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Preface
At a time when the world is enduring hardships from the COVID-19 pandemic, this global crisis highlights the
unsustainable exploitation of the natural world underlying zoonotic viruses. Finally, it seems, the world has recognized
the severity of social-ecological imbalance. Meanwhile, the ecological challenges of this century are more critical now
than ever, as policymakers urge that we ‘Build Back Better’. Yet, global mobility restrictions induced a surge in
technological use to communicate, monitor and innovate.
The International Environmental Policy Consultancy 2020 Report has been issued as a consultancy project for the
United Nations Policy Analysis Branch of the Division for Sustainable Development (UN - DSD) and for the Division on
Technology and Logistics of the United Nations Conference on Trade and Development (UNCTAD). It has come about
from a collaborative process between 36 students from Wageningen University and Research (WUR), State University
of New York (SUNY), and Van Lang University (VLU). The aim of this report is to analyze how emerging technologies
can shape the path to harmonious social-ecological system interactions, contributing to the UN 2030 Agenda for
Sustainable Development. The policy briefs investigate the practical technological applications for balancing the health
of human societies and ecosystems, specifically focusing on the maintenance of social-ecological well-being (SDG 3,
11 & 14), the realization of sustainable resource utilization (SDG 6, 7 & 12), and the resilience of societies to natural
disruptions (SDG 3, 11 & 13).
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Introduction
The establishment of the Sustainable Development Goals (SDGs) in 2015 by the UN has the potential to guide all
countries towards a more sustainable, equal and inclusive world with no one left behind. Although achievements over
the past couple years have been made, such as a reduction in the level of poverty and chronic hunger1, the current
global challenges, such as environmental degradation, climate change and global inequalities, still require thoughtful
steps that commit to solutions and action-taking.

Human wellbeing and prosperity in all dimensions are
embedded in and ultimately depend on the biosphere
and the ecosystem services it provides.2 This means that
all social conditions, including health, equality, and
democracy, are connected to the biosphere.2 Sustainable
development therefore rests upon its interrelationship
with the biosphere, as it is the foundation for society and
the economy, encompassing all dimensions of the 2030
Agenda for Sustainable Development.2 Currently,
interactions within social-ecological systems (SES), the
interdependent dimensions of human societies and
natural ecosystems, are unsustainable.2 This is evidenced
by human impacts increasingly raising the risk of
transgressing the planetary boundaries that ensure a
stable planet and sustainable societies.3,4 Because
meeting the SDGs is predicated on maintaining the
stability of the biosphere5, these impacts have severe
consequences for achieving the Agenda for Sustainable
Development.
There is therefore an urgent need to transform the current unsustainable interactions within SES into ones that are
harmonious. SES interactions correspond to those behaviors that impact the relationship and more importantly the
symbiosis between human societies and natural ecosystems.2 Harmonious SES interactions refer to interactions that
sustain long term qualitative coexistence of SES and allow humanity to remain within the planetary boundaries,
ensuring a stable planet for generations to come. This requires reshaping the relationship between people and nature
into one that is positive, preventing further abuse to SES to enhance their health. It further necessitates finding an
appropriate balance in natural resource use, so that both environmental and social needs can be met without
compromising the sustainability of SES. Finally, it requires strengthening social-ecological resilience, so that
harmonious SES interactions can be sustained in the face of environmental disruptions.
Emerging technologies can act as powerful drivers for the transformational change needed to achieve the SDGs and
sustainable SES.6 These developments can contribute to a variety of development targets, including delivering basic
human needs, decreasing negative environmental effects, creating a more efficient economy and more.7 Additionally,
they can be applied to achieve harmonious interactions within SES. However, the emergence of technology is a doubleedged sword.8 This is because despite the opportunities offered by emerging technology, there are also fundamental
challenges and risks that need to be addressed to ensure these technologies support harmonious interactions between
humanity and ecosystems.6 For example, although it can bring people closer to nature and create opportunities to
monitor, manage and guide more sustainable practices, it can also separate people from and harm the environment
9

when used in the wrong way. It is therefore necessary to understand the anticipated effects of technological
advancements in SES.
This synthesis report analyzes the role of emerging technologies in achieving harmonious SES interactions and the
SDGs. Chapter 1 discusses how emerging technology can guide harmonious SES interactions that strengthen the
wellbeing of SES. Chapter 2 presents the role of emerging technology in reducing the use of resources to sustain
balance within SES. Chapter 3 examines how emerging technology can be used to enhance social-ecological resilience
to environmental disruptions. In each chapter, key principles are used to demonstrate how these aspects of
harmonious SES interactions can be achieved. Finally, this report explores the findings in the last chapter by focusing
on pathways for the future.
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Chapter 1. Strengthening Social-Ecological Wellbeing
One of the key themes that characterizes the Anthropocene with its wicked problems is the contemporary rift in the
relationship between humanity and nature. The contrasting regional demands of a growing population on the
biosphere have been increasing since the 1970s, affecting the state of ecosystems and their ability to provide the
resources necessary to sustain human life.9 These unparalleled human activities on Earth cause an unequal distribution
of economic benefits and environmental impacts across the world, and it is predicted that this burden on nature will
increase in the upcoming years.9 An example of the current trends in nature can be found in the decreasing health of
marine ecosystems, caused by stressors such as the ever expanding amount of plastic polluting the oceans.10 Another
example is the rising level of air pollution in urban areas around the world, causing severe long-term health issues and
affecting crop fields and biodiversity.11
This shortfall in wellbeing across the biosphere has significant repercussions for achieving the SDGs in 2030, for which
good conditions of biodiversity and ecosystem services are needed.5 Currently, the social-ecological relationship is
locked within a vicious cycle in which decreasing social-ecological wellbeing threatens natural resource use and system
resilience, which in turn further degrades social-ecological wellbeing. To break down this chain of events, it is essential
to strengthen social-ecological wellbeing. Enhancing this harmonious relationship will not only improve nature’s state
but it will also contribute to the functioning of the variety of social systems on which humanity depends.
This chapter will demonstrate how the following principles to strengthen social-ecological wellbeing can be applied
through Underwater Robotics, Chemical Plastic Recycling Technologies and Biomimicry:
1.

Emphasizing the Interconnectedness between People and Nature

2.

Creating Widespread Knowledge

3.

Steering Interdisciplinary Collaboration

Emphasizing the Interconnectedness between People and Nature
Fundamental to strengthening social-ecological wellbeing is the need to emphasize the interconnectedness between
people and nature. Social systems and ecosystems are interdependent, with people continually being shaped by,
dependent on, and affecting ecosystems.2,5,12 This means that social-ecological wellbeing is dependent on these
interactions. Prioritizing the interlinkages between social and ecological dynamics is also needed to maintain socialecological resilience for current and future generations.5
For example, marine ecosystem health is intimately intertwined with that of coastal communities. This is because
oceans play a crucial role in sustaining communities through the ecosystem services they provide, such as food
provision through fish stocks and income generation through tourism. Emphasizing this interconnection between
marine ecosystems and coastal communities illustrates that by addressing the health of one part of the system, the
other is improved as well. Emerging technology can therefore be applied in this manner to strengthen social-ecological
wellbeing overall. For instance, technology that chemically recycles plastic reduces stressors on marine ecosystems,
improving their health and consequently positively impacting coastal communities dependent on them. Similarly, by
applying Underwater Robotics to monitor marine ecosystems, effective marine conservation can be achieved, which
has positive repercussions for both the wellbeing of marine ecosystems and coastal communities.
Another approach that contributes to the recognition of the interconnectedness between humanity and nature is
Biomimicry, as the practice of Biomimicry uses nature’s strategies to find solutions for human’s challenges. Therefore,
using Biomimicry to combat air pollution in urban areas will naturally emphasize the social-ecological interlinkages,
which in turn improves the health of citizens and contributes to the overall urban quality. g Widespread Knowledge
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Creating Widespread Knowledge
Strengthening social-ecological wellbeing is dependent on having sufficient knowledge to make decisions that benefit
SES. Moreover, it is fundamental that this knowledge is widespread and accessible for all, so that diverse actors can
implement emerging technology to strengthen social-ecological wellbeing. When the value of using particular
technologies to combat environmental issues is shared, clear and integrated across different countries, the potential
for implementing these technologies to achieve social-ecological wellbeing grows. For example, Underwater Robotics
can be applied to monitor marine ecosystems on a large scale, and through low-cost robotics it is possible for a variety
of actors to engage with it. This can therefore support effective marine conservation and ocean governance around
the world, strengthening social-ecological wellbeing. Another approach that emphasizes the need for widespread
knowledge is the application of Biomimicry to combat air pollution. In order to implement this technology on a large
scale, the knowledge and practices of Biomimicry must become more theoretically integrated at the educational level,
which is currently lacking. This would not only create an understanding of the world’s interconnectedness in urban
areas, but also address the seriousness of the issue. ring Interdisciplinary Collaboration
Steering Interdisciplinary Collaboration
A key principle for strengthening social-ecological wellbeing is to develop effective cooperation across multiple
disciplines. Conflicted interests and values within today’s transboundary environmental issues illustrate the need for
an integrated approach through interdisciplinary collaboration.13 By combining the knowledge and practices of a
variety of disciplines, current sustainability challenges can be tackled in an efficient and effective way. Additionally,
the engagement of a diverse range of disciplines makes the process more understandable and improves the capacity
to contribute to the overall balance between humanity, the environment and the economy.
Steering interdisciplinary collaboration is one of the main prerequisites for Underwater Robotics to be as effective as
possible in monitoring marine ecosystems. Due to the diverse range of stakeholders and stakeholder interests in
Underwater Robotics, collaboration is necessary to implement Underwater Robotics more effectively and reduce local
resistance. Similarly, this kind of collaboration is needed for technology to chemically recycle plastics as there are
different stakeholders involved, ranging from consumers that need to properly clean the plastic to governments that
need to support the implementation of this technology. Additionally, Biomimicry is an interdisciplinary endeavor as it
can only be implemented effectively if multiple disciplines work together at the design table. Decreasing the level of
air pollution in urban areas by applying Biomimicry involves biologists, economists, policy makers, civil society and
more to create system-wide solutions that not only solve the issue but also aim to prevent it from happening.
These three emerging technologies strengthen social-ecological wellbeing by transforming harmful relationships
between people and nature into ones that are harmonious, which in turn addresses SDG 14 “Life Below Water”, SDG
11 “Sustainable Communities”, and SDG 3 “Good Health and Wellbeing”.
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Figure 2. Overview of interactions in Chapter 1 (© https://icons8.com/)
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Chapter 2: Sustaining the Social-Ecological Balance in Resource use
Growing global consumption levels, with high demands for energy, material and food, result in the unsustainable use
of natural resources such as fossil fuels, water and arable land.14, 15 This increasingly puts pressure on ecosystems'
resilience, reducing their capacity to cope with external stressors like climate change and resulting in a disturbance of
the balance within SES.16 Understanding these complex interactions allows policy makers to improve sustainability in
resource systems and to make informed decisions with respect to these interactions, adding to the reestablishment
of balanced SES.17 Reestablishing and maintaining this balance is needed to guarantee an environmental foundation
upon which social systems’ functionality is inherently depending. Creating harmonious systems not only improves the
health and quality of environments but also creates space for human societies to develop and prosper.2 These
interactions are therefore vital when referring to the 2030 Agenda for Sustainable Development, in particular for
contributing to SDG 6 “Clean Water and Sanitation”, SDG 7 “Affordable and Clean Energy”, and SDG 12 “Responsible
Consumption and Production”.
The following paragraphs will reflect upon the possibilities for efficiency, sustainability and dependency of resource
use for key producing sectors. This will be done through the scope of new and innovative technologies, addressing the
wicked problems associated with unsustainable production methods. The emerging technologies of Ablative Pyrolysis,
Saltwater Greenhouses and 5G in Smart Irrigation present innovative solutions enabling the restoration of resource
use balance. This adds to sustainability in the key producing sectors of Agriculture and Energy and simultaneously
increases space for social and economic development. The potential of these technologies is illustrated by three
principles:
1.

Increasing Resource Use Efficiency

2.

Improving Sustainable Producing Methods

3.

Decreasing Resource Dependence ng Resource Use Efficiency

Increasing Resource Use Efficiency
Critical in maintaining the balance in SES is the promotion of increased efficiency of resource use in food and energy
producing sectors.2 Growing global consumption rates demand more food and energy production, putting more
pressure on ecological systems.14, 15 Ablative Pyrolysis is a technological innovation that allows all kinds of biomass to
be decomposed into a lightweight oily fuel using highly efficient and portable machinery. This technology allows the
sustainable use of resources because energy production does not dependent on finite resources such as fossil fuels,
instead a broad spectrum of renewable biomass can be used.
The agricultural sector is currently responsible for up to 70% of the freshwater resources that are used for
anthropogenic purposes.18 5G in Smart Irrigation can significantly contribute to the increased efficiency of freshwater
use in the agricultural sector. These technologies allow real time responsive systems to precisely allocate irrigation at
the crop level as they improve data processing speed and capacity, consequently reducing the need for freshwater in
food production. Another technological innovation that addresses water scarcity issues is Saltwater Greenhouses. This
technological innovation has a lot of potential for areas struggling with freshwater scarcity issues that therefore need
to rely on brackish water and/or saltwater resources. This technology gives access to water resources that have
previously been unavailable for crop production, directly reducing the exploitation of freshwater resources and
enhancing food and water security.
Methods
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Improving Sustainable Production Methods
Critical to maintaining balance in resource use within SES is the principle of developing sustainable production
methods. Current production methods worsen underlying issues such as water scarcity and climate change, further
degrading the balance in resource use. Emerging technologies can address this by transforming these production
methods into more sustainable alternatives. For example, 5G in Smart Irrigation and Saltwater Greenhouses address
the excessive use and withdrawals of freshwater resources, reducing the risk of water scarcity. This improves water
security for SES without jeopardizing food production levels and food security more generally. Similarly, Ablative
Pyrolysis provides a more sustainable production method with respect to energy as it does not depend on the
combustion of fossil fuels. Simultaneously, by engaging in more sustainable production methods these technologies
also contribute to reducing the negative impacts associated with conventional methods. For example, Ablative
Pyrolysis adds to sustainable production because it generates significantly fewer toxic gases compared to conventional
fossil fuel-based energy production reducing risks to human health. This adds to another important facet of SES that
has been addressed in Chapter 1, namely social-ecological wellbeing. Additionally, by developing sustainable
production methods, new opportunities for alternative applications of the resources become available. For example,
increased availability of freshwater resources enhances the resilience of ecosystems to cope with environmental
disruptions like droughts, pests or fires. Improving the balance in resource use therefore directly affects SESs resilience
and wellbeing and enforces the ecological foundation that is needed for social systems to function and develop.
Decreasing Resource Dependence
Restoring the balance of resource use for SES applies primarily to holistic system contexts. By facilitating technology
that allows local production, dependency on resources from external systems will be reduced. This simultaneously
enhances the ability of SES to remain in balance as resources are to a lesser extent being moved between systems.2
Also, local production of food and energy for local demands allows the utilization of natural resources to be limited to
that specific need, contributing to the sustainability of resource utilization.19 This adds to the empowerment of local
communities for the provisioning of their basic needs and to the ability of these areas to cope with natural
disturbances. The latter will be elaborated in Chapter 3. The technology of Ablative Pyrolysis facilitates local energy
production by allowing fuel to be sourced from domestic feedstock and small-scale platforms and processed in mobile
machines. Saltwater Greenhouses add to the local production of crops using available sources of salt and brackish
water. This allows countries that struggle with water scarcity to produce their own food and decrease dependency on
freshwater resources. 5G in Smart Irrigation similarly decreases dependency on limited sources of freshwater and
enables more equitable resource distribution as excessive withdrawals can be drastically reduced.
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Figure 3. Overview of interactions in Chapter 2 (© https://icons8.com/)
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Chapter 3: Social-Ecological Resilience to Environmental Disruptions
Environmental disruptions act as unexpected disturbances in SES, negatively impacting social-ecological wellbeing
(Chapter 1) and the social-ecological balance in resource use (Chapter 2). These disturbances can also significantly
alter economies and social development. The changing climate in the Anthropocene has increased the frequency and
intensity of environmental disruptions such as extreme weather, floods and droughts.20 Environmental disruptions
therefore threaten harmonious SES interactions. To make SES more capable of dealing with environmental disruptions,
social-ecological resilience needs to be enhanced. Social-ecological resilience can be defined as the capacity of SES to
transform or adapt when faced with environmental disruptions. Adaptation refers to the ability of human actions to
improve, sustain and innovate in the current system, whereas transformability is about shifting the current pathway.2
Achieving resilience is crucial for reaching the following SDGs that all are directly affected by environmental
disruptions: SDG 3 “Good Health and Well-being", SDG 11 “Sustainable Cities and Communities” and SDG 13 “Climate
Action”.
Emerging technologies can play an important role in enhancing social-ecological resilience. This chapter will discuss
the following: Citizen Science (CS), Virtual Reality (VR) and a case study on Digital Platforms. These will demonstrate
how the following principles can be applied to combat environmental disruption:
1.

Fostering Knowledge and Understanding

2.

Broadening Participation and Governance Involvement

3.

Improving Adaptive Capacities

Fostering Knowledge and Understanding
The first step to enhancing social-ecological resilience is to create an understanding of environmental disruptions.
Fostering understanding emphasizes holistic approaches in which the management of environmental disruptions is
well assessed, and trade-offs are integrated. This understanding about environmental disruptions is needed for people
in decision making roles to create resilience-enhancing policies that are fitting to the situation. One of the key
challenges is to promote learning and present knowledge in an understandable way to improve governance processes
that have the capacity to address resilience.12
VR technology is useful in fostering knowledge through immersive experiences. Environmental disruptions that cannot
be experienced beforehand, are difficult to explain and a visual representation helps in creating understanding for
policy makers, first responders and citizens at risk of these disruptions. Furthermore, the urgency to act is enhanced,
as the mind and body experience this virtual space as a lived reality. In addition, CS fosters knowledge and
understanding in the general public through community involvement. The point of view of the community is important
in creating a holistic approach, as they are often knowledgeable about their social and ecological environment. This
will improve resilience at the community-level.
Moreover, Underwater Robotics can contribute to fostering knowledge as it can monitor the impact of environmental
disruptions on the health of marine ecosystems. This knowledge can be used to develop conservation strategies,
thereby increasing the resilience of marine ecosystems and the communities dependent on them. and Governance E
Broadening Participation and Governance Engagement
Participation is an important part of resilience as increasing the diversity of stakeholders makes the process more
legitimate and understandable. Furthermore, broadening participation improves capacity to monitor, detect and
interpret environmental disturbances. It also builds shared experiences, brings in different perspectives and creates
trust through collective action.12
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The aim of CS is the engagement of the general public, which is a reliable and cost-effective means to enhance
resilience. The active involvement of the general public in data collection and knowledge sharing alongside
professional scientists is used for hydrological monitoring. Furthermore, through collaborations between the public,
scientists and governments, involvement of different stakeholders is ensured. This involvement improves resilience
by enhancing legitimacy, trust and understanding.
Open-sourced VR creates many options for participation. With increased accessibility, natural disaster management
could be improved through collaboration opportunities as different perspectives enhance understanding. Different
stakeholders could work in the same virtual reality and create stronger preventive policies against environmental
disruptions, thus improving resilience. Lastly, Digital Platforms broaden participation by connecting small businesses
and encourages collaboration between individuals, communities and the government to facilitate infrastructure,
internet access and assistance. This helps people respond and recover from disasters. proving Adaptive Capacities
Improving Adaptive Capacities
Adaptive capacities entail the preparedness of SES to disruptions or their ability to adjust to disturbances.12, 21
Especially with the rising threat of environmental disruptions, the ability to adapt to these shocks is important to
maintain sustainable economies and societies.12 While this chapter focuses on human adaptive capacities, Chapters 1
and 2 demonstrated several techniques to balance the availability and use of natural resources, which adds to the
adaptive capacity of ecosystems by enhancing their ability to cope with environmental shocks.
Biomimicry, as mentioned in Chapter 1, improves Earth’s adaptive capacity as it tackles the root causes of air pollution.
Biomimicry enhances the capacity of current generations to adapt to environmental disruptions by emphasizing the
value of natural forms and processes that support humanity to survive.
Moreover, Digital Platforms can also be regarded as a way to improve adaptive capacities. Digital Platforms offer Small
and Medium Enterprises business a tool to develop digital technology to increase productivity through digital
connections. Furthermore, VR directly improves adaptive capacities to environmental disruptions through the training
of first responders and citizens. As environmental disruptions are difficult to recreate in real life, VR offers a space in
which first responders can train and gain experience, which enhances their preparedness and improves response
quality and time. Furthermore, VR offers an interactive space in which mistakes and repetitions are allowed. Looking
at CS, the improvement of adaptive capacities is illustrated through expansion and acceleration of monitoring data
collection. This data can be used to avoid, prepare or recover from environmental disruptions. Furthermore,
hydrological monitoring through citizen science is a cost effective and reliable way of data collection when combined
with sufficient training and guidelines for recording and measurement.
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Figure 4. Overview of interactions in Chapter 3 (© https://icons8.com/)
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Looking Forward: Harmonizing Social-Ecological Systems
All species, including humans, depend on each other and are interconnected within SES. This means that the wicked
problems of today require integrated and inclusive approaches that harmonize humanity with ecological systems.
Developing harmonious interactions within SES are therefore vital for the long-term coexistence between people and
nature and contribute to the overall quality of humanity’s social and economic systems. Innovative solutions are
needed to transform unsustainable SES interactions into ones that are harmonious. Emerging technologies can be
used to address key interlinked aspects necessary for harmonious relationships, namely, improving social-ecological
wellbeing, balancing the use of natural resources, and enhancing social-ecological resilience.
The current state of social-ecological wellbeing is characterized by the extraction of natural resources at an
unsustainable rate and a sharp increase in environmental degradation. This is creating an unbalanced relationship
between humanity and nature, which further deteriorates social-ecological wellbeing. Moreover, this in turn threatens
social-ecological resilience, which has negative repercussions for both natural resource use and social-ecological
wellbeing. These unsustainable practices are locked in a vicious cycle, with each aspect affecting the others through a
highly complex network of interrelations. Breaking out of this vicious cycle and transforming this relationship into one
that is harmonious requires fully addressing these complexities and interlinkages.
Against this background, it is imperative to change our way of thinking. To realize this harmonious relationship, we
need to start perceiving nature and our role within the biosphere differently. This includes shifting from a worldview
in which people and nature are separate to one in which people and nature are an integrated whole. Applying systems
thinking to focus on these interrelationships and to address their inherent complexities is fundamental for changing
the current mode of thought. To start on this pathway, we have illustrated different principles in each chapter.
However, these principles do not offer a panacea to achieve the 2030 Sustainable Development Agenda. A critical
assessment of these principles and their shortcomings is necessary too.
Chapter 1 addresses the importance of strengthening social-ecological wellbeing, and the need for recognizing the
interconnectedness between people and nature, widespread knowledge, and interdisciplinary collaboration.
However, this requires a foundation of knowledge related to SES and the complex interactions within them. This
assumes a certain level of organization and education, which is not equally available at the global scale. It is therefore
fundamental for the UN to engage in capacity building for knowledge development, to ensure sufficient understanding
of SES and their interactions across regions. This requires strengthening engagement of different knowledge systems,
including scientific, Indigenous and local knowledge, and promoting collaboration between them.
Chapter 2 illustrates how sustainable resource use and resource use efficiency have great potential for improving
social-ecological balance. Current demands for food and energy increase the pressure human societies put on natural
resources. However, with the help of emerging technologies, a balanced and thriving social-ecological system can be
realized. Improving sustainable resource use in the production of food and energy increases the ability to provide for
these demands, and simultaneously allows a reduction in resource extractions. However, these innovations can only
live up to their sustainable goals when they are not exclusively used to increase production and growth even further.
To allow for a better balance in the use of natural resources, we need to move away from the idea that we can continue
the use of limited resources for the purpose of never-ending growth and move towards more sustainable producing
standards that contribute to the wellbeing, balance, and resilience of social-ecological systems.
While chapter 3 discusses the enhancement of social-ecological resilience to combat environmental disruptions, it is
also important to not lose sight of the root cause of these increased disruptions. Addressing the root cause of
environmental disruptions links to the bigger picture of tackling climate change and sustainable development. It is
evident that enhanced resilience is crucial for our adaptive capacities but decreasing the occurrence and intensity of
24

the environmental disruptions should be the main objectives. This also demonstrates the interlinkages in this report
as addressing the root cause of environmental disruptions requires the principles of chapter 1 and 2.
The three chapters illustrate the urgency for recognizing and acknowledging the highly complex interrelations that
need to be addressed on a holistic system level. This can only be achieved through strong and directive policies shaped
by acknowledged international institutions with the authority to enable change. The UN has this capacity and
therefore carries the responsibility to be a leader in facilitating this new standard. Shifting the attention from growing
without limits to sustaining life within the planetary boundaries can be addressed through specific agenda setting for
policy and decision making and should be supported by international conferences that address SES interactions.
Stressing the cause-and-effect mechanisms of SES will contribute to a greater understanding of those interactions for
governments on the state-level. This also provides a fundamental basis for the setting of standards and rules based on
holistic system dynamics. This report urges the United Nations to dedicate international attention to these underlying
mechanisms that are fundamental for SES and promote this understanding of urgency by dedicating SES interactions
to be one of the key themes during the annual general assembly. This directly relates to the Agenda for Sustainable
Development, adds to the sense of international cooperation on the level of holistic systems and revolutionizes the
way people perceive their relationship with nature.
Solutions to our current complex problems lie at the heart of harmonious SES interactions. The promising value of
emerging technologies as demonstrated in this report have the potential to be effective and efficient in strengthening
social-ecological wellbeing, sustainable resource use and enhancing social-ecological resilience. The understanding of
SES and people and nature as an integrated whole is slowly becoming more prevalent, particularly in academic
research. However, to help fully mainstream this way of thought, the UN can integrate these concepts into its own
Agenda. Specifically, harmonious social-ecological interactions should be regarded as the basis for achieving the SDGs
on time. This is because on the surface, the SDGs often seem to be competing and their interlinkages are not always
fully considered. Instead, the focus is on achieving the SDGs individually. However, an SES approach would consider
these SDGs as an integrated system and consider for each goal both the negative and positive implications. In this way,
the collective objective of the SDGs in creating a more sustainable future is considered in addition to the individual
goals.
Given that emerging technologies are both a blessing and a curse in contemporary society, it is crucial to remember
that global governmental mechanisms are needed to guide this process through adaptive standards and rules that
develop with these technological innovations. These adaptive standards and rules can significantly impact the
direction and purpose of the use of emerging technologies. As has been illustrated above, the true sustainable
potential of these innovations can only be enjoyed when they are used in a responsible manner, without further
increasing the pressure that human societies exert. Standards and rules should be in place to prevent the malpractice
of these opportunities and provide steering to achieve the intended sustainable outcomes. The upcoming decades
provide a fundamental period for the UN to further explore this process of using technologies to bridge people with
nature, and, more importantly, to steer key actors across the globe to include the recognition of a harmonious socialecological relationship within their current practices.
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Key Messages
This Science-Policy brief guides the United Nations through the positions and perspectives needed to achieve a sustainable
future for urban areas and communities through biomimicry. The key messages in this project are:
1. Current urban areas are characterized by high levels of air pollution which remains a transboundary environmental
problem, causing severe health issues and negatively affecting the environment.
2. Biomimicry provides a system-wide solution to urban air pollution by tackling the problem and aiding its prevention.
It is a cost-effective solution which can be applied in many contexts, including in both developed and developing
countries, at a variety of scales and can be implemented by different actors (through either top-down or bottom-up
initiatives). Additionally, it produces secondary benefits that address other urban issues.
3. Currently, the identified barriers and challenges to the implementation of biomimicry in urban areas are socioeconomic, environmental infrastructure and governance related.
4. In order to overcome these barriers and challenges, the collaboration of a variety of actors is key to implementing
biomimicry in urban areas to tackle air pollution. The presented scenarios provide different pathways to make the
concept of biomimicry more mainstream in education, investment and policymaking.

ecosystems. 5 It is a cost-effective solution, using both
low and high technology, which can be applied in many
contexts, such as in developed and developing
countries. Biomimicry can be implemented at a variety
of scales within a city, through the collaboration of
several actors using top-down or bottom-up
approaches. Apart from tackling air pollution,
biomimicry reduces resource use and stimulates urban
biodiversity.

