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Project Overview
An interactive screen that changes color in response to the quality of the surrounding air,
leveraging the unique properties of lichens.
Ecological Transition: Encourages community awareness and proactive behaviors towards
cleaner air, aligning with ecological transition goals.
Biotechnology Integration: Incorporates biotechnology by using lichens as living
bioindicators to assess and respond to air quality.

Introduction

In the pursuit of sustainable and innovative solutions for environmental monitoring, the
integration of lichen-based screens emerges as a novel frontier. Lichens, those resilient
symbiotic organisms composed of fungi and algae or cyanobacteria, possess unique
properties that make them ideal candidates for advanced biotechnological applications. This
groundbreaking approach harnesses the inherent sensitivity of lichens to environmental
changes, offering a versatile and cost-effective means of monitoring air and water quality,
detecting pollutants, and contributing to ecological conservation efforts.
The lichen-based screen project represents a fusion of biology, technology, and
environmental science. By leveraging the symbiotic relationship within lichens, we aim to
develop a robust platform capable of providing real-time data on the health of ecosystems,
all while adhering to the principles of frugal technology—sustainable, affordable, and
accessible.
This initiative goes beyond conventional monitoring methods, introducing a holistic approach
that not only assesses environmental conditions but also aligns with broader goals of
sustainability, conservation, and community engagement. With its roots in open-source
principles, the project encourages collaboration, knowledge sharing, and the democratization
of technology, fostering a global community dedicated to advancing environmental
awareness and protection.
As we embark on this journey, the lichen-based screen project promises to redefine the
landscape of environmental monitoring, offering a scalable and adaptable solution with
implications for various sectors, from local community initiatives to large-scale industrial
applications. Through the convergence of nature's resilience and cutting-edge technology, we
aspire to contribute to a healthier planet while paving the way for a more sustainable and
interconnected future.

Lichen Based Screen

An interactive screen that changes color in response to the quality of the surrounding air,
leveraging the unique properties of lichens. This project embodies frugality through the
utilization of naturally occurring materials (lichens), minimal electronic components, and
open-source principles for scalability and adaptability. Encourages community awareness
and proactive behaviors towards cleaner air, aligning with ecological transition goals.
Incorporates biotechnology by using lichens as living bioindicators to assess and respond to
air quality. The project, while innovative and exciting, presents a potential challenge due to



the slow color change expected in lichens, occurring over months rather than days. Primarily
aimed at a B2C market, due to its applicability in residential settings and its educational
potential in raising awareness about air quality.

Lichens embody a mutualistic partnership between fungi and algae, where the fungus
provides shelter, and the algae reciprocate by supplying nourishment. Lacking roots, lichens
derive nutrients exclusively from the atmosphere, making them vulnerable to pollutants that
can impact their community. Particularly sensitive to atmospheric nitrogen, lichens, such as
Usnea, Hypogymnia, and Parmelia, serve as indicators for assessing air pollution. Unlike
conventional dehydration, lichens may undergo complete water loss during dry periods.

Certain lichens, integral to nitrogen contribution in soils, achieve this through litter formation
or predation by herbivores like snails. In arid zones, lichens contribute to extensive biological
soil crusts crucial for maintaining soil structure. The morphology of lichenized thalli varies,
categorized as crustose, leprose, foliose, filamentose, and fruticose, each influenced by the
phytobiont and its interaction with the mycobiont.

This symbiotic relationship between algae and fungi in lichens extends to applications in the
food industry and the prevention or treatment of human diseases, leveraging the production
of secondary metabolites for defense. Thriving in inhospitable environments, lichens pioneer
diverse habitats, ranging from extreme temperatures to desiccated landscapes, including
ancient environments and arid regions conducive to cryptogamic soil crusts.

In general, three mechanisms have been proposed regarding metal absorption in lichens:

1. Intracellular absorption through an exchange process;

2. Intracellular accumulation

3. Entrapment of particles containing metals.

Consequently, lichens serve as effective bio-accumulators of elements and trace elements,
as the concentrations in their thalli directly mirror those in the surrounding environment.
Utilizing lichens as bio-monitors involves quantifying the accumulation of trace elements
within their structures over time. Globally, studies demonstrate the use of lichens as monitors
for metal deposition, both actively and passively.
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Project Overview

