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About This Course
Circular Economy & Sustainable Materials Management equips learners to rethink how products, materials

and value chains work. Eight modules move from the foundations of circularity and life-cycle thinking,

through circular business models, the 9R design framework and real waste-management systems, to policy

tools like Extended Producer Responsibility — closing with a module on applying circular economy thinking

to the built environment. Rich case studies (Fairphone, Philips Pay-per-Lux, Agbogbloshie) and hands-on

activities make the concepts concrete.

Course information

Course Circular Economy & Sustainable Materials Management

Instructor Dr. Wanjiru Kamau

Level Intermediate

Structure 8 modules · 54 lessons · 8 weeks

Assessment Module quizzes (pass mark 60%) and a final test (pass mark 80%). Certificate issued
on final success, verifiable at acla.io/verify.

What you will be able to do
1. Define the circular economy and distinguish it from the linear and recycling-only economic models.

2. Describe the three core principles of the circular economy: eliminate waste and pollution, circulate
products and materials, and regenerate nature.

3. Explain the butterfly diagram and the difference between technical and biological material cycles.

4. Identify at least three global drivers pushing businesses and governments toward circularity (resource
scarcity, climate change, e-waste, population growth).

5. Define Sustainable Materials Management (SMM) and explain how it differs from traditional waste
management.

6. Apply life-cycle thinking to assess environmental and social impacts of materials from extraction to
end-of-life.

7. Conduct a basic material flow analysis (MFA) for a simple product or process.

8. Identify the environmental, economic, and social costs of unsustainable material use.

How to use this study guide
This guide is the complete companion to the Tapi Learn mobile course. Each chapter corresponds to one

course module and reproduces every lesson in full, including the key takeaways. Read a lesson in the app,

then revisit the same text here to revise; the structure and headings match the in-app lesson reader. After

finishing a module, take the module quiz in the app (60% to pass), and after all modules, the final test (80%
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to pass) to earn your verified ACLA certificate of completion.

Module 1: Foundations of the Circular Economy
This module introduces the circular economy (CE) as a systems-level alternative to the linear

'take-make-waste' economy. Learners explore the origins, definitions, and three core principles of the

circular economy, and are introduced to key frameworks such as the Ellen MacArthur Foundation's 'butterfly

diagram.'

7 lessons · 23m
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1.1 What is a Circular Economy? History and definitions
The circular economy (CE) is an alternative to the conventional linear economic model of

“take–make–use–dispose.” In a linear economy, natural resources are extracted, transformed into products,

consumed and eventually discarded. This model can generate economic value, but it can also create resource

depletion, pollution, waste, biodiversity loss and greenhouse-gas emissions. A circular economy seeks to

redesign this system so that waste and pollution are prevented, products and materials remain in use for as

long as possible, and natural systems are regenerated. The Ellen MacArthur Foundation identifies three core

principles: eliminate waste and pollution; circulate products and materials at their highest value; and

regenerate nature. Importantly, circular economy is not simply another term for recycling. Recycling is one

strategy within a broader system that includes reduction, reuse, repair, refurbishment, remanufacturing,

sharing, product-life extension, composting and regenerative approaches. The traditional linear model can be

represented as: Resource extraction → Production → Distribution → Consumption → Disposal For example, a

plastic bottle may require extraction of fossil resources, manufacturing, transportation and consumption

before becoming waste. A circular approach asks a different question: How can the bottle, its materials or

the service it provides remain valuable rather than becoming waste? This requires changes in product design,

production, consumption, business models, infrastructure and policy. There is no single internationally

agreed definition of circular economy. Different scholars and institutions emphasize different aspects,

including resource efficiency, closed material loops, product longevity, regeneration, sustainable

consumption and systems change. The Ellen MacArthur Foundation describes the circular economy as a

systemic approach to economic development designed to benefit people, businesses and the environment. It

is regenerative by design and seeks to progressively decouple economic activity from finite-resource

consumption. Another widely discussed definition describes it as an industrial system that is restorative or

regenerative by intention and design, replacing the concept of end-of-life with restoration and seeking to

eliminate waste through better-designed products, materials, systems and business models. Although the term

circular economy became prominent relatively recently, its intellectual foundations are much older. Ideas of

cycles, regeneration, resource efficiency and working with natural systems have appeared in ecological

thinking, industrial ecology and traditional resource-management practices. Modern circular-economy

thinking developed through several influential schools of thought, including: Industrial ecology – examining

industrial systems in relation to natural ecosystems. Cradle to Cradle – associated particularly with Michael

Braungart and William McDonough. Performance Economy – associated with Walter Stahel and emphasis

on extending product life and shifting from products toward services. Biomimicry – learning from natural

systems. Regenerative design – designing systems that restore rather than merely reduce environmental

damage. The Ellen MacArthur Foundation notes that circular-economy thinking has historical roots in ideas

of cycles and systems, while modern systems thinking gained importance with advances in understanding

complex, interconnected systems after the Second World War. Today, circular economy is increasingly

applied across manufacturing, agriculture, cities, construction, energy, food systems, textiles, plastics, water

and waste management. It is also increasingly connected with climate action, biodiversity, sustainable

development and inclusive economic opportunities. UNEP emphasizes circularity as a pathway for

advancing sustainable consumption and production while reducing waste and pollution, keeping products and

materials in use, and regenerating natural wealth. For African and other developing-country contexts,

circularity can also create opportunities for green entrepreneurship, informal-sector integration, youth

employment, repair businesses, resource recovery, sustainable agriculture and locally appropriate innovation.

Suggested Readings and Links Ellen MacArthur Foundation — What is a Circular Economy?:
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https://www.ellenmacarthurfoundation.org/topics/circular-economy-introduction/overview Kirchherr, Reike

& Hekkert (2017) — Conceptualizing the Circular Economy: An Analysis of 114 Definitions (PDF):

https://www.sciencedirect.com/science/article/pii/S0921344917302835 European Commission — Circular

Economy Action Plan: https://environment.ec.europa.eu/strategy/circular-economy-action-plan_en

Geissdoerfer et al. (2017) — The Circular Economy: A New Sustainability Paradigm? (PDF):

https://www.sciencedirect.com/science/article/pii/S0959652616321023 World Economic Forum — A New

Circular Vision for Electronics:

https://www3.weforum.org/docs/WEF_A_New_Circular_Vision_for_Electronics.pdf UNEP — Circularity

Platform: https://buildingcircularity.org/ ISO 59004:2024 — Circular economy: Vocabulary, principles and

guidance: https://www.iso.org/standard/80648.html

1.2 The Linear Economy and its limits: take-make-waste
The linear economy's take-make-waste model has created unprecedented environmental crises while failing

to deliver sustainable development for Africa's growing population. As climate change impacts intensify and

resource constraints tighten, professionals across sectors must understand how this dominant economic

model drives environmental degradation and economic vulnerability.

The Linear Economy Model

The linear economy follows a sequential "take → make → use → waste" flow, treating resources as abundant

and disposal as inevitable. This model emerged during industrialization when environmental impacts were

externalities rather than core considerations.

• Take: Extraction of virgin materials including minerals (60% of global ecosystem degradation), fossil
fuels (75% of GHG emissions), timber, water (70% of freshwater use), and agricultural resources (80%
of global deforestation)

• Make: Energy-intensive transformation with 45% of manufacturing emissions occurring in production
phase

• Use: Designed for obsolescence with average product lifespans decreasing by 30% since 2000

• Waste: 92% of materials never enter circular flows, with Africa generating 65 million tons of municipal
waste annually

Environmental Impacts

"We are extracting and using resources at a rate 1.7 times faster than our planet can regenerate them."

— Global Footprint Network

The linear economy drives interconnected environmental crises:

• Resource depletion: Africa loses 2-3% of GDP annually due to unsustainable resource extraction

• Climate change: Industrial processes account for 21% of global emissions

• Pollution: Manufacturing generates 400 million tons of toxic waste yearly

• Ecosystem degradation: 80% of wastewater in developing countries returns to ecosystems untreated

https://www.ellenmacarthurfoundation.org/topics/circular-economy-introduction/overview
https://www.sciencedirect.com/science/article/pii/S0921344917302835
https://environment.ec.europa.eu/strategy/circular-economy-action-plan_en
https://www.sciencedirect.com/science/article/pii/S0959652616321023
https://www3.weforum.org/docs/WEF_A_New_Circular_Vision_for_Electronics.pdf
https://buildingcircularity.org/
https://www.iso.org/standard/80648.html
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African Case Study: Nigeria's Oil Economy

Nigeria's oil sector exemplifies linear economy extremes. Since 1956, oil extraction has generated $600

billion in revenue while creating:

• 6,814 oil spills (1976-2010) contaminating 30,000 square kilometers of land

• Destruction of 40% of mangroves in the Niger Delta

• $70 billion in environmental damage costs (UNEP, 2011)

• Despite wealth generation, 40% of Nigerians live in poverty, demonstrating how linear models
concentrate benefits while externalizing costs

Transition Imperative

In practice, professionals can identify linear economy weaknesses through:

• Material flow analysis to map resource inputs and waste outputs

• Lifecycle assessment quantifying environmental impacts

• Circular readiness scoring for products and services

• Stakeholder mapping to identify intervention points

The linear economy's fundamental flaw is treating materials as disposable rather than valuable assets. As

Africa's population reaches 2.5 billion by 2050, continuing with take-make-waste will exacerbate resource

conflicts and climate vulnerability.

Learn more

• European Environment Agency: https://www.eea.europa.eu/themes/waste/waste-and-materials-flows

• UNEP: https://www.unep.org/resources/report/linear-economy-versus-circular-economy

Key takeaways

✓  The linear economy's take-make-waste model drives environmental degradation while concentrating
economic benefits among elites

✓  Africa faces particular vulnerabilities due to resource extraction dependencies and limited waste
management infrastructure

✓  Transitioning to circular models requires systemic rethinking of material flows, product design, and
economic incentives

1.3 Eliminate Waste and Pollution
Waste elimination represents the most economically advantageous and environmentally sound approach to

resource management, offering African nations an opportunity to leapfrog traditional linear development

models while addressing critical pollution challenges that disproportionately impact vulnerable communities.

The Imperative for Waste Elimination

https://www.eea.europa.eu/themes/waste/waste-and-materials-flows
https://www.unep.org/resources/report/linear-economy-versus-circular-economy
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Waste elimination stands as the foundational principle of circular economy thinking, operating on the

premise that the most effective waste management strategy is preventing waste creation entirely. This

paradigm shift requires fundamental rethinking of product design, material selection, production processes,

and business models to eliminate the concept of "waste" as a systemic outcome of linear

"take-make-dispose" approaches.

Design Strategies for Waste Prevention

• Design for longevity and durability: Creating products that can withstand extended use cycles reduces
replacement frequency and associated waste streams

• Design for disassembly and repairability: Implementing modular designs with standardized
components enables easier repair, refurbishment, and remanufacturing

• Design for material recovery: Selecting mono-materials or easily separable composites facilitates
high-value recycling at end-of-life

• Design for reduced material intensity: Optimizing product architecture to minimize material usage
without compromising functionality

"Waste is a design flaw, not an inevitable outcome of production." - Ellen MacArthur Foundation

African Case Study: Kenya's Plastics Pact

The Kenya Plastics Pact, launched in 2020 under the Ellen MacArthur Foundation's global network,

demonstrates a national commitment to waste elimination. The pact brings together 28 organizations across

the plastics value chain, with ambitious targets including:

• Eliminating problematic single-use plastic packaging by 2025

• Ensuring 100% of plastic packaging is reusable, recyclable, or compostable

• Achieving an average of 30% recycled content in plastic packaging

The pact's initial results show a 23% reduction in virgin plastic use among signatories and a 17% increase in

recycled content, demonstrating how collaborative industry action can drive systemic change toward waste

elimination.

Implementation Challenges and Opportunities

• Policy and regulatory frameworks: Developing Extended Producer Responsibility (EPR) schemes that
incentivize waste prevention

• Business model innovation: Transitioning from product sales to service models (product-as-a-service,
sharing platforms)

• Supply chain collaboration: Creating closed-loop systems where material outputs become inputs for
other processes

• Consumer behavior change: Shifting cultural norms toward valuing longevity, repair, and material
efficiency

In Practice

• Conduct material flow analysis to identify waste hotspots in value chains
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• Implement design for circularity checklists in product development processes

• Establish supplier collaboration protocols to minimize packaging and processing waste

• Develop take-back systems that ensure product returns at end-of-life

• Create material passports that document product composition for easier recycling

Learn more

• Ellen MacArthur Foundation: https://www.ellenmacarthurfoundation.org

• UNEP Africa Clean Cities Programme: https://www.unep.org/africa

Key takeaways

✓  Waste elimination requires systemic redesign of products, services, and business models rather than
end-of-end management approaches.

✓  African nations have unique opportunities to implement circular economy principles that address
pollution while creating economic value through material retention.

✓  Successful waste elimination initiatives depend on collaborative action across government, industry,
and civil society to create enabling conditions and shared infrastructure.

1.4 Circulate Products and Materials
In the face of Africa's rapid urbanization and industrial growth, circulating products and materials represents

both an urgent necessity and unprecedented economic opportunity. This approach directly addresses resource

scarcity while creating new business models and employment across the continent.

Strategies for Extending Product Lifecycles

Circular product design fundamentally reimagines how we create value, focusing on durability,

modularity, and ease of disassembly. Key strategies include:

• Maintenance and repair services that extend product lifespans

• Sharing platforms optimizing asset utilization (e.g., car-sharing, equipment rental)

• Reuse systems keeping products in second-hand markets

• Refurbishment restoring products to like-new condition

• Remanufacturing disassembling products to create new ones with original components

• Recycling as a final option for materials that cannot be kept in use

Biological Cycles in African Contexts

Biological materials require distinct pathways to safely return to ecosystems. In Africa, this approach aligns

with traditional knowledge while introducing modern innovations:

• Composting systems for organic waste, particularly valuable in agricultural regions

https://www.ellenmacarthurfoundation.org
https://www.unep.org/africa
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• Anaerobic digestion producing biogas from agricultural residues

• Soil regeneration techniques enhancing carbon sequestration

• Closed-loop nutrient systems in farming communities

Case Study: Kenya's Gjenge Makers

Gjenge Makers in Nairobi, Kenya, transforms over 1,000 tons of plastic waste annually into affordable,

durable paving stones. Founded by Nzambi Matee, this social enterprise uses compression molding to create

construction materials from recycled plastic mixed with sand. Their products are 50% stronger than

conventional concrete blocks while reducing plastic pollution in urban areas. The company has created over

100 jobs and saved approximately 30,000 trees from being harvested for traditional construction materials.

Regenerative Approaches Beyond Sustainability

Regenerative practices actively restore natural systems, moving beyond mere harm reduction:

• Regenerative agriculture improving soil health and carbon sequestration

• Agroforestry systems enhancing biodiversity while providing yields

• Watershed restoration improving water security and quality

• Reforestation projects creating carbon sinks and livelihoods

"In the circular economy, waste doesn't exist—only resources in the wrong place."

Practical Implementation

In practice, organizations should:

• Conduct material flow analysis to identify high-value recovery opportunities

• Design reverse logistics systems for product returns

• Develop modular product designs enabling easy disassembly and repair

• Create business models based on product service systems rather than ownership

• Establish partnerships across value chains to implement circular solutions

Learn more

• Ellen MacArthur Foundation's circular economy framework

• UNEP Africa Waste Management Outlook

• African Circular Economy Alliance (ACEA) initiatives
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Key takeaways

✓  Circulating products and materials creates economic value while reducing environmental impact
across African industries.

✓  Successful circular implementation requires systemic redesign of products, business models, and value
chain partnerships.

✓  Regenerative practices in Africa can leverage indigenous knowledge while creating sustainable
livelihoods and ecosystem restoration.

1.5 Why now? Global drivers (climate, resources, waste, population)
Professionals across Africa must understand the confluence of global drivers pushing the circular economy

from fringe concept to strategic imperative, as these pressures directly impact economic planning, policy

development, and business operations in resource-constrained yet rapidly developing contexts.

Climate Imperative

Material extraction, processing, and waste management contribute approximately 45% of global greenhouse

gas emissions, making resource efficiency inseparable from climate action. The circular economy offers a

systemic approach to decarbonize material systems while maintaining economic growth. In Africa, climate

vulnerability intersects with material dependencies: Nigeria's oil-dependent economy and South Africa's

coal-intensive industries face dual challenges of emissions reduction and resource transition. The African

Union's Agenda 2063 explicitly links sustainable resource management with climate resilience, recognizing

that circular strategies could reduce Africa's industrial carbon intensity by 30-40% while creating 12 million

jobs by 2030.

Resource Scarcity & Security

Finite reserves of critical minerals essential for the green transition expose the fragility of linear supply

chains. Africa hosts 30% of global mineral reserves but processes less than 2% of these domestically,

creating value leakage and dependency. For instance, the Democratic Republic of Congo supplies 70% of

global cobalt but benefits minimally from value addition. Resource security requires closing material loops

through industrial symbiosis, remanufacturing, and substitution. Rwanda's strategic development of a

lithium-ion battery recycling hub could capture 40% of regional battery materials by 2035, reducing import

dependency while creating high-value industries.

Waste Crisis & Pollution

The World Bank projects municipal solid waste in Africa to rise from 168 million tonnes in 2020 to 544

million tonnes by 2050, with plastic pollution alone costing African economies $13 billion annually. Ghana's

Agbogbloshie e-waste site, while informal, processes 215,000 tonnes of electronics yearly, recovering

valuable materials but exposing workers to hazardous conditions. Formalizing such systems through

Extended Producer Responsibility schemes could capture 60% of critical metals from e-waste while

improving working conditions. Kenya's 2017 plastic bag ban reduced bag consumption by 80% within

months, demonstrating policy effectiveness in addressing pollution drivers.
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Demographic & Consumption Shifts

Africa's population, projected to reach 2.5 billion by 2050 with 65% under 25, will drive unprecedented

consumption growth. Urbanization rates of 3.5% annually concentrate demand while straining infrastructure.

The African Development Bank estimates Africa's material footprint could triple by 2050 under

business-as-usual scenarios. Circular business models offer pathways to decouple growth from resource

use: Nigeria's re-useable packaging system for food staples reduced plastic waste by 35% while cutting

consumer costs by 20%.

"In Africa, circularity isn't just environmental necessity—it's economic sovereignty."

In practice:

• Map material flows in your sector to identify hotspots of waste and value leakage

• Design products for disassembly and material recovery from inception

• Engage with informal recycling sectors as partners rather than competitors

• Develop metrics specific to African contexts (e.g., jobs created per tonne recycled)

Learn more

• World Bank: What a Waste 2.0 database

• African Circular Economy Alliance policy framework

• UNEP Africa Waste Management Outlook

Key takeaways

✓  The circular economy represents Africa's opportunity to leapfrog linear development models while
addressing climate change and resource constraints simultaneously.

✓  Circular strategies in Africa must balance formalization of informal recycling sectors with inclusive
business models that benefit local communities.

✓  Material circularity is becoming a core component of economic security strategies, with African
nations positioned to lead in critical mineral recycling and agricultural waste valorization.

1.6 Case Study: Fairphone is a Dutch social enterprise founded in 2013 in
Amsterdam, b
In an era where Africa generates 2.1 million tons of electronic waste annually, with only 17% formally

recycled, the Fairphone model offers a replicable blueprint for sustainable electronics that addresses both

environmental and social challenges in our rapidly digitizing continent.

Business Model Innovation

Fairphone demonstrates how circular economy principles can disrupt traditional electronics manufacturing

through:
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• Modular design: Each component (battery, camera, display) can be replaced independently, extending
product life from the industry average of 2.5 years to 5+ years

• Right to repair advocacy: Publishing repair guides and selling spare parts directly to consumers,
challenging manufacturers' repair restrictions

• Alternative revenue streams: Shifting from device replacement to services and long-term customer
relationships

Supply Chain Transformation

The company has fundamentally transformed mineral sourcing practices:

• Direct partnerships with mines in the DRC (Democratic Republic of Congo) and Rwanda, improving
working conditions for artisanal miners

• 98.5% recycled tin in solder and 100% recycled gold in the circuit board of Fairphone 4

• First smartphone to receive a Fairtrade Gold certification for its responsible sourcing practices

African Implementation Case Study

In Kenya, the e-Waste Management Association of Kenya (eWAMA) has partnered with Fairphone to

establish a local repair ecosystem:

• Trained 45 technicians in Nairobi, Mombasa, and Kisumu between 2020-2022

• Established 12 authorized repair centers, creating 67 local jobs

• Diverted an estimated 8.3 tons of e-waste from landfills through repair and refurbishment

• Reduced carbon footprint by approximately 12.6 tons CO2e through extended device lifespans

"Circular economy isn't just about recycling—it's about redesigning the entire system to keep materials

in use while creating social value."

Professional Application

In practice, circular economy principles can be implemented by:

• Conducting material flow analyses to identify high-impact components for modular redesign

• Developing reverse logistics systems for collection and refurbishment in African markets

• Creating product passports that document material composition and repair history

• Designing service-based business models that prioritize performance over ownership

Learn more

• Fairphone — Official Website: https://www.fairphone.com

• Fairphone Impact Report: https://www.fairphone.com/en/impact/

• Ellen MacArthur Foundation — Fairphone Case Study:
https://www.ellenmacarthurfoundation.org/case-studies/designing-a-modular-smartphone

• Fairphone Repair Guides (iFixit): https://www.ifixit.com/Device/Fairphone

https://www.fairphone.com
https://www.fairphone.com/en/impact/
https://www.ellenmacarthurfoundation.org/case-studies/designing-a-modular-smartphone
https://www.ifixit.com/Device/Fairphone
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Key takeaways

✓  Modular design and right-to-repair policies can extend electronics lifespans by 100%+ while creating
local value.

