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Introduction

Nowadays, it is widely recognized that the current production
and consumption models are no longer adequate because of
the inefficient use of resources (especially energy) and its
dramatical consequences, environmental load and social in-
equality (UNEP 2011). In this context, Circular Economy
(CE) has started to be considered a sustainable economic par-
adigm (Geissdoerfer et al. 2017), enabled by novel business
models (Lewandowski 2016) and responsible consumers
(Borrello et al. 2017).

As highlighted by McDowall et al. 2017), the origin of the
concept emerged in Europe in the 1980s and 1990s, together
with early policies of the EuropeanUnionmember states, draw-
ing on ideas that can be traced to the 1970s. Driven by a desire
to divert waste from landfill, the Netherlands and Germany
pioneered concepts of waste prevention and reduction, with
the waste hierarchy introduced to the Dutch Parliament in
1979. However, even acknowledging that CE was rooted in
environmental economics, there is today a huge interdisciplin-
ary framework underpinning CE. This new framework offers

good prospect for gradual involvement of the present economic
system, including production and consumption models. We can
say that at the moment, CE has the supreme goal of promoting
sustainable development through the dissociation of environ-
mental pressure from economic growth (Ghisellini et al. 2016;
Schandl et al. 2016; Bruel et al. 2019).

According to Ghisellini et al. (2016), CE is a new economic
system aiming to increase the efficiency of resource use to
achieve improvements in the existing balance between econ-
omy, environment and society. In this line, the concept of CE
has recently been proposed as a new development strategy
that aims to mitigate the contradiction between the rapid eco-
nomic growth and the shortage of raw materials and energy
(Christis et al. 2019).

Although there is no commonly accepted definition of CE
so far, the core of CE is the closed flow of materials and the
use of raw materials and energy through multiple phases (Gan
et al. 2013). The ‘3R’ principles—reduction, reuse, and
recycling of materials and energy—are often cited to describe
the three possible approaches in practice (the goals of reduce,
reuse, and especially recycle have become the only acceptable
ways of disposing of waste (Yong 2007, Yellishetty et al.
2011, Samiha 2013, Ahmadi 2017, Huang et al. 2018). This
concept has been pursued by many countries’ environmental
policy makers as a potential strategy to solve existing environ-
mental problems (Preston and Carr 2018). As one of the main
objectives of governments is to promote the sustainable de-
velopment of economy and society, it also helps to achieve
sustainable environmental protection (Yuan et al. 2006).

Once the high economic potential of CE has been recog-
nized, in the European Union, different CE Action Plans have
been proposed as new initiatives, changes or adaptations to
legislation, mainly related to waste and landfills at the begin-
ning. In 2015, a range of policy measures collectively known as
the Circular Economy Package, and later replaced by the
Closing the Loop-An Action Plan for the CE, were approved
in Europe (COM2015). At present times the CE is a priority for
Europe. Nearly 1 billion from Horizon 2020’s final Work
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Programme (2018–2020) is being invested into research, inno-
vation and financing of projects and initiatives supporting the
European CE ambitions (COM 2017). In 2018, the European
Commission adopted an ambitious CE package covering the
whole cycle: production, consumption, waste management and
secondary raw materials (COM 2018). On 4 March 2019, the
CE was fully completed, and the European Commission
adopted a comprehensive report on the implementation of the
CE Action Plan (COM 2019). The report presented the main
achievements until now and sketched out future challenges to
shaping the European economy and paving the way towards a
climate-neutral economy characterized by minimizing pressure
on natural and freshwater resources as well as ecosystems.
Table 1 shows the main key initiatives (COM 2015) in line with
McDowall et al. 2017) and the achievements (COM 2019) of
the CE in Europe.

The CE has received increased attention in the academic
research with a range of reviews on the topic. More explicitly,
the current literature explores the nexus among economic
growth and environmental problems such as contamination
(Ssali et al. 2018), pollution (Sarkodie and Strezov 2019),
climate change (Goldstone 2018), greenhouse gas discharges
(Zhu et al. 2016) or global warming (Wang et al. 2017) be-
tween others. Specific areas of attention are closed loop value
and supply chains, circular business models and circular prod-
uct design (Geissdoerfer et al. 2017).

As most researchers working on this topic have back-
grounds in environmental engineering, chemical engineering,
and mineral process engineering (Yuan et al. 2006), we pro-
pose the current special issue. This special issue aims to con-
tribute to the literature on Economy, Sustainable Development
and Energy in the context of the NewCircular EconomyView,
by presenting a set of eclectic contributions that are unveiling
different dimensions of this complex and still unexplored
problematic, especially concerning the challenges raised by
the European Commission.