Biomimicry to Tackle Air Pollution In
Urban Areas
Introduction
“Biomimicry is the art and science of people emulating
the best biological phenomena and strategies found in
nature, by providing solutions with positive
externalities, which will create conditions conducive
for human wellbeing and biodiversity on Earth
(Authors, 2020).”

This science-policy brief explores the most important
barriers and challenges to the implementation of
biomimicry in urban areas. Furthermore, it will present
an overview of future scenarios for the adoption of
biomimicry to improve air quality in urban areas.

Air pollution has become a global health emergency,
particularly in urban areas, and is increasingly
contributing to environmental degradation, causing a
rift in the human-nature relationship.1 Air pollution is
responsible for 7 million premature deaths annually
worldwide1, as well as affecting the environment, for
example in the form of acid rain and biodiversity loss.2
It is an issue that affects everyone from low- to highincome countries, yet disproportionately affects the
poor.3

Current State of Biomimicry
The key approach to implementing biomimicry is
adherence to the Life’s Principles: adapt to changing
conditions; be locally attuned and responsive; use lifefriendly chemistry; be energy and material efficient;
integrate development with growth; and evolve to
survive. Biomimicry is about imitating natural forms,
processes, and ecosystems. Accordingly, the approach
to measuring the effectiveness of urban biomimicry is
through the Ecological Performance Standards (EPS),
that relates the services of a building or infrastructure
to ecosystem services of the surrounding natural area.
Regarding forms, the Eastgate Centre in Harare,
Zimbabwe, mimics the ventilation structures of termite
mounds thereby decreasing indoor air pollution and
carbon dioxide (CO2) missions from ventilation. Thus,
energy use was lowered by 90% compared to same-

As human activities are major sources of pollution,
cities have become hotspots for outdoor air pollution.
By 2050, it is expected that two-thirds of the world’s
population will be living in urban areas, making air
pollution a top priority.4
The current measures in place to tackle air pollution
are small-scale and not delivering the desired results.
Biomimicry offers a system-wide solution to urban air
pollution by providing innovative and sustainable
solutions based on the regenerative capability of
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sized traditional buildings and therefore rent for
tenants could be decreased by 20%.5 Finalists in the
Biomimicry Institute’s design challenge mimicked the
electrostatic properties of spider webs to capture
harmful particulate matter in air filters, thereby
improving health of rickshaw drivers in India.6 The
traditional concrete brick is the most used construction
material in the world but produces large volumes of
CO2 and releases black coal into the air, which has been
linked to respiratory health issues. Biomimetic bricks
have been modeled after the way coral converts CO2 to
calcium carbonate, making it a carbon and black coal
neutral process.7 Another process imitation is Ant
Colony Optimization (ACO), which uses algorithms
based on trail pheromone communication between
ants to optimize urban traffic flows and bike-sharing
systems to decrease air pollution from congestion.8
However, there are few applications of system-level
biomimicry to tackle urban air pollution. It is essential
for urban sustainability that solutions are implemented
holistically to make a system and its individual parts are
sustainable.9 Therefore, we investigate the barriers
and challenges to the system-wide implementation of
biomimicry in urban areas to tackle air pollution.

perception that biomimicry is more expensive than
conventional building designs, but it is more costeffective in the long-term through decreased
maintenance costs and energy use.11 Biomimicry
therefore continues to lack a common language for
interdisciplinary collaboration and metrics to help
convince urban planners, investors and the
construction industry to implement biomimicry.
3.2. Environmental - Infrastructure
The biggest challenge to the implementation of
biomimicry in urban areas is changing the mentality in
urban planning and the construction industry. Existing
buildings and infrastructure have not been designed
for adaptability to rapidly changing environmental
conditions. So far, urban planners have used narrow
approaches to urban design and neglected its impacts,
including the formation of heat-island-effects and poor
air-flow circulation, thus stimulating air pollution.
Cities lack the environmental infrastructure to
measure air pollution and filter harmful pollutants.
Hence, urban planners do not possess comprehensive
and real-time data on air pollution needed to prioritize
areas for the implementation of biomimicry.
Moreover, buildings have not been designed multifunctionally according to the principle of evolvability.
Consequently, empty buildings that are designed for a
single purpose cannot be used or are taken down
entirely, with the building materials going to waste,
increasing the demand for new building materials that
increase air pollution. Thus, siloed and short-term
thinking in urban design and construction prevent the
implementation of biomimicry.

Barriers and Challenges
3.1. Socioeconomic
Implementing biomimicry in urban areas to tackle air
pollution is a highly technical endeavor. In order to
implement biomimicry solutions to combat urban air
pollution, multiple sectors will need to interact.
Collaboration between these different actors requires
a common language to communicate properly but such
a language is non-existent. This can partially be
attributed to the fact that biomimicry education is
lacking. There are also relatively few professionals
trained in the field of biomimicry, especially in the
specific context of tackling urban air pollution.
Apart from the need for funding education in
biomimicry, there is need for investment in
biomimicry. However, biomimicry as a building design
is hindered by a lack of awareness of bio-inspired
infrastructure on the part of urban planners.
Additionally, risk-averse investors are hesitant to
invest in novel designs10, and the construction industry
instead uses traditional building methods to deliver
projects quickly and cheaply. In these circles, there is a

3.3. Governance
The current regulation in place forms various barriers
to the implementation of biomimicry and tackling air
pollution. Firstly, current sustainable certification
schemes, such as the Leadership in Energy and
Environment Design (LEED) for buildings limit the
development of innovative architectural designs.12
Current certification often leads to copying past
mistakes, but a trial-and-error process is essential for
innovation in green architecture. Because of its strict
requirements, many biomimicry projects cannot apply
for governmental funding. Another challenge to the
implementation of biomimicry within buildings is the
30

current distribution of responsibility in urban areas.
Current
regulation
disincentivizes
long-term
ownership of buildings, thereby discouraging
investment in sustainable building designs that are
cost-effective in the long-term. This also relates to the
absence of regulation for the negative externalities of
buildings. Thus, building developers are not stimulated
to improve surrounding air quality. Biomimetic
buildings provide ecosystem services beyond what
sustainable certification schemes measure, meaning
their positive impacts remain undervalued.
Furthermore, many countries lack regulations
regarding air quality and have limited institutional
capacity to implement air quality management. Often,
there are no specialized agencies for air quality, and
urban planners lack clear guidelines on how air
pollution should be monitored. If the current
regulations remain unchanged, biomimicry will not
reach the development stage to tackle air pollution.

large structural changes. Much of the funding comes
from the public domain as the municipalities ensure a
system-wide approach to implementing biomimicry
across the city. These public funds also contribute to
biomimicry education in universities where technical
courses are taught across the sciences. Besides this,
technical biomimicry professionals are spread across
different departments and scales in the city working to
ensure a unified approach in all city matters. An
example of this is the collaboration between FRAAI
Architects, the Directorate-General for Public Works
and Water Management that organizes lectures on
symbiotic building in biomimicry. Similarly, Singapore’s
National Water Agency worked alongside the
Environment and Water Industry, Singapore’s National
Research Foundation center and private companies to
develop freshwater desalination technology inspired
by mangroves13.
Scenario 2: The More (Biomimicry) the Merrier
In this scenario, there is an emphasis on the
functionality of biomimicry, through a project-based
approach, to tackle air pollution. Once more,
biomimicry would remain largely invisible throughout
the city’s infrastructure due to its highly technical
nature. However, in this scenario the biomimetic
technologies are integrated into publicized public
buildings such as city halls, museums or iconic
landmarks and private projects and residences. These
projects serve to exemplify the potential of
biomimicry. As public examples of the biomimicry
technology these buildings are produced to the highest
standards and specifications in every aspect of the
building. The total effect on air pollution reduction
depends on the number of projects instigated in the
city. The ease of implementing these projects is far
higher than a system-wide approach. Funding would
largely originate from private sources such as
advocates and technical biomimicry companies.
Likewise, biomimicry experts would be concentrated in
specialized departments and companies. An example
of this scenario is the Japanese bullet-train that mimics
the beak of a kingfisher.14 This large-scale project was
implemented across the entire country, and while it
uses less electricity and emits less noise, it is still
incredibly fast. Its development was funded by the
Japanese government and involved a specialized team

Scenarios and Recommendations
Based on the expert interviews and a literature review,
four future scenarios were developed, which explore
the steps needed to implement biomimicry. The four
scenarios provide a different pathway, all of which are
viable and neutral. None of these scenarios are ranked
in order and one is not preferred over the other. Two
main driving forces have been identified (Annex IV).
The first is ‘future focus’ which explores how
biomimicry will be implemented in cities to reduce air
pollution. The second is 'implementation approach’,
which presents the different types of projects that will
be implemented. The four scenarios are ‘Technology
Reigns’, ‘The More (Biomimicry) the Merrier’, ‘The
Green Revolution’, and ‘Nurture the Nook'. These four
scenarios demonstrate the potential of biomimicry to
reduce air pollution in urban cities and harmonize
social-ecological system interactions.
Scenario 1: Technology Reigns
In this scenario urban air pollution is tackled through
an emphasis on the functionality of biomimicry and an
integrated city approach. Biomimicry remains largely
invisible throughout the city’s infrastructure but, due
to its highly technical nature, significantly reduces air
pollution. Implementing biomimicry in an integrated
city approach is a challenging endeavor and requires
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known as JR West, which included the University of
Kyushu and consisted of engineers and biologists.

Scenario 4: Nurture the Nook
In this scenario, biomimicry is implemented using an
aesthetic project-based approach. A lot of time is spent
on implementing low-tech biomimicry by experts
concentrated in specialized departments, and it is
visible throughout the area. Overall, a reduction in air
pollution is dependent on the number of biomimicry
projects within the city. The funding for these separate
projects comes mainly from private enterprises such as
architecture bureaus and consultancies, and the ease
of implementing biomimicry is higher due to the focus
on separate low-tech projects. In this scenario,
biomimicry would be inclusive for all citizens but also
primarily exist in specific university departments. An
example of this scenario is the Biomimicry Academy,
which has partnerships with private enterprises like
Atos and Interface. Another example can be found in
South Africa, where Biomimicry NL alongside local
citizens has been working on mimicking the process of
wetland system filters to create low-tech gutters with
high discharge that filter out pollutants.

Scenario 3: The Green Revolution
In this scenario, the implementation of biomimicry is
focused on the aesthetics and an integrated city
approach, therefore the use of biomimicry is visible
throughout the city. It is an inclusive approach where
citizens with and without a biomimicry background feel
connected to nature. At a university level, biomimicry
programs are included in all departments. For example,
in Utrecht university, the MSc in Biomimicry is working
with non-educational and non-research departments
within the university to encourage holistic thinking.
Additionally, workshops at university level consist of
different disciplines including designers, engineers,
and businesspeople. Implementing biomimicry on such
a large scale is a challenging endeavor. However, in this
scenario both high- and low-tech solutions can be
incorporated, which lowers the barrier. Altogether,
biomimicry radically alters the face of the city. This
involves the collaboration between biomimicry experts
from both social science and technical backgrounds,
city planners, and municipalities, who aim to integrate
the visibly pleasing technology using a system-wide
approach, greatly reducing air pollution. Funding
would come primarily from the public domain. An
example of this scenario is the 250-acre ‘Gardens by
the Day’ park in Singapore.15 It consists of tree-like
towers, which are aesthetically pleasing and
functional, as they can harness solar energy, collect
rainwater and act as air venting ducts. This initiative is
from Singapore’s National Parks Board, who
collaborated with a British design team made up of
architects, structural engineers, environmental design
consultants, museum and visitor center designers and
communication designers.

Key Areas for the Future
Regardless of the chosen scenario, the UN can support
the implementation of biomimicry in urban areas
through these recommendations below. However,
local municipalities and nations can implement these
recommendations as well.
1. Stimulate
interdisciplinary
collaboration
between professionals, such as engineers and
biologists, and between a variety of urban
actors including communities, private
enterprises and government
2. Make funding available for integrated and
individual biomimicry projects within cities
3. Make biomimicry more visible, physically in
cities and theoretically in education
4. Provide guidance on how to make regulations
more supportive to biomimicry innovation
5. Produce flexible certification schemes that
stimulate innovation in the field of biomimicry
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Key Messages
• The use of underwater robotics can increase monitoring capacity of marine ecosystems more effectively, efficiently,
and safely but there is a need for more support and accessibility.
• Governments and international bodies of authority need to manage the deployment of underwater robotics
through international agreements, regulations, and enforcement.
• Data transparency is extremely important in the success of underwater robotics to ensure that no country is left
behind.
• Interdisciplinary collaboration and multi-level stakeholder involvement are required to support relevant
developments and innovation of underwater robotics as a tool for achieving SDG 14 targets.

Underwater Vehicles (ROVs) and soft robotics. AUVs
are marine robots that are fully autonomous and
capable of measuring various oceanographic
parameters under the control of on-board
computers.9 ROVs are subsea* robots that can
explore the deep seabed using a tether, video camera
and lights.10 Soft robotics is an emerging technology
based on the biomimicry*of marine species (Annex
IV).11 These robots can look, feel, and move like
biological marine animals.12 There is immense
potential for marine robotics to continue developing
as a key technology that enables the implementation
of challenging missions in marine areas.13 The proposed
applications of robotics are monitoring: 1) invasive
species*, 2) biotic and abiotic factors*, 3) trends of
human impact on marine ecosystems, 4) progress of
conservation goals and targets, including SDG 14.

Robotics for Monitoring Marine
Ecosystems
Introduction
The oceans and the diversity of life within it are
essential for climate regulation, food provision, and
human health.1 This makes marine conservation and
ocean governance of the utmost importance for
reaching SDG 14 “Life Below Water”. However, rapid
global environmental change means that the oceans
are facing increasing anthropogenic pressures, causing
marine ecosystems* to degrade at alarming rates.1,2
This has led the UN to proclaim a Decade of Ocean
Science for Sustainable Development from 2021 to
2030, to “develop scientific knowledge, build
infrastructure and foster relationships for a sustainable
and healthy ocean”.3 At the core of this is an increased
need for ocean monitoring to meet societal needs and
achieve effective marine conservation and ocean
governance.4,5 Currently, there are significant spatial
and temporal gaps that exist when it comes to
monitoring marine ecosystems around the world.6 An
emerging technology that can address these
monitoring gaps is robotics. This policy brief will
provide insights into the role of robotics in marine
conservation and the enabling conditions needed to
make this an effective emerging technology for
monitoring marine ecosystems at a larger scale.7

Potential benefits
Increasing Monitoring Capacity
Accessibility and efficiency
By using UR for monitoring marine ecosystems,
interested stakeholders (Annex V) can further access,
explore and monitor the seas. This is because using UR
allows researchers to access desired locations despite
weather conditions or time of day.14, 15, 16, 17, 18, 19 It also
allows for continuous and detailed data collection over
larger areas.18, 19 For example, robot fish can collect
oceanographic data with unrivaled coverage.15, 20 With
the continuous flow of data from UR monitoring
projects, scientists can better understand marine
ecosystems and assess the effects of human activity on
marine ecosystems.15, 21

What is robotics?
Robotics deals with the study and application of
machines that can replace humans in carrying out
tasks.8 This policy brief will focus on the application of
Underwater Robotics (UR) used specifically for
monitoring purposes. These include Autonomous
Underwater Vehicles (AUVs), Remotely Operated
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Human Safety
UR can improve the safety of personnel involved in
monitoring marine ecosystems, as robotics can
conduct initial assessments of the area before divers
are sent on a mission.22 UR could also prove resistant to
external forces such as a global pandemic (COVID-19),
as it is possible to continue monitoring marine
ecosystems with robots.23 With UR, the worst-case
scenario is that the robot gets lost or is irreversibly
damaged.24 However, this is preferable to people
currently entering dangerous situations to monitor
marine ecosystems.25 Thus, UR for monitoring is much
safer than having to send divers to conduct surveys.

Potential risks
Risk to Marine conservation
Intrusion into marine ecosystems
Despite the potential of UR to be less intrusive to
marine life compared to traditional methods, there
remains a risk of negatively impacting marine life.
Firstly, by introducing UR into marine ecosystems,
there is a chance that this will impact marine
interactions and alter behavior.33,24 This is particularly
true if UR is not maneuvered with caution.27
Additionally, this could lead to physical damage to the
environment.27, 17 This points to the need for UR
guidelines to minimize any potential impacts.24 It also
highlights the importance of working with robotic
technologies that are less intrusive in marine
ecosystems, such as soft robots.34, 26

Compared to Traditional Monitoring Methods
Increased accuracy
UR can increase the accuracy of data collection
compared to traditional monitoring methods. These
include tagging*, diver surveys* and transect
surveys*. Human divers and different boat captains
traditionally involved in monitoring missions mean
there may be inconsistencies in the trajectory of
transects. Conversely, autonomous robots are
programmed with the same trajectory each time,
increasing the consistency of the collected data.15, 19
There may also be biases in the way human divers
collect data, for example, if there are distractions
underwater or if the diver must go back to the surface.
This is not the case for robotics, as robots are
programmed for consistent data collection and can
stay underwater longer than human divers.26

Marine pollution
There may also be a “hidden cost for the
environment.”33 If the robots break down and are not
recovered, they remain in the marine ecosystem as
litter.33 UR therefore come with the risk of marine
pollution.33,25 This risk is further enhanced if the robotic
system breaks and causes leakage.33,26,35,24 Without
proper guidelines to ensure the minimization of this
risk, this could have negative implications for marine
conservation.
Noise pollution
In addition to marine pollution, UR can introduce noise
pollution that may negatively impact marine
life.18,33,35,29,24 Noise pollution from other sources can
negatively affect marine life, causing population-wide
and ecosystem-wide changes.36,37 UR may therefore
also present this potential risk.38 For example,
depending on the frequency level used by UR, it is
possible they interfere with communication amongst
marine life.29 A potential solution could be the use of
soft robotics as they are designed to monitor marine
ecosystems silently. However, further research is
needed to fully understand and minimize the potential
impacts of noise pollution from UR.29, 33

Less intrusive
Traditional monitoring methods are often intrusive and
labor-intensive.25, 27, 28, 29 This may intimidate and distress
marine life, causing them to swim away or hide. With
soft robotics, monitoring can be less intrusive to
marine life as they can get closer to marine life than
divers.26,30 UR can monitor and survey multiple aspects
at the same time, meaning only one robot is needed to
carry out the tasks of multiple people. This limits
human presence and its negative impacts, such as resuspending sediments and reef damage to sensitive
flora and fauna.31, 32 This in turn can limit the stress
experienced by marine life. 31, 32

Invasive species
UR can provide a potential pathway for the
transmission of invasive species.39 UR, like micro ROVs,
can be transported among ecosystems in different
regions with relative ease, meaning they can act as a
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vector for invasive species.39 Although introductions of
marine invasive species have not yet been directly
attributed to UR, there are other examples of scientific
research gear acting as vectors for invasive species.39,40
Additionally, invasive species have been found to raft
on marine litter, which may present a risk for broken
down UR.41 Given the significant threat invasive species
pose to marine ecosystems, it is imperative for UR
users to follow guidelines that reduce the risk of
invasive species introduction.39

Stakeholder analysis
Due to the complex nature of stakeholders in terms of
the multiple roles they can play, a traditional top-down
approach* is not suitable for creating the enabling
conditions needed to make UR an effective emerging
technology for monitoring marine ecosystems at a
larger scale.48 In the case of UR monitoring of marine
ecosystems, thirteen stakeholders with varying
interests have been identified (Annex V). They consist
of environmental activists, funding companies,
governments,
Independent
Scientific
Bodies,
Indigenous People and Local Communities (IPLC),
Intergovernmental Organizations (IGO), local fishers,
military
organizations,
Non-Governmental
Organizations (NGOs), private companies, scuba diving
industry, tourism industry and universities. A multistakeholder collaboration is desired to ensure inclusion
and to prevent resistance against the deployment of
UR. This highlights the need to explore different
scenarios of the deployment of UR, in order to fully
understand the role and influence of different
stakeholders in each of the plausible futures (Annex
VI).

Monitoring used for exploitative purposes
Finally, while UR may directly impact marine
ecosystems, they may also pose indirect risks to marine
conservation. This is because there is a “competition
between nature preservation and economic
benefits”16, which means that UR could be used for
purposes that have adverse effects on marine
ecosystems. For example, rather than monitoring for
conservation purposes, UR could be used for deep sea
mining*.16,19,29,42
Societal Risk
Security
UR can also present potential security risks to coastal
states.43 Firstly, UR are at risk of cyberattacks.43,23 For
example, a cyberattack at the firmware/OS level could
allow remote control over robotics, whereas an attack
at the hardware level could allow robotics to be
disabled.44 Additionally, there exists the possibility that
they will be used to further geopolitical agendas* of
states at the detriment of others.45,46 For example, it is
possible for UR to be armed.47 In order to deal with this
risk, it is essential to align the laws of different nations
with the ones of international entities.46 Furthermore,
what on the surface appears to be monitoring for the
purposes of conservation can be part of military
research. This could prejudice the security interest of
states, and it is therefore an “underlying fear” of
coastal countries.43 Similarly, monitoring could also
threaten the economic security of coastal states if the
information is used by corporations or other countries
to exploit its natural resources.43 Coastal states,
especially within their twelve nautical mile limit, are
therefore “very concerned with [their] security”.43

Scenarios of Robotics for Marine Ecosystem
Conservation
The following four scenarios explore the potentials of
the deployment of UR for monitoring marine
ecosystems. At the basis of these scenarios are the
main drivers ‘future focus’, which entails the focus on
the way in which robotics for monitoring marine
ecosystems should be applied, and ‘user involvement’,
that describes the degree to which different actors are
involved in the decision-making process of projects
that use robotics for monitoring marine ecosystems.
These four scenarios are 1) Collective Consumption, 2)
Follow the Money, 3) Slow but Steady and 4)
Sustainable Shortcut. In each of these scenarios
different stakeholders play a key role in the
development and deployment of UR. Moreover, every
scenario comes with its own specific benefits and risks.
This means that each scenario needs its own sets of
regulations.
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Key Enabling Conditions
The specific enabling conditions required for making UR an effective emerging technology at a larger scale depend on
the specific scenario chosen by a policy maker (Annex VI). However, regardless of the chosen scenario, there are some
key recommendations that apply in every case and thus require serious consideration. These are based on all the risks
and benefits described in this policy brief, and on the general recommendations from the expert interviewees (Annex
II). The key recommendations of this policy brief can be found in the table below:

Key Recommendations
•
•

•
•
•

Developing underwater robotics with monitoring capabilities as a tool for achieving conservation goals rather than a
goal within itself.
Underwater robotics legal regulations and ethical guidelines made by intergovernmental organizations, e.g.
International Seabed Authority (deep sea) and marine-related governmental organizations (coastal areas) are
necessary to ensure accountability of stakeholders conducting monitoring research on marine ecosystems. Thus, the
enforcement of these regulations and guidelines are essential in maintaining the safety of marine life and
environment.
Ensuring data ownership of regional governments to monitor the use of underwater robotics within their jurisdiction
in order to guarantee transparency and minimize conflict and risk of data exploitation that may jeopardize the
national security of the region.
Independent scientific body* required to monitor underwater robotics research in marine ecosystems to create a
neutral platform for overseeing this research. This ensures transparency, a high level of trust and that the research
focus remains to be for conservation purposes only.
More funding opportunities for the development of underwater robotics is required for research, to overcome the
current technical limitations. In order to ensure that no country gets left behind, countries should consider
multilateral funds and mechanisms for technology transfer.
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Key Messages
•
•
•

Successful implementation and development of chemical technologies are essential for using natural resources
efficiently and achieving a circular economy.
The roles of governments are highlighted in developing countries in institutional processes as well as in
connecting relevant industries in the plastic supply chain.
Separating solid waste at source will still be a goal for developing societies since it helps recover plastic better
in both quality and quantity, and this should be oriented to the recovery of plastics.

Chemical Plastic Recycling and Why
Chemical recycling refers to processes in which a
plastic polymer is chemically converted to monomers
or petroleum liquids and gases.3 In the case of
monomers, they are further processed (e.g., by
distillation and drying) before being used for other
organic industries (Annex IV).4

Chemical Technology for the Future of
Plastic Recycling
Introduction
Although plastic is intensively used, about 60% of the
used plastic products will become waste that end up in
landfills or in the environment.1 The maximum
recycling rate for plastic that has been archived is 30%
in developed countries with advanced infrastructure
and regulations.2 Up until now, the predominant
method of plastics recycling is mechanical recycling.
This technology is incapable of recycling all plastic
types, requires clean raw materials, and downgrades
product quality during the life cycle. However, most
raw materials in developing countries are not clean due
to insufficient separation of waste at sources, which
results in low quality of recycled plastic products.

