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Abstract 

The COVID-19 outbreak has revealed the worldwide weaknesses of the current production and consumption model, 

which is currently built on dissipation of natural resources, relocation of production, disconnection with territories and 

communities for the realization of short-range objectives. The adoption of a Sustainable Consumption and Production 

model linked with circular economy serves the objectives of resource efficiency promotion by realising economic growth 

along with environmental and societal harmony through reduction of resources usage and waste generation. The key 

elements of this approach is involve subjects like cleaner production, waste management, energy and material flow 

analysis, and effective collaboration among them. The circularity on regional level will be achieved through the 

deployment of highly replicable, modular and scalable circular systemic solutions based on a multi-stakeholder approach 

putting citizens’ needs at the centre of development. This systemic approach addresses four key strategic sectors linked 

with the decarbonisation of Europe, namely: Wood Packaging, Food and Feed, Water and Nutrients as well as Plastics 

and Rubber. In this study, these flexible and modular circular systemic solutions toward an inclusive and resilient climate-

neutral and systemic circular (bio)economy transition are presented and will be demonstrated in the framework of the 

“FrontSH1P” project in the Lodzkie Region. The synergy of these solutions prepares the ground for a sustainable circular 

economy which will be reflected in delivering important energy savings and environmental benefits for the region and 

creating local jobs and opportunities for social integration. 
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1. Introduction 

The COVID-19 outbreak has revealed the worldwide weaknesses of the current production and consumption model, 

which is currently built on dissipation of natural resources, relocation of production, disconnection with territories and 

communities for the realization of short-range objectives. To address these challenges, the European Green Deal set the 

blueprint to build a new economic model. All European Member States (MS) have committed to turning the European 

Union (EU) into the first climate neutral continent by 2050. On this account, they dedicated to reduce emissions by at 

least 55% by 2030, compared to 1990 levels, setting the EU on a course for achieving its climate targets by 2030 in a fair, 

cost effective and competitive way. [1] However, the 2030 outlook indicates that the 2030 and 2050 climate and energy 

targets will not be achievable given the current rate of progress. Therefore, EU needs to elaborate a new growth strategy 

targeting a modern, resource-efficient, and competitive EU economy. [2]  

 Regional challenges to sustainable development 

The current global production and consumption trends are not economically sustainable. [3, 4] Despite the innovation and 

technological breakthroughs in the field of sustainable energy development, the COVID-19 pandemic in 2020 has 

decelerated the sustainable energy transition progress. [5] In fact, global energy consumption fell by 4% in 2020 while 

for the EU it reduced by around 7% (strong drops in the largest markets such as Spain, France, Italy, and Germany), due 

to lockdown measures and transport restrictions. [6] Nevertheless, the economic and social development over the last 

century has led to deterioration of the environment and depletion of natural resources. It is indicatively mentioned that an 

estimated one third of all food produced in an annual basis turns into waste, or spoiled due to poor transportation and 

harvesting practices. [4] In this context, many European regions face long-term threats to their natural resources, quality 

of life and, not least, their economy. [7] The existing models contributed to create a disconnection between the urban area 

and rural neighbourhoods which today results in a growing poverty and confinement of people in degraded social housing 

blocks which requires deep retrofitting, energy efficiency and social regeneration. In addition to the economic and 

financial crisis, Europe is confronted with major challenges including the globalisation, the demographic change, the 

climate change, the lack of secure, sustainable and competitive energy, and the social polarisation both in the medium 

and long term. Figure 1 depicts the mapping of regional challenges in EU and the related EU 2020 growth strategy strands 

for each region.  
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Figure 1 EU 2020 growth strategy strands with relation to regional challenges in Europe 

Especially quality of life, health and long-term environmental changes raise major concerns for most regions requiring 

the cohesion policies in order to be addressed. Other aspects are still the balanced development of regions (i.e. balanced 

distribution of economic sectors contributing to the regional economic income) and their embeddedness in strong 

socioeconomic unions and cooperation, which seems to decrease vulnerability and strengthen the adaptive capacities of 

regions. [7] Regions need to initiate actions towards sustainable energy development in order to address the all regional 

challenges by concentrating on them and setting the right priorities for the investments and find the right policy mix.  

 Sustainable Consumption and Production model 

Limited of natural resources and growing levels of pollution jeopardise the prosperity and well-being of human society. 

