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Abstract
Circular bioeconomy is a key socioeconomic model for advancing the United Nations 
Global Sustainability Goals and promoting environmental and resource sustainabil-
ity. However, circular bioeconomy concepts are unknown to most people and politicians 
worldwide who still have a fragmented picture of sustainability. Common perception of 
waste needs a cultural shift from “disposable” to commodity. This can happen with effec-
tive communication, active citizens’ education, and awareness and engagement in core 
bioeconomy experiences and activities, like urban waste management and environmental 
sustainability. Citizen engagement methodologies are multiple. This paper proposes the 
combined use of Information and Communication Technologies (ICTs), citizens’ hands-on 
project involvement, and a direct rewarding system. Similar European examples are dis-
played, while our key case study is the bitter orange waste problem in the metropolitan 
region of Attica in Greece, where approximately 40,000 tons of bitter oranges per year 
remain unmanageable and unexploited, causing serious problems. The Bitter Orange Pro-
ject aims to educate citizens on bioeconomy and biomass value, hopefully changing the 
perception of urban waste through their rewarded engagement in fruit collection to pro-
duce high added value materials. This can be a versatile platform for urban waste manage-
ment projects through citizen science regardless of the type of biomass. The project aims 
to engage all possible local society stakeholders to multiply awareness. The target of this 
paper is to highlight that environmental problems related to biomass misuse are closer than 
the average citizen experiences, and that active involvement of society through rewarding 
can help raise awareness.
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Why Circular Economy?

Speeding climate change consequences with heavy social impact, and studies claiming that 
fossil fuel will become scarce within the next 100 years [1] have led to new regulations and 
legal acts on behalf of the European Union (EU) and the United Nations (U.N.), to cre-
ate an innovative framework and establish a roadmap to a sustainable future [2]. With the 
European Green Deal [3, 4] and the United Nations Global Goals [5], certain directions are 
given to enhance both market adaptation and social activation toward the new challenges 
and to compensate for inevitable inconveniences in social, economic, and political levels.

In this perspective, circular economy has become a key tool for enhancing sustainabil-
ity [6]. It is an economic model that separates a product manufacturing cycle into distinct 
levels of production where the output of one process is considered to be the input of a next 
one [7]. Each level can produce a final product and/or a material (multiple outputs) that 
feed the input of other processes, maintaining the value and usefulness of materials that 
would otherwise be characterized as waste. This leads to the re-evaluation of waste as a 
resource to create new products, while compensating material scarcity and minimizing the 
usage of intermediate resources (i.e., water, energy) and environmental pollution. Circular 
economy–based production can use organic, non-organic, and fossil-based raw materials 
under a zero-waste concept [8].

Circular Bioeconomy as Part of the Global Circularity Concepts 
and Policies

As a part of the above rationale, biological resources have gained focus since they are by 
definition renewable [9]. When bio-resources, like herbal-based and animal-based raw 
materials, are used as inputs in manufacturing through a sustainable and ethical production 
model, the concept of bioeconomy is introduced [10]. The production technologies used 
for this purpose incorporate technological machinery, chemical and biochemical processes, 
and/or microorganisms as cell factories to produce intermediate and final bio-products. 
Incorporating the use of renewable bio-resources in the circular logic creates the concept of 
circular bioeconomy [11].

Circular bioeconomy consists of 3 main pillars:

	 i.	 Utilization of wastes and intermediate production process residues as a resource
	 ii.	 Utilization of biological resources or naturally derived resources only
	 iii.	 Utilization of a sustainable production process

Although other authors have given different definitions on circular bioeconomy, we tend 
to agree with the definition given by P. Stegmann, M. Londo, and M. Junginger [12]. In an 
attempt to summarize this concept, they concluded that “the Circular Bioeconomy focuses 
on the sustainable, resource-efficient valorization of biomass in integrated, multi-output 
production chains, while also making use of residues and wastes and optimizing the value 
of biomass overtime via cascading.”

In international policy making, we can see references to circular bioeconomy in UN’s 
Sustainability Development Goals (SDGs). The 17 Goals aim to define a clear road-
map for a sustainable future and to create a framework of criteria through which circular 
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bioeconomy, among other strategies, can be evaluated for their efficiency. Circular bioec-
onomy can positively affect most Sustainable Development Goals (SDGs) when applied 
under defined policies, strategies, and regulations to ensure sustainability [13, 14].

Europe responded to the UN’s SDGs to align the standards to the special requirements 
of the European territory. This European adaptation, the European Green Deal, promotes 
“a new growth strategy” toward a “modern, resource-efficient and competitive economy” 
with minimized “net greenhouse emissions by 2050.” The Green Deal’s Action Plan [3] 
emphasizes new economic approaches such as the circular economy, bioeconomy, and 
circular bioeconomy. However, member states present different progress depending on 
whether they have adopted a national strategic approach on circular bioeconomy. Only 9 
member states out of 27 have adopted a national bioeconomy strategy, plus the BIOEAST 
Initiative [15, 16].

The Results of the Above Policies

To achieve the goals set by the European Green Deal, the issue has been approached from 
a strategic planning, legislative, and economic motivation point of view [17]. European 
Union uses market drives and directives such as the “the polluter pays” principle and “the 
extended producer responsibility” to initiate change on behalf of the producers with a “bot-
tom-up” approach [18, 19].

