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Abstract: This study investigates the prioritization of Rgsfor Recycling (DfR) criteria within Moroccan mafacturing

Micro, Small, and Medium-sized Enterprises (MSMBE®spite the potential of MSMEs to drive sustaipghiactices,
a comprehensive understanding of key DfR criterid their prioritization remains limited, particulain emerging
economies. These enterprises, often characterigetthdir adaptability and resource efficiency focase uniquely
positioned to adopt sustainable practices like Ofiewever, MSMEs, particularly in Morocco, face daages in
integrating DfR principles effectively. This is eft due to a lack of awareness and understandirrgdieg key DfR
criteria and how to prioritize them within theiregjific operational context. To address this gamraext-specific, multi-
level DfR criteria framework is developed, tailorfm Moroccan manufacturing MSMEs. The Best-Worstihbd

(BWM), a robust multi-criteria decision-making tedtje, is employed to prioritize these criteriahivita sample of
eight Moroccan manufacturing MSMEs. Our findingger@ that materials compatibility and the use offabed materials
are paramount for optimizing recyclability. Thisqeitization is influenced by the unique challengesl opportunities
within the Moroccan context, including limited reting infrastructure and a reliance on informalyaing practices.
This research provides practical guidance for MocaacMSMEs seeking to integrate DfR principles ititeir design
processes, contributing to sustainable manufadymactices. Moreover, it establishes a methodotdgind theoretical
foundation for future research on DfR implementaiioemerging economies.

1 Introduction practical roadmap for MSMEs seeking to enhanceymtd
Micro, small, and medium-sized enterprises (MSMEg)Ecyclability in the design phase, thereby contiftgito

play a crucial role in driving economic growth, fieularly ~ Sustainable manufacturing practices. Add_|t|ona_lgur

in emerging economies [1]. Their inherent adapitgind ~ research provides a foundation for future invesioges

resource efficiency make them well suited to embradnto DfR implementation across various contextse Th

sustainable practices, such as Design for Recy¢iifig).  study has three primary objectives:

However, integrating DfR principles into designgeeses * Identify DfR criteria: Develop a comprehensive DfR

can be challenging for MSMEs [2]. decision framework tailored for manufacturing sesto
While DfR is a cornerstone of eco-design, muctheft = Assign weights to DfR criteria: Determine the rislat

existing research focuses on theoretical framewarks  significance (weights) of DfR criteria within the

general principles [3-11]. This leaves MSMEs withited manufacturing context.

actionable guidance for practical implementatiors Explore implications: Investigate the managerial,
Moreover, there is a lack of understanding regardie practical, and country-specific implications of ghi
specific DfR criteria most crucial for these entesps. research.

This is particularly true in emerging economieselik
Morocco, where manufacturers must navigate a unique To achieve these objectives, we conducted a
recycling landscape characterized by informal prast comprehensive literature review on DfR and ecogfesi
and infrastructural limitations. extracting and synthesizing key criteria to forme th
This study addresses these gaps by developing aodndation of our framework. This framework wastifier
validating a context-specific framework of DfR eria refined and validated through consultations witlpesis
tailored to the needs of Moroccan manufacturing NESM and practitioners. We then employed the BWM tool to
Drawing from existing literature and expert constifins, evaluate the framework across eight Moroccan
we meticulously assess and prioritize these aiitasing manufacturing firms, enabling us to prioritize ttviteria
the Best-Worst Method [12], a robust multi-criteriaand establish a strategic implementation pathway.
decision-making technique. This approach offers a
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This paper makes several significant contributit;ms DfR has become a prominent research area within
the field of DfR and sustainable manufacturing: sustainability, with significant advancements in

« Comprehensive framework: It develops anethodologies and tools empowering designers.
comprehensive, multi-level DfR criteria frameworkComputer-aided tools now enable comprehensive
specifically tailored for manufacturing contextshi¥ assessments of material recyclability [18,19] antliate
framework offers a systematic decision-making tooknd-of-life (EoL) scenarios to inform design chaice
guiding practitioners in effectively integrating ®f [20,21]. Core DfR principles, such as material ctba,
principles into their product design processes. disassembly considerations, and EoL strategie221%53],

