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a b s t r a c t 

With realization that world’s resources are limited, a number of initiatives in all global regions emerged to pursue 
a common goal of sustainable management of energy and material loops. The intensively researched topics are 
traditionally gathered under the roof of Sustainable Development of Energy, Water and Environmental Systems 
conferences (SDEWES), which in its 16 th edition saw a highly focused and impacting research contributions, 
tackling the cross-sectoral development and introduction of novel technologies and processes, all devoted to im- 
plementation and examination of possible solutions to contribute to Sustainable Development Goals (SDGs). The 
present paper is gathering and structuring these contributions, enriched with the outcomes of previous SDEWES 
conferences to enlighten the advances made in the fields of energy harvesting, circular economy and efficient 
energy use to put into context the role of cleaner chemical engineering. By this, it provides a basis and a guidance 
for future research on the axis of material-resource-energy nexus which is in the paper identified as an extensively 
interlinked research area, difficult to be tackled individually and still requiring an important effort to collectively 
address the cross-sectoral dimension of the challenge. 
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ntroduction 

Recent decades have seen unprecedented improvements in the up-
ake of sustainable practices. These are emerging as a consequence of
 well established dedication to maintain at least a current level of liv-
ng comfort in terms of biodiversity, climate and other environmental
spects. In a society, which is becoming progressively environmentally
ware, this serves as a very effective pull factor. On the other hand, self-
nitiative led to formal establishment of significant push factor, repre-
ented through several strategic roadmaps throughout the world which
re seamlessly complementing collective society efforts in its strive for
ustainability. Worldwide, comprehensive long-term planning practices
ave been established in the EU through recent deployment of the Eu-
opean Green Deal, which foresees amendments of several related di-
ectives and establishment of new ones to even better systematize the
athway towards 2050 environmental neutrality through just transi-
ion and decoupling of economic growth from resource use. The ac-
ions span from the fields of industry, agriculture, energy, finance to
esearch & innovation and are steered via several action plans. In the
ight of cleaner chemical engineering, energy use and efficient resource
re)use, the most important are the Circular economy action plan (CEAP)
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 European Commission, 2020 ) which sets out a number of initiatives
o tackle different material streams and reduction of waste through re-
uction and recycling. The energy sector is addressed through Renew-
ble energy directive II (RED II) ( European Commission, 2021a ) by set-
ing out a concept to substantially increase the uptake of renewables
n the energy-mix, which is complemented by Energy Efficiency direc-
ive (EED) ( European Commission, 2021b ) which collectively make the
et-zero goal by 2050 realistic. Furthermore, a diversification of energy
ources is promoted through the latest intervention, delivered through
 European Commission, 2022 ), further elevating the ambitions for en-
rgy self-sufficiency in EU. Similarly comprehensive strategies, tailored
o regional specifics, needs and development orientations have also been
mposed in China through 14 th Five year plan (FYP) which plans to dras-
ically reduce the air pollution and sets the most ambitious targets so far
n waste management, water pollution and environment restoration and
rotection, confirming that the strive for sustainability is a world’s col-
ective effort. No less ambitious are also the development directions of
ll world’s major regions and long-term goals are almost fully aligned
mong world’s regions. Thus, the development goals provide a fruit-
ul ground for cleaner chemical engineering processes, particularly in
elation to upcycling and secondary materials which are becoming pro-
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ressively more important and have, in the recent years, equalized the
osition importance with energy supply, forming a material-resource-
nergy nexus. 

ackground 

While industrial and technological development of society was tra-
itionally focused towards improvements in human well-being and to-
ards increase in productivity, recent decades have brought in question

he sustainability and the dilemma how to balance the human-oriented
evelopment with environment and nature. Many questions opened up
ince then, some resolved, some remain unanswered, but clear guide-
ines are regularly being developed how to tackle this challenge. The
onference on Sustainable Development of Energy, Water and Environ-
ental systems (SDEWES) from its first edition onwards consistently

nd systematically targeted the technical, societal and market advances
nd delivered a remarkable amount of feasible as well as fully imple-
entable solutions, ready for market deployment. In its 16th edition
uring 10 - 15 October 2021, the SDEWES conference in Dubrovnik
athered over 600 experts from scientific and professional fields, de-
ivering 675 original contributions, all directly addressing technologies,
rocesses, business models and societal advances, aimed towards bal-
nced development and co-existence of human and the environment.
he review process of conveyed research revealed numerous topics with
 high potential to impact the future development of energy, water and
nvironmental systems, particularly in the field of sustainable energy
arvesting, management and use under the roof of circular economy
uidelines. In order to facilitate the dissemination of the most advanced
tudies in this field and most promising solutions proposed, the selected
resented research was extended by the authors, concluded and on this
asis invited in several virtual special issues (VSI) in topical journals to
id the scientific community to pin-point the research directions in the
ears to come. 

Dealing with a complex, heterogeneous and highly multi-disciplinary
eld, present paper is devoted to structuring and systematizing the con-
ributions in several VSI devoted to 15th and 16th SDEWES conference
ith the aim to gather the developments beyond state of the art and

lluminate the scientific progress achieved in the past two years. For
revious conference editions, contributions were steered by the VSIs
rom past SDEWES conferences, which are already consistently anal-
sed and structured in several Editorial and Review papers and form a
asis for the present paper as they define key orientations for the current
esearch. 

Comprehensive collections from original conferences held in 2020
n Dubrovnik is already available in journal Fuel ( Mikul či ć and
hang, 2021 ), Journalf of Environmental Management ( Mikul či ć et al.,
021 ), Applied Energy ( K ı lk ış et al., 2021 ), Sustainability ( Wo ł osz et al.,
021 ) and Cleaner engineering and technology ( Mikul či ć et al., 2022 ).
hese are extended with collections from regional, SDEWES South East
urope, Latin America and Asia Pacific conferences, held in 2020 in jour-
als Clean Technologies and Environmental Policy ( Puk š ec and Dui ć,
022 ), Energy Reports ( Buonomano et al., 2022 ), International Journal
f Sustainable Energy Planning and Management ( Seixas et al., 2021 ),
nternational Journal of Hydrogen Energy ( Akansu and Kova č, 2022 )
nd Optimization and Engineering ( Trafczy ń ski et al., 2021 ). For the
ear 2019, contributions from original SDEWES conference were up
o now the most comprehensive and are structured in Journal of Ap-
lied energy ( Vujanovi ć et al., 2021 ), ( K ı lk ış et al., 2020 ), Energies
 Chu et al., 2020 ), Energy ( Guzovi ć et al., 2022 ), International Jour-
al of Sustainable Energy Planning and Management ( Østergaard et al.,
020 ), Journal of Environmental Management ( Mikul či ć et al., 2021 ),
ptimization and Engineering ( Mikul či ć et al., 2021 ), Renewable En-
rgy ( Østergaard et al., 2020 ), Thermal Science ( Ra š kovi ć et al., 2020 ),
 Oka and Baki ć 2020 ) and Waste Management & Research: The Journal
or a Sustainable Circular Economy ( Ragossnig and Schneider, 2019 ). 
2 
The above selected consolidations of research are indicating that the
ontributions are highly multi-disciplinary, which is a prerequisite to
ddress a complex field of Sustainable Development of Water, Energy
nd Environmental Systems. At the same time, this interdisciplinarity
argely prevents the consolidations of research which would be capable
f addressing all interrelations between different sectors. For this pur-
ose, the present paper is aiming to structure and categorize the research
resented during the last two years and focuses on the interrelation of
he three distinctive categories: 

• Integration of energy systems which deals with systemic approach
to energy system modelling, 

• Towards circular economy through cleaner chemical engineering,
encompassing the technologies and processes for upcycling and pro-
duction of secondary resources, 

• Sustainable and efficient energy harvesting and use, which critically
reviews the approaches for defossilization of energy sector. 

