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1. SUMMARY OF KEY IDEAS

It is widely acknowledged that land constitutes a finite and non-renewable resource that serves as the
foundation for agriculture, a spatial platform for urban and industrial infrastructure, and a biological sink
for waste. Under the prevailing linear economic model, which is characterized by extractive "take-make-
dispose" mechanismes, terrestrial ecosystems are subjected to severe degradation, nutrient depletion, and
permanent occupation by landfills. The integration of Circular Economy (CE) principles into Sustainable
Land Management (SLM) provides a transformative framework designed to decouple economic prosperity
from environmental degradation. It is known that by applying CE tools—such as closing biological loops,
preventing waste, and optimizing spatial planning—the loss of critical ecosystem services can be halted.
This core lesson examines the specific tools utilized to integrate CE into land systems, evaluates the role
of circular inputs in large-scale soil restoration, and analyzes the mitigation of complex land-use conflicts.
Furthermore, the necessity of rigorous monitoring frameworks to track land sustainability and circularity
progress is established. Ultimately, it is demonstrated that shifting from extractive land use to
regenerative, circular practices is a fundamental prerequisite for maintaining planetary boundaries..

2. LEARNING OBJECTIVES

Upon successful completion of this module, it is expected that learners will be able to:

e Identify and apply Circular Economy tools and frameworks relevant to Sustainable Land
Management.

e Analyze the mechanisms by which circular biological inputs, such as compost and digestate,
contribute to soil restoration and nutrient cycling.

e Evaluate the drivers of land-use conflicts generated by linear material flows, particularly
concerning resource extraction, urban expansion, and waste disposal.

e Formulate monitoring strategies using standardized environmental indicators and frameworks
(such as DPSIR and Life Cycle Assessment) to assess land sustainability.

e Synthesize theoretical knowledge to design integrated matrices that align CE strategies with
specific SLM objectives in regional contexts.

3. INTRODUCTION

Within the context of sustainable development, land is recognized as the critical nexus where human
socio-economic activities intersect with natural ecological limits. The linear economy has historically
treated land as an infinite repository for resource extraction and waste disposal. Studies show that this
linear trajectory has resulted in the crossing of critical planetary boundaries, particularly concerning land-
system change, biosphere integrity, and biogeochemical flows. Land degradation manifests through the
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loss of soil organic matter, increased erosion, and the permanent scarring of landscapes by mining
operations and sanitary landfills.

Sustainable Land Management (SLM) emerged as a discipline to govern the use of land resources—
encompassing soils, water, animals, and plants—to meet changing human needs while simultaneously
ensuring the long-term productive potential of these resources. However, research suggests that SLM
cannot be fully realized if the broader economy continues to operate on a linear throughput model.
Therefore, the integration of Circular Economy (CE) principles into SLM represents an ecological
imperative. By adopting strategies that design out waste, keep materials in continuous use, and actively
regenerate natural systems, the pressure placed on terrestrial environments is drastically reduced. This
module systematically explores the intersection of CE and SLM, detailing the practical tools, biological
inputs, spatial planning resolutions, and monitoring systems required to transition toward a regenerative
territorial metabolism..

4. CETOOLS FOR SUSTAINABLE LAND MANAGEMENT

Conceptual Frameworks and Principles. The application of circular economy principles to land
management requires translating abstract economic concepts into concrete spatial and ecological
interventions. Sustainable Land Management (SLM) within a circular framework is not limited to
improving land productivity but focuses on maintaining and regenerating the natural capital embedded
in soils and ecosystems. The three core principles of the circular economy—designing out waste and
pollution, keeping materials in use, and regenerating natural systems—can be directly operationalized in
land systems. Designing out waste involves minimizing land disturbance, preventing soil contamination,
and avoiding inefficient land use patterns such as uncontrolled urban expansion. Keeping materials in use
is reflected in practices such as urban mining and the reuse of secondary raw materials, which reduce the
pressure on land resources by limiting the need for new extraction sites. Regenerating natural systems
represents the ultimate objective, where land is not only preserved but actively restored, ensuring long-
term ecosystem functionality and productivity.