Special issue content

The present special issue by Ramón Sanguino, Ascensión
Barroso, Santiago Fernández-Rodríguez, and M. Isabel
Sánchez-Hernández, from the University of Extremadura in
Spain, features eight scientific contributions and offers a se-
lection of distinct scholar and research methods. The authors
are from different countries: Denmark, Lithuania, Nigeria,
Pakistan, Poland, Singapore, Spain and the UK.

The introductory article to this special issue summarizes
the results of an extensive review of research methods. The
first three articles are related to the construction sector, the
waste management. The next three articles are empirical test
studies carried out with bacteria and laboratory elements. The
last two articles focus on software adaptations and their best
use in the context of the CE.

The first article, Promotion of Circular Economy: steel-
work dusts as secondary raw material in conventional
mortars by Lozano-Lunar et al. (2019), provides an example
of promotion of Circular Economy in the use of waste as a
secondary raw material (SRM). The paper analyses the use of
electric arc furnace dust (EAFD) as SRM in conventional
mortar production for its use as a construction material.
Their main results indicate a slight improvement in mechani-
cal behaviour with the incorporation of EAFD, the reasonwhy
its use as SRM in conventional mortars would benefit the
construction industry and would encourage the CE.

Re la ted wi th th i s sec to r, the second ar t i c l e ,
Recommendations for the management of Construction and
Demolition Waste in treatment plants by Barbudo et al.
(2019), suggests some recommendations for the management
of construction and demolition waste (CDW) in treatment
plants. CDW consists approximately of one third waste gen-
erated in the European Union. The recycling of this stream
waste will provide ecological and sustainable benefits.
Recycled aggregates from construction and demolition waste
are clearing a path into civil constructions, as substitutes for
natural aggregates. CDW has been upgraded to a priority
waste stream status in the EU. Directive (2008/98/CE), to
promote CDW reuse, recycling and other recovery operations,
establishes a minimum of 70% in weight of these activities by
2020. This waste is usually transported to a CDW treatment
plant, where it is managed and treated for their subsequent
disposal at landfills or reuse as recycled aggregate (RA). The
mean of recycling rate or the EU members, determined by the
percentage of total produced CDW that is processed as
recycled aggregate (RA), is over 40%, whereas in Spain this
recycling rate does not reach 15%. Rodriguez-Robles et al.
(2015) concluded that, in Spain, one of the obstacles, apart
from the administrative theme, is the lack of confidence in the
product given the differences between the RA produced in the
CDW treatment plants. The paper intends to address handling
recommendations in CDW treatment plants to obtain recycled
aggregates (RA) that guarantee enough quality in its imple-
mentation and disclose good practices in the management of
the CDW that must be carried out and also highlights the
importance of publicize the obligations of each of the agents
involved in the management of the CDW.

Their main handling recommendations from a sample of 13
authorized treatment plants, located in central Andalusia, are
summarized in the following proposal: Selective demolition;
Weighing and classification of the CDW;Destination of CDW
according the classification and CDW treatment line (pretreat-
ment, primary treatment, secondary treatment; finally, the
manufacturer must establish a quality control system in the
production of RA, based on EN 13242 standard for their use
in civil engineering work and road construction.

Furthermore, an important application is the efficiency
of the solar collector installation in buildings. In this way,
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the next paper, Analysis of an efficiency of the solar col-
lector installation in a small public building in Poland,
Lithuania and Spain: a case of study by Krawczyk et al.
(2019), analyses that issue in some small public buildings
in Poland, Lithuania and Spain, in the bases of a case
study. In most European countries, a solar collector mar-
ket is at the stage of continuous development; however its
expansion rate differs. It shows that much more factors
than only the local solar radiation is important, including
a technology progress, costs, local manufactures’ engage-
ment, an economic government support or an environ-
mentally consciousness raising relevant to a mitigating
climate change. The authors conducted the analysis for a
public office building, with a few toilets and a social
room, used by 54 people. As a primary heat source for
HVAC and DHW systems, an oil boiler was used, where-
as solar collectors were considered as an energy source
for hot water preparation. The study was made in three
locations of the building: Bialystok (Poland), Córdoba
(Spain) and Kaunas (Lithuania). The average daily global
radiation on the horizontal surface is different. Estimation
of solar energy gains and collector efficiency was con-
ducted using a simulation software delivered within the
framework of VIPSKILLS project. It was found that beam

solar radiation share in a total radiation balance was near-
ly twice higher in Córdoba for solar collectors installed
with the tilt angle between 15 and 35°. In case of
Bialystok and Kaunas, the efficiency was similar (46–
47%), and the recommended tilt angle was in a range
30–40°.