By this it aims to provide an overview of the contributions from the
ast two SDEWES conferences and enlighten them in the view of energy-
ircularity-efficiency axis. 

ntegration of energy systems 

Energy systems of the future are a major topic of discussion across
he scientific community, among professionals as well as in general pub-
ic. Although the debate on the exact topology, role of prosumers, man-
gement and control is intensifying there seem to be several visions in
lace which are conditioned by local/regional specifics, technology and
esource availability but also by cultural, traditional and societal effects.
hile envisaged optimized energy systems differ between different re-

earchers, the differences can be considered as minor and the main
utline of the future energy systems is consistent across the scientific
ommunity – they all rely on extensive sector-coupling to form multi-
nergy systems, rely on extensive share of renewables and are serving
o a highly efficient consumer fleet with which they have multi-lateral
elations to form a highly interlinked and decentralized structure. 

Given the complexity of envisaged future energy systems, which sur-
asses the intuitive capabilities for their optimization, the researchers in
ajority resort to system-level modelling on different scales to deepen

he understanding and provide a platform for steering the development.
he apparently random nature of energy system behaviour which is
aused by overwhelming amount of impacting parameters, paved a way
or statistical models for forecasting and simulating energy demand in
he long-run ( Mauleón, 2022 ). These are capable of taking into account
lso factors such as GDP growth, roadmaps, population, human develop-
ent index and combine it with historical data. For short and mid-term

easonal predictions and planning of intermittency, the gonio formulas
ith curve fitting can achieve remarkable results which can steer the
upply Side Management (SSM) and propose location, orientation and
ffective area of photovoltaic panels to provide baseload operation to-
ether with wind energy ( Mertens, 2022 ) while also sharing the cable
nfrastructure. 

Modelling of energy systems via physically based models was often
mployed for case studies with different levels of complexity. Such ap-
roach proved suitable to analyse energy systems of different countries
nd diagnose the barriers for increased uptake of renewables, which are
ften listed as low feed-in tariffs, low public awareness and large share
f legacy conventional energy generation technologies with long ser-
ice life ( Mehta et al., 2022 ). The results of such models are then often
sed for roadmap development. Similar approach is used also for local
nergy systems (LECs), where balancing is done on a smaller scale. Al-
hough the complexity is manageable in such cases, the results often re-
eal that simplified and/or small energy systems usually require at least
ome form of energy storage and power-sharing strategies to cover the
elf-consumption ( Manso-Burgos et al., 2022 ). Another case which con-
rms this idea was presented by Hagos et al. (2022) , which consistently
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emonstrates that battery storage is the most cost-efficient if there is no
trong grid availability. When even smaller energy systems are consid-
red (i.e. on a building level), offline monitoring/optimization methods
roved to be successful to predict the necessary improvements in energy
ystem ( Zini and Carcasci, 2022 ). 

Regardless of these efforts, the research field still requires substan-
ial improvements which will go on for decades as coupling with many
ther sectors will be necessary. As reported Neumann and Hirschnitz-
arbers (2022) , a 100% renewable energy world with zero GHG emis-

ions is apparently feasible, however it is mandatory to take into account
he availability of secondary materials for renewable energy generation
nd ensure value creation in developing countries. In this context, im-
roving recycling is obvious and essential milestone which can provide
econdary materials and thus reduce the risk of economic constraints re-
ated to depleting high-grade raw material reserves. With increased up-
ake of renewables, an increasing pressure on rural environment is also
xpected. While the threat of loss of biodiversity should be the main
oncern here, increased uptake of wind and solar based technologies
ill require also a systematic dialogue with general public to increase

he public acceptance of new installations. To achieve this, there is a
eed to move from the current “top-down ” approach to a “bottom-up ”
pproach, where the promoted projects enjoy public acceptance, the
anagement processes are transparent and the tangible and intangible

enefits are clearly perceived for the area in which the renewables are
ocated ( Duarte et al., 2022 ) . 

owards circular economy through cleaner chemical engineering 

The fact that sustainability and energy management go hand-in-hand
ith the concept of circular economy is now already well established.
he research of circular economy is thus often intertwined with other
ectors, however, highly focused studies targeting the implementation of
ircular processes can be considered as a prerequisite for bottom-up ap-
roach. They offer a detailed insight into process functioning and form
 basis for LCA analyses, optimization of energy flows and integration
n the industrial/societal ecosystem. Recent years have seen significant
fforts in introduction of bio-based resources in conventional processes
or production of drugs ( Savic Gajic et al., 2021 ), dyes ( Nambela et al.,
022 ) and chemicals, thus notably promoting the material cycling loop.
n emphasized area of interest is in green solvents, which offer an al-

ernative for petroleum based products in food processing ( Prasad et al.,
022 ) or recovery of secondary raw materials from waste streams as in
he case of removal of methylene blue, phosphorous and selenate from
aper waste sludge ( Manoko et al., 2022 ). As such processes are noto-
ious for being economically demanding, reduction of energy demand
nd process complexity is considered as a key enabler. In example, the
roduction of primary magnesium with high efficiency was achieved via
 new recycling technique which uses high temperature silicon carbide
articles to enhance the heat transfer ( Zhang et al., 2022 ), making the
hole process affordable. 

The processes for extraction of valuable materials are often also ap-
licable in a reverse fashion – when removing the contaminants from se-
ected material streams. The main driver for this reverse approach orig-
nates from the fact that critical materials are often intensively sought
o be recovered but they can, in many cases be undesired even in trace
mounts due to their toxicity. Such approach is demonstrated in a study
y Scheverin et al. (2021) , where magnetic-zeolite nanocomposites are
sed for the removal of fluoride from groundwater to make it fit for hu-
an ingestion, confirming that even though the research in some cases

eems highly specialized and non-transferrable, a significant potential
or synergies and application of novel technologies on several stages of
ircular economy is possible. In terms of sustainability, the processes of
xtraction/purification, can also be omitted or at least extensively re-
uced, if contamination is controlled already at the source. In dispersed
pplications, such as agriculture, this is challenging and large improve-
ents are necessary in terms of monitoring and control ( Piwowar et al.,
3 
021 ), however, solutions for more concentrated sources are closer to
mplementation. Typical case is the sustainability assessment of certain
rocesses in steel industry, where contamination with heavy metals and
ther inorganics is an ongoing issue, but technology alternatives aimed
t resource efficiency, such as zinc recovery from spent pickling baths
 Arguillarena et al., 2021 ) could provide the desirable reduction of the
nvironmental impacts associated to primary resource usage and waste
reatment. 

An alternative approach to the use of waste-extracted materials fol-
ows the idea of direct reuse of waste in their raw form. Due to chal-
enges with contamination, cement industry is considered as a highly
obust sector and often utilizes highly heterogenous (by composition)
y ashes as a substitute for primary resources. Although this can be
onsidered as a cascade-use of materials and not necessarily a circular
pproach, the environmental benefits are undisputed and as reported by
aes et al. (2021) , there exist notable potential for tailoring the cement

roduction and ash collection processes to accommodate the ash with
ore loose specifications (also outside standard limits). Taking into ac-

ount the fact that materials made of concrete typically exhibit lower
nvironmental performance in comparison to ceramic blocks, but offer
ower release of polluting gasses ( Muneron et al., 2021 ), the use of waste
aterials and incorporation of renewable energy in cement production
ight bring this concept to a tipping point and make it feasible. Never-

heless, such assumptions are to be taken with care, since sustainability
n architecture, engineering and construction surpass such isolated ef-
ort and extensive material savings can be achieved if sustainable use
f resources is pursued in a collective effort, i.e. by following a holistic
ramework which incorporates also recycling, secondary material use
nd demolition ( Schützenhofer et al., 2022 ). 

