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Preface

The second International Conference on Water, Energy, Food and Sustainability
(ICoWEFS 2022), taking place in Portalegre (May 10–12, 2022), Portugal, aims to be
a major forum to foster innovation and exchange knowledge in the water-energy-food
nexus, embracing the Sustainable Development Goals (SDGs) of the United Nations,
bringing together leading academics, researchers and industrial experts. The confer-
ence expects to foster networking and collaboration among participants to advance the
knowledge and identify major trends in the abovementioned fields.

The world is facing unprecedented challenges to mitigate climate change and adapt
to its negative impacts, affecting the global economy and society. Europe intends to
take the lead on the transition to sustainability, as a chief priority of Horizon Europe
is a European Green Deal to transform Europe in a climate-neutral continent, fostering
disruptive innovation and the deployment of new technologies and innovative solutions,
helping to create a sustainable future.

Innovation regarding water, energy, agri-food, bio-economy, natural resources and
environment will speed up the transition toward sustainability, promoting water and food
security in the world.

A climate-neutral continent by 2050 will drive technological, economic and societal
transformations toward circular economies and green and clean technologies and the
decarbonization of energy-intensive industries.

The conferencewill be a networking and collaboration amongparticipants to advance
the knowledge and identify major trends in the fields mentioned above, even in an online
format according to the health rules.

We are grateful to the authors from 16 countries with their contribution of 55 papers
accepted to be presented at ICoWEFS 2022 and published by Springer Nature, to the
directors and staff of the Polytechnic of Portalegre and the Polytechnic of Leiria for their
support, to the research centers and sponsoring companies, to the members of the scien-
tific committee and external reviewers, keynote speakers and, finally, to the members of
the organization, who with redoubled efforts during a pandemic time managed to carry
out this conference.
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We hope that we can meet again at the next ICoWEFS Conference.

Paulo Brito
João Galvão

Conference Chairs



Organization

Conference Co-chairs

Paulo Sérgio Duque de Brito
Polytechnic of Portalegre, Portugal

João Rafael da Costa Sanches Galvão
Polytechnic of Leiria, Portugal



viii Organization

Organizing Committee

Ana Carolina Assis
Portalegre Polytechnic

Catarina Nobre
Portalegre Polytechnic

Filipe Neves
Leiria Polytechnic



Organization ix

Flávio Craveiro
Leiria Polytechnic

Henrique Almeida
Leiria Polytechnic

Joel Vasco
Leiria Polytechnic



x Organization

Luis Calado
Portalegre Polytechnic

Pedro Monteiro
Portalegre Polytechnic

Ricardo Gomes
Leiria Polytechnic



Organization xi

Roberta Panízio
Portalegre Polytechnic

Sandra Mourato
Leiria Polytechnic

Vânia Ribeiro
Leiria Polytechnic



xii Organization

Scientific Committee

Abel Rodrigues INIAV/Research Institute, Portugal
Ahmad Pourmovahed Kettering University, Michigan, USA
Alfeu Sá Marques Coimbra University, Portugal
Ana Gomes ESB-UCP/Catholic University, Portugal
Ana Vale School of Science IT Sligo, Ireland
Annukka Pakarinen HAMK University, Finland
Antonio Macías Extremadura University, Spain
Carla Ferreira ESAC/Coimbra Polytechnic, Portugal
Carlos Borrego Aveiro University, Portugal
Carlos Henggeler INESCC/Coimbra University, Portugal
Eduardo Álvarez Oviedo University, Spain
Eliseu Monteiro Coimbra University, Portugal
Fausto Freire Coimbra University, Portugal
Fernando Lidon Nova University, Portugal
Hassan El Bari Ibn Tofail University, Kenitra, Morocco
Helena Bártolo Leiria Polytechnic, Portugal
Henrique de Amorim Almeida Leiria Polytechnic, Portugal
Howard Dryden GOES Foundation, Edinburgh University,

Scotland, UK
Jerónimo Cortés CICTE/Extremadura, Research Center Spain
John Cosgrove Limerick Institute of Technology, Ireland
João Pina FCT/Nova Lisbon University, Portugal
Joaquim Sousa Coimbra Polytechnic, Portugal
Jorge MGP Isidoro Algarve University, Portugal
José Lobo Extremadura University, Spain
Kirsi Knuuttila JAMK University, Finland
Lisiane Librelotto Universidade Federal de Santa Catarina,