The ReSOLVE Framework in Land Systems. The ReSOLVE framework provides a structured and practical
set of tools for implementing circular economy strategies in land management. The “Regenerate”
component emphasizes restoring degraded ecosystems, transitioning to renewable energy sources, and
returning biological nutrients to the soil. This is particularly critical in regions facing desertification, soil
erosion, and nutrient depletion, where regenerative practices can rebuild soil fertility and ecological
resilience.

The “Share” and “Optimize” components focus on increasing the efficiency and utility of existing land
resources. Sharing, in a spatial context, involves multi-functional land use, where the same area serves
multiple purposes—for example, combining agriculture with solar energy production (agrivoltaics) or
integrating green spaces within urban areas. Optimization refers to improving the efficiency of inputs such
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as water, fertilizers, and energy in agricultural systems, thereby reducing environmental impacts such as
nutrient runoff, soil degradation, and water pollution.

The “Loop” principle ensures the continuous circulation of both biological and technical materials. In land
management, this is primarily achieved through the recovery and reuse of organic waste, which closes
nutrient cycles and reduces the need for land-intensive waste disposal methods such as landfills. By
looping materials back into productive use, circular systems reduce land pressure while enhancing soil
quality and ecosystem health.

Spatial Planning and Territorial Ecology. A critical tool for integrating circular economy principles into land
management is spatial planning informed by industrial and territorial ecology. Cities and regions can be
understood as complex systems with defined material and energy flows, often described as “urban
metabolism.” By analyzing these flows, planners can identify opportunities for resource efficiency and
symbiotic relationships between different sectors. Industrial symbiosis, for example, allows the waste or
by-products of one industry to become valuable inputs for another, reducing both waste generation and
resource extraction.

Spatial planning becomes a circular economy tool when it prioritizes the efficient use of existing land
resources. This includes the redevelopment of brownfield sites—previously used or contaminated
industrial areas—over the expansion into greenfield sites, which are often ecologically valuable or
agriculturally productive. Such an approach protects ecosystem services, preserves biodiversity, and
prevents unnecessary land degradation while supporting sustainable urban and regional development.

Soil Restoration and Circular Inputs. Soil restoration is a central element of the biological cycle within the
circular economy, as soils are fundamental to food production, water regulation, and carbon storage.
However, conventional agricultural practices often follow a linear model, where nutrients are extracted
through crop production and not adequately returned to the soil. This leads to declining soil fertility, loss
of organic matter, and increased vulnerability to erosion and climate stress. Circular systems address this
imbalance by redirecting organic waste streams—originating from households, agriculture, and
industry—back into the soil as valuable inputs. By designing systems that capture and process these
residues, the circular economy enables the restoration of soil health and the regeneration of ecosystem
functions (Figure 1).
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Figure. 1: The win-win-win potential of a circular economy. Source: Korhonen et al. (2018), Fig. 3.

Circular Amendments: Compost and Digestate. Compost and digestate are the primary circular inputs
used in soil restoration, each offering distinct but complementary benefits. Compost, produced through
aerobic decomposition, is rich in stable organic matter and plays a crucial role in improving soil structure.
Its application enhances soil porosity, aeration, and water retention capacity, making soils more resilient
to drought and extreme weather conditions. Additionally, compost contributes to the gradual release of
nutrients, supporting long-term soil fertility.

Digestate, derived from anaerobic digestion processes, is a nutrient-rich material containing readily
available forms of nitrogen, phosphorus, and potassium. Unlike compost, which primarily improves soil
structure, digestate acts as a direct fertilizer, enabling efficient nutrient uptake by plants. By substituting
synthetic fertilizers with digestate, circular systems reduce dependence on fossil fuel-intensive inputs and
lower the environmental impacts associated with their production and use.
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Restoring Natural Capital and Carbon Sequestration. The continuous application of circular inputs such as
compost and digestate transforms soil systems from extractive to regenerative. By replenishing soil
organic matter, these practices stimulate biological activity, including the growth of beneficial
microorganisms and fungi that enhance nutrient cycling and suppress plant diseases. This leads to
improved crop productivity and long-term soil stability.

