OPS/images/frsus-04-1061563/frsus-04-1061563-t004.jpg
Research ga Frequency ors contribution

Study the current waste management challenges for the informal sector, 17 Njeru, 2006; Gbinlo, 2010; Godfrey et al., 2013; Mondesir

vulnerable groups and local/rural communities etal,, 2013; Nzeadibe, 2013; Sotamenou, 2013; Kinobe, 2015;
Ngambi, 2016; Daouda, 2017; du Toit and Wagner, 2018;
Kakeu and Christelle, 2018; Sotamenou, 2018; Sossou et al.,
20195 Adrien, 2021; Dabire and Gango, 2021; Viljoen et al.,
2021; Volschenk et al., 2021

Study the drivers and barriers that influence recycling behavior, existing 9 Oclofse and Strydom, 2010; Mtutu and Thondhlana, 2016

practices among local stakeholders and communities, and lessons learned Strydom and Godfrey, 2016; du Toit et al., 2017; Strydom,

from stakeholder participation in other projects such as environmental 2018a,b; Viljoen et al., 2021; Volschenk et al., 2021; Owojori

waste management etal, 2022

Critical analysis of existing policies related topics such as waste 8 Nahman and Godfrey, 2010; Borel-Saladin and Turok, 2013;

‘management, recycling, green economy, and energy—and identify how CE Nhamo, 2013; Dieng et al., 2018; Desmond and Asamba,

can be best integrated into policies and strategies 2019; Mutezo and Mulopo, 2021; Rweyendela and Kombe,
2021

Study how the informal sector/communities and their (indigenous) 5 Nzeadibe, 2013; Sentime, 2013; Moyo, 2014; Simatele et al.,

knowledge can be included in policies, guidelines and frameworks, 2017 Gatune et al,, 2021

especially in waste management, green economy and bio-economy

Study the impact of air pollution on human health to convince governments 2 Semiyaga et al., 2015; Amegah and Agyei-Mensah, 2017

about the urgency to invest in clean energy and asses the (indoor) air quality

for the use FS (fecal sludge) fuel briquettes

Sustainability-focused research—study how CE can consider sustainability 2 Gbinlo, 2010; Rosa and Martius, 2021

issues, e.g., SDGs, environmental quality vs. economic growth
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Research gap Frequency

Lack of reliable quantitative data on waste management, informal sector, 21 Nahman and Godfrey, 2010; Couth and Trois, 2012a; Feldt

industry waste management data, illegally dumped and recycled waste etal, 2014; Kinobe, 2015; Kinobe et ., 2015; Komakech
etal,, 2015; Mohee and Simelane, 2015; Scarlat et al., 2015;
Gnassou, 2017; Godfrey et al., 2017; Regassa etal,, 2017
Charis et al.,, 2019; Critoru et al.,, 2019; Kabera et al., 2019;
Orhorhoro and Oghoghorie, 2019; Dibba, 2020; Adeleke
etal,, 2021; Ezeudu et al,, 2020; Schoeman et al., 2021;
Muheirwe et al., 2022; Obsa et al,, 2022

Monitoring and evaluation of interventions/projects/initiatives to 6 Oduro-Appiah et al,, 2013; Kinobe, 2015; Oyekale, 2017;

understand (project) interventions and their impact on improving (future) Kakeu and Christelle, 2018; Mbiadjeu-Lawou, 2019

interventions and planning Moumbe et al., 2020

Lack of data for policy development/investments of CE and its related CE 4 Klein and Reiher, 2016; Albagoury, 2020; Godfrey et al.,

topics such as WEEE data, green and bio-economy 2021; Oguntuase and Adu, 2021

Monitoring and evaluation for (¢) waste management and recycling policies 2 Sebola et al., 2018; Lebbie et al., 2021
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Research gap Frequency

