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Abstract: This article delves into the evaluation of susthiegerformance in the mining industry, employihg Fuzzy
Analytic Network Process (FANP) method. It speelfig concentrates on examining five pivotal dimensi of

sustainable development: economic, social, envienad, operational, and stakeholders. Through pipdication of the
FANP method, a meticulous prioritized ranking isabished, not only for these dimensions but atsottie specific
fields within each of them. This holistic approgmovides a comprehensive, well-balanced assessvhesistainable
performance, offering a wealth of valuable insighist can guide decision-making processes. Moretkermethod's
utility extends beyond the mining sector; it is gaized into a versatile model that can be appieass different
industries and research domains. This adaptalisligchieved by incorporating a machine learningdtigm, with a

primary focus on a multilayer perceptron. This moeeables the precise determination of a compaoyéyall

multidimensional performance by quantifying varidasets of performance, among other consideratibms.research
presented in this article serves to bridge aniexjgfap in integrated studies specific to the Moascmining industry. It
provides actionable insights that can significamthhance management practices and foster susidabélopment,
making it a valuable contribution to both the inalysnd the broader research community.

1 Introduction in the Moroccan mining industry. The FANP method

The mining industry holds a pivotal role in a cayist allows for the examination of interconnections agion
economic progress; however, it grapples with sigaift various dimensions apd_ quantifies their relative
environmental and social issues. In light of thise Significance, thereby furnishing a more thorougt aell-
evaluation of sustainable performance has becorRalanced evaluation [5].
indispensable to ensure responsible and enduriningni  Furthermore, this approach is generalized into a
practices in Morocco. Despite the growing emphasis Versatile model that can be employed across digersters
sustainable development within the Moroccan miningf research areas. This versatility is accomplighealigh
sector, there's a noticeable absence of compreeendgihe use of a machine learning algorithm, primartljzing
studies that simultaneously investigate the fivecd @ multilayer perceptron. The model empowers the
dimensions: economic, environmental, social, opmmat, assessment of the company's overall multidimenkiona
and stakeholders [1,2]. This deficiency underscahes Performance by quantifying various performance etspe
necessity for a holistic approach to appraisingesnsble ~ This research is substantiated by an up-to-date
performance in this field [3,4]. literature review, which underscores the signifirof

The current study seeks to bridge this gap by eyiqjo  Sustainable development in the mining industry &l
the Fuzzy Analytic Network Process (FANP) method ténperative for a comprehensive evaluation of snatale
assess the sustainable performance of a compaagetg Performance. Recent references are cited to highte
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challenges and concerns related to sustainabilityhe In here, we find a compelling fusion of artificizural
context of mining. networks (ANN) and fuzzy analytic network process

2

(FANP) methodologies to address the intricate ehajs
Literature review of sustainability in the mining sector. This inntiva

The mining industry in Morocco is a significant@PpProach is underpinned by an expanding awarerfess o

contributor to the country's economy, and it playsucial ~Sustainable development [7]. _
role in various sectors, inc|uding mining of miriera These studies illustrate the potentlal of ANN ard\NP

phosphatesi and precious metals [6] Here is arvieve @S powerful tools for Comprehensive sustainability
of the mining industry in Morocco: assessment. By amalgamating ANN's data-driven

Phosphate Mining: Morocco is one of the world'§apabilities and FANP's ability to handle complex
largest producers and exporters of phosphag@0|§|on-maklng processes, researchers have mam_ged
minerals. The country possesses abundant phosphgfgvide a well-rounded framework for evaluating
reserves, which are essential for fertilizers angustainable performance [8].

agricultural production. Phosphate mining is a majo ~ Crucially, the literature highlights the unique et of
source of revenue for Morocco. the Moroccan mining industry, where environmental,

Precious Metals: Morocco also has a rich history ¢iocial, and economic dimensions intertwine. Thibridy
mining precious metals, particularly gold and silve @PProach offers precise insights, paving the way fo
The country is home to several mining project§Ct'0”able recommendations that can catalyze rsdgen

focused on these metals, attracting both domestic aPractices and contribute to the long-term sustalibabf
international investment. the industry. It is evident from these findings tthhe

ombination of ANN and FANP methodologies is
%ecoming increasingly indispensable in the miniectar,
serving as a promising blueprint for holistic susdale
.Qerformance evaluation in Morocco and potentiafty i
gther comparable industri¢g].