Challenges of chemical plastic recycling technology
Besides benefits, there are also challenges with regards
to CPRT that need to be addressed. The following
subsections analyze important economic, technical,
and environmental aspects.
Economic challenges
Economic inefficiency has been identified as a major
concern. Firstly, polymers synthesized from recovered
monomers from chemical processes are more
expensive than virgin materials because of the raw
material cost, capital investment, and scale of
operation.5, 6 Failure to incorporate environmental cost
and benefits equally across industries prevents
manufacturers from choosing recycled material
inputs.7 Secondly, high cost of CPRT is a barrier to
investment capital. In order to have positive profit,
huge investment (e.g., for big plants and expensive
technologies), and aggregation of stable source and
huge amount of waste are required.7, 8 It has been
estimated that a minimum capacity of 15,000 tons per
year is required to achieve economic feasibility for a
Polyethylene terephthalate (PET)* chemolysis
facility.8 Thirdly, market for recyclates has been
identified as an important factor influencing the
economic efficiency. Without a market for recycled
products, installations of chemical recycling facilities
become infeasible.5, 9 Fourthly, sustaining the CPR
facilities is another concern. Disruption of some parts
of the plastic supply chain, such as between plastic

The use of Chemical Plastic Recycling Technologies
(CPRT) provides an alternative to mechanical recycling,
contributing to circular economy targets, and results in
recycled material of higher quality. Chemical processes
have higher tolerance to mixed and contaminated
plastic waste streams than mechanical recycling and
can break down polymers into single monomers to
produce a high-quality product. Thus, CPRT is highly
recommended for the future of plastic recycling.
Currently, there is a lack of support for chemical
recycling for plastic due to technical, social-political
and environmental challenges for greater utilization of
plastic recycling by chemical methods. This brief
explores applications and challenges for chemical
plastic recycling. It includes a case study in Ho Chi Minh
City, Vietnam, and suggests possible policy
approaches.
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scrap suppliers and recycling plants and between
recycling plants with recycled product consumers,
would happen if long-term commitments between the
parties could not be met.8 Finally, inadequate
transparency with regards to reporting the recycled
material content would also negatively influence
recycling motivation (for e.g., reputation, reward, or
competitive advantages) among manufacturers.7 This
is because manufacturers that work at different levels
of effort bear extra pressure from external factors such
as market and regulations.

countries that contribute up to 60% of the marine
plastic pollution.18 Over 80% of plastic products in
Vietnam are produced by provincial governments
through supporting policies, regulations, programs,
workshops, and pilot projects, totaling 6.9 million tons
of virgin material (2018).2 Annual plastic waste
generation of Vietnam in a five-year period (2014 –
2018) is estimated to be at least 3.27 million tons, of
which approximately 20% is recycled and the rest goes
to landfills or the environment.2, 19 In Ho Chi Minh City,
the plastic waste generation is 250,000 tons per year,
of which 19.2% is disposed in landfills17 and 18.2% is
recycled.20 Thanks to scavengers who earn their
livelihoods from picking up and recycling, valuable
plastics (e.g., PE*, PP*, and PET) could be recovered
from mixtures of solid waste. However, this amount is
small in comparison to total plastic generation and
unclean due to poor separation and handling at
sources.

Technical challenges
Only perfectly separated plastic can be converted to
qualified virgin materials.1, 15 This is because different
plastic types are not compatible due to their inherent
immiscibility at the molecular level.16 For instance,
chemical processing of PVC*-contaminated PET will
reduce the quality of recycled PET resin owing to
evolution of hydrochloric acid gas and reprocess PET.
Conversely, a small amount of PET in a PVC recycled
stream will significantly reduce the value of the
recycled material. Not all plastic is the same, which
compromises the ideal chemical recycling process.7
Chemical recycling by pyrolysis of mixed plastic
generates diesel and naphtha, which should be further
refined before distribution and consumption.7 If these
recovered products are used as combustion fuels,
short-lived recycled products could be obtained.
Another alternative is to convert oil to plastic at a low
rate of about 10%.14 The rest can be transferred to
refinery plants to produce combustion fuels.

Currently, plastic recycling is dependent solely on
mechanical processes, for which sufficiently clean and
separated streams of mainly clear rigid plastics are
preferred.21 The existing (mechanical) recycling
facilities are of small and medium scales where
attention has not been paid to environmental handling.
These facilities that utilize a domestic supply of plastic
waste fail to sustain efficient performance due to high
costs for further sorting and washing.13, 14, 22 Therefore,
many of them rely heavily on imported plastic scrap,
mostly PE and PET, which results in an increase of over
166% and 137%, respectively, in 2017.2 On the other
hand, mechanical recycling technology has raised
environmental concerns due to a high loss of inputs up
to 30 – 40% and releasing VOCs* and microplastic into
the environment.25 As a result of these adverse
environmental impacts, the acquisitions of sites and
approval for new investment projects using this
technology face numerous obstacles and barriers from
authority agencies in these years.

Environmental inefficiency
Despite of effective separation, total removal of PVC
from plastic waste mixture can be achieved. During the
pyrolysis, generated acid gases (e.g., HCl) would
degrade the quality of the recovered products, hence
it needs to be removed using neutralizing agents
(CaCO3, CaO, NaHCO3, Na2(CO3)2 or NH3). Consumption
of such chemicals is not environmentally friendly.11

Advantages of promoting chemical technologies for
plastic recycling

Case Study of Ho Chi Minh City
Current situations on plastic waste generation and
recycling
Vietnam has experienced a rapid increase in plastic
consumption, from 800 tons per day in 2000 to 2500
tons per day in 2018.17 It is also one of the five

The development of CPRT is essential and
advantageous in the context of Vietnam towards
pursuing SDG 12 “responsible consumption and
production” and SDG 11 “sustainable cities and
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communities”. The central government of Vietnam has
postulated regulations favoring waste recycling in
terms of land supports and financial incentives.24, 25
This is followed by efforts made by city or residents
from the plastic recycling industry. Regulations on
input qualities in order to reduce plastic consumption
and promote plastic recycling.26, 27 In the coming years,
the authority of Ho Chi Minh City plans to promote new
or advanced technologies for waste recycling and
treatment, which is integrated in the City Programs on
Environmental Pollution Mitigation from 2020 to
2030.22

undetailed and unclear guidelines for solid waste
separation will result in failures in archiving the solid
waste management objectives, including promoting
CPR.22 Guidelines for handling the emissions and
wastewater are necessary to meet the demand of
recycled plastics, as inputs to further manufacturing
industries, which are products standards.
Infrastructural barriers
As discussed, plastic is unclean when following the
guidelines for solid waste separation of Ho Chi Minh
city. This limits the quantity of plastic supply for
recycling. Additionally, since imported plastic will be
fully banned by 2024,2, the alternative supply source
will be interrupted. Therefore, requirements of large
scale and stable supply of plastic are also challenging
for the installation of chemical recycling facilities.
In addition, there has been no large-scale project on
chemical recycling of plastic waste in Vietnam, with the
majority taking place at a laboratory scale.14, 31

According to the Vietnam Plastic Association (VPA)*,
the demand for plastic is about 5 million tons per year
(2016), and is imported from Afghanistan, Korea,
Taiwan, Thailand, China, Japan, Singapore, Malaysia,
and the UAE.28 Meanwhile, domestic supplies can
afford only about 20% of demand.28 The cost for
imported plastic materials is highly dependent on
exchange rates with fluctuations. This is a challenge for
those that rely on imported sources, but an
opportunity for domestic plastic suppliers. Tapping the
full potential of the domestic plastic sources can solve
the problem of material price. It further stimulates the
plastic recycling industry as a whole where CPRT can
contribute the most.29

Social and economic barriers
Several social and economic factors may influence
feasibility of CPRT. Firstly, most communities in
developing countries do not separate waste. This leads
to un-optimized efficiency for chemical recycling with
products mostly being comprised of fuels. Meanwhile,
crude oil prices in the world range from US$20 to
US$30 per barrel, which is considered cheaper than
recovered fuels. This will discourage CPR.13, 14 Secondly,
relevant industries in the plastic recycling supply chain,
such as the chemical industry, petrochemical industry,
and material industry in Vietnam are undeveloped.
Recovered materials from CPR serve as inputs to
chemical and material industries for re-polymerization
(e.g., polystyrene* from styrene) or production of new
materials (e.g., carbon nanotubes from chemical
processing of black plastic).1 Petrochemical industry is
sometimes needed for the refinery of fuel products
from chemical processing of mixed plastic.14 Hence, the
CPR industry will depend on other nodes in the plastic
supply chain.14 Lastly, products from CPR are still
expensive, which discourages investment in CPRT.

Institutional barriers
Although the Vietnamese institutional system
encourages plastic recycling, some barriers exist in
terms of its clarity and comprehension.26 In particular,
Ho Chi Minh city encourages the use of incineration
with energy recovery and waste recycling technologies
to achieve a treatment rate of 80% by 2025 and up to
100% by 2030.22 Accordingly, municipal solid waste is
separated into two types, recycling wastes and the
non-recycling waste.30 The former type includes
multiple recyclables (e.g., plastics, metal, paper). This
means that plastics will be in mixtures of recyclables
before being further sorted and cleansed for recycling.
Although chemical processes can receive unclean and
mixed plastics, the value of recovered products from
such inputs are not as high as from clean and wellseparated inputs.14 In Japan, beverage packaging is
label-off, cap-removed, and cleansed by consumers
before being collected for recycling. Therefore,

Policy Implications
Although various mechanical technologies for plastic
recycling have emerged, more efforts are needed for it
to grow faster than the supply.29 This creates a chance
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for developing CPRT. To do so, authority agencies in
developing countries, especially the central
government, need to consider the following
implications:
• Institutional supports are significant in developing
countries which are characterized by more top-down
and centralized governance structures.22, 26 Strategies
(e.g., promoting CPRT) and goals for recycling (e.g.,
types of waste to be recycled) should be specific and
clear, and guidelines for plastic separation and
recovery should be goal-oriented. Priorities in types
of plastic subjected to CPR (e.g., beverage packaging
plastic), as well as distribution channels (e.g., retail
chain store) should be well identified.

is mainly led or dependent on industries.33 Enhancing
the participation of the plastic industry and other
relevant industries requires government support to
encourage policies. In Vietnam, governmental
authorities at national, provincial and city levels, such
as Congress of Vietnam, MOIT*, MOF*, MONRE*,
and MOST*, have significant roles in directing the
social and economic development and in such
institutional processes.26 Accordingly, regulations
(e.g., level of recycled plastic in products), guidelines
(e.g., solid waste separation, deposit-refund system),
standards (e.g. emissions from plastic recycling
sector), and incentives (e.g., land and financial
supports) are needed in to promote CPRT.26, 29, 34

• Separating solid waste at sources should be a goal for
developing societies as it helps recover plastic better
in both quality and quantity. Solid waste separation
at source should be objective-oriented (e.g., to
recover and recycle certain types of plastic) and
strengthened via educational programs at early ages
and community education.

• Chemical recycling surpasses mechanical recycling in
terms of a wider range of input quality to be
accepted, including mixed plastics, flexible plastics,
films, and those which are difficult to process
mechanically (e.g., PP, PUR*, PA*). Meanwhile,
mechanical recycling can produce higher-end
products.21 From the above interpretation, CPRT is
strongly recommended for the future of plastic waste
recycling in Vietnam.

• Technological issues play a significant role in the
successful development of CPR. Transfer of
technologies can kick off the application of CPRT in
the current context. Long-term strategy should
promote up-scale research,14 catalyst research32 and
foster research collaboration with countries which
have experience in CPRT.

• To develop a market for recovered materials from
chemically processing plastic, it is necessary to have
both supplies and demands that compete fairly and
are social-oriented. Therefore, the roles of large
corporations (e.g., Coca Cola, Pepsi) as well as
governments (e.g., MoIT, MOF) need mutual support
to shape and create thrust to the recycling market.
With that, CPRT can be applied.

• Promoting CPRT should be integrated with other
industries in the supply chain. The chemical industry,
petrochemical industry, and material industry are
potential consumers of recovered materials from
chemically processing plastic for the synthesis of new
polymer materials. The new materials can be
supplied to the beverage industry (e.g., Coca-Cola)
and consumer industry (e.g., Unilever) or packaging
suppliers of those industries. These manufacturers
could lead in shaping social norms regarding the use
of recycled plastic.33
•

• In the development of the plastic recycling market for
CPRT, it is necessary to research on a laboratory scale
(e.g., enhance technology, recovered materials) to
first come up with specific technologies appropriate
for the context and to help achieve SDG12.
• At the same time, it is necessary to set out standards
on wastewater, emissions and waste generated from
the operation of plastic recycling technology by
mechanical methods

The emphasis of CPR is on converting plastic waste
into starting materials for repolymerization, and this
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Common Introduction for 5G-Smart Irrigation and Saltwater Greenhouses
Water scarcity is a pressing issue in the face of the impending water crisis. As climate change continues, this issue
will become more urgent. Nearly half of the global population is already living in areas that are water stresses for at
least one month of the year, and this could increase up to 5.7 billion by 2050.1 Increased water scarcity could have
disastrous effects: 700 million people worldwide could be displaced by intense water scarcity by 2030.2 The
following briefs focus mainly on the UN Sustainable Development Goals 6, 2, 9, and 15. SDG 6 aims to substantially
increase water-use efficiency across all sectors and ensure sustainable withdrawals and supply of freshwater to
address water scarcity. It also aims to substantially reduce the number of people suffering from water scarcity by
2030. It is essential to find more efficient ways to use water. This is especially important in the agricultural sector,
currently the largest consumer of freshwater worldwide and expected to expand due to future population growth.
By combining smart irrigation and alternatives to freshwater, we can greatly decrease our freshwater use as well as
our reliance on freshwater to grow crops. Saltwater greenhouses make use of abundant saltwater or brackish water
to allow for agriculture in places that are usually too hot and dry. This will reduce or eliminate pressure on sources
such as lakes and rivers. 5G will act as an enabler for better allocation of water where it is needed, when it is
needed. This will improve the water-use efficiency, and thus reduce the excessive amount of water in agriculture.
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Key messages
• 5G-enabled smart irrigation will largely decrease the currently excessive levels of water used in irrigation
processes in the agricultural sector.
• Barriers related to data and network governance, inclusive access and societal adoption need to be tackled
in order to implement 5G for smart irrigation in an inclusive, accessible manner that has a true impact on
SDGs 6 and 2.
• Future scenarios indicate a risk of concentration of power and knowledge and consequently, growing
inequalities that could impact a large share of farmers, especially in the developing world.
• Close collaboration between the public and private sector in terms of network allocation, data governance
and inclusive access is required to support further implementation of 5G in smart irrigation.
•
thus facilitates 5G in the upscaling of smart irrigation
to remote areas6,18, thereby having a larger impact on
water scarcity issues related to currently inefficient
irrigation practices.

5G in Smart Irrigation: Exploring
Pathways for Implementations
Introduction
Fresh water is becoming increasingly scarce.
1
The agricultural sector is both a cause and a victim of
this issue2, as it uses about 70% of all freshwater
resources.3 This excessive usage rate is degrading land
and draining water reservoirs2, endangering
productive soils for the future. 5G*, the newest
generation of network technologies, presents itself as
the application that will revolutionize water use in
agriculture.4 Current irrigation systems, especially
systems deploying sprinkler irrigation, are highly
inefficient and consequently use excessive amounts of
limited freshwater resources.5 To eliminate these
inefficiencies, digitalization is needed and 5G is the
technology par excellence to support this digital
transition into smart irrigation. 5G will make
connectivity between devices a lot faster, while
supporting a larger number of devices.6,7 Moreover,
the process of irrigation can be automized using 5Genabled autonomous robotics, making irrigation more
efficient and effective. In pilot projects by Nokia, the
application of 5G on smart irrigation has been shown
to reduce the amount of irrigation water by 30% on
several farms.8

Current debates mainly revolve around whether 5G’s
implementation will contribute to widening or
narrowing the divides between rural and urban areas
or developing and developed countries. Initially 5G was
“designed with the goal of minimizing inequalities in
physical access, in particular differences in access that
arises as a consequence of the rural-urban divide” 9,
promising even that the share of the population that
currently has no access to basic connectivity could
shrink up by half.10 Moreover, the economic and social
benefits would be profound.10
However, delivering connectivity enhancements will
come at a rather high cost, making it uncertain whether
connectivity providers have sufficient incentive to
cover most parts of the world with high-band access.10
It’s likely that late adopters will significantly lose out on
social and economic opportunities.9 Therefore, some
argue that 5G is inherently non-inclusive, as 5G will
“speed the obsolescence of technology low-income
people can afford”.11 Making the deployment of 5G
fairer rather than faster could be a possible way to
decrease growing inequalities.11

Current Debates
IoT-enabled smart irrigation is a technique recently
developed and to this day remains inaccessible for a
large share of farmers6. 5G can make a significant
change in this field, especially in combination with
network technologies, such as LoRa*. LoRa networks
allow wireless communication to remote fields, and
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Challenges for Implementation
As trials mentioned above are set in mid- to highly
developed countries, the question remains whether 5G
could also contribute to irrigation practices in the
developing world. This question is essential, especially
because it is these developing countries that are
already experiencing the highest numbers of water
stress19, often related to the contribution of their
agricultural sector.1 To answer this question, the main
challenges to 5G’s implementation were investigated.
These include governance20, access21 and societal
adoption challenges.11,22 Related to governance, the
main challenges that were identified are the
development of international standards*, ownership
and accountability sharing between national
governments and large (international) telecom
operators, and the development of an effective data
security framework. Accessibility is challenged by the
digital divide*, which also becomes apparent when
looking at digitalization levels in agriculture, network
coverage in rural areas and gender differences in
ownership of and access to digital devices. The biggest
challenges to policy makers adopting 5G in smart
irrigation are low levels of awareness related to its
benefits in irrigation, limited knowledge sharing and
education, partly as a result of the lack of use-cases in
irrigation, and a reluctance to work with 5G.

BOX 1: 5G NETWORK TECHNOLOGY
The newest generation of telecom networks, 5G, is a
technological breakthrough. 5G first accessed the
markets in 201812 and will continue to expand, with
currently 38 countries deploying and 129 countries
looking for pathways for implementation.13 5G
technology was initially developed to make network
slicing* efficient.12 Next to enabling this and thereby
supporting tailored network use, the key
characteristics of 5G are the extremely low latency*,
the ability of 5G to support up to a million devices
per square kilometer and low power consumption.14
These characteristics support 5G’s three main use
cases: massive machine to machine communications,
ultra-reliable low latency communications and
enhanced mobile broadband.15 Experts expect that
on the short to mid-term, 5G will become one of the
dominant networks, occupying a large market share.
6,16,17

BOX 2: APPLYING 5G IN SMART IRRIGATION MONITORING, DECISION-MAKING AND
APPLICATION
A highly promising application for 5G in smart
irrigation is the use of different sensor nodes* in the
field, connected to the 5G network.18,6 These nodes
monitor soil- and crop conditions individually and
transfer the data to the network in real-time.20 The
data consequently arrives at the farmer in the blink of
an eye, having highly accurate information on what
the specific water needs of a specific crop are at that
precise moment.20 Experts argued that using 5G for
monitoring and decision-making purposes, for
example by using these nodes, will be the most
promising application in the developing world, as
these products are relatively cheap and less complex
to handle than other applications, such as 5Genabled robotics.19 Nevertheless, these nodes will
prove to have a high impact on water use on the farm
level, as it will improve farmer’s decision-making
related to the time, place and amount of water that is
allocated. Moreover, 5G will speed up their
communication, allow more data to be processed
more accurately, and will support rural connectivity.18
Applying 5G to irrigation robotics could contribute to
immaculately precise irrigation, which will save water
compared to the widely used sprinkler irrigation*.
However, as these robotics are - and will remain very expensive according to experts on smart
agriculture, they remain inaccessible for a lot of
(smallholder) farms5,6.

BOX 3: CONNECTING THE UNCONNECTED - 5G &
LoRa
Another network technology that is currently
being exploited in smart irrigation is LoRa.9 LoRa is
increasingly being applied to irrigation and
precision agriculture, because of its long-range
that allows wireless communication to secluded
areas with no service.9 However, LoRa is not
capable of transmitting higher volumes of data. As
digitalization in agriculture will continue to
expand23,24, and dataflows will increase as a
consequence, 5G can make a large difference. “For
IoT systems that require the transmission of large
amounts of data, 5G would solve the problem of
the limited amount of data that LoRa can
transmit”.9 An interoperable use of LoRa and 5G
hybrid wireless networks in the future could
therefore be the future of connecting the
unconnected.9
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Pathways for Implementation
In order to describe pathways for implementation of
5G and to anticipate their consequences, four
scenarios were identified. These scenarios are
exploratory, meaning that they entail a range of
possible consequences of strategic decisions made by
the industry, policy makers and consumers. Based on
examination of these scenarios, different effects on
accessibility and inclusiveness are identified.
Policymakers can choose their preferred scenario and
rollout 5G accordingly. In line with policymakers’ needs
and resulting actions, each scenario is equally likely to
become a reality. Finally, a list of policy
recommendations is provided per scenario, taking into
account associated risks.

as use-cases are limited and the business case for wider
society, e.g. SMEs in agriculture, is not clear yet.
Furthermore, the availability of the networks is
expected to be limited to the privately developed
networks, resulting in fragmented coverage.
Requirements of use remain rather high: these early
adopters have the right means and access - including
financial means, electricity, digital literacy and access
to the spectrum - in order to reap 5G’s benefits.
Consequently, 5G-enabled smart irrigation remains
rather exclusive, specifically focused on farmers
already used to working in a high-tech context.
Applications of 5G for smart irrigation are focused on
automatization of the irrigation process to increase
profitability of these early adopters. A major risk of this
scenario is that current inequalities will increase: if only
the early adopters profit from this new technology, the
majority farmers, and especially smallholders, will be
left behind. This risk is serious, because a relatively
large share of farmers is in areas characterized by
water scarcity. Benefits include higher yields for these
adopters, most likely key players in agriculture in the
developed world.

Scenarios: Looking Ahead
The following four scenarios are neutral, meaning that
one is not necessarily preferred over another. They are
based on five main driving forces. The scenarios and
identified driving forces are based on expert interviews
and an extensive literature review (see Annex I, III). The
scenarios are based on two axes: the scale of impact on
water scarcity and the scale of accessibility. The former
explores the goal for implementing 5G in smart
irrigation: reducing water use versus water use
optimization. The latter explores for whom 5G will
accessible: either for the few (elite) users or for society
at large (for the many). The scenarios envision how and
by whom 5G for smart irrigation may be implemented
in ten to twenty years from now, describing specific
risks and benefits of each pathway.

Scenario 2: Competitive Adoption
In this second scenario, 5G’s availability is based on
commercial criteria. The networks are privately owned,
following auctioning of the spectrum by governments
to private companies. Both individual farmers and
large-scale operations use 5G in smart irrigation.
Moreover, there is general knowledge on 5G and its
use-cases, but this is dependent on the application
trend in the specific context. Knowledge is also
commonly shared between farmers who can access 5G
networks. These networks will be available depending
on their applications, but as markets are usually larger
in urban areas, not everyone will have access. Because
of rapid developments and high investments from
private entities, the technology will be more accessible
in terms of coverage. In this scenario, smart irrigation
becomes more inclusive, as user requirements, such as
digital literacy and financial resources, are more likely
to be met by farmers. However, as the spectrum is
privatized, the entry fees remain significant.
Applications of 5G are used for monitoring, decision
making and automation for smart irrigation, as its main
purpose is still to optimize the productivity. Therefore,

Scenario 1: Early Adopters
In this scenario, 5G largely remains exclusive, mainly
available for ‘early adopters’ who can afford to use it
without large scale funding. National governments
have a limited role in the implementation of 5G and
supporting the first use-cases and innovations in smart
irrigation. Use-cases are privately driven and focus on
specific contexts. The ownership of the 5G spectrum is
mostly privatized, meaning that it will be mainly large
private agricultural businesses with sufficient
resources developing their own 5G networks. The
knowledge on 5G and its use-cases for smart irrigation
are concentrated within these early adopters.
Knowledge sharing occurs largely within these circles,
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5G-enabled smart irrigation can be deployed in both
high-tech farming practices and partly as well on farms
using less complex technology. The main risks are
increases in water use as an unintended consequence
and persisting inequalities. The main benefits are the
higher accessibility of the technology and optimized
crop production on a larger scale.

costs, decreases in water scarcity on a local level and a
relative ease to regulate.
Scenario 4: Access for All
In this scenario, the 5G network is accessible for most
farmers – regardless of size or sector – as a result of
government incentives to roll-out 5G through specific
plans. A large effort in rolling out 5G is made by public
entities to reduce water use as a result of current or
foreseen water stress. The ownership is led by public
entities, to control the increased data flows and to
secure data storage and processing. The network has
thus not been auctioned to private telecom operators.
A full coverage of 5G networks is expected, making 5G
accessible for application in remote areas. Levels of
knowledge sharing are high, as governments try to
increase digital literacy and skills, while at the same
time decreasing the requirements of using 5G in smart
irrigation. This results in accessibility of 5G in smart
irrigation for anyone willing to adopt it. Applications of
5G depend on the context: in some contexts, robotics
might be used to finetune water use in agriculture,
while in other contexts – especially where farming
practices are generally low-tech – 5G-enabled nodes
are deployed to make improved and more timely
decisions on the amount and placement of irrigation.
The risks of this scenario are two-fold. First, increased
data flow can pose a threat to data security. Second,
there could be a slow development of high-tech
solutions. The main benefits are the fact that no one is
left behind while limiting water use on a significant
scale.

Scenario 3: Targeted Action
In this scenario, 5G is promoted as a key enabling
technology by governments to limit water use in
agriculture. The coverage of 5G networks is limited, as
it is likely that the technology will be deployed in
certain designated companies or regions. A mix of
public- and public-private networks exists. 5G is mainly
used to automize production processes, thereby
reducing water use. This automatization and focus on
the high-tech applications of 5G-enabled smart
irrigation implies that the technology will remain
exclusive to the companies or regions that have been
designated by governments to make a change. The
level of knowledge sharing is on the lower side, as
knowledge remains in a closed bubble of actors,
though some sharing might happen within a specific
agricultural sector or region. Therefore, requirements
of using 5G remain high. Farms in this scenario are
deploying high-tech solutions and can be used by an
informed public. The risks of this scenario relate mainly
to power and knowledge concentration in the hands of
a few actors, namely the ones benefiting from 5G’s
uses. A big share of the population might be left behind
as well. Benefits include a reduction of water-related

Policy Recommendations
• International standards for data security should be discussed and introduced by relevant/competent
authorities.
• National governments should develop a comprehensive roadmap for the implementation of 5G. This
roadmap should consider the aforementioned implementation challenges, and should at least include the
following elements:
• Clear allocation of spectrums and ensured cooperation with the private sector
• The creation of an enabling environment to develop use-cases of 5G in smart
• The introduction of digital education in public schooling to reduce the digital divide.
• Local agencies should promote the creation of pilot projects using 5G for smart irrigation to raise awareness
on its benefits and stimulate knowledge sharing among farmers and communities.
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Saltwater Greenhouses (SWGH) have the potential to help regions that are affected by food and water
insecurity by allowing them to grow food using seawater/brackish water and sunlight.
Benefits of implementing a SWGH system:
o Using desalination as a source of freshwater will mean not having to rely on freshwater for
agriculture and not having to over extract groundwater.
o Using solar energy for desalination will reduce/eliminate use of fossil fuels in these systems.
o With proper implementation, a region can grow its own food and reduce imports.
Barriers to implementing a SWGH system:
o The main barriers are financial, especially the large initial investment required to get a SWGH
system established.
o Farming subsidies are a barrier to implementation because they discourage innovation in farming.
o SWGH systems must avoid dumping brine (a byproduct of desalination) back into the oceans and
must either use the brine commercially or dispose of it in an ecologically sound manner.