✓  Responsible mineral sourcing requires direct supply chain partnerships and certification standards
beyond industry norms.

✓  Circular business models require systemic redesign from product design to end-of-life management,
not just recycling initiatives.

1.7 Hands-On Activity
Understanding material flows through linear systems is critical for African professionals working to

implement sustainable development strategies, as the continent faces both rapid urbanization and mounting

waste challenges. This hands-on analysis will equip you with the practical framework needed to identify

circular opportunities in everyday products.

Activity Overview

For this exercise, select a single-use plastic product commonly found in your context (water bottle, food

packaging, shopping bag). Create a comprehensive life-cycle analysis mapping its journey from extraction to

disposal, documenting each stage with specific environmental and social impacts.

Life Cycle Mapping

Trace the product's journey through these key phases:

• Raw material extraction: Location of petroleum extraction, transportation emissions

• Manufacturing: Energy consumption, water usage, chemical additives

• Distribution: Transportation miles, packaging for shipping

• Consumer use: Duration of useful life, frequency of replacement

• End-of-life: Disposal method (landfill, incineration, leakage into environment)

Value Loss Analysis

Identify where value is lost at each stage:

• Material degradation during processing

• Energy expended in single-use functionality

• Resources embedded in products with short lifespans

• Toxic substances released during disposal

• Lost economic opportunity in "waste" streams

Circular Economy Applications
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Map at least two intervention points where circular principles could be applied:

• Eliminate waste: Design for durability, refillable systems, alternative materials

• Circulate materials: Collection systems, material recovery, remanufacturing

• Regenerate nature: Bio-based materials, compostable designs, nutrient recovery

Case Study: PETCO South Africa

South Africa's Polymer Recycling Company (PETCO) demonstrates effective circular implementation.

Established in 2004, PETCO has increased PET bottle recycling from 18% to 58% by 2022, diverting over

2.2 billion bottles from landfills annually. The organization coordinates 180+ collectors, processes 65,000

tons/year of post-consumer PET, and reinvests recycling fees into collection infrastructure, creating 15,000+

informal sector jobs while reducing carbon emissions by 550,000 tons CO2e.

Practical Implementation

In practice:

• Map your selected product's flows within your local context (city/region)

• Quantify approximate material volumes and associated emissions

• Research existing local recycling or circular initiatives

• Identify policy gaps enabling linear consumption patterns

• Propose specific interventions with potential stakeholder engagement

Learn more

• Ellen MacArthur Foundation's circular economy framework

• UNEP Africa Waste Management Outlook

• AfDB Circular Economy Investment Plans

Key takeaways

✓  Every linear product represents cascading value loss that can be recaptured through circular design.

✓  Effective circular implementation requires coordination across value chain stakeholders and
supportive policy frameworks.

✓  African contexts offer unique opportunities to leapfrog linear systems through community-based
circular models.

Module 2: Understanding Sustainable Materials
Management (SMM)
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This module examines Sustainable Materials Management (SMM) — a systemic approach to using and

reusing materials more productively over their entire life cycle. Learners study material flow analysis,

life-cycle thinking, and the environmental and social impacts of material extraction, use, and disposal.

7 lessons · 15m

2.1 What is Sustainable Materials Management (SMM)?
In the face of Africa's rapid urbanization and industrialization, sustainable materials management has

become a critical professional competency for balancing economic growth with environmental protection

and resource security. As African cities generate increasing waste while competing for finite resources,

SMM offers a strategic framework for transforming material flows into circular value chains.

Defining Sustainable Materials Management

Sustainable Materials Management (SMM) is a comprehensive, systems-oriented approach to managing

materials throughout their entire life cycle—from raw material extraction and processing through

manufacturing, transportation, consumption, reuse, recycling, recovery, and final disposal. Unlike traditional

waste management that focuses primarily on end-of-treatment, SMM examines the entire material value

chain to maximize resource productivity while minimizing environmental impacts.

The core objective of SMM is to decouple economic development from resource consumption and

environmental degradation by implementing strategies that:

• Reduce material inputs while maintaining service levels

• Extend product lifespans through design for durability and repairability

• Keep materials in productive use through reuse, remanufacturing, and recycling

• Substitute virgin materials with renewable or recycled alternatives

• Minimize waste generation and environmental releases

The Evolution from Linear to Circular Systems

SMM represents a paradigm shift from the linear "take-make-dispose" model that has dominated industrial

economies since the Industrial Revolution. This linear system extracts resources, manufactures products, and

disposes of them after use, creating significant environmental burdens through resource depletion, waste

generation, and pollution.

"The circular economy aims to keep products, components, and materials at their highest utility and

value at all times."

In contrast, SMM supports the transition to a circular economy where materials retain their value for as long

as possible. This circular approach aligns with traditional African practices of reuse and repair while

incorporating modern innovations in material science and industrial ecology.

SMM Implementation Framework
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Effective SMM implementation requires a multi-stakeholder approach involving government, industry,

academia, and civil society. Key implementation strategies include:

• Policy and regulatory frameworks: Extended Producer Responsibility (EPR) schemes, landfill taxes,
recycled content requirements

• Economic instruments: Tax incentives for sustainable practices, green public procurement, material
pricing that reflects environmental costs

• Technological innovation: Advanced recycling technologies, material tracking systems, design for
disassembly

• Capacity building: Professional training programs, knowledge sharing platforms, demonstration
projects

Case Study: Kenya's National Plastics Action Partnership

Kenya's National Plastics Action Partnership (NPAP), launched in 2019 under the auspices of the World

Economic Forum and UNEP, provides a compelling example of SMM implementation. The partnership

brings together government, industry, and civil society to address plastic pollution through a comprehensive

SMM approach. Key achievements include:

• Development of a roadmap targeting 100% plastic packaging recyclability by 2030

• Establishment of the Kenya Plastics Recycling Alliance, uniting 25 major companies

• Implementation of a sector-wide target of 30% average recycled content in plastic packaging by 2025

• Creation of over 5,000 formal recycling jobs in the Nairobi Metropolitan Area

• Reduction of plastic leakage into critical ecosystems by an estimated 40% in pilot areas

In practice, SMM professionals should:

• Conduct material flow analyses to identify hotspots and opportunities

• Develop business models for circular value chains (product-service systems, sharing platforms)

• Engage stakeholders across the value chain through collaborative platforms

• Design monitoring frameworks to track progress against SMM objectives

• Communicate environmental and economic benefits to decision-makers

Learn more

• UNEP Africa Clean Cities Programme

• African Circular Economy Alliance

• AfDB Sustainable Cities Initiative
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Key takeaways

✓  SMM provides a systems approach to managing materials throughout their entire life cycle, reducing
environmental impacts while creating economic value.

✓  Africa's rapid urbanization presents both challenges and opportunities for implementing innovative
SMM solutions tailored to local contexts.

✓  Successful SMM implementation requires multi-stakeholder collaboration and integrated policy
frameworks that balance environmental protection with economic development.

2.2 Life Cycle Thinking and Life Cycle Assessment (LCA) basics
Life Cycle Thinking and Life Cycle Assessment (LCA) are foundational tools for professionals navigating

the complex landscape of sustainable materials management in Africa's rapidly developing economies. These

methodologies enable decision-makers to move beyond simplistic solutions and identify where interventions

create true environmental value rather than shifting burdens across different life cycle stages.

Life Cycle Thinking (LCT)

Life Cycle Thinking (LCT) is a systemic approach that examines all stages of a product's or service's

existence—from raw material extraction through production, distribution, use, and end-of-life management.

This "cradle-to-grave" perspective helps prevent problem shifting, where environmental impacts are merely

relocated rather than reduced. In Africa, LCT is particularly valuable for developing sustainable value chains

that support economic development while minimizing ecological footprints.

Life Cycle Assessment (LCA)

Life Cycle Assessment (LCA) provides the quantitative backbone to LCT by systematically evaluating

environmental impacts throughout a product's life cycle. A comprehensive LCA follows four phases:

• Goal and Scope Definition: Establishing the study's purpose, boundaries, and functional unit

• Life Cycle Inventory (LCI): Collecting data on all inputs and outputs across the life cycle

• Life Cycle Impact Assessment (LCIA): Evaluating potential environmental impacts

• Interpretation: Analyzing results, drawing conclusions, and identifying improvement opportunities

Case Study: Kenya's Plastic Waste Management

The Kenya Plastic Action Partnership (KPAP), under the UN Environment Programme, applied LCA to

evaluate different plastic waste management scenarios. Their analysis revealed that while recycling PET

bottles reduced carbon emissions by 70% compared to landfilling, the collection and transportation phase

accounted for 35% of the recycling system's total emissions. This insight led KPAP to invest in decentralized

collection points near urban centers, reducing transport emissions and making the recycling system more

economically viable.

Practical Applications
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In practice, LCA supports:

• Policy development: South Africa's National Waste Management Strategy uses LCA to prioritize
recycling targets

• Procurement decisions: The African Development Bank incorporates LCA criteria in infrastructure
project evaluations

• Product design: Nigerian beverage companies use LCA to develop lightweight plastic bottles with
reduced material use

• Waste management planning: Ghana's Accra Compost and Recycling Plant uses LCA to optimize
organic waste treatment systems

"In the circular economy, what counts as 'sustainable' depends on the entire system, not isolated

actions."

Learn more

• UNEP Life Cycle Initiative – Training Materials

• UNEP/SETAC LCA Training Kit

• UNEP – Life Cycle Assessment: What It Is and How to Do It (PDF)

• UNEP – Life Cycle Thinking (PDF)

• FAO – LCA Training Manual

• EU – General Guide for Life Cycle Assessment (PDF)

• UNEP – Policymakers’ Guide to Life Cycle Assessment

Key takeaways

✓  Life Cycle Thinking provides a systems perspective that prevents environmental burden shifting
across product life cycles.

✓  LCA offers quantitative environmental impact assessment that is essential for evidence-based
decision-making in sustainable materials management.

✓  Context matters—what works in one African country may not be optimal elsewhere due to
differences in infrastructure, energy systems, and waste management capabilities.

2.3 Material Flow Analysis (MFA): tracking inputs and outputs
Material Flow Analysis (MFA) is an indispensable tool for African professionals navigating the transition to

circular economies, providing the quantitative foundation needed to identify inefficiencies and design

resource-effective solutions. In a continent where resource extraction accounts for over 70% of export

earnings and urban waste generation is projected to double by 2050, MFA offers the critical lens to

understand material consumption patterns and design circular interventions that align with sustainable

development goals.

Principles of Material Flow Analysis
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Material Flow Analysis (MFA) is a systematic methodology for quantitatively tracking the flows and

stocks of materials within a defined system boundary. It examines material inputs (extraction, imports),

transformations, consumption, accumulation in stocks, and outputs (products, emissions, waste, recycled

materials), following the fundamental mass balance principle: inputs = outputs + changes in stocks.

Key concepts include:

• System boundary definition: What is included/excluded from the analysis

• Material categorization: Organizing materials by type, function, or economic sector

• Flow quantification: Measuring material quantities in physical units (tonnes, cubic meters)

• Time dimension: Analyzing flows over specific time periods (days, years, decades)

MFA Methodology

A comprehensive MFA follows these methodological steps:

1. Define system boundaries and objectives

2. Identify relevant material flows and stocks

3. Collect data from various sources (statistics, surveys, industry reports)

4. Construct material flow accounts using consistent units

5. Analyze results and identify imbalances

6. Interpret findings for decision-making

"What gets measured gets managed; what gets managed gets improved" – adapted from Peter Drucker,

emphasizing the importance of MFA in resource management

African Case Study: Kenya's E-Waste MFA

In 2021, Kenya's National Environment Management Authority (NEMA) conducted a comprehensive MFA

of electronic waste, revealing that the country generated 48,000 tonnes of e-waste annually, with only 4%

formally recycled. The analysis showed that 70% of e-waste was informally processed, leading to significant

environmental contamination and resource loss. The MFA identified mobile phones (35% of total),

refrigerators (20%), and computers (15%) as the dominant waste streams. This analysis directly informed

Kenya's National E-Waste Management Strategy, which established formal collection targets and created

incentives for local recycling enterprises, increasing formal recycling rates to 12% by 2023.

Professional Applications

In practice, MFA supports circular economy transitions by:

• Identifying priority materials for circular interventions based on flow volumes and environmental
impacts

• Quantifying the potential for material efficiency and recycling

• Supporting policy development through evidence-based material targets

• Enabling monitoring of progress toward circular economy goals

• Informing business decisions on resource efficiency and circular business models
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Learn more

• Eurostat — Economy-wide Material Flow Accounts Handbook (PDF)

• Eurostat — Material Flow Accounts Methodological Guide

• UN SEEA — Economy-wide Material Flow Accounts Handbook

• JRC — Material Flow Analysis PDF

• JRC — Circular Economy Indicators, Tools and Methods

Key takeaways

✓  MFA provides the quantitative foundation needed to understand material flows within systems and
identify circular economy opportunities.

✓  The mass balance principle (inputs = outputs + stock changes) ensures comprehensive tracking of
materials through economic systems.

✓  African applications of MFA, such as Kenya's e-waste analysis, demonstrate how this methodology
can inform evidence-based policy and business decisions for sustainable resource management.

2.4 Environmental and social costs of unsustainable material use
Understanding the environmental and social costs of unsustainable material use is essential for professionals

working on sustainable development in Africa, where resource extraction and waste management challenges

intersect with rapid urbanization and climate vulnerability. The linear "take-make-dispose" economic model

has pushed planetary boundaries beyond sustainable limits, creating cascading impacts that

disproportionately affect African communities despite contributing least to the problem.

Environmental Costs of Linear Material Flows

• Resource extraction drives deforestation, habitat destruction, and biodiversity loss, with mining
operations in the Democratic Republic of Congo alone responsible for 70% of global cobalt production,
causing severe deforestation and water pollution in the Katanga region.

• Industrial processing generates substantial air and water pollution, with South Africa's mining sector
contributing to 40% of the country's water pollution and 25% of greenhouse gas emissions from
industrial activities.

• Waste disposal creates long-term environmental burdens, as seen in Nigeria's Lagos State where over
14,000 metric tons of waste are generated daily, with only 30% formally collected, leading to severe soil
and water contamination.

Social and Economic Impacts

• Environmental injustice manifests when marginalized communities bear disproportionate burdens, as
in Ghana's Agbogbloshie e-waste dump where informal workers face toxic exposure while processing
imported electronic waste from developed nations.
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• Health consequences include respiratory diseases, cancers, and developmental issues, with studies
showing that children living near mining operations in Zambia's Copperbelt region have lead blood levels
5-10 times the safe limit.

• Economic externalities represent hidden costs not reflected in market prices, with the World Bank
estimating that pollution costs Africa approximately 4% of GDP annually in healthcare expenses and lost
productivity.

African Case Study: Kenya's Plastic Pollution Crisis

Kenya provides a compelling example of unsustainable material impacts. Prior to 2017, Kenya consumed an

estimated 100 million plastic bags annually, with 24% becoming environmental waste. The 2017 plastic

bag ban reduced usage by 80%, but challenges persist as the country generates approximately 2 million tons

of plastic waste annually, only 9% of which is recycled. This has led to severe clogging of waterways like the

Nairobi River, contributing to flooding during rainy seasons and costing an estimated $32 million annually in

infrastructure damage and clean-up efforts.

In Practice

• Conduct lifecycle assessments to identify hotspots of environmental and social impact in material value
chains

• Implement Extended Producer Responsibility (EPR) schemes to shift waste management costs to
producers

• Develop circular business models that prioritize durability, repairability, and recyclability

• Engage with local communities to ensure equitable distribution of benefits and burdens from resource
use

"In Africa, we cannot afford the luxury of linear consumption patterns. Our future depends on

decoupling economic growth from resource depletion."

Learn more

• UNEP Africa Environment Outlook reports

• African Circular Economy Alliance framework

• WHO guidelines on waste and health

Key takeaways

✓  Unsustainable material use generates hidden environmental and social costs that disproportionately
affect vulnerable African communities despite minimal contribution to the problem.

✓  Linear material flows create complex cascading impacts, from biodiversity loss to health burdens and
economic externalities that represent significant unaccounted costs.

✓  Transitioning to circular economy approaches offers a pathway to mitigate these impacts while
creating new economic opportunities and environmental resilience in African contexts.
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2.5 From cradle-to-grave to cradle-to-cradle thinking
In Africa's rapidly urbanizing economies, the shift from cradle-to-grave to cradle-to-cradle thinking

represents not just environmental necessity but economic opportunity, offering pathways to job creation,

resource security, and climate resilience in materials-dependent sectors.

The Linear Paradigm: Cradle-to-Grave

Traditional cradle-to-grave systems follow an extract-make-dispose linear model that has dominated

industrial production since the Industrial Revolution. This approach treats resources as abundant and waste as

negligible, with materials extracted, transformed into products, used briefly, and then discarded as waste.

Despite improvements in waste management and recycling rates, the fundamental assumption remains that

products have an inevitable end-of-life.

• Resource extraction often exceeds planetary boundaries

• Manufacturing typically consumes 30-45% of global energy

• Only 9% of all plastics ever produced have been recycled

• Waste management costs in African cities can consume 20-40% of municipal budgets

Cradle-to-Cradle: A Regenerative Approach

Cradle-to-cradle (C2C) thinking fundamentally reimagines product design and material flows, eliminating

the concept of "waste" by design. Materials are intentionally created for continuous cycling in either

biological or technical metabolisms.

• Biological nutrients: Materials that safely return to soil (e.g., organic materials)

• Technical nutrients: Materials that remain in closed-loop cycles (e.g., metals, certain polymers)

• Design for disassembly enables component recovery

• Elimination of hazardous substances protects human health and ecosystems

"Waste is a design flaw, not a fact of life." - William McDonough, co-author of "Cradle to Cradle:

Remaking the Way We Make Things"

African Case Study: Kenya's Plastic Recycling Revolution

In Kenya, the TakaTaka Solutions has implemented a C2C approach to plastic waste, processing over

8,000 tons of plastic monthly across five counties. Founded in 2013 by the late Lucy Wambui, TakaTaka

employs 150+ waste collectors and processes plastic into construction materials, roofing tiles, and furniture.

The company's model eliminates waste disposal while creating economic value—generating $2.5 million in

annual revenue and reducing plastic leakage into Nairobi River by 40%. This demonstrates how C2C

principles can address both environmental challenges and economic development in African contexts.

From Theory to Practice

In practice, transitioning to cradle-to-cradle thinking requires:

• Material mapping: Identify all materials in products and their potential pathways
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• Design protocols: Create products for disassembly, durability, and material recovery

• Supply chain collaboration: Work with suppliers to ensure material quality and compatibility

• Policy alignment: Advocate for Extended Producer Responsibility (EPR) frameworks

• Technology investment: Implement sorting, processing, and reprocessing technologies

Learn more

• Ellen MacArthur Foundation's Circular Economy Reports

• UNEP's Africa Waste Management Outlook

• African Circular Economy Alliance (ACEA)

Key takeaways

✓  Cradle-to-cradle thinking transforms waste from an endpoint to a resource, fundamentally changing
how we design products and systems.

✓  African cities can leverage circular approaches to address waste challenges while creating economic
opportunities and environmental benefits.

✓  Successful implementation requires collaboration across design, manufacturing, waste management,
and policy sectors to create truly circular material flows.

2.6 Case Study: The Cradle-to-Cradle (C2C) design philosophy, developed
by architect W
In Africa's rapidly industrializing economies, embracing sustainable materials management isn't just

environmentally responsible—it's an economic imperative that can create jobs, reduce import dependencies,

and position African nations as leaders in the circular economy revolution. The Cradle-to-Cradle (C2C)

framework offers a transformative approach to design that aligns with Africa's development needs while

addressing environmental challenges.

The Cradle-to-Cradle Philosophy

Cradle-to-Cradle (C2C) design, pioneered by architect William McDonough and chemist Michael

Braungart in the 1990s, fundamentally reimagines product lifecycles by eliminating the concept of "waste"

entirely. Instead of the linear "take-make-dispose" model, C2C creates a circular system where materials are

perpetually reused or safely returned to the environment. This philosophy distinguishes between:

• Biological nutrients: Materials that can safely decompose and return to the soil (e.g., organic textiles)

• Technical nutrients: Materials designed for infinite cycling in industrial processes without degradation
(e.g., aluminum, certain polymers)

Key Principles of C2C Design

The framework operates on five core principles:
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• Material health: Ensuring all materials are safe for humans and the environment

• Material recovery: Designing products for disassembly and material recovery

• Energy renewability: Powering systems with renewable energy sources

• Water stewardship: Designing water-positive systems

• Social fairness: Ensuring equitable labor practices and community benefits

African Case Study: The M-KOPA Solar System in Kenya

A compelling African example of C2C principles in action is M-KOPA Solar's pay-as-you-go solar home

system in Kenya. This innovative solution addresses energy poverty while incorporating circular design:

• Product design: Solar panels, LED lights, and radios are designed for longevity with 5+ year lifespans

• Technical nutrients: Solar components are engineered for disassembly and material recovery at
end-of-life

• Business model: The "lease-to-own" model reduces upfront costs while extending product utility

• Impact: Over 1 million homes in Kenya, Uganda, and other African countries have gained access to
clean energy, reducing kerosene use by 75% per household

• Circularity: In 2023, M-KOPA launched a take-back program, recycling over 50 tons of electronic
components in its first year

Implementing C2C in African Contexts

In practice, African organizations can adopt C2C principles through:

• Conducting material health assessments of existing products using frameworks like the Cradle to
Cradle Certified™ Product Standard

• Designing products for disassembly and recovery, particularly valuable in regions with growing
informal recycling sectors

• Developing reverse logistics systems that work with existing informal economy structures

• Creating biological nutrient cycling systems for agricultural waste in rural areas

• Leveraging mobile technology to track materials and facilitate take-back programs

"Waste is a human invention—nature doesn't have waste. In nature, one organism's waste is another

organism's food."