Diverse Mineral Resources: In addition to phosphat
and precious metals, Morocco is known to hav
substantial deposits of other minerals, includesg|,
zinc, copper, and barite. The mining sector
diversification has the potential to boost economi
growth.

Economic Contribution: The mining industry3 MethOdOI()gy . )
contributes significantly to Morocco's GDP and _ This paragraph outlines the methodology adopted in
provides employment opportunities, both directlgl anthis study, which primarily focuses on assessiegiterall
indirectly, in various regions. It is a criticalser for ~Multidimensional performance of the mining indusfrize
Regulation and Investment: The MoroccarfliS research. To carry out the FANP analysis, the
government has implemented policies to attragUPerDecision software was utilized. By employindP
foreign investment in the mining sector. This g through the SuperDecision software, we were able to
offering incentives to companies willing to invést effectl\{e!y ev_aluate the. multidimensional performarpf
exploration and mining projects. the mining industry rigorously and comprehensively.

Environmental and Social Considerations: As Wiﬂ?efore p_roceeding to the next step of generaliata'm
many mining industries worldwide, there ardntermediate method was employed to consolidate the
environmental and social challenges that need to pgt@ined results. This method “involved the direct
addressed in Morocco. Sustainable and responsitﬁ@p“??t'on of the minimal gqnd|t|on alggrlthm. th's.
mining practices are gaining importance, as thiansitional phase, the minimal ~condition algorithm
industry seeks to balance economic development wi .Iowed_ for the evaluation and verification of“the
environmental conservation and social well-being. dimensional and overall performance of the utilized

Infrastructure Development: The development O@pproach. It served to confirm the relevance obtitained

infrastructure, including transportation networks,resur[S before emparkl_ng on the generalizationgssc
Once the validation of performance levels was

ports, and energy supply, is essential for the grow

of the mining sector in Morocco. These investment&ompleted using the minimal condition algorithme th
facilitate the export of mined products. method was generalized by employing the multilayer

Export Markets: Morocco exports a significantperceptron' Thi.s. choice was motivated by the naylat
portion of its mining products to international PErCEPron’s ability to handle more complex prolsiemd

markets, making it a key player in global mineraf 2Pture n_on-h?]ear rle!fatlonshlps betweeﬂ vanat_al_ﬂs.
markets. incorporating the multilayer perceptron, the apgiitity

. . _._of the method was extended to broader domainsjirgab
Research and Innovation: The Moroccan minin 9

. . Shore general conclusions to be drawn from the pbthi
industry has also seen advancements in research and |jts

technology to improve efficiency and reduce the
environmental impact of mining operations.
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Application of FANP for |:/ Transition: Application of \= Predicting Overall

prioritizing the studied fields minimum condition algorithm. e e e
I and dimensions I

/ \ Performance

Figure 1 The main phases of the Fuzzy Analytic blé&tW®rocess

The diagram depicted in Figure 1 provides a detfaileevaluation of the company's performance was coeduct
representation of the approach followed in thisdgtu using judgments from qualified experts in the fiafl
starting from the Fuzzy Analytic Network Proces8iP)  mining. The experts were selected based on thpértize
and extending to machine learning through the mahimand in-depth knowledge of the company and the ingus
condition algorithm. By following this comprehensiv Their judgments were collected and utilized to ssse
approach, from FANP to the minimal condition algfum relevant criteria and sub-criteria, thereby qugmg and
and machine learning, the study ensures a rigoanals prioritizing the company’s overall performance. §hi
robust analysis of sustainable performance. Thgrailm expert judgment-based approach aims to provide an
offers a visual representation of the step-by-steqccurate and informed perspective to the evaluation
methodology adopted, facilitating a clear undeditamof leveraging the expertise and experience of prajaass in

the research framework. the mining sector.
The study is based on the following five dimensions
3.1 Initiation of the study economic, environmental, social, operational, and

