parametric analyses and ensuring the generation of
robust results.

Next, the Scopus (2022) "Search documents” tool is employed to obtain a time series of articles and

patents related to technology "i" at time "t," based on the terms outlined in Table 1. These data are subjected to
analysis employing the following model to discern trends:

log yi; = a + b time+ uj; 1)

e v is scientific products or patents of technology i at the time t

e ais aconstant; b is the coefficient of regression; u ;,; = error term of technology i at the time t

e |og is logarithmic with base e= 2.7182818

The parameters a and b of model [1] are estimated with the Ordinary Least-Squares (OLS) Method.
The parameters "a" and "b" in Model [1] are estimated using the Ordinary Least-Squares (OLS) Method.

Moving on, the potential growth of technologies geared toward sustainability is examined using a model
of technological development. In this model, the number of patents (Y) is considered a function of the volume of
scientific output (X) over time. This approach is based on the work of Sahal (1981) and aims to determine the
relative rate of technological advancement, illustrating how technological units (patents) evolve over time in
response to the accumulation of scientific knowledge through articles. In essence, Model [2] investigates the
evolution of technology "i" by quantifying the influence of the accumulation and progression of scientific
knowledge (represented by publications Xi) on the growth of patents, Yi, as proposed by Sahal (1981).

e A=constant 2)
o B =the coefficient of relative growth that measures the evolution of Y (patents) in relation to scientific
production X of technology i.

In particular, the value of coefficient in the model [2] indicates different patterns of technological evolution
given by:

e B<1 technology has a slowing down evolution of patents compared to the growth of scientific
production over the course of time

. B = 1, technology evolves with a proportional growth of publications and patents

e B>1 technology has a disproportionate advances of patents Y compared to publications
(accelerated technological evolution over time).

The log-log Model [2] employs linear parameters that are also estimated using the Ordinary Least-
Squares (OLS) method. Statistical analyses are conducted using IBM SPSS Statistics 26® software.
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lll. EMPIRICAL RESULTS

Model [1] is utilized to depict trends in the publication and patenting of technologies focused on
sustainability. Specifically, Figure 1 illustrates the progression of various technologies in relation to the growth of
knowledge, as measured by published research papers. Meanwhile, Figure 2 showcases the evolution of these
technologies based on patenting activities.
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Figure 1. Trends of publications for technologies directed to sustainability.
Note: to show better the trends, the period starts from 1990
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Figure 2. Trajectories of technologies directed to sustainability using patents.
Note: the period starts from 1998 to show better the trends.
Trends of figures 1 and 2, and underlying data, are combined and analyzed with model [2] to assess the
relative rate of growth of these technologies over time.

Table 2. Estimated relationships of patents on scientific production of technologies directed to future
sustainability

e Technologies oriented to renewable energy Coefficient B Constant A F-test R’
Wave power systems .840** 1.160*** 7.68** 0.22
Offshore wind turbines 1.062*** 0.968** 391.65*** 0.95
Floating photovoltaic systems 0.309 0.840* 2.75 0.28
Green hydrogen 0.584*** 0.101 45.84***  (0.74
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Blue hydrogen 0.542* .956*** 6.33* 0.30
Geothermal technology 0.840*** 0.240*** 32.95*** (.54
Thermal technology 0.980*** 0.330 104.73***  0.71

e Technologies oriented to renewable energy and storage Coefficient B Constant A F-test R
Thermal energy storage 0.935** 0.036 319.33***  0.87
Carbon Capture storage 2.270%** 9.690*** 169.81*** 0.91
"carbon capture and storage” CCS post-combustion 1.000*** 0.840 32.24*** (.69
"carbon capture and storage” CCS pre-combustion 0.270 1.010* 1.14 0.01
"carbon capture and storage” CCS oxy-fuel combustion 0.660*** 1.270*** 16.14***  0.44
Carbon negative technologies 0.039 0.383 0.02 .004

e  Technologies oriented to CO, Capture and Utilization Coefficient B Constant A F-test R?
Electrochemical conversion of CO, 1.740*** 2.172** 52.82*** (.72
Photocatalytic catalytic conversion of CO, .384** .364 10.83** 0.45
Photothermal catalytic conversion of CO, -- -- -- -
Solar energy conversion of CO, 0.590*** .560* 29.50***  0.59
Catalytic conversion of CO, 0.440*** 2.800*** 70.28***  0.63
Bioconversion of CO, 1.040%** 250 180.43*** (.81
Copolymerization of CO, 0.570*** 2.720*** 63.52***  0.63
Mineral carbonation 0.640*** .340 19.47***  0.49

° Teghnologies oriented to sustainable products and clean  ~officient B Constant A F-test R2

production process
Aluminum battery .600*** 2.295%** 19.71***  0.461
Clean steel production 0.063 0.379 0.046 .005
Ammonia (sustainable production) 1.890*** 0.81*** 284.72%** 0.91
Cellular agriculture 2.760* 6.65* 374.61* .99
Blockchain technology in environmental sciences 0.810 0.04 48.73 0.96

Note: log-log model. Dependent variable: Patents of technology i; Explanatory variable: Publications of
technology i; *** significant at 1%.; ** significant at 1%; * significant at 5%. F is the ratio of the variance
explained by the model to the unexplained variance. R? is the coefficient of determination. In bold, technologies
with B>1 having a high perspective of technological growth.

The coefficient of technological evolution B>1 in table 2 suggests a disproportionate (accelerated) growth
of some technologies over time: they may affect a sustainable economic and social change in future. Instead,
other technologies have B<1 in table 2, i.e. a reduced growth also likely because of their initial phase of
technological evolution such that although these technologies have patents, they are not still mature to be fully
implemented in markets. Finally, some technologies do not have a significant coefficient B, and as a
conseqguence, they are not considered.

IV. DISCUSSION OF TECHNOLOGIES FOR BUILDING SUSTAINABILITY

Results, using the estimated coefficients of regression in table 2, reveal that technologies having B>1,
i.e., accelerated pathways of technological evolution to support sustainable futures, are:

e Technologies and Their Stages of Development

e Several technologies with varying stages of development play a pivotal role in shaping sustainable
socioeconomic systems. These technologies encompass a range of innovation and market adoption:

e Offshore Wind Turbines (Technological Innovation in Markets): Offshore wind turbines represent a
mature technology that has made its mark in the market.

