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Currently, national bodies and international congregations, such as that of the Stock-
holm, Rio, and Johannesburg conferences, jointly identified that sustainable energy de-
velopment has proven to be a very challenging factor in global development. Indicative
sustainability challenges facing humanity include greenhouse gas emissions (GHGs) and
global climate change, with fossil fuels, led by coal, natural gas, and oil, contributing almost
two thirds of global electricity generation in the year 2020.

This editorial proposes a roadmap of international strategies for sustainable energy
transition and sustainable electricity generation in alignment with past and current energy-
transition measures and policies. Such international strategies involve commitments such as
the Paris Agreement, aimed at reducing GHGs and achieving a global average temperature
rise to 1.5 ◦C above the pre-industrial level. The technological changes to be implemented
are the following: (a) energy savings on the demand side, (b) generation efficiency at the
production level and fossil fuel substitution by various renewable energy sources (RES), and (c)
low nuclear carbon [1]. These technological changes require low-carbon energy transition to
develop and spur new technological advancements for further exploitation of abundant but
intermittent RES in a sustainable mix of limited non-renewable sources. Such a sustainable
mix can support the minimization of costs and environmental impacts while maintaining high
standards of quality, stability, and flexibility in an electricity supply system. The technologies
needed for this low-carbon energy transition support the use of conventional mitigation
(negative emissions) technologies in order to sequester carbon emissions; to alter the global
atmospheric radiative energy budget; and eventually, to stabilize or even reduce the global
average temperature. Such indicative sustainable electricity systems are jointly approaching
technology, policy, strategies, and infrastructure—such as smart grids and models—with an
appropriate mix of both renewable and low-carbon energy sources [1].

Hence, transmission systems need to be upgraded simultaneously by the integration
of large-scale renewable power plants and by changing the mix of generations to ensure
system reliability. Subsequently, considering carbon emission costs, carbon trading, and
carbon taxes can improve renewable power systems through the large penetration of
renewable power generators by adding the costs related to a sudden change in renewable
generation (ramping cost) in the objective function. Since electrification is characterized
as one of the major determinants of carbon dioxide emission reduction, the modelling
of decarbonizing power systems can be demonstrated in real-world systems from the
electricity sector to address global climate change and to mitigate the impacts of climate
change over the coming decades [2].

For low-carbon energy transition, it remains technically feasible and economically
beneficial to operate large-scale RES technologies to steer the global electricity transition
towards sustainable energy production and supply to then improve efficiency, compared
with existing non-renewable sources, and to also significantly reduce costs and to provide
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stable energy. Subsequently, a resilient grid with advanced energy-storage capacities from
variable renewables should also be part of the transition strategies [1].

A critical dimension of low-carbon energy transitions is climate change mitigation.
Climate change mitigation in an urban environment can be linked to households’ energy
consumptions, thus directly and positively impacting energy-poverty reduction due to a
high reduction potential for greenhouse gas (GHG) emissions. In an urban environment,
whether the renovation of residential buildings or the installation of micro-generation
technologies based on renewable energy sources could possibly meet energy savings and
the reduction potentials for GHG emissions remains a topic of future research [3]. In the
relevant literature, climate change mitigation policies in the household sector can support
energy-poverty reduction and energy justice. Subsequently, measures and policies on
climate change should confront the shortcomings of existing energy-poverty reduction
management measures and should implement measures of climate change mitigation
linked to energy consumption in households [3].

Climate change consequences are also increasingly problematic in terms of lowering
the air quality, especially in densely populated areas around the world, such as in China.
Since air pollution has become an increasingly serious environmental problem in such
densely populated areas, a problem that becomes even worse due to winter heating,
different policies have been applied to replace coal in heating systems during winter, the
so-called “coal to gas” policy [4]. In such a study, the effects of this policy reform were
examined using a panel dataset of 16 districts in Beijing, focusing on the impacts of the
“coal to gas” policy on air quality. Strong evidence sustained that the “coal to gas” policy
significantly improved the air quality in Beijing in terms of reductions reported for the
detection of sulfur dioxide (SO2), nitrogen dioxide (NO2), particulate matter smaller than
10 µm (PM10), particulate matter smaller than 2.5 µm (PM2.5), and carbon monoxide (CO).
This “coal to gas” policy was proven to be particularly effective in areas with less energy-use
efficiency, supporting central governments in continuing to alleviate air pollution locally
and globally [4].