Florianópolis, Brasil
Lucélia Hoehne Universidade do Vale do Taquari, UNIVATES,

Brasil
Luís Loures VALORIZA/Portalegre Polytechnic, Portugal
Luís Neves INESC/Leiria Polytechnic, Portugal
Luís Silva Porto Polytechnic, Portugal
Luís Tarelho Aveiro University, Portugal
Luísa Scmidt ICS/Lisbon University, Portugal
Madalena Moreira Évora University, Portugal
Manuel Jesús Hermoso Orzáez Universidad de Jaén, Spain
Margarida Gonçalves Nova University, Portugal
María Hernández Extremadura University, Spain
Marika Tossavainen HAMK University, Finland



Organization xiii

Marina Antunes ISCAL/Lisbon Polytechnic, Portugal
Marritta Kymalainen HAMK University, Finland
Milica Kasanin-Grubin University of Belgrade, Serbia
Mohammed Benhachmi Faculté des Sciences et Techniques de

Mahammedia, Morocco
Nicolau Almeida Portalegre Polytechnic, Portugal
Noel Perera Birmingham City University, UK
Nuno Simões Coimbra University, Portugal
Ramón Sanguino Extremadura University, Spain
Remco Kranendonk Wageningen University and Research,

Netherlands
Ricardo Chacartegui Sevilha University, Spain
Rodrigo Moruzzi UNESP/São Paulo State University, Brazil
Rui Ganhão Leiria Polytechnic, Portugal
Saifur Rahman Virginia Tech Advanced Research Institute, USA
Sérgio Leitão UTAD/Trás-os-Montes e Alto Douro University,

Portugal
Sónia Pereira Leiria Polytechnic, Portugal
Susana Neto IST/Lisbon University, Portugal
Teresa Mouga Polytechnic of Leiria, Portugal
Valentim Realinho VALORIZA/Portalegre Polytechnic, Portugal
Zahra Kalantari Stockholm University, Sweden

Conference Sponsors

The conference co-chairs andorganizing committeewish to acknowledge the support and
sponsorship given in the organization of the ICOWEFS 2022 – International Conference
onWater Energy Food and Sustainability, held at the Polytechnic Institute of Portalegre,
Portugal.

Official Sponsors



xiv Organization

ICoWEFS 2022 is Organized in Cooperation with These Research
Units

Event Sponsors and Exhibitors



Keynote Speakers



Combating Climate Change with Phytoremediation. Is It
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Ana Luisa Fernando is Associate Professor at Faculdade de Ciên-
cias e Tecnologia, Universidade Nova de Lisboa, Portugal. She is
Researcher at MEtRiCS, Mechanical Engineering and Resource
Sustainability Center, hosted by Universidade do Minho and Uni-
versidade NOVA de Lisboa. She was graduated in Applied Chem-
istry (UNL), in 1990, with an MSc in Food Technology/Quality
(1996, UNL) and a PhD in Environmental Sciences (2005, UNL).
She has been working in the field of Food Technology and Safety,
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José Luz Silveira is graduated in Mechanical Engineering from
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ophy, Sciences and Letters (1985), master’s in Mechanical Engi-
neering from the Federal University of Itajubá (1990) and Ph.D.
Mechanical Engineering from the Faculty of Mechanical Engi-
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In the academic field, Dr. Terrados has been Vice President for
Strategic Planning, Quality and Social Responsibility at Univer-
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ity at University of Jaen, Vice President for Strategic Planning,
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(Airbus Industries).
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Abstract. We are now witnessing the results of our collective destruction around
the world. From centuries of colonialism and industrialization where forests
were leveled, marshlands drained, rivers tamed, and oil burned, this global alter-
ation is no longer hidden. Many of the lands bearing the brunt of the effects
were the ones leveraged as key extraction zones which accelerated the crisis we
face today. This paper argues that USVI (United States Virgin Island) mangrove
ecosystems can be a case study for fundamental analysis for restoration and con-
servation ecology issues for sustainable boosting of local communities. It is argued
that under the concept of a “reparation zone” a bridge can be achieved in the gap
between environment, human community, and disciplinary separation to work
towards a pluralistic approach through a new cultural reparation ecology to better
represent, operate, and solve the myriad issues of climate change in the Greater
United States. By focusing on American territorial possessions, this paper exam-
ines lingering plantation histories and argues for how nature-based solutions can
generate a newmethodology towards addressing climate threats and socio-cultural
injustices.