« Methodological advancement: The study employs @e continually adapted to address sector-specific
novel application of the BWM, a robust multi-criter challenges. This is evident in research on theraotioe
decision-making technique, to assess and prioritizdustry [9], the packaging industry [7,24,25], atie
DfR criteria. This approach provides a rigorougada emerging field of e-textiles [15], where waste [gneton
driven method for prioritizing DfR factors based orstrategies are prioritized due to product compjexit
their relative importance. The recovery of critical raw materials (CRMs) igi@l

« Empirical Insights: The research applies the pregosaspect of DfR. Designers must integrate disassembly
framework and methodology within the Moroccarfechniques and utilize specialized indices [26fmlitate
manufacturing sector, revealing challenges ardRM extraction. However, research highlights system
opportunities for MSMEs adopting DfR, improvingbarriers that hinder DfR implementation, including

understanding of sustainable manufacturing prasticimitations in recycling infrastructure, inadequatelicy
in this context. incentives, and fragmented stakeholder collabaratio

[2,6,11,25,27]. To fully realize the potential offodriving
This paper is organized as follows: Section 2 exgglo the transiton to a circular economy, a deeper
existing research on design for recycling criteBiaction 3 understanding of design criteria is crucial. Thislides
introduces the methodology and framework. Section @aterial selection, product architecture, EoL stesaand
applies the framework to a real-world scenariotiacs  their interplay with existing recycling infrastruce and
analyzes the results. Section 6 concludes the paper  policy frameworks.

2 Analysis of design for recycling criteria: a 2.2 Review of design for recycling criteria
comprehensive review Design for Recycling (DfR) has garnered significant
21  Design for recydling attention within the research community [17,18,Z(23].

) ! . hile core DfR principles, such as product archit
Growing environmental concern in the 1990s prompt P P P o

fund | shift i d desi hasi aterial selection, and end-of-life consideratioase
a fundamental shift in product design, emp asutlntg]_ undeniably important, their practical effectivendspends

on contextual factors. Product characteristics,

X . S : _"®PY¥chnological limitations, and recycling infrastiure all
which emphasizes the significant influence of tesigh inﬂuenceg how DfR criteria s)rqoulg be prioritized
phase on a product's environmental footprint [Ejo- ILS 19,25,29]

design has emerged as a key solution, integrati
environmental considerations throughout the enti
product lifecycle. Its primary objective is to nmmize
environmental impacts without compromising
performance or economic viability [14]. Design for
Recycling is a critical pillar of eco-design, sagically
addressing the product's end-of-life to facilitataterial
recovery and promote closed-loop systems. By optingi
products for recycling, DfR contributes to the hfea
objectives of a circular economy [15].
_ Guided by eco-design_ principles, which are aIigneBrocedures [7,11,18,20,21].

with waste management hierarchies such aSthe&m Material selection significantly influences theiedtcy
Framework Directive [16], manufacturers are indregly of DfR strategies. Choosing materials with well-

:jme_gr_atmg ke_:nwronﬂentalE co;s@eranons h'nt(.) the'Established recycling pathways promotes efficiesburce
ecision-making  [14]. co-design  emphasizes ~ g..qyery [9,24]. Incorporating alternative matevidike
preventative approach, prioritizing waste prevemtio bioplastics, wood, or other sustainable options affer

reuse, _recycling, and_re_sour_ce recovery. Dﬂ? IS &nvironmental benefits [11,15]. When using multiple
comerstone strategy within this framework, optimiz ., ierials, ensuring compatibility is critical to cag

produc:,:s f:)hr recycl:\bnltylfrgm 'f[he. Idesllgn phased ancomplications during recycling [2,3,8,18,19]. Using
promoting the use of recycled materials [17]. recycled content, where quality and performancewall
contributes to closed-loop material systems within