Lack of reliable E-waste data, including quantification 12 Nolet, 2012; Akormedi et al., 2013; Bisschop and Walle van
de, 2013; Lawhon, 2013; Schluep et al,, 2013; Lepawsky,
2014; Ledwaba and Sosibo, 2017; Adejonwo-Osho, 2019;
Orisakwe et al., 2019; Effebi et al., 2020; Maphosa and
Maphosa, 2020; Ayeleru etal., 2021

Impact of E-waste recycling and disposal on the health of informal workers, 9 Caravanos et al., 2011; Muhani, 2012; Feldt et al., 2014;

local communities and the environment Amankwah-Amoah, 2016; Srigboh et al., 2016; Asante et al.,
2019; Lebbie et al., 2021; Wachinou et al., 2022

Identify global and domestic E-waste flows of electronics products that end 5 Breivik et al., 2014; Akpan and Olukanni, 2020; Bimir, 2020;

up in Africa Ondiek and Onyango, 20215 Maes and Preston-Whyte, 2022

Identify existing and the best E-waste practices in Africa 3 Akpan and Olukanni, 2020; Bimir, 2020; Maphosa and
Maphosa, 2020

Investigate the (social-economic) background of E-waste producers and 2 Oteng-Ababio, 2012; Akpan and Olukanni, 2020

stakeholders, and ensure their inclusion

Limited E-waste policy studies for emerging economies 2 Borthakur, 2020; Lebbie et al., 2021
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Research gap Frequency

Investigate how different types of waste and agricultural by-products can be 14 Courard, 2020; Baffes, 2010; Semiyaga et al., 2015; Montcho

upcycled, and study the (economic) benefit of the valorization. etal,, 2016; Nzila et al., 2016; Ousseini et al., 2017; Derouiche
and Ben Amor, 2019; Pfukwa et al., 2019; Anagonou et al.,
2020; Ayeleru et al., 2020; Browning et al., 2020; Dibba, 20205
Munubi and Lamtane, 2021; Sekabira et al., 2021b

Impact of compost, biofertilizers and other techniques on the soil, 8 Kaboré et al,, 2010; Couth and Trois, 2012b; Longanza et al.,

productivity, and study its challenges, (cost) benefits, and opportunities 2015; Semiyaga et al., 2015; Temple and de Bon, 2020; Terfa,

compared to conventional farming and over landfill disposal 20215 Obsa et al,, 2022; Duponnis, n.d.

Adoption—study the factors that influence the adoption and engagement of 4 Musvoto et al., 2014; Smith et al., 2015; Sekabira and

farmers in applying CE practices Kantengwa, 2021; Sekabira et al., 2021a

Study the safety of organic waste/human excreta for utilization in compost, 3 Parrot et al.,, 2009; Smith et al., 2015; Pfukwa et al., 2019

energy or (food) products for human use

Study the status quo on the application of CE practices by farmers and the 3 Parrot et al.,, 2009; Musvoto et al., 2014; Boon and Anuga,

specific farming situation, including the soil fertility 2020

The acceptance, safety and optimization of the performance of black soldier 3 Semiyaga et al., 2015; Nyakeri et al., 2017; Chia et al., 2019

fly by using different types of waste streams

Investigate the status quo of existing composting practices 2 Parrot et al., 2009; Tshala et al., 2017
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Actor segment South Cameroon Rwanda  Other African European Other Sample

Africa countries countries, incl. UK size
Academia 2 1 2 2 6 0 13
Consultant/freelancer 1 0 0 1 3 0 5
Founder/co-founder 1 0 0 1 0 0 2
Retired Minister 1 0 0 0 0 0 1
‘Waste/CE specialist 0 1 0 1 0 1 3
Executive Secretary 0 0 0 1 0 0 1
Environmental engineer 0 0 0 0 0 1 1
Marketer 0 0 0 1 0 0 1
Associated program officer 0 0 0 0 1 0 1
Post graduate student 1 0 0 0 0 0 1
Researcher/analyst 3 0 0 2 3 1 9
Sample size per country 9 2 2 9 13 3 38