They offer advantages such as the potential for larger-scale operations, increased power generation,
and reduced environmental impact when compared to onshore wind farms (as highlighted by Gonzalo et al.,
2022). This technology, with its new generation of turbines, stands as a significant contributor to renewable
energy with cost-effectiveness (Nemet, 2006; Pérez & Ponce, 2015).
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¢ Continuous technological advancements have led to cost reductions, including materials costs (e.g.,
through the use of fiberglass) and improved labor productivity, achieving over a 30% reduction (Elia et al.,
2020). Studies indicate that the learning-by-deployment approach has been a key driver behind cost reductions
in wind turbine technology from 2005 to 2017 (Elia et al., 2020; Oh, 2020). Wind power technology has
experienced remarkable growth, with a more than 1100% increase in global cumulative installed wind capacity
from 2005 to 2019, reaching approximately 651GW by the end of 2019 (Wang et al., 2022). The industry is
gravitating toward offshore wind farms due to the steadier and stronger wind speeds at sea, along with the
ample space available for installing high-capacity wind turbines, some capable of generating up to 17MW,
compared to land-based turbines with a maximum capacity of around 6MW. Coastal communities can benefit
from energy savings through hybrid offshore wind and tidal stream energy systems, as demonstrated by Li et al.
(2022). Notable offshore wind farms are operational in countries like the United Kingdom, China (with a capacity
of 43,300MW), South Korea (with over 10,000MW), and more (Chen et al., 2023).

e These technologies are at various stages of development, with some already contributing to markets
and sustainability, while others are still in the research and technological development phase, holding potential
for future contributions to ecological transitions in global society.

Apart from offshore wind turbines, the study highlights other promising technologies in the phase of
technological development that aim to contribute to renewable energy production and carbon capture-storage.
These technologies have not yet been widely introduced or adopted in markets:

e Carbon Capture Storage (CCS): According to Balaji & Rabiei (2022), Carbon Capture, Storage
(CCS), and Utilization (CCUS) are pivotal technologies for reducing CO2 emissions in energy-intensive sectors
like cement, metallurgy, petrochemicals, steel, and more. They can also support the conversion of CO2 into
fuels, chemicals, polymers, and other products, facilitating a shift from traditional to low-carbon economies (as
noted by Ghiat & Al-Ansari, 2021, and Peplow, 2022). Many CCS and CCUS technologies are in the research
and development (R&D) phase with initial applications emerging in the market (National Academies of
Sciences, 2022). When applied to conventional power plants, CCS technologies can reduce CO2 emissions into
the atmosphere by approximately 80-90% compared to plants without CCS (IEA, 2022). CCUS facilities
currently capture nearly 45 million tons of CO2 globally. Gadikota (2021) suggests that new chemical processes
within this technology can decrease the carbon intensity of energy and resource conversion processes. While
CCUS deployment has not met earlier expectations, the outlook is improving, with more than 300 projects in
various stages of technological development in 2022. The goal is to have over 200 operational capture facilities
by 2030, capable of capturing more than 220 million tons of CO2 per year (CTCN, 2022; IEA, 2022; Resources
Magazine, 2022). Elavarasan et al. (2022) emphasize that various decarbonization policies should focus on
carbon capture, storage, and utilization technologies, as they can play a vital role in achieving climate neutrality,
especially in sectors that are challenging to decarbonize (as discussed by Chapman et al., 2022, and NIST,
2022).

e Electrochemical Conversion of CO2 Capture and Utilization (CCU): One of the technologies showing
growing promise for CCU is the electrochemical conversion of CO2 into products like syngas, methane,
methanol, or dimethylether, often incorporating renewable energy. Notable examples include Sunfire, which
successfully produced high-quality diesel fuel in 2015, and ETOGAS, which developed a process using alkaline
pressurized electrolysis of H20 to produce H2, subsequently reacting with CO2 to form CH4 (methane).
Although Sunfire and ETOGAS processes currently operate at a small industrial scale, ongoing research and
learning through Pr ocess refinement are expected to foster larger-scale applications (Zhu, 2019).

e Bioconversion of CO2 Capture and Ultilization (CCU): Another technology showing promise for
sustainability is the bioconversion of CO2, although it is still in the research and development phase with initial
applications in industrial processes. For example, the company LanzaTech has developed a biological gas-
fermentation process that utilizes exhaust gases from industries to produce fuels and chemicals. This process
relies on microbes that grow on gases to transform CO-rich waste gases and residues into valuable chemicals.
In 2014, LanzaTech, in collaboration with Japanese Sekisui Chemical, applied this technology to produce
ethanol from municipal solid waste, establishing an industrial plant that gasifies unsorted, non-recycled, non-
compostable municipal solid waste, with the resultant syngas being burned to generate electricity. Meanwhile,
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the U.S. firm Joule Unlimited Technologies has engineered microbes, including genetically modified
cyanobacteria, which harness solar energy to convert CO2 and H20 into ethanol or hydrocarbon fuels through a
continuous process (Zhu, 2019).

e Sustainable Processes for Ammonia Production: Table 2 reveals significant technological growth in
ammonia (NH3) production. Ammonia serves as the cornerstone of the nitrogen (N) fertilizer industry. The
sustainable production of ammonia from molecular dinitrogen (N2) under mild conditions represents a
compelling research area within chemistry aimed at promoting sustainability (as highlighted by Ampelli, 2020,
and Cui et al.,, 2018). Electrochemical reduction of N2 presents substantial potential for sustainable NH3
production with lower energy consumption. Soloveichik (2019) notes that while the Haber—Bosch process is a
predominant technology, electrochemical pathways for ammonia synthesis can reduce energy consumption and
foster sustainable production, focusing on electrocatalysts, electrolytes, and novel cell designs. Lv et al. (2020)
propose that ammonia (NH3) electrosynthesis from atmospheric nitrogen (N2) and water is an emerging
technology as an alternative to the energy-intensive Haber—Bosch process, although technical challenges may
impede full-scale industrial application. Tavella et al. (2022) suggest that the direct electrocatalytic production of
ammonia (NH3) from N2 and H20 under ambient conditions can meet the increasing industrial demand for
ammonia. Current research and development in this field are exploring three-dimensional nanoarchitecture of
electrode surfaces, cell configuration design (including gas diffusion electrodes), and more efficient lithium-
mediated techniques in hon-aqueous solvents (such as improving the proton-shuttle system's sustainability).

e Cellular Agriculture: The results indicate that cellular agriculture is experiencing rapid growth and has
the potential to contribute significantly to future sustainability (Table 2). Agricultural activities currently contribute
1% of CO2 emissions and 38% of methane emissions, primarily from livestock production. More sustainable
farming practices, including regenerative agriculture, which enhances soil carbon storage and preserves
biodiversity, along with agroecological systems and cellular agriculture, can help reduce CO2 emissions (as
noted by Cho, 2022, and Pronti & Coccia, 2020, 2021). Furthermore, global population growth is projected to
reach approximately 11 billion by 2100 (Willett et al., 2019; Global Change, 2022). In light of this demographic
trend and the increased demand for protein-rich food, society requires new and sustainable models for
agricultural and livestock production to meet nutritional needs while mitigating deforestation, CO2 emissions,
environmental pollution, emerging diseases, and other challenges (Edeme et al., 2020; Pronti & Coccia, 2021).
Cellular agriculture offers a fundamental component of a novel agricultural system aimed at sustainability,
supporting resilient organizations to address the growing global food demand and enhance the planet's life
support systems (as proposed by Bapat et al., 2021, and Campbell, 2002). Transitioning from conventional
agricultural systems to cellular agriculture hinges on new cell-cultivation technologies for producing animal
products while reducing pollution associated with livestock production. Moritz et al. (2022) underscore that
policymakers and stakeholders recognize the changes and challenges required for the adoption of cellular
agriculture technology in the market, acknowledging that large-scale industrial production based on cellular
agriculture may not be a feasible system in the near term. Wave Power Systems: Among the technologies
examined in this study, wave power systems have made their way into the market but are experiencing limited
scientific and technological growth, as indicated in Table 2. These systems involve the construction of wave
farms and have been deployed in various countries, including Portugal, Israel, Spain, and the UK.