9A product's architecture significantly influences i
'fecyclability. Simplicity, achieved by minimizing
complexity and fastener use, facilitates disassgmbl
[2,9,15,23,27]. Modularity, where products are cosgul
of easily separable modules, facilitates targesegaling
of individual material streams [8,15,27]. Designifay
disassembly ensures ease of access to componenigtth
non-permanent connections, preserving materiagjiiye
[11,18,26]. Standardizing parts and fasteners allimvthe
se of common disassembly tools, streamlining lewyc
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circular economy [4,23,27,30]. Minimizing or elinaiting Research suggests that existing DfR theories and
contaminants and hazardous substances is esstmtiaconceptual models often are often difficult to gpgitectly
avoid challenges within recycling systems [2,22,2510 Micro, Small, and Medium-sized Enterprises (MSE
Limiting material diversity and simplifying matetia [2]. Considering the dominance of MSMEs in Morosco'
choices improve a product’s recyclability potenfill1]. economic landscape [31] and the intensifying pressi
Market factors, such as the economic feasibilityusihg global environmental regulations, proactive greesigh
recycled materials, can also influence materiabct@n initiatives across all industry scales.
decisions [2,28]. This study addresses these gaps by conducting a
Proactive consideration of EoL scenarios isystematic survey of Moroccan manufacturing sector
fundamental to DfR. Implementing standardized litgl experts to prioritize DfR criteria, focusing on dbr key
systems for materials, fasteners, and componeoisqies areas: product architecture, material considerstiamd
efficient sorting and assessment within recycliaglities end-of-life considerations. The Best-Worst Method
[2,24,26,27,30]. Aligning product designs with d¢xig (BWM) will be used to establish a robust rankinglufse
recycling systems and technologies optimizes resourcriteria, revealing those most critical for designi
recovery [2,5,18]. Adhering to current and antitgoh products with optimized recyclability. This reseaaffers
recycling regulations is critical [6,25]. Providingear a unique contribution by highlighting the specific
information on  disassembly, composition, andhallenges and potential solutions relevant to gmgr
recyclability to end users and recyclers facilgapeoduct economies. In these contexts, factors such asniaflor
recyclability at the EoL stage [21,28]. recycling practices and infrastructural limitatiofi25]
This review identifies core DfR criteria, which aremust be integrated into early-stage design prosesse
interdependent and should be addressed halistically
throughout the design process [22,27]. Based on @4 Development of the design for recycling
extensive literature review and discussions witlugiry criteria framework
professionals, this research proposes a three-diorea This section outlines the two-stage developmenra of

DfR  framework encompassing product architecturggomprehensive Design for Recycling (DfR) criteria
material CO”SlderatlonS, and EoL considerations.eiase framework for the Moroccan manufacturing sector.

of application, these dimensions are further didittéo 14 . |nitial criteria identification: A thorough literate

sub-criteria, detailed in Table 1. review of existing DfR studies was conducted, rirsyl
o in a preliminary list of 27 criteria.
2.3 Research gapsand highlights + Criteria refinement and categorization: To ensure

Existing research provides a valuable foundatian fo  practical applicability, industry managers evaldatee
understanding DfR criteria, encompassing material jnitial list, suggesting omissions or redundanciss

selection [2], implementation frameworks [5,23]ddaols feedback resulted in a final selection of 14 esaknt
for recyclability assessment [18,22,29]. Howevemritical DfR criteria. Subsequently, through iterative
gap exists in empirically prioritizing these critemithin discussions, the managers categorized these ariteri
real-world manufacturing contexts, particularly in  into three main categories based on thematic
emerging economies. The lack of data driven weightf similarities. The final sub-criteria categorizatios
individual criteria hinders designers seeking tdirojze presented in Table 1.

product recyclability from the outset.

Table 1 Design for recycling (DfR) criteria and gopting literature

Main Criteria  Sub-Criteria Short description References

Simple Desig Simplify design and use fewer fasten [2,4,7,9,11,15,23,24,2

Modular architectui |Design modular products ftargeted recyclin [2,6,8,20,23,27,29,3
Product Design folDesign for easy disassembly using acces[2,3,6-9,11,15,18-20,23-
Architecture Disassembl components and n-permanent connectic 27,29,30

Standardisation S.tandardlze parts and fasteners $treamlln([3’7,18’20’21,23’28’29]

disassembl

Use of RecyclelPrioritize recyclable materials with establis

Materials recycling processes and high recycled cor [2,4-11,15,19,20,23-30]

Alternative Materials| Explore sustainable mategigrnatives. [11,15,24]

Materlal.sb.ll US% c?mpatlble materials in  mixaedateria [2,3,6-9,18,19,24,26-29]
Material Compatibility products

Avoid Contaminani |Minimize contaminants and hazardous substa |[2-4,€-9,15,18,2-27,29

gflnr;lgltfgrigg\tﬁggd selection by reducing the var [3,5.7-9,11,15,18,23,25,27,28]