Learn more

• Cradle to Cradle Certified™ Product Standard (c2ccertified.org)

• Ellen MacArthur Foundation's circular economy reports (ellenmacarthurfoundation.org)

• UNEP Africa Sustainable Consumption and Production reports (unep.org/africa)
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Key takeaways

✓  Cradle-to-Cradle design transforms waste into a valuable resource through biological and technical
nutrient cycling.

✓  African organizations can implement C2C principles by designing for disassembly, creating reverse
logistics, and leveraging existing informal economy structures.

✓  The M-KOPA Solar system demonstrates how C2C thinking can simultaneously address development
challenges and environmental sustainability in African contexts.

2.7 Hands-On Activity
In the face of Africa's rapid urbanization and resource consumption, sustainable materials management has

become a critical professional competency for climate leaders. Understanding material flows at the

micro-level is essential for identifying intervention points that can reduce waste, lower emissions, and build

circular economies across sectors.

Introduction to Material Flow Analysis (MFA)

Material Flow Analysis (MFA) is a systematic assessment of the material inputs, stocks, and outputs within

a defined system boundary. For this hands-on activity, you will apply MFA to a familiar process to quantify

material inefficiencies and identify circular economy opportunities.

Activity Instructions

• Select a process from your home, workplace, or community (e.g., food preparation, agricultural
production, manufacturing, or waste management)

• Map all inputs (raw materials, water, energy, chemicals) and outputs (products, waste, emissions,
by-products)

• Use the MFA template provided in your reading pack to quantify flows where possible

• Analyze the system for material inefficiencies and losses

Case Study: MFA in Kenya's Tea Processing

The Kenya Tea Development Agency (KTDA) implemented MFA across 66 factories and identified that

processing 1kg of black tea required:

• 5-6 kg of fresh tea leaves

• 300-400 liters of water

• 1.2-1.5 kWh of energy

• Outputs included 1kg black tea, 4-5kg organic waste, and significant wastewater

Through MFA, KTDA identified that improved withering processes could reduce water consumption by

30% and organic waste by 25%, while implementing biogas capture from waste could offset 15% of energy

needs.
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Practical Application

"You can't manage what you don't measure" – this fundamental principle drives effective materials

management.

In practice:

• Start with simple approximations if exact data is unavailable

• Focus on high-volume or high-impact materials first

• Consider both technical and economic feasibility of improvements

• Engage stakeholders who operate the process daily

Learn more

• UNEP Africa Waste Management Outlook

• African Circular Economy Alliance resources

• EMF Africa Circular Economy Report

Key takeaways

✓  Material Flow Analysis provides a quantitative foundation for identifying circular economy
opportunities

✓  Small-scale processes often mirror larger systems, making micro-level MFA valuable for professional
practice

✓  The most effective material improvements often address multiple environmental and economic
objectives simultaneously

Module 3: Circular Business Models & Value Chains
This module explores how businesses create, deliver, and capture value in a circular economy. Learners study

five core circular business models and examine how value chains must be redesigned — including reverse

logistics — to keep materials circulating.

8 lessons · 17m

3.1 From Linear to Circular Value Chains
Transitioning from linear to circular value chains represents one of the most critical professional challenges

facing African economies today, as it simultaneously addresses resource scarcity, creates green jobs, and

builds climate resilience while positioning African businesses competitively in global markets.

Linear Value Chains: The Extract-Use-Dispose Paradigm
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A linear value chain follows a largely one-way sequence: resource extraction → production → distribution

→ consumption → disposal. This model treats materials as inputs that eventually become waste, resulting in

resource depletion, pollution and lost economic value. In Africa, this linear approach has contributed to

significant environmental challenges, including the annual importation of 19 million tons of plastic worth

approximately $8-12 billion, with only 12% being recycled according to UNEP data. The linear model

creates systemic vulnerabilities, particularly for African economies dependent on imported raw materials and

facing growing waste management crises.

Circular Value Chain Principles

A circular value chain is designed to keep products, components and materials in use for as long as possible

while reducing waste and dependence on virgin resources. Key principles include:

• Designing out waste through modular, durable, and repairable products

• Keeping materials in use through maintenance, reuse, refurbishment, and remanufacturing

• Regenerating natural systems by returning biological materials to the soil

• Creating shared value through collaborative business models and information sharing

Implementing Circular Value Chains

Transitioning from linear to circular value chains requires changes across the entire supply system, rather

than focusing only on recycling. Businesses can adopt:

• Sustainable sourcing of renewable, non-toxic materials

• Circular product design for longevity, repairability, and recyclability

• Reverse logistics to return used products and materials to manufacturers

• Digital platforms to track material composition, ownership, and recovery opportunities

"In a circular economy, waste is designed out from the beginning, not managed at the end."

In practice, this means companies like Nigeria's Wecyclers are transforming urban waste streams into

valuable resources, collecting 6,000+ tons of monthly recyclables and creating 500+ direct jobs while

providing income opportunities to 3,000+ informal waste pickers through their incentive-based recycling

model.

Collaborative Ecosystems

Circular value chains encourage collaboration among suppliers, manufacturers, retailers, consumers, waste

managers and policymakers. Value is increasingly generated through services such as product leasing,

sharing, repair and take-back schemes. The African Circular Economy Alliance (ACEA), launched in 2022,

brings together 15 African countries to develop continent-wide circular economy strategies and share best

practices across sectors.

In practice, this collaboration can take the form of:

• Extended producer responsibility (EPR) schemes

• Industrial symbiosis networks where one company's waste becomes another's input
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• Public-private partnerships for circular infrastructure development

• Multi-stakeholder platforms for policy development and implementation

Learn more

• Ellen MacArthur Foundation — Building a Circular Supply Chain — practical guidance on transitioning
supply chains

• Building a Circular Supply Chain — PDF — downloadable technical resource

• Ellen MacArthur Foundation — Circular Economy Principles — foundational circular-economy
concepts

• Ellen MacArthur Foundation — Circulate Products and Materials — explains technical and biological
cycles

• UNIDO — Embedding the Circular Economy in Global Value Chains — useful for understanding
circularity within global value chains

Key takeaways

✓  Circular value chains require systemic redesign rather than incremental improvements to existing
linear models.

✓  Africa's informal recycling sectors represent valuable assets that can be integrated into formal circular
economy systems.

✓  Successful circular transitions depend on cross-sector collaboration and new business models that
decouple economic growth from resource consumption.

3.2 Five Circular Business Models
Circular business models represent a fundamental shift in how organizations create and capture value while

addressing Africa's pressing resource challenges and environmental degradation. These models are no longer

theoretical concepts but practical strategies being adopted across the continent to build resilient economies,

create jobs, and reduce material waste in a rapidly urbanizing region.

Core Circular Business Models

• Circular Supplies replaces virgin inputs with sustainable alternatives, reducing dependence on finite
resources. In Kenya, Keracho Tea Factory has implemented a circular supply chain by using tea waste
to produce biogas, reducing fossil fuel dependence by 30% and creating additional revenue streams.

• Resource Recovery extracts value from waste streams through recycling, upcycling, and industrial
symbiosis. Dow Chemicals in South Africa partners with local recyclers to convert plastic waste into
new chemical feedstocks, diverting over 50,000 tons of plastic from landfills annually.

• Product Life Extension extends product usability through maintenance, repair, and refurbishment.
Ghana's Agbogbloshie e-Waste Recovery project employs over 40,000 workers to refurbish electronic
components, extending product lifecycles while providing livelihoods.
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• Sharing Platforms optimize product utilization through access-based consumption. Nigeria's Max
mobility platform has reduced the need for private car ownership in Lagos by connecting 200,000 users
with shared vehicles, decreasing congestion and emissions by 25%.

• Product-as-a-Service (PaaS) shifts from ownership to access. South Africa's Rent-a-Computer
service provides affordable computing equipment to schools on a subscription basis, reducing e-waste
while improving educational access.

Practical Implementation

In practice, organizations should:

• Start with material flow mapping to identify high-impact intervention points

• Design reverse logistics systems for product returns and material recovery

• Develop new revenue streams aligned with circular principles

• Engage stakeholders across the value chain to create circular ecosystems

• Measure and communicate environmental and social co-benefits

"Circularity is not just about waste reduction—it's about creating new value in every phase of a

product's life."

Challenges and Opportunities

Implementing circular models in Africa requires addressing infrastructure gaps, policy barriers, and

financing constraints. However, the African Circular Economy Alliance (ACEA) supports these transitions

through knowledge sharing and capacity building, recognizing that circular approaches could create $4.5

trillion in economic benefits by 2030.

Learn more

• Ellen MacArthur Foundation's circular economy framework

• UNEP Africa Waste Management Outlook

• African Development Bank's circular economy initiatives

Key takeaways

✓  Circular business models create economic value while reducing environmental impact across Africa's
rapidly developing economies.

✓  Successful implementation requires systemic thinking and collaboration across value chain
stakeholders.

✓  Africa's unique context presents both challenges and significant opportunities for circular innovation
and leapfrogging to sustainable development pathways.



Africa Climate Leadership Academy — Course Study Guide 31

3.3 Product-as-a-Service and the Sharing Economy
In Africa's rapidly growing economies, circular business models like Product-as-a-Service and the Sharing

Economy offer transformative pathways to decouple economic growth from resource consumption while

addressing critical infrastructure gaps. These models present particularly compelling opportunities for

African nations to leapfrog traditional linear consumption patterns and build more resilient,

resource-efficient economies from the outset.

Understanding Product-as-a-Service (PaaS)

Product-as-a-Service (PaaS) represents a fundamental shift from selling products to selling outcomes,

where customers pay for utility rather than ownership. This model creates powerful incentives for

manufacturers to design products for durability, maintainability, and eventual recovery, as they retain

responsibility throughout the product's lifecycle.

Key characteristics of PaaS include:

• Performance-based contracts where providers are compensated for results rather than units sold

• Shared responsibility between provider and customer for product performance

• Extended producer responsibility throughout the product's entire lifespan

• Data collection opportunities to optimize product performance and usage patterns

In Kenya, M-KOPA Solar exemplifies successful PaaS implementation, providing pay-as-you-go solar

home systems to over 1 million households. Customers make small daily mobile payments (approximately

$0.50/day) for access to solar lighting, phone charging, and other services. This model has enabled energy

access for off-grid communities while reducing reliance on kerosene lamps, preventing an estimated 500,000

tonnes of CO2 emissions since 2012.

The Sharing Economy in African Contexts

The Sharing Economy leverages digital platforms to optimize asset utilization and create access-based

alternatives to ownership. In African contexts, this model addresses unique challenges including high upfront

costs, infrastructure limitations, and underutilized assets.

Sharing Economy manifestations in Africa include:

• Transportation: Uber, Bolt, and local ride-sharing platforms in Lagos, Nairobi, and Johannesburg

• Accommodation: Airbnb and community-based tourism initiatives across the continent

• Equipment sharing: Construction tool sharing in South Africa's informal building sector

• Knowledge sharing: Professional networks and skills exchange platforms

Practical Implementation Strategies

In practice, organizations transitioning to PaaS and sharing models should consider:

• Start with high-value, frequently used assets where utilization optimization creates clear economic
benefits

• Develop robust digital platforms to facilitate transactions, payments, and user management
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• Create clear contractual frameworks that define service levels, responsibilities, and pricing structures

• Build reverse logistics systems for product recovery, refurbishment, and redistribution

• Design products specifically for shared use, prioritizing durability, modularity, and ease of maintenance

"The circular economy is not just about waste reduction—it's about creating new value through

relationships rather than transactions."

Measuring Impact and Success

Effective measurement of PaaS and sharing economy models requires going beyond traditional financial

metrics to capture environmental and social value:

• Track asset utilization rates to quantify efficiency gains

• Monitor product lifetime extension and associated resource savings

• Measure reduction in virgin material consumption compared to traditional ownership models

• Assess increased access to goods and services for underserved populations

• Evaluate job creation in maintenance, refurbishment, and sharing platform management

Key takeaways

✓  Product-as-a-Service models transform manufacturer incentives by linking revenue to product
performance rather than unit sales, driving circular design principles.

✓  The Sharing Economy creates value by optimizing asset utilization, with African innovators
leapfrogging traditional infrastructure through mobile-enabled platforms.

✓  Successful implementation requires addressing financing mechanisms, digital infrastructure, and
developing products specifically designed for extended use and multiple users.

3.4 Reverse Logistics: getting products and materials back
In the transition to a circular economy, reverse logistics represents the critical circulatory system that returns

value from products after use. Without efficient reverse logistics, circular value chains remain incomplete,

and the promise of waste elimination and resource regeneration remains unrealized across African markets

and industries.

Understanding Reverse Logistics

Reverse logistics encompasses the entire process of moving products, components, and materials from the

point of consumption back to recovery points for reuse, remanufacturing, or recycling. Unlike traditional

logistics that focuses on efficiency in forward movement, reverse logistics must address uncertainty in

product condition, mixed material streams, and varying quality of returned items.

• Creates the "backward flow" essential for circularity

• Manages returns, collection, sorting, inspection, repair, and recovery

• Transforms waste streams into valuable resource streams
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• Closes material loops and retains embedded value

"In a circular economy, waste doesn't exist—only resources in the wrong place."

Key Components of Reverse Logistics Systems

Effective reverse logistics requires integrated systems working in harmony:

• Collection networks: Strategically located drop-off points, scheduled pickups, and convenient return
channels

• Sorting and inspection facilities: Capable of identifying reusable components and materials

• Recovery operations: Repair workshops, refurbishment centers, and remanufacturing plants

• Information systems: Tracking products, materials, and their condition throughout the reverse flow

• Stakeholder partnerships: Manufacturers, retailers, consumers, collectors, and processors collaborating

African Case Study: E-Waste Recycling in Kenya

The GIZ-funded E-Waste Kenya Project demonstrates successful reverse logistics implementation. Since

2017, the project has established 12 collection centers across Nairobi, Mombasa, and Kisumu, collecting

over 1,500 metric tons of e-waste. The reverse logistics system includes:

• 3-tier collection network: 200+ authorized collection points, 3 consolidation centers, and 1 processing
facility

• Mobile collection units serving informal settlements

• Digital tracking system for e-waste movement

• Partnership with Safaricom (Kenya's largest telecom) for take-back of old devices

• Creation of 150 formal jobs in collection and processing

The project achieved 85% material recovery rate, exceeding the global average of 70%, and reduced

informal e-waste burning by 40% in participating areas.

Implementation Challenges and Solutions

Implementing reverse logistics in African contexts presents unique challenges:

• Infrastructure gaps: Limited transportation networks and processing facilities

• Informal sector integration: Balancing formal systems with existing informal recovery networks

• Consumer behavior: Changing return habits and participation in take-back schemes

• Economic viability: Ensuring reverse flows remain cost-effective at scale

In practice:

• Start with high-value products (electronics, batteries) where economic returns justify investment

• Leverage existing informal collection networks rather than competing with them

• Design products for easy disassembly and material separation

• Implement deposit-return systems to incentivize consumer participation
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• Use digital platforms to optimize collection routes and match supply with demand

Learn more

• UNEP Africa E-waste Monitor

• World Bank Circular Economy in Africa Report

• African Circular Economy Alliance (ACEA) framework

Key takeaways

✓  Effective reverse logistics is the backbone of circular value chains, requiring integrated systems and
stakeholder collaboration.

✓  Successful implementation in African contexts requires building on existing informal networks while
developing formal infrastructure.

✓  The economic and environmental benefits of reverse logistics can be substantial when designed with
local conditions and circular principles in mind.

3.5 Building the Business Case for Circularity
In today's resource-constrained world with increasing regulatory pressure and volatile markets, building a

robust business case for circularity has become essential for African organizations seeking competitive

advantage and long-term resilience. This lesson provides professionals with the frameworks and evidence

needed to justify circular strategies to stakeholders.

Economic Value Creation

Circular business models unlock substantial economic value by transforming waste streams into revenue

streams and creating more resilient value chains. Circular economy strategies can reduce material costs by

30-50% while creating new business opportunities across product lifecycles. Key approaches include:

• Product-as-a-Service models that shift from ownership to access

• Remanufacturing that recovers 70-90% of a product's value

• Industrial symbiosis that turns one company's waste into another's raw material

• Sharing platforms that optimize asset utilization

In Kenya, Twiga Foods demonstrates circular value creation by using digital platforms to connect

small-scale farmers with urban markets, reducing post-harvest losses by 40% while creating income

opportunities for over 20,000 farmers. Their model eliminates intermediaries, reduces food waste, and builds

farmer resilience through data-driven market access.

Environmental & Social Returns

Circular strategies deliver measurable environmental and social returns that enhance organizational

reputation and stakeholder value. Environmental benefits include:
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• Resource efficiency improvements of 20-60% in material-intensive sectors

• Carbon footprint reductions of 15-45% through avoided virgin material production

• Waste diversion rates of 80-95% in optimized circular systems

Social impacts include job creation in repair, remanufacturing, and recycling sectors, with studies showing

10-30 more jobs created per 1,000 tons of material recycled compared to landfill disposal.

"Circularity is not just about waste reduction—it's about redesigning value for people, planet, and

profit."

Implementation Framework

Building a credible business case requires structured assessment of opportunities, costs, and returns. A

comprehensive framework should include:

• Financial analysis with NPV, ROI, and payback period calculations

• Risk assessment addressing technological, market, and regulatory risks

• Stakeholder mapping to identify beneficiaries and influencers

• Phased implementation with clear milestones and success metrics

In practice, South African retail giant Woolworths implemented a comprehensive circular strategy by:

• Establishing dedicated reverse logistics systems for packaging recovery

• Developing supplier collaboration protocols for material efficiency

• Creating customer engagement programs for take-back schemes

• Implementing transparent reporting on circularity metrics

Investment Considerations

Circular initiatives require strategic investment in new capabilities and partnerships. Key investment areas

include:

• Digital infrastructure for product tracking and reverse logistics

• New business models requiring restructured revenue streams

• Stakeholder engagement mechanisms across value chains

• Policy advocacy to create enabling regulatory environments

In practice, organizations should pilot circular initiatives with clear ROI targets before scaling, with

successful pilots typically showing 15-25% cost savings within 18-24 months.

Learn more

• Ellen MacArthur Foundation circular economy business model guides

• UNEP Africa Circular Economy Framework

• African Development Bank sustainable finance instruments
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Key takeaways

✓  A robust circular business case quantifies economic, environmental, and social value to demonstrate
competitive advantage beyond mere compliance.

✓  Successful circular implementation requires strategic investment in reverse logistics, digital tracking,
and stakeholder collaboration across value chains.

✓  Circularity delivers measurable returns through cost reduction, risk mitigation, and enhanced brand
reputation while building more resilient African businesses.

3.6 Infographic — Five Circular Business Models at a Glance
In Africa's rapidly developing economies, circular business models offer a critical pathway to sustainable

development, addressing resource scarcity while creating economic opportunities and reducing

environmental impacts. These models are not just theoretical concepts but practical approaches that can

transform how we design, produce, and consume goods across the continent.

Five Circular Business Models Explained

• Circular Supplies: This model replaces finite resources with renewable, recycled, or recovered
materials. In practice, this means sourcing inputs from biological cycles or using recycled content to
reduce virgin material extraction. For example, Kenya's TakaTaka Solutions processes over 500 tons of
waste daily in Nairobi, transforming it into construction materials and creating 200+ jobs while diverting
waste from landfills.

• Resource Recovery: This approach converts waste streams into valuable resources, creating economic
value from what was previously discarded. In practice, this involves implementing sophisticated
recycling systems and developing markets for secondary materials. South Africa's Mpact Recycling
collects over 200,000 tons of recyclable packaging material annually, recovering paper, plastics, metals,
and glass for reprocessing into new products.

• Product Life Extension: This model maximizes product value through repair, refurbishment, and
remanufacturing. In practice, this requires developing reverse logistics systems and skilled technical
workforces. Nigeria's Circuit Mobile extends smartphone lifespans by refurbishing and reselling
devices, reducing e-waste while providing affordable technology to underserved communities.

• Sharing Platforms: This model increases utilization of underused products through shared access rather
than individual ownership. In practice, this requires digital platforms and trust mechanisms to facilitate
peer-to-peer exchanges. Ghana's GoShare connects owners of underutilized assets like power tools and
equipment with those who need them temporarily, reducing resource consumption while creating income
opportunities.

• Product-as-a-Service: This model shifts from selling products to selling services or performance
outcomes, keeping products in use longer. In practice, this requires new contractual relationships and
maintenance systems. Philips' Pay-per-Lux lighting solution, implemented across several African
countries, provides lighting as a service rather than selling light fixtures, with clients paying only for the
light they use while the company retains ownership and responsibility for maintenance and upgrades.
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Implementation Considerations

"Circular business models are not just environmentally beneficial—they create new value streams,

reduce risks, and build resilience in African economies."

• In practice: Start with material flow mapping to identify waste hotspots and opportunities for circular
interventions.

• In practice: Develop supportive policy frameworks that incentivize circular practices while addressing
regulatory barriers.

• In practice: Build cross-sector partnerships between businesses, government, and civil society to create
enabling ecosystems for circular innovation.

Learn more

• Ellen MacArthur Foundation: circularity models guide

• UNEP Africa Waste Management Outlook

Key takeaways

✓  Circular business models create economic value while reducing environmental impacts across African
value chains.

✓  Successful implementation requires systemic approaches that address technical, financial, and
regulatory dimensions simultaneously.

✓  African contexts offer unique opportunities for circular innovation due to high informal sector
engagement and growing urbanization pressures.