Apart from sustainable manufacturing, recovery of valuable mate-
ial flows and introduction of bio-based and renewable resources in es-
ablished production processes, an important emphasis is put also on
aterial upcycling with the aim to battle the waste hierarchy idea, es-

ablished in EU. As reported by Franchina et al. (2021) , circular supply
hains are the optimal solution to attain green management practices
o which the concept of smart cities is invaluable when introducing sys-
emic thinking to tackle the waste generation and management. When
aste management is addressed via research of core technologies, the
ost prominent are the processes dealing with the challenge of waste
lastics, which is becoming also an important pollutant. Here, either
pcycling of waste plastics to new chemicals seems to be the most in
ine with circular economy guidelines ( Frisa-Rubio et al., 2021 ), fol-
owed by production of fuels, which can still be considered as new prod-
cts ( Tulashie et al., 2022 ). Nevertheless, the same remains valid as for
fore-mentioned extracted inorganic contaminants. Given that major-
ty of pollution with microplastics comes from wastewater and asso-
iated garment washing, sustainable practices in textile sector are of
tmost importance which can largely resolve the issue of uncontrolled
aste plastics emissions, but require careful investigation of consumer
ehaviour and perception of sustainability as reported by Gomes de
liveira et al. (2022) . However, the recycling rates of waste plastics
nd selection of final products produced from it seem to be dependent
n technical, economic, ecological, organisational, and social dimen-
ion which vary across selected cases and still require careful analysis
or each case as pointed out by Ragossnig and Schneider (2017) . 

ustainable and efficient energy harvesting and use 

Owing to an already ongoing energy crisis, the first basis for sus-
ainability is harvesting of renewable and residual energy arising from
ascade use of heat. Both concepts are subject of an extensive legislative
ush, in EU particularly with the Renewable Energy Directive, now on
he verge of its 3rd edition ( European Commission, 2021a ) and Energy
fficiency directive, also on the verge of its renewal ( European Com-
ission, 2021b ). Already known outlines and drafts are already yield-

ng important contributions in the fields of energy harvesting and waste
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eat management, efficient energy use in buildings and district heating
ystems as well as in transport applications. 

nergy harvesting and waste heat management 

With realization, that potential of waste heat is immense, and cur-
ently only approximately 1% of its full technical potential is recov-
red ( Miró et al., 2015 ), improvements in heat exchangers in various
ndustrial processes are highly important. For this purpose ( Wang et al.,
022 ) investigated flow phenomena in printed circuit heat exchangers
or natural gas. In conventional energy sources, thermal deformation
f intermediate heat exchangers in nuclear power plants is also a chal-
enge which was addressed by ( Xu et al., 2022 ). By this it is evident
hat also conventional technologies still require improvements in ther-
al management. A step forward was then made by Alabrudzinski and
arkowski (2022) who investigated a novel concept with a series of

eboilers for the purpose of thermal separation in industrial processes
hich drastically change the approach for thermal management. As
hase-change phenomena is highly important in such applications, a
tudy from Cui et al. (2022) extended these effort and provided numer-
cal investigation of more fundamental boiling phenomena in a two-
hase closed thermosyphon. Such detailed studies also extend to flat-
late heat pipes ( Zhang et al., 2022 ), which are similarly applicable to
umerous energy intensive processes. Thermal management is there-
ore often a main driver for increasing the energy efficiency, which is
lso confirmed by Dalle et al. (2022) , where Air-gap Membrane Dis-
illation (AGMD) was shown to have an improved energy efficiency in
ase that appropriate temperature gradient across a hydrophobic mem-
rane is established, which limits heat losses. In more applied investiga-
ions, recovery of waste-heat is reported in several utilization scenarios.
or drying of sludges ( Ta ń czuk et al., 2016 ), for recovery via Organic
ankine Cycle (ORC) with novel light-hydrocarbons as a working fluid
 Varga and Csaba, 2018 ) or in terms of systemic integration in stand-
lone energy systems on-board ships ( Barone et al., 2020 ). 

Beside the efforts to capture the available waste heat, harvesting
f renewable energy is a key pillar of sustainability. For this purpose,
he research in recent years is strongly focusing on solar energy, geo-
hermal energy, and wind. With realization that land-use change is one
f the main drivers for the loss of biodiversity, a number of studies is
nvestigating rooftop systems. ( Batista da Silva et al., 2022 ) resorted
o an innovative evaluation of potential, where they data for forecast-
ng of solar energy uptake was gathered from installations of solar water
eaters to identify the pace of development. With such decentralized ap-
roach as rooftop photovoltaic installation offer, symbiosis with power
ystem must be considered as well. Apparently, when power produc-
ion is preferred, structures with large number of panels are best to be
symmetrically connected ( Ceresuela et al., 2022 ). Photovoltaics are,
owever, not the only technology that is being increasingly researched.
lternative, solar to heat technologies are also an important contribu-

or, particularly in industrial heat production. Following the proposal
rom Panagopoulos et al. (2022) receivers using micro-mirror array can
ield a theoretical optical efficiency from 0.7 to 0.9, which fully justifies
he direct harvesting of heat from solar energy. Given the expected in-
reased demand for cooling, such technologies are also paving the way
or solar-assisted cooling systems based on adsorption, but it seems that
he policy and available subsidies do not particularly promote technolo-
ies with high optical efficiency, as they focus on the collecting surface
ize, rather than on energy harvested ( Marletta et al., 2022 ). 

fficient energy use in buildings and district heating systems 

Highly important complement to energy harvesting is efficient en-
rgy use, as it can, in the first place, reduce the required amount of
rimary energy produced. As such, it can be considered as a low hang-
ng fruit, since potential is immense. Given the fact that the building
4 
ector for its heating amounts up to 40% of EU’s final energy use, ex-
ensive improvements are possible. The sector-coupling in this field is
xpected to efficiently contribute towards sustainability and economic
erformance of energy supply. Therefore an ongoing trend to defossilize
istrict heating networks via integration of waste heat is currently ramp-
ng up ( Cunha et al., 2022 ), however this almost always includes ex-
ension of the network to incorporate suitable waste heat sources. As
easonal variation of heat supply remains a critical issue, storage tech-
ologies based on thermo-chemical technologies (i.e. in salt hydrates)
re becoming a promising way to bridge the gap between supply and de-
and sides when renewables are integrated as a primary energy source

 Li et al., 2022 ). Increasingly important is becoming also the under-
tanding of building stock and its role as a potential storage capacity as
resented by Wei and Calautit (2022) , which can be, via model based
ontrol efficiently exploited. In case of coupling with hourly models
or energy assessment ( De Luca et al., 2022 ) accurate prediction of the
ourly energy demand for buildings is possible. 

Nevertheless, district heating and energy demand prediction can be
ery efficiently combined with passive technologies, such as night ven-
ilation ( Alhindawi and Jimenez-Bescos 2022 ) and regulation of tem-
erature via thermal mass ( Sun et al., 2022 ) in buildings, which clearly
oints that traditional methods, often under scrutiny for their apparent
nefficiency, can be effective as well if they are properly controlled. Still,
nergy consumption of household should be assessed also in the light of
ccupancy behaviour patterns ( Zhang and Calautit, 2022 ) to predict the
nergy use and thus cope with apparently random nature of energy use.
arious models were developed for the purpose of predicting the en-
rgy use in buildings, however, seldom are those which extend beyond
urely technological aspect and take into account also social dimension
o describe user-building interaction within a cultural context, different
emographic factors and their relation to heating practices. These can
everely impact the results of purely technology oriented models up to
3% ( Piselli et al., 2022 ). The improvements in prediction-capability are
herefore still possible, but they have to be addressed multi-disciplinary
nd have to take into account also future climate change, which pre-
icts significant shift from heating to cooling, even up to 20% in the
urrent century ( Guarino et al., 2022 ) which will sooner or later require
 moderate adjustment of the research focus. 