Consideration

Materials Diversity

Economic
Convenience q
Recycled Materi

Evaluate the cosffectiveness of recyclg

aterials [3,4,6,19,21,24,25,28]
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:_daebn;“‘ilrc]?tlon an Standardize labelling for materials and compondi2t$-8,11,20,23,26,27,29,30
Recycling systen|Design adaptable products for evolving recyq
End d Life|Consideratio technologie: [2.5.6,7,11,19,21,24,29,30]
Considerations|Legislative Comply with current and future recycli [6,25,27]
Consideratior regulations ”
Icnof?nrrr;:j::i%gtio Ejr:r\]/;%eerﬁlsrar product information for endifé [2,21,27,30]

3 Prioritizing DfR criteria: a best-worst consistency, coupled with a diverse expert panitigates
method approach biases and strengthens the credibility of the figdi

Furthermore, this confidence is further bolstergdhe
successful application of BWM in various real-world
gpplications, including optimizing freight transtadion
[33], supplier selection [34], and evaluating fiskusiness
continuity [35]. This diverse applicability undeoses
BWM's value as a robust and adaptable MCDM method
across different industries.

Table 1 highlights the complex, multi-criteria naof
Design for Recycling, with each criterion encomjags
various factors that demand careful consideratio
Effectively evaluating and prioritizing these crige is
challenging due to their inherent complexity ané th
potential for inconsistencies in traditional MuBiiteria

Decision-Making (MCDM) methods that rely heavily on . :
pairwise comparisons [32]. The Best-Worst Method (BWM) involves a series of

To address these limitations and ensure reliabfiePS to identify the weights of criteria in a MCDM
outcomes, this study adopts the Best-Worst Methd OC€SS:

(BWM) [12]. BWM offers distinct advantages for DfR

analysis, making it particularly well-suited foruigating

the complexities of this domain:

* Reduced inconsistency: BWM minimizes : .
inconsistencies inherent in traditional pairwisemakmg comparnsons.
comparisons by focusing on comparisons between the . .
"best" and "worst" criteria relative to all otheiteria. gtﬁ'p 2. Ldentlfy Best ?.nd WO{)St Crltercljal. L
This approach provides a more holistic and robuEt elect the most significant (best) and least sigpnit

Step 1. Identify Decision Criteria.
Identify the decision criteria {C C,, ..., G} used to
evaluate alternatives. These criteria will form Haesis for

framework, going beyond simply identifying the mos worst) DIR criteria from the id_entjf_ied set. Trﬁgleqtion

efficient alternative. By requiring experts to coles locuses solely on the relat_lye significance of eaitierion,

the best and worst criteria as reference pointsl\/BWmdependent of their specific values.

encourages more deliberate and consistent judgments
» Streamlined process: BWM utilizes a vector-based

approach, streamlining the assessment process qnt scale (1 = equal preference, 9 = extremeepeate).

requiring fewer comparisons than matrix-base hese comparisons establish the best-to-otherer{@&D)

methods. This reduces the cognitive burden o o o i
decision-makers, making it more efficient and Iesf;zsr the most significant (best) criterion, denog(1):

prone to errors, especially when dealing with gédar _
number of DfR criteria. Ap = (ap1, gz, ) Opn) (1)

* Intuitive comparisons: BWM facilitates comparisons
against a defined reference (the best and wotstie), B
which aligns with intuitive decision-making process
This makes it a user-friendly tool for practical FDf
applications, enhancing the accessibilty and
understandability of the analysis for both exparts
stakeholders.

Step 3. Define Best-to-Others Preferences.
Pairwise comparisons are conducted employing a 9-

Here, a; represents the preference of the best criterion
over criterion j, andgg = 1 (indicating equal preference
for the best criterion itself).

Step 4. Define Others-to-Worst Preferences.

Similarly, using the same scale, determine the
significance of each criterion over the least digant
(worst) criterion. This information is captured the

The selection of BWM for prioritizing DfR criteria 0 "+ \worst vector (OW), denoted as (2):

stems from its ability to systematically addresmplex,
multifaceted factors while minimizing potential bés.
BWM facilitates the structured integration of exper
Crosede, ich = i o eriandng IS re,  represerts the prefrence o rterion | over
MSME manufacturing ’context While expert evaluac*sionthe worst criterion W, aqdm@, =1 (indicating equal
mav invol biecti ; ; ; r[:l)reference for the worst criterion itself).

y involve some subjectivity, BWM's emphasis o

Ay = () Gy, oors Q)" )
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Step 5. Calculate weights.