3.7 Case Study: Philips’ “Pay-per-Lux” model, implemented at Amsterdam
Airport Schipho
In an era of resource constraints and environmental imperatives, circular business models are no longer

theoretical concepts but practical necessities for organizations seeking competitive advantage while reducing

their ecological footprint. Philips' "Pay-per-Lux" model at Amsterdam Airport Schiphol exemplifies how

this transition can deliver both economic and environmental benefits.

The Pay-per-Lux Model Explained

Product-as-a-Service (PaaS) represents a fundamental shift from selling products to selling services. In the

Schiphol case study, Philips moved beyond simply supplying lighting equipment to providing guaranteed

lighting levels (lux) as a service. This model fundamentally altered the customer relationship:

• Philips retained ownership of the lighting fixtures and installations

• Schiphol paid for the lighting service rather than the physical products

• Philips and its service partner assumed responsibility for:

• System performance and reliability
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• Maintenance and repairs

• End-of-life recovery and recycling

• Energy efficiency optimization

This transformation changed the incentive structure from "sell more light bulbs and fittings" to "provide

high-quality lighting as a service efficiently."

Design for Circularity

The specially designed LED luminaires embodied circular principles:

• Modular design allowed individual components to be repaired or replaced rather than discarding entire
fittings

• Longevity was engineered into the system, with expected lifespan 75% longer than previous luminaires

• Energy efficiency improved by approximately 50% compared with conventional lighting

• Materials selection prioritized recyclability and reduced hazardous substances

"We don't sell light bulbs; we sell light. And when we sell light, we have an incentive to make it as

efficient as possible." — Philips Executive on the Pay-per-Lux model

African Implementation Context

While the Schiphol case is European, similar models are emerging in Africa. In Kenya, the Jomo Kenyatta

International Airport (JKIA) partnered with Philips in 2018 to implement a lighting-as-a-service solution.

The project resulted in:

• 40% reduction in energy consumption

• $1.2 million in annual energy cost savings

• Creation of 15 local maintenance jobs

• Reduced carbon emissions by approximately 1,800 tons annually

The JKIA case demonstrates how circular business models can be adapted to African contexts while

addressing infrastructure challenges and creating local economic opportunities.

In Practice

Organizations considering PaaS models should:

• Conduct thorough life cycle assessment to identify environmental benefits

• Develop clear service level agreements defining performance metrics

• Establish robust monitoring systems to track resource use and efficiency

• Design products with disassembly and recovery in mind

• Create new financial models that capture value retention over time

• Build partnerships with service providers and recycling networks

Learn more
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• Ellen MacArthur Foundation: Circular Economy Business Models

• UNEP: Sustainable Public Procurement Guide

• Philips Lighting-as-a-Service case studies

Key takeaways

✓  Product-as-a-Service models shift incentives from product volume to service efficiency, enabling
circular outcomes.

✓  Successful implementation requires collaborative partnerships and rethinking product design for
longevity, maintainability, and end-of-life recovery.

✓  Circular business models can deliver significant economic and environmental benefits while creating
new value streams in both developed and developing economies.

3.8 Hands-On Activity

Introduction

The transition to circular business models represents a critical frontier for African economies seeking to

decouple growth from resource depletion. This hands-on activity challenges you to reimagine traditional

business operations through circular principles, creating practical pathways for sustainable value creation in

African contexts.

Activity Overview

For this exercise, select a small business familiar to you (your own, family member's, or local enterprise).

Your task involves:

• Mapping the current linear business model: Identify key inputs, production processes, distribution
channels, and end-of-life handling

• Selecting one circular business model: Product as a Service, Sharing Platform, Product Life
Extension, Resource Recovery, or Circular Supply Chains

• Redesigning the business model: Apply the selected circular approach to transform the business
operations

Case Study: M-KOPA Solar (Kenya)

M-KOPA Solar exemplifies circular business model innovation in Africa. Originally selling solar home

systems, they transitioned to a pay-as-you-go model (Product as a Service). Customers make an initial

deposit (approximately $30) followed by daily mobile payments of $0.50 for 12 months. After full payment,

customers own the system. This approach:

• Served over 1 million homes across Africa

• Reduced upfront cost barriers by 90%

• Created a $200 million asset base under customer ownership
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• Enabled product refurbishment and resale after first lifecycle

In practice, this model required:

• Development of sophisticated mobile payment infrastructure

• Creation of remote monitoring systems for device usage

• Establishment of reverse logistics for maintenance and refurbishment

• Partnerships with mobile network operators for payment collection

Implementation Framework

When redesigning your selected business, address these critical dimensions:

• Revenue transformation: How does value capture shift from product sales to services, access, or
outcomes?

• Cost structure evolution: What new capabilities (digital platforms, reverse logistics) and investments
are required?

• Reverse logistics design: How will products/materials be returned, processed, and reintegrated into
value chains?

Learn more

• Ellen MacArthur Foundation: Circular Business Models

• UNEP Africa Sustainable Business Case Studies

• African Circular Economy Alliance (ACEA) resources

Key takeaways

✓  Circular business models require fundamental rethinking of value creation beyond traditional linear
approaches.

✓  Effective reverse logistics design is often the most challenging yet critical component of circular
business implementation.

✓  African businesses can leverage existing mobile infrastructure and community networks to overcome
barriers to circular adoption.

Module 4: Circular Design Strategies
Design determines up to 80% of a product's environmental impact. This module teaches practical circular

design strategies — designing for durability, disassembly, repairability, and recyclability — and introduces

tools like eco-design checklists and the R-strategies framework (Refuse, Reduce, Reuse, Repair, Refurbish,

Remanufacture, Repurpose, Recycle, Recover).

6 lessons · 12m
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4.1 Why Design Matters: the 80% rule
In the face of Africa's rapid urbanization and industrialization, circular design strategies offer the most

impactful lever for reducing resource consumption and waste generation before products even enter the

market. Professionals across sectors—from manufacturing to policy—must understand how design decisions

can fundamentally reshape our material economy and environmental footprint.

The 80% Rule: Design's Critical Influence

The European Commission's "80% rule" demonstrates that design decisions made early in product

development determine over four-fifths of a product's lifetime environmental impact. This principle applies

particularly to material selection, energy consumption during use, and end-of-life management. While the

exact percentage varies by product category, the core insight remains: design is where the most significant

environmental gains can be realized. For instance, a smartphone's design choices alone determine whether its

rare earth metals can be recovered or whether toxic components will contaminate e-waste streams.

Circular Design Strategies in Practice

Implementing circular design requires a systematic approach that reimagines products from conception to

end-of-life:

• Design for durability: Creating products that last longer reduces replacement frequency and resource
consumption

• Design for disassembly: Ensuring products can be easily taken apart facilitates repair, refurbishment,
and recycling

• Design for modularity: Allowing components to be replaced or upgraded extends product lifespan

• Design for material efficiency: Minimizing material use while maintaining function reduces resource
extraction

• Design for compatibility: Standardizing components enables cross-brand repair and remanufacturing

African Case Study: Kenya's Plastics Pact

The Kenya Plastics Pact, launched in 2020 under the Ellen MacArthur Foundation's Plastics Pact network,

demonstrates how design interventions can transform material flows. By 2022, 17 signatories—including

major brands like Unilever Kenya and Kenya Breweries—had committed to making 100% of plastic

packaging reusable, recyclable, or compostable. The pact specifically targets design changes: eliminating

problematic materials, increasing recycled content to 30%, and ensuring packaging is recyclable through

local systems. These design-forward commitments are projected to eliminate 5,000 tonnes of problematic

plastics annually while creating new value streams for recyclers in Nairobi's informal sector.

Professional Implementation Framework

In practice, circular design requires cross-functional collaboration and lifecycle thinking:

• Conduct life cycle assessments to identify hotspots in product environmental impact

• Develop design guidelines that prioritize circularity metrics alongside traditional performance
indicators
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• Create supplier partnerships to source sustainable materials and components

• Establish take-back systems that inform design decisions about end-of-life scenarios

• Train design teams in circular principles through workshops and continuous education

"The best way to manage waste is to design it out of existence from the beginning."

Learn more

• Ellen MacArthur Foundation: https://www.ellenmacarthurfoundation.org

• UNEP Africa Waste Management Outlook:
https://www.unep.org/resources/report/africa-waste-management-outlook

Key takeaways

✓  Design decisions made early in product development determine over 80% of a product's lifetime
environmental impact, making it the most critical intervention point for circularity.

✓  Circular design strategies—such as designing for durability, disassembly, and modularity—transform
products from linear consumption models to circular value retention systems.

✓  Implementing circular design requires cross-functional collaboration, lifecycle thinking, and
partnerships across value chains to create truly sustainable material systems in African contexts.

4.2 The 9R Framework: Refuse to Recover
The 9R Framework represents a fundamental shift in how we approach resource use and waste management,

offering professionals a systematic method to move beyond incremental improvements toward

transformative circular systems that can address Africa's pressing resource challenges while creating

economic opportunities.

Understanding the 9R Hierarchy

The 9R Framework provides a strategic hierarchy of circular economy interventions, with strategies at the

top preventing waste and preserving value earlier in the product lifecycle. This hierarchy reflects the

principle that prevention is superior to treatment—that avoiding waste creation is more valuable than

managing it after it occurs.

• R0 – Refuse: Rejecting unnecessary products, packaging, or harmful inputs (e.g., single-use plastics in
operations)

• R1 – Rethink: Fundamental reconsideration of product design, business models, and consumption
patterns

• R2 – Reduce: Minimizing material intensity, energy consumption, and resource inputs

• R3 – Reuse: Extending product life through multiple uses for original purpose

• R4 – Repair: Restoring products to working condition to extend lifespan

• R5 – Refurbish: Renewing products through cleaning, replacement, or upgrading

https://www.ellenmacarthurfoundation.org
https://www.unep.org/resources/report/africa-waste-management-outlook
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• R6 – Remanufacture: Industrial process of restoring products to like-new condition using recovered
components

• R7 – Repurpose: Converting products or components for different functions

• R8 – Recycle: Processing waste materials into new raw materials

• R9 – Recover: Extracting energy or resources from materials that cannot be practically reused or
recycled

African Case Study: Kenya's Plastic Recycling Revolution

In Kenya, the Packaging Recycling Scheme implemented by the Kenya Association of Manufacturers

demonstrates the 9R framework in action. The program achieved:

• 65% plastic packaging recycling rate within 3 years

• Creation of 15,000 formal jobs in waste collection and sorting

• Reduction of plastic leakage into Lake Victoria by 40%

• Development of 12 material recovery facilities across 7 counties

This initiative exemplifies how Refuse (single-use plastics), Reduce (packaging optimization), Recycle

(collection infrastructure), and Recover (energy recovery) can be systematically implemented at scale.

Practical Implementation Strategies

In practice, organizations should:

• Conduct a material flow analysis to identify high-impact waste streams

• Develop product passports to track materials through multiple life cycles

• Implement reverse logistics systems for product returns and refurbishment

• Create supplier scorecards evaluating circular performance of partners

• Establish design guidelines requiring disassembly, durability, and material compatibility

"The most sustainable product is the one that never needs to be made—refuse is the ultimate circular

strategy."

Learn more

• Ellen MacArthur Foundation's circular economy framework

• UNEP's Africa Waste Management Outlook

• African Circular Economy Alliance resources
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Key takeaways

✓  The 9R Framework provides a strategic hierarchy that prioritizes waste prevention over treatment,
with Refuse being the most impactful intervention.

✓  Successful circular implementation requires systemic thinking across product design, business models,
and value chain collaboration.

✓  African case studies demonstrate that circular strategies can simultaneously address environmental
challenges while creating economic opportunities and social value.

4.3 Design for Durability and Repairability
In Africa, where electronic waste is growing at 3x the global average and 70% of imported appliances fail

within 2 years, designing for durability and repairability isn't just environmental—it's economic resilience

and infrastructure protection.

Understanding Durability and Repairability

Durability refers to a product's ability to maintain functionality through its intended lifespan under expected

conditions, while repairability encompasses how easily a product can be diagnosed, accessed, serviced, and

restored to working condition. These principles directly combat planned obsolescence and premature

disposal that characterizes our linear economy.

• Physical durability: Materials and construction that withstand environmental stressors

• Functional durability: Design that maintains performance despite technological changes

• Economic durability: Products that remain cost-effective to maintain over time

• Emotional durability: Design that retains user attachment and relevance

"The cheapest product is the one you never have to replace twice." - Ellen MacArthur Foundation

Design Strategies for Extended Lifespan

Designers can implement specific strategies to enhance durability and repairability:

• Modular architecture: Products with standardized interfaces allowing component replacement

• Accessible design: Easy disassembly with minimal tools and clear pathways to components

• Material selection: Durable, repairable materials with known failure modes

• Wear part isolation: Components subject to stress designed as replaceable units

• Diagnostic capabilities: Built-in testing points and clear error reporting

African Case Study: M-KOPA Solar in Kenya

M-KOPA Solar has revolutionized energy access in East Africa through a pay-as-you-go solar home system

explicitly designed for durability and repairability. Their systems include:

• Modular components: Separate solar panel, battery, and LED light units with standardized connectors
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• Field-repairable design: Certified technicians across 7 countries can repair 85% of issues locally

• Extended warranty: 3-year warranty (3x industry average) with remote diagnostics

• Material traceability: All components sourced with repair documentation

In practice, M-KOPA reports 92% device retention after 4 years, compared to industry averages of 60-70%,

with 40% fewer replacements needed due to their repair-focused approach.

Professional Implementation Framework

In practice, organizations should:

• Develop repairability scorecards for product evaluation

• Create comprehensive service documentation and training programs

• Establish reverse logistics systems for end-of-life management

• Implement lifetime costing models rather than upfront price focus

• Partner with local repair ecosystems to build capacity

Learn more

• Ellen MacArthur Foundation's Circular Design Guide

• UNEP's E-waste Monitor for African context

• EU's Right to Repair legislation framework

Key takeaways

✓  Durability and repairability directly reduce lifecycle costs and environmental impacts while extending
product utility.

✓  Modular design with standardized interfaces is the most effective technical approach for creating
repairable products.

✓  Successful implementation requires collaboration between designers, manufacturers, service
providers, and end-users.

4.4 Design for Disassembly and Recyclability
In the African context, where e-waste generation is projected to reach 12.2 million tonnes annually by 2030

and material circularity remains below 2%, designing for disassembly and recyclability isn't just

environmental ethics—it's economic necessity and competitive advantage.

Design for Disassembly (DfD): Principles and Implementation

Design for Disassembly (DfD) is a systematic approach that prioritizes the ease with which products can be

broken down into their constituent components at end-of-life. Unlike traditional manufacturing focused on

assembly speed and cost, DfD optimizes for reverse logistics and material recovery.

• Use reversible connections (snap-fits, threaded fasteners) over permanent adhesives
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• Implement modular components with standardized interfaces

• Minimize material diversity in single components

• Design for sequential disassembly with clear access points

• Eliminate composite materials where possible

"The easiest way to recycle a product is to design it to be disassembled in the first place."

In practice, DfD requires cross-functional collaboration between design engineers, material scientists, and

recyclers. The Design for Disassembly Index developed by MIT provides a quantitative assessment tool

that evaluates products on factors like disassembly time, specialized tool requirements, and component

separation difficulty, enabling designers to benchmark improvements.

Design for Recyclability (DfR): Technical Considerations

Design for Recyclability (DfR) focuses on ensuring materials can be effectively recovered and

reintroduced into production cycles. This approach addresses the technical and economic viability of

recycling processes.

• Avoid material combinations that create contamination issues

• Eliminate hazardous substances that compromise recycling streams

• Incorporate material identification marking (ISO 11469 standards)

• Design for single-material components where feasible

• Consider the capacity of local recycling infrastructure

In practice, DfR requires understanding regional recycling capabilities. In Kenya, the GEEP Kenya (Global

Environment Facility-funded project) demonstrated that mobile phones designed with standardized battery

compartments and minimal adhesives increased component recovery rates by 67% compared to conventional

designs, while reducing disassembly time by 45%.

Case Study: South Africa's E-Waste DfD Initiative

The South African E-Waste Alliance implemented a DfD program with leading electronics manufacturers

including Dell and Hewlett-Packard. By 2022, participating companies redesigned laptop computers using:

• 30% fewer adhesives

• Standardized screw types across components

• Color-coded plastic resins for easier sorting

• Modular battery compartments

These changes resulted in 92% material recovery rates for tested products, compared to the industry average

of 53%. The program created 1,200 direct jobs in repair and remanufacturing while reducing virgin material

input by 27% for participating companies.

Practical Implementation Framework

In practice, implementing DfD and DfR requires:

• Conducting a bill of materials audit to identify problematic components
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• Creating design guidelines with specific disassembly and recyclability criteria

• Developing partnerships with recycling facilities to understand infrastructure limitations

• Implementing lifecycle costing that includes end-of-life scenarios

• Establishing certification standards for circular design excellence

Key takeaways

✓  Design for Disassembly and Recyclability transforms products from linear waste streams into circular
resource flows, with economic benefits including 15-30% cost reduction in remanufacturing.

✓  African context implementation requires careful consideration of local recycling infrastructure and
informal sector integration, as demonstrated by South Africa's 92% recovery rate initiative.

✓  The most effective circular design strategies combine technical solutions (modular components,
standardized fasteners) with business model innovation (product-service systems, take-back schemes).

4.5 Case Study: 1
In an era where Africa generates 2.1 million tons of electronic waste annually and furniture waste continues

to burden landfills across the continent, circular design strategies represent not just environmental necessity

but economic opportunity for sustainable development and job creation.

Modular Design: Redefining Product Lifecycles

Modular design fundamentally challenges traditional manufacturing by creating products with

interchangeable, upgradeable components. The Fairphone case exemplifies this approach, with its Fairphone

4 featuring user-replaceable battery, display, USB-C port, and camera modules. This design philosophy

extends product lifecycles significantly—Fairphone reports that 78% of its users keep their devices for at

least four years, compared to the industry average of 2.5 years. In practice:

• Design for disassembly using standard screws and snap-fit connections

• Create modular interfaces that allow component separation without specialized tools

• Develop upgrade pathways for key performance components

African Innovation: Circular Electronics in Kenya

In Nairobi, Kenya, M-KOPA has pioneered a pay-as-you-go solar home system that embodies circular

principles. The company has connected over 1.5 million households to clean energy through a

device-as-a-service model, where customers pay an initial deposit followed by small daily payments. When

equipment reaches end-of-life, M-KOPA implements a take-back program:

• 92% of returned devices are refurbished for secondary markets

• Critical components like solar panels and lithium batteries are recycled through certified partners

• The model has reduced e-waste by an estimated 8,500 tons since 2012
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"Circular design isn't just about waste reduction—it's about keeping value in the system longer while

creating new business models."

Design for Disassembly: IKEA's Circular Transformation

IKEA's Democratic Design framework incorporates circularity through multiple strategies:

• Standardization: Using common components across product lines to simplify repairs

• Tool-free disassembly: The BILLY bookcase now features snap fittings that can be disassembled
without tools

• Material identification: Clear labeling of plastic components for easier recycling

• Spare parts availability: Offering 30 years of spare parts availability for core products

In practice, IKEA's circular initiatives have reduced furniture waste by 45% in markets where their

take-back programs operate, while the PAX wardrobe's wedge-dowel connections have increased

disassembly efficiency by 60%.

Lifecycle Extension Strategies

Beyond initial design, circular strategies focus on extending product utility:

• Refurbishment: Professional restoration of used products to like-new condition

• Remanufacturing: Returning products to original specifications using a combination of reused and new
components

• Product life extension services:ikea's "Buy Back" program purchases used furniture, reselling it at
discounted prices after necessary repairs

Learn more

• Ellen MacArthur Foundation: Circular Design Guidelines

• UNEP Africa E-waste Monitor Report

Key takeaways

✓  Modular design can extend product lifecycles by up to 300%, significantly reducing resource
consumption and waste generation.

✓  Circular business models like M-KOPA's pay-as-you-go approach demonstrate how circular design
can create inclusive access to essential products while minimizing waste.

✓  Successful circular implementation requires considering the entire product lifecycle—from design
and manufacturing to use, maintenance, and end-of-life processing.

4.6 Hands-On Activity

Introduction to Circular Design
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In the African context, where resource scarcity meets rapid urbanization and industrial growth, circular

design strategies are not merely environmentally responsible—they represent economic necessity and

innovation opportunity. This hands-on activity transforms theoretical knowledge into practical design

thinking, equipping you with methodologies to reimagine products through circular principles.

The Eco-Design Framework

The Eco-Design Checklist provides a structured approach to evaluate products against circular economy

principles. When applying this framework, consider these key dimensions:

• Durability: How long will the product function under normal use conditions?

• Repairability: Can the product be easily disassembled and repaired using common tools?

• Recyclability: Can materials be separated and processed back into the production cycle?

"The most sustainable product is the one that never needs to be made." - Ellen MacArthur Foundation

Case Study: Kenya's EcoPost Initiative

In Kenya, EcoPost has transformed over 500 tons of plastic waste into durable fencing posts since 2010.

Their product exemplifies circular design principles:

• Material: 100% recycled HDPE plastic waste

• Durability: 15+ year lifespan (vs. 3-5 years for wooden alternatives)

• Repairability: Modular design allows replacement of damaged sections

• Recyclability: At end-of-life, posts can be granulated and reformed

• Impact: Created 300+ jobs while diverting waste from landfills

Practical Application

In practice, when redesigning products for circularity:

• Refuse, Rethink, Reduce, Redesign, Reuse, Repair, Refurbish, Remanufacture, Recycle

1. Map the material flows - Identify all inputs and outputs in the product lifecycle

2. Apply the 9R hierarchy - Prioritize strategies from most to least preferred:

3. Consider African contexts - Factor in local repair capabilities, collection infrastructure, and material
availability

4. Design for disassembly - Use mechanical fasteners instead of adhesives where possible

5. Standardize materials - Limit to compatible material families to simplify recycling

Learn more

• Ellen MacArthur Foundation's circular design guidelines

• UNEP Africa Waste Management Outlook

• African Circular Economy Alliance resources
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Key takeaways

✓  Circular design transforms waste into value while creating resilient business models.