Even in the citizen awareness field, the market drive prevails. High emphasis is given to 
the “education and skills” driven bioeconomy in its EU policy debut. With the aim being 
a biotechnology-lead bioeconomy with efforts for fossil resources replacement, highly 
skilled labor force and industry were required [10]. In this regard, education becomes a key 
factor raising people’s awareness of environmental issues and is delivered both from cen-
tral EU digital portals and from local national policies and actions [14, 20]. The method-
ologies followed concern effective communication and education and are widely based on 
cultivating knowledge and skills by financing regional training, life-long learning opportu-
nities, and social innovation [20, 21].

Such policies are effective, however only on stakeholders involved in the educational 
system [22] [Europa Eu: European Education Area for Environmental Sustainability 
https://​ec.​europa.​eu/​educa​tion/​educa​tion-​in-​the-​eu/​europ​ean-​educa​tion-​area/​educa​tion-​for-​
envir​onmen​tal-​susta​inabi​lity_​en].

Large parts of the population remain strangers both to sustainability aspects and their 
own active role on circular bioeconomy [23]. As circular bioeconomy matured, a need for 
citizen participation and activation was recognized as a major market and society drive. 
The required mentality shift was even compared to the Agricultural and Industrial Revolu-
tions in radicality [10]. It introduces “People and Society” as a system variable that affects 
the market, and consequently the success level of overall sustainability through its “needs 
and demand for new products” (Fig. 1). Steps towards citizen awareness and participation 
have been taken and are in some cases fruitful, for example in concepts like sustainability, 
gas emissions, and recycling, while in others, there is still much room for improvement.

Waste is still considered waste for the public [24]. But for circular bioeconomy, it is a 
valuable asset [25]. Waste perception is a setback for many applications concerning skin-
care products, for example, to be created by by-product streams. Transforming “waste” to 
“resource” in an average consumer’s mind can be a long process, but it can possibly create the 

https://ec.europa.eu/education/education-in-the-eu/european-education-area/education-for-environmental-sustainability_en
https://ec.europa.eu/education/education-in-the-eu/european-education-area/education-for-environmental-sustainability_en
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mindset-market shift we need to valorize biomass on its whole, when this is possible. Why are 
current policies still failing to trigger this mentality shift?

Assessment of Current Methodologies for People Awareness Aligned 
to the EU Directives

With educational institutions and the industry being considered the main drive for awareness, 
circular bioeconomy remains unapproachable. Events, dialogues, virtual or real, idea expres-
sion, and good practices exchange are only good within the academic and market circles.

From an economic point of view, “offer” is centrally regulated by legislation while 
“demand” can only change through awareness. While in some product categories, citizens 
tend to prefer more sustainable solutions (ex. sustainable crops), other categories keep cus-
tomers skeptical if the primary resources are labeled as “waste” (ex. cosmetics or food cre-
ated by agro-residuals).

Training responsible consumers is one side of the coin where education and awareness 
campaigns play, indeed, an important role. But to reach a mentality shift and activation, 
it requires deeper knowledge stemming from hands-on experience. Encouraging personal 
experience and engagement on circular bioeconomy can work both as a wide educational 
tool and market multiplier. There are multiple levels to do this. In this paper, urban citi-
zen activation through internet technologies and citizen science is suggested. The proposed 
application field concerns the urban region of Attica where bitter orange trees produce 
large quantities of citrus waste.

The Aim of This Paper

This paper aims to showcase that within the circular bioeconomy and environmental 
concepts, problems arising are closer than we imagine. The media is not giving the 
true dimension of environmental issues that have reached our front yard. Thus, the big 

Fig. 1   The interaction between 
the economy, society, and the 
environment
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difference will occur more through citizen activation and participation than law enforce-
ment. Unfortunately, results are not visible in all cases, making it difficult for the masses 
to perceive and act. At this point, symbolic rewarding of people’s participation is crucial 
to educate society on biomass value. This case study examines the non-edible citrus 
biomass encountered in many Mediterranean cities. In a wider perspective, the pro-
posal could be used in similar circular bioeconomy–related activities requiring citizen 
participation.

Living and Consuming in Urban Areas

This paper focuses on the awareness of urban areas because of the demographics and 
modern lifestyle of people populating them. With a hectic schedule, long working hours, 
and distances and traffic consuming a large part of their day, people are looking for the 
easiest and fastest solutions possible to deal with everyday needs such as consumption, 
food, and cleaning. Internet access saves time and money and provides countless virtual 
product options. In this context, environmental activation seems rather a luxury than 
necessity, despite the fact that an overall majority of EU citizens think of environmen-
tal issues, climate change, and harmful chemicals in everyday consumption goods as a 
hurdle to be tackled by changing the way we produce, consume, and trade [Eurobarom-
eter Survey (2019)]. However, municipal solid wastes (household waste) surveys tell 
a different story with industry being unable to recycle them due to heavy contamina-
tion [European Environment Agency (2019) Waste recycling in Europe https://​www.​
eea.​europa.​eu/​data-​and-​maps/​indic​ators/​waste-​recyc​ling-1/​asses​sment-1. Accessed 13 
November 2021]. While recycling is a relatively well-communicated issue on circular 
economy, people still find it hard to clean their waste before placing it in the recycling 
bin. With circular bioeconomy still being a niche for academia and the industry, how 
could citizens possibly participate [26]? Detachment from nature is another result of 
heavy urbanization and crucial for bioeconomy. Summing up all the characteristics of 
the urban population to form a proposal, it is safe to say people in the cities are prone 
to impulsive and fast consumption and living, have a rather high dependence on mobile 
technology, and have limited free time to devote to learning new skills not directly 
linked to their benefit [27].