Given the importance of the energy efficiency in buildings, the ad-
ances towards energy-efficient homes is well represented in the com-
unity. The efforts do not stop at increasing the energy efficiency, but

xtend also towards deployment of nearly zero or zero energy build-
ngs by taking into account both indoor comfort conditions and effi-
ient management and control ( Magrini, Marenco and Bodrato, 2022 ) as
ell as building site analyses where particularly the presence of under-
round water can increase the heat losses from 24% - 54% ( James et al.,
021 ). This type of analyses often reveal that selection of technologies
nd energy management is not intuitive, but requires careful optimiza-
ion as in the case of nearly-zero-exergy greenhouse or nearly-zero car-
on greenhouses which are highly dependent on type of air condition-
ng and energy source used ( Kilkis, 2022 ). Results show that the ex-
rgy approach provides crucial insight for the design of labyrinth-type
round-to-air heat exchangers and sets new constraints about limited
nvironmental benefits which clearly links the research to waste heat
anagement. In more component-oriented research, a lot of emphasis

s still placed on glazing ( Moreno et al., 2022 ) where transparency and
nsulation seems to present a challenging compromise, however roofs
re almost exclusively optimized for insulation performance in terms of
eating and cooling and require a new set of indicators how to evaluate
heir performance in broader terms. In study by Lodi et al. (2022) a so-
ar transmittance factor was introduced to aid with relevant metrics for
his purpose. Another effort towards new metrics for HVAC systems and
heir capability to meet contemporary loads was introduced for polyva-
ent heat pumps by Crespi et al. (2022) . 

With a wide selection of new technologies, the questions are arising
hether they should be implemented only in new buildings or if they are
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lso suitable for retrofitting. It turns out that cost-optimal methodolo-
ies for designing the retrofit should always incorporate life cycle cost
nalysis and evaluation of potential saving based on optimized control
f building energy systems, since non-optimized mix of implemented
echnologies and control strategies can severely impact the return on
nvestment and by this also market attractiveness ( Heracleous et al.,
022 ). 

lean transportation 

Based on the how different sectors are cross-linked, and owing to
he fact that more than 30% of final energy consumption in EU is used
or transport applications, a notable amount of research is devoted to
his topic, however it is seldom investigated as a stand-alone challenge
nd is rather combined and interwoven with upper sectors of environ-
ental systems and circular economy. Topic et al. (2021) are thus as-

essing the ship emissions in coastal waters with spatial projections
f routes and taking into account propulsion system data to investi-
ate the interaction with environmental systems. In land-based trans-
ort, optimization of transportation within cites (i.e. Vienna) is investi-
ated via methodological approach for modelling the impact of differ-
nt policies on mobility and embedded greenhouse gas emissions from
ehicles up to 2050 ( Siebenhofer et al., 2022 ). With a goal to defos-
ilize the transportation, alternative energy carriers are also discussed,
ither waste cooking oils for use in conventional propulsion technolo-
ies ( Adhikesavan et al., 2022 ) or biodiesels upgraded with alcohols
 Tosun and Aydin, 2022 ). These were previously also analysed within
ighly flexible propulsion systems with either dual-fuel ( Ra š i ć et al.,
017 ) or even triple-fuel concepts ( Opre š nik et al., 2012 ). These con-
epts are often combined with production of alternative energy carri-
rs (bioethanol) from wastepaper ( Sharma et al., 2022 ). When using
onventional technologies, based on internal combustion engines, strin-
ent emission limits will have to be met after the Euro 7 Emission Stan-
ard implementation in the close future. These call for detailed analy-
es of micropollutants and the effectiveness of different catalytic met-
ls, which were thoroughly reviewed by Pacura et al. (2022) . Among
nergy carriers, particularly supported by recent EU package RePower
U and Biomethane action plan ( European Commission 2022 ), biogas
s also increasingly investigated in terms of economic and environmen-
al impact ( Fedeli and Manenti, 2022 ). In more ambitious cases, shift
f Urban public transport from conventional to electric busses and dif-
erent mixes of bio-fuels are researched ( Leichter et al., 2022 ), which
gain offer the possibility to combined them with different powertrain
echnologies ( Opre š nik et al., 2018 ) to maximize their economic and
nvironmental performance. With rail transport becoming increasingly
ccepted as one of the most environmentally friendly solutions, under-
tanding a full lifecycle and energy demand for building stock in rail
nfrastructure is also highly important to fully understand the environ-
ental impact ( Barone et al., 2022 ). As in previous cases, the sector

oupling has to be taken into account also when designing future trans-
ortation modes. According to a recent study Abid et al. (2022) , where
ransportPLAN software is used, optimized planning of transportation
ogether with urban development can importantly contribute towards
he uptake of sustainable mobility solutions and reduce the energy con-
umption for transport by 20% by 2050. 

onclusions 

The conveyed research clearly points out substantial co-dependence
f several different fields. While some solutions seem to be effective
lready if they are implemented on their own, the vast majority of pro-
osed improvements are impacting many sectors and have to be treated
ollectively. Based on the focus and justification of the selected research,
ublished in the past two editions of SDEWES conferences and related to
nergy harvesting, circular practices and efficient energy use, it can be
oncluded that the most promising and also most challenging topics are
5 
overing the optimization of energy systems via virtual approach and
ith included considerations of societal impacts, secondly, the intro-
uction of circular thinking into waste heat management by upcycling
he waste heat, together with extensive investigations directed towards
pcycling of waste streams of man-made polymers and finally also with
fficient energy use in buildings and transport, which sum up to the ma-
ority of energy use. Withing this focus, cleaner chemical engineering
eems to be an integral part of sustainable development. It takes on the
ole of the connecting tissue which enables implementation of circular
conomy guidelines and production of secondary materials, which are
ecoming increasingly important not only to drive the energy transition,
ut to contribute towards highly sought material efficiency as well. With
ncreased uptake of new technologies, requiring either critical raw mate-
ials or secondary materials of sufficient quality, the research in cleaner
hemical engineering will have to be appropriately directed to support
ustainable transformation. From the current research opus it can be ex-
racted that the key topics will cover either new methods for extraction
f inorganics, either for recovery or de-contamination purposes and also
pcycling of organic materials, bio-based and artificial, through chem-
cal recycling processes. However, these technologies should be care-
ully implemented in order not to become a victim of their own success,
hey should always follow the waste hierarchy and give way to waste
eduction and reuse methods, accompanied by changes in consumer be-
aviour and new business models. These will not only contribute to sus-
ainable practices in the material loop, but will greatly aid to reduction
f energy use and hence also reduce the necessity for implementation of
ustainable energy harvesting technologies, which are currently known
o be demanding financially as well as in material resource terms. 

eclaration of Competing Interest 

The authors declare that they have no known competing financial
nterests or personal relationships that could have appeared to influence
he work reported in this paper. 

ata Availability 

No data was used for the research described in the article. 

ckgnowledgments 

The authors acknowledge the financial support from the Slovenian
esearch Agency (project funding Z2-1862 – Zero footprint combustion

or green energy generation and research core funding No. P2-0401 – En-
rgy engineering) and from CELSA (Central European Leuven Strategic
lliance) through project Towards continuous combustion of gasified
unicipal solid waste. Authors also ackgnowledge the project funding

rom ERA-NET project PHOSTER, Horizon EU project SENERGY NETS
nd LIFE project 3DIVERSE. 

eferences 

bid, H., Strunge Kany, M., Vad Mathiesen, B., Næss, P., Elle, M., Maya Drysdale, D.W.,
2022. Quantification of savings for the european transport sector through energy
efficient urban planning. J. Sustain. Dev. Energy Water Environ. Syst. 10, 1–14.
doi: 10.13044/J.SDEWES.D10.0426 . 

dhikesavan, C., Ganesh, D., Charles Augustin, V., 2022. Effect of quality of waste cooking
oil on the properties of biodiesel, engine performance and emissions. Clean. Chem.
Eng. 4, 100070. doi: 10.1016/J.CLCE.2022.100070 , December . 

kansu, S.O., Kova č, A., 2022. Guest editorial. Int. J. Hydrog. Energy 47, 12135.
doi: 10.1016/J.IJHYDENE.2022.01.151 . 

labrudzinski, S., Markowski, M., 2022. Impact of temperature approach on the behavior
of the rectification heat and mass exchanger under fouling constraints. Energy Rep.
8, 7312–7324. doi: 10.1016/j.egyr.2022.05.182 , November . 

lhindawi, I., Jimenez-Bescos, C., 2022. Computational approach to predict ther-
mal comfort levels at summer peak conditions in passive house based on
natural ventilation. J. Sustain. Dev. Energy, Water Environ. Syst. 10, 1–21.
doi: 10.13044/J.SDEWES.D10.0419 . 