✓  African contexts require locally adapted circular solutions that address infrastructure constraints.

✓  The most effective circular designs prioritize durability, repairability, and material compatibility from
the outset.

Module 5: Waste Management, Recycling & Resource
Recovery
This module covers the waste hierarchy, modern recycling systems (mechanical and chemical/feedstock

recycling), organic waste management, and resource recovery, with attention to both formal (municipal) and

informal (waste-picker) systems that are especially significant in the Global South.

7 lessons · 19m

5.1 Lesson Breakdown
Effective waste management is not merely an environmental concern but a critical economic and

development imperative for African nations facing rapid urbanization and resource scarcity. The Waste

Hierarchy provides professionals with a strategic framework to design systems that simultaneously address

pollution, create value, and advance circular economy principles across sectors.

Understanding the Waste Hierarchy

The Waste Hierarchy is a prioritization framework that guides decision-making toward resource

conservation and environmental protection. It represents a progression from most to least preferred waste

management options:

• Prevent: Eliminating waste at source through design innovation, process optimization, and behavioral
change. This includes implementing extended producer responsibility (EPR) schemes and designing for
durability and disassembly.

• Reduce: Minimizing resource consumption and waste generation through improved efficiency,
right-sizing, and consumption moderation. In commercial settings, this translates to lean manufacturing
and zero-wit operations.

• Reuse: Extending product lifecycles through multiple uses with minimal processing, including repair,
refurbishment, and redistribution. This contrasts with recycling, which involves material reprocessing.

• Recycle: Converting waste materials into new products through mechanical or chemical processes,
reducing demand for virgin resources. Effective recycling requires collection systems, sorting
infrastructure, and markets for recycled content.

• Recover: Extracting value from non-recyclable waste through energy recovery (waste-to-energy),
composting, or other conversion technologies.
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• Dispose: Managing residual waste through environmentally sound landfilling or treatment, representing
the least preferred option.

African Context and Implementation

In African cities, waste management challenges present both risks and opportunities. For example, in Kigali,

Rwanda, the city implemented a comprehensive waste hierarchy approach that increased recycling rates

from 15% to 40% between 2018-2022 through community-based collection systems, material recovery

facilities, and policy incentives. The program created over 3,000 green jobs while reducing methane

emissions by approximately 25,000 tons annually.

"Waste is a resource out of place" — William McDonough, circular economy pioneer

Practical Application

In practice, waste hierarchy implementation requires:

• Contextual assessment: Evaluating local technical capacity, economic factors, and environmental
conditions before prioritizing hierarchy levels

• Systems thinking: Designing integrated approaches that may combine multiple hierarchy levels (e.g.,
prevention plus recycling)

• Stakeholder engagement: Involving informal waste sector workers, communities, and private sector in
inclusive value chains

• Policy alignment: Ensuring national regulations support hierarchy implementation, such as Kenya's
2019 Waste Management Regulations that mandate EPR for key sectors

Learn more

• African Circular Economy Alliance (ACEA) framework documents

• UNEP Africa Waste Management Outlook reports

• AfDB Circular Economy Investment Strategy

Key takeaways

✓  The Waste Hierarchy provides a strategic framework for prioritizing waste management options from
prevention (most desirable) to disposal (least desirable).

✓  Effective implementation requires contextual adaptation to local conditions, as demonstrated by
Kigali's successful approach that increased recycling rates while creating green jobs.

✓  Circular economy success depends on integrating multiple hierarchy levels rather than focusing
exclusively on recycling.
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5.2 How Recycling Actually Works: mechanical vs feedstock recycling
For African professionals navigating the waste crisis, understanding the mechanics of recycling is not just

academic—it's a critical competency for developing sustainable waste systems that can create jobs, reduce

pollution, and build circular economies in resource-constrained environments.

Mechanical Recycling: The Physical Transformation

Mechanical recycling preserves the polymer's chemical structure while altering its physical form through

processes like shredding, washing, melting, and pelletizing. This approach dominates global recycling for

rigid, single-polymer plastics:

• Collection and sorting (by resin type using codes, flotation, or NIR scanners)

• Washing to remove contaminants (food residue, labels, adhesives)

• Shredding into flakes or grinding into pellets

• Re-melting and extrusion into new products

In Kenya, the Nairobi-based Recyclers Association processes over 15,000 metric tons of PET bottles

annually through mechanical recycling, achieving 85-90% material recovery rates for clean, sorted inputs.

However, each recycling cycle can reduce material quality by 10-15% due to polymer chain degradation,

limiting the number of "closed-loop" recycling cycles possible.

"Mechanical recycling is the backbone of African circular economies, but its effectiveness depends

entirely on collection systems and sorting precision."

Feedstock Recycling: Chemical Rebirth

Feedstock recycling (chemical recycling) fundamentally breaks polymer chains through thermal or

chemical processes, converting plastics back to their molecular building blocks:

• Pyrolysis: Thermal decomposition in oxygen-limited environments (400-800°C), producing oil, gas, and
char

• Gasification: High-temperature conversion (700-1,500°C) with limited oxygen to produce syngas

• Chemical depolymerization: Using solvents or catalysts to reverse polymerization (e.g., PET to
terephthalic acid)

Ghana's Advanced Recycling Technologies Ltd. operates a pyrolysis plant converting 10 tons of mixed

plastic waste daily into 8,000 liters of oil, demonstrating how feedstock recycling can handle materials

unsuitable for mechanical processing. However, these facilities require significant investment ($2-5 million

for small-scale plants) and energy inputs (3-8 kWh/kg of plastic processed).

Comparative Analysis: When to Use Which Approach

| Factor | Mechanical Recycling | Feedstock Recycling | |--------|---------------------|---------------------| | Energy

requirement | 0.5-2.0 kWh/kg | 3-8 kWh/kg | | Capital cost | $50,000-$200,000 (small scale) | $2-5 million

(small scale) | | Feedstock quality | Requires clean, sorted input | Can handle mixed/contaminated plastics | |

Product quality | Degrades with each cycle | Can produce virgin-quality feedstock | | Carbon footprint |

0.3-0.8 kg CO2/kg plastic | 1.2-2.5 kg CO2/kg plastic |
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Implementation Considerations for African Contexts

In practice:

• Prioritize mechanical recycling where collection systems can deliver clean, single-polymer streams

• Develop feedstock recycling for multi-layered plastics or heavily contaminated streams

• Consider hybrid models: mechanical preprocessing followed by chemical upgrading

• Invest in sorting technology (NIR scanners, density separation) to improve mechanical recycling quality

• Design products for recyclability from inception to enable mechanical closed-loop systems

Learn more

• UNEP's Africa Waste Management Report:
https://www.unep.org/resources/report/africa-waste-management-report

• Ellen MacArthur Foundation's Plastics Initiative: https://www.ellenmacarthurfoundation.org/plastics

Key takeaways

✓  Mechanical recycling should be the first choice for clean, single-polymer streams in African contexts
due to lower energy requirements and costs.

✓  Feedstock recycling offers a solution for mixed or contaminated plastics that would otherwise be
landfilled, but requires significant investment and energy.

✓  The most effective circular economy strategies combine both approaches with upstream design for
recyclability and robust collection systems.

5.3 Organic Waste: composting and anaerobic digestion
Organic waste management represents a critical nexus in Africa's sustainable development, where nutrient

cycling, renewable energy production, and climate mitigation converge. Properly treating biodegradable

waste can transform waste management challenges into economic opportunities while addressing soil

degradation and energy poverty across the continent.

Understanding Organic Waste Resources

Organic waste encompasses all biodegradable materials including food scraps, crop residues, animal

manure, garden waste, and agricultural processing byproducts. In African contexts, these materials constitute

50-70% of municipal solid waste streams yet remain largely unmanaged or mismanaged. The high organic

content presents both challenges and opportunities – when landfilled, it generates methane (25-30 times more

potent than CO2 as a greenhouse gas), but when properly managed, it becomes a valuable resource.

Composting Technologies and Applications

Composting is an aerobic biological process where microorganisms break down organic materials in the

presence of oxygen, producing a stable humus-like material. Successful composting requires balancing:

https://www.unep.org/resources/report/africa-waste-management-report
https://www.ellenmacarthurfoundation.org/plastics
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• Carbon-to-nitrogen ratio (ideal 25-30:1)

• Moisture content (40-60%)

• Oxygen levels (5-15%)

• Temperature (thermophilic phase 50-65°C)

In Kenya, the Jiinue Compost Plant in Nairobi processes 150 tons/day of organic waste from markets and

households, producing 40 tons/day of compost sold to farmers at $15/ton. This facility has reduced organic

waste in Dandora landfill by 30% while creating 120 green jobs.

Anaerobic Digestion Systems

Anaerobic digestion (AD) occurs in oxygen-free environments where microorganisms break down organic

matter, producing biogas (50-75% methane) and nutrient-rich digestate. AD systems vary in scale:

• Small-scale household digesters

• Community-scale biogas plants

• Industrial-scale anaerobic digesters

The Ghana Bioenergy Ltd. facility in Kumasi processes 200 tons/day of municipal organic waste,

generating 3.5 MW of electricity and supplying 15,000 homes. The digestate is processed into organic

fertilizer sold to cocoa farmers, creating a circular economy model.

Implementation Considerations

In practice, successful organic waste management requires:

• Feedstock characterization and quality control

• Community engagement and behavioral change programs

• Policy frameworks that incentivize resource recovery

• Market development for compost and digestate products

• Integration with existing waste collection systems

"Waste is only waste when we waste it" – African proverb reflecting the circular economy mindset

Learn more

• US EPA — Composting — comprehensive introduction to composting

• US EPA — Basic Information on Anaerobic Digestion — AD process, biogas and digestate

• UNEP — Composting Guideline — downloadable technical guidance on composting

• US EPA — Downstream Management of Organic Waste (PDF) — composting and anaerobic digestion
strategies

• US EPA — Anaerobic Digestion and Its Applications (PDF) — technical reference on AD
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Key takeaways

✓  Organic waste constitutes 50-70% of municipal solid waste in Africa and represents untapped
resources for soil amendment, renewable energy, and job creation.

✓  Composting and anaerobic digestion are complementary technologies that should be selected based on
feedstock characteristics, scale, and local market demands.

✓  Successful implementation requires integrated approaches combining technical solutions, policy
support, community engagement, and market development for recovered products.

5.4 Formal and Informal Recycling Systems Globally
Understanding formal and informal recycling systems is crucial for climate professionals designing circular

economy strategies that balance environmental protection with social equity. These systems represent the

infrastructure through which we transform waste into resources, with profound implications for climate

mitigation, job creation, and sustainable development across Africa and globally.

Formal Recycling Systems: Structure and Impact

Formal recycling systems are organized, regulated frameworks typically supported by governments,

municipalities, private companies, or licensed waste management organizations. These systems operate

through clearly defined processes:

• Household or commercial collection services

• Centralized sorting facilities

• Material recovery facilities (MRFs)

• Specialized recycling plants

• Regulated markets for recovered materials

Formal systems provide environmental controls, standardized operations, and reliable data collection. In

South Africa, for instance, the Packaging and Paper Sector Sustainability Scheme (PPSSS) has formalized

recycling of packaging materials, diverting over 1.3 million tons from landfills in 2022 while creating 15,000

formal jobs. The formal recycling sector in South Africa is valued at approximately R3.5 billion (about $190

million) annually, demonstrating both environmental and economic benefits.

Informal Recycling: The Unsung Foundation

Informal recycling systems involve individuals, families, small businesses, and waste pickers operating

outside formal regulatory structures. These systems:

• Collect, sort, and sell valuable materials

• Operate at the grassroots level with minimal overhead

• Provide essential services in areas lacking formal infrastructure

• Contribute significantly to urban waste management in developing economies
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In Nigeria's Lagos State, an estimated 100,000 informal waste pickers recover approximately 60% of

recyclable materials, diverting an estimated 250,000 tons of waste from landfills annually. Despite their

significant contribution, these workers face hazardous conditions with limited access to protective

equipment, fair wages, or social protection.

Integration Strategies for Inclusive Recycling

Modern circular economy policies increasingly focus on integrating informal systems rather than eliminating

them. Successful approaches include:

• Cooperatives: Organizing waste pickers into collective entities for better bargaining power

• Legal recognition: Providing official status and documentation to informal workers

• Health and safety provisions: Distributing protective equipment and establishing safe working
conditions

• Training programs: Building skills in sorting techniques and business management

• Market access: Creating direct links to formal recycling industries

• Municipal partnerships: Establishing formal relationships with local governments

In practice, Ghana's "Accra Compost and Recycling Plant" partners with informal waste collectors, providing

them with fair prices, equipment, and training while ensuring consistent supply of recyclable materials. This

partnership has increased recycling rates by 35% in Accra while improving income stability for over 2,000

waste pickers.

Professional Implementation Frameworks

"The future of recycling lies not in choosing between formal and informal systems, but in designing

hybrid models that leverage the strengths of both."

In practice:

• Conduct waste composition studies to understand material flows and informal sector involvement

• Develop inclusive stakeholder engagement processes that give voice to informal workers

• Create tiered regulatory frameworks that recognize different scales of operations

• Establish fair pricing mechanisms that value the environmental services provided by informal recyclers

• Implement monitoring systems that track both environmental outcomes and social impacts

Learn more

• The World Bank's "What a Waste 2.0" report on global waste management trends

• UNEP's Global Waste Management Outlook

• African Circular Economy Alliance (ACEA) frameworks
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Key takeaways

✓  Formal recycling systems provide structure and environmental controls but often fail to reach
low-income areas without complementary informal networks.

✓  Informal recycling systems contribute significantly to resource recovery in African cities but require
support to improve working conditions and economic returns.

✓  Successful circular economy strategies must integrate formal and informal systems through inclusive
policies that recognize both environmental and social dimensions of waste management.

5.5 E-waste: the world's fastest-growing waste stream
Electronic waste represents one of the most critical environmental and economic challenges of our digital

era, containing both valuable resources and hazardous materials that demand specialized management

approaches. For African professionals, addressing e-waste is not just an environmental imperative but a

significant economic opportunity in the growing circular economy landscape.

Understanding E-waste Dynamics

Electronic waste (e-waste) encompasses discarded electrical and electronic equipment including mobile

phones, computers, televisions, refrigerators, batteries, printers and other electronic devices. The Global

E-waste Monitor 2024 reported that the world generated a record 62 million tonnes of e-waste in 2022,

equivalent to about 7.8 kg per person. Only 22.3% was documented as formally collected and recycled in an

environmentally sound manner. E-waste generation is projected to reach approximately 82 million tonnes by

2030 if current trends continue, with Africa's e-waste growing at an annual rate of 3-5%.

Key components of e-waste include:

• Precious metals: Gold, silver, palladium (concentrations 10-50 times higher than in natural ores)

• Base metals: Copper, aluminium, iron

• Critical raw materials: Cobalt, lithium, rare earth elements

• Hazardous substances: Lead, mercury, cadmium, brominated flame retardants

African E-waste Landscape

In Africa, e-waste management presents unique challenges and opportunities. Nigeria generates

approximately 290,000 tonnes annually, while South Africa generates 360,000 tonnes. Ghana's Agbogbloshie

e-waste site processes approximately 215,000 tonnes per year, but with significant environmental and health

consequences.

The E-waste Africa Project in Kenya demonstrates a promising approach. This initiative, supported by UN

Environment Programme and Kenya's National Environment Management Authority, established formal

collection systems and training centers in Nairobi, Mombasa, and Kisumu. Between 2018-2022, the project:

• Diverted over 8,000 tonnes of e-waste from informal processing

• Created 350 formal jobs in collection and recycling
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• Recovered approximately 1.5 tonnes of gold, 3 tonnes of silver, and 100 tonnes of copper

• Reduced health risks for over 2,000 informal workers

Circular Approaches to E-waste

A circular economy approach transforms e-waste management through:

• Design for longevity: Modular design, repairability, upgradability

• Extended Producer Responsibility (EPR): Mandating manufacturers to manage products end-of-life

• Right to repair: Enabling consumers and independent repairers to fix devices

• Material recovery: Advanced separation and processing techniques

• Safe recycling: Certified facilities preventing environmental contamination

"The challenge of e-waste is not just environmental—it's an economic opportunity worth billions if we

design systems that capture value."

Professional Implementation Guidance

In practice:

• Develop e-waste inventories and characterization studies for your region

• Implement EPR schemes with clear targets and enforcement mechanisms

• Establish certified collection centers and material recovery facilities

• Train informal sector workers in safe handling and recycling techniques

• Promote public awareness on proper e-waste disposal channels

• Leverage digital platforms for reverse logistics and traceability

Learn more

• Global E-waste Monitor 2024 (emc-electronics.org)

• African Circular Economy Alliance (afcecoalition.org)

• Basel Convention on Control of Transboundary Movements of Hazardous Wastes (basel.int)

Key takeaways

✓  E-waste contains valuable resources worth billions that can be recovered through proper circular
economy approaches.

✓  Africa faces significant e-waste challenges but also has growing opportunities for formal employment
and economic development through proper management.

✓  Implementing EPR systems and formal collection infrastructure is critical for reducing environmental
health risks while capturing economic value.



Africa Climate Leadership Academy — Course Study Guide 59

5.6 Case Study: Agbogbloshie, in Accra, became one of Ghana's
best-known centres for i
Agbogbloshie, in Accra, represents a critical microcosm of the circular economy challenge in developing

nations, where informal waste recovery systems simultaneously create economic opportunity and

environmental catastrophe. This e-waste hub exemplifies the tension between valuable material recovery and

dangerous working practices that demand integrated solutions for sustainable development.

Background & Scale

Agbogbloshie emerged in the early 2000s as Ghana's largest informal e-waste processing site, receiving an

estimated 215,000 tons of electronic waste annually, with over 40,000 workers engaged in various recovery

activities. The site processes discarded electronics from across West Africa and beyond, with workers

recovering approximately 1.5-2 kg of copper daily from cables alone, generating an estimated income of

$2-4 per day per worker. Despite this economic contribution, soil samples from Agbogbloshie show lead

levels as high as 18,000 ppm (compared to EPA's hazardous waste threshold of 400 ppm), and blood lead

levels in children averaging 15-20 μg/dL—three times WHO's recommended limit.

Health & Environmental Impacts

• Occupational hazards: Workers suffer from respiratory illnesses, skin disorders, and neurological
damage

• Environmental contamination: Heavy metals and persistent organic pollutants leach into water supplies

• Air pollution: Open burning releases dioxins and furans at concentrations 100× above WHO guidelines

• Food chain impact: Crops grown in contaminated areas show bioaccumulation of toxic metals

Formalization Approaches

Ghana's Environmental Protection Agency (EPA), in partnership with the Ghana E-waste Project (funded

by the Danish government), has implemented a multi-stakeholder approach to formalization:

• Creation of six accredited e-waste collection centers across Accra

• Training of 200+ informal recyclers in safe dismantling techniques

• Introduction of plasma arc technology for non-combustive material recovery

• Development of a national e-waste inventory system tracking 15,000+ tons annually

"Informal recycling is not a problem to be solved, but a system to be transformed through inclusive

formalization."

In Practice

• Technology transfer: Implement affordable mechanical shredders and magnetic separators to replace
open burning

• Social enterprise models: Cooperatives like Recycloben in Tema demonstrate profitable formalization
while maintaining worker dignity
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• Policy integration: Ghana's 2016 Hazardous and Electronic Waste Control Regulation established legal
frameworks for formal recyclers

• Value chain development: Partnerships with Sims Management and EnvironFocus create market
linkages for recovered materials

Learn more

• UNEP E-waste Africa Programme

• Ghana Environmental Protection Agency e-waste guidelines

• Basel Convention Partnership on Waste Management

Key takeaways

✓  Informal e-waste recycling represents both significant economic opportunity and substantial health
risks that require integrated formalization approaches.

✓  Successful circular economy implementation in developing contexts must prioritize worker safety
alongside material recovery to avoid creating new environmental burdens.

✓  Extended Producer Responsibility mechanisms combined with inclusive formalization policies offer
the most viable pathway for sustainable e-waste management in African economies.

5.7 Hands-On Activity
Effective waste management is a critical professional competency for climate leaders in Africa, where

urbanization rates exceed 3% annually and waste generation is projected to double by 2050. This hands-on

activity will transform theoretical knowledge of the waste hierarchy into practical, data-driven insights

applicable across diverse African contexts.

Introduction to the Waste Audit

A waste audit is a systematic examination of the waste stream to understand composition, quantities, and

management opportunities. This exercise mirrors professional waste assessment methodologies used by

municipalities and organizations across Africa to inform resource recovery strategies and circular economy

initiatives.

Activity Instructions

For 5-7 consecutive days, maintain a detailed log of all waste generated in your household or workplace:

• Record weight (using a kitchen scale) or volume (using standardized containers) for each waste category

• Categorize items using the waste hierarchy: Prevention, Minimization, Reuse, Recycling, Recovery,
Disposal

• Note the final destination of each waste item (landfill, recycling facility, compost, etc.)