The Urban Areas Are Huge Resources of Valuable Biomass

Urban citizen activation approaches align with EU demographics. The twenty-first century 
society is mainly influenced by urban areas. The U.N. data predicts that by 2050, approxi-
mately 70% of the population will live in urban centers, increasing environmental concerns 
since they do not always grow sustainably [28]. This population density is very impor-
tant both for targeting awareness campaigns and for biomass concentration. Urban envi-
ronments can in fact be a great source of biomass [29] whether municipal or household. 
Municipal biomass from tree pruning alone can be used for renewable energy purposes. 
Managing to mobilize a substantial part of the population would make a huge difference 
for the recycled-renewable material flows.

https://www.eea.europa.eu/data-and-maps/indicators/waste-recycling-1/assessment-1
https://www.eea.europa.eu/data-and-maps/indicators/waste-recycling-1/assessment-1
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The Significance of Urban Awareness

The urban social and environmental ecosystem can become a great opportunity for cir-
cular bioeconomy. Both in terms of population density and biomass concentration, the 
potential is huge. Communication, education, and environmental labor skill enhance-
ment are important, but it would be interesting to examine the effect of culture and life-
style in people’s mobilization to collect this biomass themselves. Internet could provide 
a solution in this regard especially when looking into the extensive use of social media 
among urban users.

Current Urban Lifestyle and Social Media

The average time spent online, given the limited amount of time people are willing to 
spend on environmental protection activities like recycling material sorting, can be a 
source of inspiration for participation optimization methodologies [25]. Social media 
application characteristics cover core people’s needs—socializing, connecting, feeling 
important while comparing yourself with others, curiosity, excitement with providing 
unlimited amounts of information, and of course, easy accessibility [30]. If we also con-
sider the Covid-19 crisis of the previous year, social media interaction has replaced a 
large part of physical interaction making mobile addiction even worse. Incorporating 
social media features in citizen science could bring circular bioeconomy concepts closer 
to the average consumer in a more approachable way [31].

Existing Examples of Applications Designed for Urban Citizens 
Activation and Rewarding Systems

Initiatives to activate citizens are gaining more and more ground whether they involve 
rewarding motivation or not. Most of them concern plastic recovery and recycling. 
Indicatively, we will mention four examples:

Italian initiatives also propose tax rewarded door-to-door recycling methods to 
increase citizen participation. Smart technologies are used to scan and sort the material 
while citizens can monitor the course of the material they recycled through a dedicated 
mobile application [32].

The RecyclingToCoin initiative had launched in the United Kingdom (UK) in 2017 
and was the first to introduce cryptocurrency rewarding for the collection of plastic bot-
tles and aluminum cans. It rewards users whenever they make a deposit at cooperat-
ing collecting points with digital currency and eGift cards. A QR code is scanned per 
deposit and the equivalent reward can be turned into Bitcoin, Ether an eGift (coopera-
tion with GiftPay), or a donation to Plastic Bank, to support fighting poverty and pol-
lution globally. The application is supported by the Global Plastic Offset Scheme who 
works toward recycling motivation [33].

On the other hand, UK’s Scrapp aims to simplify recycling by scanning packaging 
and letting the users know which is recyclable. Users gain bonus point for recycling 
and use them as discounts in shops embedded in the app. This way, they help people 
who found recycling confusing, and they sort plastic that otherwise would be misplaced 
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and reduce landfill fees [Packaging Europe: Newly released app aims to simplify and 
reward recycling: https://​packa​ginge​urope.​com/​newly-​relea​sed-​app-​aims-​to-​simpl​ify-​
and-​reward-​recyc​ling/].

Spain’s PlastiCircle also rewards citizens for correct recycling habits through specific 
smartbins, but this time without the use of a mobile application [Europa EU: https://​ec.​
europa.​eu/​resea​rch-​and-​innov​ation/​en/​horiz​on-​magaz​ine/​smart-​conta​iners-​reward-​people-​
recyc​ling-​prope​rly].

Other interesting citizen science and awareness activities, who however do not include 
rewarding systems, are the Plastic Pirates-Go Europe (Germany, Portugal, Slovenia) and 
APPLAUSE (Ljubljana). The Plastic Pirates [Plastic Pirates: Go Europe!: https://​www.​
plast​ic-​pirat​es.​eu/​en] want to raise awareness about plastic waste ending up in rivers and 
finally to the ocean. Schools of this international program are involved by gathering plastic 
from the riverbanks and then reporting the material found in a common data base. This 
way, research is enhanced regarding the plastic pollution issue at its root. On the other 
hand, APPLAUSE aims to raise awareness on alien plant species that threat local flora. 
Those species are identified through a mobile application by citizens, are collected, and 
then use in applications like food coloring, paper, and liquid wood [UIA Initiative, Cities, 
Ljubjana: https://​www.​uia-​initi​ative.​eu/​en/​uia-​cities/​ljubl​jana].