o Different technologies like surface-following attenuators and oscillating water column technology have
been used for these wave farms (Kaldellis & Chrysikos, 2019). Thermal Energy Storage Technology: Thermal
energy storage technology is in its early stages of market introduction and has seen the emergence of
numerous startups. Examples include Antora Energy, founded in 2017 in the USA, which stores energy as heat
in cost-effective materials and converts it back to electricity using efficient thermophotovoltaic heat engines.
Highview Power, established in the UK in 2005, is developing a liquid-air energy storage solution for grid
applications. MALTA, founded in Cambridge, USA in 2018, is also exploring innovative approaches to energy
storage (Tracxn, 2022).

Green Hydrogen: Green hydrogen, a technology critical for sustainability, is currently in the research and
development phase. Notable projects include Iberdrola's endeavor in Spain, where the company has
commissioned the world's largest plant for green hydrogen production using renewable resources. Siemens in
Germany is constructing one of the largest green hydrogen production plants powered by wind and solar
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energy. China Petroleum & Chemical Corporation (Sinopec) plans to build the world's largest renewable-based
hydrogen production facility, aiming to generate substantial amounts of green hydrogen and reduce CO2
emissions significantly (Balkan Green Energy News, 2022).

Clean Steel Production: Clean steel production, a process innovation with substantial potential for
reducing air pollution and promoting sustainability, is currently in the experimental phase. Companies like
ArcelorMittal are exploring new technologies for cleaner steel production, including the use of hydrogen or
electrolysis to reduce iron ore and eliminate the need for carbon in the steelmaking process, resulting in
reduced CO2 emissions. The H2 Hamburg project in Germany aims to produce steel using hydrogen and direct
iron ore reduction, with plans to scale up this technology for industrial use (ArcelorMittal, 2022).

Blockchain Technology: Blockchain technology, a versatile technology with the potential to contribute to a
clean and sustainable future, is still in the early stages of research and innovation within these fields. Blockchain
platforms leverage decentralized networks of distributed nodes to validate transactions and maintain data
integrity. One promising application involves integrating an increasing number of distributed renewable energy
sources into a country's energy supply system, transitioning from a centralized to a decentralized model. This
shift enables energy trading between consumers and producers in a local energy market (LEM) through
blockchain technology and the Internet of Things (loT), fostering decentralized market architectures and
promoting efficient energy consumption and overall system efficiency (Strepparava et al., 2022).

V. CONCLUSIONS AND PROMISING FOR ACHIEVING ONE OR MORE OF THE
SUSTAINABLE DEVELOPMENT GOALS

The unique aspect of this study lies in its exploration of the evolution of emerging technology trajectories
geared towards energy transition. This exploration is conducted through a model utilizing patents as a proxy for
technological innovation (the response variable) and scientific publications as an explanatory variable for
scientific knowledge. The results shed light on technologies exhibiting rapid growth potential, which could play a
pivotal role in supporting sustainable socioeconomic systems in the future. Noteworthy technologies highlighted
in this study include offshore wind turbines, carbon capture storage, electrochemical conversion of CO2,
bioconversion of CO2, sustainable processes for ammonia production, and cellular agriculture. The study also
reveals that while many of these technologies have amassed a considerable number of patents, they are still in
the early stages of development and have not yet translated into widespread technological innovations for
market applications. For instance, technologies like electrochemical and bioconversion of CO2, boasting 376
and over 1,000 patents, respectively, remain in the research and development phase within certain energy firms
and prominent universities. For instance, Equinor (2022) is working on a project to safely and permanently store
carbon beneath the seabed to combat global warming.

Additionally, researchers at the George Washington University (USA) are exploring a technology to
convert CO2 into carbon nanofibers and nanotubes using cost-effective materials and low voltage, with
applications in batteries and lightweight alternatives to metals, including aircraft and sports cars. Bioconversion
of CO2 also presents promising projects utilizing engineered bacteria and enzymes. Scholars in Scotland are
developing a process using the Escherichia coli bacterium to efficiently capture and convert CO2 into formic
acid. Meanwhile, some U.S. scientists are enhancing an innovative enzyme capable of transforming
formaldehyde into dihydroxyacetone, which can then be converted into fuels like ethanol. These developments
in microbial biotechnology offer new avenues for CO2 conversion. Policy Implications for Environmental Impact
Reduction in Economic and Social Development: In light of global environmental pollution and energy
challenges, nations must actively promote the rapid development of specific technologies aimed at ecological
transition and sustainability within socioeconomic systems (Calza et al., 2020; Nti et al., 2022; Khan et al., 2022;
Sterner & Coria, 2012). This study underscores the emergence of technologies geared towards reducing CO2
emissions by harnessing renewable resources, such as offshore wind turbines, as well as technologies focused
on CO2 capture and utilization, such as green hydrogen production via wind and photovoltaic solar plants,
which are currently in the research and development phase. A key finding is the interplay between various
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technologies geared towards ecological transition, which fosters accelerated co-evolution pathways towards
sustainability. An illustrative example is the technological synergy between clean steel production and green
hydrogen production from renewable resources. This synergy eliminates carbon from the steelmaking process,
resulting in reduced CO2 emissions (cf., Coccia, 2017, 2018, 2019). These new technological directions should
be actively pursued to support sustainability efforts and mitigate environmental challenges stemming from the
depletion of natural resources (Meadows et al., 1972; Sulston, 2012). Therefore, economic systems should
prioritize investment in these technologies, which have the potential to effectively address environmental
degradation and preserve the biosphere for a sustainable future of human society (Magdoff, 2013; Magdoff &
Bellamy Foster, 2011; Saeli et al., 2022). Policymakers, industry leaders, and scholars recognize the pivotal role
of financial resources in advancing science and technology and facilitating their commercialization (Roshani et
al., 2021; Mosleh et al., 2022). This study provides valuable insights to guide R&D investments by policymakers
towards promising research fields and technologies in the realm of energy transition, thereby fostering
sustainable development and generating positive industrial and societal impacts (cf., Coccia, 2021). These
strategies for R&D investments can align with energy and economic policies that promote equilibrium between
the environment, natural resources, and human society within cities and urban centers. This approach, often
characterized as an eco-socialism system, emphasizes collaboration among individuals and institutions to
address resource constraints while simultaneously safeguarding the environment and economic aspects
(Aidnik, 2022; Adaman & Devine, 2022). In conclusion, this study underscores the importance of proactive
investments in emerging technologies to drive sustainable development, mitigate environmental challenges, and
propel society towards a more equitable and environmentally conscious future (cf., Aresta & Dibenedetto, 2020;
Pronti & Coccia, 2021). The study's recommendations and insights provide a valuable roadmap for countries
seeking to transition away from coal and petroleum-based economies toward sustainable, renewable energy
sources and clean production practices. Embracing these technologies and fostering a circular economy is
essential for long-term economic growth and the well-being of future generations.