Why lichen–based screen? This is an innovative project involving an interactive
screen that changes color based on the surrounding air quality, using lichens as
living bioindicators. The project emphasizes frugality by utilizing natural
materials, minimal electronics, and open-source principles. It aims to raise
community awareness about air quality and encourage proactive behaviors
aligned with ecological transition goals. Lichens, known for their sensitivity to
pollutants, particularly atmospheric nitrogen, play a key role in this project. The
symbiotic relationship between lichens' fungi and algae extends to various
applications, including the food industry and disease prevention. However, the
slow color change in lichens, occurring over months, poses a challenge. The
project targets the residential market and has educational potential in promoting
air quality awareness. Additionally, the project discusses lichens' role as bio-accumulators
of elements and trace elements, their use as bio-monitors for metal deposition, and concerns
about soil quality due to chemical fertilizers and pesticides in agriculture.



Frugal Technology Approach

A frugal technology approach for a lichen-based screen involves developing cost-effective
solutions that are simple, sustainable, and suitable for resource-constrained environments.
Here are some strategies for implementing a frugal technology approach in the context of a
lichen-based screen:

​ Use Locally Sourced Materials:
● Low-Cost Substrates: Explore local and readily available materials as

substrates for lichen cultivation. This can reduce costs associated with
sourcing specialized growth media.

​ DIY Sensor Development:
● Homemade Sensors: Investigate the feasibility of creating DIY (do-it-yourself)

sensors using affordable and widely available components. Open-source
hardware platforms like Arduino can be utilized for sensor development.

​ Low-Cost Sensor Calibration:
● Simple Calibration Methods: Develop straightforward calibration methods for

sensors that can be performed using commonly available calibration standards
or resources. This reduces the need for expensive calibration equipment.

​ Reuse and Recycle:
● Equipment and Materials: Emphasize the reuse and recycling of equipment

and materials whenever possible. Repurposing existing hardware or using
recycled components can significantly cut down on costs.

​ Open-Source Software:
● Free and Open Tools: Utilize open-source software tools for data analysis,

modeling, and visualization. This not only reduces software costs but also
allows for collaboration with a broader community.

​ DIY Data Loggers:
● Low-Cost Data Logging Systems: Build simple, low-cost data logging systems

using microcontrollers like Raspberry Pi or Arduino. These systems can be
customized to collect data from lichen-based screens in a cost-effective
manner.

​ Community Collaboration:
● Citizen Science Initiatives: Engage local communities in data collection

through citizen science initiatives. This not only reduces the need for
specialized personnel but also fosters community involvement.

​ Low-Power Solutions:
● Energy-Efficient Devices: Design lichen-based screens with low-power

consumption to reduce the need for expensive energy sources. Solar panels or
energy harvesting techniques can be explored for sustainable power.

​ Frugal Prototyping:
● Rapid Prototyping Techniques: Adopt frugal prototyping approaches, using 3D

printing or other low-cost fabrication methods for creating prototypes of
lichen-based screens.

​ DIY Environmental Monitoring Stations:
● Homemade Monitoring Stations: Develop cost-effective, DIY environmental

monitoring stations using off-the-shelf components. This can be particularly
useful for decentralized monitoring networks.

​ Local Expertise Utilization:
● Training Local Technicians: Invest in training local technicians or community

members to maintain and troubleshoot lichen-based screens. This reduces
dependence on external expertise.

​ Low-Bandwidth Communication:



● Efficient Data Transmission: Opt for low-bandwidth communication methods
for transmitting data from monitoring stations. This can be crucial in areas
with limited internet connectivity.

​ Frugal Innovation Workshops:
● Community Workshops: Organize frugal innovation workshops to brainstorm

and implement cost-effective solutions collaboratively. This can involve local
stakeholders and community members.

By adopting a frugal technology approach, the lichen-based screen project can be more
sustainable, accessible, and adaptable to diverse settings. This aligns with the principles of
frugal innovation, focusing on simplicity, affordability, and inclusivity.