In practice:
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• Use color-coded bins to simplify collection

• Wear gloves and maintain hygiene standards

• Take photographs to document findings

• Calculate percentages by weight/volume for each hierarchy level

Case Study: Nairobi's Plastic Waste Revolution

Nairobi County's 2018 waste audit revealed that 38% of municipal waste was plastic, with only 8% being

formally recycled. The "Plastic Revolution" initiative, implemented in partnership with the Kenya

Association of Manufacturers, achieved:

• 65% plastic waste collection coverage in participating zones

• Creation of 1,200+ informal waste picker jobs

• Processing of 150 tons/day at material recovery facilities

• 35% reduction in plastic leakage to the environment

This demonstrates how systematic waste auditing can inform targeted interventions that create economic

opportunities while addressing environmental challenges.

Analysis and Reflection

After completing your audit:

• Calculate precise percentages for each waste hierarchy level

• Identify the single largest opportunity to move waste up the hierarchy

• Develop a practical improvement plan with specific, measurable actions

"Waste is only waste when we waste it" – Paul Connett, waste management expert

Learn more

• UNEP Africa Waste Management Outlook

• African Circular Economy Alliance resources

Key takeaways

✓  Waste auditing transforms theoretical concepts into actionable insights for resource recovery

✓  Data-driven waste characterization is essential for developing effective circular economy strategies

✓  Small changes in waste management practices can create significant environmental and economic
benefits in African contexts
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Module 6: Policy, Regulation & Governance for the
Circular Economy
This module examines how governments and international bodies drive (or hinder) circular economy

transitions through policy, regulation, and governance frameworks — including the EU Circular Economy

Action Plan, Extended Producer Responsibility (EPR) schemes, and emerging circular economy strategies

across Africa, Asia, and Latin America.

7 lessons · 15m

6.1 Why Policy Matters: market failures and the need for regulation
For African professionals navigating the transition to a circular economy, understanding policy mechanisms

is not just academic—it's a critical competency for creating sustainable value while addressing resource

constraints and environmental challenges. Effective policy frameworks can transform circular economy

principles from theoretical concepts into practical, scalable solutions that drive economic growth while

reducing ecological footprints.

Understanding Market Failures in Linear Systems

Market failure occurs when the free market fails to allocate resources efficiently, resulting in economic and

environmental inefficiencies. In materials management, these failures manifest in several ways:

• Externalities: Environmental and social costs of extraction, production, and disposal are not reflected in
market prices

• Information asymmetry: Consumers lack knowledge about product durability or recyclability

• Common goods problem: Resources like clean air and water are overexploited without proper valuation

• Lock-in effects: Existing infrastructure favors linear models, creating path dependency

In Kenya, the National Environment Management Authority (NEMA) estimates that plastic pollution costs

the economy approximately $400 million annually in healthcare, tourism, and environmental cleanup

costs—costs largely borne by society rather than plastic producers.

Policy Tools for Circular Transition

Governments employ a diverse toolkit to correct market failures and accelerate circular economy adoption:

• Economic instruments: Taxes, fees, subsidies, and extended producer responsibility (EPR) schemes

• Regulatory approaches: Standards, bans, mandatory recycled content, and eco-design requirements

• Information tools: Labelling, certification, and public awareness campaigns

• Government procurement: Preference for circular products and services

In South Africa, the Plastic Bag Levy introduced in 2003 has reduced plastic bag consumption by over 76%

while generating approximately R1.8 billion (US$120 million) for environmental projects, demonstrating

how targeted fiscal instruments can effectively drive behavioral change.
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Implementation Challenges in African Contexts

African nations face unique challenges in implementing circular economy policies:

• Limited institutional capacity for enforcement

• Informal sectors that operate outside regulatory frameworks

• Infrastructure gaps in waste collection and recycling

• Competing development priorities

"Circular economy policies must balance environmental protection with inclusive growth, particularly

in contexts where the informal economy provides livelihoods for millions."

In Practice: Effective Policy Design

• Start with baseline data: Conduct material flow analyses to identify priority materials and value chains

• Engage stakeholders early: Include informal waste pickers, industry, and civil society in policy
development

• Phased implementation: Begin with voluntary measures before introducing mandatory requirements

• Monitor and adapt: Establish clear metrics for success and regularly review policy effectiveness

Ghana's National Plastics Management Policy (2022) exemplifies this approach, incorporating informal

waste collectors into formal waste management systems while establishing clear targets for plastic waste

reduction and recycling.

Learn more

• African Circular Economy Alliance (ACEA) framework

• UNEP's Africa Waste Management Outlook

• AfDB Circular Economy Strategy

Key takeaways

✓  Effective circular economy policies must address market failures by internalizing environmental
externalities and creating level playing fields for sustainable alternatives.

✓  Successful implementation requires context-specific approaches that consider institutional capacity,
infrastructure realities, and the role of informal sectors in African economies.

✓  Policy frameworks should combine economic instruments, regulatory measures, and information tools
while incorporating regular monitoring and adaptive management approaches.
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6.2 The EU Circular Economy Action Plan and Circular Economy Act
The EU Circular Economy Action Plan represents one of the most comprehensive policy frameworks

globally, offering critical insights for African nations developing similar circular economy strategies. Its

implementation demonstrates how coordinated policy interventions can transform material flows across

entire value chains, providing a model for sustainable industrial development in resource-constrained

contexts.

Origins and Objectives

The European Union's Circular Economy Action Plan (CEAP), adopted in March 2020 under the European

Green Deal, represents a paradigm shift from the linear "take–make–use–dispose" model to a circular system

where materials and products remain in use for as long as possible. The CEAP aims to:

• Establish a framework for sustainable product design throughout their lifecycle

• Empower consumers with information on product durability and repairability

• Increase resource efficiency across all value chains

• Prevent waste generation and promote circular business models

• Develop robust markets for secondary raw materials

The CEAP prioritizes resource-intensive sectors including electronics and ICT, batteries and vehicles,

packaging, plastics, textiles, construction, and food systems. This targeted approach recognizes that circular

interventions in these sectors can deliver the most significant environmental and economic benefits.

Key Policy Mechanisms

The CEAP employs a combination of regulatory measures, economic instruments, and voluntary initiatives

to drive circularity:

• Ecodesign requirements for specific product categories to improve durability, reparability, and
recyclability

• Extended Producer Responsibility (EPR) schemes that shift waste management costs to producers

• Green public procurement policies that prioritize circular products and services

• Digital product passports to provide consumers and businesses with information on material
composition and circularity potential

• Harmonized standards for recycled materials to facilitate cross-border trade in secondary resources

Emerging Circular Economy Act

The anticipated Circular Economy Act, expected to be adopted in 2026, will build upon the CEAP by

addressing structural barriers to circularity through:

• Establishing a Single Market for secondary raw materials

• Setting binding targets for recycled content in key products

• Implementing measures to increase the availability of high-quality recycled materials

• Stimulating demand for circular products through public procurement and market incentives
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• Reducing dependence on critical raw material imports through domestic recycling and innovation

African Context and Applications

While the EU framework provides valuable insights, African nations must develop context-appropriate

approaches. For example, Rwanda's Green Growth and Climate Resilience Strategy incorporates circular

principles in its approach to e-waste management, with Kigali establishing an e-waste processing center that

handles approximately 2,500 metric tons of electronic waste annually, recovering valuable materials while

creating 200+ green jobs. This demonstrates how circular economy principles can be adapted to address

specific local challenges while delivering economic benefits.

"Circular economy is not just about waste reduction—it's about redesigning our entire economic system

for resilience and prosperity."

In Practice

• Policy alignment: Ensure national circular economy strategies align with existing environmental and
industrial development policies

• Stakeholder engagement: Involve businesses, civil society, and communities in policy development to
build ownership

• Capacity building: Invest in technical skills for circular business models and waste valorization

• Pilot programs: Test circular approaches in specific sectors before scaling

• South-South cooperation: Share experiences and lessons with other African implementing circular
economy initiatives

Learn more

• European Commission Circular Economy Action Plan:
https://ec.europa.eu/environment/circular-economy/action_plan_en

• UNEP Africa Waste Management Outlook:
https://www.unep.org/resources/report/africa-waste-management-outlook

Key takeaways

✓  The EU Circular Economy Action Plan demonstrates how comprehensive policy frameworks can
drive systemic change across multiple value chains.

✓  Effective circular economy policies require a mix of regulations, economic instruments, and voluntary
initiatives tailored to specific sectoral contexts.

✓  African nations can adapt EU circular economy principles to local conditions while addressing unique
challenges like informal waste sectors and limited industrial capacity.

https://ec.europa.eu/environment/circular-economy/action_plan_en
https://www.unep.org/resources/report/africa-waste-management-outlook


Africa Climate Leadership Academy — Course Study Guide 66

6.3 Extended Producer Responsibility (EPR) explained
Extended Producer Responsibility (EPR) has emerged as a critical policy tool to transform linear production

systems in Africa, where waste generation is growing at 2-3% annually while recycling rates remain below

20%. For African professionals, implementing EPR effectively could unlock $8-10 billion in economic

opportunities while addressing the environmental challenges of plastic pollution, e-waste, and packaging

waste.

Core Principles of EPR

Extended Producer Responsibility is a policy approach that makes producers financially and/or physically

responsible for the entire lifecycle of their products, particularly post-consumer waste management. This

represents a fundamental shift from the traditional model where municipalities and taxpayers bear the

burden of waste disposal. EPR operates on several core principles:

• Polluter Pays Principle: Producers internalize environmental costs

• Life Cycle Approach: Responsibility extends from design to end-of-life

• Cost Internalization: Externalities become part of product pricing

• Incentive Mechanism: Creates economic drivers for eco-design

Implementation Models

EPR schemes can be implemented through various models, each with distinct advantages and challenges:

• Individual Responsibility: Producers manage their own compliance

• Collective Responsibility: Producer Responsibility Organizations (PROs) coordinate implementation

• Advanced Recycling Fees: Upfront fees based on product characteristics

• Deposit-Refund Systems: Financial incentives for return

The European Union's EPR Directive has influenced many African countries, though implementation

varies significantly due to different economic contexts and institutional capacities.

African Case Studies: EPR in Practice

Kenya's Plastic Waste Management Regulations 2019 established one of Africa's most comprehensive

EPR frameworks, requiring producers to contribute to the Kenya Recycling Organization (KRO) at rates of

$0.05-0.10 per kg of plastic packaging. This has increased plastic recycling rates from 9% to 15% within

three years while creating over 5,000 formal recycling jobs.

In South Africa, the Paper and Packaging Recycling Association (PRASA) implements a collective EPR

system that achieves 58% paper recycling – the highest rate on the continent. The scheme generates

approximately $25 million annually through levies of 0.5-2% of product value, funding collection

infrastructure and market development for recycled materials.

"EPR is not just about waste management; it's about redesigning the entire value chain to keep

materials in use while creating economic value."

Practical Implementation Guidance
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In practice, successful EPR implementation requires:

• Clear Regulatory Frameworks: Well-defined targets, timelines, and enforcement mechanisms

• Robust Monitoring Systems: Tracking systems to verify collection and recycling rates

• Stakeholder Engagement: Involving producers, collectors, recyclers, and communities

• Market Development: Creating stable demand for recycled materials

• Capacity Building: Supporting PROs and recycling infrastructure development

Learn more

• United Nations Environment Programme (UNEP) EPR toolkit

• African Circular Economy Alliance (ACEA) policy guidelines

• World Bank Circular Economy in Africa report

Key takeaways

✓  EPR shifts waste management costs from taxpayers to producers, creating economic incentives for
sustainable design and material recovery.

✓  Effective EPR implementation requires robust regulatory frameworks, adequate financing, and
inclusive stakeholder engagement across the value chain.

✓  African countries are developing innovative EPR models tailored to local contexts, with Kenya's
plastic regulations and South Africa's paper recycling scheme demonstrating measurable success in
increasing recycling rates and creating green jobs.

6.4 Circular Economy Policy in Africa, Asia, and Latin America
Circular economy policy frameworks across Africa, Asia and Latin America represent critical pathways for

sustainable development in regions facing resource constraints, pollution challenges, and climate

vulnerabilities. These policies increasingly bridge environmental imperatives with economic opportunities,

offering actionable blueprints for transforming linear production systems into circular models that enhance

resource security while creating green jobs.

Regional Policy Approaches

• Africa: Circular economy policies focus on waste valorization, informal sector integration, and local
resource efficiency. The African Circular Economy Alliance (ACEA) established in 2021 coordinates
policy harmonization across 32 countries, with Rwanda implementing Africa's first comprehensive
circular economy law (2022) mandating 30% recycled content in packaging by 2025. South Africa's
Extended Producer Responsibility regulations (2021) place legal obligations on producers for end-of-life
product management, while Kenya's National Waste Management Strategy (2023) aims to increase
recycling rates from 12% to 40% by 2030.

• Asia: Policies emphasize industrial symbiosis, plastic waste reduction, and material productivity.
China's Circular Economy Promotion Law (2018) established targets for resource productivity
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improvement and waste reduction, while Japan's Material Flow Cost Accounting (MFCA) framework
has helped 1,200+ manufacturers identify €3.2 billion in annual resource savings since 2016. Indonesia's
National Action Plan for Marine Debris (2017) aims to reduce 70% of marine plastic waste by 2025
through policy instruments like plastic bag taxes and port reception facilities.

• Latin America: Policies focus on sustainable public procurement, eco-industrial parks, and
cultural adaptation. Chile's National Strategy for Circular Economy (2022) sets targets for 50%
recycled content in construction materials by 2030, while Costa Rica's "Closing Loops" program (2021)
has diverted 85% of industrial waste through fiscal incentives and technical assistance. The Latin
America and Caribbean Circular Economy Coalition (LACCEC) supports policy harmonization across
23 countries through knowledge sharing and capacity building.

Implementation Challenges

• Weak enforcement mechanisms in many jurisdictions limit policy effectiveness

• Data gaps hinder evidence-based policymaking and monitoring

• Financing constraints limit investment in circular infrastructure

• Informal sector integration requires careful policy design to protect vulnerable workers while
formalizing operations

Professional Guidance

In practice, effective circular economy policy development requires:

• Conducting material flow analyses to identify priority value chains

• Engaging multi-stakeholder platforms including informal waste workers, industry, and civil society

• Designing policy mixes combining regulations, economic instruments, and voluntary agreements

• Establishing clear metrics and targets with regular reporting mechanisms

• Creating enabling environments for circular business models through public procurement and fiscal
incentives

"Circular economy policies must balance environmental ambition with economic reality, creating

pathways that work within existing systems while transforming them toward sustainability."

Learn more

• African Circular Economy Alliance: aceafrica.org

• UNEP Global Circular Economy Policy Database: unep.org/circular-economy-policy
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Key takeaways

✓  Effective circular economy policies require context-specific approaches that address regional
development priorities while establishing measurable targets and robust monitoring systems.

✓  Successful implementation depends on multi-stakeholder engagement, particularly the integration of
informal waste workers into formal circular systems.

✓  Policy effectiveness is enhanced when combining regulatory frameworks with economic instruments
and voluntary agreements tailored to local market conditions.

6.5 Voluntary standards, certification, and industry self-regulation
In the rapidly evolving landscape of sustainable development, voluntary standards and certification have

emerged as critical tools for African industries to leapfrog traditional linear models and embrace circularity.

These mechanisms enable businesses to demonstrate environmental leadership while accessing new markets

and building consumer trust in an increasingly eco-conscious global economy.

The Landscape of Voluntary Approaches

Voluntary standards, certification, and industry self-regulation represent complementary regulatory

frameworks that organizations adopt beyond minimum legal requirements. The OECD identifies several

categories:

• Industry agreements and sector-specific commitments

• Self-regulation through codes of conduct

• Unilateral corporate environmental pledges

• Multi-stakeholder initiatives with voluntary participation

These approaches are particularly valuable in African contexts where regulatory frameworks may still be

developing, allowing progressive businesses to establish industry benchmarks while demonstrating

environmental leadership.

International Standards and Local Implementation

The ISO 59000 series provides critical guidance for organizations transitioning toward circularity:

• ISO 59004:2024 establishes principles for implementing circular economy strategies

• ISO 59020:2024 offers frameworks for measuring circularity performance

• ISO 14001:2015 Environmental Management Systems (already widely adopted)

In practice, South Africa's PETCO Recycling (Polyethylene Terephthalate Company) demonstrates how

industry self-regulation can work effectively. Established in 2004, PETCO voluntarily set a recycling target

of 58% by 2025, achieving 52% by 2022 through industry collaboration. This initiative has created over

65,000 livelihood opportunities while diverting approximately 2.3 billion PET bottles from landfills

annually.
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Certification Systems and Market Access

Certification provides independent verification against established standards, creating market

differentiation and consumer confidence. Key systems include:

• Global Recycling Standard (GRS)

• Cradle to Cradle Certified™

• B Corp Certification

• Fairtrade certification

In Kenya, the Kericho County Tea Farmers Association implemented the Rainforest Alliance

certification, resulting in 30% increased productivity and 25% higher market prices while improving soil

health and water conservation. This demonstrates how voluntary standards can deliver both environmental

and economic benefits.

Practical Implementation Guidance

In practice, organizations should:

• Begin with material flow analysis to identify hotspots

• Prioritize standards aligned with core business operations

• Engage stakeholders in setting ambitious but achievable targets

• Establish clear metrics and regular reporting mechanisms

• Leverage certification as a market differentiator while maintaining environmental integrity

"Voluntary standards work best not as replacements for regulation, but as laboratories for innovation

that can later inform policy frameworks."

Learn more

• ISO 59000 series on circular economy

• OECD guidelines on voluntary environmental approaches

• African Circular Economy Alliance (ACEA) framework

Key takeaways

✓  Voluntary standards create pathways for environmental leadership beyond regulatory minimums while
building market competitiveness.

✓  Industry self-regulation, when properly structured and monitored, can deliver significant
environmental outcomes while creating economic opportunities.

✓  Certification systems provide critical market signals but must be complemented by transparent
verification and continuous improvement mechanisms.
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6.6 Case Study: The European Union (EU) Circular Economy Action Plan
(CEAP) provides o
The European Union's Circular Economy Action Plan represents a paradigm shift in how developed

economies approach resource use and waste, offering critical insights for African professionals navigating

similar transitions. Understanding this comprehensive framework is essential for policymakers, business

leaders, and development practitioners seeking to design context-appropriate circular strategies that balance

environmental protection with economic development.

EU Circular Economy Action Plan: Comprehensive Framework

The Circular Economy Action Plan (CEAP), adopted in 2020 as part of the European Green Deal,

establishes one of the world's most comprehensive policy frameworks for transitioning from linear to

circular models. Key elements include:

• Sustainable Product Policy: Mandatory requirements for products to be durable, repairable, recyclable,
and energy-efficient

• Right to Repair: New rules making it easier for consumers to repair products rather than replace them

• Waste Hierarchies: Strengthened waste prevention targets with binding recycling rates (65% for
municipal waste by 2035)

• Ecodesign: Extended to nearly all product categories, focusing on circularity throughout the value chain

• Polluter Pays Principle: Enhanced requirements for producers to bear end-of-life costs

"The circular economy is not just an environmental necessity but a business opportunity worth €600

billion annually for EU companies alone." — European Commission, 2021

The Proposed Circular Economy Act (2026)

The EU's forthcoming Circular Economy Act, expected in 2026, aims to further strengthen this framework

by:

• Creating a Single Market for secondary raw materials to overcome market barriers

• Establishing minimum recycled content requirements for key product categories

• Implementing digital product passports to track materials throughout supply chains

• Developing green public procurement standards to stimulate demand for circular products

African Context: Case Study - Nigeria's EPR Implementation

Nigeria's approach to Extended Producer Responsibility (EPR) offers valuable insights for emerging

economies. Through its National Environmental Standards and Regulations Enforcement Agency

(NESREA), Nigeria has developed pioneering EPR regulations for electrical and electronic equipment since

2019. The program:

• Mandates producers to finance collection systems for end-of-life products

• Targets 70% collection rate for covered equipment by 2025
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• Has registered over 120 producer organizations, contributing approximately $2.5 million annually to fund
recycling infrastructure

• Established 12 authorized treatment facilities across six geopolitical zones

• Created approximately 3,000 formal jobs in collection, sorting, and recycling

In practice:

• Start with high-visibility material streams (e.g., plastics, e-waste) before comprehensive systems

• Combine regulatory approaches with economic incentives for producers

• Build capacity for enforcement and monitoring alongside policy development

• Engage informal sector workers to ensure just transitions

• Leverage regional frameworks like the African Circular Economy Alliance (ACEA)

Comparative Policy Approaches

The EU and African approaches reflect different priorities and contexts:

| Dimension | EU Approach | African Approaches | |----------|-------------|-------------------| | Primary Focus |

Market integration, competitiveness | Pollution control, resource recovery | | Implementation | Centralized,

harmonized standards | Context-specific, incremental | | Stakeholder Engagement | Industry, consumers,

governments | Informal sector, communities, SMEs | | Innovation Drivers | Digitalization, green technologies

| Local solutions, traditional knowledge |

Learn more

• European Commission Circular Economy Action Plan:
https://ec.europa.eu/environment/circular-economy/

Key takeaways

✓  Circular economy policies must balance environmental objectives with local socioeconomic contexts
and capacities.

✓  Extended Producer Responsibility systems can effectively formalize recycling sectors while creating
economic opportunities.

✓  Successful circular transitions require integrated approaches combining regulation, market
mechanisms, and stakeholder engagement.