Saltwater Greenhouses
Introduction
Over 2 billion people live in countries experiencing high
water stress.1 Worldwide, about 70% of freshwater is
used for agriculture2. Furthermore, outdoor
unprotected food cultivation can demand more than
four times as much water as indoor or shaded
cultivation3. Greenhouse production is a common
agricultural method. Depending on the crops and
irrigation system, greenhouses have reduced crop
water requirements from 50%- 90%3; 7.

Saltwater Greenhouse Technology
Saltwater greenhouses were first conceptualized by
Charlie Paton, Philip Davies, and the Seawater
Greenhouse company at their first site in Tenerife in
the Canary Islands in the early 1990’s. SWGHs mimic
the water cycle by pumping in salt or brackish water
that is evaporated to cool and humidify the interior.
This creates a microclimate that requires less water for
crop needs. Solar power can be used as their main
energy source. The process includes solar distillation to
create fresh water for crop irrigation5. Another
variation of this technology is being implemented by
Red Sea Farms. They are using genomics for salt
tolerant crop cultivation rather than desalination
irrigation6. Both approaches do not utilize freshwater.

Saltwater Greenhouses (SWGHs) are being poised as
an up-and-coming solution for sustainable agricultural
production in water scarce regions- mainly sunny,
costal, arid regions and marginalized lands. The goal of
this policy brief is to discuss how SWGH could fit into
the overall process of increasing water/food security in
an afflicted region through a social and environmental
impact framework. This methodology considers how
the intervention of SWGH affects socio ecological and
socioeconomic systems. The application and
transferability of this novel technology will vary
according to region. This brief draws from two case
studies: the SWGH of Red Sea Farms in the wealthy
country of Saudi Arabia and a SWGH project in
Somaliland, an area of low economic prosperity.

Advances in Technology
Saltwater greenhouses have had pilot projects over the
past couple decades in hot, arid, coastal areas. Due to
advances in condenser design, building material,
structural improvement5 as well as desalination tech
and renewable energy, they are becoming more
feasible, even in off grid scenarios7. To increase
efficiency in engineering and food production,
operators of SWGHs are utilizing Internet of Things to
receive and send large amounts of info, machine
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learning algorithms to inform management, and
sensors to help control facets of the greenhouse
environments like temperature, irrigation, and
fertilization. 5G enabled Smart Irrigation will provide
major contributions to greenhouse automation by
providing access to real time and precise data about
the internal greenhouse environment. This will allow
for more efficient use of resources like water and
fertilizers.

Potential Solutions
A study conducted in 2000 investigating the uses for
brine leftover from desalination plants in the UAE and
Oman suggested that commercial uses include
recovery of minerals like salt and magnesium,
production of materials such as caustic soda, brine
shrimp cultivation, or irrigation of salt tolerant crops12.
The possibility of both these environmental threats
and solutions depends on the scale of the SWGH being
implemented; currently they are not being
implemented at the same scale or have as much brine
waste as commercial desalination plants.11 Therefore,
the scaling up of SWGHs will enable commercial uses
for brine will be more achievable. Until then, disposal
of brine by using evaporation ponds to drastically
reduce the solution’s volume is the best course of
action when it is used to precipitate salt12. However,
seepage from evaporation ponds can be a problematic
issue9.
There is also research being done to investigate
whether the brine solution can be used as a desiccant
within the SWGH system8; 11. If this is successful, it
would allow for the brine solution to reduce humidity
inside the SWGH, which would make desalination by
evaporation more feasible, even in tropical areas with
humid climates.

Another area researchers are making great strides is in
desiccant cooling6. This is a process of dehumidifying
air for it to have more space to evaporate water into
and achieve better cooling results of the interior of the
GH. Mastering desiccant cooling would enable the
potential to install SWGHs in tropical, humid areas by
the sea as well as arid places, thus, increasing the range
of applicability for the technology.8
Environmental Impacts
The main environmental impact of SWGHs would be
the consequences of brine disposal because disposal
can disrupt ecosystems, especially in semi closed
areas9. Currently, brine from SWGH is not as damaging
as commercial desalination plants. As they continue to
scale up, SWGHs must be managed in a way that avoids
improper brine disposal11. According to data from
Seawater Greenhouse Ltd. the byproduct of
desalination by the SWGHs is a brine solution that is
twice as saline as the original saltwater. This solution
can then be dealt with in a variety of ways ranging from
disposal back into the ocean to commercial uses like
mineral or salt extraction. According to another expert,
a researcher in the field of water use in arid regions,
the brine solution can be safely disposed of back into
the ocean as long as it is spread out over a large area.
The prevention principle, an aspect of social &
environmental impact assessment, states that it is
preferable and cheaper in the long run to avoid a
negative ecological or social impact of an action rather
than fix damage after the fact10. Since disposal of brine
back into the ocean has the potential to be carried out
incorrectly (by concentrating the brine in a small area),
the prevention principle would advise that to avoid
ecological damage, reuse or responsible disposal of the
brine to avoid ecological damage, should be prioritized.

Economics
A majority of countries that are food and water
insecure are unable to afford the initial investment
required to set up SWGH systems11. For example, one
of the current projects being run by Seawater
Greenhouse Ltd. is a SWGH system in Somaliland. The
especially severe water scarcity of these regions leads
to food insecurity, which contributes to a reliance on
imports13 or external food aid. Climate change,
pollution, population growth, and weak institutions
exacerbate water scarcity and could increase chances
for conflict over dwindling resources17. Somaliland is
unable to invest in SWGH due to financial constraints.
The current project, which is not large enough to
significantly alleviate the food insecurity of the region,
is being funded by the UK government with a
partnership with the NGO PENHA (The Pastoral &
Environmental Network in the Horn of Africa).
However, it will require significantly more investment
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(millions of dollars) and greenhouse space (tens of km2)
for the project to make Somaliland self-sufficient13.
A very different example is Red Sea Farms in Saudi
Arabia. Up to 70% of the initial funding will be loaned
to the group by the Saudi government8. During these
two years, the system will have a chance to get
established, the workers will be trained in greenhouse
maintenance and operations, and produce will be sold
to help repay the loan8. Currently, produce from these
greenhouses is being sold online, in local places like
grocery stores, restaurants, and hotels8. Red Sea Farms
currently has two 10-hectare greenhouses runningone in Saudi Arabia and one in the UAE. They hope to
expand to 100 hectares in five years time8. Once the
operation reaches 30 hectares, export markets will
have to be identified. It is expected that the operation
will create enough return on investment to provide a
profit in 3.5 years8. If an initial investment is provided
for regions like Somaliland, then a similar financing
mechanism will be able to help less financially capable
regions establish similar SWGH systems and become
closer to adapting this technology.

amount increases, so does the return on investment.
Scaling up the operations could also open up the
possibility of more efficient setups. For example, a
single large desalination unit could provide water for
multiple greenhouses11. This would also increase the
overall output which would further increase the
marketability of the system.
A typical SWGH will not have to purchase freshwater,
fossil fuels, and additional cooling, heating, and
desalination equipment. This means that both its
operating and fixed costs will be around 10 to 25
percent less than those of a greenhouse that does not
rely on desalination10.
The scale will also affect the produce each greenhouse
can output. Current estimates of production vary
depending on several initial factors such as local costs
of land, materials, and labor. The first commercial scale
SWGH in Port Augusta, Australia is an excellent
example of this. When the facility was first established
in 2009 by Seawater Greenhouse Ltd. it was 2,000
square meters and was capable of producing 100,000
kilos of tomatoes a year14. The facility is now operated
by Sundrop Farms and has been scaled up further to
200,000 square meters 15.

Scale
The scale at which each project is implemented is an
important facet of economic feasibility. Economic
analysis will vary depending on site location type of
desalination tech7. For example: use of specific
materials and structural design allowed for a decrease
in cost for the Somaliland project. Additionally,
desalination technology and renewable energy are also
improving and becoming less expensive11. Improved
desalination technology combined with renewable
energy and efficient irrigation can enable larger scale
agriculture11.

Social Impacts
Small Holder Farmers
Interview data mentions how regional politics and
subsidies play a huge role in agriculture innovation
competition8; 11. Different countries have different
subsidies and import/export economies. For a SWGH
to be successful anywhere, commercial viability is
essential11; 13. While many SWGH’s are starting to
emerge singularly, they are anticipated to fulfill large
scale industrial style farming8. Due to the cost and
technical ability, it is not feasible for smallholder
farming. As this tech becomes more widespread, there
needs to be a conscious and intentional balance
between this form of large scale industrialized and
smallholder farming8. SWGH should not displace small
farmers or compete with markets that support their
livelihoods.

Benefits of Scaling Up
Scaling up the operations of a saltwater greenhouse
would make them more feasible and cost effective in
terms of both construction, marketability, and
environmental impact (as brine could be commercially
used). Implementing SWGHs at a larger scale would
allow the technology and individual components to be
purchased/constructed at a cheaper price per
component. Training employees in greenhouse
operation and maintenance would also be simpler at
this scale. This means that as the initial investment

Gender Implications
The agriculture sector employs the most women in
middle- and low-income countries.16 Interview data
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states that both SWGH projects in Somaliland and
Saudi Arabia aim to create jobs from these projects,
especially for women.8, 13 This would entail maintaining
plants, harvesting, sorting, and packing.8, 13 There is a
need to provide access and skills involving technology
in the workforce.16 SWGHs are a form of technology
that require more specialized training to maintain and
operate the greenhouses and the equipment within. As
SWGH systems elevate and transform agriculture, the
position of women as workers must also be elevated
and transformed so they are not left out of the process
of modernization. While economic empowerment is
important for women worldwide, so is access to
technical training and opportunities to upskill.

Figure 1. Flow Chart Adapted from Brymer et al.,
2016.18

Recommendations
• For this technology to be deployed, there should
be a way to provide investments or loans for the
initial phase of SWGHs. This will help them get
established and, in time, the loan will be paid back.
Nationally and regionally, tax breaks and incentives
for innovative and renewable tech could be
helpful. International funding can be done in
partnership with governments and NGOs.
• The UN should encourage international finance
agencies to provide financial assistance in the form
of loans or grants to governments of financially
challenged countries to help establish SWGHs. This
will allow these governments to afford to establish
a SWGH system that fits their needs and situations.
• The principle of multisectoral Integration, a
concept from social and impact assessments,
states that social issues should be considered in
projects, policies, infrastructure programs and
contributions to skill development and capacity
building in the community10. SWGH will interact
with regions differently, therefore, the cultural
aspects, existing livelihoods, and who has access to

•

•

•
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the technology should be considered (See
flowchart).
To avoid environmental damage from SWGH
operations, incorrect brine disposal should be
prohibited by local governments. There are
solution-based projects on the horizon that look at
harvesting salt, mining it for minerals9, and using it
as a liquid desiccant to be fed back into the
greenhouse cooling system.
Where possible, SWGH systems should be
implemented in place of desalination plants,
because they produce less brine and have the
added benefit of bolstering food security.
As SWGHs begin to become more widespread, a
thorough, regional stakeholder analysis should be
done to understand the impact of a SWGH on
multiple sectors prior to implementation. It should
include participation from communities, not just
project funders. It is essential to have a sustainable
business model that incorporates a triple bottom
line, so the project demonstrate stewardship of
corporate social responsibility.
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Key Messages
Fast pyrolysis is a sustainable and clean method of energy production which has been made more accessible and
efficient through ablative technologies and improved catalytic upgrading.
Ablative pyrolysis reactors can convert a wide variety of plant materials into bio-oils and biochar which can be used
within the community for farming, cooking, or fuel, or it can be sold for a profit.
The use of mobile ablative pyrolysis units can provide economic and social empowerment to low-income communities
and can improve the health and workload for women.
Further research is needed to overcome burdens from large initial financial investments and close research gaps that
currently limit its practicality.

●
●
●
●

Ablative Pyrolysis for Sustainable Energy Production
Introduction

•

Pyrolysis* has been implemented globally for
thousands of years to generate various incinerated
materials such as char. As pyrolysis developed, fast*
ablative pyrolysis is one type that has been explored
for producing biofuels that can be refined to produce
biodiesel [Annex V].1 Ablative pyrolysis* additionally
demonstrates a clean way to decompose biomass,
especially compared to incineration. Further uses
include the production of biochar, which can improve
garden or field crop yields, and can improve the
retention of water within the soil.2

•
•
•

SDG Connection

The novel technological upgrades focus on catalytic
upgrades, ex-situ* and in-situ*. These innovations
help to further speed up the chemical reactions that
aid in the removal of oxygen that results in a higher
quality product.3

The introduction of ablative pyrolysis as a viable
technology source would directly benefit work towards
SDG 7 “Achieving Affordable and Clean Technology”.
Additionally, since ablative pyrolysis is a carbonneutral producer of fuel, it would help replace other
fuel productions contributing to climate change,
working towards SDG 13 “Climate Action”. The
efficient use of biomass and feedstock as input
materials for ablative pyrolysis reactors contributes to
SDG 12 “Responsible Consumption and Production” by
providing unused and surplus of biomass a purpose in
producing clean energy sources.

Potential Ablative Advantages
•
•
•
•
•
•
•

Reduced deforestation from providing alternate
fuel sources for domestic use
Resource sovereignty
Reduce respiratory issues resultant from
traditional cooking fuels
Option to retrofit current oil refineries to refine
pyrolysis produced bio-oil

Mobile Unit Production
Little need to grind materials, reducing costs
significantly
Modest transportation costs stemming from
mobile units and light weight of bio-oil
Large diversity in what can be utilized as
biomaterials
Large diversity in what can be produced – biochar,
biogas, and bio-oil
Efficient systems with bio-oil yields of up to 70%4
Reduction in air pollution compared to burning
biomass

Scientific Debates (Based on Expert Interviews)
Many researchers contend that ablative pyrolysis will
advance sustainable development. Those that agree
point to the high rates of heat transfer, making the
process fast, cheap, and highly efficient. Another area
is the complexity of the technology. Some feel that the
simplicity of ablative technology warrants it for
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sustainable development, especially with the long
historical presence of pyrolysis. Still, others contend
that because of research gaps, ablative is far too
sophisticated for conventional use. Thus, a few
researchers commented that it should not be utilized
or another pyrolysis method like fluidized beds should
be developed instead.
Economically, due to the decreased need to grind
biomaterial, and the lessened material costs for small,
mobile units - ablative is potentially cheaper than other
forms of pyrolysis. Yet, there was wide unanimity that,
because of high startup and material costs, ablative is
difficult to implement without a significant investment.

pyrolysis units and reducing operating costs to produce
bio-oil. The cost of the unit can be offset through the
sale of bio-oil and biochar directly and through the
increased revenue from greater crop yields resulting
from biochar use in soils. Pyrolysis units are already in
use in developing areas, like the Ukraine,6 but
continued research is needed to reduce costs.
Community Resilience
There are difficulties in high costs and the lack of
research in practical mobile units. However,
interviewed scientists still promote the potential for
ablative technology to empower small communities. In
energy justice studies, provincial involvement and
ownership of energy is a key aspect in respecting local
institutions. Ablative mobile systems would require
localized education, training, and direct contact with
the energy source, fostering said engagement.7
Moreover, opportunities arise for job creation and
financial benefits from the use of local biomass, such
as maintenance, feedstock collection, and
transportation.8 Finally, greater energy security is
achieved by communities utilizing their own biomass,
rather than relying on fluctuating fuel prices. In places
where local biomass is burned, bio-oil provides a
pollution free energy generation source.9

The consensus is that more research must be spent on
ablative pyrolysis to further improve it. As well, most
researchers conclude that a huge advantage is that
ablative pyrolysis is more easily transferred into cheap
mobile units. However, few mobile units have ever
been tested, splitting consensus on whether ablative
should be utilized for sustainable advancement.
Sustainability Examinations [Additional information
in Annex IV]
Scalability: Mobile vs. Large Scale
A key feature of ablative pyrolysis is its ability to have
a compact design, with the eventuality of the
construction of mobile units. Preliminary work has
shown that lab-scale units have bio-oil yield of 60%
weight, but the added benefit that materials did not
have to be ground before use.5 Key applicability here is
the notion of utilizing mobile units for local
communities and in the field i.e., farm, forest, etc.
Larger systems present significant problems for
ablative pyrolysis. Maintaining high enough heat,
pressure, and maximizing surface area exposure to
ablation is difficult, so compared to other pyrolysis
methods, ablative is difficult to scale up. Researchers
contend that the focus should be on implementing
mobile units, not only for increasing individual access,
but also for simplifying the design.

Women Inclusion and Justice
Ablative pyrolysis offers a unique opportunity to lessen
the health burden and workload for women, who more
often do domestic work like cooking and fuel
collection. Three billion people globally cook with
polluting sources like wood, coal, biomass, etc. This
alternative, clean fuel, can replace these methods,
which contribute to premature deaths of up to 4
million people yearly.10 Although some harmful
chemicals may still be produced in the ignition process,
heavy particulates contained in smoke from burning
wood and agricultural wastes are drastically reduced
when burning a refined bio-oil.11 Furthermore, the
greater efficiency of bio-oil in electrical and cooking
generation decreases time spent on collecting
biomass.3 Biochar byproducts can serve as an interim
cooking fuel source while the bio-oil is being refined
into a combustible fuel.3 Additionally, the reduced
biomass preparation needs for the ablative units
further decreases time spent on fuel collection.12

Accessibility for Low-Income Communities
Economically, there are large start-up costs for
implementing ablative reactors. However, if the initial
costs are covered, ablative mobile units can be brought
to places with little infrastructure and close to the
biomass source. Thus, providing more access to the
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Travel to different regions becomes more viable with
an increase in fuel availability, which can allow women
to travel for education and help in providing healthcare
for women and their children. Job growth and
increased income could also result with priority placed
on educating women to run ablative reactors.
Additionally, the increased fuel availability can expand
trade, resulting in a rise in produce and food
availability, saving time for women.

Germany-California Reactor
In 2002, the private company PYTEC developed an
ablative pyrolysis reactor at laboratory scale in
Germany that operates at a 15kg/h capacity. Oil yields
are between 50-70% on a dry feed basis. With a need
for renewable fuel technology and an oversupply of
biomass, California was a prime candidate for a
pyrolysis project. Because of the success of the reactor,
an Ablative Fast Pyrolysis System was able to be
transported through module units to California in
2020. The portable system has a biomass capacity of
500kg per hour and produces 200L of bio-oil. This
existing demonstration proves the transportability of
pyrolysis reactors through modular design. This design
model allows for ease of installation with no
unexpected costs and can be fit into standard ship
containers, allowing transport through trucks and
trains. Additionally, the California reactor works
continuously through a computer operated system,
requiring little to no manpower. This allows the system
to operate so that it does not need to be opened or
adjusted during biomass input, which can help inputs
reach economies of scale. These existing reactors
portray the scalability with modular structure and the
feasibility of pyrolysis in practice.15

Case Studies
Underground Lignocellulosic Biomass Reactor
In 2012, there were 300 million metric tons of
lignocellulosic biomass* available in the U.S. alone. As
a whole, it is the most abundant renewable feedstock,
one of the cheapest, and does not compete with food
resources.13,14 Researchers at the University of
Washington invented a new reactor which utilized
Beetle Killed lodgepole Pine as a feedstock. Results
from experimentation found that 98% of biomass was
recovered, with 51.1% of that being light bio-oil. One
breakthrough was that grinding and drying
pretreatment of biomass was eliminated. Before, there
were minimum particle size requirements that would
have to be maintained using mechanized equipment
for precise sizing. This further cultivates a path towards
mobile units that can be run much more efficiently and
without high labor input. Likewise, this exponentially
decreases mechanized preparation costs by over 85%
to less than US$0.50. Researchers concluded that with
further work, the novel reactor can be moved into a
mobile unit.3

Figure 2. Germany Plant Reactor. Copyright 2020
Biogas Energy Inc.

Figure 1. Novel Ablative Reactor. Photo Credit: Wise et
al. 2019.
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Policy Recommendations

laws which limit the implementation of
pyrolysis technologies in some areas;
• Pyrolysis is often categorized with incineration
waste management methods, but does not
foster production of CO2 and other greenhouse
gases.
Encourage the use of pyrolysis technologies for biochar
production as an introduction to the benefits of
pyrolysis technologies on an individual or community
basis.
• Biochar focused pyrolysis can be more
affordable and easier to implement, and
already has numerous policies and systems in
use.
• Biochar production and use can help policy
makers and community members become
educated on the differences between pyrolysis
and incineration, leading to a greater
willingness to implement and fund more
advanced pyrolysis technologies for biofuel
production.

The initial funding efforts should be taken-on by
multiple entities at local, regional, and national levels,
by
non-governmental
organizations
(NGOs),
governments, and private investors. Specifically,
funding efforts may be most successful by seeking
subsidization from countries, companies, and other
organizations with a foundational knowledge in
ablative pyrolysis technologies. Implementing policies
that advocate for ablative pyrolysis can also benefit
other initiatives such as alleviating air pollution and
deforestation concerns.
Current Recommendations:
The best course of action is to implement investments
in continuing the research of ablative pyrolysis, which
will
• Incentivize more scientists to establish a
greater foundation of experimentation to
advance the technology further;
• Fund universities and other institutions to
develop practical mobile units;
o Once progress is made in the
implementation of mobile units, these
can be transferred globally.
• Further expand on the applicability of the
economies of scale to achieve high efficiency
and reduce overall costs.
o Including
investing
in
faster
production of biomass materials and
continuous reactors.
o Creating continuous ablative units
which do not need to be opened and
adjusted in between biomass
additions
Anti-Incineration laws should be reviewed and
updated where necessary to reflect the current
scientific progress in the varied thermochemical
conversion methods.
• A historic aversion to incineration from both
lawmakers and the public has resulted in
generalized anti-thermochemical conversion

Figure 3. Inputs and outputs of ablative pyrolysis.
Biomass inputs are converted into biochar or bio-oil
that can be sent to a refinery to produce fuels.
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Common Introduction - Virtual Reality, Citizen Science and Internet of Things
Introduction
The relationship between humans and nature is becoming more fragile and is getting disrupted more frequently. Since
the biosphere is the foundation on which societies and economies are built, disruptions from the biosphere can
develop in varying ways, including disruptions to environmental health, community resilience, and disaster
preparedness. These can significantly affect social structures by creating diseases such as the contemporary example
of COVID-19. Furthermore, with our changing climate, the harmonious coexistence between humans and nature is at
even further risk of disturbance as the severity and frequency of natural disasters increase.1–3 In order to promote
harmonious social-ecological systems, it is essential to increase cross-boundary resilience against these threats.
The following Sustainable Development Goals are addressed: SDG1 “No Poverty”, SDG3 “Good Health and Wellbeing”, SDG6 “Clean Water and Sanitation”, SDG8 “Decent Work and Economic Growth”, SDG10 “Reduced
Inequalities” SDG11 “Sustainable Cities and Communities”, and SDG13 “Climate Action”. In support of these SDGs, it
is essential to facilitate the use of innovative technologies and find adequate solutions to combat the impacts from
natural disasters on human beings.
Emerging Technologies
Oftentimes with natural disaster management (NDM), there is a gap between knowledge and action.4 Two emerging
technologies have been identified that possess the potential to enhance our adaptive capacity for environmental
disruptions and natural disasters: Virtual Reality (VR) and Citizen Science (CS). Furthermore, a case study will present
digital platforms, which addresses environmental disruptions that severely impact the economy.
VR technology provides visual simulations to create a vivid first-person experience. Temporal, spatial and social
differences are lowered by immersing people into a certain location or experience.5 This immersion can be seen as a
bridging tool between knowledge and action, by visualizing what can happen, what is happening and what has
happened. VR is an innovative addition to NDM as it provides a non-destructive and safe technique to recreate natural
disasters.6 It enhances the understanding of what kind of damage is caused, how to better prepare, and shows the
possible ways to recovery.7
CS is described as the process of research design, data collection, knowledge sharing, and analysis by members of the
general public alongside professional scientists.8 CS has quickly become common practice in environmental monitoring
for its ability to engage communities and accelerate data acquisition, through cost-effective and reliable means.9,10 In
developing countries, there is often insufficient hydrological monitoring, creating uncertainty in hydrologic processes.
CS can generate this data by accelerating data acquisition and providing reliable data, needed to more accurately
predict and mitigate flooding and drought disasters. Through a collaborative approach with sufficient training,
compensation, and methods validation, CS provides high-quality data, thus improving understanding of hydrologic
processes.11–13
Digital platforms connect customers, employees and business partners to handle end-to-end business processes, and
strive to implement a data-driven world.14 To reach this goal, the traditional organization of policies, investments and
operation models need to be rethought. Collaboration between individuals, communities and the government is
essential to facilitate internet access and provide the necessary infrastructure to enable access to digital platforms.
Limited mobility has an impact on people's livelihoods, specifically small and medium enterprises (SMEs). Digital
platforms can be developed to overcome existing problems for SMEs, such as the global COVID-19 pandemic.
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Outline of Policy Briefs
The following two policy briefs will illustrate the benefits and barriers of both technologies and provide future
recommendations for decision-making. The policy brief on Virtual Reality demonstrates how the technology is
currently used in natural disaster management and what possible future scenarios are. The Citizen Science brief
describes how CS is currently used in hydrological monitoring and policy implications of utilizing CS-generated data in
decision making. Finally, a case study will be presented regarding emerging technologies that can combat the impacts
of COVID-19 on SMEs in Indonesia.
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increase public awareness of flooding and drought
disasters while building connections between science,
governments, and communities5 (SDG 4 and 17). Many
successful practices proved that the participation of
communities in HM greatly promotes knowledge cogeneration and support water resources management.