Keywords: Climate change · Nature based solutions · National security ·
American studies

1 Natural Security at Risk

Over the course of its 245 years, the United States has built itself into a major global
superpower (Fig. 1). At the foundation of this superpower lies one critical tool: land.
What was once a series of 13 colonies grew and expanded through purposeful means
to create a country and empire that now spans over 15.000 km from east to west. For a
country that wasn’t a major territorial superpower in the 18th century or major military
power of the 19th century, the United States relied on a form of nation-building that
centered itself on the land. Forests for wood, plains for farming and ranching, mountains
to mine, and coasts to fish all converged to form a spirit of potential and opportunity. But
this opportunity for endless extraction and cultivation has now been met with a serious
cost.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
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Fig. 1. The growth of the United States from 1803 to 1947.

One key driver of American production and growth was the plantation system. Uti-
lized by European colonial powers through the Americas, Southeast Asia, and Africa,
plantations used enslaved labor systems to extract various crops or raw materials to then
ship to be processed or sold in the global economy. Today, scholars are reflecting on
the plantations system itself and framing it as a critical moment in the Anthropocene’s
development. Donna Haraway argues that, “scholars have long understood that the slave
plantation systemwas themodel andmotor for the carbon-greedymachine-based factory
system that is often cited as an inflection point for the Anthropocene” [1]. While central
to carbon accumulation we are facing today, the plantations were not the sole responsible
operation for the climate crisis but present a concise framework towards understanding
the nuances between economic growth, cultural violence, ecological exploitation, and
political stability. Michael Murphy and Caitlin Schroering posit that, “the plantation
directs out attention to global socioecological inequality, or ‘the ways in which humans,
nonhumans, and ecosystems intersect to produce hierarchies – privileges and disadvan-
tages – within and across species and space that ultimately place each at great risk.”
[2].

As a result of the plantation mechanic, what the United States once built itself on
as a source of nation-building, these lands and its people are now facing the collective
results of centuries-long consequences.Moving forward, how theUnited States re-adapts
former plantation landscapes will be a critical test of maintaining a natural security; one
that is fair and just (Fig. 2).
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Fig. 2. As the United States grew in geographic size and industrialized, the country began
witnessing a substantial increase in billion-dollar disasters starting in the 1980s.

2 Addressing Periphery: The Reparation Zone

Typically framed in the American South, plantations were also utilized in areas outside
of the contiguous 48 states. Today, these lands are maintained as territories (Puerto Rico,
US Virgin Islands, American Samoa, Guam, Marianna Islands) with the exception of
Hawai‘i, which was elevated to statehood in 1959. Within the American conscience,
these peripheral lands are often outside daily thought and politically remain outside of
policy. Today, the territories lack full congressional representation and only have non-
voting representatives in Congress. However, these islands are facing increased rates of
hurricanes and typhoons, drought, temperature rise, ocean acidification, and more. As
the United States works towards climate adaptation through funding and policies like the
Bipartisan Infrastructure Bill (2021) and potentially Build Back Better, there is a unique
opportunity for the US to address its territories - its peripheries - and works towards
including them in a climate-secure and adaptive future.

Historically, these lands were sites of extraction and experimentation. For outside
Colonial and Imperial powers, these were physical spaces to conduct massive experi-
mentation to cultivate and extract the most amount of cash crops as possible. But even
more so, these were also spaces to test the limits of enslaved human labor. In the years
after the slave plantation system, many of these lands are still dealing with the effects
of major land alteration and human exploitation. Stemming from the work of Michael
Williams where he offers the concept of the “extraction zone” [3], it is now important
to reconfigure this notion.

In a new opportunity to address these chronic issues of climate risk and cultural
injustice, the US can tackle territorial and peripheral issues through the concept of a
“reparation zone”. The reparation zone would stand as a policy identifier which frames
critical spaces to focus re-investment opportunities centered around climate adaptation
measures alongwith funds and programming to address the cultural and social issues that
stem from exploitative historical practices. By utilizing this framework, the identified
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spaces, lands, communities, or territories become centered and fast-tracked to quickly
realize what may normally be trapped in bureaucratic red tape or political stand still.
These reparation zones can then primarily focus on implementing nature-based solutions
to help tackle the physical threats of climate change, but also how their benefits can help
provide jobs, protect cultural heritage, and maintain the human communities that live in
the spaces.