The fourth article,Microwave support of the alcoholic fer-
mentation process of cyanobacteria Arthrospira platensis by
Nowicka et al. (2019), presents the case for the effect of ther-
mal hydrolysis on degradation of polysaccharides contained
in biomass of cyanobacteria Arthrospira platensis. The paper
aimed at the selection of the most advantageous parameters of
thermos hydrolysis to reach the experiment variant with the
best effects, effectiveness of alcohol fermentation. Although
the literature provides examples of application of microwaves
as a conditioning factor of alcohol fermentation, substrate ex-
posure to microwave radiation in various temperature ranges
has shown that microwaves increase solubilization of sub-
strates and break the network of exopolysaccharides, thereby
speeding up chemical processes.

The fifth article isPurification of post-fermentation effluent
using Chlorella vulgaris microalgae by Szwarc et al. (2019).
The authors focus on the use of effluent formed in the process
of anaerobic decomposition of organic substances as a

Table 1 Summary of the EU action plan for the CE

Area Specific policies and examples (COM 2015) Achievements (COM 2019)

Production Eco-design: proposal to adapt the existing
eco-design work plan to incorporate durability,
reparability and recyclability criteria.

Cleaner manufacturing

The implementation of the Eco-design Working Plan
2016–2019

Consumption Proposed introduction of product labelling for
durability.

Pricing: member states are ‘encouraged’ to use
pricing instruments.

Consumer protection rules: e.g. guarantee periods

The increase the effectiveness of the EUEcolabel to offer
consumers accurate environmental information.

The Product Environmental Footprint (PEF) and
Organization Environmental Footprint (OEF)
methods developed by the Commission.

Waste management and boosting
markets for secondary materials

New legislative proposals on waste and landfills,
including new binding targets.

Proposed changes to extend produce responsibility
rules to reward products that are designed for
easier repair, remanufacture or recycling.

Clarifying legal rules on definitions of ‘waste’;
proposed standards for various secondary
materials to foster markets

A revised waste legislative framework entered into force
in July 2018 for turning waste into products: e.g.
reinforced rules and new obligations on separate
collection (biowaste, textiles and hazardous waste
produced by households, construction and demolition
waste.

Priority areas Five priority areas are identified: plastics, food
waste, critical raw materials,
construction/demolition waste, biomass and
bioproducts

The 2030 Agenda for Sustainable Development

Innovation, investment and
‘horizontal’ measures

Funding for research and innovation under Europe’s
Horizon 2020 program and also through the
cohesion policy

Nearly 1 billion from Horizon 2020’s final Work
Programme (2018–2020) is being invested into
research, innovation and financing CE projects

Monitoring progress The action plan refers to the resource efficiency
scoreboard and raw materials scoreboard, with
commitments to develop new indicators for a
range of CE topics

The EU monitoring framework for the CE presented by
the Commission in 2018 includes ten key indicators
covering each phase of the lifecycle of products as
well as competitiveness aspects

Environ Sci Pollut Res (2020) 27:1–7 3



medium in the processes of Chlorella vulgaris algae biomass
multiplication in a flow-through system. The experiment as-
sumed a continuous supply of post-fermentation effluent with
a simultaneous reception of the culture mixture. Their main
results show us the efficiency of nutrient removal translated
into the final biomass content of the tested microalgae. The
use of the tested wastewater significantly reduced the need for
the use of chemical reagents. The contents of nitrogen and
phosphorus found in wastewater were sufficient to conduct
an efficient algae culture.

The next article, in situ Regeneration of Activated Carbon
using Electric Potential Swing Desorption (EPSD) for CO2
and H2S Removal from Biogas by Farooq et al. (2019), shows
more efficient and economic process. Based on current biode-
gradable resources, the authors demonstrate that the electric
potential swing desorption (ESPD) system has inherent ad-
vantages over other technologies for in situ regeneration of
activated carbons.