While the study offers significant contributions, it's important to acknowledge its limitations, as you rightly
pointed out:

1. Data Source Limitations: The study relies on data from Scopus and patents to capture the dynamics of
technological innovation. These sources may not provide a comprehensive view of all ongoing technology
developments. Future research could explore additional data sources or methodologies to address this
limitation.

2. Confounding Factors: Various factors beyond the scope of this study can influence technology
evolution. These include government policies, intellectual property rights, international collaboration, and
economic conditions. Investigating these confounding factors in future research could offer a more holistic
understanding of technological trajectories.

3. Time Period: The study focuses on a specific time period. Expanding the analysis to cover a longer
period could reveal longer.

REFERENCE LIST

Adam, D. (2021). How far will global population rise? Researchers can't agree. Nature, 597(7877), 462-
465. doi. https://doi.org/10.1038/d41586-021-02522-6

Adaman, F., & Pat, D. (2022). Revisiting the calculation debate: A call for a multiscale approach,
Rethinking Marxism, 34(2), 162-192. doi. https://doi.org/10.1080/08935696.2022.2051374

Aidnik, M. (2022). Envisioning a utopian ecosocialism in the darkness of the Covid-19 pandemic,
Capitalism Nature Socialism. 33(2), 44-59. doi. https://doi.org/10.1080/10455752.2021.2016878
109

[E[0)
Creative Commons Attribution 4.0 International License


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/d41586-021-02522-6
https://doi.org/10.1080/08935696.2022.2051374
https://doi.org/10.1080/10455752.2021.2016878

i
Humanities & Social

Sciences © Bulletin Social-Economic and Humanitarian Research, Ne 19 (21), 2023, e-ISSN 2658-5561

Ali A., Audi, M., & Roussel, Y. (2021). Natural resources depletion, renewable energy consumption and
environmental degradation: A comparative analysis of developed and developing world. International Journal of
Energy Economics and Policy, 11(3), 251-260. doi. https://doi.org/10.32479/ijeep.11008

Ampelli, C. (2020). Electrode design for ammonia synthesis. Nature Catalysis, 3, 420-421. doi.
https://doi.org/10.1038/s41929-020-0461-x

Arcelor, M. (2022). Clean power steelmaking. [Retrieved from].

Aresta, M., & Dibenedetto, A. (2020). Carbon recycling through CO2-conversion for stepping toward a
cyclic-c economy. A perspective front. Energy Research. 8, 159. doi. https://doi.org/10.3389/fenrg.2020.00159

Ayres, R.U. (1990). Technological transformations and long waves. Part Il. Technologica Forecasting and
Social Change. 37(2), 111-137. doi. https://doi.org/10.1016/0040-1625(90)90065-4

Ayres, R.U. (1990a). Technological transformations and long waves. Part I. Technol. Forecast. Soc.
Chang. 37 (1), 1-37.

Ayres R.U. (1998). Towards a disequilibrium theory of endogenous economic growth. Environmental and
Resource Economics, 11(3-4), 289-300. doi. https://doi.org/10.1023/A:1008239127479

Bapat, S., Koranne, V., Shakelly, N., (...), Rajurkar, K.P., & Malshe, A.P. (2022). Cellular agriculture: An
outlook on smart and resilient food agriculture manufacturing. Smart and Sustainable Manufacturing Systems,
6(1), 1-11. doi. https://doi.org/10.1520/SSMS20210020

Belpomme, D., Irigaray, P., Hardell, L., Clapp, R., Montagnier, L., Epstein, S., & Sasco, A.J. (2007). The
multitude and diversity of environmental carcinogens, Environmental Research, 105(3), 414-429. doi.
https://doi.org/10.1016/j.envres.2007.07.002

Bowman, D.M. et al. (2011). The human dimension of fire regimes on Earth. Journal of Biogeography,
38(12), 2223-2236. doi. https://doi.org/10.1111/j.1365-2699.2011.02595.x

Calza, F., Parmentola, A., & Tutore, I. (2020). Big data and natural environment. How does different data
support different green strategies? Sustainable Futures, 2, 100029. doi.
https://doi.org/10.1016/].sftr.2020.100029

Campbell, C.J. (2002). Petroleum and people. Population and Environment, 24(2), 193-207. doi.
https://doi.org/10.1023/A:1020752205672

Centobelli, P., Cerchione, R., Del Vecchio, P., Oropallo, E., & Secundo, G. (2021). Blockchain technology
for bridging trust, traceability and transparency in circular supply chain. Information management, 59(7),
103508. doi. https://doi.org/10.1016/j.im.2021.103508

Chapman, A., Ertekin, E., Kubota, M., (...), Kirchheim, R., & Sofronis, P. (2022). Achieving a carbon
neutral future through advanced functional materials and technologies, Bulletin of the Chemical Society of
Japan, 95(1), 73-103. doi. https://doi.org/10.1246/bcsj.20210323

Chen, J., Mao, B., Wu, Y., (...), Yu, A., & Peng, L. (2023). Green development strategy of offshore wind
farm in China guided by life cycle assessment. Resources, Conservation and Recycling, 188, 106652. doi.
https://doi.org/10.1016/j.resconrec.2022.106652

Chin, A, Fu, R., Harbor, J., Taylor, M.P., & Vanacker, V. (2013). Anthropocene: Human interactions with
earth systems, Anthropocene, 1, 1-2. doi. https://doi.org/10.1016/j.ancene.2013.10.001

Cho, R. (2022). What is decarbonization, and how do we make it happen? Columbia Climate School,
https://news.climate.columbia.edu/2022/04/22/what-is-decarbonization-and-how-do-we-make-it-happen/

Coccia, M. (2010). Public and private R&D investments as complementary inputs for productivity growth.
International Journal of  Technology, Policy and Management, 10(1/2), 73-91. doi.
https://doi.org/10.1504/I3TPM.2010.032855

110

[E0)
Creative Commons Attribution 4.0 International License


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.32479/ijeep.11008
https://doi.org/10.1038/s41929-020-0461-x
https://automotive.arcelormittal.com/sustainability/clean_power_steelmaking
https://doi.org/10.3389/fenrg.2020.00159
https://doi.org/10.1016/0040-1625(90)90065-4
https://doi.org/10.1023/A:1008239127479
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=7005420959&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=7006312815&zone=
https://www.scopus.com/sourceid/21100937108?origin=resultslist
https://doi.org/10.1520/SSMS20210020
http://www.sciencedirect.com/science/article/pii/S0013935107001429
http://www.sciencedirect.com/science/article/pii/S0013935107001429
https://doi.org/10.1016/j.envres.2007.07.002
https://doi.org/10.1111/j.1365-2699.2011.02595.x
https://doi.org/10.1016/j.sftr.2020.100029
https://doi.org/10.1023/A:1020752205672
https://doi.org/10.1016/j.im.2021.103508
https://doi.org/10.1246/bcsj.20210323
https://doi.org/10.1016/j.resconrec.2022.106652
https://doi.org/10.1016/j.ancene.2013.10.001
https://news.climate.columbia.edu/2022/04/22/what-is-decarbonization-and-how-do-we-make-it-happen/
https://doi.org/10.1504/IJTPM.2010.032855

i
Humanities & Social

Sciences © Bulletin Social-Economic and Humanitarian Research, Ne 19 (21), 2023, e-ISSN 2658-5561