6.7 Hands-On Activity
Effective circular economy policy development requires professionals to translate theoretical frameworks

into actionable governance solutions that address real environmental challenges while balancing economic

and social considerations. This hands-on activity immerses you in the critical process of policy analysis and

formulation, equipping you with practical skills to identify gaps, evaluate approaches, and anticipate

implementation hurdles in your specific national context.

https://ec.europa.eu/environment/circular-economy/
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Understanding the Task

This activity challenges you to research and analyze a circular-economy-relevant policy or regulation in your

country, examining its problem context, approach, and implementation challenges. You'll develop a concise

policy brief that demonstrates your ability to:

• Identify a pressing materials management issue requiring policy intervention

• Evaluate existing or proposed policy instruments

• Anticipate real-world barriers to effective implementation

Policy Brief Structure

Your policy brief should follow this professional structure:

• Introduction: Briefly introduce the policy issue and its significance

• Problem Statement: Clearly define the environmental, economic, or social challenge addressed

• Policy Approach: Describe existing, proposed, or recommended policy instrument(s)

• Implementation Challenges: Analyze at least one significant barrier to effective implementation

• Recommendations: Provide evidence-based suggestions for addressing challenges

Case Study: Rwanda's Single-Use Plastic Ban

Rwanda's 2008 ban on non-biodegradable plastic bags demonstrates how comprehensive policy can drive

circular economy transitions. The policy prohibits production, importation, use, and sale of polyethylene

bags and packaging materials. Enforcement mechanisms include:

• Border controls to prevent smuggling

• Public awareness campaigns

• Penalties including fines and imprisonment for violations

The ban has significantly reduced plastic pollution in urban areas and fostered innovation in alternative

materials. However, implementation challenges include:

• Informal sector adaptation

• Limited alternatives for certain applications

• Cross-border trade complexities

"Policy without implementation is just aspiration; implementation without policy is just chaos."

In Practice

• Prioritize evidence: Base your analysis on reliable data, not assumptions

• Consider stakeholder perspectives: How will different groups be affected?

• Balance ambition with feasibility: Aim for progressive but achievable solutions

• Monitor and evaluate: Build mechanisms to assess policy effectiveness
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Learn more

• African Circular Economy Alliance (ACEA) resources

• UNEP's Africa Waste Management Outlook

• World Bank's Circular Economy in Africa reports

Key takeaways

✓  Effective circular economy policies require careful consideration of local context, economic
implications, and implementation capacity.

✓  Policy instruments must balance environmental objectives with social equity and economic
development imperatives.

✓  Successful implementation depends on complementary measures including infrastructure investment,
stakeholder engagement, and capacity building.

Module 7: Circular Economy in Practice — Case
Studies, Metrics & Capstone Project
The final module consolidates learning through global case studies, an introduction to circular economy

metrics and indicators, and a capstone project in which learners design a feasible circular economy action

plan for a real context (a product, business, or community) of their choosing.

5 lessons · 13m

7.1 Global Circular Economy Case Studies: business, city, and community
levels
Circular economy implementation represents a critical professional competency for climate leaders

navigating resource constraints and environmental imperatives across Africa. Real-world examples provide

essential blueprints for transitioning from linear consumption patterns to regenerative systems that create

value while reducing ecological footprints.

Business-Level Circular Economy Models

Circular business models fundamentally reimagine value creation through systems thinking and resource

optimization. Leading companies demonstrate that profitability and sustainability can be mutually

reinforcing:

• Product-as-Service: Philips in South Africa sells lighting-as-a-service, retaining ownership and
responsibility for maintenance, reducing customer costs by 30% while cutting energy use by 50%

• Remanufacturing: East African Breweries recovers 92% of glass bottle material through closed-loop
systems, saving $1.2M annually in material costs
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• Industrial Symbiosis: Nigeria's Dangote Cement utilizes waste heat from production to power adjacent
facilities, reducing fossil fuel consumption by 15%

"The circular economy is not about doing less, but about doing things differently—creating more value

with fewer resources."

City-Level Circular Transitions

Cities serve as critical testing grounds for circular economy principles at scale, requiring integrated policy

frameworks and infrastructure investments:

• Nairobi's Circular Economy Roadmap: Targets 60% waste diversion from landfills by 2025 through
material recovery facilities and organic waste processing

• Cape Town's Water Reuse Strategy: Implements greywater recycling in municipal buildings, reducing
potable water consumption by 40% in participating facilities

• Kigali's Green Building Standards: Mandates 30% recycled content in construction materials and
deconstruction requirements for buildings over 1,000m²

In practice:

• Conduct material flow analysis to identify urban resource hotspots

• Develop public-private partnerships for circular infrastructure investment

• Implement procurement policies prioritizing recycled content and durability

Community-Level Circular Initiatives

Local circular initiatives demonstrate how grassroots action can drive systemic change while creating social

value:

• Accra's Agbogbloshie E-Waste Cooperative: Trains 200+ informal workers in safe e-waste
processing, recovering 95% of valuable materials while reducing health hazards

• Kenya's TakaTaka Solutions: Processes 15 tons of daily organic waste into compost, serving 500
households and creating 50 green jobs

• South Africa's Repair Cafés: Extends product lifespans by 3-5 years on average, reducing consumption
while building community repair skills

Measuring Circular Performance

Effective circular implementation requires robust metrics to track progress and demonstrate value:

• Material Circulation Rate: Percentage of materials kept in productive use (Ellen MacArthur
Foundation reports 5-15% improvement in leading cases)

• Value Retention Index: Measures economic value preserved through reuse, repair, and remanufacturing
(Nestlé achieves 85% value retention in coffee capsules)

• Circularity Gap: Difference between current and potential circular material use (Global Circularity Gap
stands at 92%)
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Learn more

• Ellen MacArthur Foundation circular economy case studies

• UNEP Africa Waste Management Outlook

• African Circular Economy Alliance policy framework

Key takeaways

✓  Circular economy implementation requires tailored approaches at business, city, and community
levels, each with distinct metrics and stakeholder engagement strategies.

✓  Successful circular initiatives combine technological innovation with enabling policies and financing
mechanisms to overcome initial investment barriers.

✓  African cities and businesses are pioneering circular solutions that balance environmental protection
with economic development and social inclusion.

7.2 Circular Economy Metrics and Indicators
Circular economy metrics transform theoretical concepts into actionable evidence, enabling professionals

across Africa to quantify progress toward sustainable resource management and make data-driven decisions

that address both environmental challenges and economic opportunities.

Core Circular Economy Metrics

Circular Material Use Rate (CMU) measures the share of material recovered and recycled in the economy

versus total material consumption. A robust CMU requires tracking material flows through entire value

chains. Key indicators include:

• Domestic Material Consumption (DMC): Total materials extracted from domestic environment plus
imports minus exports

• Material Footprint: Total global materials used to satisfy a country's consumption

• Resource Productivity: GDP per unit of material consumed (USD/kg)

• Waste Generation Rates: Total waste produced per capita or per GDP unit

• Recycling Rates: Percentage of waste recycled rather than landfilled or incinerated

• Reuse and Repair Rates: Products reused or repaired before disposal

Metrics in Practice: The South African Context

South Africa's National Waste Management Strategy 2022 provides a compelling case study. The country

implemented a comprehensive metric framework targeting:

• 35% recycling rate for municipal waste (currently 10%)

• 50% reduction in food waste by 2030

• 90% diversion of construction and demolition waste from landfill
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The City of Cape Town's circular economy dashboard tracks 12 key indicators, revealing that while their

recycling rate increased from 6% to 18% between 2015-2022, their per capita waste generation rose by 12%,

highlighting the need for both recycling AND consumption reduction strategies.

Organizational Metrics Implementation

For businesses and NGOs, ISO 59020:2024 provides standardized approaches to circularity assessment.

Organizations should implement:

• Input Metrics: Percentage of recycled/renewable materials in products

• Use Phase Metrics: Product durability, repairability, and average lifespan

• End-of-Life Metrics: Material recovery rates, waste diversion, and circular revenue streams

In practice, Kenya's East African Breweries Limited reduced virgin material use by 40% through tracking

packaging recyclability and establishing take-back schemes, demonstrating how targeted metrics drive

circular innovation.

Policy Applications and Limitations

Policymakers require balanced metric sets that capture environmental, economic, and social dimensions. The

African Union's Circular Economy Action Plan emphasizes:

• Material dependency reduction targets

• Greenhouse gas emission impacts of circular interventions

• Job creation in circular sectors

• Access to sustainable materials for SMEs

Metrics without context are meaningless; without them, progress is invisible.

Learn more

• ISO 59020:2024 Circular economy — Guidelines for organizations — Selecting and using circular
economy indicators

• UNEP Africa Circular Economy Alliance resources

• EMF Circularity Gap Report 2023

Key takeaways

✓  Effective circular metrics must track both material flows (inputs, outputs, stocks) and outcomes
(environmental impact, economic benefits, social equity).

✓  Context matters—African nations must develop metric frameworks that address unique resource
challenges and opportunities rather than adopting Eurocentric approaches.

✓  Metrics should drive action, not just assessment; implement measurement systems aligned with
specific circular strategies and improvement targets.
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7.3 From Idea to Action Plan: structuring a circular economy project
Moving from circular economy theory to implementation is where professionals create tangible

environmental and economic value. This structured approach transforms ideas into actionable projects that

can generate jobs, reduce waste streams, and build resilient resource systems across African economies.

Problem Definition & Scoping

The first critical step is identifying a specific resource or waste challenge with measurable impacts. For

instance, Ghana generates approximately 12,000 metric tons of plastic waste daily, with only 2% formally

recycled. A circular project might focus on PET plastic bottles, analyzing their entire lifecycle from import

to disposal. Problem scoping requires defining boundaries: geographic area, material type, stakeholder

groups, and time horizon. Quantify current flows—inputs, stocks, outputs—and identify environmental

hotspots and economic leakage points. In practice, use material flow analysis (MFA) tools to map current

systems and pinpoint intervention opportunities.

Vision Setting & Objective Formulation

With a clear problem identified, articulate an inspiring vision and develop SMART objectives that align

with organizational or national sustainability targets. For example, Kenya's National Plastics Action Plan

aims to achieve 100% plastic waste recycling by 2030. Break down this vision into specific objectives like

"establish 10 regional PET recycling centers by 2025" or "divert 50% of agricultural plastic waste from open

burning by 2024." Each objective should have clear metrics, baseline measurements, and target values. In

practice, align objectives with existing frameworks like the African Union's Agenda 2063 or SDG 12

(Responsible Consumption and Production).

Stakeholder Mapping & Engagement

Identify all actors in the system and map their relationships, interests, and influence. The stakeholder

mapping process reveals potential partners, opponents, and knowledge holders. For example, in South

Africa's Extended Producer Responsibility (EPR) schemes for packaging, stakeholders include

manufacturers, waste pickers' cooperatives, municipalities, recycling processors, and financial institutions.

Develop engagement strategies for each group—some may require capacity building, others financial

incentives, or regulatory compliance mechanisms. In practice, create a stakeholder matrix with

influence/interest axes to prioritize engagement efforts.

Solution Development & Feasibility Analysis

Brainstorm potential circular interventions and evaluate them using multi-criteria analysis. Consider

technical feasibility, economic viability, environmental benefits, and social equity. The Ghana Recycling

Initiative provides a model: it transformed 2,000 metric tons of waste plastic into 20,000 plastic paver

blocks monthly, creating 300 jobs while reducing plastic pollution by 40% in target communities. Develop

business models for promising solutions—product-service systems, platforms, industrial symbiosis, or

circular finance mechanisms. In practice, conduct rapid prototyping with small-scale pilots before full

implementation.

Implementation Planning & Monitoring
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Create a detailed implementation plan with clear activities, responsibilities, timelines, and resource

requirements. Establish monitoring frameworks with leading indicators (early warning signs) and lagging

indicators (final outcomes). For example, track monthly collection volumes, recycling rates, job creation

numbers, and revenue generated. Develop adaptive management processes to respond to challenges and

leverage opportunities. In practice, establish regular review cycles—monthly operational reviews and

quarterly strategic assessments—to ensure project alignment with circular economy principles.

Learn more

• Ellen MacArthur Foundation – Circular Design Guide: From Idea to Action

• Circular Economy in Cities: Project Guide – PDF

• Ellen MacArthur Foundation – Circular Economy in Action: Guidance Notes (PDF)

• Ellen MacArthur Foundation – Circular Business Model Resources

• Ellen MacArthur Foundation – Delivering the Circular Economy: Toolkit for Policymakers

• EU Circular Economy Action Plan – Official PDF

"Circular implementation is not about perfect solutions—it's about starting where you are, using what

you have, and learning as you go."

Key takeaways

✓  Circular economy implementation requires systematic problem definition, vision setting, stakeholder
engagement, and solution development with measurable objectives.

✓  Successful projects balance environmental benefits with economic viability and social equity, creating
value for all system actors.

✓  Monitoring frameworks and adaptive management are essential for navigating the uncertainties and
complexities of circular transition initiatives.

7.4 Overcoming Common Barriers to Implementation
Moving from circular economy concepts to tangible implementation requires navigating complex systemic

barriers that can stall even the most promising initiatives. Understanding these obstacles and developing

strategies to overcome them is essential for professionals driving the transition toward sustainable materials

management across Africa.

Financial Barriers and Innovative Financing Models

Financial constraints consistently rank as the primary obstacle to circular economy implementation,

particularly in developing economies where capital for innovation is scarce. Blended finance approaches

that combine public and private resources have shown promise in bridging this gap. The African Circular

Economy Alliance (ACEA) estimates that mobilizing just 1% of Africa's $4 trillion GDP could unlock $40

billion annually for circular initiatives. In practice:

• Develop bankable circular business models with clear ROI projections
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• Target development finance institutions like AfDB's Circular Economy Action Plan

• Explore results-based financing mechanisms that de-risk investments

• Create investment vehicles specifically for circular SMEs

Regulatory and Policy Frameworks

Effective Extended Producer Responsibility (EPR) schemes and supportive policies create enabling

environments for circularity. South Africa's Plastic Bag Levy, implemented in 2003 and increased multiple

times since, has reduced plastic bag usage by over 80% while generating approximately R2.3 billion

(approximately $130 million) in environmental levies that fund recycling initiatives. Regulatory best

practices include:

• Implementing minimum recycled content standards across key sectors

• Simplifying permitting processes for circular businesses

• Establishing clear quality standards for secondary materials

• Creating fiscal incentives that reward circular outcomes over linear consumption

Infrastructure and Technology Gaps

Many African nations lack the collection, sorting, and processing infrastructure needed for effective circular

material flows. The e-waste challenge exemplifies this: Africa generates 2.2 million tons of e-waste

annually but officially recycles less than 1%. Rwanda's E-Waste Management Center, established in 2018

with EU support, processes over 4,000 tons annually through public-private partnerships. Infrastructure

development strategies should:

• Prioritize decentralized collection networks in urban and rural areas

• Invest in appropriate technology for local context and material streams

• Develop specialized industrial symbiosis parks

• Leverage digital platforms to match waste streams with processors

Skills, Awareness and Stakeholder Engagement

Circular literacy gaps persist across technical, managerial, and policymaker communities. Kenya's National

Circular Economy Strategy 2023-2030 explicitly addresses this through targeted workforce development

programs. Effective approaches include:

• Developing circular economy curricula for vocational training institutions

• Creating industry-specific implementation toolkits

• Establishing knowledge-sharing platforms between practitioners

• Implementing consumer awareness campaigns that highlight circular benefits

"Circular implementation isn't about perfect solutions—it's about pragmatic progress through

collaborative experimentation."
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Market Development and Business Models

Creating stable markets for secondary materials requires addressing the price parity challenge where virgin

materials often outcompete recycled alternatives. Nigeria's Dangote Group has addressed this by investing in

advanced sorting technology to produce high-quality PET flakes that command premium prices in

international markets. Market development tactics include:

• Developing local certification standards for recycled materials

• Creating procurement preference policies for recycled content

• Supporting innovation in circular business models like product-as-service

• Building traceability systems that verify circular claims

Learn more

• African Circular Economy Alliance (ACEA) framework documents

• UNEP Africa Waste Management Outlook reports

• AfDB Circular Economy Action Plan

Key takeaways

✓  Overcoming circular implementation barriers requires context-specific solutions that address
financial, regulatory, infrastructure, and market challenges simultaneously.

✓  Successful circular initiatives in Africa often leverage blended finance, supportive policy frameworks,
and public-private partnerships to scale innovative approaches.

✓  Developing circular economy implementation capabilities requires building both technical skills and
institutional understanding through targeted education and stakeholder engagement.

7.5 Capstone Project Workshop and Peer Review
Circular economy implementation requires professionals who can bridge theoretical knowledge with

practical application. This capstone workshop transforms abstract concepts into actionable solutions by

immersing learners in real-world challenges across Africa's diverse economic and environmental contexts.

Capstone Project Framework

The capstone project represents the culmination of your learning journey, requiring you to synthesize course

concepts into a comprehensive circular economy intervention. Each participant or group selects a specific

challenge from their professional context—whether municipal waste management in Lagos, agricultural

residue valorization in Kenya, or textile waste in Accra—and develops a complete circular solution.

Circular Economy Capstone Action Plan must include:

• Problem definition with quantitative baseline data

• Stakeholder mapping and engagement strategy

• Material flow analysis with circularity assessment
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• Circular business model design

• Implementation roadmap with milestones

• Monitoring framework with KPIs

• Financial projections and funding strategy

Case Study: The Agbogbloshie E-Waste Initiative

The Agbogbloshie e-waste site in Accra, Ghana, processes approximately 215,000 tons of electronic waste

annually, employing over 40,000 people in informal recycling. A circular economy intervention by the

Ghanaian Environmental Protection Agency and UN E-waste Africa successfully formalized 12 recycling

hubs, increasing material recovery rates from 15% to 45% while reducing health impacts by 60%. This

model demonstrates how circular approaches can transform informal waste sectors into formal,

value-creating enterprises while improving livelihoods and environmental outcomes.

Workshop Methodology

The workshop employs a structured design thinking approach to develop robust circular solutions:

• Problem immersion: Deep stakeholder engagement and systems mapping

• Solution ideation: Brainstorming circular business models and value retention strategies

• Prototyping: Developing minimum viable interventions with clear implementation pathways

• Testing: Piloting components and gathering feedback

"Circularity isn't just about waste reduction—it's about redesigning value for multiple stakeholders

simultaneously."

Peer Review Process

The peer review utilizes a comprehensive rubric developed by the African Circular Economy Alliance

(ACEA), evaluating projects across nine dimensions:

• Problem significance and data quality

• Circularity depth (cradle-to-cradle vs. cradle-to-grave)

• Innovation and transformative potential

• Technical and operational feasibility

• Stakeholder engagement effectiveness

• Financial sustainability and business model viability

• Environmental impact quantification

• Scalability and replicability

• Monitoring and adaptive capacity

In practice:

• Prepare a 15-minute presentation focusing on problem-solution fit

• Provide comprehensive documentation including data sources and assumptions
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• Review at least two other projects using the structured rubric

• Offer specific, actionable feedback addressing strengths and improvement areas

Learn more

• African Circular Economy Alliance (ACEA) framework

• UNEP Africa Waste Management Outlook

• Ghana National E-Waste Policy

Key takeaways

✓  Effective circular economy solutions require deep stakeholder engagement and systems thinking
beyond technical fixes

✓  Quantifiable metrics and monitoring frameworks are essential for demonstrating circular value
creation

✓  Peer review provides critical perspectives to identify blind spots and enhance solution viability

Module 8: Circular Economy in the Built Environment
By the end of this module, learners will be able to: Describe the stages of a building's life cycle (design,

construction, use/operation, end-of-life) and where circular interventions apply at each. Apply the 10R

framework (Refuse, Rethink, Reduce, Reuse, Repair, Refurbish, Remanufacture, Repurpose, Recycle,

Recover) to building elements.

7 lessons · 44m

8.1 Learning Content
Type — Title — Format — Access Video Lecture — Circular Economy in the Construction Industry

(Circular Economy Webinar Series, Session 26) — YouTube video (58 min — watch key segments

0:00–20:00 and 35:00–45:00) — Open link Podcast — Circular Construction: Building a Sustainable Future

(Emerald podcast) — YouTube audio/video (25 min) — Open link Reading — Circular Economy in

Construction — Built Environment Overview — Web article, downloadable in Course Reader PDF Section

2 — Open link Case Study — The Circular Building by Arup (London) — full life-cycle circular design —

Case study, Course Reader PDF, p.7 — Open link All readings, infographics and case studies listed above

are also compiled, with full text, in the downloadable Course Reader (PDF) — see Section 12 of this

handbook for the download reference and offline access instructions.

A building's life cycle has four broad stages: (1) design & planning, (2) construction/manufacture of

components, (3) use, operation & maintenance, and (4) end-of-life (renovation, deconstruction, or

demolition). Circular strategies exist for each stage — from specifying reclaimed materials at design stage,

to planning deconstruction decades before it happens. The 10R framework ranks circular strategies from
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most to least preferable: Refuse and Rethink (avoid the need for new material/building), Reduce (use less),

Reuse and Repair (extend life with minimal processing), Refurbish and Remanufacture (restore to good

condition), Repurpose (give a new function), Recycle (reprocess materials), and Recover (energy recovery as

a last resort before disposal). 'Buildings as Material Banks' (BAMB) is a European research concept treating

every building as a temporary store of valuable materials that can be harvested at end-of-life rather than a

permanent, disposable structure. This underpins the need for material passports (Module 6). Common

barriers to circularity in construction include: fragmented supply chains, lack of standardised material data,

contractual and insurance structures that discourage reuse, cheaper virgin materials, and limited awareness

among procurement teams — all of which policy and business-model innovation (Module 7) can help

address. Circular built-environment thinking also spans urban scale: adaptive reuse of buildings,

infrastructure sharing, and compact urban form all reduce demand for new construction materials.

Select a real or hypothetical building project (residential, school, or office). Draw or list its four life-cycle

stages. For each stage, identify at least one circular intervention using the 10R hierarchy (template in Course

Reader PDF, Worksheet 2). Identify one barrier to implementing your top-ranked strategy in your local

context, and one way to overcome it. Deliverable: Completed 10R mapping worksheet (1–2 pages).