[8] For all of these reasons, it is emphasised the necessity for remodelling the economy towards a Sustainable 

Consumption and Production (SCP) model linked with circular economy (CE). [9, 10] By definition, SCP models aim to 

reduce the consumption of resources and ensure the sustainable production of the products that are economic, environment 

friendly and beneficial for society. [11] CE encourages the repair, reuse and regeneration of a product after it completes 

its first life cycle and therefore enables the sustainable consumption and production. [12, 13] SCP is one of the 

fundamental challenges among emerging Sustainable Development Goals (SDGs) [14] and consists of two constituents, 

the consumption and the production. The Sustainable Consumption (SC) can be defined as the exploitation of related 

products and services with low to zero environmental impact in terms of natural resources, toxic materials as well as the 

emissions of waste and pollutants over the life cycle of the service or product. This can be considered on different levels 

including global, state, region, city, community, or enterprise, public institution, household or individual levels. [9, 15] 

Sustainable production (SP) is “the generation and development of products and services utilising processes and systems 

with low to zero environmental footprint, which are characterised by energy and natural resources saving, cost-effective, 

non-harmful for employees, communities, and consumers. [16] Interest for resource efficiency has risen since the World 

Summit on Sustainable Development in Johannesburg, caused by a shift toward SCP and its inter-linkages and to respond 
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to increasing scarcity of water, fuels, and other materials. [10] European MS have responded by broadening the scope of 

cleaner production centres or by establishing new agencies focused primarily on the promotion of resource efficiency. 

The adoption of a SCP linked with CE serves the objectives of resource efficiency promotion by realising economic 

growth along with environmental and societal harmony through reduction of resources usage and waste generation. [17, 

18, 19] The key elements of this approach is involve subjects like cleaner production, waste management, energy and 

material flow analysis, and effective collaboration among them. Life cycle approach is also considered fundamental for 

SCP systems as it seeks to minimize environmental impact by looking at all phases of a product’s life cycle and taking 

action where it is most effective and enables sustainability of production processes, products, and sufficient information 

flow to consumers. [10]  

In such a context, the Horizon2020 European Research project “FrontSH1P” [20] with a total cost of 19M€ aims to 

demonstrate how innovative models of circular (bio) economy can act as catalyst for socio-economic growth in response 

to the current pandemic crisis while addressing environmental urgencies in the Lodzkie Region. A group of key partners 

from the region 1 have extensively analysed the CSS potential delivering the solutions presented in this study with which 

the circular economy will be achieved through the deployment of four highly replicable, modular and scalable circular 

systemic solutions based on a multi-stakeholder approach putting citizens’ needs at the centre of development. This 

systemic approach addresses four key strategic sectors linked with the decarbonisation of Europe, namely: Wood 

Packaging, Food and Feed, Water and Nutrients as well as Plastics and Rubber. 

2. Material and methods 

A SCP system is proposed aiming at ensuring transition towards decarbonisation and territorial regeneration through 

demonstration of highly replicable circular systemic models in order to accelerate the transition to a greener, resilient 

economy, able to provide sustainable responses to the need of the involved regions. [21] The ambition is summarised into 

the modernisation of the regional economy by decoupling its intensity as much as possible from resource use in order to 

limit the negative externalities on environment (e.g. greenhouse gases (GHG) emissions, biodiversity loss) in full 

symbiosis with rural activities. This systemic approach is enabled by the flexibility and modularity of four systemic 

circular solutions (CSS) guaranteeing a high replicability and scalability to other territories across Europe and beyond. 

Some of the key industrial sectors that can easily aligned with CE schemes with severe impact to the environmental 

strategies includes wood packaging, food and feed wastes, wastewater and plastics. 

 Circular approach to Wood packaging (CSS1) 

Wood packaging can be incorporated to a SCP model through refurbishing, reusing, recycling, energy recovery, and 

material valorisation. Wood is identified amongst the most used packaging materials due to its very competitive 

characteristics (i.e. versatility, strength, durability, reusability, low environmental impacts, etc.). Undoubtedly, wood 

crates, boxes and pallets are commonly utilised to store, handle, and transport a wide variety of good including fragile 

and heavy goods as well as products coming from diverse sectors. However, after long-term use, wood packaging decays 

eventually becoming not repairable nor reusable anymore and, once it becomes unsuitable for its original purposes, it is 

usually discarded and disposed of as waste.  