This study is mainly based on the application @ thstakeholder transparency. These dimensions are
Fuzzy Analytic Network Process (FANP) method to theonsidered the main pillars of sustainable devetaprand
data of one of the largest multinational companiegill serve as the primary evaluation criteria. Each
operating in the mining industry in Morocco. Thedimension encompasses a set of fields, which im il

form the sub-criteria for evaluation.

Data collection ¢
L —> Values retention
Links/dependencies identification ¢
& Selection

Pairwise comparison (fields & dimensions)

i Transition to the predictive
model

Weights calculation

Minimum condition algorithm application
Weighted average calculation & fields
classification l

Resultats consolidation (resulting outputs)

¥

Inputs assigning

y

Inputs propagation (accross neural network)

! )

Rounding of obtained values s Outputs grouping (in forward pass)

'

Results comparison (resulting output and
expected outputs)
Errors calculation

!

Model parametrs adjustement

Integer value?

Figure 2 Diagram detailing the followed approach
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1- The economic dimension focuses on assessing the The stakeholder transparency dimension focuses on
mining company's financial performance and the company's communication and transparency in its
economic viability. interactions with various stakeholders.

2- The environmental dimension aims to evaluate the
company's impact on the natural environment and its Considering these dimensions and their respective
commitment to sustainable practices. fields, a comprehensive evaluation framework is

3- The social dimension examines the company's socedtablished based on the FANP method, allowingafor
responsibility and its contribution to the well-bgiof holistic assessment of the mining company's sistéen
local communities and stakeholders. performance. This structured approach ensureskinat

4- The operational dimension assesses the efficiemty aaspects of sustainable development are adequately
effectiveness of the company's operational prosessaddressed and evaluated, providing valuable irsifgt
and practices. decision-making and improvement initiatives.

Selection

v

Sustainable performance

A

Main dimensions Complementary dimensions

A A Y A A

(WSP)Water and
soil pollution
(EC)Energy
consumption

(WR)Waste and

recycling

(HW)Hazardous

waste

Safety &Health
(TA)Training and
awareness
(CEJ)Cohesion,
equity, justice
(AQ)AIr quality
(NP)Noise pollution

exchange with
external
stakeholders
(FC)Financial
contribution in its
environment
(In)Innovations in
commercial offers

transportation
(EF)Efficiency and
flexibility
(DRR)Delivery
reliability and
reactivity
(CS)Customer
satisfaction

Environmental Social Economic Operational Stakeholders
(GOV)Governance
(VT)Visibility and
(WC)Wealth transparency of the
. . creation (TC)Transport cost Supply Chain
(AP)AIr pollution (SSH)Security & (FEE)Financial (CT)Collaborative (SA)Strategic

agreement of
stakeholders and
interested
parties
(SCol)Satisfaction
with the
collaboration of the

Supply

(CD)Cost of delay Chain
(IS)Interest in
sustainability

Figure 3 The framework of FANP for sustainable perfance assessment

3.2 Meansand methods imprecisions within the decision-making process.e Th
3.2.1 FANP-based decision-making FANP method provides quantitative outputs for
The Fuzzy Analytic Network Process (FANP) is aorioritizing criteria, evaluating performance, améking

multicriteria decision-making method that effective informed decisions.