sustainability challenges [1]. This research séeksldress

BWM employs an optimization model to calculate théhe gap by equipping MSME decision-makers with a

weights of each criteriomf, wj, ..., w;;) This model
minimizes the maximum absolute difference between t
sets of comparisons {pn aswj|, [w — gwww|}.

robust understanding of DfR criteria. By stratetiyca
integrating DfR into their product design procddSMEs
can enhance product recyclability and contributertader

A minimax model is formulated to achieve thissustainable manufacturing goals.

minimization (3).

min max; {|WB - aB]-W]-|, |Wj - ajWWW|} (3)
Subject to,
Tiw=1 w; =0, forall j

Model (3) can be solved by transforming it into th
subsequent linear programming formulation (4):

Min g 4)
Subject to,

lwg — ag;jw;| < &, for all j

wwy| < &, for all j

w; =0, forall j

b -

J
)

4

J

Model (4) being linear and possessing a uniquéisalu
implies upon solving it, optimal weighte{, w;, ...,w;)
and an optimal valug& will be derived.

The consistency rati§- is calculated to indicate the
consistency of the comparison system. A Value clase
zero implies higher consistency [12].

4 Practical applications: the case of

moroccan MSMEs

4.2  Application of the BWM

To evaluate the practicality of the proposed frammyw
we engaged in comprehensive discussions with tperex
from eight Moroccan manufacturing MSMEs spanning
diverse sectors. These MSMEs were carefully salecte
represent a variety of industries. Participantd Hedy

ositions such as senior design engineer, indlstria

anager, and product engineer, all of whom play
significant roles in the design phase. All partifs had at
least a decade of operational experience, ensaidigrse
spectrum of perspectives.

Following these discussions, experts from each
company participated in a structured evaluatiorcgss.
Prior to engagement, participants were providec wait
briefing outlining the research objectives and itkda
clarifications of each criterion. A preliminary meément
phase was conducted, followed by pairwise compasiso
using the BWM. Experts identified the most and teas
important main criteria, which were designated las t
“best” and “worst” criteria, respectively. They the
compared the “best” criterion against all othetecia,
indicating their preferences. Next, they compardd a
criteria against the “worst” criterion. This prosewas
repeated for the sub-criteria. Individual ratingsoas all
ten experts were aggregated to determine therfinkings
of both main and sub-criteria. Table 2 summarizes t

41 MSMEsin the Moroccan context identified “best” and “worst” criteria for all ten
MSMEs are recognized for their critical role iniing ~ "€SPondents.
economic expansion and development in both L
industrialized and developing nations. They comtsb Table 2 Best and worst crlterlanldent’!fled bytle?plonde"nts
significantly to wealth creation and employment. [ Criterion RBeSt by "Worst” by
. - . espondents |Respondents
Morocco, MSMEs hold a particularly prominent pasiti 5. 50t Architecture PA) 2.7 3.4.6 8 9 10
constituting nearly 99% of the economic sector [31lpar- Simple desic 3.4, 1 5 ¢
Notably, microenterprises represent the vast ngjé8% |pa2: Modular architectu 5,8, ¢ 2.6,
of all businesses within this sector [31]. PA3: Design for disasseml 1,26 3,
Despite their economic importance, MSMES ar@a4: Standardizatic 1,9, 1
significant contributors to global pollution, geagéng an |Material Consideration (MC) [1,3, 4,5, 6,9, 10
estimated 60-70% of it [1]. This necessitatesattheption |MC1: Use of recycled materii |1, 3,4, 5, 8,
of sustainable practices within the sector. WhileMC2: Alternatives materis 7, 1C
classification criteria for MSMEs vary by country,|MC3: Materials compatibilit 2,6,
Morocco uses a turnover-based system. This systedfC4: Avoid contaminan 1C
categorizes businesses into microenterprises (Ann{}C5: Materials diversity 1,3,45,89
turnover< 3 million dirhams), very small enterprises (3-1QMC6: Economic convenien 2, ¢
million dirhams), small enterprises (10-50 million/ENd of Life Considerations  |g 12,57
dirhams), medium enterprises (50-175 million dirkam (EoL) 23 o
and large enterprises (> 175 million dirhams). ThigEoL1: Identification and IabellingrlL’C 34,56,
nuanced approach facilit.ates targeted supportiﬁgliimr olL2: Recycling systems
SMEs and allows businesses to assess their grOV‘Eanideratio 8 3,4,6,7
potential [31]. EoL3: Legislative consideratir |9 1,2t
Despite their substantial environmental footprin{gqgL4: Information and
MSMEs often lack comprehensive strategies to addrgsommunicatio 89,10