Moreover, soil restoration plays a critical role in climate change mitigation through carbon sequestration.
Soils act as one of the largest carbon reservoirs on Earth, and increasing soil organic carbon content allows
significant amounts of carbon to be stored within the soil matrix. By returning organic matter to the land,
circular practices prevent carbon from being released into the atmosphere as greenhouse gases, such as
methane or carbon dioxide. This not only contributes to reducing emissions but also strengthens the
resilience of agricultural systems, making soil restoration a key strategy for both environmental
sustainability and climate adaptation.

Did you
know.?

The extraction of materials for construction—such as sand, gravel, and stone—makes up
the largest material flow in the global economy, and in many regions it is a leading cause of land
degradation and ecosystem loss. By increasing recycling of construction materials and reusing buildings,

cities can significantly reduce the need for new land-intensive extraction.

5. LAND-USE CONFLICTS AND CIRCULAR ECONOMY

CE Tools for Sustainable Land Management. Conceptual Frameworks and Principles. The application of
circular economy principles to land management requires translating abstract economic concepts into
concrete spatial and ecological interventions. Sustainable Land Management (SLM) within a circular
framework is not limited to improving land productivity but focuses on maintaining and regenerating the
natural capital embedded in soils and ecosystems. The three core principles of the circular economy—
designing out waste and pollution, keeping materials in use, and regenerating natural systems—can be
directly operationalized in land systems. Designing out waste involves minimizing land disturbance,
preventing soil contamination, and avoiding inefficient land use patterns such as uncontrolled urban
expansion. Keeping materials in use is reflected in practices such as urban mining and the reuse of
secondary raw materials, which reduce the pressure on land resources by limiting the need for new
extraction sites. Regenerating natural systems represents the ultimate objective, where land is not only
preserved but actively restored, ensuring long-term ecosystem functionality and productivity.

The ReSOLVE Framework in Land Systems. The ReSOLVE framework provides a structured and practical
set of tools for implementing circular economy strategies in land management. The “Regenerate”
component emphasizes restoring degraded ecosystems, transitioning to renewable energy sources, and
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returning biological nutrients to the soil. This is particularly critical in regions facing desertification, soil
erosion, and nutrient depletion, where regenerative practices can rebuild soil fertility and ecological
resilience.

The “Share” and “Optimize” components focus on increasing the efficiency and utility of existing land
resources. Sharing, in a spatial context, involves multi-functional land use, where the same area serves
multiple purposes—for example, combining agriculture with solar energy production (agrivoltaics) or
integrating green spaces within urban areas. Optimization refers to improving the efficiency of inputs such
as water, fertilizers, and energy in agricultural systems, thereby reducing environmental impacts such as
nutrient runoff, soil degradation, and water pollution.

The “Loop” principle ensures the continuous circulation of both biological and technical materials. In land
management, this is primarily achieved through the recovery and reuse of organic waste, which closes
nutrient cycles and reduces the need for land-intensive waste disposal methods such as landfills. By
looping materials back into productive use, circular systems reduce land pressure while enhancing soil
quality and ecosystem health.

Spatial Planning and Territorial Ecology. A critical tool for integrating circular economy principles into land
management is spatial planning informed by industrial and territorial ecology. Cities and regions can be
understood as complex systems with defined material and energy flows, often described as “urban
metabolism.” By analyzing these flows, planners can identify opportunities for resource efficiency and
symbiotic relationships between different sectors. Industrial symbiosis, for example, allows the waste or
by-products of one industry to become valuable inputs for another, reducing both waste generation and
resource extraction.