rguillarena, A., Margallo, M., Urtiaga, A., 2021. Carbon footprint of the hot-dip galvani-
sation process using a life cycle assessment approach. Clean. Eng. Technol. 2, 100041.
doi: 10.1016/J.CLET.2021.100041 , June . 

https://doi.org/10.13044/J.SDEWES.D10.0426
https://doi.org/10.1016/J.CLCE.2022.100070
https://doi.org/10.1016/J.IJHYDENE.2022.01.151
https://doi.org/10.1016/j.egyr.2022.05.182
https://doi.org/10.13044/J.SDEWES.D10.0419
https://doi.org/10.1016/J.CLET.2021.100041


T. Seljak, J. Baleta and H. Mikul či ć Cleaner Chemical Engineering 5 (2023) 100088 

B  

 

 

B  

 

 

B  

 

B  

 

C  

 

C  

 

C  

C  

 

 

C  

 

D  

D  

 

E  

 

 

2  

 

 

2  

2  

F  

 

F  

 

 

F  

 

 

G  

 

G  

 

 

G  

 

H  

 

H  

 

 

J  

 

K  

 

K  

 

 

K  

 

 

L  

 

 

L  

 

L  

 

L  

 

M  

 

M  

 

M  

 

 

M  

 

 

M  

 

M  

M  

 

 

M  

M  

M  

 

M  

 

M  

 

M  

 

M  

 

M  

M  

 

 

N  

 

N  

 

 

O  

O  

 

O  

 

Ø  

Ø  

 

arone, G., Buonomano, A., Forzano, C., Giuzio, G.F., Palombo, A., 2022. Assessing
energy demands of building stock in railway infrastructures: a novel approach
based on bottom-up modelling and dynamic simulation. Energy Rep. 8, 7508–7522.
doi: 10.1016/j.egyr.2022.05.253 , November . 

arone, G., Buonomano, A., Forzano, C., Palombo, A., Vicidomini, M., 2020. Sustain-
able energy design of cruise ships through dynamic simulations: multi-objective
optimization for waste heat recovery. Energy Convers. Manag. 221, 113166.
doi: 10.1016/J.ENCONMAN.2020.113166 , October . 

atista da Silva, H., Thakur, J., Uturbey, W., Martin, V., 2022. Analysis of residential
rooftop photovoltaic diffusion in india through a bass model approach. J. Sustain.
Dev. Energy Water Environ. Syst. 10, 1–10. doi: 10.13044/J.SDEWES.D10.0423 . 

uonomano, A., Barone, G., Forzano, C., 2022. Advanced energy technologies, methods,
and policies to support the sustainable development of energy, water and environment
systems. Energy Rep. 8, 4844–4853. doi: 10.1016/J.EGYR.2022.03.171 , November . 

eresuela, JM., Chemisana, D., López, N., 2022. Household photovoltaic systems optimiza-
tion methodology based on graph theory reliability. Energy Rep. 8, 11334–11342.
doi: 10.1016/j.egyr.2022.08.262 , November . 

hu, W., Calise, F., Dui ć, N., Alberg Østergaard, P., Vicidomini, M., Wang, Q., 2020. Re-
cent advances in technology, strategy and application of sustainable energy systems.
Energies 13, 5229. doi: 10.3390/EN13195229 . 

respi, G., Abbà, I., Corgnati, S.P., 2022. Innovative metrics to evaluate HVAC systems
performances for meeting contemporary loads in buildings. Energy Rep. 8, 9221–
9231. doi: 10.1016/j.egyr.2022.07.011 , November . 

ui, W., Si, T., Li, X., Li, X., Lu, L., Ma, T., Wang, Q., 2022. Heat transfer analysis of
phase change material composited with metal foam-fin hybrid structure in inclina-
tion container by numerical simulation and artificial neural network. Energy Rep. 8,
10203–10218. doi: 10.1016/j.egyr.2022.07.178 , November . 

unha, JM., Faria, AS., Soares, T., Mourão, Z., Nereu, J., 2022. Decarbonization potential
of integrating industrial excess heat in a district heating network: the portuguese case.
Clean. Energy Syst. 1, 100005. doi: 10.1016/j.cles.2022.100005 , March . 

alle, M.A., Janasz, F., Leyer, S., 2022. Experimental characterization of the temperature
gradient inside a membrane distillation module. Energy Rep. 8 (November), 7870–
7883. doi: 10.1016/j.egyr.2022.06.011 . 

uarte, R., García-Riazuelo, Á., Sáez, L.A., Sarasa, C., 2022. Analysing citizens’ perceptions
of renewable energies in rural areas: a case study on wind farms in Spain. Energy Repo.
8, 12822–12831. doi: 10.1016/j.egyr.2022.09.173 , November . 

uropean Commission, 2020 Communication from the commission to the European par-
liament, the council, the European economic and social committee and the committee
of the regions a new circular economy action plan for a cleaner and more competitive
Europe COM/2020/98 Final. 

021 Proposal for a directive of the European parliament and of the council amending
directive (EU) 2018/2001 of the European parliament and of the council, regula-
tion (EU) 2018/1999 of the European parliament and of the council and directive
98/70/EC of the E. 

021 Proposal for a directive of the European parliament and of the council on energy
efficiency (Recast) COM/2021/558 Final. 

022 Implementing the repower eu action plan: investment needs, hydrogen accelerator
and achieving the bio-methane targets SWD/2022/230 Final. 

edeli, M., Manenti, F., 2022. Assessing process effectiveness with specific environmental
and economic impact of heat, power & chemicals (HPC) option as future perspective
in biogas. Clean. Chem. Eng. 2, 100016. doi: 10.1016/j.clce.2022.100016 , June . 

ranchina, L., Calabrese, A., Inzerilli, G., Scatto, E., Brutti, G., Victoria de los Ánge-
les Bonanni, M., 2021. Thinking green: the role of smart technologies in trans-
forming cities’ waste and supply chain’s. Flow. Clean. Eng. Technol. 2, 100077.
doi: 10.1016/J.CLET.2021.100077 , June . 

risa-Rubio, A., González-Niño, C., Royo, P., García-Polanco, N., Martínez-Hernández, D.,
Royo-Pascual, L., Fiesser, S., Ž agar, E., García-Armingol, T., 2021. Chemical recycling
of plastics assisted by microwave multi-frequency heating. Clean. Eng. Technol 5,
100297. doi: 10.1016/J.CLET.2021.100297 , December . 

omes de Oliveira, L., Miranda, FG., Dias, M.A.P., 2022. Sustainable practices in slow and
fast fashion stores: what does the customer perceive? Clean. Eng. Technol. 6, 100413.
doi: 10.1016/J.CLET.2022.100413 , February . 

uarino, F., Tumminia, G., Longo, S., Cellura, M., Cusenza, M.A., 2022. An integrated
building energy simulation early —design tool for future heating and cooling demand
assessment. Energy Rep. 8, 10881–10894. doi: 10.1016/j.egyr.2022.08.224 , Novem-
ber . 

uzovi ć, Z., Duic, N., Piacentino, A., Markovska, N., Mathiesen, B.V., Lund, H., 2022.
Recent advances in methods, policies and technologies at sustainable energy systems
development. Energy 245, 123276. doi: 10.1016/J.ENERGY.2022.123276 , April . 

agos, D.A., Liu, Y., Huang, L., 2022. Investigating alternative power supply solutions
under long term uncertainty for offgrid-offshore fish farm: the case of Hinnøya Island,
Norway. Smart Energy 7. doi: 10.1016/j.segy.2022.100078 , August . 

eracleous, C., Michael, A., Savvides, A., Hayles, C., 2022. A methodology to as-
sess energy-demand savings and cost-effectiveness of adaptation measures in edu-
cational buildings in the warm Mediterranean region. Energy Rep. 8, 5472–5486.
doi: 10.1016/j.egyr.2022.03.140 , November . 

ames, M., Ren, Z., Peterson, TJ., Chen, D., 2021. Water table depth data for use in
modelling residential building ground-coupled heat transfer. Clean. Eng. Technol. 3,
100096. doi: 10.1016/J.CLET.2021.100096 , July . 

ilkis, B., 2022. Lessons learned from labyrinth type of air preconditioning in exergy-
aware solar greenhouses. J. Sustain. Dev. Energy Water Environ. Syst. 10, 1–23.
doi: 10.13044/J.SDEWES.D10.0434 . 