As post-plantation American landscapes are found in tropical climates and oceanic
geographies, there is a paramount imperative to quickly work towards their adaptation
and resilience in the wake of climate change. The US must no longer see these places
as extraction zones, but instead catalyze the opportunity to address chronic injustices
through climate adaptation and resilience.

3 Mangroves: Socioecological Infrastructure

We all rely on trees, yet for many different reasons. For some, trees provide critically
needed shade to cool their sidewalks, others may see trees as a food source. Some
see trees as spiritual connectors to the divine realm. Looking to the writing of Rosetta
Elkin, she argues that, “as a plant-dependent species, our livelihoods and health are
determined by the achievement of plants” [4]. To focus this concept of the reparation
zone on one strategy and in one post-plantation landscape, I aim to explore the potential
for mangrove restoration in the US Virgin Islands as a form of disaster management and
habitat creation.

Mangroves were once a major buffer around the edges of many Caribbean islands.
The mangrove forests were the interstitial space between land and water where aquatic
fish species used their roots for food and spawning and where bird nested. Cultur-
ally, mangrove wood was used for shelters, crafts, and more (Fig. 3) [5]. Today, very
few mangroves remain in the Virgin Islands, exposing the shores of the islands and its
communities to the threats of sea level rise and storm surge.

The 2017 hurricane season produced two category 5 storms: Hurricanes Irma and
Maria. In the two-week period that these storms hit the islands, over 70% of structures
of St. Croix were damaged or destroyed. NOAA’s National Center of Environmental
Information estimated Hurricanes Irma and Maria produced 167 billion USD in damage
across Puerto Rico and the US Virgin Islands [6]. However, by reintroducing mangrove
stands and forests into these islands, they can begin to mitigate this damage through
storm surge and flooding reduction, helping to protect onshore assets both human and
nonhuman.

While ambitious, the abilities of mangroves in climate adaptation are well studied.
Zhang et al. found that creating a mangrove stand at 2.5 km in width can reduce storm
surge by 50% and an 8 km stand increases the reduction to almost 100% [7] (Fig. 3).
By identifying the needed shallow-water habitats for red mangroves to thrive, tactical
mass tree planting strategies can be deployed to create a new blue-green infrastructural
asset that helps to mitigate increased rates and volatility of hurricanes (Fig. 4). Michael
Getzner and Muhammad Shariful Islam found that the average ecosystem value of a
hectare of mangrove forest registered at 21,100 USD in 2018 prices [8]. Just one 8 km×
100 m tract with a projection of 100% wave reduction would hold a value of 1.680.000
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USD. While the value of these services is complex in nature, the value of mangroves
should also aim to include other latent values like cultural value and greater asset and
infrastructure protections. As mangrove establishment gets implemented, these latent
values must also find ways to transfer back into community development and security

Fig. 3. The mangroves of the Virgin Island and Caribbean at large provide critical ecological
services and cultural value.

Fig. 4. The Islands of St. Thomas and St. John highlighting seagrass beds as potential new sites
for mangrove reforestation.
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as well, helping to benefits the residents and communities themselves. In short, the
creation of a living land trust through climate adaptation can help additionally provide
funds back into local communities to further address needed reparations. Not only will
the re-stablished mangroves act as an almost blue-green wall against the wave power
of hurricanes, it will also generate additional habitats for terrestrial and aquatic species
that can be leveraged as a green tourist amenity, helping local communities capitalize
on this investment even further.

By deeming the USVI as a potential “reparation zone” the US can channel funding
and resources into these islands to fast-track climate adaptation and risk aversion. As
former plantation landscapes whose landwas heavily altered to facilitate crop cultivation
and whose labor greatly suffered, re-establishing the lost mangrove buffers can be a
potential beginning to a new relationship with the mainland and the federal government.
This opportunity is just one measure in a menu of many other options and strategies that
can work to engage disparate power structures and disenfranchised peoples and create
a new dialogue of co-creation and adaptation for a climate-prepared future (Fig. 5).

4 Periphery Prepared

Fig. 5. Mapping social vulnerability from the Centers for Disease Control and Prevention and the
Agency for Toxic Substances and Disease Registry with billion-dollar disasters from 2016–2021.

As the United States works towards a national natural security, its territories and
peripheral lands must be included in funding opportunities, policymaking, and into
implementation. While the climate crisis presents a litany of risks that are perpetually
evolving, the US has the opportunity to reconfigure its relationships with its peripheral
lands and their peoples to work towards a climate-inclusive and climate-adaptive future
(Fig. 5).