Biotechnology Application

Lichens and air quality Internet of Things (IoT) devices offer distinct yet complementary
approaches to environmental monitoring. Lichens hold significant biotechnological
importance in air quality detection due to their sensitivity and adaptability, their unique
symbiotic relationship between fungi and algae or cyanobacteria makes them valuable
bioindicators. Lichens accumulate pollutants over time, providing a historical perspective on
air quality. They are cost-effective and non-invasive, requiring minimal infrastructure. Lichens
offer ubiquitous and long-term monitoring in diverse environments, including remote areas.
This natural, living indicator complements IoT devices, providing a holistic and ecologically
sensitive approach to assessing air quality, especially in locations where deploying and
maintaining extensive IoT networks may be challenging or impractical. The combination of
both approaches offers a comprehensive and nuanced understanding of environmental
conditions.
These natural bioindicators accumulate contaminants over time, enabling real-time detection
of heavy metals and atmospheric pollutants. Integrating lichen-based screens into
environmental assays offers a cost-effective and sustainable solution for assessing air and
water quality. The adaptability and resilience of lichens make them ideal candidates for
continuous monitoring across diverse ecosystems, providing valuable insights into dynamic
interactions between living organisms and their surroundings. This biotechnological approach
enhances our understanding of environmental dynamics and contributes to the development
of eco-friendly strategies, fostering sustainable practices in environmental management and
conservation.
In Europe, where urban and industrial activities contribute to air pollution, lichens offer a
natural, cost-effective, and widespread method for air quality assessment. By serving as
bioindicators, lichens can alert citizens to potential health risks associated with poor air
quality, enabling informed decisions on outdoor activities. Moreover, these screens contribute
to early detection of environmental degradation, supporting sustainable practices and
policies. The adaptability of lichens makes them applicable in both urban and rural settings,
providing a versatile tool for citizens across diverse European landscapes. Ultimately, the use
of lichen-based screens empowers European citizens with accessible, real-time information
to foster environmental awareness and advocate for healthier living environments.



Ecological Impact

Implementing a lichen-based screen for various biotechnological applications can have both
positive and negative ecological impacts. It's crucial to carefully assess these impacts to
ensure sustainable and responsible use. Here are some considerations:

Positive Ecological Impacts:
Environmental Monitoring:

● Early Warning System: Lichens can act as bioindicators of environmental
health. Using them in screens can provide early warnings of pollution or
changes in air and water quality, allowing for timely intervention and
mitigation.

Phytoremediation:
● Soil Rehabilitation: Lichens with the ability to accumulate heavy metals can

contribute to soil rehabilitation and remediation efforts. This could lead to
improved soil quality and support the restoration of ecosystems affected by
contamination.

Biosensors:
● Reduced Chemical Dependency: Lichen-based biosensors may reduce the

need for chemical-based detection methods, minimizing the use of synthetic
chemicals in environmental monitoring and pollution detection.

Conservation Awareness:
● Educational Value: Incorporating lichens into ecological studies and citizen

science projects can raise awareness about the importance of biodiversity,
ecosystem health, and the impacts of human activities on the environment.

Negative Ecological Impacts:
Collection Pressure:

● Habitat Disturbance: If lichens are harvested for biotechnological applications,
habitat disturbance is risky. Overharvesting or improper collection practices
can negatively impact lichen populations and their associated ecosystems.

Invasive Species Risk:
● Introduction of Exotic Species: If non-native lichen species are introduced for

specific applications, there may be a risk of them becoming invasive and
outcompeting native species, disrupting local ecosystems.

Ecosystem Disruption:
● Altering Microenvironments: Introducing lichen-based screens into ecosystems

may alter microenvironments and ecological interactions. It's important to
understand the potential impacts on other organisms, especially those that
may rely on specific lichen species.

Limited Resilience:
● Species Vulnerability: Some lichen species are sensitive to environmental

changes. Relying on a limited number of species for biotechnological
applications may make these systems vulnerable to fluctuations in climate or
other ecological stressors.

Mitigation and Best Practices:
Sustainable Harvesting:

● Regulations and Guidelines: Establish regulations and guidelines for the
sustainable collection of lichens, ensuring that harvesting practices do not
harm populations or their habitats.



Native Species Emphasis:
● Use of Native Species: Prioritize the use of native lichen species to minimize

the risk of introducing invasive species and to support local ecosystems.
Ecosystem Monitoring:

● Long-term Monitoring: Implement long-term monitoring programs to assess
the ecological impacts of lichen-based screens and adjust strategies
accordingly.

Ethical Considerations:
● Responsible Research: Conduct research ethically, considering the potential

impacts on biodiversity, ecosystems, and local communities. Strive for a
balance between scientific advancements and environmental conservation.

Public Engagement:
● Community Involvement: Engage local communities, stakeholders, and

policymakers in the decision-making process to ensure a comprehensive
understanding of potential ecological impacts and to incorporate diverse
perspectives.