~121 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica

Volume:

- International Scientific Journal about Logistics

12 2025 Issue: 1 Pages: 117-126

ISSN 1339-5629

Prioritizing design for recycling criteria in Moroccan manufacturing
Youssef Moujoud, Hafida Bouloiz, Maryam Gallab

The BWM method uses pairwise comparisons tBespondent 1's judgement that MC is “Highly to

ascertain the relative importance of criteria. Masfrate,
Table 3 presents Respondent 1's preferences foipes¢’
main criterion compared to other main criteriayedl as
their preferences for each main criterion compaocethe
designated “worst” criterion. These pairwise congmars
were conducted using a 9-point scale (detailechiold 4).

Table 3 present Respondent 1's pairwise comparisons
using the Best-Worst Method (BWM). These compasson

exceptionally more significant” than EoL consideras.

Table 4 BWM scale for pairwise comparisons

Term

Scalg

Equally significan

1

Equivalent to somewhat more signific

Somewhat more significe

establish preferences for the “best” main criterieiative

to other main criteria (Best-to-Others vector, @)Band

for each main criterion compared to the “worst'tenion
(Others-to-Worst vector, or OW).

Table 3 Pairwise comparison of main criteria bypesdent 1

BO PA MC EoL
Most  important:  Material 4 1 8
Consideration (MC)

Least important: End of

ow Life Considerations (EoL)
PA 3
MC 8
EoL 1

For example, in the BO vector (Table 3), the valfié
at the intersection of Material Considerations (Md@d
Product Architecture (PA) signifies that MC is cifesed
“Somewhat to considerably more significant” than. PAThe final weights for the main criteria and suldesia were
The diagonal entries (e.g., MC and MC) are autarabyi
assigned a value of 1, denoting equal importancall respondents. Table 9 presents these final gedra
Similarly, in the OW vector (Table 3), the valueSoét the Wweights.

Somewhat to considerably more signific
Considerably morsignifican
Considerably to highly more signific:
Highly more significar

Highly to exceptionally more significe
Exceptionally more significa

OO NOORIWIN

After evaluating of the main criteria, Respondent 1
undertook pairwise comparisons of the sub-critesthin
each category using the same 9-point scale (1-8¢ T
results of these comparisons for Product Archiregtu
Material Considerations, and End-of-Life Considiers
are presented in Tables 5-7. Weights for both tlaénm
criteria and their associated sub-criteria werenthe
calculated using equation (4). Table 8 summarihese
calculated weights for Respondent 1.

This process of pairwise comparison and weight
calculation was repeated for each of the ten redguts.

then calculated by averaging the individual weigiigss

intersection of MC and EoL considerations reflects

Table 5 Pairwise comparison for PA sub-criteriarbgpondent 1

BO

PAl

PA2

PA3

PA4

Most important: Design for disassembly (PA3)

2

3

1

8

ow

Least important: Standardization (PA4)

PAl

PA2

PA3

PA4

||~ |On

Table 6 Pairwise comparison for MC sub-criteriafegpondent 1

BO

MC1

MC2

MC3

MC4

MC5

MC6

Most important: Use of recycled Materials (MC1)

1

6

5

4

8

3

ow

Least important: Materials diversity (MC5)

MC1

MC2

MC3

MC4

MC5

MC6

AR |O|(OT1|N |00

Table 7 Pairwise comparison for EoL sub-criteriaregpondent 1

BO

EolL1

EolL?2

EolL3

EolL4

Most important: Identification and labelling (EoL1)

1

2

5

2

ow

Least important: Legislative consideration (EoL3)

EolL1

5

EolL?2

EolL3

EolL4

4
1
4
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Table 8 Weights of main and sub-criteria for resgemt 1

Main Criteria |Local weights|Sub Criteria|Local weights Sul-criteria |Global Weights|Ranking
PA1 0.27( 0.052 7
PA 2 0.18( 0.03¢ 9
PA 0.194 PA 3 0.49¢ 0.09¢ 4
PA 4 0.05¢ 0.011 12
MC 1 0.43¢ 0.31; 1
MC 2 0.091 0.06¢ 6
MC 3 0.11(C 0.07¢ 5
MC 0.722 MC 4 0.13; 0.09¢ 3
MC 5 0.041 0.03( 10
MC 6 0.18: 0.132 2
EoL 1 0.51¢ 0.04: 8
EoL 2 0.30¢ 0.02¢ 11
Eol 0.083 EoL 3 0.05: 0.00 14
EolL 4 0.12: 0.01( 13