Demand for Appropriate Infrastructure

Wide smartphone use has largely democratized access to knowledge. But is this enough 
to educate people for circular bioeconomy? Optimization of mobile sustainability–related 
applications to cover basic human needs like communication, achievement, or rewarding 
[30] is only one sided. Making the process easy and approachable is also very important in 
response to the urban lifestyle.

Participation in biomass collection requires spatial organization in key collection points. 
Let’s borrow the paradigm of recycling smart bins. For measurement and data collection 
purposes, ICTs must be included.

They are an advanced technological tool that can facilitate the transit towards smart 
city networks. Smart cities can provide realistic urban data collection and analysis using 
“software systems, server substructure, network infrastructure, and client devices” [34]. 
With a series of technological infrastructure like sensors, actuators, and mobile devices 
instrumented and interconnected, a wide variety of solutions and public services can be 
provided. With such a “smart” environment, information exchange between municipalities, 
businesses, and citizens becomes highly accessible [35].

Intelligent network systems embedded at a municipal level would increase smart bin 
accessibility, thus making contribution easier [17, 31]. Plus, real-time collection data 
would help assess the amount of bio-material deposited. It would be better monitored and 
managed with smart transportation systems connected to each smart bin. By the time a 
certain weight of material reached the limit, sensors would signal specific transportation 
centers, or underground channels, and would be collected accordingly [19]. This can also 
increase the efficiency in material transportation resulting in fuel savings since the smart 
bin would only be emptied when full. For biomass/organic waste collection, details like 
heat and fermentation levels can also be measured [26, 28] [(2021) Smart cities. In: Euro-
pean Commission. https://​ec.​europa.​eu/​info/​eu-​regio​nal-​and-​urban-​devel​opment/​topics/​cit-
ies-​and-​urban-​devel​opment/​city-​initi​atives/​smart-​cities_​en. Accessed 8 Jul 2021].

https://packagingeurope.com/newly-released-app-aims-to-simplify-and-reward-recycling/
https://packagingeurope.com/newly-released-app-aims-to-simplify-and-reward-recycling/
https://ec.europa.eu/research-and-innovation/en/horizon-magazine/smart-containers-reward-people-recycling-properly
https://ec.europa.eu/research-and-innovation/en/horizon-magazine/smart-containers-reward-people-recycling-properly
https://ec.europa.eu/research-and-innovation/en/horizon-magazine/smart-containers-reward-people-recycling-properly
https://www.plastic-pirates.eu/en
https://www.plastic-pirates.eu/en
https://www.uia-initiative.eu/en/uia-cities/ljubljana
https://ec.europa.eu/info/eu-regional-and-urban-development/topics/cities-and-urban-development/city-initiatives/smart-cities_en
https://ec.europa.eu/info/eu-regional-and-urban-development/topics/cities-and-urban-development/city-initiatives/smart-cities_en
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Despite EU’s encouragement for ICT’s integration, the legal framework remains com-
plex and is highly dependent on local adaptation [23] [In European Smart Cities: http://​
www.​smart-​cities.​eu/​ranki​ng.​html]. In a ranking for 70 European cities, in Athens, where 
the case study to follow takes place, there is no mention in the chart. Presumably, more 
action must be taken on behalf of local municipalities to adapt to European standards 
regarding smart cities and the green economy prospects that accompany them [36, 37].

Ways to Promote Natural‑Based Solutions in Urban Areas

People in urban areas experience distancing from nature, which largely makes education 
on circular bioeconomy difficult. Hands-on experience, like the collection of biomass com-
bined with ICT facilitation, could be an interesting case study to actively involve people in 
the process. Active involvement with the natural urban environment can have other benefits 
on the residents too, like stress relief, socializing, and a feeling of achievement and solidar-
ity to the community as indicated by the case studies of “municipal gardening” [38].

Mobile applications recruitment, on the other hand, can make people understand that 
going green doesn’t always require much time, dedication, monetary contribution, or even 
a master’s degree on circular bioeconomy. Technology has now the power to make gradu-
ally make people’s lives more sustainable and greener [39].

Rewarding citizens for biomass collection is a very interesting proposal [40]. Rewarded 
recycling achieved an increase of 35% in the amount of material recycled in o Windsor 
and Maidenhead’s scheme in the UK, while an 80–90% of citizens participated even with-
out accepting rewards [41]. Exploring the nature and role of motives in decision-making 
and participation would provide us with valuable information and could change the way 
we approach awareness campaigns. Other studies indicate that random rewarding methods, 
like online lotteries, have even better results of participation.

The Bitter Orange Problem in Attica, Greece

The urban area of Attica in Greece could work as a great potential case study for the imple-
mentation of citizen science in circular bioeconomy. Athens is home for more than 100,000 
bitter orange trees since the nineteenth century.