Coccia, M. (2017). Sources of technological innovation: Radical and incremental innovation problem-
driven to support competitive advantage of firms. Technology Analysis & Strategic Management, 29(9), 1048-
1061. doi. https://doi.org/10.1080/09537325.2016.1268682

Coccia, M. (2018). A theory of the general causes of long waves: War, general purpose technologies, and
economic  change.  Technological Forecasting &  Social Change, 128, 287-295. doi.
https://doi.org/10.1016/j.techfore.2017.11.013

Coccia, M. (2019). A Theory of classification and evolution of technologies within a generalized
Darwinism, Technology Analysis & Strategic Management, 31(5), 517-531. doi.
http://dx.doi.org/10.1080/09537325.2018.1523385

Coccia, M. (2020). Destructive technologies for industrial and corporate change. A. Farazmand A., Global
Encyclopedia of Public Administration, Public Policy, and Governance. Springer, Cham,
https://doi.org/10.1007/978-3-319-31816-5_3972-1

Coccia, M. (2021). Technological innovation. The Blackwell Encyclopedia of Sociology. Edited by George
Ritzer and Chris Rojek. John Wiley & Sons, Ltd. https://doi.org/10.1002/9781405165518.wbeost011.pub2

Coccia, M. (2022). Probability of discoveries between research fields to explain scientific and
technological change. Technology in Society, 68, 101874. doi. https://doi.org/10.1016/j.techsoc.2022.101874

Constant, K., Nourry, C., & Seegmuller, T. (2014). Population growth in polluting industrialization,
Resource and Energy Economics, 36(1), 229-247. doi. https://doi.org/10.1016/j.reseneeco.2013.05.004

Crutzen, P.J., & Stoermer, E.F. (2000). The anthropocene, global IGBP, Change Newsletter, 41, 17-18.
CTCN, (2022). CO2 storage technologies. [Retrieved from].

Cui, X., Tang, C., & Zhang, Q. (2018). A review of electrocatalytic reduction of dinitrogen to ammonia
under ambient conditions, Advanced Energy Materials. 8(22), 1800369. doi.
https://doi.org/10.1002/aenm.201800369

Edeme, R.K., Nelson, C., Nkalu, J., Idenyi, C., & Winnie, O.A. (2020). Infrastructural development,
sustainable agricultural output and employment in ECOWAS countries, Sustainable Futures, 2, 100010. doi.
https://doi.org/10.1016/].sftr.2020.100010

Elavarasan, R.M., Pugazhendhi, R., Irfan, M., Mihet-Popa, L., Khan, I.A., & Campana, P.E. (2022). State-
of-the-art sustainable approaches for deeper decarbonization in Europe — An endowment to climate neutral
vision. Renewable and Sustainable Energy Reviews, 159, 112204. doi.
https://doi.org/10.1016/j.rser.2022.112204

Elia, A., Taylor, M., Gallachdir, B., & Rogan, F. (2020). Wind turbine cost reduction: A detailed bottom-up
analysis of innovation drivers, Energy Policy, 147, 111912. doi. https://doi.org/10.1016/j.enpol.2020.111912

Equinor, (2022). Carbon capture, utilisation and storage (CCS). [Retrieved from]

Esmaeilzadeh, P. (2022). Benefits and concerns associated with blockchain-based health information
exchange (HIE): a qualitative study from physicians' perspectives. BMC Medical Informatics and Decision
Making, 22(1), 80. doi. https://doi.org/10.1186/s12911-022-01815-8

Foley, S.F., Gronenborn, D., Andreae, M.O., Kadereit, J.W., (...) Sirocko, F., & Crutzen, P.J. (2013). The
palaeoanthropocene — The beginnings of anthropogenic environmental change, Anthropocene, 3, 83-88. doi.
https://doi.org/10.1016/j.ancene.2013.11.002

Fowler, D., Brimblecombe, P., Burrows, (...) Unsworth, M.H., & Vieno M. (2020). A chronology of global
air quality. Philosophical Trabsactions of the Royal Society A, 378, 20190314. doi.
https://doi.org/10.1098/rsta.2019.0314

Ghiat I., & Al-Ansari T. (2021). A review of carbon capture and utilisation as a CO2 abatement opportunity

111

[E0)
Creative Commons Attribution 4.0 International License


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/09537325.2016.1268682
https://doi.org/10.1016/j.techfore.2017.11.013
http://dx.doi.org/10.1080/09537325.2018.1523385
https://doi.org/10.1007/978-3-319-31816-5_3972-1
https://doi.org/10.1002/9781405165518.wbeost011.pub2
https://doi.org/10.1016/j.techsoc.2022.101874
http://www.sciencedirect.com/science/article/pii/S0928765513000328
https://doi.org/10.1016/j.reseneeco.2013.05.004
https://www.ctc-n.org/technologies/co2-storage-technologies
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Cui%2C+Xiaoyang
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Tang%2C+Cheng
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Zhang%2C+Qiang
../../pc/Downloads/Volume8,%20Issue22
https://doi.org/10.1002/aenm.201800369
https://doi.org/10.1016/j.sftr.2020.100010
https://doi.org/10.1016/j.rser.2022.112204
https://doi.org/10.1016/j.enpol.2020.111912
https://www.equinor.com/energy/carbon-capture-utilisation-and-storage
https://www.scopus.com/sourceid/23602?origin=resultslist
https://www.scopus.com/sourceid/23602?origin=resultslist
https://doi.org/10.1186/s12911-022-01815-8
https://doi.org/10.1016/j.ancene.2013.11.002
https://doi.org/10.1098/rsta.2019.0314

i
Humanities & Social

Sciences © Bulletin Social-Economic and Humanitarian Research, Ne 19 (21), 2023, e-ISSN 2658-5561

within the EWF nexus. Journal of CO2 Utilization, 45, 101432. doi. https://doi.org/10.1016/j.jcou.2020.101432

Glikson, A. (2013). Fire and human evolution: The deep-time blueprints of the Anthropocene.
Anthropocene, 3, 89-92. doi. https://doi.org/10.1016/j.ancene.2014.02.002

Global Change, (2022). Population growth. A project of the University of California Museum of
Paleontology. [Retrieved from].