Citizen Science and Hydrological
Monitoring
Introduction
Climate change and urbanization are exaggerating
flood and drought risks globally.1 Increased frequency
in extreme weather with growing impervious surfaces
immensely changes hydrologic processes. This results
in streamflow uncertainty, and increased need for
hydrologic monitoring and risk assessment.
Traditionally, monitoring is carried out by official
agencies, that require high costs for employment of
trained professionals and the use, maintenance, and
calibration of high-tech monitoring equipment.2 These
high costs can limit the spatial and temporal resolution
of data collection, often producing unactionable
measurements in many regions. Especially for
developing countries, the lack of well-maintained and
sophisticated
hydrometeorological
monitoring
networks has become the bottleneck for establishing
an effective monitoring-warning system. With limited
information about increasingly unpredictable natural
disasters, it is difficult for decision makers to build
flood resilience for those regions.

Opportunities of CSHM
CS is a cost-effective means to generate reliable data,
while having the ability to be customized to a
community’s needs, both social and hydrological.
Although CS, includes various forms of participation, in
the majority of CSHM efforts the public were involved
in data collection or sampling activities.6 Many studies,
however, emphasize the importance of community
involvement throughout the design, recruitment, and
implementation phases to engage with participants as
partners rather than as citizen sensors.7-11 Regardless of
the level of participation, data needs, or
socioeconomic structure, a CS program can be
designed to reduce error and save costs while
producing necessary information for use by
community planners to reduce the risks and impacts of
flooding and drought events.8,12

Participatory hydrologic monitoring activities become
more viable with the expansion of communication
technologies.3,4 Citizen science-based hydrologic
monitoring* (CSHM) is emerging as a good approach
to overcome existing data gap problems. With
intelligent data analysis methods, CS* can be a costeffective way to provide high-quality hydrologic
monitoring (HM) data (SDG 6 and 13). CS is also an
important tool for environmental education, that can

Adaptability of CS
The application of CSHM can be tailored to a
community's needs. Due to different geomorphology,
climate and human factors, hydrologically induced
natural disasters are also diverse. For example, in
mountainous regions like Nepal, floods and landslides
are considered the most devastating natural
hazards.8,13 CSHM includes the collection of
precipitation, flow rate, stage, groundwater level, land
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cover, and soils data.7,14 However, water level and
precipitation are the most informative hydrologic
monitoring data.
There are a range of tools and approaches for citizen
scientists to collect and report their observations or
classifications. Most projects used websites as a major
route for involving people in the project. Other data
gathering platforms include smartphone apps, social
media, email, text message., etc.7 It is possible to apply
a custom taxonomy that allows observational data to
be entered at varying levels of certainty during the data
submission, to avoid unreported observations due to
participant uncertainty.13

personal cell phones.4,5,7,13,15,20-22 By utilizing technology,
the community is familiar with and has easy access to
it. This not only empowers participants, but also allows
for greater volumes of data, at higher spatial and
temporal resolutions as compared to unfamiliar
devices.11,23 This additional coverage eliminates travel
costs for researchers and improves documentation of
the natural spatial and temporal variation in hydrologic
systems.6 By utilizing personal cell phones, it becomes
convenient for participants to report observations
during their daily routines since participants typically
keep these devices with them.15 Another cost saving
approach is to utilize local resources, for example the
SmartPhones4Water initiative in Nepal utilized soda
bottles as rain gauges.13

According to the interviewed experts, CS is moderately
effective to improve community resilience against
disaster events in communities with insufficient HM
data [Figure 1]. See Annex V for an example on the
adaptability of CSHM, the Tanzania Urban Resilience
Program.14 CSHM activities should enhance
participation of women, youth, and other
disadvantaged groups in the scientific process. Due to
the simple data collection process, people of most age
groups and backgrounds can easily participate. Based
on demographic information received from
interviewed experts and publications, there is evidence
of diversity in participation.13,15,17,18 Although
participation is open to all, most research shows that
participants are disproportionately white, highly
educated, and affluent. These participants are often
motivated by personal interest, the desire to learn, and
to contribute to science.19 The optimal way to promote
diverse participation is to employ valid incentives and
sufficient compensation across groups.

Data Integrity
A common concern with CS is the accuracy and
reliability of data, however an increasing number of
studies have shown that data produced by citizen
scientists is equal to or surpasses that of
professionals.24,25 These studies incorporate data
quality and assurance plans into the CS program for an
initial and continual test of data validity.15,24 A common
and valuable aspect of these plans is participant
training. In addition to creating a better prepared set
of data and sample collectors, this training can
promote
more
informed
and
empowered
26
communities. Some note that required training may
deter participants, however this can be offset by
participant compensation for the additional
commitment.27 Interviewed experts agreed that CS
data is of moderately high quality but emphasized that
data quality improves with proper procedures and
validation [Figure 1].

Costs
CS efforts show potential as a cost-effective means of
data collection and can reduce tedious research
problems [Figure 1].20 While initial costs may be
comparable to traditional research, as the number of
observations increase the costs become comparably
lower than data collected by a professional or an
academic team. Overall, it is not recommended to
employ a CS effort if the costs are comparable to or
greater than that by professional means.15

Effective Framework of CSHM
CSHM initiatives can help monitor and manage
sustainable development goals and disaster
management.27,28 Based on the expert interviews and
literature review (using horizon scanning and the
Delphi method), a framework was developed that also
incorporated important aspects of the 10 guiding
principles for CS presented by Robinson et al (2018).29
The framework considers commonly faced issues in
CSHM with a special focus on disaster preparedness,
response, and management [Figure 2].

Many CSHM efforts save costs through crowdsourcing
of equipment required for participation, for example
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Other issues of intersectionality are also important
here, such as gender and whether the participants are
from rural or urban regions. In some cultures, women
tend to be a lot more hesitant to participate and even
in countries like Mongolia where the literacy rate of
women is higher, there is a gender gap between
women in higher government and civil services
positions. Encouraging women to participate by
arranging special CS activities tailored for them and
around their needs would assist in encouraging more
women in STEM, as is the goal of many CS projects.

Data Needs and Project Objectives
Prior to implementing a CS program, one must
evaluate community data needs and establish project
objectives. The primary goal of some projects, such as
Mapathon by the Public Lab in Mongolia, are for
education while data collection is secondary.30
Important questions to ask include 1) What hydrologic
monitoring data does the community already measure,
2) Is this information sufficient on its own, 3) If not, why
is additional data necessary, and 4) How will the data
be used? This is to ensure that any data that is being
collected is also of use to the local population and not
just for external research purposes. It would help in
training the local population in data collection and
develop a strategy that would involve them beyond the
role of ‘sensors’ and act as partners to create a more
collaborative approach to CS.8,31 When applying CSHM
for disaster management, it is important to identify the
victim communities so that those that are most
vulnerable would benefit the most by the CS projects
that are implemented.28

When the CSHM project is being implemented, it is also
important to identify the existing local resources and
technological infrastructures. Such evaluations can
help in developing effective education and
technological literacy programs to be implemented in
those regions for CSHM that rely on relatively complex
systems. It is recommended, based on interviews and
literature reviews, to incorporate existing technologies
such as cellphones or smart phones in the regions and
what types of bandwidth capabilities those phones
have before developing and implementing CSHM
projects. Providing and training the local population
with smartphones could also be used as a potential
incentive, especially if the availability of a cellphone in
a remote area could potentially save a life. Therefore,
an important aspect of this would also be to use local
knowledge and empower local people.33,34

Public Socioeconomic Conditions
Although CS is a way to democratize science and data
to encourage participation it also needs to consider the
differences for CS frameworks in developing and
developed
countries
(e.g.,
local
cultural,
32
environmental, and religious values). The program
region should also be evaluated for the socioeconomic
situation. It is important to identify who will be taking
part in CS. If the demographics are generally older
people, then the technological devices used need to
simplify and made it easy to use and accessible and
read. In major parts of the world, CS is being used by
volunteers and is also considered something only those
who have the privilege of time and money could spend.
It is also important to consider that important
monetary compensation is being made to the
participants of the CS initiative based on their
contributions. Such income and time availability should
be taken into consideration when developing a CSHM
project especially being implemented in the vulnerable
regions that have lower economic status such as
developing countries, or those victim communities
impacted by natural disasters such as floods.

Resilient Technology
Under technological resilience, it is important to
consider technologies that look at participant
demographics (such as age, gender, technological
literacy), affordability and accessibility of that
technology (such as connection and signal strength),
and the fitness of purpose.35 After evaluation of local
technologies infrastructure, it would assist in making
informed and thoughtful decisions about selecting
resilient technologies. Resilient technologies would be
those that could withstand disasters (which would
become a lot more common due to climate change)
and other disturbances as the world changes. Two
main properties of such technologies would be that the
local population is familiar with the use of the said
technology, and second this would give them the
ability for the local population to fix the equipment if it
78

is damaged. These technologies could include weather
monitoring stations that are built by employing local
populations and are maintained by those people or it
could also include cellphones and smartphones being
used by the CSHM participants. Assisting in
development of local equipment would not only give
the employment opportunity through skills-based
learning, but also make technology more resilient as
the local people would be able to fix the monitoring
equipment if it were to fail or break.13,33

Participant and Data Protections
An important aspect of CS is data security and
participant protection, especially since CS and open
science movements are growing together in a complex,
but complimentary matter.36 Studies have also focused
on intellectual property, research integrity, and
participant protections when it came to CS work.35 The
open-science aspect of CS can place participant’s
sensitive or private information (PI) in danger of
exposure and could harm them considerably.35,37 It is
important to enact data protections to ensure
participant privacy. This includes proper coding of the
participants' PI as some of this information could
potentially place the participants in danger. For
example, if a participant only reports data about the
stream next to their house, geotagged information
should not include participant PI. The researchers may
use this information to assess participation and track
project logistics, however this should not be made
publicly available. It would be important for CSHM
projects to follow local human subjects research rules
and ethics, such as Institutional Review Boards (IRB) in
the US. The framework also recommends considering
data transparency as CS is in the realm of open science,
the data collected through CSHM projects even for
disaster management should be made openly available
to those who seek it. It would also be important to
consider how that data is being used. The data should
in the end be used to empower the local indigenous
communities.

Recruitment and Continued Participation
The framework in this policy brief takes into
consideration the cultural and personal motivations
that ensure recruitment and continued participation.
Participation inequality needs to be taken into
consideration when analyzing data generated from CS
venture.19 Experts have mentioned that people
participate in CSHM projects for various reasons. For
some, the opportunity cost of foregone income to
participate is insurmountable, unless they could still
provide for their household through participation.
Citizen scientists can be financially compensated for
data collection, as done by SmartPhones4Water in
Nepal, and the Tanzania Urban Resilience Program.15,16
However, it is also important to appeal to personal
motivations for participation. For others, culturally,
they are intrinsically motivated to take part in
volunteer projects. This is especially important to
consider for members of victim communities, who may
become involved in CSHM projects to support
improvements to community infrastructure and
resilience against future disaster events.
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Key Messages
•
•

•

Virtual Reality proves itself to be instrumental in all three phases of natural disaster management:
preparedness, response and recovery by bridging the gap between knowledge and action.
Even though some barriers, such as price and user experience, are projected to be improved or even
overcome in the future, proper action still needs to be taken to ensure effective and efficient implementation
in natural disaster management.
Policy- and decision-makers are able to influence the future development of Virtual Reality in natural disaster
management: the described scenarios and key recommendations give guidance to do so.

and drones to improve prediction of forest fires and
support coordination on the ground.8 Further, VR is
used for real-time response during natural disasters via
information systems, for example forecasting and
visualization of wildfires in virtual GIS*.10,11,21 VR
recreates what is happening in real time by combining
the location of human and material resources with the
propagation of wildfire, enhancing decision-making on
the ground.7 Finally, for disaster recovery, VR is
essential for the reconstruction of buildings, as it
provides a safe environment to recreate and illustrate
the possible pathways to recovery.11,12,14 In general, VR
proves crucial when a situation is Dangerous,
Impossible, Counter-productive, or Expensive (DICE),
which is the case with most natural disasters.13

Virtual reality to Strengthen Natural
Disaster Management
Introduction
Due to the growing occurrence of natural disasters all
around the world, there is an increasing need for more
efficient and effective natural disaster management
(NDM)*. NDM is the systematic process to save human
lives, divided in pre-, during-, and post-disaster
actions.1 However, a gap between knowledge and
action exists in all different phases of NDM.2 Firstly,
due to the nature of natural disasters, it is impossible
to prepare and train under real-life conditions, limiting
the learning experience of first-responders, civilians
and
city-planners.
Next,
during
disasters,
communication is key to reach people and to arrive at
locations in most need of assistance. Lastly, as a result
of destruction and devastation, it becomes difficult to
visualize possible pathways to recovery, since danger
levels are still high, and resources are scattered. VR
poses a solution to all these problems and its
application in NDM will be essential in the future
[Annex IV]. Moreover, VR cannot be ignored anymore:
it has grown exponentially over multiple markets and
is projected to have a worldwide revenue of USD 40
billion by 2024.3,4

Benefits
Preparedness [See annex IV for elaboration]
With VR, first responders and citizens can be trained in
situations that cannot be simulated in any other
way.17,22 Simulations create a sense of confidence, give
first-responders space to practice and make mistakes,
and improve their reactions during a disaster.11,14,17,22–
25
Citizens, including vulnerable communities, can also
be trained. For example, by showing them possible
evacuation routes.20,23,24,26 Through training, their
ability to evaluate risks increases and their reaction
time reduces.19,22 Furthermore, many people are
unaware of the risks of natural disasters.11,15,17,19 VR
can, through its immersive experience, create
consciousness on urgency to act.15,22 Additionally,
natural disasters can be simulated in existing locations,
and through this recreation, fragile infrastructure and
danger zones can be pointed out.5,12 This new way of
risk assessment can directly determine how many
resources the city and community need to improve

Current Use
Already, VR is used to simulate floods, earthquakes
[Annex IV], wildfires and hurricanes in all three phases
of NDM.5–9 In preparedness, VR is used for simulations,
training, early warning systems, monitoring, and
awareness raising.10–22 It can be used together with
smart systems based on artificial neural networks*
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resilience for future disasters, which is one of the most
effective long-term strategies.12,18,26 Furthermore, VR
offers collaborative immersive spaces which allow
different experts worldwide to work together in the
same virtual environment, creating more enhanced
and coordinated solutions.5,12,17,19,22

Barriers
Data Security
To accurately visualize the virtual world, data needs to
be tracked and integrated directly during the VR
simulation. This data can be information, such as city
maps, but also more sensitive data, such as biometric
data, the user’s interaction movements with the device
and personal information.10,15,20,29 It needs to be known
if and how this data will be saved, sold and what it will
be used for by companies providing VR experiences.15
To get to the forefront of this issue, decision- and
policymakers will have to decide early on what
protections should be in place for personified data,
especially in an emerging technology like VR. 10,14,15,30

Response [See annex IV for elaboration]
Through the training of first responders, the quality of
response during natural disasters improves. Muscle
memory is developed because their mind and body
have been in the situation before.15,17 Through the
improved orientation in VR and the experience of first
responders, more knowledge about possible natural
disaster scenarios is gathered. This can create better
decision making on how and where to respond.
Furthermore, VR enhances the understanding of
different elements in infrastructure, such as power and
waterlines, consequently improving decision making
without the risk of neglecting these elements.27
Through technologies such as VR-glasses, better
response during a natural disaster is possible by
directly sending data to people in command who can,
in turn, develop a more accurate response.10 Another
example is the tracking of wildfires with drones and
360° cameras, which help to develop a real time
algorithm to locate the fire.7,20

Price
Even though the development costs of VR applications,
its software, and the devices have dropped, the price
remains a significant barrier. Multiple experts have
indicated that the price of the development and
production of virtual environments are currently still
too expensive to be widely used.11,12,18,19 Especially for
public research institutions, the technology is not
readily accessible, and the price is perceived as a
significant barrier to its use in. However, if compared
with the costs of recovery of natural disasters, these
investments in NDM are extremely important, since
they are only a fraction of the necessary money for
recovery in unprepared areas.11,18,22

Recovery
Through the enhancement of preparedness and
response, also the recovery phase improves and the
time to return to the initial state decreases
significantly.19 Besides, the enhanced visualization of
the aftermath facilitates recovery by pointing out the
most critically damaged areas and identifying missing
infrastructure to create routes of alternative access.26
Recovery plans are improved, resource suppliance is
better coordinated, and rescues can be accelerated
when drones, 360° cameras, infrared cameras are
coupled with VR.27,28 The collaborative ability of VR
enables multiple teams to work on one virtual
environment at the same time, contributing expertise
from different fields and perspectives.5,12,22 In virtual
environments, critical infrastructure or damaged
buildings can be recreated inexpensively to reconstruct
and display possible ways to recovery. 5,11,12,22

Availability
Within availability, two problems arise when looking at
VR and NDM: internet connection and available data
bases necessary for software development.12 Internet
connection is crucial for the real-time use of VR,
especially when utilizing it during natural disasters.
Moreover, low bandwidth potentially limits the
applicability during natural disasters as well, since
reliable real-time information cannot be guaranteed if
bandwidth is not large enough.10,20,30 Moreover, the
creation of virtual simulations of natural disasters
requires large quantities of datasets in order to run
smoothly, hence the availability of data bases for
software development hinders its usage.
User experience
Cyber sickness is one of the often-mentioned limitation
in the usage of VR, which is assured to improve in the
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future as the technology develops.10,11,13,17–19 However,
it is advised to not keep the headset on for more than
30 minutes, or 5 to 10 minutes for teenagers.13,16 VR is
still a simulation in which it is impossible to experience
all the senses of the real world. Fire hazards, for
instance, can be simulated, but smoke, wind and the
sense of smell are not possible to simulate as of
yet.11,17,22 Related to the user experience, is the
currently existing male-bias related to the hardware of
VR. Here, the head-mounted devices and controllers
are not tailored to women as they are not comfortable
for female heads, hair and hands.10,12,13

due to the focus of the private sector on profitability,
transparency on data collection is only considered
when it is in their interest. The price of VR can result in
a digital divide as not all actors can purchase it.
However, poorer realities are not left out, as they can
count on disaster relief organisations, that together
with local governments, are the main purchasers of VR
for NDM. In this future, NDM is mainly focussed on
response, where its highly effective through the
context-specific solutions, and preparedness, where
efficiency is guaranteed due to the creation of exact
environments where first responders and citizens can
train in their local surroundings.

From Present to Virtual Reality Futures
The following scenario analysis presents four future
developments of VR in NDM. All of them are
exploratory scenarios, equally likely to be chosen and
policymakers are influential in which scenario becomes
reality.31 The main driving forces [Annex V] are
software application and software availability.
Software application is framed in between tailored and
standardized, signifying for which kind of customer,
disaster and location VR software has been developed.
Software availability is framed as open-source or
closed-source, which entails if the source-codes,
design documents, and content are made freely
available or are distributed under licensed agreement,
respectively. The subsequently designed scenarios are:
Niche Realities, Virtual Selection, Structured
Innovations and VR in this together [Annex VI and VII].

Virtual Selection
In this scenario, VR software is tailored to specific
locations, disasters and situations, incorporating the
needs of the local community, who easily utilize the
technology as the threshold is low. The quality is
increased, however, the development is time
consuming and not streamlined due to VR being opensourced. Nevertheless, because VR software can be
freely transformed and modified, development is
broadened, and experimentation opportunities are
brought to the table. However, since many can access
the software and government have not pushed for
data regulation, data transparency is not guaranteed.
Also, the private sector is not interested in investing in
VR for NMD as its software is fragmented and
accessible for everyone, so less profitable.
Nonetheless, the private sector collaborates with other
stakeholders as the production of VR hardware is still
profitable and demanded by the market. To stimulate
its usage in NDM, governments provide incentives,
such as subsidies, grants and promotional programs, to
level the lack of private investors. Furthermore,
decision-making on where, when and how to use VR in
NDM is done by local governments, although they
mainly use it for preparedness and recovery. For
instance, in this scenario civilians can be immersed into
their own local environments during virtual natural
disaster training and local engineers can investigate
specific infrastructural improvements for their town.

Niche Realities
This scenario is characterized by steady innovation of
VR in NDM, stimulated by high investments from the
private sector. As the technology is closed-sourced,
specialized VR companies, corporate tech giants and
NDM corporates are the main distributers of VR.
Consequently, VR products are high quality, are well
integrated and prove to be highly profitable. The
quality is substantial as it is tailored to each given
situation, natural disaster, user, and context.
Therefore, the effectiveness of VR for the specific
disasters is particularly high. Local governments have
high interest in VR’s use in NDM since decision-making
is mostly left to them and virtual environments can be
completely tailored to their needs. This increases cost,
but quality and effectiveness are prioritized. However,

Structured Innovations
This scenario is characterized by applications of VR in
NDM that are standardized, facilitating broad public
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use. High standardization lowers development costs as
specific conditions do not need to be met and one
software is consistently applied. This appliance is
supported by the low threshold for using VR in NDM
and facilitated through international collaboration and
decision-making. For instance, VR is used widely in
training for natural disasters, however, without local
conditions. Overall, preparedness is improved because
everyone is trained in frequently occurring situations in
natural disasters. Moreover, cooperation between
world-wide experts is possible because of international
coordination in NDM and open-source VR software,
which is proven crucial during disaster recovery. Even
though VR is open-sourced, the hardware and software
are licensed out by private companies and overseen by
a certification body, which creates some general
standards for VR. The certification body is established
by the government and helps to reduce the amount of
fragmentation, which decreases possibilities of
experimentation, limiting technological innovation. In
this scenario, governments are the major investors and
encouragers for VR in NDM, as the private sector
concentrates on development and distribution of the
technology in other sectors. The government offers
funds and grants to level this private disinterest in
NDM. Finally, data collection is transparent as the
government, due to public concerns, has cautiously put
in place regulations on the collection and use of
personal data, but privacy issues are not completely
overcome, as the technology stays open-source.

awareness and train citizens, the recreation of a
specific and localized environment is not necessary.
Rather, most participants are trained with VR on the
most-common risks and strategies within NDM,
achieving a cost-effective way to standardization.
However, this brings with it a loss of context-specific
answers to NDM, which affects VR usage in real-time
response and recovery, because here details, such as
local infrastructure, are essential to use the technology
effectively. Furthermore, to gain public trust and
address data security concerns, governments facilitate
legislative regulations on the transparency of data
collection and use. Altogether, these factors contribute
to wide-spread use and global applicability.
Key recommendations
•

•

VR in this together
The scenario is characterized by public and private
partnerships as the government recognizes VRs
potential in NDM. The private sector has most
ownerships rights and thus, collaboration between the
government and this sector is essential to standardize
the technology for the greater public. Due to this
collaboration, the quality of the product is high enough
to be utilized generally and the threshold to use VR is
low. International organizations and governments buy
into the technology to apply it in programs and
international efforts on NDM. Additionally, VR is
especially applicable in disaster education, reaching as
many communities, regions, and countries as possible.
This signifies an extensive use of VR in preparedness,
as it is commonly accepted that, in order to raise

•

•
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To avoid the exploitation of sensitive data,
governments should consider adopting stronger
legislative frameworks on transparency of data
gathering and usage.
To facilitate the wide-spread and effective usage
of VR in NDM:
o Stand-alone VR devices, where software and
applications are installed in advance are
more affordable and independent from an
internet connection and need to be
developed and promoted.
o Mobile local networks need to be considered
and created to aid and guarantee VR usage
during natural disasters.
o Governments should consider investing into
VR hardware and software for usage in
governmental programs in NDM.
Regarding need-driven and context-specific
innovation, the United Nations and government
sectors should consider stimulating public-private
partnerships.
To promote research and development into the
use of VR in NDM, open-source VR software will
have to be considered by governmental institutes
to create equal access to these innovate
resources.
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The Role of Digital Technology: An
Indonesian Case Study

province in Indonesia. During the pandemic, their
sales were

The Indonesian Case for SMEs

found to decrease by an average of 75%. From the
survey, the biggest obstacles experienced by SMEs are
the lack of awareness of the potential from digital
platforms for SMEs, capital, familiarity with digital
payments and limited digital literacy to set up the
platform and use social media effectively. These are
the first steps in bringing more resilience to digital
platforms for the SMEs in Indonesia.5

The COVID-19 pandemic has changed the existing
order and caused a worldwide economic recession.
Approximately, 195 million people have lost their jobs
and 420-580 million people have fallen into poverty1.
COVID-19 limits the mobility of people, impacting on
their livelihoods and creating more burdens for them.
During pandemic and natural disasters, a resilient
supply chain is needed to ensure that people receive
their needed goods and services. In Indonesia, small
and medium enterprises (SMEs) play an important role
in the supply chain. However, most businesses are
either informal (not registered, licensed, and product
standardized) or conventional businesses (face to face)
and do not have access to digital commerce.

Recommendations
1. Encourage the government to accelerate the
provision of networks and infrastructure,
especially in areas that have not been reached by
4G technology.
2. Help SMEs go online so that they can enter the
marketplace. Measures that need to be taken:
Provide digital marketing training regularly and
monitor its progress, teach SMEs knowledge
about digital finance, create a market for SMEs,
supports access to the market by purchasing their
products and provide access to capital.
3. The government must help with logistics
regulations so that shipping costs are not too
expensive.

A way to connect to a broken supply chain is to go
digital, which consists of adopting digital marketing
and digital finance. Digital platforms are a way to bring
SMEs together with their buyers and suppliers during a
pandemic. In Indonesia, inequalities exist regarding the
access to digital platforms, especially between the
western and eastern regions. In the eastern region, the
lack of proper infrastructure remains an issue for
digitalization. In fact, out of the 83.931 villages in
Indonesia2, 12.500 (14.89%) of them are not covered
by the 4G network. Furthermore, Indonesia has
64.199.606 SMEs, of which only about 9.400.000
(14.64%) have gone digital.3,4

Ø A more resilient economy depends on a shift to
sustainable practices, technologies must be used
as tools for achieving sustainable development. It
needs collaborative actions and partnership
revitalization between countries, between
different stakeholders such as government
institutions, the private sector, academics,
philanthropy, and the media to build back better
together.