ALU Circular Economy Program.
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Region ber of publications

Sub-Saharan Africa 31
West Africa 6
Africa (the continent) 29
North Africa 2
East Africa 1
Central Africa 1
Total number of publications 70
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Research gap Frequency

CE pilot and demonstration projects to upscale CE innovation through 7 Njenga et al., 2010; Montcho et al., 2016; Fletcher et al., 2017;

research Mugodo et al., 2017; Idowu et al., 2019; Callo-Concha et al.,
2020; Oguntuase, 2020

(Sectoral) CE opportunities and challenges, e.g., agriculture, human 6 Miikeld, 2017; Ntsonde and Aggeri, 2017; Charles et al,, 2018;

settlements, transport, (rail) manufacturing, demanufacturing and E-waste Phuluwa et al., 2020; Schoeman et al., 2021

recycling at the country level

Feasibility research on renewable energy, such as biogas, briquette making, 5 Parawira, 2009; Amegah and Agyei-Mensah, 2017; Dlamini

ethanol and other waste-to-energy (WTE) solutions etal,, 2018; Tabasso et al., 2020; Chen et al., 2021

Feasibility research of manufacturing CE products at (commercial) scale 4 Semiyaga et al,, 2015; Mombo and Bigirwa, 2017; Feleke
etal,, 2021; Gatune et al., 2021; Tapsoba et al., 2022

Study how products/innovations can be designed in a CE way 6 Liebenberg, 2007; Charles et al., 2018; Oguge, 2019; Pfukwa
etal,, 2019; Oruko et al., 2020; Ghosh and Ghosh, 2022

Determinants (barriers and drivers) and benefits of CE transition for the 6 Musyoki, 2012; Mativenga et al., 2017; Pathak and

private sector Endayilalu, 2019; Miranosava, 2020; Hassim, 2021; Oyinlola
etal, 2021

Industry - academia collaboration for CE research and innovation projects 5 Fletcher et al., 2017; Bambo and Pouris, 2020; Gatune et al.,
2021; Oguntuase and Adu, 2021; Ghosh and Ghosh, 2022

Feasibility of waste management and sorting waste 4 Nahman and Godfrey, 2010; Kakeu and Christelle, 2018;
Salguero-Puerta et al., 2019; Ddiba, 2020

The development of measuring, assessment tools/documentation of 2 Mativenga et al., 2017; Andersen et al., 2021

greening among private sector

Recycling technologies for the textile and apparel industry 1 Larney and van Aardt, 2009

Lack of research on CE for construction and green building 2 Addy et al,, 2021; Mhlanga et al., 2022
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Company Organization Year No. of employees Product manufactured/business

sector/category founded (estimated) activity
Participant 1 Primary manufacturer 2013 150 Trash bags, disposable bags
Participant 2 Primary manufacturer 2019 600 PVC plastic shoes
Participant 3 Primary manufacturer 2013 165 Eco-friendly packaging
Participant 4 Primary manufacturer 2015 117 Packaging for agricultural products. Also engaged in
plastic recycling.
Participant 5 Secondary manufacturer 1982 900 Paintings
Participant 6 Secondary manufacturer 1997 960 Food processing for export
Participant 7 Secondary manufacturer 2007 45 Foodstuffs
Participant 8 Secondary manufacturer 1973 400 Food manufacturing industry
Participant 9 Government agency Rwanda environment management authority (REMA)

implements Rwanda's environmental sustainability and
related policies. They enforce environmental policies,
including the plastic ban.
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Internal challenges External challenges

o Increased cost of production.

o Limited capital for new
investments, including in new
industrial technology.

Unplanned Investments in new and
unplanned technology and
redundancy of recently acquired
machinery.

Over reliance on foreign labor
which sometimes slows production.
Inability to purchase expensive raw
materials.