This particular tree variety has been chosen to decorate the city thanks to its urban-
friendly behavior. Bitter orange trees, or “neranjia,” as it is called in Greek, are particu-
larly resilient and easily adaptable to the Mediterranean climate. This statement can be 
supported by the simple observation that similar trees can be easily encountered in the 
European South. Its resilience and stability make it ideal for city environments where the 
cost for green maintenance and restoration needs to be suppressed to the minimum. Bitter 
orange trees do not require compost, chemical treatment for parasites, or too much water 
to grow. Its dense and dark green foliage assists in enhancing the green presence in the 
city and meliorating microclimatic conditions such as temperature and shading during the 
summer, and air quality. In addition, a big advantage of this tree is its symmetrical growth 
[University of Arizona Campus Arboretum (2012) Citrus aurantium, Find Trees & Learn. 
In: Arizona.edu. https://​apps.​cals.​arizo​na.​edu/​arbor​etum/​taxon.​aspx?​id=​76. Accessed 10 
Jul 2021]. Unlike other citrus trees like lemon trees, a bitter orange tree’s growth rate and 
shape can be easily predicted which is a very useful trait in terms of architectural and urban 

http://www.smart-cities.eu/ranking.html
http://www.smart-cities.eu/ranking.html
https://apps.cals.arizona.edu/arboretum/taxon.aspx?id=76
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planning. Another trait of this tree is its beautiful, colorful appearance during fruition and 
delightful smell during blooming in spring. This reinforces the esthetic appearance of the 
city and has been praised by many Greek artists and poets, even featuring the tree in folk 
songs.

Despite its undisputed advantages, bitter orange also comes with many disadvantages 
that require serious action. Bitter orange is overall a non-edible fruit. Standing for its name, 
it is so bitter that it’s impossible to eat raw.

In a long discussion about food security and supply in urban areas under the pressure of 
climate change and limited cultivation areas, bitter orange would be ideal, if edible, espe-
cially for Greece, where urban agriculture could be a solution for unemployment after the 
economic crisis. As a result, people have no direct reason to collect fruit for consumption. 
In an attempt to make the fruit edible, few local authorities have attempted to graft the trees 
by mixing them with orange or lemon varieties, however with little success. Others have 
tried replacing the trees with olive trees but in this way, they have sacrificed much more 
since olive trees have deep, tangling roots, unpredictable growth, and fruits easily affected 
by city gas emissions and pollution leaving a bad smell behind.

Regarding proposals to use this feedstock as animal feed, opposite to other citrus varie-
ties used for the same cause, bitter orange would not be an ideal choice. Due to its acidity, 
it can’t be used as feed in large quantities, though it can be beneficial when used as a sup-
plement [42]. The acidity of the fruit is also the reason why it is rather difficult to com-
post [43]. Despite its difficulty, efforts to use it as compost have been made by municipal 
authorities. But other than that, the governmental involvement is too little to systematically 
resolve the issue.

So far, Athens is left with a fruit that cannot be used in any of the most common appli-
cations; thus, there is no direct motive for people or the authorities to collect it. And not 
only that but it is also estimated that 40,000 tons of bitter oranges end up on the streets 
each year. This huge mass of overly mature fruit rotting on the street can result in acci-
dents, vehicle damage, clogged rainwater drainers, and acidity in water treatment facilities. 
All the above can only be translated into a huge cost for the municipal authorities. With the 
fruit scattered around the city, collection would result in extensive municipal costs, with 
minimum profound earnings, at least regarding the food, feed, and composting industries.

Citizen Motivation and Engagement

Apart from the above industries, it’s interesting to see alternative uses for this biomass that 
could possibly make bitter orange worth using. However, the novelty we propose is that 
there is a wide range of materials we can retrieve before biofuels, such as citrus oil, bio-
flavonoids, citrus seed extract, petitgrain dry extract, juice, and citrus peel pellets [44–46]. 
And in most cases, those materials can have a higher yield in profits too. Some of those 
materials can be included in end products like cosmetics, detergents, biocomposite materi-
als, and food and feed supplements [47, 48].

Unfortunately, the vast majority of citizens are unaware of the bitter orange biomass 
potential. The biggest setback for biomass valorization in this case is no other than 
the common misbelief that if we cannot eat, or compost a certain fruit, then it is use-
less. This misbelief is attributed to the lack of social awareness not only at the civilian 
level but also at the political and decision-making level. For this reason, it’s impor-
tant to develop ways to introduce citizen science methodologies in a way that engages 
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as many stakeholders as possible. People could in fact play an active role of gathering 
bitter orange themselves, while authorities could endorse awareness and involve local 
communities to participate. Other stakeholders like local shops can also be involved 
to enhance their social responsibility status. In inclusive methodologies, dissemination 
of knowledge, awareness and participation, and sustainability-related projects could be 
very fruitful.

A Collection and Rewarding System

We will now make a short description of a bitter orange collection and rewarding sys-
tem that aims to include all 3 major stakeholders: citizens, authorities, and market play-
ers. The main idea is to let people participate in the collection of bitter orange and get 
rewarded according to their performance. People will have a free Bitter Orange applica-
tion on their smartphones (Fig. 2).