How can digital platforms be integrated to include
SMEs?
In November 2020, questionnaires were sent to 25
SMEs in East Nusa Tenggara, the third poorest
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Biomimicry (WUR)
Annex I. Consulted Experts
Expert
Amore, Lex

Position
Communications
Director
Bio-inspired
innovation
coordinator
Biomimicry Specialist

Interview Date
3-12-2020

Country
USA

25-11-2020

Netherlands

26-11-2020

Switzerland

Program Director
Architect

2-12-2020
30-11-2020

Philippines
Netherlands

Biomimicry Lecturer

20-11-2020

Netherlands

Ecologist &
Biomimicry Specialist

26-11-2020

Singapore

Ecologist

26-11-2020

Austria

Wageningen
University and
Research
Kruijne, Codrin Biomimicry
Netherlands
Mekani,
Biomimicry
Kirtida
Singapore
Network
Muijsenberg,
Biomimicry NL
Saskia Van
Okerstrom,
Lichen Labs
Sue
Ouweland,
Atos
Eltina
Rau, Thomas
RAU and Turntoo

Professor of
Experimental Zoology

19-11- 2020

Netherlands

Biomimicry Specialist,
Data Scientist
Environmentalist &
Social Entrepreneur

1-12-2020

Netherlands

1-12-2020

Singapore

Biomimicry Specialist

25-11-2020

Netherlands

Biomimicry Specialist

24-11-2020

USA

Head of Technology
and Lab Innovation
Architect and Founder

27-11-2020

Netherlands

1-12-2020

Netherlands

Rowland,
Regina

Professor &
Sustainability Officer

23-11-2020

Austria

Ph.D. Candidate
BioInterface Science

25-11-2020

Netherlands

Senior Manager Retail
Banking

2-12-2020

Netherlands

Appelman,
Jaco
Chirazi,
Jacques
Espita, Dang
Fraaije, Lydia
Gallo, Mauro
Jain, Anuj
Korstchak,
Ernst
Leeuwen,
Johan Van

Sudarsanam,
Phani
Zadelhoff,
Albert Van

Institution
Biomimicry
Institute
Utrecht
University
Biomimicry
Institute
Clean Air Asia
Biomimicry
Netherlands
Aeres Hogeschool
Wageningen
Biomimicry
Singapore
Network
-

University of
Applied Sciences
Burgenland
Eindhoven
University of
Technology
Triodos Bank
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Topic
Biomimicry
Biomimicry
Biomimicry
Air Pollution
Biomimicry
Biomimicry
Biomimicry
Biomimicry
Biomimicry
Biomimicry
Biomimicry
Biomimicry
Biomimicry
Biomimicry
Biomimicry
Biomimicry
Bio-engineering
Funding and
Investment

Annex II. Glossary
§
§

§
§
§

§

Air pollution : Air pollution is the excess presence of substances that are harmful to the health of humans,
other living organisms and the environment.
Biomimicry : Biomimicry is the art and science of emulating the best biological ideas and strategies found in
nature, by providing solutions with positive externalities, which will create conditions conducive for life on
Earth for current and future generations. These solutions are integrated in their environment, just as
everything in nature is connected and balanced, and play an integral role in repairing the human-nature
relationship.
Ecological Performance Standards : Standard metrics which regulate land development by measuring the
outcome or value of a proposed development for each of the ecological community types and ‘site index’
Governance : Factor related action or manner of governing a state, organization or movement through
regulation and economic management.
Life’s Principles : These principles were developed by Biomimicry 3.8, an international organization that
provides scientific methodology to the field of biomimicry. The Life’s Principles are about the principles and
mechanics according to which nature universally organizes itself and evolves.
Socio-economic : Factor related to interface of social processes and economic activities development that
influence society, cultures and the environment.

Annex III. Methodology
In order to tackle our research question, various types of data were collected. Different methods were applied for
each concept. Overall, the use of case studies, literature review, public data, interviews, and a scenario-based analysis
provided answers to our research questions.
Case Studies
Case studies were used to demonstrate how biomimicry has been implemented in the present, around the world, and
particularly in urban cities.
Literature review
The literature review is relevant to provide a general overview and background of the topic. This research was done
by analyzing academic literature, governmental reports, grey literature, media reports and anything else relevant to
our topic.
Expert Consultations
18 experts from a variety of sectors were interviewed to gain academic information. The format of the interviews was
semi-structured due to their flexibility, which allows the interviewer to probe and expand on the interviewees’
responses. The semi-structured interviews provided an opportunity to explore the phenomenon of interest as the
interview could guide the conversation. In some cases, the interviewer only prepares a list of general topics to be
addressed, which enables respondents to move back and forth in time to reconstruct the past, interpret the present,
and predict the future.17 The interviews were transcribed and analyzed, and the policy brief sent to the experts. Please
refer to Annex I for information regarding the experts.
Scenario-Based Analysis
Air pollution is a wicked problem and therefore requires multiple solutions instead of just one. Scenario-based analysis
provides different pathways to the final goal- reducing air pollution in urban cities using biomimicry. The different
pathways can be applied to and used by a variety of stakeholders. Please refer to Annex IV for more information.
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Annex IV. Scenario-based analysis steps
Step 1. Relevant drivers of change
This step focuses on the driving forces that affect the outcome of the project, which is the implementation of
biomimicry in urban areas to address air pollution. Analysis of the current situation helps identify the driving forces
and this was done through horizon scanning, expert interviews, observations. These are the most important and
uncertain themes:
•

•

•

Socio-economic
o Knowledge
o Access to education
o Certification does not prove quality
o Information about biomimicry is not readily available everywhere from Europe or America
o Regression – humanity thinks that they are above nature
o Jobs available – no direct job market to go into
o Lost connection with nature – connection versus disconnection, especially in cities
o Investment – private, public
o Low-tech solutions for countries with little money
o Funding is essential – especially from government
o Lack of funding
o Short-term mentality – what is needed is a future focus
o Environmental or economic
o Language misunderstanding, communication, translating ideas – collaboration between disciplines is
needed
o Emotional connection
Environmental infrastructure
o Existing buildings integrated with nature
o Temporality – can restructure and reuse in the future
o Narrow engineering approach
o Flexibility to achieve sustainable utilization
o Multifunctionality
o 2D versus 3D = restrictions
o Space available in cities
o Cost-effectiveness
o City planning around natural environment rather than based on economy
Governance
o Rules and procedures
o Policy
o Decision-making
o Certification schemes for buildings – increase sustainability but restrict construction and
design = need to make mistakes to develop
o Tax breaks
o Strong institutions and governance
o UN = measure cost and benefit at system level + interrelationship between aspects
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o
o
o
•

Regulations do not comply with biomimicry
Not enough governmental support
Research driven but not implemented in policy

Key aspects
o Change in mentality
o Make biomimicry mainstream
o Education, workshops
o Interdisciplinary collaboration
o Proof of concept
o Young people instrumental for change

Step 2. Driving forces and scales
Set the scale, which decides narrative.
1. Biomimicry education
Single department

Multiple departments

2. Interdisciplinarity of biomimicry professionals
Specialized

Interdisciplinary

3. Connection to nature (in cities)
Visible

Invisible

4. Source of funding
Private

Public

5. Agents involved
Single
6.

Multiple
Spread of biomimicry professionals across industry

Singular and specialized departments
departments

Integrated into multiple

7. Technology
Low

High

8. Ease of implementation
Low

High
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Step 3. Rank driving forces on level of uncertainty
Select the most important and most uncertain driving forces and define the scale.
Axes
•

•

Future Focus: the focus on how biomimicry can be applied to tackle urban air pollution issues
o Functional: the main motivation for implementing biomimicry is to include highly technical biomimicry
innovations within buildings and infrastructure to tackle air pollution in cities
o Aesthetic: the main motivation for implementing biomimicry is that the nature-inspired design tackling
air pollution is visible in city buildings and infrastructure
Implementation Approach: the scale approach on how biomimicry is implemented to deal with urban air
pollution issues
o Integrated City Approach: an approach where biomimicry is implemented on a system-wide and
integrated manner to deal with air pollution in the urban context
o Project-based Approach: an approach where biomimicry is implemented to tackle air pollution on an
individual level through commissioned work

Step 4. Driving Forces Definitions
•

•

Technology:
o High: highly adapted and advanced technologies that need high technological skills to implement
o Low: more natural and less adapted technologies that need low technological skills to implement
Biomimicry Education:
o Multiple Departments: The biomimicry-related education is carried out across departments and
disciplines
o Single Department: The biomimicry-related education is carried out within a single department or
discipline
Spread of Biomimicry Professionals across Industry:
o Singular and Specialized Departments: biomimicry is discussed in and steered from one department
o Integrated into Multiple Departments: biomimicry is integrated within multiple public departments
and is used to help achieve the goals that the departments set for the topics they are responsible for
Interdisciplinarity of Biomimicry Professionals:

•

o Specialized: the biomimicry professionals have expertise in one specific area
o Interdisciplinary: the biomimicry professionals have expertise in multiple disciplines
Agents Involved:

•

•

•

•

•

o Multiple: a variety of actors are collaborating to implement biomimicry while supporting each other
o Single: solely one actor is working to implement biomimicry without support from others
Ease of Implementation:
o Low: the project encounters many technical difficulties and barriers in the implementation process
o High: the project is technically feasible and encounters few barriers in the implementation process
Source of Funding:
o Private: funding for biomimicry comes mainly from private entities, such as companies
o Public: funding for biomimicry comes mainly from public bodies, such as municipalities
Connection to Nature:
o Visible: forms, processes and systems are visible and clearly related to nature
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o

Invisible: forms, processes and systems are invisible and not clearly related to nature

Step 5. Micro Scenarios
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Step 6. Scenario matrix with the two key drivers: ‘future focus’ and ‘implementation approaches’:

Step 7. Expand on alternative futures
Scenario 1: Function & Integrated City Approach
Scenario 2: Function & Project-Based Approach
Scenario 3: Aesthetic & Integrated City Approach
Scenario 4: Aesthetic & Project-Based Approach

Annex V. Case Study
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Robotics & Marine Ecosystems (WUR)
Annex I. Expert interviews
Name

Institution

Position

Beckman,
Emeritus Prof.
Robert

National
University of
Singapore
/Centre for
International
Law
Schmidt Ocean
Institute
University of
Cape Town

Head of Ocean Law
and Policy
Programme/ Lawyer

Bingham, Nic
Branch,
Emeritus Prof.
George
Charloo,
Venkatesh
Christianson, Dr.
Caleb
Donhauser,
Justin

Coastal Impact
DexCom
Bowling Green
State
University

Gellers, Dr.
Joshua C.

University of
North Florida

Katzschmann,
Prof. Dr. Robert
Lopez-Marcano,
Sebastian

Swiss Federal
Institute of
Technology in
Zurich
Griffith
University

Maurelli, Dr.
Francesco

Jacobs
University

Palunko, Ivana

University of
Dubrovnik

Phu, Jonathan

Marine
Research
Foundation
Reef Check
Malaysia

Rifai, Nadhirah
Mohd.

Interview
Date
26-11-2020

Country

Topic of Interview

Singapore

Marine law and
policy

Lead Electrical
Engineer
Emeritus Professor at
Department of
Biological Sciences
Founder/Trustee

24-11-2020

Marine robotics

27-11-2020

United States of
America
South Africa

24-11-2020

India

Senior Medical Device
Engineer
Assistant Professor at
Department of
Philosophy/Director:
Institute for Ethics &
Public Affairs
Associate Professor in
the Department of
Political Science and
Public Administration
Assistant Professor of
Robotics at Institute
of Robotics and
Intelligent Systems
PhD Candidate at
Australian Rivers
Institute
Professor in Marine
System with focus on
Marine Robotics
Associate professor at
the Department of
Electrical and
Computer
Engineering
Conservation Officer

23-11-2020

United States of
America
United States of
America

Marine
conservation
Soft underwater
marine robotics
Environmental
Ethics, Robot
Ethics

Programme Manager
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30-11-2020

Marine biology

30-11-2020

United States of
America

Environmental
politics and law

2-12-2020

Switzerland

Marine robotics

1-12-2020

Australia

24-11-2020

Germany

Artificial
Intelligence/Roboti
cs for Ecology
Marine robotics

26-11-2020

Croatia

Marine robotics
and conservation

26-11-2020

Malaysia

Marine
conservation

23-11-2020

Malaysia

Marine
Conservation
(Coastal)

Rivera, Camille
De Schutter,
Prof.dr.ir. Bart
Smit, Ir. Marck

Srinivasan,
Shashank
Vandeweghe,
Nicolas

Williams, Jason

Oceanus
Conservation
Delft
University of
Technology
Royal
Netherlands
Institute for
Sea Research
Technology for
Wildlife
Wooboat

Schmidt Ocean
Institute

Co-Founder and
Program Manager
Full Professor – Head
of Department (Delft
Center for Systems
and Control)
Business
Development
Manager

24-11-2020

Philippines

Marine
Conservation
Underwater
marine robotics

19-11-2020

The Netherlands

25-11-2020

The Netherlands

Marine robotics

Founder and Director

26-11-2020

India

Project Manager /
Business Analyst /
Test Manager Founder of Wooboat

20-11-2020

Switzerland

Marine robotics
and conservation
Underwater
marine robotics

Lead Mechanical
Engineer

24-11-2020

Canada

Marine robotics

Annex II. Glossary
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Abiotic factors: non-living factors of an ecosystem that shapes its environment. In marine ecosystems,
sunlight, salinity, oxygen, acidity, nutrients dissolved in the water, light levels, temperature and depth are
examples of abiotic factors.
Biotic factors: living factors, which includes all living things on earth, both plants, animals and humans that
shapes the ecosystem. In marine ecosystem, these include underwater plants, underwater animals and
microbes.
Biomimicry: a technology-oriented approach that views the nature as a model to imitate/mimic/emulate
them as a design in order to solve human problems.
Deep sea mining: the process of taking mineral deposits from the deep sea.
Diver surveys: surveys conducted by scuba divers to collect underwater data samples.
Geopolitical agendas: events/meetings related to politics as influenced by geographical factors or
geographical element.
High seas: seas that are not under the jurisdiction of any state.
Independent scientific body: A group appointed to give a view without bias.
Invasive species: a non-native species that causes ecological harm.
Marine ecosystems: interaction of all marine life and marine environment.
Subsea: fully submerged equipment in the deep sea or on the seabed quite a distance away from shore.
Tagging: the action to give a label to animal or plant for specific monitoring purposes.
Traditional Ecological Knowledge (TEK): knowledge acquired by indigenous and local communities over
decades through direct relationships with the environment.
Traditional top-down approach: traditional organization style that focuses on vision of upper management.
Transect surveys: survey method through creating a line across a habitat or part of a habitat.
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Annex III. Methodology
Expert interviews
For this policy brief, 19 experts from different fields and sectors were consulted through structured interviews.
Interviews were then transcribed and collected data analyzed through the inductive thematic analysis. Besides
providing knowledge, some experts were also consulted for feedback on the policy brief. A full list of interviewed
experts can be found in the table below.
Literature review
Literature review is essential to establish a foundation of knowledge on the research project theme, that is robotics
for monitoring marine ecosystems. Academic papers have been consulted to identify key issues regarding the
application of robotics in the marine ecosystem using various research platforms such as Google Scholar, WUR library
and research gate. Papers were chosen based on the themes they cover, indicated by keywords in the title and
abstract, including “robotics”, “conservation”, “marine ecosystems” and “monitoring”.
Stakeholder analysis
It is imperative to understand the stakeholders involved in UR for monitoring marine ecosystems. Based on expert
interviews and literature review, a variety of stakeholders were identified with their roles and interests in UR for
marine monitoring. This not only provided information about current actors’ dynamics; it also contributed to the
development of future plausible scenarios. The stakeholder analysis also provided insights into necessary policy
recommendations to maximize potential and minimize risks of using UR for monitoring marine ecosystems.
Scenario development
Scenario development allows for a dynamic view of plausible futures and better understanding of the enabling
conditions required for underwater robotics to have a positive role in monitoring marine ecosystems, while reducing
its associated risks. In this policy brief, explorative scenarios have been developed to analyze how the identified
scenario drivers might influence the potentials of underwater robotics in monitoring marine ecosystems. These drivers
have been identified based on nineteen expert interviews, the stakeholder analysis and literature. The four scenarios
were developed based on the main driving forces “future focus” and “user involvement”. Each of these four plausible
scenarios are neutral and therefore equally likely to be chosen.
Annex IV. What is Robotics?
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Annex V. Stakeholder Analysis

Figure 1 Stakeholder analysis of UR projects for monitoring marine ecosystems

Environmental Activists: Environmental activists play
an important role in the implementation, compliance
and regulation of environmental policies.49 They can
influence the stance of local communities and
encourage governments to create laws that aim to
better protect the marine environment. They can work
with IPLC and universities to promote collaboration,
creating a stronger voice advocating for marine
conservation.

governments play a large role in determining which
stakeholders have access to marine environments as all
other stakeholders would be required to get the
consent of coastal state governments and authorities
prior to using UR in those areas. 43
Independent Scientific Bodies: International Scientific
Bodies represent the members of the scientific
community who will give advice for the decision-maker
and contribute to the society by providing scientific
input.51 They play a crucial role in the development of
robotics as they aim to fill the research gap in robotics
for monitoring. Therefore, they are often the front
runners in supporting the innovation of UR. This is also
because independent scientific bodies often have
sufficient funds to support their own research as they
are not associated with other organizations that may
have separate agendas to comply to. In addition, this
condition allows them to achieve the desired research
objectives in UR because they are not bound by a
certain research goal possessed by a particular grant.

Funding Company: There are numerous funding
programs for conservation, but they are insufficient to
meet 21st Century demands.50 As powerful funding
sources, companies such as National Geographic and
Microsoft can play a role in providing grants to those
who need it in order to better develop UR for
monitoring marine ecosystems. However, these are
often to a selected few based on proposal
development; therefore, these grants are currently not
as inclusive as they should be.
Government: For coastal areas, governments often
have full authority of their coasts and within 12
nautical miles of their coasts.45 Governments can
regulate and provide permits to research institutes,
universities and private companies looking to conduct
monitoring research underwater. Governments are
necessary to promote the flow of scientific knowledge
that results from marine scientific research and the use
of UR, especially in developing states.45 Therefore,

Indigenous People and Local Communities (IPLC): IPLC
are holders of traditional knowledge of the ocean and
its resources.52 Their interests involve maintaining their
livelihoods and preserving biodiversity. Based on their
Traditional Ecological Knowledge (TEK)*, they can
educate different stakeholders to support the
development of UR for monitoring marine
ecosystems.52 With respect to their rights in the TEK,
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it is important to consider IPLC’s stake in the project
implementation of UR. This should be considered given
that collaborative local resistance could pose as a
hindrance to UR deployment. It is also important to
note that any UR projects implemented should involve
IPLC in order to ensure the continuous monitoring of
marine ecosystems in that area. This can be done with
training, education and sharing of knowledge to ensure
IPLC knowledge transfer, allowing independent usage
of UR for monitoring.

and project building. Based on our finding, there is an
NGOs produced an annual report of coral reef health
monitoring and reported to the government and the
general public, this data provides a valuable input for
the government to take any considerations for making
decision in marine conservation project.55,27 Also, the
NGOs play a role in addressing local resistance by
actively contributing on community empowerment
and effective communication on the benefits of the
emerging technology, UR and its data so that the IPLC
could have a sense of community ownership of the
marine monitoring project.18 The NGOs can increase
IPLC engagement in UR for monitoring marine
ecosystems.

Intergovernmental Organizations (IGO): The adoption
of the United Nations Convention on the Law of the Sea
(UNCLOS) in 1982 was an important milestone.
However, it needs to be updated for current emerging
technologies such as UR.53 Currently, these laws do not
apply to UR for monitoring marine ecosystems, yet
there is a need to do so to minimize risks. This can be
done through mutual agreements set by IGO in an
international context. For the high seas*, the laws set
are often by an IGO such as the International Seabed
Authority who enforces the rules and regulations.
Therefore, these bodies should moderate policy
formation for this UR.

Companies: Companies such as oil and gas companies
have played a significant role in the development of UR
for monitoring pipelines and mining stations.56,19,25 UR
for conservation purposes could interfere with their
economic activities, such as deep-sea mining, and may
influence the number of resources they could gain
from the ocean. This also applies to other private
companies such as industrial fishing companies and
shipping companies. These stakeholders may not
necessarily want UR active in the high seas* where
their work resides. Fishing companies may be against
UR for conservation as it may lead to stricter measures
and fishing regulations, affecting their economic
output. Therefore, it is important to involve and
collaborate with private companies in order to ensure
successful implementation of UR for monitoring.

Local fishers: Local fishers can have long-term benefits
from UR for monitoring marine ecosystems. Increased
monitoring can lead to increased fish masses, which
can lead to more profits for the local fishers. The data
collected from UR for monitoring could also provide
local fishers insights on fish trends and behavior for
more effective fishing.27 Local fishers can also gain
from UR through renting out their boats for those
needing to deploy UR at a specific area.

Scuba diving industry: With traditional monitoring
methods, the scuba diving industry is often heavily
involved as trained divers are required to conduct the
transect surveys and boats are needed to access the
areas.42 Therefore, with the deployment of UR, trained
divers may not be as essential in monitoring marine
ecosystems as they are now. However, there is
potential to collaborate with universities and research
institutions in order to test new UR innovations or to
train researchers and scientists to be able to dive with
their UR.42

Military organizations: Military organizations also
conduct activities and research on the seabed.
Interests may collide here as they may not want UR
interfering with their missions or gathering sensitive
data on their activities.45 Military organizations often
fund various robotics research projects and so their
financial power can help or hinder the development of
UR for monitoring marine ecosystems.
Non-governmental organizations (NGOs): The role of
NGOs is to encourage innovative change at the
grassroot level for society.54 This can be done through
collaborative action, education, awareness campaigns

Tourism industry: Coastal and marine spaces are home
to an increasing number of human activities and
facilities which are connected to coastal and marine
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tourism.57 With more tourists, the tourism industry
would be booming. Local entrepreneurs would benefit
from this, improving their economic opportunities.
With healthy marine ecosystems, the tourism industry
would also be able to better advertise the country to
attract even more tourists. Therefore, UR for
monitoring would contribute to the aesthetics of the
coast, leading to more recreational scuba diving
activities and snorkeling. This would appeal more to
tourists and beachgoers, allowing them to benefit from
the services provided by monitoring with UR. This
provides opportunities through activities, such as

diving or a virtual reality experience of the underwater
world.24
Universities: Universities play a vital role in knowledge
generation and research on the potentials of robotics
for monitoring marine ecosystems. However, there is
often a lack of funding for the application of UR for
marine monitoring, and so, universities need to apply
for grants with funding or private companies to fully
develop and deploy UR for monitoring marine
ecosystems. Therefore, universities need to
collaborate with other stakeholders that allow for
more funding and knowledge generation.16

Annex VI. Scenario Development
Step 1. DRIVING FORCES DEFINITIONS
Future focus: the main purpose for which robotics for monitoring marine ecosystems are developed and deployed.
•

Biodiversity: the main motivation for using robotics for monitoring marine ecosystems comes from a point of
view to conserve marine biodiversity.
• Anthropogenic: the main motivation for using robotics for monitoring marine ecosystems comes from an
anthropogenic point of view, to see what benefits we can get out of marine environments.
User involvement: the degree to which different actors are involved in deployment projects that use robotics for
monitoring marine ecosystems.
•

Participatory: all actors are enabled to participate in projects that use robotics for monitoring marine
ecosystems.
• Exclusive: a limited number of actors are enabled to participate in projects that use robotics for monitoring
marine ecosystems.
Scalability: the level on which the projects that use robotics for monitoring marine ecosystems can be applied.
•

Coastal areas: projects are mainly focused on the coastal areas, within the national borders of a certain oceanic
area.
• Deep sea: projects are mainly focused on the deep sea, crossing national borders and in international waters.
Data ownership: the collection, storage and accessibility of data that has been retrieved by robotics monitoring marine
ecosystems.
• Public: the data is collected by governments, scientists or organizations and made available for the public.
• Private: the data is primarily available for and collected by individual companies.
User friendliness: the degree to which the robotic technology is easy to use for monitoring marine ecosystems without
significant training needed.
•

Layman: the amount of training required to be able to use robots for monitoring marine ecosystems is low.
With a small amount of training, it is accessible for everyone.
• Experts: the amount of training required to be able to use robots for monitoring marine ecosystems is high. It
is only accessible for experts, mainly scientists and engineers.
Funding: the resources needed to finance projects that use robotics for monitoring marine ecosystems.
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•

Public: the projects are mainly financed by public bodies, such as governments, universities and research
funds, which influences the direction of development in terms of incremental innovation or accessibility of the
robotics to other parties.
• Private: the projects are mainly financed by private companies, such as oil and gas companies, which
influences the direction of development in terms of incremental innovation or accessibility of the robotics to
other parties.
Innovation: the point of view that is taken to work on innovation for robotics for monitoring marine ecosystems.
•

Soft robotics: the main focus of innovation lies on removing and overcoming the technical limitations that
currently exist, to prevent invasiveness, and minimize other environmental damage. These are mainly soft
robotics.
• AUV/ROV: the main focus of innovation lies on accessibility, user-friendliness and affordability. These are the
more traditional UR; AUVs and ROVs.
Access: the degree to which different countries have access to using robotics for monitoring marine ecosystems.
•
•

Developed countries only: robotics is available to use in developed countries only.
Developed countries only: robotics is available to use in developed countries only.
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Step 2. SCENARIO MATRIX WITH THE TWO KEY DRIVERS: ‘FUTURE FOCUS’ AND ‘USER INVOLVEMENT’:
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Step 3. MICRO SCENARIOS
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Step 4. EXTENDED VERSIONS OF THE SCENARIOS
Scenario 1 - Anthropogenic & Participatory: Collective Consumption
Stakeholders
•
•
•
•
•

Tourism industry
Fishers (coastal)
Government
Local Communities
(Scuba) diving industry

COLLECTIVE CONSUMPTION
In this scenario the development and deployment of UR for monitoring marine ecosystems is in high rise. The robotics
are improving the aesthetics of coastal areas by conserving the reefs and popular fish in the area. Now, more tourists
are interested in diving and snorkeling, but it has also increased fish stocks which benefits local fishers. The use of UR
is also focused on monitoring marine ecosystems for conserving other coastal ecosystem services. Although there are
some environmental benefits in this scenario, the increased tourism has led to degradation of the reefs. The UR used
by local communities to monitor the coastal areas sometimes break down or get lost, which leads to more litter on
the seafloor. On top of that, snorkeling tourists sometimes break coral reefs due to a lack of carefulness.
Through economies of scale, the improved affordability of robotics; mainly AUVs and ROVs, has allowed for more
types of actors to access the robotics. Indeed, all around the world, in both developed and developing countries, the
use of robotics for monitoring marine ecosystems and therewith conservation efforts have soared. While developed
countries are predominantly making use of these technologies, they are now also more accessible to individuals or
groups of people monitoring marine ecosystems in developing regions. That said, an offset is that the majority of
robotics are still AUVs and ROVs, thus being more intrusive and noisy to the marine environments than soft robotics.
Lost and unrecovered parts or entire robots are from time-to-time polluting waters.
Since the data can be collected and used by everyone, there is great transparency and trust in the technology among
the general public. However, diverging interests of the many stakeholders on what monitoring capabilities these UR
require, led to a slow deployment of UR. With companies collaborating with IPLC and local public bodies, stakeholders'
concerns are now considered. Access is enabled for all; the robotics are designed in a way that they are highly user
friendly for all stakeholders and not only for robotic experts with specific user know-how. The tourism industry, (scuba)
diving industry, IPLC and fishers profit greatly from improved conservation efforts, which has led to increased
employment.
Scenario 2 - Anthropogenic & Excluding: Follow the Money
Stakeholders
•
•
•
•