Another critical dimension of low-carbon energy transition is electrification. Indeed,
electrification plays a determining role in improving quality of life, especially among
rural communities, where anthropocentric energy policies can challenge sustainable de-
velopment among local communities. In this context, it can be noted how electrification
affects sustainable development at the grassroots level with experimental indicators, such
as economic, technical, social, and environmental ones [5]. In such a study, the varying
electrification levels and the extent of local electrification towards communities’ sustainable
development were determined by an exploratory factor analysis for two islands in the
Philippines with less than 500 households. It is noteworthy that, where communities
experienced less than 24 h electricity access, there were rarely productive uses of electricity
and the local communities still made use of conventional fuels for lighting. Contrarily,
in communities with 24 h electricity access, there were improvements in almost all as-
pects, although they were slightly burdened by the unaffordability of tariffs. This means
that a longer duration of electrification enables local communities to experience strikingly
positive impacts on their socioeconomic development; thus, decision- and policy-makers
can assess electrification in rural off-grid communities, streamlining efforts to support
underprivileged communities in achieving sustainable development [5].

Based on the relevant literature, there is a strong relationship between sustainable
development and low-carbon energy transition through the utilization of renewable energy,
as well as a shift towards other types of fuel and upgrades to conventional units. In
such a way, the low-carbon energy transition can, first, set goals for emission peaks and
carbon neutrality and, second, provide a variety of energy products and flexible adjustment
functions for power systems with high penetration of RES. Such energy-transition planning
refers to modulation/manufacturing principles and advantages, optimal configuration
schemes based on equipment capacity, as well as the operational flexibility of a power
system [6].
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In a similar study, the authors utilized indicators relevant to energy policies and to en-
ergy transition, containing five critical social equity impacts—environmental improvement,
health, employment, participation, and energy cost—from the viewpoint of an “equitable”
energy transition [7]. Therefore, it is apparently challenging to investigate the correlation
between quantitative social equity impacts and the shift toward new electricity-oriented
RES (mainly wind, photovoltaic, geothermal, tidal, and biomass) with varied timescales;
geographical coverages; and differing developmental levels, energy resources, and policies
applied [7]. Social equity improvement is promising through the increased utility of new
RESs, especially among developing nations, where it is critical to enjoy short-term social
equity benefits at the risk of long-term negative social equity outcomes. In such a way, the
holistic evaluation of low-carbon energy transition and social equity can proactively realize
a more equitable energy transition [7].

In densely populated and fast developing countries, such as in China, the equitable
energy transition, and swift expansion of wind and solar energy investments go beyond the
notion of a state-led model, implying that, due to a series of internal power struggles and
external shocks, the current regulatory system is undergoing significant restructuring. Such
a technological shift is linked to new policies that are largely differentiated from the policies
from previous decades that were concentrated on capacity expansion and instrumental
interests for RES development. By presenting the institutional arrangements of nations’
(such as China’s) regulatory systems from the RES technological sectors, existing institutions
and vested interests can face tremendous challenges while inspiring the development of
ideologies that can help RES technological sectors truly compete with energy incumbents
in order to bring about meaningful low-carbon energy transitions locally and globally [8].

The combined effect of increasing energy efficiency and controlling the mitigation
of global warming is apparently pronounced in energy-intensive sectors, such as that
of the energy-intensive pulp and paper industry (PPI), suggesting an imperative need
for transforming energy-use practices, energy security, and industrial competitiveness.
Among the leading forerunners of energy-efficient operations and decarbonization of the
PPI are Finland and Sweden [9]. Changes in energy production and consumption using a
decomposition analysis of companies’ investments into energy technologies and an energy
efficiency index targeted the following: (a) a decrease in energy consumption per unit
produced and (b) a decrease in the share of fossil fuels through partial replacement with
bio-based alternatives; then, energy efficiency and self-generated green electricity can be
further improved, especially at the operational level for kraft pulp mills [9].