High cost of acquiring alternative
packaging materials.

.

.

.

e Perception of consumers and lack
awareness.

Neighboring countries still using
single use plastics.

Finding new packaging suppliers.
Rise in  transport  expenses
(packaging materials being
exported).

Reduced market (lost customers in
the process).

Loss in  regional
(competitors using
packaging, including plastics).
Inconsistent business policies.
Lack of access to skills (e.g., paper
technology).

°

o o

°

competition
cheap

o Fluctuations in foreign exchange
rates.
e Prolong  process in license

processing with REMA.

Fears of not meeting supply—due
to rising consumer interest in the
glass packaged water.

°
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References Long use Extended use Recovery Recycling Medical

device
Physical Maintenance Repair Upgrade Recontextualise Refurbish Remanufacture Recycling Electromechanical Economic Criticality
durability OR mechanical value
Abu-Haydar etal. v v v e Pneumatic infusion pump | Electromechanical Medium-high Semi-critical
o)
Abu-Zainch and v v v 7 Microscope aperture Mechanical Medium-low Non-critical
Gershenson (2020) adjustment knob.
Blood pressure monitor ‘Mechanical Medium-low
valve (repair part for a
blood monitor machine)
Stethoscope earpiece (repair | Mechanical Medium-low Semi-critical
part for stethoscope)
Full-cap humidifier (repair | Mechanical Medium-low Non-critical
part for oxygen regulator)
Half-cap humidifier (repair | Mechanical Medium-low
part for oxygen regulator)
‘Humidifier gasket (repair | Mechanical Medium-low
part for a humidifier in an
oxygen regulator)
Suction machine gasket Mechanical Medium-low
(repair part for a suction
‘machine)
Oxygen regulatorknob | Mechanical Medium-low
(repair part for an oxygen
regulator)
Agbanaetal. 2019)  [v v v Schistoscope: diagnostic | Electromechanical Medium-high Non-critical
device for schistosomiasis.
Ahmed et al. (2020) v v Biofuel-powered autoclave | Mechanical Medium Non-critical
Arivoli et al. (2020) v v Gastroschisis silo Mechanical Low Critical
Ayah etal. (2020) v v v Suction machine Electromechanical Medium-high Critical
Phototherapy unit Non-critical
Vacuum extraction Critical
[Examination light Non-critical
Battinelli etal. (2012) | v v v v v Surgical suction device. Electromechanical Medium-high Critical
Berges et al. (2020) v Core needle biopsy device | Electromechanical Medium Critical
Booysen etal. 2019) | v 7 Custom design implants | Electromechanical High Critical
Bradley etal. Q011) |V v v Battery-powered oxygen | Electromechanical High Semi-critical
delivery system
Brownetal. 2013) |V v v Bubble continuous positive | Electromechanical High Semi-critical
airway pressure - (CPAP)
Buchan etal. (2015) v Surgical drill cover Mechanical Medium-low Non- al
Crede etal. (2014) v v Pulse oximeter ‘Mechanical Medium Non-critical
Diehl et al. (2020) v v v Low field magnetic Electromechanical High Semi-critical
resonance imaging (MRI)
device.
Ditai et al. (2021) v v Resuscitator Mechanical Medium Semi-critical
Kenneyetal. (2019) | v v v v Body power prosthesis Mechanical High Critical
Lawn et al. (2006) v Pulse oximetry for babies Electromechanical Medium Non-critical
Mathern etal. 2013) [ v W Weighing scale Mechanical Medium Non-critical
Blood pressure device Electromechanical Medium Non-critical
Spirometer Electromechanical Medium Semi-critical
‘Thermometer Electromechanical Medium Non-critical
Mody etal. (2015) v 'e Mechanical power “Mechanical Medium Critical
wound-pump.
Mucha etal. (2021) 'd v v v Surgical suction pump Mechanical Medium Critical
connector
Ngoie etal. (2020) v v v ‘Wrist flexion contracture | Mechanical Medium-High Semi critical
Oostingetal. (2020) [« v v v Electrosurgical unit Electromechanical High Critical
Monopolar handheld Electromechanical High Critical
Piaggioetal. (2021) | v v Vest for treating jaundice | Electromechanical Medium Semi-critical
Pretorius and Ferreira | v Interlocking intramedullary | Mechanical Medium Critical
o)
Read and Taylor (2012) | v v Portable glostavent Electromechanical High Semi-critical
Schopman etal. (2013) | v Blood pressure monitor | Electromechanical Medium Non-critical
Pulse Oximeter Electromechanical Medium Non-critical
Adult weighing scale Electromechanical Medium Non-critical
Sluiter et al. (2020) v v Schistosomiasis diagnostic | Electromechanical Medium Non-critical
device
Vargas etal. (2013) v v v Makeshift loop cauter Mechanical Medium-high Critical
Wingetetal. 2015) [« Y% Blood salvage device Mechanical Medium-high Critical
No. of studies that. 29 18 12 10 5 o o o