5 Discussion and analysis of results
The substantial weight accorded
considerations (MC) underscores the
importance of material selection in determining@dpct's
recyclability. This aligns with the global emphasia
material-centric DfR practices and the principlefs ao

supporting a thriving informal sector of produgba& and

to materigdiefurbishment in Morocco. This highlights the roliethe
paramouftformal sector in extending product lifespans. Tower

emphasis on extensive product architecture oveshaul
might contrast with developed economies, whereelarg
manufacturers generally have greater flexibility design

circular economy. Effective]y managing the flow Ofinnovation. This difference could be influenced by

materials throughout the product lifecycle, fromwra
material sourcing to end-of-life processing, iscil for

achieving circularity. The high rankings of crigerike

“use of recycled materials” (MC1l) and
compatibility” (MC3) further solidify this commitrm to
optimizing material flows. This emphasis also reffiethe
realities of the Moroccan recycling industry. Liett

technological constraints and limited investmernacity
of Moroccan MSMEs. Furthermore, the need to adegit t
designs to the realities of an informal recyclirectsr

“material@ppears particularly important for Moroccan MSMEs.

The relatively lower weight given to “recycling
systems consideration” (EoL2) and ‘“legislative
considerations” (EoL3) indicates that MSMEs pereeiv

infrastructure and dependence on informal Sortinwnited influence over these broader life CyCIeEHSp. This

necessitate a focus on readily identifiable, coibfet
materials with established recycled content sourBgs
prioritizing such materials, Moroccan MSMEs canigas
their products seamlessly integrate into the egsti
recycling ecosystem.

While product architecture is significant, its lawe

emphasis compared to material considerations stgyges
that extensive design overhauls might be constiaine

within the surveyed companies. These constraintgdco
arise from various factors: limited production ceipa
where smaller production runs may not justify inwents
in complex product architectures;
external market demands, which may impose strisigde
specifications that limit flexibility; and techngaal
limitations, where existing manufacturing setupsymat
be easily adaptable to intricate designs. Howetles,
prioritization of “modular architecture” (PA2) afidesign
for disassembly” (PA3) is noteworthy. This alignghwv
trends in emerging economies, where customizaféster
time-to-market, and easier repairability are inshegly
valuable.

compliance with

underscores the need for collaborative initiativesveen
stakeholders to optimize the reverse logistics ¢sses
associated with DfR. This includes:
* Manufacturers: Implementing DfR principles to
facilitate efficient sorting and processing withiine
reverse logistics flow.
Policymakers: Establishing clear
developing recycling infrastructure.
» Recycling industry: Investing in sorting technolegi
and fostering formal recycling channels.

regulations and

Such collaborative  efforts  should prioritise
infrastructure enhancement by upgrading sorting and
processing facilities to handle a wider range ofemals,
standardised labelling by implementing clear and
consistent labelling systems to guide consumers and
recycling operators, and incentivising respongioéetices

by establishing financial or regulatory incentivés
encourage eco-friendly design and responsible coesu
behaviour.

The emphasis on material considerations aligns with

This seemingly forward-thinking approach within theglobal trends. However, Moroccan MSMEs demonstate
Moroccan MSME context could be attributed to marketnique approach to DfR, focusing on adapting to the
adaptation. Modular designs may be more suitabte fomitations of the existing recycling infrastructurand

smaller production runs or accommodating custonerstd

prioritizing materials that readily integrate inbids system.
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Additionally, the prioritization of “Modular Architcture” demands in Morocco, suggesting proactive stratefgies
(PA2) and “Design for Disassembly” (PA3) within theoptimizing recyclability within these constraints.
constraints of production capacity suggests a egfiat At a national level, this research highlights toteptial
approach that balances practicality with poterterefits for developing cross-sector DfR guidance. By corimgin
for repairability and market adaptation. Furthethe proposed framework with sector-specific knogkd
comparative studies exploring DfR priorities acrosgailored guidelines can be created to addressistiactive
MSMEs in developed and emerging economies woulthallenges faced by various industries within Moms
provide valuable insights into how economic contexmanufacturing sector. This study also undersctiea¢ed
supply chain dynamics and recycling infrastructuréor a comprehensive national dialogue on DfR pcastiin