At a similar geographical area, it was argued that the five Nordic countries have
aggressive climate and energy policies and are among the leaders of RES technologies and
energy efficiency achievers. Denmark is a pioneering country of wind energy, Finland and
Sweden are pioneering countries of bioenergy, Norway is a pioneering country of hydro-
electricity, and Iceland is a pioneering country of geothermal energy. Thus, these countries
show promise in meeting the “fossil free” target by 2050. Low-carbon energy transition
among the Nordic countries implies (a) promoting decentralized and renewable forms of
electricity supply, (b) shifting to more sustainable forms of transport, (c) improving the
energy efficiency of residential and commercial buildings, and (d) adopting carbon capture
and storage technologies for the industrial sector [10]. Empirical barriers that the Nordic
transition must confront are those of political contestation, technological contingency, as
well as social justice and recognition concerns. Such an integrated framework should shape
future transition pathways for both energy researchers and energy planners [10]. Similar
renewable-energy efficiency policies for the demand sides include the decarbonization
of the following sectors: transport, mining, and other industries; their aim is to reduce
emissions from the demand side, while reaching more than 80% renewable electricity
generation by 2030, including mainly wind, solar, and hydropower plants. Such cleaner
production portfolios can support fewer emissions and more source diversification, thus
contributing to national sustainable development goals, even though emissions reduction
by 2030 from the demand side is not clearly noticed for some scenarios [11].
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Climate change is also relevant to energy poverty, which is an important target of the
sustainable development goals and a frequent vulnerability due to socioeconomic conflicts
and governance failures (to meet such SDGs). In this respect, research on energy poverty
and energy security are linked to sustainability transitions in alignment with (indeed, little
attention to) security threats as factors influencing transitions or security policy as part
of policy mixes [12]. Policy coherence and integration analyses of energy poverty and
energy security should be linked to strategy documents with research on sustainability
transitions, considering how landscape pressures and energy niches are presented locally
and globally. In such a governmental documentation pertaining to Estonia, Finland, and
Scotland during 2006–2020, it was shown that energy policies on security and poverty
functionally overlap. However, policy integration and coherence have yet to be sufficiently
addressed, focusing on conflicts created by coexisting low-carbon and hydrocarbon-based
security considerations. While the accelerating energy transition, the energy poverty
affection, and the energy security implications of energy niches have received too little
attention, an increasingly multifaceted landscape is offered to create a complicated policy
environment where pursuing policy coherence becomes solidified [12].

In a similar geographical context, the main challenges of the low-carbon transition in
the Baltic States were studied, providing a discussion of energy and climate policies and
ranking these countries based on achievements regarding the low-carbon transition under
the criteria of energy-poverty issues, which are key issues during the transition towards
a low-carbon future [13]. The methodology applied, MCDM tool-COPRAS, enabled the
adoption of indicators to rank the Baltic States in terms of the most important climate
change mitigation and energy poverty reported. The selection of these indicators was based
on a literature review, while the ranking of countries was based on results from scenarios
showing how low-carbon energy transition can be accomplished [13,14]. In this respect,
the repercussions of a low-carbon energy transition policy should be discussed during
ongoing debates on policies about accelerating the phase-out of coal to meet climate change
targets, such as in the case of exploring the impacts of such destabilization policies—most
prominently, in the case of Germany’s nuclear phase-out policy—on technological change
in RES technologies [15].

However, the commitments to climate change mitigation and the plan of “greening”
energy systems may not make themselves any fairer, inclusive, or just. Therefore, for energy
fairness, it remains crucial to investigate how the diffusion of low-carbon technologies
can impact gender and social equity. In this context, RES projects alone cannot achieve
gender and social equity, as energy interventions do not automatically tackle the structural
dynamics embedded within sociocultural and socioeconomic contexts. Contrarily, existing
power asymmetries that are related to access and resource distribution, if not addressed
early on lead to the same structural inequalities simply being replicated and transferred
over into new energy regimes [16]. Subsequently, the primary driver of a low-carbon
energy transition is governmental responsibility in the early stages of an transformation
from centralized to decentralized energy, while concerning the experience accumulated
from existing (small-scaled) regional and municipalities’ experience [17]. Therefore, a
contemporary energy plan should examine the dynamic and complex processes derived
from ongoing decision making from (local-leveled) energy transition to RES technolo-
gies [17]. Therefore, it remains challenging to determine how methodologies should define
the drivers, barriers, and policy recommendations that are case-specific to the geographical
areas studied [13].

In such a case-specific analysis committed to climate change, transmission investment
was proposed as an instrument for low-carbon energy transition. Investing in the transmis-
sion capacity implies the occurrence of a physically connected market and inter-regional
trade of effective fuel shifting; thus, a transmission investment strategy can optimally
integrate the following: (a) geopolitical parameters among geographically close countries
but under different political jurisdictions judged as stable and receptive to firm trading
arrangements; (b) economic parameters related to the fuel mix, where the differences in
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nations’ supply and demand characteristics are important for achieving mutual benefits
through cost reduction; (c) environmental parameters linking nations’ carbon intensities,
which could benefit from the resources of a neighboring jurisdiction with lower intensities;
and (d) financial parameters for each country, which are able to attract investment capital.
This integrated approach to a low-carbon energy transition/energy economy is apt in the
economic and environmental dimensions [18].

While the benefits in the economic and environmental dimensions are apparent, that
in the technological dimension is more subtle. Indeed, with the discontinuation of the
established technological regime and the technological change, they have to be redirected
and accelerated in the direction of zero-carbon solutions [15]. Given the utmost priority
and significance of climate change, the following can simultaneously support phase-out
emerging policy mixes:

- The development and diffusion of low-carbon technologies and low-carbon solutions [15];
- Policy mixes and sustainability transitions regarding the “flip sides” to innovation [15]; and
- The crucial importance of destabilization policies for unleashing “destructive creation” [15].