Gonzalo, P.A., Benmessaoud, T., Entezami, M., & Garcia-Marquez, F.P. (2022). Optimal maintenance
management of offshore wind turbines by minimizing the costs, Sustainable Energy Technologies and
Assessments, 52, 102230. doi. https://doi.org/10.1016/j.seta.2022.102230

Hausfather, Z., & Peters, G.P. (2020). Emissions - the 'business as usual' story is misleading. Nature,
577(7792), 618-620. doi. https://doi.org/10.1038/d41586-020-00177-3

Howson, P. (2019). Tackling climate change with blockchain. Nature Climate Change, 9, 644—645. doi.
https://doi.org/10.1038/s41558-019-0567-9

Hughes, A., Park, A., Kietzmann, J., & Archer-Brown, C. (2019). Beyond Bitcoin: what blockchain and
distributed ledger technologies mean for firms. Business Horizpns, 62(3), 273-281. doi.
https://doi.org/10.1016/j.bushor.2019.01.002

Iberdrola, (2022). Puertollano Green Hydrogen Plant. [Retrieved from].
IEA, (2022). Carbon capture, utilisation and storage. [Retrieved from)].

IPCC, (2007), Summary for Policymakers, in Climate Change 2007: Impacts, Adaptation and
Vulnerability. Contribution of Working Group 1l to the Fourth Assessment Report of the Intergovernmental Panel
on Climate Change, Cambridge University Press, Cambridge, UK, p.17.

IPCC, (2013). Summary for Policymakers. In: Climate Change 2013: The Physical Science Basis.
Contribution of Working Group | to the Fifth Assessment Report of the Intergovernmental Panel on Climate
Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and
P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.

Javid, 1., Chauhan, A., Thappa, S., Verma, S.K., Anand, Y., Sawhney, A., Tyagi, V.V., & Anand, S.,
(2021). Futuristic decentralised clean energy networks in view of inclusive-economic growth and sustainable
society. Journal of Cleaner Production, 309, 127304. doi. https://doi.org/10.1016/.jclepro.2021.127304

Kaldellis, J.K., & Chrysikos, T. (2019). Wave energy exploitation in the lonian Sea Hellenic coasts: spatial
planning of potential wave power stations. International Journal of Sustainable Energy, 38(4), 312-332. doi.
https://doi.org/10.1080/14786451.2018.1539395

Kaza, S., Yao, L.C., Bhada-Tata, P., & Van Woerden, F. (2018). What a Waste 2.0 : A Global Snapshot
of Solid Waste Management to 2050. Urban Development;. Washington, DC: World Bank. [Retrieved from].

Khan, M.N., Huang, J., Shah, A, (...), Zhang, H., & NUfiez-Delgado, A. (2022). Mitigation of greenhouse
gas emissions from a red acidic soil by using magnesium-modified wheat straw biochar. Environmental
Research, 203,111879. doi. https://doi.org/10.1016/j.envres.2021.111879

La Scalia, G., La Fata, C.M., Certa, A., & Micale, R. (2022). A multifunctional plant for a sustainable reuse
of marble waste toward circular economy. Waste Management & Research. 40(6), 806-813. doi.
https://doi.org/10.1177/0734242X211029161

Linstone, H.A. (2010). Historians and complexity: trends vs. collapses? Technological Forecasting and
Social Change, 77(8), 1415-1428.

Lv, X.-W., Weng, C.-C., & Yuan, Z.-Y. (2020). Ambient ammonia electrosynthesis: Current status,
challenges, and perspectives. Chem. Sus. Chem, 13(12), 3061-3078. https://doi.org/10.1002/cssc.202000670
Magdoff, F. (2013). Global resource depletion: Is population the problem? Monthly Review, 64(8), 35-50.
112
edeielGGB - Creative Commons Attribution 4.0 International License


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jcou.2020.101432
https://doi.org/10.1016/j.ancene.2014.02.002
https://ucmp.berkeley.edu/
https://ucmp.berkeley.edu/
https://ugc.berkeley.edu/background-content/population-growth/
https://www.scopus.com/record/display.uri?eid=2-s2.0-85128448508&origin=resultslist&sort=plf-f&src=s&st1=%22offshore+wind+turbines%22&sid=bb260cd32a59d6a4f69c23d302887d8b&sot=b&sdt=b&sl=39&s=TITLE-ABS-KEY%28%22offshore+wind+turbines%22%29&relpos=1&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85128448508&origin=resultslist&sort=plf-f&src=s&st1=%22offshore+wind+turbines%22&sid=bb260cd32a59d6a4f69c23d302887d8b&sot=b&sdt=b&sl=39&s=TITLE-ABS-KEY%28%22offshore+wind+turbines%22%29&relpos=1&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/21100239262?origin=resultslist
https://www.scopus.com/sourceid/21100239262?origin=resultslist
https://doi.org/10.1016/j.seta.2022.102230
https://doi.org/10.1038/d41586-020-00177-3
https://doi.org/10.1038/s41558-019-0567-9
https://doi.org/10.1016/j.bushor.2019.01.002
https://www.iberdrola.com/about-us/what-we-do/green-hydrogen/puertollano-green-hydrogen-plant
https://www.iea.org/fuels-and-technologies/carbon-capture-utilisation-and-storage
https://doi.org/10.1016/j.jclepro.2021.127304
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=7003349885&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57204481352&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85055733286&origin=resultslist&sort=plf-f&src=s&st1=%22wave+power+stations%22&sid=83f511bd8b622cdeefdb76727f1bd71b&sot=b&sdt=b&sl=36&s=TITLE-ABS-KEY%28%22wave+power+stations%22%29&relpos=4&citeCnt=3&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85055733286&origin=resultslist&sort=plf-f&src=s&st1=%22wave+power+stations%22&sid=83f511bd8b622cdeefdb76727f1bd71b&sot=b&sdt=b&sl=36&s=TITLE-ABS-KEY%28%22wave+power+stations%22%29&relpos=4&citeCnt=3&searchTerm=
https://www.scopus.com/sourceid/145556?origin=resultslist
https://doi.org/10.1080/14786451.2018.1539395
https://openknowledge.worldbank.org/handle/10986/30317
https://www.scopus.com/sourceid/21524?origin=resultslist
https://www.scopus.com/sourceid/21524?origin=resultslist
https://doi.org/10.1016/j.envres.2021.111879
https://doi.org/10.1177/0734242X211029161
https://chemistry-europe.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Lv%2C+Xian-Wei
https://chemistry-europe.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Weng%2C+Chen-Chen
https://chemistry-europe.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Yuan%2C+Zhong-Yong
https://doi.org/10.1002/cssc.202000670
https://monthlyreview.org/

i
Humanities & Social

Sciences © Bulletin Social-Economic and Humanitarian Research, Ne 19 (21), 2023, e-ISSN 2658-5561

doi. https://doi.org/10.14452/MR-064-08-2013-01_2

Magdoff, F., & Foster, B.J. (2011). What Every Environmentalist Needs to Know About Capitalism.
Monthly Review Press: New York.

Marsh, G.P. (1864). Man and Nature. Reprinted in 1965. Harvard University Press, Cambridge.