By adopting these best practices and considering the potential positive and negative
ecological impacts, it's possible to develop and implement lichen-based screens responsibly
and sustainably.

The project encourages community awareness and proactive behaviors towards cleaner air,
aligning with ecological transition goals

Lichens play crucial roles in ecosystems, and their presence or absence can indicate
environmental conditions. We could summary 5 crucial points/reasons of impact:

● Air Quality Monitoring: Lichens are sensitive to air pollution, and their presence or
absence can be indicative of air quality. A lichen-based screen could potentially be
used as a bioindicator system for monitoring air pollutants. Lichens are sensitive to
air pollution, especially sulfur dioxide and nitrogen compounds. Their health and
abundance can be used to monitor air quality in a given area.

● Urban Greening: The project could contribute to urban ecological transition.
Lichens can thrive in urban environments and help mitigate the urban heat island
effect, improve air quality, and provide green spaces for biodiversity.

● Educational Tool: A lichen-based screen could serve as an educational tool to raise
awareness about environmental issues and the importance of ecological transition.
Public engagement and education are key components of fostering sustainable
practices.

● Restoration of Degraded Areas: Lichens, being pioneer species, could play a role
in restoring degraded ecosystems. A lichen-based screen might involve initiatives to
reintroduce lichens to areas affected by pollution or habitat degradation, aiding in
ecosystem recovery.

● Promotion of Sustainable Practices: The use of a lichen-based screen could be
associated with sustainable practices and environmentally friendly initiatives. This
could include promoting businesses or products that adhere to environmentally
responsible standards.

Open-Source Contribution



Engaging in open-source contributions for a lichen-based screen project can foster
collaboration, innovation, and the development of a broader community around this
technology. Here are some ways to contribute to the open-source community in this context:

​ Data Sharing:
● Environmental Data: Share environmental data collected through lichen-based

screens openly. This can include air quality data, water quality data, and other
relevant metrics. Open access to this information can benefit researchers,
policymakers, and the public.

​ Code Repositories:
● Algorithm Development: If there are algorithms or software tools developed

for data analysis or modeling in the lichen-based screen project, consider
open-sourcing them. Platforms like GitHub can serve as repositories for code,
allowing other researchers to use, modify, and contribute to the development.

​ Sensor Designs:
● Hardware and Sensor Specifications: If the project involves the development

of specific sensors or hardware components for lichen-based screens, share
the designs and specifications openly. This can encourage the community to
improve, adapt, or customize the technology for different applications.

​ Documentation:
● Technical Documentation: Provide thorough technical documentation for the

lichen-based screen project. Clear documentation helps others understand the
technology, reproduce experiments, and contribute effectively.

​ Collaborative Research Platforms:
● Online Platforms: Create or contribute to online collaborative research

platforms where researchers and developers can discuss, share findings, and
collaborate on lichen-related projects. Platforms like ResearchGate or
dedicated forums can facilitate knowledge exchange.

​ Educational Resources:
● Tutorials and Guides: Develop educational resources, tutorials, and guides that

help others understand the principles behind lichen-based screens and how to
implement similar projects. Share these resources openly to support
knowledge dissemination.

​ Community Building:
● Forums and Discussion Groups: Establish or participate in forums and

discussion groups related to lichen-based screens. Encourage community
members to share their experiences, ask questions, and contribute their
insights.

​ Bug Reporting and Issue Tracking:
● Open Issue Tracker: Use platforms like GitHub to maintain an open issue

tracker. Encourage users and developers to report bugs, suggest
improvements, and discuss issues openly.

​ Contribute to Existing Projects:
● Join Other Open-Source Projects: Explore existing open-source projects

related to environmental monitoring, biosensors, or phytoremediation, and
contribute your expertise to enhance those projects.

​ Hackathons and Competitions:
● Participate and Host Events: Engage with the broader community by

participating in hackathons, competitions, or collaborative events. Hosting
such events can bring together diverse perspectives and drive innovation.

​ Licensing Considerations:



● Open Licenses: Choose open-source licenses for your contributions, specifying
how others can use, modify, and distribute the software or data. This
encourages a collaborative and transparent development environment.

By actively participating in the open-source community, you can leverage the collective
intelligence and creativity of a global network of researchers, developers, and enthusiasts.
Open collaboration can lead to faster advancements, increased visibility, and the
establishment of a community dedicated to the advancement of lichen-based screen
technologies.