Moreover, among the main challenges of a low-carbon energy transition in rural areas
is electrification in rural areas or islands, where it is technically impossible for remote island
communities to make land available for a centralized solar PV system. In such cases, the
transition towards higher-tier electricity access has been materialized through a multi-tier
framework (MTF) of electricity access from tier 0, where access is very limited, to tier 5,
where access is of a grid quality. The critical point of this transitioning of households
from lower to higher tiers can unlock the potential in meeting more of their energy needs.
The move from lower to higher tier levels in all MTF attributes was proven successful for
households, except for affordability, since the cost of a standard electricity consumption
package of 1 kWh/day was dropped from 18% of the average household income to 6%.
Again, high levels of electrification are feasible through a microgrid using rooftop solar
PV. In such a context, affordability remains a challenging issue worthy of more intensive
investigation [19].

The low-carbon energy transition in a global context of interest cannot be feasible
without attempting to commit industrial decarbonation in the energy-intensive industrial
sector. This sector is among the first and one of the most important (and in many cases
traditional) employers of industrial activity and national revenue sources in developing
and developed economies worldwide [20]. In this respect, it is noteworthy to examine
the energy, economic, and environmental fallout, as well as production evaluation and to
control the investment and the carbon dioxide emissions reported. Similar to the industrial
sector, the energy sector is certainly characterized by a strong dependence on fossil imports
that increase the energy factor and price. In this regard, several geographical sites and
factories should be studied under a variety of climatic regional conditions in order to
determine the optimal sustainable configurations for each location, both at a modelling
scale and in real-world conditions for local and global energy and environment gains and
investments [20].

Besides the prospects of low-carbon energy transition in the industrial sector thanks
to RES technologies discussed in the relevant literature, a wide spectrum of key aspects—
mainly barriers, challenges, and opportunities—in the context of agro-biomass and agro-
industrial waste valorization that can accelerate a low-carbon economy was explored. Such
an analysis is primarily important especially in countries such as Greece, where agricultural
production and agro-industrial business are the most prevailing economic sectors [21]. In
such a low-carbon economy transition, the Circular Waste Bioeconomy (CWBE) principles
were introduced and integrated into the economic, social, and environmental characteristics
in a local-level analysis, offering insights into how to leverage (regional-driven) emerging
low carbon circular economy in the future. The research constraints reported were inefficient
management in the region, suffering from a lack of synergies and collaborations between
different stakeholders. To this end, a low-carbon CWBE adoption for regional development
should (a) comply with local community cohesion and symbiosis; (b) offer financial market
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opportunities to implement critical small-local leveled projects; and (c) call young scientists
and citizens to instill their awareness, build up their knowledge and skills as well as nurture
citizens’ personal responsibility towards public-owned schemes of circularity interest [21].

In general, based on this editorial, the consideration of geographical implications in
research cannot be undermined, since a prosperous low-carbon energy transition cannot
be conceptualized without valuing the following six determinants: location, landscape,
territoriality, spatial differentiation, scaling, and spatial embeddedness [22]. In this study,
it was illustrated that the geographies of a future low-carbon economy are not yet fully
determined and that a range of divergent—and contending—potential geographical futures
have to be determined. The research focus was placed on spaces and places that a transition
to a low-carbon economy will produce, enhancing our understanding of what living in a
low-carbon economy will be like. To this end, methods of evaluating the choices and the
pathways available are also crucial [22].

Linking the past with the future, future research studies should be resolutely com-
mitted to the green transition of national economies by opting for industry decarbonation
and energy efficiency, which now impose themselves as essential access criteria to foreign
markets, taking into consideration the integration synergies developed (especially synergies
that jointly provide carbon dioxide emissions savings and advantageous payback times)
among RES technologies, such as solar energy opportunities and protagonist actors for
thrifty, sustainable, and low-carbon industries of the future. This energy efficiency prospect
based on RES utilization is especially challenging among energy-intensive industrial sectors,
such as that of the textile sector [20].

Closing this editorial, it is noteworthy that research recommendations should stress the
effectiveness with which policymakers, researchers, and practitioners are able to research,
develop, demonstrate, and deploy culturally appropriate technologies and policies for
a low-carbon energy transition [23]. Theoretically, the “low-carbon energy transition”
and the “green transition” can be clearly distinguished, while a framework with relevant
dimensions for an energy-transition analysis can be introduced. Practically, the effectiveness
of different incentives for given periods can be clearly explained from the perspectives
of direction, intensity, and timeliness, which provide valuable reference for governments’
decision-making [24].
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