 ı lk ış , Ş ., Kraja či ć, G., Dui ć, N., Rosen, MA., Al-Nimr, M’dA, 2021. Accel-
erating mitigation of climate change with sustainable development of en-
ergy, water and environment systems. Energy Convers. Manag. 245, 114606.
doi: 10.1016/J.ENCONMAN.2021.114606 , October . 
6 
 ı lk ış , Ş ., Kraja či ć, G., Dui ć, N., Rosen, M.A., Al-Nimr, M.A., 2020. Advances in
integration of energy, water and environment systems towards climate neu-
trality for sustainable development. Energy Convers. Manag. 225, 113410.
doi: 10.1016/J.ENCONMAN.2020.113410 , December . 

eichter, M., Lerman, L., Maciel, V., Passuello, A., 2022. Environmental assessment of
urban public transport’s shift from conventional to electric buses: a case study. J. Sus-
tain. Dev. Energy Water Environ. Syst. 10, 1–18. doi: 10.13044/J.SDEWES.D10.0418 .

i, W., Wang, Q., Zeng, M., 2022. Heat transformation performance of salt hydrate-
based thermochemical energy storage sorbent during hydration. Clean. Chem. Eng.
1, 100006. doi: 10.1016/j.clce.2022.100006 , March . 

odi, C., Muscio, A., Tartarini, P., Akbari, H., 2022. Analysis of combined low-level indica-
tors for the hot-season performance of roof components. Energy Rep. 8 (November),
10183–10192. doi: 10.1016/j.egyr.2022.07.173 . 

uca, GDe, Degerfeld, F.B.M., Ballarini, I., Corrado, V., 2022. Improvements of simplified
hourly models for the energy assessment of buildings: the application of EN ISO 52016
in Italy. Energy Rep. 8, 7349–7359. doi: 10.1016/j.egyr.2022.05.120 , November . 

aes, B., Buyle, M., Audenaert, A., Craeye, B., 2021. Enhanced fly ash use in concrete:
ex-ante LCA on an emerging electro-mass separation technology. Clean. Eng. Technol.
2, 100076. doi: 10.1016/J.CLET.2021.100076 , June . 

agrini, A., Marenco, L., Bodrato, A., 2022. Energy smart management and perfor-
mance monitoring of a NZEB: analysis of an application. Energy Rep. 8, 8896–8906.
doi: 10.1016/j.egyr.2022.07.010 , November . 

anoko, MC., Chirwa, EM.M., Makgopa, K., 2022. Non-demineralized paper waste sludge
derived magnetic biochar as sorbs for removal of methylene blue, phosphorus, and se-
lenate in wastewater. Clean. Chem. Eng. 3, 100048. doi: 10.1016/j.clce.2022.100048 ,
September . 

anso-Burgos, Ribó-Pérez, D., Gómez-Navarro, T., Alcázar-Ortega, M., 2022. Local energy
communities modelling and optimisation considering storage, demand configuration
and sharing strategies: a case study in Valencia (Spain). Energy Rep. 8, 10395–10408.
doi: 10.1016/j.egyr.2022.08.181 , November . 

arletta, L., Evola, G., Arena, R., Gagliano, A., 2022. Are subsidies for thermally-driven
solar-assisted cooling systems consistent? A critical investigation for Southern Italy.
Energy Rep. 8, 7751–7763. doi: 10.1016/j.egyr.2022.06.010 , November . 

auleón, I., 2022. A statistical model to forecast and simulate energy demand in the long-
run. Smart Energy 7. doi: 10.1016/j.segy.2022.100084 , August . 

ehta, K., Mingaleva, E., Zörner, W., Degembaeva, N., Baibagyshov, E., 2022. Compre-
hensive analysis of the energy legislative framework of Kyrgyzstan: investigation to
develop a roadmap of Kyrgyz renewable energy sector. Clean. Energy Syst. 2, 100013.
doi: 10.1016/j.cles.2022.100013 , July . 

ertens, S., 2022. Design of wind and solar energy supply, to match energy demand.
Clean. Eng. Technol. 6, 100402. doi: 10.1016/J.CLET.2022.100402 , February . 

ikul či ć, H., Baleta, J., Kleme š , J.J., 2022. Cleaner technologies for sustainable develop-
ment. Clean. Eng. Technol. 7, 100445. doi: 10.1016/J.CLET.2022.100445 , April . 

ikul či ć, H., Baleta, J., Wang, X., Dui ć, N., Dewil, R., 2021. Green development challenges
within the environmental management framework. J. Environ. Manag. 277, 111477.
doi: 10.1016/J.JENVMAN.2020.111477 , January . 

ikul či ć, H., Perkovi ć, L., Dui ć, N., 2021. A preface to the special issue of optimization
and engineering dedicated to SDEWES 2019 conference. Optim. Eng. 221 (22), 1–7.
doi: 10.1007/S11081-020-09589-6 , 2021 . 

ikul či ć, H., Zhang, Z., 2021. Application of novel thermochemical methods for enhanced
synthesis of alternative fuels in the period of energy transition. Fuel 306, 121958.
doi: 10.1016/J.FUEL.2021.121958 , December . 

ikul či ć, H., Zhang, Z., Baleta, J., Kleme š , J.J., 2021. Sustainable develop-
ment in period of COVID-19 pandemic. J. Clean. Prod. 328, 129577.
doi: 10.1016/J.JCLEPRO.2021.129577 , December . 

iró, L., Brückner, S., Cabeza, LF., 2015. Mapping and discussing industrial waste heat
(IWH) potentials for different countries. Renew. Sustain. Energy Rev. 51, 847–855.
doi: 10.1016/J.RSER.2015.06.035 , November . 

oreno, A., Riverola, A., Chemisana, D., Vaillon, R., Solans, A., 2022. Design and charac-
terization of an OPV-ETFE multi-layer semi-transparent glazing. Energy Rep. 8, 8312–
8320. doi: 10.1016/j.egyr.2022.06.036 , November . 

uneron, LM., Hammad, A.W.A., Najjar, MK., Haddad, A., Vazquez, EG., 2021. Compar-
ison of the environmental performance of ceramic brick and concrete blocks in the
vertical seals’ subsystem in residential buildings using life cycle assessment. Clean.
Eng. Technol 5, 100243. doi: 10.1016/J.CLET.2021.100243 , December . 

ambela, L., Haule, L.V., Mgani, Q.A., 2022. Anacardic acid isolated from cashew nut
shells liquid: a potential precursor for the synthesis of anthraquinone dyes. Clean.
Chem. Eng. 3, 100056. doi: 10.1016/J.CLCE.2022.100056 , September . 

eumann, K., Hirschnitz-Garbers, M., 2022. Material efficiency and global pathways
towards 100% renewable energy systems – system dynamics findings on poten-
tials and constraints. J. Sustain. Dev. Energy Water Environ. Syst. 10, 1–20.
doi: 10.13044/J.SDEWES.D10.0427 . 

ka, S., Baki ć, V., 2020. From editors-in-chief. Therm. Sci. 24, 3431–3432.
doi: 10.2298/TSCI200809263O . 

pre š nik, S.R., Seljak, T., Bizjan, F., Katra š nik, T. Ž ., 2012. Exhaust emissions and fuel
consumption of a triple-fuel spark-ignition engine powered passenger Car. Transp.
Res. Part D Transp. Environ. 17, 221–227. doi: 10.1016/j.trd.2011.08.002 . 