Intergovernmental Organizations
Companies
Independent scientific bodies
Military organizations
111

FOLLOW THE MONEY
In this scenario profitable ecosystem services are highly embraced. Projects using UR for monitoring marine
ecosystems are mainly focused on the deep sea, to monitor undiscovered marine resources. Companies are heavily
funding research projects in marine robotics with the prospects of eventually developing and either selling or
deploying these for enhancing profits or retrieving essential marine resources. The willingness for companies and
military organizations to invest significantly in the development of these projects is allowing for great robotic
advancements for marine ecosystem monitoring with lightning speed, resulting in fast deployments, high profitability
and more access to materials through the advanced use of UR for monitoring marine ecosystems. Thus, the quality of
the robotics for monitoring purposes in general has improved significantly.
Due to high cost-effectiveness, the majority of robotics are still AUVs and ROVs. Lost and unrecovered parts or entire
robotics has led to environmental degradation through increased litter on the seafloor. Since this future is excluding
in nature, the technology is mainly restricted to developed countries only, or individuals, organizations and institutes
with the financial means as well as specific and specialized robotic know-how. Robotics are exclusively used by specific
actors from independent scientific bodies with the financial means and specific robotic deployment capabilities.
Since IPLC, fishers, NGOs and environmental activists are moderately to rarely involved in deployment projects that
use robotics for monitoring marine ecosystems, the lower level of transparency has led to distrust in the technology
and has set rise to local resistance. However, since only experts in marine robotics and marine conservation are
deploying these robots, the delicate marine environments are entered in informed and careful manners which
prevents accidental or unintended environmental damage or pollution.
Scenario 3 - Biodiversity & Participatory: Slow but Steady
Stakeholders
•
•
•
•
•
•

IPLC
Env activists
NGOs
Government
Fishers
Tourism industry

SLOW BUT STEADY
In this scenario the development and deployment of UR for monitoring marine ecosystems follow a growing trend,
with a focus on the conservation of biodiversity as end-goal. With marine resources being heavily depleted,
governments and local communities see the urgency for action in conserving marine environments better. As such,
the participatory environment allows for high levels of stakeholder participation. lPLC, fishers, small and local
companies in the tourism industry as well as environmental activists are now involved in deployment projects that use
robotics for monitoring marine ecosystems for the purpose of biodiversity.
With many people involved in these projects, local conflicts are limited and this high stakeholder involvements allows
for strong community building capacities. Regarding data collection and ownership, the public oversees both, which
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makes the process highly transparent. However, the deployment of UR is now much more complex and slower due to
the many actors involved with diverging interests.
The end-goal of using robotics for monitoring marine ecosystems is the conservation of marine biodiversity. As such,
UR like soft robotics is preferred because of their silence and low intrusiveness. However, the short-term profitability
of soft robotics remains low for companies as economies of scale is not feasible yet due to low demand as well as the
generally non-profitable end-goal in mind. Due to the high costs, soft robotics are not yet affordable in great quantities
for many stakeholders.
Therefore, funding for the development of soft robotics thus primarily originates from public funds rather than from
the private sector as there is low incentive to invest in these projects. Since the technology is made available for
everyone to use, the majority of UR are still AUVs and ROVs. Soft robotics are however increasingly finding their way
through governmental subsidies and R&D.
Besides, the user-friendliness of UR is now very high. With little training, everyone should be able to operate one. This
user-friendliness and high affordability have led to better access for both developing countries and developed
countries. Overall, the path to sustainable conservation of the oceans is going slow, but steady.
Scenario 4 - Biodiversity & Excluding: Sustainable Shortcut
Stakeholders
•
•
•
•
•

Universities
Independent scientific bodies
NGOs
Funding companies
Government

SUSTAINABLE SHORTCUT
In this scenario AUVs and ROVs are making place for a new rising star: soft robotics. Indeed, the development and
deployment of especially soft robotics is in high rise. Mainly through a biodiversity point of view, marine ecosystems
are now monitored for mostly conservation and preserving biodiversity purposes only. The technology is primarily
used by marine robotics researchers and marine conservation researchers, from academic universities and
independent scientific bodies. The technology is almost exclusive to these actors to ensure the highest quality of UR,
to allow for efficient ways of gathering data, and to minimize the number of technical limitations. As a result, the
advanced specifications have lowered the user-friendliness of the robotic devices. Only scientists and engineers know
how to operate them. Stakeholder groups who are involved in monitoring marine ecosystems may therefore lose their
jobs in the field of marine conservation. Naturally, UR are more efficient in monitoring than scuba divers, and scuba
divers are not able to use UR due to the lack of know-how and lack of financial resources.
Although data gathering itself is primarily done by this exclusive group of researchers, the data is publicly available.
While this has allowed for great levels of transparency, this has nevertheless resulted in local resistance in places
where local communities are opposed to UR projects in marine ecosystems due to a lack of awareness and cultural
issues.
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Scientists are financially and legally supported by the government as well as NGOs and funding companies, who
recognize the importance of monitoring marine ecosystem conditions for conservation and restored biodiversity
purposes. The amount of negative side effects of introducing UR in marine ecosystems is minimized by the
predominant use of soft robotics.
Due to geographic availability of research funds, these are mainly available for developed countries. The reason for
this is that there are simply more funds available in those countries. There is therefore a risk in increasing the digital
divide. However, with the help of funds, mass production of soft robotics is close. This can eventually lead to more
affordable and high-quality UR, specifically soft robotics, accessible to a wider public.
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Chemical Recycling of Plastics (VLU)
Annex I. Consulted Experts
Name
Cuong, Hoang Ngoc
Dung, Le Thi Thanh
Ivo, Meijer
Loan, Nguyen Thi Phuong
Minh, Doan Quang

Trang, Tran Thu

Institution

Position

University of Science
Department of
environmental protection
Wageningen University
Van Lang University

Associate Professor
Deputy of pollution
control
Junior Researcher
Senior Lecturer and
Researcher
Deputy of
environmental
technical department

Department of natural
resources and environment
of Ho Chi Minh City
(DONRE HCMC)
Van Lang University

Senior Lecturer and
Researcher

Interview
Date
30-11-2020
7-12-2020

Country
Vietnam
Vietnam

1-12-2020
30-11-2020

Netherlands
Vietnam

28-11-2020

Vietnam

29-11-2020

Vietnam
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End of Life (EOL): is a product at the end of the product lifecycle, indicating that the product is at the end of
its useful life (from the vendor's point of view).
Greenhouse Gas (GHG): is a gas that adsorbs and emits radiant energy within the thermal infrared range.
Ministry of Finance (MOF): is the government ministry responsible for the finances of the state of Vietnam,
including managing the national budget, tax revenue, state assets, national financial reserves, and the finances
of state corporations. The Ministry manages the work of national accounting, state borrowing, the activities
of stock markets, and the Department of Customs.
Ministry of Health (MOH): is the government ministry responsible for the governance and guidance of the
health, healthcare, and health industry of Vietnam.
Ministry of Industry and Trade of the Socialist Republic of Vietnam (MOIT): is the government ministry in
Vietnam responsible for the advancement, promotion, governance, regulation, management and growth of
industry and trade.
Ministry of Natural Resources and Environment (MONRE): is a government ministry in Vietnam responsible
for: land, water resources; mineral resources, geology; environment; hydrometeorology; climate change;
surveying and mapping; management of the islands and the sea.
National University of Singapore (NUS): is the national research University of Singapore.
Non-Governmental Organization (NGO): is a non-profit group that functions independently of any
government. NGOs, sometimes called civil societies, are organized on the community, national and
international levels to serve a social or political goal such as humanitarian causes or the environment.
Polyamide (PA): is a polymer with repeating units linked by amide bonds. Synthetic polyamides are commonly
used in textiles, the automotive industry, carpets, kitchen utensils, and sportswear due to their high durability
and strength.
Polyethylene (PE): is a linear, man-made, addition, homo-polymer, primarily used for packaging (plastic bags,
plastic films, geomembranes, containers including bottles, etc.).
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Polyethylene Terephthalate (PET): is the most common thermoplastic polymer resin of the polyester family
and is used in fibers for clothing, containers for liquids and foods, thermoforming for manufacturing, and in
combination with glass fibers for engineering resins.
Polypropylene (PP): is a thermoplastic polymer used in a wide variety of applications. It is produced via chaingrowth polymerization from the monomer propylene.
Polystyrene (PS): is a synthetic aromatic hydrocarbon polymer made from the monomer known as styrene.
Uses include protective packaging (such as packing peanuts and in jewel cases used for storage of optical discs
such as CDs and occasionally DVDs), containers, lids, bottles, trays, tumblers, disposable cutlery and in the
making of models.
Polyurethane (PUR): is a polymer composed of organic units joined by carbamate (urethane) links.
Polyurethanes are used in the manufacture of high-resilience foam seating, rigid foam insulation panels,
durable elastomeric wheels and tires, etc.
Polyvinyl chloride (PVC): is the world's third-most widely produced synthetic plastic polymer (after
polyethylene and polypropylene). About 40 million tons of PVC are produced each year.
Ultra-low-sulfur diesel (ULSD): is diesel fuel with substantially lowered sulfur content.
Vietnam Plastic Association (VPA): is a voluntary non-government organization of units operating in the field
of scientific research, production, and sales of Plastic products.
Volatile organic compound (VOC): are organic chemicals that have a high vapor pressure at ordinary room
temperature. Their high vapor pressure results from a low boiling point, which causes large numbers of
molecules to evaporate or sublimate from the liquid or solid form of the compound and enter the surrounding
air, a trait known as volatility.

Annex III. Methodology
Overview literature
This method includes collecting documents, research papers, reports, articles related to chemical plastic recycling. It
provides an overview of current knowledge, identifies relevant theories and methods and gaps in existing research.
From there, an assessment of the current state of technology, barriers related to environmental pollution, the
applicability and efficiency of the technology has been made to propose suitable policies for this technology to be
widely applied in the world.
Interview analysis
For this policy brief, 5 experts from different fields and sectors were consulted through structured interviews.
Interviews were then transcribed and collected data analyzed through the inductive thematic analysis. Besides
providing knowledge, some experts were also consulted for feedback on the policy brief. A full list of interviewed
experts can be found in the table below.
Scenario analysis
Conversations with experts revealed that the future of chemical plastic recycling technology (CPRT) will be highly
determined by a set of different driving forces. Therefore, this policy brief uses explorative scenarios to analyze how
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the aforementioned drivers might influence the future development of CPRT and its associated benefits and risks. The
scenarios used in this policy brief are exclusively exploratory.
Annex IV. Chemical Plastic Recycling Technology
Various processes of chemical plastic recycling technologies have been classified into three major groups: (1)
Gasification (methanolysis, hydrogenation, hydrolysis); (2) Thermal-assisted methods (pyrolysis, thermal cracking);
and (3) Degradation (ultrasound, microwave reactor, or cracking by catalysis and photodegradation),5 , among which
pyrolysis, catalytic cracking and conventional gasification appear to be the most commonly used technologies.3
According to BloombergNEF, pyrolysis technology is projected to provide around 17% of the 19 million tons of plastics
recycling capacity required by 2030 in major economies.6 Depending on the input plastic materials, different forms of
recovered products can be obtained.7-9 Accordingly, well separated polyethylene (PE), polyethylene terephthalate
(PET), polypropylene (PP), and polystyrene (PS) plastic can be recycled into starting materials. However, when mixed
plastic is chemically treated, the yields can be fuels such as diesel and naphtha.7, 10 A team of researchers at the
National University of Singapore (NUS) has developed a technology that turns low-value plastic waste into aerogels,
an ultralight and porous material, that has multiple uses, such as diaper and adsorbent for oil spill response.6 Chemical
recycling will be the advanced technology due to its flexibility towards complex and polluted plastics in the future.6
As reported by Tullo7 the application of these technologies is being expanded in the United States (US), European, and
Asian countries, which targets to depolymerized PS, PET, acrylic, and mixed plastic. Good examples that could count
include a 100-ton-PS waste-per-day plant in Channahon-Illinois-US, another 50-ton-PS waste-per-day plant in the
western US, and a project converting PET into its raw materials in Spartanburg-South Carolina-US. More plants will be
built by 2023. Lead manufacturers in the fields are not limited to Agilyx, Americas Styrenics, Trinseo, Ineos Styrolution,
Loop Industries, Plastic Energy, Fuenix Ecogy Group, Royal Dutch Shell PLC and Total SA.6, 7
Developing catalyst research: According to the researchers, in order to get high yields with desired products such as
monomers, gases, oils and solids, it is necessary to use smartly regulated solvents. correct temperature of each stage,
time of heat and scrap input. Currently, scientists are focusing their efforts on developing catalysts, increasing the
overall efficiency of the process, reducing the required temperatures to reduce energy consumption of recycling
processes. Scientists Thiounn and Smith emphasize: “The current thermochemical recycling of plastic waste promises
to become one of the key processes, helping to reduce the amount of waste in landfills and prevent pollution. effective
future environmental contamination32.
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Figure 1: Process Flow Diagram of a classical pyrolysis plant with a novel vortex reactor technology 9.
Annex V. Scenario Analysis
Scenario 1: Not sorting of waste

Scenario 2: Separated waste

In this scenario, Vietnam has not been completely
operating the waste-sorting model in most of
developing cities. The municipal waste generated
from household, hospitals, schools or center areas is
mixed with various trash such as organic waste,
plastic, used paper, rubber, glass, etc. The produced
solid waste is commonly collected by private
enterprises and then, sorted to further regeneration
within these handling facilities. For examples, organic
waste can be reused as composting materials. Others
likes plastic, paper or rubber waste are the good
starting materials for the recycling processes.

Households solid waste is sorted into many different
types at the source (e.g., organic waste, plastic,
nylon, rubber, glass, paper, and the remaining waste
and separated according to regulations). The
collection system will be equitized to the state for
easy management. Solid waste after being sorted at
source will be collected on a daily basis
corresponding to each type of waste generated
more or less to transfer stations and to recycling
plants (e.g., recycling such as plastics, paper, rubber,
glass, organic compounds).

At this time, the market for the consumption of
recycled plastic is still not well-considered. The
current plastic-recycling technologies are now
focusing on the mechanical processes. Despite the
popular operation worldwide, the main problem of
this technology is the low quality of the recyclates,
which limits the utilizations of the recycled products.
Moreover, the lack of the clean initial materials for

When solid waste is sorted at source, the application
of plastic recycling technologies by chemical
methods will be studied more and more at
laboratory scale to bring feasibility in practical
application. The import of plastic waste from other
countries will be banned by the government and
sourced recycled materials at source will solve this
problem.
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the recycling processes is taking place due to the
deficient waste sorting and the restriction of waste- Governments including MoIT, MOF, MONRE, and
MOF will introduce specific and clear regulations
importing from the authorized organizations.
such as tax reduction, financial supports, machinery
As discussed about the advantages of the chemical investment and consumption sourcing to accelerate
plastic recycling, this process is able to deal with the
the chemical plastic recycling technology by widely.
mixed plastic waste, which easily regenerates it into
Multinational companies (e.g., Coca Cola, Pepsi,
oil. It is believed that the quality of the recycled Nestlé, IKA, NGO) will take part of the recycled
products will be higher when being assisted with the
plastic material from recycling enterprises for
petrochemical facilities. Therefore, the pyrolysis and
production. This will create a plastic recycling
gasification are capable of treating the mixed plastic market as well as the orientation of using recycled
waste in the case of no waste-sorting models in
plastic in Vietnam.
Vietnam. Stakeholders (eg, government, domestic
and foreign private enterprises, NGOs) will
implement waste separation models at source
towards the application of other chemical recycling
technologies to bring recycled plastic with higher
value.

Annex VI. Stakeholders & their roles

Analyzing the role of stakeholders in order to come up with appropriate policies and regulations in the Vietnamese
context.
Ministry of Industry and Trade of the Socialist Republic of Vietnam (MoIT): Planning, goal-setting, communication
and implementation of roadmap.
Ministry of Natural Resources and Environment (MONRE): Planning, goal-setting, communication and
implementation of roadmap, ensuring effective management of residual waste, mitigation of environmental and
health risks.
Ministry of Finance (MOF): Fiscal incentives to develop market. Ministry of Health (MOH): Ensuring effective
management of residual waste, mitigation of environmental and health risks.
Non-Governmental Organization (NGO): Investment and developing research of potential plastic recycling projects.
Private companies: Implement plastic recycling and quality assurance. Community: Aware of and participate to
implement 3R and especially waste separation at sources.
All above organizations need to work together towards a common goal14. Stakeholders play different social roles and
responsibilities in the plastic recycling process. Therefore, the coordination between the parties in the strategy to build
a network of product classification, collection, recycling and consumption contributes to promoting the application of
chemical recycling technology in the future.
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5G in Smart Irrigation (WUR)
Annex I. Consulted experts
Name

Institution

Position

Date

Country

Topic

Agbokponto Soglo,
Bienvenu

Intel

Government and
Policy Director Africa

24-11-2020

South Africa

Governance and policies for 5Gs
rollout in (Sub-Saharan) Africa

Aguerre, Carolina

Center for Global
Cooperation Research &
University of Duisburg-Essen

Senior Research
Fellow (in
Residence)

27-11-2020

Argentina

Governance and policies for 5Gs
rollout in Latin America and
challenges for developing countries

Anonymous

Ministry of Economics and
Climate Change

Policy advisor

25-11-2020

Netherlands

Governance and policies for 5Gs
rollout in the Netherlands

Bhandari, Aarushi

Stony Brook University

PhD Candidate

30-11-2020

New York

Gender roles in agriculture and
digital technology

Booij, Johan

Wageningen University &
Research

Researcher
precision farming

24-11-2020

Netherlands

5G applications for smart irrigation
and challenges for implementation

Goudos, Sotirios

Aristotle University of
Thessaloniki

Professor

25-11-2020

Greece

Pilot project of 5G technology for
Smart Irrigation

Groothuis, Bart

European Parliament

01-12-2020

Netherlands

Data security and 5G in the
European Union

Huyer, Sophia

CGIAR – CCAFS

Member of
European
Parliament (Renew
Europe, ITRE
Committee)
Research Leader
Gender and Social
Inclusion

26-11-2020

Canada

Gender roles in agriculture and
digital technology

Kewalramani, Manoj

The Takshashila Institution

Researcher

27-11-2020

India

5G Debate in India (Data Security
and Sovereignty Issue)

Muhammed, Shamal

AgriEpicentre

Chief Technical
Officer

02-12-2020

Scotland

5G applications in food production
and challenges for implementation

Nugroho, Andri Prima &
Sutiarso, Lilik

Universitas Gadjah Mada

Researcher

24-11-2020

Indonesia

Current WSN Technology of Smart
Irrigation in Indonesia

Papastavrou, Stavros

UNIDO

30-11-2020

Greece

Technology in agribusiness

Voutier, Paul

GrowAsia

Industrial
Development
Officer
Director of
Knowledge and
Innovation

27-11-2020

Australia

Access and adoption challenges for
5G and smart irrigation in South
East Asia
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4G: 4G is a collection of 4th generation cellular data technologies. It succeeds 3G and is also called "IMTAdvanced".25 In comparison to 3G, 4G offered higher speed (up to around 150Mbps). Download speeds
improved and 4G has significantly lower latency.26
5G: 5G is the 5th generation mobile network and the successor of 4G. 5G enables a new kind of network that
is designed to connect virtually everyone and everything together including machines, objects, and devices.
5G wireless technology is meant to deliver higher multi-Gbps peak data speeds, ultra-low latency, more
reliability, massive network capacity, increased availability, and a more uniform user experience to more
users.27
Digital divide: the gaps in access to information and communication technology (ICT) threatens the ICT "havenots", whether individuals, groups or entire countries. Education and learning lie at the heart of these issues
and their solutions. The gaps that define the "learning digital divide" are thus as important as the more obvious
gaps in access to the technology itself.28
IoT: the Internet of Things (IoT) refers to a system of interrelated, internet-connected objects that can collect
and transfer data over a wireless network without human intervention.29
Latency: in computing, "latency" describes some type of delay. It typically refers to delays in transmitting or
processing data, which can be caused by a wide variety of reasons. In this brief, we talk about network latency,
which describes a delay that takes place during communication over a network (including the Internet).30
LoRa: LoRa is a method for transmitting radio signals that uses a chirped, multi-symbol format to encode
information. Essentially, these chips are standard ISM band radio chips that can use LoRa to convert radio
frequency to bits, without any need to write code to implement the radio system. LoRa is a lower-level physical
layer technology that can be used in all sorts of applications outside of a wide area.31 It is mainly used for
machine-to-machine communication. It is not suitable for industrial applications.
Network slicing: the suboptimal use of the mobile network is due to the diversity, and even conflicting,
communications requirements of such businesses. The 5G network is designed to offer a different mix of
capabilities to meet these diverse requirements simultaneously. The goal is to operate multiple networks on
a common platform. Network slicing is the concept of running multiple logical networks as virtually
independent business operations on a common physical infrastructure in an efficient way.32
Nodes: sensor nodes help in sensing, gathering and measuring the information from the surroundings where
they are deployed and transmit the data to the users. A WSN has small or we can say no infrastructure and
having number of sensor nodes in it from ten to thousands which works together to monitor a area where
they are deployed.33
Smart irrigation: unlike traditional irrigation controllers that operate on a pre-set programmed schedule and
timers, smart irrigation controllers monitor weather, soil conditions, evaporation and plant water use to
automatically adjust the watering schedule to actual conditions of the site. 34
Sprinkler irrigation: sprinkler irrigation is a method of applying irrigation water which is similar to natural
rainfall. Water is distributed through a system of pipes usually by pumping. It is then sprayed into the air
through sprinklers so that it breaks up into small water drops which fall to the ground. 35
Standards: developing standards is critical to industries such as telecommunication and should, to be the most
effective and have the greatest impact, be truly global in scope and application. This process is very challenging
as it “includes building consensus around a technical direction among diverse parties [...] while maximizing
technology compatibility, interoperability, security, repeatability, and quality”.36
WiFi: WiFi is a wireless networking technology that allows devices to interface with the Internet. It allows
these devices to exchange information with one another, creating a network. Internet connectivity occurs
through a wireless router. 37
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Annex III. Methodology
For this policy brief, 14 experts from all over the world and from different sectors were consulted through semistructured interviews. These interviews were transcribed using a transcribing program and were analyzed by applying
inductive thematic analysis.15 Moreover, a literature review of both scientific and grey literature on 5G’s challenges
related to governance, access and societal adoption was done to support and add to findings from interviews. Results
from this review were also included in the thematic analysis.
General themes were concentrated into driving forces and micro scenarios (see Annex IV and V), by analyzing which
themes were most apparent in describing future scenarios for 5G deployment. The themes on the axes (‘availability’
and ’enabling environment’) were identified as most important, as all other driving forces build on these two themes.
Micro-scenarios were identified by identifying the driving forces for each segment of the matrix. The micro-scenarios
were used to develop the four scenarios as identified in the brief. These scenarios are of strategic exploratory nature16
and focus on answering the question “What can happen if we act in a certain way?”16 All described scenarios are in
theory equally likely to become a reality. Policymakers are therefore – up to a certain extent – able to influence which
scenario will be realized.
Annex IV. Table 1. Assessment of implementation challenges for each scenario
Scenario 1:
Early Adopters

Scenario 2:
Competitive Adoption

Scenario 3:
Targeted Action

Scenario 4:
Access for All

Governance
Challenge

Absence of regulations &
standards

Spectrum control by private
companies

(In)compatibility of market
and government interests

Framework for secure data
storage and processing

Societal
Adoption
Challenge

Knowledge concentrated
among early adopters

Unawareness of benefits of
5G-enabled smart irrigation
among farmers

Reluctance of appointed
sector(s) to adopt 5G because
of top-down decision-making

Facilitating adoption of 5G in
an inclusive way

Access
Challenge

Access is concentrated
among early adopters

Network coverage in areas
where business case of 5Genabled smart irrigation is
not yet clear or profitable

Network coverage for nonappointed sectors or regions

Connecting the unconnected,
ensuring full coverage

How to 1.
Achieve the
Scenario?

Create enabling
environment for
innovations and
experimentation with
high-tech use-cases

1.
2.

Liberalization of network
technology
Stimulate knowledge
sharing between farmers

1.

2.

Public and Private funding 1.
of 5G-enable smart
irrigation systems
Government facilitation
of sectoral investment
2.
where water use has a
potential to be reduced

Public funding to develop
accessible 5G networks
and 5G-enabled smart
irrigation systems
Develop strategies to
enhance knowledge
sharing and digital
education

Annex V. Definitions of driving forces and axis
Horizontal Axis - Accessibility: The actors who have access to 5G in smart irrigation
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For the many: 5G in smart irrigation is accessible to the wide public
For the few:
5G in smart irrigation is accessible only to elites
Vertical Axis - Focus: The focus of applications of 5G in smart irrigation
Water-use optimization:
Reduction of water use:

5G in smart irrigation is used to optimize water-use
5G in smart irrigation is used to reduce the amount of water used

Ownership: the ownership of the 5G spectrum and related accountability
Public:
Private:

The 5G spectrum is not auctioned by government after rollout, the spectrum is state-owned
The 5G spectrum is auctioned by government and is fully owned by one or more (telecom)
companies in the private sector

Knowledge: The level of farmers’ knowledge on 5G and its applications and use-cases for smart irrigation as a
consequence of the level of knowledge-sharing between agricultural stakeholders
Sharing:
Not sharing:

All interested actors are aware of applications and use-cases, high sharing of knowledge
Only limited actors are aware of applications and use-cases, very little to no sharing of knowledge

Coverage: the scale of penetration of 5G network availability
Partial:
Full

Only a few specific areas are covered by 5G networks
Every area is covered by 5G networks, including rural and remote areas

Requirement of 5G use: means and capabilities, including financial means, electricity and digital literacy, an individual
needs in order to deploy 5G for smart irrigation
High:
Low:

Many means, and capabilities are needed
Almost no means or capabilities are needed

Application: The way 5G is used by relevant actors
Monitoring & decision-making: 5G is used as a tool to enhance monitoring and decision-making
Automation:
5G is used to automate irrigation processes, such as water allocation
Smart irrigation: The availability of this modern technology for limited/broad
Exclusive:
Inclusive:

Smart irrigation technology is exclusive, accessible to a limited number of (large) farms
Smart irrigation technology is inclusive, accessible for most farms

Farming practices: the technological state of farming practices in a specific context
High-tech:
Low-tech:

The farmer deploys complex technologies that requires training to handle
The farmer deploys comprehensible technologies that does not require training to handle
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Annex V. Scenarios and Micro Scenarios
Overview of four 5G implementation scenarios with associated key risks and benefits. These scenarios are based on
interviews with 14 experts as well as additional literature.