Meadows, D., Meadows, D., Randers, J., & Behrens Ill, W.W. (1972). The Limits to Growth; A Report for
the Club of Rome's Project on the Predicament of Mankind. New York: Universe Books.

Moritz, J., Tuomisto, H.L., & Ryynénen, T. (2022). The transformative innovation potential of cellular
agriculture: Political and policy stakeholders’ perceptions of cultured meat in Germany, Journal of Rural Studies,
89, 54-65. doi. https://doi.org/10.1016/j.jrurstud.2021.11.018

Mosleh, M., Roshani, S., & Coccia, M. (2022). Scientific laws of research funding to support citations and
diffusion of knowledge in life science. Scientometrics 127, 1931-1951. doi. https://doi.org/10.1007/s11192-022-
04300-1

Moss, R., Edmonds, J., & Hibbard, K. et al., (2010). The next generation of scenarios for climate change
research and assessment. Nature, 463, 747-756. doi. https://doi.org/10.1038/nature08823

NASA Global Climate Change, (2022). The Effects of Climate Change. [Retrieved from].

National Academies of Sciences, Engineering, and Medicine, (2022). Carbon Dioxide Utilization Markets
and Infrastructure: Status and Opportunities: A First Report. Washington, DC: The National Academies Press.
doi. https://doi.org/10.17226/26703

Nemet, G.F. (2006). How well does learning-by-doing explain cost reductions in a carbon-free energy
technology? FEEM Working Paper, N0.143.06. doi. https://doi.org/10.2139/ssrn.946173

NIST, (2022). NIST Reference Fluid Thermodynamic and Transport Properties Database (REFPROP):
Version 10 [Retrieved from].

Nti, K.E., Cobbina, S.J., Attafuah, E.E., Opoku, E., & Gyan, M.A. (2022). Environmental sustainability
technologies in biodiversity, energy, transportation and water management using artificial intelligence: A
systematic review. Sustainable Futures, 4, 100068. doi. https://doi.org/10.1016/].sftr.2022.100068

Oh, H.S. (2020). Unit commitment considering the impact of deep cycling, Sustainable Futures, 2,
100031. doi. https://doi.org/10.1016/j.sftr.2020.100031

Peplow, M. (2022). The race to upcycle CO2 into fuels, concrete and more. Nature, 603, 780-783. doi.
https://doi.org/10.1038/d41586-022-00807-y

Pérez, C.J., Ponce, C.J. (2015). Disruption costs, learning by doing, and technology adoption,
International Journal of Industrial Organization, 41, 64-75. doi. https://doi.org/10.1016/j.ijindorg.2015.03.010

Pronti, A.,, & Coccia, M. (2020). Multicriteria analysis of the sustainability performance between
agroecological and conventional coffee farms in the East Region of Minas Gerais (Brazil). Renewable
Agriculture and Food Systems, 36(3), 299-306. doi. https://doi.org/10.1017/S1742170520000332

Pronti, A., & Coccia, M. (2021). Agroecological and conventional agricultural systems: comparative
analysis of coffee farms in Brazil for sustainable development, International Journal Sustainable Development,
23(3/4), 223-248. doi. https://doi.org/10.1504/1JSD.2020.115223

Resources Magazine, (2022). Carbon Capture and Storage, 101. [Retrieved from].Roger, M., Brown, F.,
Gabrielli, W., et al. (2018). Efficient hydrogendependent carbon dioxide reduction by Escherichia coli. Current
Biology, 28(1), 140-145. doi. https://doi.org/10.1016/j.cub.2017.11.050

Roshani, S., Bagheri, R., Mosleh, M., & Coccia, M. (2021). What is the relationship between research
funding and citation-based performance? A comparative analysis between critical disciplines. Scientometrics,
126, 7859-7874. doi. https://doi.org/10.1007/s11192-021-04077-9

Ruddiman, W.F. (2003). The anthropogenic greenhouse era began thousands of years ago. Climate
113

[E[0)
Creative Commons Attribution 4.0 International License


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.14452/MR-064-08-2013-01_2
https://archive.org/details/limitstogrowthr00mead
https://archive.org/details/limitstogrowthr00mead
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57343715000&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85119251633&origin=resultslist&sort=plf-f&src=s&st1=%22cellular+agriculture+%22&sid=24fbb31ee6994289339b6acd447e7590&sot=b&sdt=b&sl=38&s=TITLE-ABS-KEY%28%22cellular+agriculture+%22%29&relpos=13&citeCnt=1&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85119251633&origin=resultslist&sort=plf-f&src=s&st1=%22cellular+agriculture+%22&sid=24fbb31ee6994289339b6acd447e7590&sot=b&sdt=b&sl=38&s=TITLE-ABS-KEY%28%22cellular+agriculture+%22%29&relpos=13&citeCnt=1&searchTerm=
https://www.scopus.com/sourceid/15673?origin=resultslist
https://doi.org/10.1016/j.jrurstud.2021.11.018
https://doi.org/10.1007/s11192-022-04300-1
https://doi.org/10.1007/s11192-022-04300-1
https://doi.org/10.1038/nature08823
https://climate.nasa.gov/effects
https://doi.org/10.17226/26703
https://doi.org/10.2139/ssrn.946173
https://www.nist.gov/srd/refprop
https://doi.org/10.1016/j.sftr.2022.100068
https://doi.org/10.1016/j.sftr.2020.100031
https://www.nature.com/articles/d41586-022-00807-y
https://doi.org/10.1038/d41586-022-00807-y
https://doi.org/10.1016/j.ijindorg.2015.03.010
https://doi.org/10.1017/S1742170520000332
https://doi.org/10.1504/IJSD.2020.115223
https://www.rff.org/publications/explainers/carbon-capture-and-storage-101/
https://doi.org/10.1016/j.cub.2017.11.050
https://doi.org/10.1007/s11192-021-04077-9

i
Humanities & Social

Sciences © Bulletin Social-Economic and Humanitarian Research, Ne 19 (21), 2023, e-ISSN 2658-5561

Change, 61, 261-293. doi. https://doi.org/10.1023/B:CLIM.0000004577.17928.fa

Saeli, M.I.N., Capela, M., Campisi, T., Seabra, M.P., Tobaldi, D.M., & La Fata, C.M. (2022). Architectural
technologies for life environment: Spent coffee ground reuse in lime-based mortars. A preliminary assessment
for innovative green thermo-plasters, Construction and Building Materials, 319, 126079. doi.
https://doi.org/10.1016/j.conbuildmat.2021.126079

Sahal, D. (1981). Patterns of Technological Innovation, Addison-Wesley Publishing Company, Inc.:
Reading, MA, USA.

Sanni, M., & Verdolini, E. (2022). Eco-innovation and openness: Mapping the growth trajectories and the
knowledge  structure of  open eco-innovation. Sustainable Futures, 4, 100067. doi.
https://doi.org/10.1016/j.sftr.2022.100067

Scopus, (2022). Start exploring, search documents. [Retrieved from].