influence these priorities. Morocco. The findings provide a foundation for pwli
discussions focused on developing robust recycling
Table 9 Aggregate weights of DfR criteria for &kt infrastructure, establishing consistent labelirandards,
respondents and incentivizing responsible end-of-life  product
. Local management.
Main | Local | Sub | weights | Global \o o0 While this study offers valuable insights, it isestial
Criteria | weights Criteria Cr?tlétr)i'a Weights to acknowledge its limitations. The sample sizejlavh
PA 1 027E 0.06E 8 representative of d.iversef manufacturing sgb-secz_md;
oA 0037 |_PA2 0.20¢ 0.07¢ 7 ?il;jrgn\jfonrﬁg by.the inclusion of an engineering gm_ngJI
PA 3 0.292 0.07¢ 6 g with numerous MSMEs, may still limibe
PA 4 0137 0032 12 generalizability of findings to the broader MSME
MC 1 0.29¢ 0.161 1 population in Morocco. Future research with larged
MC 2 0.11€ 0.064 9 more diverse samples would enhance the generdiigabi
MG 0.539 |_MC3 0.19¢ 0.107 2 an_d p_rovi.de a more compr.ehensive understanding®f D
' MC 4 0.16¢ 0.091 4 prioritization across different MSME contexts.
MC 5 0.077 0.042 12 Additionally, applying other MCDM techniques alomndgs
MC 6 0.14¢ 0.07¢ 5 the BWM could further validate the criteria pridzition
EoL1 | 0.45¢ 0.10¢ 3 and offer a more robust analysis.
EoL | 0224 LEOL2 | 0211 | 0.047 1C Further research could delve deeper into the leng-t
EoL3 | 021C | 0.04/ 11 implications of DfR implementation, considering tfars
EoL 4 0.12¢ 0.027 14 such as technological advancements and policy &sang

. This would involve exploring future trends and pial

6 Conclusion and future research disruptions that could affect the feasibility and

This research contributes to the theory and prdfc effectiveness of the prioritized DfR criteria. 8uen
Design for Recycling (DfR), particularly within tlentext  analysis would contribute to a more comprehensive
of Moroccan manufacturing MSMEs. By introducing thqnderstanding of the long-term implications of DfR
Best-Worst Method (BWM) for prioritizing DfR critet,  strategies and enhance their practical value.
this study offers a rigorous, data-driven approach Thijs research paves the way for extensive exptorati
applicable across diverse economic contexts. Thié-muand implementation of the DfR criteria prioritizati
level DfR framework developed serves as a valuie  framework within Morocco's manufacturing sector. By
for both researchers and practitioners, enablingtitred addressing the identified limitations and fostering
evaluation and comparison of DfR initiatives.interdisciplinary collaboration, future researcim darther
Furthermore, by focusing on the unique context Qfdvance sustainable manufacturing practices, lingfi
Moroccan MSMEs, this study addresses a cruciglt only Morocco but also contributing valuableigfs to

knowledge gap and provides insights into the sigecifthe global discourse on DfR in emerging economies.
challenges and opportunities these manufacturess ifa

emerging economies. This nuanced understandif§aferences

enhances the practical relevance of existing Df ]SIMMOU, W., GOVINDAN, K., SAMEER, |
frameworks and underscores the need for globally” |y jsSAINEY K. SIMMOU. S.- .I’Doing good to be
inclusive approaches to sustainable design. green and live clean! - Linking corporate social
The prioritized DfR criteria _|dent|f|ed .offer responsibility ~ strategy, green innovation, and
manufagturers a cIe_ar road_map for implementatidre T environmental performance: Evidence from Maldivian
emphasis on material considerations, such as theolus and Moroccan small and medium-sized enterprises,

recycled materials and mater_ial. compatit_)ility, atiguith Journal of Cleaner Productign/ol. 384, No. January,
the strengths of Morocco's existing recycling isfracture 135265, pp. 1-11, 2023

and provides a strategic pathway for immediate pq.//doi.org/10.1016/).jclepro.2022.135265
improvements in product recyclability. Additionallthe [2]Ll, Z., GOMEZ, J., PEHLKEN, A.:A systematic

focus on modular architecture and design for disably review of environmentally conscious product design
reflects the specific technological landscape ardket Proceedings of the Envirolnfo and ICT for
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