Regarding innovative and circular wood valorisation (hereinafter referred to as CSS1), the current situation is based on 

exploiting low-quality wood and wooden residues in energy conversion plants. The CSS relies on a biomass gasifier able 

not only to produce gas to be further combusted for delivery renewable thermal energy to the final users, but also char, a 

solid, black, porous, carbonaceous material, which could be used as an additive for compost and black pigment/filler for 

polymers. The integration of gasification technologies provides poly-generation potential in three basic energy streams 

as well as for the valorisation of potential by-products as part of the circular economy and the renewable heat production 

as the decarbonisation of heat sector is a priority in coal phase out regions. Manufactures already provide wood-fuelled 

biomass gasifiers at a scale up to 1 MW. Other manufacturers have also commissioned large-scale gasification facilities 

(e.g. gasifiers for wood residues up to 200 MW). Up until recently, downdraft gasifiers with cold gas filtering where the 

norm in terms of small-scale gasification solutions. [22] In terms of biomass and wastes, fluidized beds (FB) gasifiers are 

the most popular due to their wide particle size range, crucial for wood wastes and residues. Other advantages of the FB 

are the versatile and robust technology with relative low cost, constructional, and operational ease, as well as the scale-

up and high efficiency potential. The process is typically optimised for the conversion in syngas; however, other by-

products such as char and tar are also produced and generally disposed as wastes. Furthermore, CO2 in the flue gases 

produced by gas combustion, could be captured by means of a compact post-combustion capture (PCC) unit and further 

valorised as a foaming agent in the plastic industry.In this line, communicating an awareness raise of the potential use of 

this so-called “wastes” is critical. Char in particular, could replace activated carbon (AC) in different fields of application 

due to their many similarities. [23] Although commercially available systems for carbon conversion efficiencies 

 

1 K-FLEX POLSKA SP ZOO, CENTRUM BADAN I INNOWACJI PROAKADEMIA STOWARZYSZENIE, CENTRUM PROMOCJI I ROZWOJU 

INICJATYW OBYWATELSKICH OPUS, POLITECHNIKA LODZKA, UNIWERSYTET LODZKI, WOJEWODZTWO LODZKIE, ZWIAZEK 

MIEDZYGMINNY BZURA, GMINA PARZECZEW, KPMG ADVISORY SPOLKA Z OGRANICZONA ODPOWIEDZIALNOSCIA SPOLKA 

KOMANDYTOWA, SIRMAX POLSKA SP Z OO, LIBERA UNIVERSITA DI BOLZANO. 
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exceeding 95% have been developed [24], the performance of small and medium scale gasifiers of different fuels is found 

to be significantly lower. Investigations taking place in South Tyrolean region, suggested an overall combined heat and 

power (CHP) efficiency of approximately 70%. [25] 

Wood packaging wastes valorisation through a poly-generation scheme for the simultaneous wood waste process and 

production of bio-energy, bio-syngas, biogenic CO2, as well as char (solid by-product including carbonaceous and metal 

elements) and sides product such as tar is realised enabling circularity and numerous advantages in regional level. This 

approach contributes in creating a new value chain for wood packaging waste valorisation, involving the whole 

community and implementing the circular economy approach while it results in low impact products (wooden goods (e.g. 

furniture), renewable heat, char as compost or as pigment/filler in the plastic industry). The multiplication of this concept 

will not only allow effective decarbonisation in the heat sector targeting both centralised and decentralised applications, 

with or without district heating networks but can be also replicated for power and biofuel production. Furthermore, this 

solution can address regional challenges in relation to citizen’s needs in creating new business opportunities in the wood 

value chain, and promoting the transition from a linear to a circular economy.  

 Circular approach to Food and Feed (CSS2) 

Food waste valorisation (hereinafter referred to as CSS2) is considered an environmentally-friendly waste treatment that 

benefits the bio-based economy, through the recovery and substitution of pure and expensive nutrient sources. With the 

term “food waste” industrial, commercial and domestic mixed food residues, bread and other bakery wastes meant for 

human consumption are described. On the other hand, “organic waste” is related to waste matters (e.g. peels and rapeseed 

meal) not meant for human consumption. The term “biomass” also comprises all biological materials, excluding the food 

and organic wastes, while “microalgal biomass” refers to microalgae-derived biomass. Around 100 Mt of food waste and 

residues from food processing industry are generated every year in the EU. [26] A circular approach for valorising and 

recovering food and feed wastes through the development of biochemical and by-products from renewable origins through 

the integration of chemistry and agriculture prepares the ground for the economic and environmental sustainability of the 

food production chain. Numerous valorisation schemes have been investigated to explore food wastes and by-products 

potential as biomass suppliers for different bio-based products. Among them, circular systemic solutions have been 

introduced as one of the most promising approaches to address zero-waste targets and accelerate the transition of the food 

industry to a circular bioeconomy. [27]  