Spatial planning becomes a circular economy tool when it prioritizes the efficient use of existing land
resources. This includes the redevelopment of brownfield sites—previously used or contaminated
industrial areas—over the expansion into greenfield sites, which are often ecologically valuable or
agriculturally productive. Such an approach protects ecosystem services, preserves biodiversity, and
prevents unnecessary land degradation while supporting sustainable urban and regional development.

Soil Restoration and Circular Inputs. The Role of the Biological Cycle. Soil restoration is a central element
of the biological cycle within the circular economy, as soils are fundamental to food production, water
regulation, and carbon storage. However, conventional agricultural practices often follow a linear model,
where nutrients are extracted through crop production and not adequately returned to the soil. This leads
to declining soil fertility, loss of organic matter, and increased vulnerability to erosion and climate stress.
Circular systems address this imbalance by redirecting organic waste streams—originating from
households, agriculture, and industry—back into the soil as valuable inputs. By designing systems that
capture and process these residues, the circular economy enables the restoration of soil health and the
regeneration of ecosystem functions.
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Circular Amendments: Compost and Digestate. Compost and digestate are the primary circular inputs used
in soil restoration, each offering distinct but complementary benefits. Compost, produced through
aerobic decomposition, is rich in stable organic matter and plays a crucial role in improving soil structure.
Its application enhances soil porosity, aeration, and water retention capacity, making soils more resilient
to drought and extreme weather conditions. Additionally, compost contributes to the gradual release of
nutrients, supporting long-term soil fertility.

Digestate, derived from anaerobic digestion processes, is a nutrient-rich material containing readily
available forms of nitrogen, phosphorus, and potassium. Unlike compost, which primarily improves soil
structure, digestate acts as a direct fertilizer, enabling efficient nutrient uptake by plants. By substituting
synthetic fertilizers with digestate, circular systems reduce dependence on fossil fuel-intensive inputs and
lower the environmental impacts associated with their production and use.

Restoring Natural Capital and Carbon Sequestration. The continuous application of circular inputs such as
compost and digestate transforms soil systems from extractive to regenerative. By replenishing soil
organic matter, these practices stimulate biological activity, including the growth of beneficial
microorganisms and fungi that enhance nutrient cycling and suppress plant diseases. This leads to
improved crop productivity and long-term soil stability.

*®

Reflect Think about your region or city:

Which land uses seem to be in competition with each other (e.g., housing vs agriculture, industry vs
natural areas, landfills vs urban expansion)?

Do you think these conflicts are driven more by lack of space, or by inefficient (linear) use of resources?

How might circular strategies reduce these tensions?

Moreover, soil restoration plays a critical role in climate change mitigation through carbon sequestration.
Soils act as one of the largest carbon reservoirs on Earth, and increasing soil organic carbon content allows
significant amounts of carbon to be stored within the soil matrix. By returning organic matter to the land,
circular practices prevent carbon from being released into the atmosphere as greenhouse gases, such as
methane or carbon dioxide. This not only contributes to reducing emissions but also strengthens the
resilience of agricultural systems, making soil restoration a key strategy for both environmental
sustainability and climate adaptation.

Page 8 of 12



Co-funded by ALIKHANOV (LESLIE
the European Union niversit Y )

Quiqk

Exercise Choose one type of organic waste (e.g., food waste from households, agricultural
residues, or market waste) and briefly map its current pathway in a linear system (generation - disposal).
Then redesign this pathway using circular principles:
- How could the waste be collected separately?
- Which treatment method would be most suitable (composting, anaerobic digestion, bioconversion)?
- How could the outputs (energy, fertilizer, materials) be reused?
Write 3-5 steps showing the transformation from a linear to a circular flow.

6. MONITORING LAND SUSTAINABILITY

Land-Use Conflicts and Circular Economy. The Genesis of Land-Use Conflicts. Land-use conflicts
emerge when multiple sectors compete for access to the same limited spatial resources, creating
tensions between economic development, environmental protection, and social needs. In linear
economic systems, these conflicts are intensified by high levels of resource extraction and waste
generation, which require ever-expanding land areas for production, infrastructure, and disposal.
Key sectors such as construction, mining, agriculture, and waste management are among the
primary drivers of land-use pressure. Agriculture, for example, occupies vast areas of land and
consumes a significant share of global water resources, often competing directly with industrial
and urban uses.