The app looks like a game and provides useful information in the form of daily tasks 
and notifications like the “start of the bitter orange harvesting season” when people can 
start collecting bitter orange. Bitter orange will be collected in special reusable bags of 
5 kg maximum, to facilitate physical transportation, and put it in smart bins connected 
to their application. The bin will automatically weigh the fruit while connected to the 
mobile application through delicate sensors [49, 50] and add bonuses to each person’s 
profile according to their performance on the “Bitter Orange Hunting-HARVESTING.” 
The bin will also estimate the total weight of biomass and notifies the material recycling 
company to empty them. By participating in the program, people will get rewarded with 
bonus points that will be used as discounts and offers on local shops and services asso-
ciating with the program. Municipalities could also participate and assist by holding 
events and disseminating information and awareness about the project.

Fig. 2   Description of the “Bitter Orange Project” application functionality



Circular Economy and Sustainability	

1 3

Benefits of Participatory Collection

This can resolve a major problem related to the bitter orange collection and valorization. One of 
those is that the fruit is scattered all around the city. Collection would be an expense for munici-
palities, plus the energy inefficiency of transportation with hired tracks. In Seville, Spain, col-
lection of bitter orange is conducted by special tracks that “hug” the tree and shake it until it 
drops the fruit. The fruit falls in the umbrella and used as bio-energy feedstock. We will lately 
refer in detail to this case study and its flaws. The collection process alone is efficient, but it 
excludes society and any awareness benefits from people’s personal experience with a natural 
treasure, biomass. Simplifying collection would possibly increase efficiency if we were inter-
ested solely in an industrial exploitation. But this could be in fact an interesting case study for 
motivated participation in biomass collection in the footsteps of widely recyclable materials.

Another benefit of the “Bitter Orange Project” proposal is urban herbal waste awareness. 
People don’t realize that waste does not necessarily come from human activity. In urban areas, 
biomass accumulation is way faster with minimum potential for absorption in comparison to 
natural environments; thus, the excess biomass becomes waste.

This “waste” needs not only to be collected, but also to be considered “a bio-resource.” 
When people get rewarded by gathering bitter orange, then this biomass is being associated 
with value. Hopefully, through this process, herbal waste starts being considered more of an 
opportunity, a resource to take advantage of rather than unwanted waste. People are expected 
to observe their surroundings more and notice different types of waste, other than the house-
hold generated.

Education on new natural ingredients through the mobile application can also enhance this 
association to value. Through their smartphone, people could get informed about how the bit-
ter orange they collected was used and what ingredients where produced out of it. By encour-
aging knowledge on natural ingredients like bioflavonoids, which are antioxidants resulting in 
enhanced vitamin C action, allergy and virus treatment, better blood circulation, and reduce 
risk of heart diseases [51, 52], we can also have a positive effect on people’s health and help 
them turn to natural solutions. With natural ingredients’ importance becoming a largely dis-
cussed topic, especially after the Covid-19 crisis [53].

Additional Aspects of Rewarding

Direct rewarding is just one aspect of the citizen activation methodology [54]. Rewarding 
can also receive other forms depending on the motives that trigger each person to participate. 
Benefits and a feeling of content associated with social network characteristic or with gaming 
would also be interesting to investigate and possibly incorporate into the application.

Each user could connect to his/her network in the application, friends, colleagues, and rela-
tives, and compete with them on bitter orange collection performance. The winner could get 
extra bonuses together with the benefits of socializing and having fun.

What Motives We Would Like to Test for Participation Efficiency

Through a mobile application, we could gather data for different participation motives and 
their contribution into activation of citizens. The two main parameters we could check and 
collect data for are as follows:
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•	 Symbolic monetary rewarding—the element of excitement that comes with an extra 
reward could make a difference. For a bonus system that translates into discounts, cor-
porate social responsibility players play a major role by redeeming points for actual 
products or services. In this case, not only does a network of environmental performers 
simply recognize a person as a “good player,” but society provides a handful of rewards 
as well. Through the app, the “bonus point” to “discount shopping” in specific product 
and service codes could show how many of those participating truly use the benefit 
offered to them.

•	 Competition—competition and satisfaction related to winning is a very powerful 
human drive as it sparks confidence, social importance, and recognition and as a result, 
is expected to stimulate participation. Comparing one’s environmental performance 
with their social network could make a person exceed the digital environment of an 
application and bring an impact to the physical world. Comparison can this way bring 
added value not only to the person that simply wants to be the best, but also to the 
environment through active encouragement. The effect of competition to citizen activa-
tion could be measured by adding “daily challenges” among users and see how they 
respond.

There are also other indirect rewarding motives that could affect the result. However, 
those are difficult to assess and would require qualitative data like questionnaires. The 
application could from time to time send users such questionnaires and reward answering 
with extra bonus points. Those are the following:

•	 Entertainment—making an application look and function like a game allows to embed 
carefree knowledge, provided at any time and in a playful way. Toddlers learn by play-
ing. Getting older the knowledge and skills acquisition methods lose this element but, 
it remains one of the most effective ways to learn. Because it looks easy, it motivates us 
to participate, it generates experience, and it is pleasant [55].

•	 Ethical rewarding—as stated before [41], people often simply want to know that they 
do the right thing. This means that just recognition from the community as a “responsi-
ble citizen” is enough. Municipalities could be help in this case by announcing the best 
performing players through their social media and webpage, if the users agree to the 
publication.