To address this challenge at demonstrating the valorisation of agricultural, feedstock, food industry waste and urban 

biowaste into a variety of eco-designed products in a circular bioeconomy approach, the following can be performed 

through: 1) production compostable bioplastics from food industry wastes, applicable in the production of compostable 

bags for the separate collection of urban bio-waste in social houses [26]; 2) Valorisation of oil crops for the obtaining of 

biodegradable bio lubricants and animal feed. [28] Furthermore, additional information deriving from literature can be 

examined concerning the different methods and approaches for the valorisation of food industry wastes such as 

polyhydroxyalkanoates (PHA) production, enzymatic hydrolysis and others. [29] Industry, Food and agricultural waste 

can be managed through the realization of Organic Fraction of Municipal Solid Waste (OFMSW) treatment plants using 

compostable bioplastics from regional industrial food waste as a tool to increase quality and quantity of separate collection 

of urban bio-waste to be converted into compost for soil regeneration and bio-oils for insulating materials compost.  

Furthermore, oil seed processing by-products comprise approximately 35 million of tons seed for oil in EU. [30] Despite 

the residue of oilseed crops being extremely significant due to their various valuable ingredients, the concerned bio-waste 

is mainly used as animal feed or fertilizer. Due to these aforementioned ingredients (i.e., carotenoid, phenolic, and 

tocopherol), oil crops wastes find use in many varying fields such as the food or even the cosmetics industry. [31] One 

significant application for the oil crops wastes is the making of various bio lubricants, due to their biodegradable 

properties in comparison with other lubricants. Most plant oils have shown to biodegrade more than 70% within a month, 

as compared to petroleum oils biodegrading at nearly 15 to 35%. [32] It is therefore evident that the implementation of 

oil crops in more sophisticated applications than animal feed is highly positive in environmental terms and requires further 

study. 

 Circular approach to Wastewater and nutrients (CSS3) 

Water constitutes more than 70% of the Earth’s surface, whereas only 2.5% of the planet’s water is fresh, and less than 

one third of it is potentially available for human purposes. [33] Moreover, due to the demographic explosion, increased 

agriculture, industrialisation and deforestation triggering pollution, climate change and global warming, the scarcity of 

water with satisfactory quality is becoming a global challenge with severe impact on humankind and ecosystems, 

contributing to a degradation of quality of life. According to a UN report on wastewater treatment, the wastewater is not 

exploited or treated at the global level and in particular in the least developed countries where less than 8% of the 

wastewater is treated. [34] Furthermore, the industrial sector is responsible for depleting water quality and disposing 

untreated sewage and inadequately treated wastewater. [35] 

In terms of wastewater management (hereinafter referred to as CSS3), using micro-algae with the production of high 

added-value products such as fertilizers and bio-stimulant being the ultimate goal, also aiming for the optimization of the 

efficiency of such fertilizers, baring the biggest resemblance with other fertilizing products than most categories of plant 
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protection products, and the reduction of the nutrient application rates. The possibility of using wastewater as nutrient 

source for microalgae does not enter into competition with food and feed production. Furthermore, microalgae is involved 

into performing Carbon Capture and Storage (CCS) as the only sustainable biological mean for redirecting carbon into 

valuable biomass and contributing to decarbonisation SDG. Several research studies have been performed in relation to 

micro-algae in order to treat industrial wastewater to address the waste-to-bioenergy economy. Such studies have been 

mainly investigated the removal of key nutrients such as nitrogen and phosphorus. [36]  

Microalgae have been seen as a potential sustainable source of biofuels, bioenergy and a wide array of biobased products 

such as plant biofertilizers and biostimulants. The common approach includes containerized plants implementing tubular 

Photo Bio-Reactors (PBRs) technology (phototropic production) for slurry treatment and wastewater. Μicroalgae can 

utilize photons to convert CO2 and nutrients into biomass, which include high-value added products such as lipids, 

proteins, carbohydrates, polyunsaturated fatty acids and natural pigments through the photosynthetic effect. These bio-

products can be used for the production of healthy human foods, animal feeds, aquatic feeds, cosmetics and bio-

pharmaceutical. [37] It is found that certain microalgae such as Tetradesmus obliquus can reduce Chemical Oxygen 

Demand (COD) and Biological Oxygen Demand (BOD) by 96% and 91% respectively, while also reducing other 

substances like ammonia or phosphorus by more than 99%. [38] In addition to that, the exposure of algae to artificial 

lightning can enhance the treatment as studies have shown that light is crucial for the growth and photosynthesis of 

microalgae. Specifically, it has been concluded that for the maximum growth rate of microalgae, a light/dark alternation 

of specific phase durations is the most sufficient and therefore an artificial controllable lightning is necessary. [39] A 

typical PBR consists of a four-phase system: solid phase (microalgal cells), liquid phase (growth medium), gaseous phase 

(CO2 and O2) and superimposed light-radiation field. [40] 