Overview of micro-scenarios. These micro scenarios are based on all identified driving forces.
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Saltwater Greenhouses (SUNY)
Annex I. Table of Consulted Experts
Name

Institution

Position

Interview Date

Country

Topic of Interview

Daghari,
Issam

National
Agronomic
Institute of
Tunisia

Professor

Received
Questionnaire
30-11-2020

Tunisia

Saltwater Greenhouse
Operation

Davies,
Phillip

University of
Birmingham

Professor of Water
Technology at
University of
Birmingham

23-11-2020

UK

Saltwater Greenhouse
Operation

Paton,
Charlie

Greenhouse
Limited

Founder/CEO of
Seawater Greenhouse

6-11-2020

UK

Saltwater Greenhouse
Operation

Tester, Mark

Red Sea
Farms

Professor, Head of Salt
Lab at King Abdullah
University of Science
& Technology,
Associate Director at
the Center for Desert
Agriculture at Kaust &
Co Founder of Red Sea
Farms

27-11-2020

Saudi Arabia

Saltwater Greenhouse
Operation

Annex II. Glossary
§

Desiccant Cooling – Desiccant cooling works by passing humid air over a porous substance that is saturated
with a very saline desiccant solution. The solution captures moisture from the air and leaves drier air which is
cooler due to the vapor pressure difference.6enabling Conditions

Annex III. Methodology
Horizon Scanning
Several web searches were conducted using varying terms like “seawater greenhouse”, “saltwater greenhouse”, and
“desalination”. The searches included both scholarly articles and popular science articles and were generally limited
to the past decade. If current entrepreneurial projects or research projects were found, then these were explored in
further detail to inquire about the workings of the technology.
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Delphi method
Authors of research papers and members of SWGH organizations were contacted whenever possible to be
interviewed. Interviews were structured with the criteria for data to include questions of advances in technology,
economic viability, scale, and social and ecological impacts of the technology.
Social impact assessment
Social and environmental impact assessments examine the potential social-ecological effects of a planned
intervention. Expert interviews and journal articles were synthesized to determine broad areas of consideration for
future SWGH policy.
Major Saltwater Greenhouse Projects
1- 1992 Tenerife
2- 2001 UAE, Al Ayrum Island, Abu Dhabi
3- 2004 Oman
4- 2010 Australia, Sundrop Farms Port Augusta
5- 2012 Qatar
6- 2014 Jordan
7- 2017 Somaliland
8- 2019 Kaust

Figure 2: Diagram explaining seawater greenhouse technology. Photo taken from Seawater Greenhouse Ltd.
Website.
Annex IV. Case Studies
Red Sea Farms: Red Sea Farms is based out of King Abdullah University of Science and Technology. This start-up uses
saltwater to cool their greenhouses and grows salt-tolerant varieties of crops, such as tomatoes. The greenhouses use
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blockchain, IoT, and machine learning, to manage the growing conditions in the greenhouses. They expect RoI (return
on investment) to take 3.5 years to repay debts and move into the profit zone. Anticipating future expansion, once
they reach 30 hectares of greenhouse, export markets need to be identified.
Seawater Greenhouse: Somaliland: Somaliland is one of the world’s most water and food insecure regions. This region
is also unable to invest in SWGH technology due to financial constraints. The current project in Somaliland is being
funded by the UK government and partnered with PENHA. Seawater Greenhouse has set up shade houses that use
evaporative cooling pads to humidify and cool the interior of the greenhouses. The system is up and running and has
started to produce crops. This operation is experimenting with harvesting salt from brine.19
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Ablative Pyrolysis (SUNY)
Annex I: Consulted Experts
Name

Institution

Position

Interview
Date

Country

Topic of
Interview

Bridgewater,
Tony

Aston University

Professor,
Chemical Eng & Applied
Chemistry

19-11-2020

United
Kingdom

Ablative
Pyrolysis,
potential
benefits, and
limitations.

Energy and Bioproducts
Research Institute (EBRI)
Lehmann,
Johannes

Cornell University

Professor, Board
Member of the
International Biochar
Initiative

15-11-2020

United
States

Sustainable
energy policy,
biochar,
pyrolysis use
in developed
and
developing
regions

Meier,
Dietrich

Thermophil International

Managing Director
at Thermophil Internatio
nal

16-11-2020

Germany

Ablative
pyrolysis
potential and
benefits

Ratnasari,
Devy

KTH Royal Institute of
Technology

PhD Student studying
the Enhanced Catalytic
Pyrolysis of Biomass

23-11-2020

Sweden

Pyrolysis and
sustainable
development,
Recent
developments
in pyrolysis
research

Resende,
Fernando

University of Texas at
Tyler

Associate Professor and
Department Chair of
Chemical Engineering

17-11-2020

United
States

Ablative
pyrolysis,
mobile unit
capabilities,
novel
reactors

Wise,
Heather

University
of Washington

PhD Candidate

16-11-2020

United
States

Ablative
pyrolysis
reactor
functions and
potential for
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sustainable
development

Annex II. Glossary
§ Ablative Pyrolysis: a form of fast pyrolysis where dry biomass is pressed against a rotating plate at high
constant heat and pressure, causing the organics at the interface between the rotating plate and the biomass
to liquify into a bio-oil.2
§ Ex-Situ: a method of adding a catalyst to the reaction process (often ablative) within a secondary reactor that
is separated from the main pyrolysis reactor, which removes oxygen from the reaction more efficiently, and
is more readily accessible for replacement than in-situ.3
§ Fast Pyrolysis: the rapid heating of biomass at high temperatures (typically between 400-600 degrees Celsius),
which yields predominantly liquid and gas products.16
§ In-Situ: a method of adding a catalyst to the reaction process (often ablative) within the primary pyrolysis
reactor, which removes oxygen more efficiently, but is less readily accessible for replacement than ex-situ.3
§ Lignocellulosic Biomass: biomass composed of cellulose, hemicellulose, and/or lignin, often a hard and soft
woods. Most-widely available form of biomass globally, present in the form of waste crops, food crops,
agricultural residues, forestry residues, etc.14
§ Pyrolysis: the act of heating organic matter under specific heat and pressure conditions to produce a
concentrated form of biofuel, either in a solid (biochar), liquid (bio-oil), or gas (biogas).17
§

Slow Pyrolysis: slowly approaches temperatures reached in fast pyrolysis, meaning there is a longer residence
time within the system; produces mostly a solid biochar.18

Annex III. Methodology
Horizon scanning
While researching the technology for this policy brief, horizon scanning was utilized to encompass the potential
impacts. A variety of literature was reviewed to gauge potential in future developments and the implications
associated in implementing the technology.
Delphi Method
For this policy brief, 6 experts were interviewed via live interviews and written responses. Live interviews were
recorded for transcriptive purposes and responses were analyzed accordingly. In addition to providing expert
knowledge, some experts were consulted to provide validation of the written brief.
Material Flows Analysis
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Input and output materials of ablative pyrolysis techniques were analyzed to establish advantages of the technology.
(e.g. variety of feedstock/biomass that can be used; variety of products that can be produced)
Scenario Analysis
Case study examples were assessed for understanding of the feasibility of the technology. Both economic and
implementation feasibility were evaluated through multiple scenario analyses of pilot and commercial scale reactors.
Annex IV. Sustainable Assessment Interview Answers
The following graphic details the numerical response each interviewee gave about the four different potentials for
sustainable development.
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Citizen Science for Hydrologic Monitoring (SUNY)
Annex I. Consulted Experts

Name

Institution

Position

Interview Date

Country

Anderson,
Edward

The World Bank,
Tanzania

4-12-2020

Tanzania

Buytaert,
Wouter
Chuluunbaatar,
Enkhtungalag

Imperial College
London
Public Lab
Mongolia

Senior
Technology and
Resilience Expert
Professor

3-12-2020

UK

Co-Founder

9-12-2020

Mongolia

Davids,
Jeffrey C.
Haklay,
Muki
Lowry,
Chris

Delft University;
CSU Chico
University
College London
University at
Buffalo

Assistant
Professor
Professor

24-11-2020

Nepal

28-11-2020

UK

Associate
Professor

4-12-2020

USA

Mazumdar,
Suvodeep

The University of
Sheffield

Lecturer and
Researcher

26-11-2020

UK

Onion, Alene &
Reynolds,
Keleigh

New York State
Department of
Environmental
Conservation

Former and
Current WAVE
Program
Coordinators

16-11-2020

New York,
USA

Topic of
Interview
Tanzania Urban
Resilience
Program
CS opportunities
and challenges
Mapathon and
Environmental
Monitoring
SmartPhones4W
ater
CS and Policy
CrowdHydrology
’s
application on
CS
Citizen science
and
technological
development
Water
Assessments by
Volunteer
Evaluators
(WAVE) Program

Annex II. Methodology
A literature review was conducted, and important case studies were identified that were inclusive of work that was
present in both the developing and developed world with a focus on CSHM for disaster management and victim
communities. Seven experts were interviewed that work in CS with diverse knowledge and backgrounds in the field.
Some experts who were unable to schedule an interview provided written responses to the prepared interview
questions. The semi structured interviews were between 30-60 minutes and performed through web conferencing
applications. It is important to note that due to the COVID-19 pandemic, women and those of minority backgrounds
tend to bear most of the burden and although we reached out to over 20 experts, only 8 were able to respond and
arrange for an interview. This also highlighted an important issue with the interviewer pool which is mostly male
dominant and western. Interviews were recorded and transcribed in order to gather and analyze the data. Some
experts were also consulted to provide feedback on the policy-brief.
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Annex III. Glossary
CSHM - Citizen Science-based Hydrologic Monitoring refers to meteorological, groundwater, surface water, sediment
and water quality data collection and co-generation conducted by local citizen scientists.
CS - Citizen Science is described as the process of research design, data collection, knowledge sharing, and analysis by
members of the general public alongside professional scientists.
Annex IV. Figures

Figure 1: Spider chart demonstrating expert opinions on the applicability of citizen science for hydrologic monitoring.
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Figure 2: Framework to perform effective citizen science programs in hydrologic monitoring

Figure 3: Interviewed projects Location
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V. Case Study
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Virtual Reality and Natural Disaster Management (WUR)
Annex I. Expert table
Name
Belleman,
Robert

Institution
University of
Amsterdam

Boersma, Kees

Vrije
Universiteit
Amsterdam
(VU)

Calil, Juliano

Middlebury
Institute of
International
Studies at
Monterey

Campion, Niall

VRAI

Deepak, Mishra

Indian Institute
of Space
Science and
Technology

Fauville,
Géraldine

Position
Lecturer and researcher
in Scientific Visualization
and Virtual Reality,
Director the Bachelor
informatica
Associate Professor and
Director of Research,
Department of
Organization Sciences of
the Faculty of Social
Science
Senior Fellow and Adjunct
Faculty, Middlebury
Institute of International
Studies at Monterey, CoFounder and Chief
Scientist, Virtual Planet
Technologies
Managing Director of
VRAI

Date
23-11-2020

Country
The
Netherlands

Topic
Barriers,
benefits and
future potential

03/12/2020

The
Netherlands

Comparison of
future scenarios

01/12/2020

United States
of America

Barriers,
benefits and
future potential

07/12/2020

Ireland

Comparison of
future scenarios

PhD, Associate Professor.
Department of Avionics

27/11/2020

India

Barriers,
benefits and
future potential

University of
Gothenburg

Assistant professor,
Department of Education,
Communication and
Learning

27/11/2020

Sweden

Barriers,
benefits and
future potential

García Benítez,
Silvia Raquel

The National
Autonomous
University of
Mexico

PhD and researcher of the
Institute of Engineering

26/11/2020

Mexico

Barriers,
benefits and
future potential

Hartmann, Tilo

Vrije
Universiteit
Amsterdam
(VU)

Full Professor for Virtual
Reality and
Communication and
Department Chair Department of
Communication Science

27/11/2020

The
Netherlands

Barriers,
benefits and
future potential
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Herrera
Terrada, Victor

Techer Team

CEO and Founder of
Techer Team

03/12/2020

Spain

Comparison of
future scenarios

Hoogenboom,
Hans

TU Delft

Lecturer at the Faculty of
Architecture and the Built
Environment, Design
Informatics

07/12/2020

The
Netherlands

Comparison of
future scenarios

Lancieri, Filippo

University of
Chicago

Research Fellow at
George J. Stigler Center
from the University of
Chicago

03/12/2020

United States
of America

Comparison of
future scenarios

Nijland, Tim

VR Owl

Co-founder and CMO

25/11/2020

The
Netherlands

Ortiz Gil,
Helena

Techer Team

03/12/2020

Spain

Sermet, Yusuf

University of
Iowa

25/11/2020

United States
of America

Barriers,
benefits and
future potential

Perriguey,
Géraldine

XR Pedagogy

Co-founder and Head of
Marketing of Techer
Team
Postdoctoral Researcher,
UI Hydronformatics Lab
and IIHR – Hydroscience
& Engineering
CEO and Founder

Barriers,
benefits and
future potential
Comparison of
future scenarios

01/12/2020

France,
Guadalupe

Van der Spek,
Stefan

TU Delft

07/12/2020

The
Netherlands

Van
Wijngaarden,
Marco
Velev, Dimiter

ETC Simulation

Associate Professor of
Urban Design, Faculty of
Architecture and Built
Environment
President

Barriers,
benefits and
future potential
Comparison of
future scenarios

26/11/2020

The
Netherlands

University of
National and
World
Economy

Prof. Dr of the
Department of
Information Technologies
and Communications,
director of the Science
Research Center for
Disaster Risk Reduction

25/11/2020

Bulgaria

Vuijk,Jaap

Help A Child

Disaster Response
Advisor- Strategic
Innovation Coordinator

04/12/2020

The
Netherlands

Comparison of
future scenarios

Warner,
Jeroen

Wageningen
University and
Research

Associate Professor

04/12/2020

The
Netherlands

Comparison of
future scenarios

Barriers,
benefits and
future potential
Barriers,
benefits and
future potential
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Annex II. Glossary
§
§

§
§

Natural Disaster Management (NDM): the systematic process of actions aiming to save human lives, which is
divided in pre-, during-, and post-disaster actions.1
Artificial Neural Networks: artificially made programs that are inspired by the early models of sensory
processing by the brain. They are created by simulating networks of model neurons in a computer and applying
algorithms that mimics the functioning of real neurons. Through this, the network can learn to solve many
kinds of problems.32
Geographical Information Systems (GIS): a computer system that can integrate and process geographical
layers, produce maps, and help the user understand spatial relationships, patterns and trends.7,33(p1)
Serious Games (SG): innovative approach to training and education through gaming environments. Together
with VR it engages participants in three ways: interactivity, immersion, and user involvement.24,34

Annex III. Methodology
Expert interviews
Various kinds of experts with different professional backgrounds, for example, researchers in VR & NDM and
professionals in VR, NDM and Data Protection were interviewed. The interviews were semi-structured, had predefined
topic lists with specific themes and information tailored to the expert's knowledge.
Scenario Analysis
The information obtained in the expert interviews were arranged according to the dimensions of the
operationalization. From this overview potential future events and their outcomes were predicted to foresee possible
developments and turning points. Four scenarios were developed according to the two main drivers: software
application and software availability.
Annex IV. Elaborations
What is VR?
Virtual reality is a digital recreation of a real-life setting, in which the simulated physical presence allows the user to
interact. It tricks the human perceptual system into believing they are part of the virtual world, guaranteeing complete
focus on the content. Major senses are stimulated by substituting real information with artificially generated
information. For the general use, seven different concepts of VR can be identified: simulation, interaction, artificiality,
immersion, telepresence, full-body immersion, and network communication.35
The entire VR system works with a software and input and output hardware devices. Input is the interaction data with
the virtual world and motion data, both collected from the user. The input data is processed by the software to create
an immediate feedback that will be shown to the users on the output devices and promptly integrated in the virtual
world during the simulation. 36
The entire VR system works with hardware and software to increase the human perception. The hardware stimulates
the user's senses based on its motion. Through motion sensors, such as button presses, controller activity, eye and
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other body part movements, the user's interaction with the system is tracked.35,36 With the user's movement, the
virtual world corresponds by transforming itself. Furthermore, VR uses input and output devices, which are processed
by a PC, smartphone or similar. A significant computing power is needed to translate inputs to outputs, therefore
representing an important part of the technology's development. Input devices are the way of communication from
the user with the computer. Examples of input devices are joysticks, tracking balls, controller wands, data gloves,
trackpads, on-device control buttons, motion trackers, bodysuits, treadmills and motion platforms.35,36 Output devices
stimulate the senses and represent the VR content on visual, auditory and haptic displays. The simpler and potentially
cheaper version of outputs are headsets with smartphone positioners. These work with VR apps to experience the
simulation on the smartphone screen, like Google Cardboard.36 Other versions are headsets with integrated lenses
and screens, such HTC VIVE, Oculus, GenBasic, DMYCO, Excelvan, Bnext, Collective Minds, Magicsee, Thumps Up and
True Depth 3D.37,38
Apart from the hardware, underlying software manages input and output devices by analyzing incoming data to
generate prompt feedback. The application is time-critical, since slow feedback could influence the feeling of
immersion, potentially causing motion sickness.13,30,36 Currently, the most frequently used software programs are
Unity, Amazon Sumerian, Google VR for everyone, Unreal Engine 4, Cryengine, Blender, 3ds Max, SketchUp Studio,
Maya and Oculus Medium.39
Case study: VR applications and earthquakes
For earthquakes, Virtual reality (VR) has already been proven to be a multi-purpose tool in all three phases of natural
disaster management (NDM). Within disaster preparedness and response, VR is used together with Serious Games*
(SG) to provide evacuation and first responder training.23–25 Traditional approaches for evacuation training, and
specifically drills, lack real-world earthquake conditions, therefore, limiting the amount a participant can learn.23,25
This is reduced with VR by immersing participants in earthquake-like conditions, consequently, enhancing their
decision-making, situation perception, and wayfinding.23,24 Moreover, VR SG can be customized to specific building
lay-outs, storylines and teaching methods, optimizing the training experience depending on what the participants
need.24 For disaster recovery, the essence lies within the intelligent management of resources and work directions, as
it is essential to quickly return the largest number of victims to their routine life. VR has been proven itself fundamental
for this stage since it produces visualization for cause-effects in complex geotechnical-earthquake-infrastructure
interaction.5 Next to enhanced visualization of information, VR engines permit the remote discussion of multiple
engineering teams and the imagining of possible paths to recovery.5
Benefits
Preparedness
Create awareness
One of the most important benefit of VR is the opportunity to create awareness on the risks and urgency of natural
disasters.13,17–19,21 The immersive experience through VR convinces users not only of the impacts of natural disasters,
but also of the urgency to act. This is because the brain and body often cannot comprehend the difference between
reality and VR, allowing the understanding of issues that are not in our immediate presence.15 This consciousness is
the first step in preparedness, since people oftentimes underestimate the risks of natural disasters and dismiss
mitigation possibilities.20 Thus, more understanding about the severity of natural disasters will enhance policymaking,
city planning and possible funding for preparation and communication.18–20
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Training
Training first responders is essential for managing natural disasters. With VR, they can be trained in situations that
cannot be simulated in any other way due to the nature of natural disasters.17,22 First responder training has a direct
impact on preparedness as they will have more tangible experience and be able to adapt and react better real-time.23–
25
It creates a sense of confidence and makes their actions more suitable by building up their experience in a simulation
situation first.11,14,17,23,24 Moreover, VR offers a space that is reactive to action and in which repetitions, and mistakes
are allowed, but also muscle memory is developed.15,17,19,24 Beside the first responders, the citizens, including
vulnerable communities, can also be trained, such as by showing them the best possible evacuation routes during
disasters.20,23,24 Their ability to evaluate risks increases and the time span to translate information into action gets
reduced.21
Create collaborative preventive policies
With VR, natural disasters can be simulated in existing locations and through the recreation of buildings, fragile
infrastructure and danger zones can be pointed out.5,12 This new way of risk assessment can directly determine how
many resources the city and community need to improve resilience for future disasters, which, in turn, increases
investment in preparation policies.12,18 Furthermore, VR offers collaborative immersive spaces which allow different
people or teams from all over the world to work together in the same virtual environment, creating improved and
more coordinated solutions.5,12,17,19,22 Furthermore, in this way social differences can be overcome, and more trust can
be created between different actors that require high-level teamwork in times of crisis.10
Response
Higher quality of response
Through the training of first responders, the quality of response directly gets enhanced. Also, the muscle memory of
the first responders develops because their mind and body have been in the situation before. This enables them to
respond better, faster, and more efficiently while keeping trade-offs to response in mind.15,19 Besides that, the
(psychological) readiness of first responders have been evaluated and enhanced through their training.
Improved decision-making
Through the improved orientation in VR and the experience of first responders, more knowledge will be received
about possible natural disaster scenarios. This can create improved decision-making on where and how to respond.
One direct development of this is that a government could decide to prepare more resources to improve the recovery
phase.12–14,21 VR enhances the understanding of different elements in infrastructure such as power and waterlines,
and consequently improves decision-making without the risk of neglecting these elements.27 Several times VR can
create before and after visualizations of the affected area to ensure more accurate response.12 Also, historical cases
can be used to guarantee that a natural disaster from the past does not create the same devastating impacts in the
future.19
Improved response time
Through VR training, the warning signs of natural disaster can be recognized better and earlier by first responders and
citizens. Therefore, response is quicker, and life can be safeguarded.14,18 Furthermore, through technologies such as
VR-glasses, better response during a natural disaster itself is possible by directly sending data to people in command
to analyze and develop a more accurate response in real-time.10 Another example of this is the tracking of wildfires
with drones and 360° cameras to develop a real-time algorithm to locate the fire.7,20
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Annex V. Driving Forces Definition
Software applicability: for which specific customer, disaster, and location the VR software for NDM has been
developed
•
•

Tailored: the VR application is created and developed for a specific disaster, area, user, and organization and
addresses their specific features, needs, and complexities.
Standardized: the VR application is created and developed for a general disaster and does not address local
features and complexities.

Decision-making: the process of making decisions and selecting courses of action in natural disaster preparedness,
response, and recovery
•
•

Local: decision making in NDM is in the hand of the local government
Global: decision making in NDM is done internationally

Software availability: the ability to freely and cheaply use VR and program and develop virtual environments.
•
•

Open-sourced: source-codes, design documents and content of programs are made freely available for all
participants and can be used willingly for experimentation and collaboration.
Closed-sourced: source-codes, design documents and content of programs are proprietary, distributed under
licensed agreement, and are closed for experimentation and collaboration.

Funding: the resources needed to finance projects on the research, usage, and development of VR in natural disaster
management.
•
•

Public: investment into VR mainly generated from research, governmental and other public institutions.
Market-driven: investment into VR mainly generated from private institutions and companies.

Data collection: the procedure of gathering, measuring, and analyzing data of VR users
•
•

Transparent: the user of VR has a precise idea on how its data is being collected and used.
Not transparent: the user of VR does not know how its data is being collected and used.

Requirements of VR usage: means or capabilities, including internet connection (bandwidth), required knowledge and
technical devices, the user of VR needs.
•
•

High threshold: many means or capabilities are needed to use VR.
Low threshold: almost no means or capabilities are needed to use VR.

Affordability: the extent to which the potential buyer of the VR can afford the product and/or the production of the
technology, as measured by its cost relative to the amount that the purchaser is able to pay.
•
•

Bargain: VR is affordable and inexpensive relative to the amount the purchaser can pay
Costly: VR is not affordable and expensive relative to the amount the purchaser can pay
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Annex VI. Scenario Diagram
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Annex VII. Micro-Scenarios
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The Role of Digital Technology - Case Study (VLU)
Annex I. Expert interviews
Name of
Institution
Interviewee
Budiantoro, Setyo
The Ministry of
National
Development
Planning in
Indonesia
Ismawa, Danny
Communication and
Januar
Information
Accessibility Agency
(Indonesian
Government
Institutions under
The Ministry of
Communication and
Information)
Machmud, T.M.
Zakir Sjakur

Ndapamerang, Eben

Prihatin, Yohanes
Andes

Center of Small
Medium Enterprise,
Faculty of Economic
and Business University of
Indonesia
Office of
Cooperatives and
Micro, Small and
Medium Enterprises
Communication and
Information
Department

Position

Interview Date

Country

Economic
Development Pillar
Manager - The SDGs
Secretariat

27-11-2020

Indonesia

Director of
Information
Technology Services

30-11-2020

Indonesia

Chairman

28-11-2020

Indonesia

Head

12-11-2020

Indonesia

Head

24-11-2020

Indonesia

Annex II. Methodology
Expert interviews
Some experts with different professional backgrounds, such as researchers in SMEs and professionals in
communication information and technology were interviewed. The interviews were semi-structured, had topic lists
with specific themes and information as per the expert's expertise.
The following interview questions were used for SMEs:
1. How many sales before and during the pandemic?
October 2019: ……………………………………………
October 2020: ……………………………………………
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2. What strategies have been done to increase sales?
3. Have you implement a marketing strategy with digital technology?
If it so, through what media?
4. How does digital technology have a significant impact on the increase in sales of SMEs?
5. What obstacles do SMEs face in using digital technology?
6. Is it easy to apply for a SMEs business license?
If not, please state what obstacles you encountered in applying for a business license….
7.
8.
9.
10.
11.
12.
13.

What kinds of support from the government do SMEs need in order to promote digital marketing?
How easy is it to get raw materials for production?
Is internet access easy?
How to sell products so far?
Who are SMEs buyers so far?
Do SMEs really need the internet?
What devices are owned by internet access?

The following interview questions were used for experts:
1.
2.
3.
4.
5.
6.
7.
8.

What problems are faced by SMEs in Eastern Indonesia?
How is financial access to business capital?
What is the business skill for SMEs actors?
How is internet access for SMEs players?
How is SMEs access to the market?
What technology is most appropriate to use to overcome the obstacles faced by SMEs?
How can this technology be applied? What will it take in developing countries for that to happen?
How will Covid-19 affect business?
a. Are SMEs able to maintain the market?
b. Are there any production problems?
9. How to provide policies to solve two problems experienced by small businesses:
a. Dealing with covid-19
b. Digital inclusion and digital literacy.
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