pre š nik, S.R., Seljak, T., Vihar, R., Gerbec, M., Katra š nik, T ž , 2018. Real-world fuel con-
sumption, fuel cost and exhaust emissions of different bus powertrain technologies.
Energies 11, 2160. doi: 10.3390/EN11082160 , 2018Page11 2160 . 

stergaard, P.A., Duic, N., Noorollahi, Y., Kalogirou, S., 2020. Latest progress in sustain-
able development using renewable energy technology. Renew. Energy 162, 1554–
1562. doi: 10.1016/J.RENENE.2020.09.124 , December . 

stergaard, P.A., Johannsen, R.M., Duic, N., 2020. Sustainable development us-
ing renewable energy systems. Int. J. Sustain. Energy Plan. Manag. 29, 1–6.
doi: 10.5278/IJSEPM.4302 , September . 

https://doi.org/10.1016/j.egyr.2022.05.253
https://doi.org/10.1016/J.ENCONMAN.2020.113166
https://doi.org/10.13044/J.SDEWES.D10.0423
https://doi.org/10.1016/J.EGYR.2022.03.171
https://doi.org/10.1016/j.egyr.2022.08.262
https://doi.org/10.3390/EN13195229
https://doi.org/10.1016/j.egyr.2022.07.011
https://doi.org/10.1016/j.egyr.2022.07.178
https://doi.org/10.1016/j.cles.2022.100005
https://doi.org/10.1016/j.egyr.2022.06.011
https://doi.org/10.1016/j.egyr.2022.09.173
https://doi.org/10.1016/j.clce.2022.100016
https://doi.org/10.1016/J.CLET.2021.100077
https://doi.org/10.1016/J.CLET.2021.100297
https://doi.org/10.1016/J.CLET.2022.100413
https://doi.org/10.1016/j.egyr.2022.08.224
https://doi.org/10.1016/J.ENERGY.2022.123276
https://doi.org/10.1016/j.segy.2022.100078
https://doi.org/10.1016/j.egyr.2022.03.140
https://doi.org/10.1016/J.CLET.2021.100096
https://doi.org/10.13044/J.SDEWES.D10.0434
https://doi.org/10.1016/J.ENCONMAN.2021.114606
https://doi.org/10.1016/J.ENCONMAN.2020.113410
https://doi.org/10.13044/J.SDEWES.D10.0418
https://doi.org/10.1016/j.clce.2022.100006
https://doi.org/10.1016/j.egyr.2022.07.173
https://doi.org/10.1016/j.egyr.2022.05.120
https://doi.org/10.1016/J.CLET.2021.100076
https://doi.org/10.1016/j.egyr.2022.07.010
https://doi.org/10.1016/j.clce.2022.100048
https://doi.org/10.1016/j.egyr.2022.08.181
https://doi.org/10.1016/j.egyr.2022.06.010
https://doi.org/10.1016/j.segy.2022.100084
https://doi.org/10.1016/j.cles.2022.100013
https://doi.org/10.1016/J.CLET.2022.100402
https://doi.org/10.1016/J.CLET.2022.100445
https://doi.org/10.1016/J.JENVMAN.2020.111477
https://doi.org/10.1007/S11081-020-09589-6
https://doi.org/10.1016/J.FUEL.2021.121958
https://doi.org/10.1016/J.JCLEPRO.2021.129577
https://doi.org/10.1016/J.RSER.2015.06.035
https://doi.org/10.1016/j.egyr.2022.06.036
https://doi.org/10.1016/J.CLET.2021.100243
https://doi.org/10.1016/J.CLCE.2022.100056
https://doi.org/10.13044/J.SDEWES.D10.0427
https://doi.org/10.2298/TSCI200809263O
https://doi.org/10.1016/j.trd.2011.08.002
https://doi.org/10.3390/EN11082160
https://doi.org/10.1016/J.RENENE.2020.09.124
https://doi.org/10.5278/IJSEPM.4302


T. Seljak, J. Baleta and H. Mikul či ć Cleaner Chemical Engineering 5 (2023) 100088 

P  

 

P  

 

P  

 

 

P  

 

 

P  

 

P  

 

R  

C  

R  

 

R  

 

S  

 

 

S  

 

S  

 

 

S  

 

S  

 

 

S  

 

S  

 

 

T  

 

T  

 

 

T  

 

T  

 

T  

 

V  

 

 

V  

 

W  

 

W  

 

W  

 

X  

 

 

Z  

 

 

Z  

 

Z  

 

Z  

 

acura, W., Szramowiat-Sala, K., Berent, K., S ł awek, A., Go ł a ś , J., 2022. The possibilities
of GPF surface modification in the aspect of micro-contaminants removal. Energy Rep.
8, 9261–9269. doi: 10.1016/j.egyr.2022.06.124 , November . 

anagopoulos, O., Argiriou, AA., Dokouzis, A., Alexopoulos, S.O., Göttsche, J., 2022. Op-
tical and thermal performance simulation of a micro-mirror solar collector. Energy
Rep. 8, 6624–6632. doi: 10.1016/j.egyr.2022.05.007 , November . 

iselli, C., Pisello, A.L., Sovacool, B.K., 2022. From social science surveys to build-
ing energy modeling: investigating user-building interaction for low-carbon heating
solutions in Europe. Energy Rep. 8, 7188–7199. doi: 10.1016/j.egyr.2022.05.119 ,
November . 

iwowar, A., Dziku ć, M., Dziku ć, M., 2021. Water management in poland in
terms of reducing the emissions from agricultural sources – current status
and challenges. Clean. Eng. Technol 2, 100082. doi: 10.1016/J.CLET.2021.100082 ,
June . 

rasad, W., Wani, A.D., Khamrui, K., Hussain, S.A., Khetra, Y., 2022. Green solvents, po-
tential alternatives for petroleum based products in food processing industries. Clean.
Chem. Eng. 3, 100052. doi: 10.1016/j.clce.2022.100052 , September . 

uk š ec, T., Dui ć, N., 2022. Special issue section of clean technology and environmental
policy dedicated to SDEWES 2020 Conferences. Clean Technol. Environ. Policy 242
(24), 455. doi: 10.1007/S10098-022-02280-7 , 2022–455 . 

agossnig, A.M., and Schneider D.R., 2017 What is the right level of recycling of plastic
waste? 35 129–31. doi: 10.1177/0734242X16687928 . 

ircular economy, recycling and end-of-waste 2019. Waste Manag. Res. 37, 109–111.
doi: 10.1177/0734242X19826776/ASSET/IMAGES/10.1177_0734242X19826776- 
IMG2.PNG . 

a š i ć, D., Opre š nik, S.R, Seljak, T., Vihar, R., Ba š kovi č, U. Ž ., Wechtersbach, T., Ka-
tra š nik, T., 2017. RDE-based assessment of a factory Bi-Fuel CNG/gasoline light-duty
vehicle. Atmos. Environ. 167. doi: 10.1016/j.atmosenv.2017.08.055 . 

a š kovi ć, P., Milan Vujanovi ć, D., Schneider, R., Guzovi ć, Z., Dui ć, N., 2020. Advanced
visions and problem-solving strategies across energy water and environment systems.
Therm. Sci. 24, 3453–3464. doi: 10.2298/TSCI206A453R . 

avic Gajic, I.M., Boskov, I.A., Savic, IM., 2021. Black locust flowers as a natural source
of antioxidants: sustainable production of high-quality oil from plum by-product and
its incorporation in the moisturizing cream. Clean. Eng. Technol. 3 (July), 100135.
doi: 10.1016/J.CLET.2021.100135 . 

cheverin, VN., Russo, AV., Horst, MF., Jacobo, S., Lassalle, VL., 2021. Design of Magnetic
nanotechnological devices for the removal of fluoride from groundwater. Clean. Eng.
Technol. 3, 100097. doi: 10.1016/J.CLET.2021.100097 , July . 

chützenhofer, S., Kovacic, I., Rechberger, H., 2022. Assessment of sustainable use of
material resources in the architecture, engineering and construction industry - a con-
ceptual framework proposal for Austria. J. Sustain. Dev. Energy Water Environ. Syst.
10, 1–21. doi: 10.13044/J.SDEWES.D10.0417 . 