The most popular closed systems are the horizontal tubular PBRs due to advanced features such as the surface to the 

volume ratio, the amount of gas in dispersion, the gas-liquid mass transfer characteristics, the nature of the fluid movement 

and the internal irradiance levels. [41] Such systems are designed for the cultivation of various microalgal species and the 

prevention of the fouling of the reactor such as Chlorella, Spirulina and Desmodesmus cultivations. [36] Microalgae 

cultivation together with wastewater treatment is performed in laboratories equipped and licensed for the maintenance 

and scale-up of genetically modified microorganisms (GMO’s). GMO’s show great potential in the enhancement of the 

bioremediation of environmental pollutants through the creation of different new routes of metabolism for the 

intensification of pre-existing degradation pathways. [42] Among others, the objective is the assessment of the new 

strategies concerning the generation of valuable bio-based products by integrating the treatment of brewery wastes and 

other wastewaters such as poultry, swine, cattle, brewery, dairy and urban with the production of microalgae biomass.  

 Circular approach to urban and industrial plastic/rubber waste [CSS4] 

The use of plastics in our day-by-day world has increased rapidly over the last decades and represents one of the core 

elements of the wellness generated. The lightweight, high mechanical performance and cheap raw material and production 

processes made the polymers essential in our lives. On the other hand, being fossil-based with energy harvesting 

production, the level of emission of the plastic process put high attention on the impact on our ecosystem, without 

underrating the end of life of the products realised. The unprecedented rate of production and accumulation of plastic 

products in the natural environment has arisen from the irrational production, indiscriminate use, inadequate recycling, 

and inappropriate deposal in landfills. According to 2019 data, almost 370 million tons have been produced at a global 

scale, while only 9% of it being recycled, 12% being incinerated, and the remaining left in the environment or landfills. 

[43, 44] It is estimated that by 2013 a minimum of 5.25 trillion plastics particles with a weight close to 269,000 tonnes 

was floating the surface of the world’s oceans. [45] Biodegradable and compostable plastics biodegrade in certain 

conditions, playing a significant role in the reduction of the aforementioned plastic waste pollution.  

From this perspective, the urban and industrial plastic/rubber waste (hereinafter referred to as CSS4) can be exploited to 

produce sustainable insulating materials to increase energy efficiency at affordable costs. Furthermore, the integration of 

community-based repairing schemes for regenerating small households’ appliances with 3D printing and decarbonizing 

the foaming processes utilizing neutral CO2 instead of fossil-based blowing agents. The overall circular concept includes 

the treatment of plastic waste through pyrolysis in order to extract thermal energy, oil, char, and CO2. Pyrolysis has been 

researched for decades and has increasingly come to the attention in recent years as a solution for various residual flows, 

where mechanical recycling offers insufficient relief. Particularly, waste plastics recycle can be challenging to recycle or 

non-recyclable and chemical recycling must be considered. Pyrolysis enables organic materials chemical decomposition 

at temperatures ranging from 200oC to 1000oC in slightly under pressure conditions and in the absence of O2. This is 

utilised for the production of components such as char and syngas, followed by the process of extraction via supercritical 

CO2 compressors that uses CO2 sequestrated at the end of the pyrolysis and the gasification system. For plastic wastes in 

particular, typical pyrolysis temperatures are around 500oC. [46] As a result, carbonaceous solid, oil and a gas of varying 

proportions are produced. Such techniques find many industrial applications, such as in polymer foams, due to the 

pioneering use of supercritical CO2 as a physical blowing agent in place of highly polluting chemical agents, combining 

both climate change mitigation and low-cost benefits. [47] The most common chemical blowing agent is 

azodicarbonamide (ADCA). Foaming is achieved during ADCA decomposition to yield a gaseous mixture of N2, CO, 

CO2, CHNO and NH3. [48] Additionally, additives and activators (OBSH, zinc stearate, zinc oxide, urea etc.) can be 

implemented to lower its decomposition temperature. [49] These can be used in polymer-foamed compounds for low 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/industrial-wastewater
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impact insulation biomaterials and 3D printing repairing of household appliances. This solution provides multiple benefits 

including the energy efficiency increase in social housing blocks, reducing waste to landfill and related environment and 

sanitary benefits. In parallel, it supports the engagement of citizens in social housing degraded blocks in repairing schemes 

promoting social cohesion in the communities and solidarity. 