At the same time, the demand for raw materials—particularly non-metallic minerals such as sand,
gravel, and stone used in construction—leads to extensive open-pit mining operations. These
activities frequently encroach upon fertile agricultural land, natural ecosystems, and protected
habitats, resulting in long-term environmental degradation. In parallel, the continuous
generation of municipal and industrial waste necessitates the expansion of landfill sites, which
occupy large areas of land and often remain unusable for decades. This cumulative pressure
highlights the inherent inefficiencies of linear systems, where land is treated as an expendable
resource rather than a finite and valuable asset.

Mitigating Conflicts through Circular Strategies. The circular economy offers systemic solutions
to land-use conflicts by reducing the overall demand for land-intensive activities. One of the most
effective strategies is the reduction of primary resource extraction through the increased use of
secondary materials. By promoting the recycling of construction and demolition waste and
encouraging the refurbishment and adaptive reuse of existing buildings, the need for new raw
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materials is significantly reduced. This directly decreases the pressure to develop new mining
sites and preserves land for agricultural and ecological purposes.

Another critical strategy involves minimizing dependence on landfills. By implementing advanced
waste management systems that prioritize material recovery, recycling, and biological treatment,
the volume of waste requiring final disposal can be drastically reduced. Organic waste can be
diverted to composting or anaerobic digestion, while technical materials can be reintroduced
into production cycles through recycling. As a result, the need for new landfill sites is minimized,
freeing up land for more productive uses such as urban development, agriculture, or ecosystem
restoration. This shift not only reduces environmental impacts but also alleviates spatial conflicts
between waste management infrastructure and surrounding communities.

The Water-Energy-Food Security Nexus. An integrated approach to land-use planning is further
achieved through the concept of the Water-Energy-Food nexus, which recognizes the
interdependence of these critical resource systems. In traditional linear models, water, energy,
and food production are often managed separately, leading to inefficiencies and competing
demands for land. Circular strategies aim to integrate these systems, creating synergies that
optimize resource use and reduce spatial pressure.

For example, treated wastewater can be reused for agricultural irrigation, reducing the need for
freshwater extraction while supporting food production. Similarly, renewable energy systems
such as solar panels can be co-located with agricultural activities, allowing the same land to serve
multiple functions. The use of waste heat or nutrient-rich effluents from industrial processes in
nearby agricultural systems further enhances efficiency and reduces the need for additional land
and resources.

By integrating these systems, circular approaches enable more compact and efficient land use,
reducing fragmentation and preventing the expansion of isolated industrial or agricultural zones.
This not only improves resource efficiency but also helps mitigate social and environmental
conflicts, supporting more balanced and sustainable territorial development.

7. CONCLUSIONS

It is concluded that the transition toward sustainable land management is inextricably linked to the
successful implementation of the circular economy. The linear economic model's reliance on continuous
resource extraction and waste generation inherently drives land degradation, accelerates the depletion
of soil organic matter, and exacerbates severe land-use conflicts between urban, industrial, and
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agricultural domains. By integrating CE principles, land is no longer treated as a passive sink for linear
throughput. Instead, tools such as industrial symbiosis, urban mining, and biological nutrient recovery are
utilized to actively design out waste and reduce spatial footprints.

Furthermore, it has been demonstrated that processing organic waste streams into high-quality compost
and digestate provides the essential circular inputs required to rebuild natural capital, restore soil
hydrology, and sequester atmospheric carbon. To ensure the efficacy and safety of these interventions,
robust monitoring systems utilizing frameworks like DPSIR and Life Cycle Assessment are mandatory.
Ultimately, reshaping the socio-economic metabolism to respect planetary boundaries demands that
territorial planning and waste management operate as a unified, regenerative system, ensuring the long-
term viability of terrestrial ecosystems.
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