mention CE principles.
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Principles

Keywords

Code recording units.

Variation of text and/or sentence for coding

Physical durability

DL1

“Durable,” “robust,”
“long-lasting,” “reusable,”
“rigid;” “strong;” “strength,”

“rugged;” “withstand”

A medical device is designed to:

1. Be used repeated after reprocessing by means of chemical and/or heat sterilisation and
still withstand deterioration.

2. Withstand rough environmental conditions (high temperature, humidity, dust, rain)

and handling. For example, rain, rough and bumpy terrain.

. Withstand tear over its lifespan.

. Be rigid, rugged, and/or robust.

. Withstand shock, stress, vibration, pressure, and force that can cause damage.

. Be waterproof and/or dustproof against damage.

. Maintained its mechanical strength over its lifespan.

. Have part geometry that prevents cracks and weakening joints.

. Prevent part failure caused by an electric power surge.

10. Be made from materials that are selected to ensure the medical device is durable and

reliable for use over its lifespan.

Ve NG e W

Maintenance
(preventive
maintenance)

DEL

“Maintenance;” “maintain,”
“preventive maintenance,”
“planned maintenance,”
“servicing”

A medical device is designed so that:

1. It can be maintained.

2. Regular performance inspections can be carried out to ensure the device keeps on
functioning correctly as per original specifications.

3. Scheduled activities are carried out by qualified professionals (for example biomedical
engineers, or OEM professionals) to prevent any breakdowns.

4. Monitoring of device functionalities for safety and/or continuous operation is possible.

5. The use of service contracts can be made to ensure a medical device is working correctly
and safely.

6. Regular adjustments and calibrations on medical devices to ensure correct functionality
as per original specifications.

7. Parts of the device are scheduled to be replaced frequently.

Repair (corrective
maintenance).

DE2

“Repair,”
“corrective-maintenance,”
“repairability”

A medical device is designed so that:

1. It can be repaired back to its original specification by a third-party of OEM.

2. Replacement of broken parts or components after failure is possible.

3. Adjustment to a part or device after failure or malfunction is possible.

4. Spare parts for repair are available.

5. Faults can be diagnosed, for example, using manuals.

6. Tools are available to support repair. For example, using a 3D printer to print
repair parts.

Upgrading

DE3

“Upgrade;” “enhance”

A medical device is designed so that enhancement/customisation of device performance
by replacing/adding components is possible. For example, through modularity.

Recontextualise
(repurposing)

DRI

“Repurpose;” “reassigned;”
“recontextualise”

1. Medical device and/or components can be transferred to be used in another medical
context than it was originally designed for.

2. Device or component is used as a medical device even though it was not originally
designed for that purpose.

Refurbishment

DR2

“Refurbish,” “recondition,”
“restore”

1. Medical device that is labelled as “refurbished” “reconditioned,” “restored”.
2. An old medical device has undergone activities to ensure device performance, safety
specification is restored as per the OEM.