•	 Accessibility—the free of charge use of the application ensures accessibility, at least 
for people owning a smartphone. Democratizing the chance to environmental excel-
lence and offering actual rewards for it is a proposal worth experimenting with.

•	 Socializing—by definition, interaction with a person’s network through an application 
indicates some level of socialization. However, since the aim of this project is to get 
people on the street, it would be interesting to check web-untraceable externalities like 
socializing in person in order to gather bitter orange.

A Pilot Proposal and Added Value Chain

Getting people to participate in bitter orange collection through a mobile application can 
be very challenging itself. The data collection and assessment gained by users undoubtedly 
demands a lot of trial and error to identify what motives work in an activating way. We are 
also aware that other factors, like different demographic data for each municipality (age 



Circular Economy and Sustainability	

1 3

groups, economic status), could reflect different motives as driving forces for participation. 
For a pilot testing of the project, it would be proposed to examine more closely the direct 
rewarding in form of bonus points. This system has been used before for conventional recy-
cling materials with a certain amount of success. Thus, it is expected to contribute in a 
positive way and forms the first hypothesis: “When rewarded, people participate more.”

In what concerns citrus biomass, it has deferent prerequisites than typical recyclable 
materials since it is susceptible to decay, seasonality, and weather conditions. More or less 
Attica produces 40 k tones of bitter orange each year, and with the particular variety being 
stable in Mediterranean climatic conditions, we can safely say that biomass supply is rather 
safe and allows to scale up. Before gradually scaling up though, it would be better to run 
the project in one or two municipalities to test how we could better manage small quantity 
bitter orange streams.

From those small streams, we can make safer conclusions of the products that could 
be generated. So far, this paper hasn’t largely focused on this, rather on the citizen activa-
tion part. Bibliography, and our laboratory testing, has shown promising materials (citrus 
oil, bioflavonoids, citrus seed extract, petitgrain dry extract, juice, and citrus peel pellets) 
[44–46] deriving from bitter orange. While the market for those materials is promising, 
pilot scale application could show very different results and by-products. By-products like 
peel mold and juice could also be valorized into other applications worth exploring, for 
example biocomposite materials and bio-plastic. A pilot scale project would provide with 
more accurate data on the quantities of both products and by-products generated and their 
suitable applications on potent scale-up.

An Industrial Perspective

The Bitter Orange Project application in Attica could have a multiplying effect for the 
wider Mediterranean area, where not only bitter orange, but other citrus varieties are pre-
vailing. Citrus is very common in the South, and so are the problems arising when it is not 
properly exploited. That’s why cities like Seville (see example below) are taking action to 
find a use for them. Overproduction in rural areas also often ends up in rotting cultivation 
when the market needs are not met. Raising awareness on herbal waste worth could also 
result in increased interest in finding alternative applications for farmers as well.

The picture and the growth potential widen if we consider that such a model could be 
applied beyond Attica. For this reason, pilot scale production units are mandatory both to 
define exact product volumes and to gradually overcome by-product-related issues that will 
inevitably occur while scaling up. For a start, small pre-processing units will be necessary. 
There, a first material sorting will occur, and then, the useful high value material could 
be send to more central collecting points for further processing. This can result in more 
resilient and lightweight biomass (in case excess water is removed), easier transportation 
and biomass management, as well as minimized operational costs for many full-scale pro-
duction units. If applied successfully in Greece, regional Mediterranean processing centers 
should also be examined. The same logic is used for recyclable plastic sorting.

In bioeconomy activities scaling, undisrupted material streams for an unstable resource 
are always a big challenge. The above proposal refers mostly to raw material collection 
and sorting. The products resulting from this raw material are a whole new ground for 
experimentation since they could be used both as intermediate and end products in various 
applications. From our preliminary research, we have detected up to 11 different products 
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deriving from different parts of the fruit (peels, seeds, leaves, juice). However, it is impos-
sible to estimate exact product volumes unless pilot scale testing are conducted first.

Similar Initiatives in Europe

Around Europe, interest for biomass exploitation is growing fast and so are the applica-
tions. We will shortly look into some similar initiatives in Europe.

Seville

The city faces problems similar to Attica’s regarding the bitter orange biomass ending up 
on the street. The municipal authorities have decided to tackle the problem by collecting 
bitter orange in specific tracks and turning it into energy to power with electricity local 
households. This initiative is one step closer to the circular bioeconomy way of thinking 
but lacks optimization regarding the end use of the biomass [Burgen, S (2021), A Role 
Model’: How Seville Is Turning Leftover Oranges into Electricity, The Guardian, 2021, 
https://​www.​thegu​ardian.​com/​envir​onment/​2021/​feb/​23/​how-​sevil​le-​is-​turni​ng-​lefto​ver-​
orang​es-​into-​elect​ricity. Accessed 8 Dec 2021].