3. A potential CE scheme for a Polish region 

Circular economy is an approach that has been gaining popularity recently. The CE is perceived as utilising a product 

continuously by lengthening the product’s life through managing its End of Life (EoL) effectively. Such schemes could 

including the recycling of the product into a new form, and the further management of waste and pollution it may 

produces. Ideally, this means that a region where a circular model is implemented can function in complete isolation from 

its surroundings and exploit its resources in a "circular" way in a closed-loop process. This section presents the aims to 

create closed process loops in the Łódzkie region in the spirit of the circular economy and the estimated impact deriving 

from each proposed activity. 

 Test case: The Łódzkie region 

The Łódzkie region (LR) is one of 16 regional self-government authorities in Poland, with most of the major cities of 

Poland being within a radius of 200 km, and almost all European capital cities being within 1500 km. According to reports 

and statistical data (Figure 2), Łódź is one of the fastest growing cities in Central and Eastern Europe with numerous 

international investors from Łódź and the region taking an active role in the most important industries including: energy 

industry, production of household appliances, pharmaceuticals, agri-food processing, production of medical equipment, 

packaging and construction ceramics. [50] 

 

Figure 2 The Łódzkie region in figures [50] 

The region’s location is very important, offering great potential for investors at the national and European level. [51] 

Along these lines, LR is also implementing several international projects in relation to areas such as circular economy, 

transition from the carbon-intensive era towards the clean energy future, strategies of water reuse, innovations in SMEs 

and development of competitive and sustainable economy. Nevertheless, the LR is strongly impacted by a linear model 

of economic and industrial development, with fossil fuel sources and feedstock. Several environmental challenges have 

been identified in four main fields including social, land use, water resources as well as the decarbonisation of local 

economy and built environment. From a social point of view, the LR experience difficulties including demographic and 

economic migration associated to labour standards, unemployment and poor opportunities for knowledge-based jobs, 

which contribute to mobility internationally. [51, 52] In addition to that, systemic land use issues are identified with 

particular reference to agricultural and rural areas including the reduction of soil quality due to intensification of 

agricultural production, abandonment, afforestation, and desertification of agricultural lands [53] as well as the mining 

sites contributing to degradation of neighbouring areas. Furthermore, climate change with severe weather events 

(droughts, water shortages) also combined with mining activities and food industry waste contributes negatively to the 

lands marginalization and raise a consequent environmental burden. [54] In parallel, the LR faces increasing flooding 

during rain events, as well as accelerated runoff and water eutrophication. The quality loss of water has led to decreased 

quality of urban greenery and life in urbanised areas, which consequently has an impact on the expansion of sustainable 

industrial districts. This issue also contributes to the land use field through the chemical degradation of lands and the loss 

of biodiversity. [55] Lastly, as highlighted by EU Recommendations in the EU semester for LR, moving away from coal 

extraction would require additional efforts towards economic diversification, reskilling and upskilling, counteracting 
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depopulation and focusing on revitalization. Most of the buildings are large blocks in the neighbourhoods at the interface 

between the city and the rural areas. These buildings require a deep and sustainable retrofitting by introducing Renewable 

Energy Sources (RES) and by reducing energy consumption through upgrading envelope insulation using low embodied 

energy and circular materials. [56] 

 CSS expected impact in regional level 

LR has participated and deployed in the last years numerous projects co-financed by the EU, including projects on 

international scale to deal with the most pressing issues, develop active citizen participation and increase identity with 

the region. Several studies and publications related to sustainable development and environmental protection have been 

published providing the context of the Strategy and recommendations for the EU environmental policy including: 1. The 

Strategy for Responsible Development until 2020 (with the perspective until 2030) and 2. The National Waste 

Management Plan elaborated in 2014. [57] 

The publications were primarily focused on the realization of key principles of the EU environmental policy instruments 

[58, 59, 60] ,and eventually the research covered issues of sustainable development in Poland, including aspects such as 

sustainable human resource management, natural resources, sustainable agriculture, effective water and wastewater 

management; international trade in environmental goods and services and counteracting adverse effects of climate change, 

including Poland’s involvement in the achievement of the UN SDGs. [61, 62, 63, 64, 65, 66, 67, 68] In this frame, the 

key partnership of the region involved in FrontSH1P research project have extensively analysed region data for adapting 

a circular approach for managing different types of waste including: wood packaging, food, organic agricultural and 

municipal waste, sewage, plastic and rubber waste which will pave a path for the LR transition towards climate-neutral 

economy.  