Future Company Potential

A company centered around a lichen-based screen could have significant potential in various
industries. Here are some potential avenues for the future development of such a company:

​ Environmental Monitoring Services:
● Air and Water Quality Monitoring: Provide environmental monitoring services

using lichen-based screens to assess air and water quality in urban, industrial,
and natural settings. Offer data analytics and reporting to clients, including
municipalities, industries, and environmental agencies.

​ Biosensor Technology:
● Toxicity Detection: Develop and commercialize biosensor technologies based

on lichens for detecting specific pollutants or toxins. These sensors could be
integrated into various industries, such as manufacturing, agriculture, and
wastewater treatment.

​ Phytoremediation Solutions:
● Soil Rehabilitation Services: Offer phytoremediation solutions using lichens to

clean up contaminated soils. This could involve collaborations with
environmental consulting firms, construction companies, or governmental
agencies dealing with land reclamation.

​ Bioprospecting and Pharmaceuticals:
● Bioactive Compound Discovery: Explore lichens for novel bioactive compounds

with pharmaceutical potential. Develop partnerships with pharmaceutical
companies to produce drugs with applications in medicine or cosmetics.

​ Educational Programs and Citizen Science Initiatives:
● Training and Workshops: Provide educational programs on lichens,

biodiversity, and environmental conservation. Engage in citizen science
initiatives, collaborating with schools, communities, and environmental
organizations.

​ Green Technology Consulting:
● Sustainable Practices: Offer consulting services to industries seeking

sustainable and eco-friendly practices. Advise on the integration of
lichen-based screens for pollution monitoring and mitigation.

​ Research and Development Hub:
● Innovation Center: Establish a research and development hub focused on

lichen biology, biotechnology, and ecological applications. Collaborate with
academic institutions and other research organizations to stay at the forefront
of innovation.

​ Bioenergy and Agriculture:
● Bioenergy Production: Investigate lichens for their potential in bioenergy

production. Develop partnerships with agricultural companies or bioenergy
firms for the cultivation of lichens in controlled environments.

​ Corporate Partnerships:



● Collaborations with Industry: Form partnerships with industries interested in
sustainable and green technologies. Collaborate on joint projects, leveraging
the expertise of both parties.

​ International Expansion:
● Global Reach: Explore opportunities for international expansion, especially in

regions where environmental concerns and regulations are driving demand for
innovative solutions.

​ Technology Licensing:
● Intellectual Property: Consider licensing the technology and intellectual

property developed during the lichen-based screen project to other companies
interested in incorporating these solutions into their operations.

​ Community Engagement and Outreach:
● Community Initiatives: Engage in community outreach programs,

demonstrating the positive impact of lichen-based technologies on local
environments. Build strong relationships with communities to ensure
sustainable practices and acceptance.

By combining innovative technology, environmental awareness, and strategic partnerships, a
company built around a lichen-based screen could become a pioneer in sustainable solutions,
contributing to both environmental conservation and business success.

Conclusion

The Lichen Based Screen project represents a significant step forward in frugal innovation for
environmental monitoring. By harnessing the natural sensitivity of lichens to air pollutants,
we have created a visually engaging and ecologically sound solution to air quality awareness.

This project embodies the core principles of Citeuropass and Nemeton's mission:

1. Frugal Technology: Utilizing readily available materials and natural processes to
create an effective, low-cost monitoring system.

2. Ecological Transition: Promoting environmental awareness and encouraging
sustainable practices in urban areas.

3. Biotechnology Application: Demonstrating how living organisms can be used as
technology, aligning with the "life as technology" approach.

4. Community Engagement: Creating an accessible tool that allows citizens to visually
track air quality in their local environment.

5. Open-Source Contribution: Sharing our findings and methodologies to encourage
further innovation and adaptation of this concept.

The Lichen Based Screen not only serves as an air quality indicator but also as an
educational tool, raising awareness about the importance of lichens in our ecosystems. It has
the potential to inspire community-led environmental initiatives and inform policy decisions
regarding urban air quality.

Looking ahead, this project opens up possibilities for further research and development in
areas such as:

● Expanding the range of pollutants that can be detected
● Integrating digital technologies for data collection and analysis
● Scaling up for larger urban installations



As we face growing environmental challenges, projects like the Lichen Based Screen
demonstrate how frugal, nature-inspired innovations can play a crucial role in building a
more sustainable and environmentally conscious future.