addresses complex problems by incorporating both

dependency relationships and fuzzy judgments.doted 3.2.2  Weighted sum and weighted average

by Thomas L. Saaty, 1980 [10], FANP has found Weighted sum and weighted average are two
widespread application in the fields of operatioesearch mathematical computations employed to combine afset
and decision science. The FANP methodology revolva@lues by assigning weights to each vdll@. Although
around the construction of an analytic network th&ioth methods involve the allocation of weights to
captures the relationships among criteria, sulergaitand individual values [14], the selection between theo t
alternatives. Pairwise comparisons are conductedgess methods depends on the specific context and teedet
the relative weights of network elements [11]. Ruzzpurpose of the calculation as they diverge in th@mer in
judgments are accommodated using fuzzy logic Iheots  which these weighted values are consolidated [tbh
ANP to fuzzy logic, a valuable technique for deglimith ~ weighted sum, each value is multiplied by its
nondeterministic and nonlinear issues. It can e corresponding weight and subsequently added togethe
fuzzy and qualitative knowledge, and so can redikera  [16,17] This yields the aggregate of the weightatligs.
human [12], allowing for the modeling of uncertastand Mathematically, it can be represented as (1):
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Weighted Sum = (Valuel * Weightl) + (Value2 * W&k ... + (ValueN * WeightN) (1)

The weighted sum produces a comprehensive value While in a weighted average, each value is mudigli
that encompasses the cumulative contribution oh eaby its weight, and the sum of the weighted valseBvided
value, accounting for its assigned weight. by the sum of the weights. Mathematically, it cam b

expressed as (2):

. Valuel x Weight1) + (Value2 * Weight2) + ..+ (ValueN * WeightN
Weighted averageg 9 ), ( 9 ) - ( ghtN)) (2)
(Weightl + Weight2 + ..+ WeightN)

The weighted average generates a representative val The minimum condition algorithm, as described earli
that incorporates both the values and their rebmectis utilized in our performance measurement system t
weights. This approach is beneficial when calcnfpéin calculate the overall multidimensional sustainable
average that acknowledges the importance or sigmifie performance value. This algorithm assigns the mimim

of each value [15]. value of the fields within each dimension to detesrthe
performance level of that dimension. The stepsliaain
3.2.3 Presentation of the “Minimum condition the algorithm can be summarized as Figure 4.
algorithm”
D.mp
Multidimensional sustainable
‘ performance J
' [ '
w D-sd D.os |
( Sustainable development J LOperationaI+Stakeholders}
A\ AN
D.Env | | LI [p-soc D.Eco p.op || D.Sta

Stakeholders

1. Field Performance Determination: Assign a score The output values are derived directly from the
ranging from 1 to 9 to each field within everyapplication of the minimum condition algorithm, whi
dimension. assumes that a global performance level (outpubhig

2. Dimension Scoring: Determine the score for eachchieved when all the inputs are validated.
dimension by considering the minimum scores of the The minimum condition algorithm comprises three
fields within that dimension. The performance & thmain performance levels, adopting a scale from B.to
dimension is equivalent to the minimum value amon@onsequently, the output performance level is datexd

@

Figure 4 Performance calculation levels

its fields. by the lowest score assigned to the dimensions as
3. Comparison of Dimensional Performance: mentioned in Figure 5.
4. Sustainable Development Performance (D.sd):
Determine the minimum dimensional performanc A srakgkéﬁjsérgp‘:?g:’;}‘:;ggievel
value among economic, environmental, and soci DL4oZ=(1<2~3}
dimensions. D.sd = Min (economic dimensiona High performance (3) DL.os=1if D.0s={1:2:3}
performance, environmental dimensiona DL.os=2 if D.0s={4:5,6}
performance, social dimensional performance) Aedium performance (2) HEamai D)

5. Operational Performance + Stakeholders (D.os
Determine the minimum dimensional performanc
value among operational and stakeholder dimensior  Low performance (1)
D.os = Min (operational dimensional performance
stakeholder dimensional performance).

6. Performance Level Determination for D.sd and D.os. o .

7. Calculation of Sustainable Multidimensional Figure 5 Multidimensional performance measuremeates
Performance (D.mp): D.mp = Min performance level
(D.sd, D.os).