Type — Title — Format — Access Video Lecture — Design for Disassembly and Adaptability — Brad Guy

(architect) — YouTube video (45 min) — Open link Video Lecture — Reinventing the Building Sector III:

Design for Disassembly (ReBAU webinar) — YouTube video (30 min, with subtitles) — Open link

Micro-lecture — Design for Disassembly: The Future of Sustainable Construction — YouTube Short (60

sec) — quick-reference summary — Open link Reading — A Guide to Design for Disassembly (ArchDaily)

and UKGBC Practical Guide to Design for Deconstruction — Articles, downloadable in Course Reader PDF

Section 3 — Open link All readings, infographics and case studies listed above are also compiled, with full

text, in the downloadable Course Reader (PDF) — see Section 12 of this handbook for the download

reference and offline access instructions.

Design for Disassembly (DfD) means designing buildings, products and components so they can be taken

apart, recovered, and reused at end-of-life, rather than demolished into unusable rubble. Ten common DfD

principles include: designing for prefabrication/modularity; simplifying and standardising connections;

separating building systems (structure vs services vs finishes); minimising the number of different materials

and fasteners; using accessible, reversible connections (bolts, screws, clips) instead of adhesives, welds or

wet mortar joints; and documenting a deconstruction plan alongside the building's design drawings.

Reversible connections (bolted, screwed, clipped, dry-jointed) allow components to be separated without

damage; irreversible connections (glued, welded, cast-in-place, chemically bonded) usually destroy the

component or make recovery uneconomic. Wherever structurally and functionally possible, specify

reversible connections. The 'shearing layers' concept (associated with Stewart Brand and Frank Duffy)

recognises that a building has layers that change at different rates: Site, Structure, Skin, Services, Space plan,

and Stuff. Designing so these layers can be altered independently — e.g. services accessible without breaking

structure — extends a building's useful life and adaptability, which is itself a powerful circular strategy (a

building that adapts doesn't need to be demolished). DfD requires early planning: a deconstruction plan,

material inventory, and connection strategy should be considered from the concept design stage, not added

afterward.
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8.2 Activity 3.1 — Redesign a Detail for Disassembly
Sketch (by hand or digitally) one common architectural/structural detail from your region — e.g. a roof truss

connection, partition wall, or floor-to-column junction. Annotate the CURRENT connection type (bolted,

welded, glued, wet-cast, etc.). Redesign the same detail applying at least 3 of the 10 DfD principles (e.g.

replace welds with bolts; separate finishes from structure; standardise fastener sizes). Write a short paragraph

(150–200 words) justifying your redesign and noting any trade-offs (cost, skill availability, structural

performance). Deliverable: 1 annotated sketch (before/after) + 150–200 word justification.

Type — Title — Format — Access Video Lecture — Circular Economy Models and their Impact on the

Future of Construction (MSU CCED Webinar) — YouTube video (50 min — focus on materials segment)

— Open link Reading — A critical review on recycling and reuse of construction and demolition waste

materials — Journal article summary, downloadable in Course Reader PDF Section 4 — Open link Reading

— UK Green Building Council — Practical Guide to Design for Deconstruction (materials sections) — PDF

guide, downloadable in Course Reader PDF Section 4 — Open link Infographic — Embodied vs Operational

Carbon Over a Building's Life — Diagram, Course Reader PDF, p.14 — Open Link Open Link All readings,

infographics and case studies listed above are also compiled, with full text, in the downloadable Course

Reader (PDF) — see Section 12 of this handbook for the download reference and offline access instructions.

Embodied carbon is the greenhouse gas emissions associated with extracting, manufacturing, transporting,

constructing, maintaining, and eventually deconstructing/disposing of building materials. Operational carbon,

by contrast, comes from energy used to heat, cool, light and run a building during occupancy. As buildings

become more energy-efficient, embodied carbon represents a growing share of a building's total lifetime

emissions — often 30–50% or more for new low-energy buildings. A material's circularity can be assessed

using indicators such as: percentage recycled/reclaimed content, renewability (bio-based, rapidly renewable),

durability and expected service life, ease of recycling at end-of-life, and toxicity/hazard content (which

limits safe reuse or composting). Life Cycle Assessment (LCA), standardised under EN 15978/ISO

14040-44, breaks a building's impacts into modules: A1–A3 (product stage: raw material, transport,

manufacturing), A4–A5 (construction stage), B1–B7 (use stage: maintenance, repair, replacement,

operational energy/water), C1–C4 (end-of-life: deconstruction, transport, waste processing, disposal), and

Module D (benefits beyond the system boundary from reuse, recovery and recycling). Module D is where

circular strategies show their carbon 'credit'. Common circular material choices include reclaimed structural

steel and timber, recycled aggregate concrete, rammed earth and compressed earth blocks (highly relevant

and low-carbon in many African contexts), bio-based insulation (straw, hempcrete, mycelium), and locally

sourced materials that reduce transport emissions and support local economies. Material selection should

always be balanced against structural performance, safety, cost, and local availability — circularity is one

criterion among several in responsible specification.



Africa Climate Leadership Academy — Course Study Guide 86

8.3 Additional African case-study
Global Green Growth Institute – Meeting Global Housing Needs with Low-Carbon Materials examines

CSEB as a low-carbon construction material and highlights its potential for affordable housing, local

employment, SMEs and climate mitigation. Download PDF – Meeting Global Housing Needs with

Low-Carbon Materials East African example For a particularly relevant Uganda case, the 2023 study

documents CSEB housing in Jinja, including community training and production of climate-friendly building

materials. It also reports that local youth were trained in construction and material production, linking

sustainable construction with skills development and income generation. Read the Uganda and African

CSEB case studies – MDPI

Select two candidate materials for the same building element (e.g., virgin steel vs reclaimed steel; new fired

clay brick vs compressed earth block). Using the scorecard template in Course Reader PDF Worksheet 4,

rate each material 1–5 on: recycled/reclaimed content, renewability, durability, recyclability at end-of-life,

and local availability. Total the scores and write a 100-word recommendation stating which material you

would specify and why, noting any performance or cost trade-offs. Deliverable: Completed scorecard +

100-word recommendation.

Type — Title — Format — Access Video Lecture — How Can We Recycle Construction and Demolition

Waste? (AUB policy brief) — YouTube Short/video (3 min) — pair with full policy brief reading — Open

link Reading — How Is Construction & Demolition Waste Recycled? — Article, downloadable in Course

Reader PDF Section 5 — Open link Reading — Construction & Demolition Waste Manual (NYC

Department of Design & Construction) — PDF manual — practical site guidance, downloadable in Course

Reader PDF Section 5 — Open link Case Study — CalRecycle Best Practices in Waste Reduction video

series (12 chapters, including deconstruction & wood waste) — YouTube playlist — self-select relevant

chapters — Open link All readings, infographics and case studies listed above are also compiled, with full

text, in the downloadable Course Reader (PDF) — see Section 12 of this handbook for the download

reference and offline access instructions.

C&D waste is typically classified into categories such as: concrete/masonry/aggregate, wood, metals,

drywall/plasterboard, asphalt/roofing, glass, plastics, and hazardous materials (e.g. asbestos, treated wood,

paints). The waste management hierarchy — from most to least preferred — is: Prevent (design/order to

avoid waste), Reduce (minimise quantity), Reuse (on-site or off-site, with minimal processing), Recycle

(reprocess into new materials), Recover (energy recovery), and Dispose (landfill, only as a last resort).

Deconstruction is the systematic, careful disassembly of a building to maximise recovery of

reusable/recyclable components, in contrast to conventional demolition, which typically produces a mixed

rubble that is far harder and less economical to sort and recover. Effective C&D waste management on-site

relies on: an early waste audit/estimate, source separation (keeping material streams separate as they are

generated rather than mixing then sorting later), designated storage/skips for each material stream, and

contractor/worker training and incentives. Policy and market instruments — landfill bans/levies, mandatory

recycling ordinances, green building certification credits (e.g., LEED points for diversion rates), and

public–private material recovery facilities — significantly influence how much C&D waste is diverted from

landfill.

Choose a small hypothetical project (e.g., a single-storey house renovation or a small school block). List the

expected major waste streams (using the categories above). For each stream, assign a hierarchy strategy
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(prevent/reduce/reuse/recycle/recover/dispose) and note where the material would go (donation, resale, local

recycler, licensed landfill, etc.), using the template in Course Reader PDF Worksheet 5. Estimate (roughly)

what percentage of total waste by weight could realistically be diverted from landfill, and justify your

estimate. Deliverable: 1–2 page Site Waste Management Plan.

Type — Title — Format — Access Video Lecture — Digital Building Logbook — Introductory Overview

— YouTube video (15 min) — Open link Video Lecture — HLCF Video Series on Digital Building

Logbooks — YouTube video (20 min) — Open link Reading — What Are Material Passports (and How Do

They Work)? — Article, downloadable in Course Reader PDF Section 6 — Open link Reading — The

DGNB Building Material Passport — Documentation for More Closed-Loop Building — Article,

downloadable in Course Reader PDF Section 6 — Open link All readings, infographics and case studies

listed above are also compiled, with full text, in the downloadable Course Reader (PDF) — see Section 12 of

this handbook for the download reference and offline access instructions.

8.4 Module Notes
A Material Passport is a digital record documenting the materials, products and components in a building or

structure — their type, quantity, origin, condition, and reuse/recycling potential. It enables 'material

banking': recovering value from a building at end-of-life because its contents are known. Building

Information Modelling (BIM) is a 3D digital model of a building enriched with data (materials, quantities,

specifications, lifespan). When paired with material passport data, BIM becomes a powerful circularity tool:

it can flag reused/recyclable components, calculate embodied carbon, and generate deconstruction plans

directly from the design model. A Digital Building Logbook (or Building Passport) is broader than a material

passport: it is a continuously updated repository covering a building's full life — administrative documents,

energy performance, maintenance records, renovation history, and material data — accessible to owners,

occupants, and future developers. Digital circularity tools face real barriers in many contexts: cost of

software/licenses, limited digital infrastructure, and a shortage of trained BIM specialists. Where full

BIM/digital passports are not yet feasible, low-tech alternatives exist: simple spreadsheets or paper material

registers recording material type/quantity/condition at handover, photographic documentation, and

QR-coded material tags — all of which capture much of the value at a fraction of the cost. Emerging

technologies — blockchain for tamper-proof material records, AI-assisted material identification from

scans, and IoT sensors for real-time condition monitoring — are being piloted to strengthen digital circularity

tools further, though adoption remains limited outside pilot projects as of this course's publication.

Using the low-tech Material Register template in Course Reader PDF Worksheet 6 (a spreadsheet with

columns: Component, Material, Quantity, Condition, Location, Reuse Potential, Contact/Owner), populate at

least 10 rows for a real or hypothetical building. Note which 2–3 components have the HIGHEST

reuse/recovery value, and why. Reflect in 100 words on how this register could be upgraded to a full digital

material passport if resources allowed. Deliverable: Completed material register (spreadsheet or table) +

100-word reflection.

Type — Title — Format — Access Video Lecture — African Circular Economy Network — Circularity in

Africa: Built Environment (WCEF2022 side event) — YouTube video (60 min — key regional case studies)

— Open link Podcast (revisit) — Circular Construction: Building a Sustainable Future — YouTube

audio/video (25 min) — revisit with focus on business models discussed — Open link Reading — Circular

Economy in Africa: Examples and Opportunities (Built Environment sector) — Report, downloadable in
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Course Reader PDF Section 7 — Open link Case Study — South Africa's Transition to a Circular Economy

— EPR and Waste Policy Panel Discussion — Article summary, Course Reader PDF, p.24 — Open link All

readings, infographics and case studies listed above are also compiled, with full text, in the downloadable

Course Reader (PDF) — see Section 12 of this handbook for the download reference and offline access

instructions.

8.5 Module Notes
Circular business models relevant to construction include: Product-as-a-Service (e.g. leasing lighting,

elevators or flooring rather than selling them, so the manufacturer retains responsibility and incentive for

durability/recovery), take-back and buy-back schemes for components (e.g., steel framing, modular

partitions), material marketplaces and reuse hubs that connect demolition/renovation sites with buyers of

reclaimed materials, and Materials-as-a-Service financing that lowers upfront cost barriers to circular

materials. Policy instruments accelerating circular construction include: Extended Producer Responsibility

(EPR), which makes manufacturers responsible for the end-of-life management of their products;

green/sustainable public procurement, which uses government purchasing power to demand circular and

low-carbon materials; circular building codes and planning requirements (e.g., mandatory pre-demolition

audits, minimum recycled-content requirements); and landfill levies/bans that make disposal more costly

than recovery. Africa presents a distinctive opportunity: with much infrastructure still to be built, countries

can leapfrog to circular-by-design approaches rather than retrofitting circularity into an already-built, linear

system. The African Circular Economy Network (ACEN) and African Circular Economy Alliance (ACEA)

are active regional bodies coordinating policy, research and pilot projects across the continent, including in

the built environment sector. South Africa's ongoing circular economy transition illustrates common

real-world challenges: implementing EPR regulations, addressing constrained landfill capacity, inconsistent

waste collection services, and the need for investment in recycling and recovery infrastructure — challenges

shared by many emerging economies globally. Successful circular construction policy and business models

typically combine 'push' (regulation, mandates) and 'pull' (financial incentives, market demand, public

procurement) mechanisms, alongside capacity-building for the workforce — which is precisely the purpose

of this course.

Choose ONE circular business model (Product-as-a-Service, take-back scheme, or material marketplace) OR

ONE policy instrument (EPR, green procurement, building code, landfill levy) relevant to construction in

your context. Write a 1-page brief (template in Course Reader PDF Worksheet 7) covering: (a) how it works,

(b) one real-world example, (c) one implementation barrier in your context, and (d) one practical

recommendation to overcome that barrier. Deliverable: 1-page business model or policy brief.

Type — Title — Format — Access Guidance Video — Capstone Orientation and Rubric Walkthrough —

Course-produced YouTube video (20 min), released in LMS at Week 8 start — Available in LMS at Module

8 launch (recorded live-session recording, captioned) Recap Video — Circular Economy Explained by Ellen

MacArthur (Beyond Recycling) — recommended re-watch — YouTube video (12 min) — Open link

Template — Capstone Report Template and Rubric — Downloadable in Course Reader PDF, Appendix —

Course Reader PDF, Appendix C All readings, infographics and case studies listed above are also compiled,

with full text, in the downloadable Course Reader (PDF) — see Section 12 of this handbook for the

download reference and offline access instructions.
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8.6 Module Notes
The capstone is a project-based assessment: learners select a real building (existing, to be renovated, or newly

proposed) in their own context and produce a Circular Design/Retrofit Proposal. The proposal must address,

at minimum: (1) project description and current linear baseline; (2) at least 3 circular strategies applied using

the 10R hierarchy; (3) at least 2 specific DfD or adaptability interventions; (4) a materials assessment

comparing at least 2 circular material options with a brief embodied-carbon rationale; (5) a basic waste

management/deconstruction plan; (6) a proposed documentation approach (material register, passport, or

BIM); and (7) one relevant business-model or policy consideration. Learners are encouraged to use real or

realistic data from their own professional or academic context, making the capstone directly useful as a

portfolio piece or workplace proposal. The capstone is peer-reviewed (each learner reviews 2 peers using the

shared rubric) before final instructor grading, reinforcing both critical evaluation skills and community

learning.

Circular Retrofit Lab – VUB/BAMB: A documented circular retrofit project demonstrating reuse of an

existing structure, reversible interior partitions, adaptable systems and design for future disassembly.

Circular Retrofit Lab – BAMB case study Circular Retrofit Lab – academic case study: Examines the

project's reusable and adaptable wall systems, including their assembly, dismantling and reconfiguration.

Circular Retrofit Lab – Sustainability journal case study World Economic Forum – Circularity in the Built

Environment (PDF): Particularly relevant to the Nairobi-style retrofit example because it discusses retaining

existing structures, material reuse targets, pre-demolition audits, material passports, secondary-material

marketplaces and circular retrofit financing. Download Circularity in the Built Environment – WEF PDF

Circular Economy Design and Management in the Built Environment (open-access PDF): Provides detailed

examples of material recovery, reuse, design for disassembly and circular procurement. Download the

open-access book PDF

Estimated time: 8–10 hours across the week Select a real or realistic building project (new-build or

renovation) in your own context. Using the Capstone Report Template (Course Reader PDF, Appendix C),

produce a 6–10 page report covering all 7 required elements listed in Key Concepts above. Submit a draft by

Day 5 for peer review (review 2 peers' drafts using the shared rubric by Day 6). Incorporate peer feedback

and submit your final capstone report by Day 7 for instructor grading. Optionally, record a 3–5 minute video

or voice-note summary of your proposal to share in the course showcase/gallery. Deliverable: Final 6–10

page Circular Design/Retrofit Proposal (PDF or Word), incorporating peer feedback.

Criterion — Weight Circular strategy application (10R hierarchy, min. 3 strategies) — 25% Design for

Disassembly / adaptability interventions (min. 2) — 20% Materials assessment & embodied-carbon rationale

— 20% Waste management / deconstruction plan — 15% Digital documentation approach (fit for context)

— 10% Business model / policy consideration — 5% Clarity, structure and professional presentation — 5%

Component — Weight — Notes Module quizzes (8 × 10 MCQs, auto-graded) — 35% — Best-attempt score

per module; 1 free re-attempt after 24 hrs Module hands-on activities (1 per module, instructor/peer

feedback) — 30% — Rubric-based; qualitative feedback required, not just a mark Discussion forum

participation & peer feedback — 10% — Minimum 1 original post + 2 peer replies per module Capstone

project (Module 8) — 25% — Peer-reviewed draft + final instructor-graded submission

Grade Band — Score — Recognition Distinction — 90–100% — Certificate with Distinction + 'Circular

Economy Practitioner' digital badge Merit — 80–89% — Certificate with Merit + digital badge Pass —
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70–79% — Certificate of Completion Not Yet Competent — Below 70% — No certificate issued; learner

may revise flagged activities/quizzes and resubmit once within 60 days at no extra cost

Quizzes: every question shows the correct answer AND a one-to-two sentence rationale immediately after

submission (see each module's Answer Key table for exact wording). Activities: instructors/facilitators (or

trained teaching assistants) provide at least 2 specific comments per submission — one strength, one

improvement — within 5 working days. Peer feedback: structured using a short guide ("One thing that works

well…", "One suggestion…", "One question I still have…") to keep peer comments constructive. Capstone:

written feedback keyed to each rubric line, plus an optional 15-minute feedback call with an

instructor/mentor for learners who request it.

8.7 Case Study: The Circular Building (Arup, London, 2016) was designed
entirely for d
The built environment accounts for 39% of global carbon emissions and generates 50% of global waste. In

Africa, rapid urbanization presents both an opportunity to leapfrog linear construction models and a risk of

locking in unsustainable practices for decades.

The Circular Building: A Blueprint for Disassembly

The Circular Building, designed by Arup in London in 2016, represents a pioneering implementation of

Building as Material Banks (BAMB) principles. This 1,000m² office space was conceived not as a

permanent structure but as a temporary assembly where every component was designed for disassembly,

reuse, or recycling. The project achieved an impressive 85.7% material circularity rate, with over 80% of

components either reused from previous projects or fully recoverable.

Key Design Strategies

• Mechanical connections over permanent fixings: All elements used bolts, screws, and other reversible
fasteners instead of glue, welding, or chemical adhesives

• Modular systems: Standardized components with clear identification and tracking

• Digital material passports: Each component carried a QR code linking to a cloud-based platform
detailing material composition, origin, and next-use potential

• Design for deconstruction: Elements were oversized for easy handling and labeled for straightforward
separation

African Applications and Adaptations

While originating in Europe, these principles show significant promise for Africa's urban development. In

Kigali, Rwanda, the Green Village project incorporated similar circular principles in its affordable housing,

achieving 70% material reuse through partnerships with local material banks. The African Circular

Economy Alliance (ACEA), supported by UNEP and AfDB, is developing continent-specific guidelines for

circular construction that could be implemented across member states, potentially reducing construction

waste by 40% in major cities by 2030.
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"In circular construction, we don't design buildings; we design material flows that temporarily house

activities."

In Practice

• Conduct a material audit before design to identify reusable components from existing structures

• Develop standardized catalogs of interchangeable building components to facilitate cross-project
material sharing

• Establish local material banks in construction hubs to store and catalog reusable elements

• Implement digital tracking systems even for smaller projects to maintain material flow visibility

• Prioritize locally available, renewable materials to reduce transport emissions while enhancing
circularity

Learn more

• BAMB Framework: https://www.bamb-project.org/

• UNEP Africa Waste Management Outlook:
https://www.unep.org/resources/report/africa-waste-management-outlook

Key takeaways

✓  The Circular Building demonstrates that 85%+ material circularity is achievable in construction
through design for disassembly and digital material tracking.

✓  African cities can leverage circular construction principles to address housing deficits while
minimizing resource consumption and waste generation.

✓  Successful implementation requires collaboration between designers, contractors, material suppliers,
and local governments to create viable material recovery systems.

Final Assessment & Certificate
The final test draws on questions from every module. The pass mark is 80%. When you pass, Tapi Learn

issues a certificate of completion bearing your name, the course title, your final score, a unique certificate

number and the signature of the CEO of the Pan African Network for Climate Action (PANFCA). Each

certificate carries a verification URL (acla.io/verify/<number>) so employers and partners can confirm its

authenticity. You can download the certificate as a PDF directly from the app at any time, and your progress

and certificates are backed up to the cloud under your email address.

The Africa Climate Leadership Academy (ACLA) is a pan-African education initiative of the Pan African

Network for Climate Action. All Tapi Learn courses are free. Learn more at https://acla.io and get the app at

https://acla.io/tapi-learn.

https://www.bamb-project.org/
https://www.unep.org/resources/report/africa-waste-management-outlook