Remanufacturing

DR3

“Remanufactured”

Medical device that is labelled as “remanufactured”.

Recycling

DCY1

“Recycle”

1. A medical device and/or its component can be transformed into its basic materials and
processed into new materials.

2. Activities that retrieve the value of product/component materials before disposal, are
possible.

3. An obsolete medical product is disassembled, and components are retrieved to be
converted into raw materials so that they don’t become waste.
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Circular economy

Definition

principle

Physical durability

Withstand fatigue and deterioration after reprocessing and repeated use over its intended lifespan (Medicare.gov, 2022).

Maintenance (preventive
maintenance)

Scheduled activities are performed to ensure the device is functioning correctly and safely over its intended lifespan. Preventive
maintenance is usually scheduled at specific intervals and includes specific activities and procedures. These procedures and intervals
are established by the manufacturer. In some cases, the user may change the frequency to accommodate local environmental
conditions (World Health Organization, 2011).

Repair (corrective
maintenance).

Perform activities that can restore or correct the performance, physical integrity and safety of the device after a failure (World
Health Organization, 2011).

Design for upgrading

Improving a medical device by adding or replacing components and/or updating software. The improvements made to a medical
device must be relative to the Original Equipment Manufacturer’s (OEM) specifications, safety requirements, functionalities and
capabilities (World Health Organization, 2019).

Recontextualise (repurposing)

Removal of an obsolete medical device from its originally intended uses to an alternative use. All used or potentially used medical
devices must be cleaned as in the instructions specific to the device or type of device (World Health Organization, 2019).

Refurbishment

Refurbishment is where a device is subjected to a systematic process to ensure safety and effectiveness of the medical device without
significantly changing the device's or medical device’s performance, safety specifications and/or changing intended use as defined by
Original Equipment Manufacturer’s (OEMs) [Medical Device Act 2012 (Act 737), M. of 1., Malaysia, n.d.].

Remanufacturing

A medical device is processed, conditioned, renovated, repackaged, or undergoes any other activity that significantly changes the
finished device to an as-new condition, performance, safety specifications or better. The remanufacturing process can be performed
by a third party or OEM and must be in line with specific technical specifications, including engineering, quality, testing standards,
and medical device regulatory requirements and typically yields fully warranted products (Food and Drug Administration, 2019).

Recycling

Safely converting “waste” (obsolete medical device, component, or material) into a reusable materials or returning materials to an
earlier stage in a cyclic process (World Health Organization, 2019).
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Category of responden

Total

sample
Secondary manufacturers 14
Primary manufacturers 14
Rwanda environment management 1
authority (REMA)
Rwanda development board (RDB) 1
Ministry of trade and industry 1
(MINICOM)
Rwanda private sector federation (PSF) 2
Rwanda chamber of commerce and 2
services
Total 35
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Smart RO—Refuse
product use

R1—Rethink

R2—Reduce
Extend R3—Reuse
lifespan of
products and
its parts
R4—Repair
R5—Refurbish
R6—
Remanufacture
R7—
Repurpose
Useful R8—Recycle
application of
materials

R9—Recover

Make a product redundant by abandoning its
function or by offering the same function
with a radically different product.

Make product use more intensive (e.g.,
through sharing products, or by putting
multi-functional products in the market).

Increase efficiency in product manufacture or
use by consuming fewer natural resources
and materials

Re-use by another consumer of discarded
product which is still in good condition and
fulfills its original function.

Repair and maintenance of defective product
so it can be used with its original function.

Restore an old product and bring it up to
date.

Use parts of discarded products in a new
product with the same function

Use discarded products or its parts in a new
product with a different function.

Process materials to obtain the same (high

grade) or lower (low grade) quality.

Incineration of materials with energy
recovery

Source: PBL Netherlands Environmental Assessment

ency (2017).