eixas, J., Østergaard, P.A., Johannsen, R.M., Duic, N., 2021. Energy transition and sus-
tainability. Int. J. Sustain. Energy Plan. Manag. 32, 1–4. doi: 10.5278/IJSEPM.6850 ,
October . 

harma, V., Abbas, R., Sodré, J.R., Ayad, S.M.M.E., Belchior, C., 2022. Model for en-
ergy consumption and costs of bioethanol production from wastepaper. J. Sus-
tain. Dev. Energy Water Environ. Syst. 10, 1–11. doi: 10.13044/J.SDEWES.D10.
0431 . 

iebenhofer, M., Ajanovic, A., Haas, R., 2022. On the future of passenger mobility and its
greenhouse gas emissions in cities: scenarios for different types of policies. J. Sustain.
Dev. Energy Water Environ. Syst. 10, 1–19. doi: 10.13044/j.sdewes.d10.0424 . 
7 
un, H., Calautit, J.K., Jimenez-Bescos, C., 2022. Examining the regulating im-
pact of thermal mass on overheating, and the role of night ventilation, within
different climates and future scenarios across China. Clean. Eng. Technol 9.
doi: 10.1016/j.clet.2022.100534 , August . 

a ń czuk, M., Kostowski, W., Kara ś , M., 2016. Applying waste heat recovery system in
a sewage sludge dryer – a technical and economic optimization. Energy Convers.
Manag. 125, 121–132. doi: 10.1016/J.ENCONMAN.2016.02.064 , October . 

opic, T., Murphy, AJ., Pazouki, K., Norman, R., 2021. Assessment of ship emissions in
coastal waters using spatial projections of ship tracks, ship voyage and engine specifi-
cation data. Clean. Eng. Technol. 2, 100089. doi: 10.1016/J.CLET.2021.100089 , June .

osun, Z., Aydin, H., 2022. Combustion, performance and emission analysis of propanol
addition on safflower oil biodiesel in a diesel engine. Clean. Chem. Eng. 3, 100041.
doi: 10.1016/J.CLCE.2022.100041 , September . 

rafczy ń ski, M., Urbaniec, K., Mikul či č, H., Dui ć, N., 2021. A preface to the special issue
of optimization and engineering dedicated to SDEWES 2020 conferences. Optim. Eng.
223 (22), 1681–1692. doi: 10.1007/S11081-021-09669-1 , 2021 . 

ulashie, S.K., Dodoo, D., Mensah, S., Atisey, S., Odai, R., Adukpoh, K.E., Boadu, E.K.,
2022. Recycling of plastic wastes into alternative fuels towards a circular economy in
Ghana. Clean. Chem. Eng. 4, 100064. doi: 10.1016/J.CLCE.2022.100064 , December . 

arga, Z., Csaba, T., 2018. Techno-economic evaluation of waste heat recovery
by organic rankine cycle using pure light hydrocarbons and their mixtures as
working fluid in a crude oil refinery. Energy Convers. Manag. 174, 793–801.
doi: 10.1016/J.ENCONMAN.2018.08.031 , October . 

ujanovi ć, M., Wang, Q., Mohsen, M., Dui ć, N., Yan, J., 2021. Recent progress in sus-
tainable energy-efficient technologies and environmental impacts on energy systems.
Appl. Energy 283, 116280. doi: 10.1016/J.APENERGY.2020.116280 , February . 

ang, J., Zhuang, N., Hu, C., Wang, Y., Zhang, Q., Zeng, M., Wang, Q., Ma, T., 2022.
Investigation on flow distribution of supercritical natural gas in a printed circuit heat
exchanger. Clean. Energy Syst. 2, 100004. doi: 10.1016/j.cles.2022.100004 , July . 

ei, Z., Calautit, J., 2022. Investigation of the effect of the envelope on building ther-
mal storage performance under model predictive control by dynamic pricing. Smart
Energy 6. doi: 10.1016/j.segy.2022.100068 , May . 

o ł osz, KJ., Urbaniec, K., Dui ć, N., 2021. Sustainable development of energy, water and
environment systems (SDEWES). Sustainability 13, 4939. doi: 10.3390/SU13094939 ,
2021Page13 4939 . 

u, Z., Han, Z., Tan, Y., Chen, W., Hu, C., Wang, Y., Zhang, Q., Wang, Q., Ma, T., 2022.
Study on thermal deformation of hybrid printed circuit heat exchanger for advanced
nuclear reactor. Clean. Energy Syst., 100025 doi: 10.1016/j.cles.2022.100025 , Decem-
ber . 

hang, Bo, He, Z., Wang, W., Wang, J., Mikul či ć, H., Kleme š , J.J., 2022. In-
vestigation on the thermal performance of flat-plate heat pipes with various
working fluids under different inclination angles. Energy Rep. 8, 8017–8026.
doi: 10.1016/j.egyr.2022.06.040 , November . 

hang, C., Yan, W., Che, Y., He, J., Wang, X., 2022. Experimental and numerical studies
on heat transfer enhancement in the silicothermic reduction process. Energy Reports
8, 6999–7009. doi: 10.1016/j.egyr.2022.05.103 , November . 

hang, W., Calautit, J., 2022. Occupancy behaviour and patterns: impact on en-
ergy consumption of high-rise households in southeast china. Smart Energy 6.
doi: 10.1016/j.segy.2022.100072 , May . 

ini, M., Carcasci, C., 2022. Developing of an offline monitoring method for the energy
demand of a healthcare facility in Italy. J. Sustain. Dev. Energy Water Environ. Syst.
10, 1–22. doi: 10.13044/J.SDEWES.D10.0421 . 

https://doi.org/10.1016/j.egyr.2022.06.124
https://doi.org/10.1016/j.egyr.2022.05.007
https://doi.org/10.1016/j.egyr.2022.05.119
https://doi.org/10.1016/J.CLET.2021.100082
https://doi.org/10.1016/j.clce.2022.100052
https://doi.org/10.1007/S10098-022-02280-7
https://doi.org/10.1177/0734242X16687928
https://doi.org/10.1177/0734242X19826776/ASSET/IMAGES/10.1177_0734242X19826776-IMG2.PNG
https://doi.org/10.1016/j.atmosenv.2017.08.055
https://doi.org/10.2298/TSCI206A453R
https://doi.org/10.1016/J.CLET.2021.100135
https://doi.org/10.1016/J.CLET.2021.100097
https://doi.org/10.13044/J.SDEWES.D10.0417
https://doi.org/10.5278/IJSEPM.6850
https://doi.org/10.13044/J.SDEWES.D10.\penalty -\@M 0431
https://doi.org/10.13044/j.sdewes.d10.0424
https://doi.org/10.1016/j.clet.2022.100534
https://doi.org/10.1016/J.ENCONMAN.2016.02.064
https://doi.org/10.1016/J.CLET.2021.100089
https://doi.org/10.1016/J.CLCE.2022.100041
https://doi.org/10.1007/S11081-021-09669-1
https://doi.org/10.1016/J.CLCE.2022.100064
https://doi.org/10.1016/J.ENCONMAN.2018.08.031
https://doi.org/10.1016/J.APENERGY.2020.116280
https://doi.org/10.1016/j.cles.2022.100004
https://doi.org/10.1016/j.segy.2022.100068
https://doi.org/10.3390/SU13094939
https://doi.org/10.1016/j.cles.2022.100025
https://doi.org/10.1016/j.egyr.2022.06.040
https://doi.org/10.1016/j.egyr.2022.05.103
https://doi.org/10.1016/j.segy.2022.100072
https://doi.org/10.13044/J.SDEWES.D10.0421

	Integration of energy systems, circular economy and efficiency measures
	Introduction
	Background
	Integration of energy systems
	Towards circular economy through cleaner chemical engineering
	Sustainable and efficient energy harvesting and use
	Energy harvesting and waste heat management
	Efficient energy use in buildings and district heating systems
	Clean transportation

	Conclusions
	Declaration of Competing Interest
	Ackgnowledgments
	References