In the “bioeconomy terminology,” we are often referred to as the 4Fs. The acronym 
stands for Food, Feed, Fibers, Fuel [56, 57]. This gives us a simplified range of the applica-
tions of biomass but also a defined prioritization according to the hierarchy of the human 
needs that are also implied by the numbering of U.N. Sustainability Goals. Meaning that 

Fig. 3   The pyramid depicting the inverse ratio of volumes and added value bio-products

https://www.theguardian.com/environment/2021/feb/23/how-seville-is-turning-leftover-oranges-into-electricity
https://www.theguardian.com/environment/2021/feb/23/how-seville-is-turning-leftover-oranges-into-electricity
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food and feed security always comes first, followed by the need to secure materials (fibers), 
and finally energy (fuel).

Why is energy put last? Simply because once we burn biomass, it is impossible to recover 
it. We must first strip away all valuable materials ranking in the prioritization chart before 
turning the leftovers into energy. A more reasonable way of thinking would see how bitter 
orange derivatives could be used in one of the 4F’s ranking higher in the priority hierarchy. 
In option 1, food is not eligible for bitter orange. Regarding option 2 (feed), it could be used 
as a feed supplement. However, the processing is necessary for this cause [58]. Fibers (and 
other materials) however present a large field of application. Some of the relevant industries 
include cosmetics, agriculture protection, natural detergents, etc. (Fig. 3).

Italy

In our neighbor country, Italy, leftover orange peels from the fruit processing are turned 
into fabric. This is in fact a sustainable and versatile material since it can be used sole or 
mixed with other materials to create the desired fabric properties and feeling. This example 
shows the potential of citrus fruit by-products and their impact on the environment. The 
fashion industry is extremely polluting and resource inefficient. It takes 20 k L of water to 
produce just 1 kg of cotton. If we manage to incorporate sustainable, by-product resources 
widely available from other industries (or urban waste in our case), this can make a huge 
impact in our planet and well-being [Rajal Pankti (2020), Future of Fashion: Innovative 
Fabric—Orange Fibre, Amberoot: https://​amber​oot.​com/​blogs/​blog/​future-​of-​fashi​on-​
innov​ative-​fabric-​orange-​fibre, Accessed: 10 Dec 2021].

The Netherlands, PeelPioneers

PeelPioneers, on the other hand, is the largest European Processing facility for orange peels 
deriving from fresh orange juice production in supermarkets, hotels, and restaurants. The 
peels produce a series of products that can be used in the food industry. For example die-
tary fibers for meat substitutes, bakery products, and sauces  (assisting this way the pro-
tein transition) orange oil, and other raw materials that are  in high  demand in the food 
additives sector, but also in the detergents and cosmetics  industries. As both private and 
public investors are supportive of the initiative, the team is scaling fast and plans to install 
5 more facilities around Europe within the next 5 years. This paradigm also shows inter-
est in reusing citrus waste, plus that technology is gradually maturing. For this reason, 
effective collection systems of citrus become more and more necessary [In PeelPioneers: 
Circular scale-up PeelPioneers builds the largest peel factory in Europe, https://​peelp​
ionee​rs.​nl/​nieuws/​2020/​10/2/​circu​lar-​scale-​up-​peelp​ionee​rs-​builds-​the-​large​st-​peel-​facto​
ry-​in-​europe-​etm4r].

Future Perspectives

Efficiency matters. However, we have witnessed that in the previous years, industry and 
highly skilled labor force have been the main drives for bioeconomy. PeelPioneers have 
taken a step further and have reached out to retail, food chains, and hotels. Market players 
that have seemingly little awareness on bioeconomy. The next step would be to approach 
citizens themselves and rewarding would worth being examined as a means of motivation.

https://amberoot.com/blogs/blog/future-of-fashion-innovative-fabric-orange-fibre
https://amberoot.com/blogs/blog/future-of-fashion-innovative-fabric-orange-fibre
https://peelpioneers.nl/nieuws/2020/10/2/circular-scale-up-peelpioneers-builds-the-largest-peel-factory-in-europe-etm4r
https://peelpioneers.nl/nieuws/2020/10/2/circular-scale-up-peelpioneers-builds-the-largest-peel-factory-in-europe-etm4r
https://peelpioneers.nl/nieuws/2020/10/2/circular-scale-up-peelpioneers-builds-the-largest-peel-factory-in-europe-etm4r
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In this sense, Attica’s bitter orange citizen activation proposal could be a prototype plat-
form that can be used for other cases of organic urban waste management. Numerous stud-
ies address approaches to the green and sustainable separation of natural products from 
waste biomass, such as coffee grounds, other fruit, and vegetable residues [59], or wine by-
products [60]. Other examples include cooking oils [61] and leftovers from garden pruning 
[28]. Engagement of civilians and the creation of social awareness through all the above 
activities should be a priority if we wish to see larger participation in bioeconomy within 
the next years.

Conclusion

We are witnessing a point where Earth’s climatic and environmental changes are visible 
and more frequently repeated compared to our prior acquired knowledge. Society is not 
ready to design and implement large-scale schemes for protection and inhibition. This is 
more of a political matter where society could pressure policy adoption. In everyday life, 
each citizen can contribute through small, cost-free actions. The only prerequisites are a 
mentality shift and the devotion of personal time, which can be short, but consistent. As a 
result, constant information, gradual training, and rewards come as a priority. This study 
identifies a tangible problem of citrus waste in Attica, and proposes a solution where acti-
vation is visible both to the person and the society. Citizen power lies in mass activation 
and continuity regarding environmental issues.
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