Each type of waste is addressed and treated by a specific CSS, while the integration of all four CSSs into a SCP will allow 

the decoupling of economic and human activities from the consumption of finite resources and GHG emissions. In 

specific, it is predicted that, carbon dioxide emissions in the Lodz region could fall by 2%-3%, 100,000 m2 of water per 

day would be treated, the amount of wood recovered would be the equivalent of 180,000 pieces of furniture per year and 

the heat recovered would be 3240 MWh per year. It is estimated that indirectly the new technologies will create hundreds 

of new jobs in the region. By demonstrating the 4 CSSs, the LR will have a relevant impact at regional and local level 

first characterised by the utilization of innovative technologies and business and organizational models which facilitates 

and boost improvement of sustainability in the targeted territorial clusters and relevant sectors as Agriculture, 

(Bio)Chemical industries, energy, plastics recycling, insulating materials producers, biodegradable products developers, 

farmers, waste and wastewater management operators. For each CSS the stream of resources is expected to generate a 

new impulse to the economic growth of the region thanks to the creation of loops of materials transitioning from the 

concept of waste to be disposed to the concept of by-product that generates revenues and revitalized at the end of life as 

new feedstock. 

In this context, the CSS1 enables the exploitation of wood packaging to be reused as main material for the production of 

wooden goods, e.g. in the creation of furniture. A common practice involves wood originating from packaging such as 

pallets to be discarded after use for some defect or small damage. The reuse of this wood can generate a flux of recovered 

material up to 4,500 t/y creating jobs opportunities in the creation of furniture at low budget. The valorisation of wood 
packaging residues not only contributes to waste minimization and all the issues related to its management, 
as well as the preservation of natural resources and the reduction of GHG emissions, but also for the 
production of low impact products such as wooden goods, renewable heat, char and CO2. Moreover, the 
engagement of citizens in each stage of the valorisation chain is crucial for increasing their awareness on 
sustainability and circular economy, and indirectly benefitting from the environmental advantages that the 
CSS will bring.  

The valorisation of urban and food industry waste to producing bioenergy, compost and bioplastics is foreseen in the 

framework of CSS2. According to LR data, food production is one of the main regional industries and is responsible for 

the production of the 22% of the total organic waste in the region. Biomethane that is produced by the anaerobic digestion 

of OFMSW collection is estimated to produce 10 MNm3/year of energy by 2030 for the decarbonisation of energy 

production in combination with 30 kton/y of compost and 1,000 ton/y of new generation compostable bioplastics. In 

parallel, agricultural land covers more than 48% of the region’s area even though more than 0,8Mha in the region are to 

be considered as abandoned marginal lands. [69] The production of vegetable oils, biodegradable bio-lubricants and 

animal feed is able to support the agricultural sector and is expected to revitalise 5,000 ha of marginal lands by 2030 

increasing soil organic content through compost/biochar application and sustainable agricultural practices. Furthermore, 
the use of biodegradable and compostable bags can in fact help remove organic waste from landfills, 
allowing it to be transformed into a valuable resource such as compost, a soil improver and a precious tool 
for tackling soil degradation. 

Accordingly, CSS3 applies to wastewater and nutrients and creates a closed water cycle to reuse wastewater more than 

once and to clean it before returning it to the environment. Wastewaters coming from agriculture and industrial processes 
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in the region pollute water stream causing the depletion of the natural ecosystem and by extending the N:P ratio leading 

to increased acidification of arable land, the biggest contributor of which is intensified nitrogen fertilization. Maintaining 

extensive P fertilization in Lodzkie voivodships with a significant share of soil with agricultural phosphorus deficit leads 

to a considerable reduction of soil production potential, since Phosphorus scarcity is becoming a limiting factor for plant 

and animal production. [70] The CSS3 can provide several benefits in the region agricultural and industrial wastewater 

treatments with microalgae that will generate a revenue streams through the production of bio-fertilizers and bio-stimulant 

from algal biomass and will purify wastewater from eutrophication agents. The annual production of wastewater nutrients 

in the region approximates 360 thousand Mg/ha. The importance of this solution is highlighted given that the Lodzkie 

region has a substantial problem with chemical degradation of soils due to acidification, loss of organic material, excessive 

accumulation of heavy metals and organic xenobiotics. Accordingly, the solution provides high replicability potential for 

EU regions devoted to agriculture terms of eutrophication of water and soil depletion. 

Lastly, CSS4 aims to extending product lifetimes based on urban and industrial plastic and rubber through 3D Printing 

and repair. The impact of this solution to reduce plastics waste stream in LR is estimated up to 50% by 2030 focalizing 

on the use of additive manufacturing (AM) as innovative and fast solution for easy repair of plastic based consumer goods 

and components providing a longer lifetime and creating a new market. The utilisation of 3D printing will act as an enabler 

to the loops and cycles of maintenance, reuse, repair and remanufacture, extending product lifetimes and cycles. 3D 

printing with recycled materials will also challenge innovators and fosters business activities within social housing 

districts as makers villages to generate ways to reuse and ultimately develop systems that cascade other wasted and lost 

value. 3D printing can act as a tool for education and exploration aiding the transition towards a circular economy. In 

addition, a circular approach for valorising and reusing plastic waste to acoustic and thermal insulation foamed 

applications is included thanks to the possibility to utilize the scrap and end of life product making them new feedstock 

for polymer value chain. This will generate a virtuous loop that will tend to eliminate scrap and land fill waste as well as 

decarbonise the industrial process of approximately 150.000 ton/year of equivalent CO2. 