Soloveichik, G. (2019). Electrochemical synthesis of ammonia as a potential alternative to the Haber—
Bosch process. Nature Catalysis, 2, 377-380. doi. https://doi.org/10.1038/s41929-019-0280-0

Steffen, W., Crutzen, P.J., & McNeill J.R. (2007). The Anthropocene: are humans now overwhelming the
great forces of nature? AMBIO, 36, 614-621. doi. https://doi.org/10.1579/0044-
7447(2007)36[614: TAAHNO]2.0.CO;2

Sterner, T., & Coria, J. (2012). Policy instruments for environmental and natural resource management,
2nd ed. RFF Press and Routledge, New York, NY.

Sterner, T., Jeroen, C.J., & Van Den Bergh, M. (1998). Frontiers of environmental and resource
economics, Environmental and Resource Economics, 11(3-4), 243-260. doi.
https://doi.org/10.1023/A:1008236412072

Strepparava, D., Nespoli, L., Kapassa, E., (...), Katelaris, L., & Medici, V. 2022. Deployment and analysis
of a blockchain-based local energy market. Energy Reports 8, 99-113. doi.
https://doi.org/10.1016/j.egyr.2021.11.283

Tavella, F., Giusi, G., & Ampelli, C. (2022). Nitrogen reduction reaction to ammonia at ambient conditions:
A short review analysis of the critical factors limiting electrocatalytic performance. Current Opinion in Green and
Sustainable Chemistry, 35, 100604, doi. https://doi.org/10.1016/j.cogsc.2022.100604

114

[E0)
Creative Commons Attribution 4.0 International License


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1023/B:CLIM.0000004577.17928.fa
https://doi.org/10.1016/j.conbuildmat.2021.126079
https://doi.org/10.1016/j.sftr.2022.100067
ttps://www.scopus.com/search/form.uri?display=basic
https://doi.org/10.1579/0044-7447(2007)36%5b614:TAAHNO%5d2.0.CO;2
https://doi.org/10.1579/0044-7447(2007)36%5b614:TAAHNO%5d2.0.CO;2
https://www.scopus.com/record/display.uri?eid=2-s2.0-85121106868&origin=resultslist&sort=plf-f&src=s&st1=%22blockchain+technology%22&sid=62c8ca349ffffc9e06af7562261ee154&sot=b&sdt=b&sl=38&s=TITLE-ABS-KEY%28%22blockchain+technology%22%29&relpos=14&citeCnt=2&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85121106868&origin=resultslist&sort=plf-f&src=s&st1=%22blockchain+technology%22&sid=62c8ca349ffffc9e06af7562261ee154&sot=b&sdt=b&sl=38&s=TITLE-ABS-KEY%28%22blockchain+technology%22%29&relpos=14&citeCnt=2&searchTerm=
https://www.scopus.com/sourceid/21100389511?origin=resultslist

i
Humanities & Social

Sciences © Bulletin Social-Economic and Humanitarian Research, Ne 19 (21), 2023, e-ISSN 2658-5561

OOHOBPEMEHHOE CTUMYJUPYIOLWEE BO3OEUCTBUE HOBbIX
TEXHONOI'MN HA COLUMAINBbHO-3KOHOMUYECKYIO U
9KONOIMMYECKYI YCTONYUBOCTb

Uckac, Bekir Cihan?, Coccia, Mario?, Kargu, Bilal®

MokTop aKOHOMUYECKNX HayK, He3aBMCUMBIN uccneosaTtens, Ctambyn, Typums,
E-mail: b.cihanuckac@gmail.com
2HauuoHarnbHbIN UccnenoBaTenbCkuin coseT Utanum (CNR), nccneposaren,
44, ynnua CaH-MapTtunHo-genna-batrtanesa, Pum, Utanus
3[lokTOp 3KOHOMUYECKUX HayK, JOLEeHT, yHuBepcuTeT binabipbiv bessur,
AHkapa, Typuusa, E-mail: bilalkargi@gmail.com

AHHOTaUuA

B paHHOM wuccnegoBaHMM paccMaTpuBaeTCsi pasBUTME TEXHOMOIMK, MPU3BaHHbIX CMNOCOOGCTBOBATb
nepexogy K YCTOMYMBOW JHEPreTUKE W 3IKOSIOMMYHOCTW, OLIEHMBAETCHA WX MNOTEHUMANbHOE BIIMSHME KaK Ha
3KOSOMMYECKYHD, TaK U Ha 3KOHOMMUYECKYID CMCTEMbI. Ha OocHOBe aHanu3a faHHbIX M3 TaKUX UCTOYHWMKOB, Kak
Scopus ¥ nNaTeHTHble AOKYMEHTbI, BblAENeHbl Takme MNepcrnekTUBHbIE TEXHOSOMKN, Kak MOPCKME BETPSIHblE
TYpOUHbI, XpaHeHue yrnepoga, anekTpoxmmudeckaa koHBepcuss CO2, 6uokoHBepcusi CO2, ycTonumBoe
NPOn3BOACTBO aMMMaKa WM KIETOYHOEe CeNbCKoe XO03ANCTBO. HekoTopble M3 9TUX TEXHOMOrMn yxxe A0CTUIMn
3HaAYNTENbHBIX YCMEXOB HAa PbIHKE, Apyrne BCE elle HaxOoAsiTcs B CTaguu uccrefoBaHui u paspaboTok. B
nccneaoBaHUM NOOYEPKMBAETCA 3HAYEHWE ITMX TEXHOMOTMA AMis COokpalleHusi BbibpocoB CO2 u CHMXeHUSN
Bpeda, HaHOCMMOrO OKpyXalllen cpefe, a Takke NPUBOASTCS LEHHble CBeOeHUA [Ons MONMTUKOB U
nHBecTopoB. ogyepkmBaeTca HEOOXOAMMOCTb Nepexofa CTpaH OT SKOHOMUKW, 3aBUCSLLEN OT MCKOMaemMoro
TONMNMBa, K MPUHUMMNAM LUPKYNSAPHOA 3KOHOMMKW, BO30OHOBMSEMBIM MCTOYHUKAM 3HEPTUMA U 3KONOMMYECKU
OGes3onacHbiM MeTodam MpousBoAacTBa. HecMoTpa Ha wumMerollmMecs HegocTaTKW, OaHHOe MWccrefoBaHue
OTKpbIBaAET BaXHblE€ TEXHOOMMYECKUE NyTHN ANst YCTONYMBOIO pasBUTUS N SKOJTOTMYECKMX Npeobpa3oBaHuii.

KniouyeBble crnoBa: 3Heprus Ha OCHOBE WCKOMAaeMOro TOMMMBA; 3arpsi3HEHVE OKpYXKalolen cpefbl;
Jerpagaums okpyxatLlen cpebl; Hayka 06 yCTOMYMBOM pasBUTWM; YCTOMYMBBIE TEXHOMOMMU; JKOJIOrMYeckue
TexHomnoruu,; "3eneHble" TEXHONOMN; yCTONYMBOE pasBuTUe.
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