The seventh article, Accuracy enhancement for land cover
classification using LiDAR and multitemporal Sentinel 2 im-
ages in a forested watershed by Fragoso-Campón et al.
(2019), exposed the accuracy enhancement for land cover
classification using LiDAR and multitemporal Sentinel 2
images in a forested watershed. It is important to highlight
that mapping land cover with high accuracy has become a
reality with the application of current remote sensing tech-
niques. Additionally, the accuracy of satellite imagery clas-
sification can be improved using multitemporal series com-
bined with LiDAR data. The obtained results show that
overall accuracy is better if LiDAR data is included in the
land cover classification. This improvement can be a sig-
nificant issue in land cover classification of forest

watershed due to relationship and influence that vegetation
cover has on runoff estimation. Therefore, LiDAR data,
from National Plan of Aerial Ortho-photography of the
Spanish National Geographic Institute, is a good improve-
ment for data fusion analysis.

Related with the explained before, erosion is one of the
major problems all over the world, also in Nigeria and Lagos
State in particular. In the final article, The Application of
Remote Sensing and GIS Technology to Erosion Risk
Mapping, developed by Makinde and Oyebanji (2019), the
objectives of the research were to identify land use/land cov-
er changes in Eti-Osa LGA and estimate actual erosion risk
using Revised Universal Soil Loss Equation (RUSLE) mod-
el. In addition, the paper evaluates the perception of commu-
nities within the study area with the view of understanding
the risk involved in erosion. Their main results showed that
the sediment yield of the studywas estimated to be between 0
to 48 ton/ha/yr. Highly erosive rainfall, poor cover manage-
ment and support practices, sand filling and land clearing in
Eti-Osa for urbanization and infrastructure development
have resulted inwidespread soil erosionover the land surface
is one of the main conclusions. The extent of soil erosion
occurring in the area is still increasing and is now a major
cause for concern. The RUSLE model was combined with
RSandGIS techniques to analyse the annual average soil loss
rates caused by the various factors which influence soil ero-
sion (Table 2).

Final remarks

The strengths of this special issue are undoubtedly the variety
of topics, contexts and research methodologies covered within

Table 2 Overview of the articles in this special issue

Article Approach Sector/topic Contribution/key findings

1-Lozano-Lunar et al. Reusing Construction: secondary raw materials Steelwork dusts as secondary raw material could
contribute to implement CE in construction
engineering

2-Barbudo et al. Recycling Construction: demolition waste Contribution to CE by handling of construction and
demolition waste in treatment plants

3-Krawczyk et al. Reduction Renewable energy Energy efficiency and air quality in civil constructions
are possible under the CE principles

4-Nowicka et al. Reusing Biomass Demonstrating higher efficiency when comparing
biomass and biofuel

5-Szwarc et al. Recycling and reusing Wastewater Experiment successfully using effluents

6-Farooq et al. Reduction Biodegradable resources Energy reduction and cost-efficiency

7-Fragoso-Campón et al. Preservation of resources Environmental protection New technology for forest monitoring and flood
management prediction

8-Makinde and Oyebanji Preservation of resources Environmental protection New technology for monitoring soil erosion
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the current trends in economy, sustainable development and
energy. They confirm the increasing interest for practitioners
and researchers in CE issues, as well as the potential of this
stream of research to influence in CE and other related studies.

This special issue, based in the published articles, high-
lights the recent scientific evidences that are being made in
the academic context in order to follow the strategy for reduc-
ing the entry of materials such as the production of original
waste to close the loops or economic and ecological flows of
resources. Although covering more complex topics, the au-
thors have tried to write the papers in an understandable
way. The issue as a whole enhanced from a practical view of
the CE goals of reduce, reuse and recycle extensively
defended academic literature in the last years (Yuan et al.
2006, Yong 2007, Yellishetty et al. 2011, Samiha 2013,
Ghisellini et al. 2016, Schandl et al. 2016, Ahmadi 2017,
Geissdoerfer et al. 2017, Huang et al. 2018, Preston and
Carr 2018, Bruel et al. 2019).

It has been widely recognized that CE could help improve
resource productivity and eco-efficiency, reform the manage-
ment of the environment, and achieve sustainable develop-
ment. Despite the growing importance amongst academics,
CE must allow to reconcile environmental stewardship with
business concerns, and for that purpose, the concept of CE and
its underlying principles of reduce, reuse and recycle is not
without challenges.

We believe this special issue will become a very used ref-
erence for future research in CE. The articles published in this
special issue will be particularly useful to CE researchers, both
in international papers written by renowned authors as in do-
ing their own research. The articles will serve to demonstrate
that value creation can still be achieved with strong planetary
boundaries. The specific approaches to CE compiled in this
special issue will serve also to inspire others to materialize the
benefits of the CE into clear business opportunities.
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