Overall, the transition of the LR towards sustainable development and climate neutrality through the SCP approach is 

achieved by supporting the transition from fossil fuels to circular syngas coming from wood waste for heating purposes, 

(CSS1) in combination with envelope retrofitting using sustainable insulating panels from captured CO2 bio oils and bio 

char (CSS4). This synergy can enable a reduction of the GHG burden by 60% and the cost of energy by 50% compared 

to commonly used fossil fuels [71], contributing in lowering the number of energy-pours by 30% by 2030 in line with the 

European plan. [72] In addition to that, the environmental impact is improved by substituting fossil-based oils with 

circular biodegradable bio-lubricants (CSS2) to be applied as dielectric fluids and hydraulic oils will help in the 

decarbonisation of the industrial and agricultural sector reducing GHG by 64% [73] against mineral lubricants while 

increasing the resilience of LR agricultural sector thorough the revitalization of marginal lands for low input oil crops 

cultivation, increasing the occupation of young farmers in the area with potential to generate by 2030 up to 12M€/y of 

incomes for the sector. In parallel the enhancement of existing technological solutions (circular product of CSS1) will 

guide the substitution of Char to avoid the use of energy and chemicals for the production of fillers in thermal insulation 

materials (CSS4). This will avoid the direct emission in the atmosphere of 2,480t of CO2 /y and will support the 

refurbishment and transformation of social housing degraded blocks increasing thermal performances and contrasting 

energy poverty. With regard to the collection and valorisation of OFMSW (diverted from landfilling) collected through 

compostable bags (CSS2) obtained from regional industrial waste support the prevention of releasing GHG emissions up 

to 49 tons of CO2eq/ton compostable bags. In terms of chemical degradation of soil and water stress in the LR, the 

substitution of common fertilizers with circular ones is estimated to lower the GHG by 87%, the eutrophication of the 

waters by 92% and almost totally the chemical degradation of soils. Accordingly, the reduction of the blue and green 

water impacts working on the depuration of waste waters from agriculture and industry will contribute in closing the 

water cycle and recovering the 90% of the wastewaters (CSS3). Moreover, thanks to the microalgal depuration system 

the energy for wastewater treatments is 0.20 kWh m−3 lower than traditional methodologies. Therefore, the increased 

circular and climate-neutral practices will contribute in raising environmental awareness among citizens and promote 

their participation in systemic solutions. 

4. Conclusions 

Challenges which lead to adverse climate changes on our planet reflect on significant policy targets and objectives at the 

global and European levels requiring effective joint actions to counteract their effects. The transition circularity raises 

great opportunities for Europe and its citizens to transform and shift the economy towards a more sustainable direction. 

The identification and exploitation of CSSs at regional and European level provides numerous benefits and positive results 

for the environment in relation to improved sustainability and circularity of clusters’ economic sectors, natural 

ecosystems, management and valorisation of local resources. In this study, four flexible and modular circular systemic 

solutions toward an inclusive and resilient climate-neutral and systemic circular (bio)economy transition are presented 

and will be demonstrated in the framework of the “FrontSH1P” project in the Lodzkie Region. The solutions are key 

enablers of a systemic circular model that fosters territorial deployment along five key elements: 1) multi-stakeholders, 

participatory community-based innovation schemes; 2) circular governance and business models for high replicability 

and scalability potential; 3) holistic economic, social and environmental assessment; 4) knowledge transfer and 

dissemination; 5) digital platform and methodology for data collection and sharing within GDPR and open data compliant 
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frameworks, allowing transparent quantification of economic, social and environmental aspects and the benefits of the 

effective territorial circular business solutions in the fields of gasification process chain for waste wood valorisation, 

biodegradable and compostable eco-designed bio-products, nutrients recovery from wastewaters and plastic and rubber 

recovery. The synergy of these solutions prepares the ground for a sustainable circular economy which will be reflected 

in delivering important energy savings and environmental benefits for the region and creating local jobs and opportunities 

for social integration. Hence, it is closely interlinked with key EU priorities on jobs and growth, investments, the social 

agenda and industrial innovation.  
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