DL.sd: Sustainable development
performance Level
DL.sd={1;2;3}
DL.sd=1if D.sd={1;2;3}
DL.sd=2 if D.sd={4;5;6}
DL.sd=3 if D.sd={7;8;9}

- N w SO N®O
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3.2.4  Atrtificial neural network 4 Practical case
ANN is a data processing archetype that is triggiere 4 1 Application FANP

such a way that_the _information in the human biain In this case study, experts utilized the Fuzzy il
processed by a biological nervous system. It isemgmof  Network Process (FANP) with the assistance of te-u

a large number of highly interconnected processingiendly SuperDecisions softwaf20,21].

components, which are neurons that work togetheolie software integrates advanced methodologies to
certain issues. For chores requiring precise amira gnphance decision-making processes across different
mathematical calculations, the computer surpasse®Iit  jomains [22]. Through pairwise comparisons, a group
brain systems. Artificial neural systems ensure theyrefully selected experts with expertise in sustale
production of innovative information processingwetks. performance assessment identified the interactions
Its computation falls somewhere in the middle befwe petween various dimensions and fields. These ictiors

artificial intelligence and engineering [18]. shed light on the intricate relationships withia gvaluated
Neural networks, specifically multilayer perceptsin gystem. Notably, direct interactions among thedsel

are a branch of atrtificial intelligence that modeh-linear specified in the provided table were identified the
mappings. They consist of interconnected nodes WiH}(perts [23].
welghted_ connections anq non-linear activation tions. The SuperDecisions software visually presents the
By combining these functions, they approximate demp nteractions through a model represented in FigufBhe
relationships [19]. Used in many fields, the apgtiien of  moqel consists of five clusters, each represetisgecific
ANNs has seen a lot of success in a number ofrélifte gimension, Within each cluster, nodes are assigned
areas of specialization, including. represent the fields under study. This visual regméation
_The multllayer perceptron is {ifeed-forward ”etworlf)rovides a clear and organized depiction of the
with multiple layers, where the input layer sen@sa yg|ationships between dimensions and the spedifldsf
conduit for data transmission. being assessed. The clustering structure facitabe
categorization and grouping of interconnected §geld
enabling a comprehensive analysis of the entiresys

CﬂEnviro‘n‘?n‘é‘n;a‘l [__[ea][><] Sociéi‘ g@@ CﬂEconém}é -;= e

AP| Al co|
ec| ceJ Fc|
HwW L — — — — — — n~nP| S - FEE]|
WR: SsH n|
wse| A wol
N el N — = 77;:,-- il ’
‘QoPer;{ié;\;ﬂﬂslglglg a - B T hQStakeh-()id-;l:s-gl@lml
cs| iclav|
cT| IS
DRR| — - T SAI
= scoll
TCI | VTI

Figure 6 Selection network

In FANP evaluation, values 1, 3, 5, 7, and 9 (Tdhle quantification of decision-makers uncertain or iggise
are frequently employed to convey the degrees qidgments. Here is a general interpretation oftytpécal
importance or preference for criteria or alterregivihese connotations associated with these values whictbbas
values are linked with descriptive language toiaithe used in pairwise comparison.

Table 1 Pairwise evaluation scale
Importance Explanation
1 Signifies minimal importance or extremely low pmefece. This implies that the criterion is deel
insignificantly important or inferior when comparedthemajority of other criteric
3 Represents moderate importance or moderate preér&€his suggests that the criterion holds a cehtaiel
of significance or a moderately preferred posiaomong the other criter
Indicates an intermediate level of importance oeatral preference. This means that the crites@onsidere

5 to possess a medium degree of importance or aahguéference when compared to other crit

7 Denotes a high level of importance or a stronggpegice. This indicates that the criterion is regdms havin
substantial importance or a significantly highesfprence relative to the other crite

9 Reflects an extremely high level of importance wefgrence. This signifies that the criterion isweel as

critically important or holds an exceptionally higteference when compared to other crit
2,4,6,¢ |Even scores reflect intermediate val
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1. Choose 2. Cluster comparisons with respect to Economic - 3. Results
Node Cluster Graphical Verbal Matrix Questionnaire Direct o _,I Vybrid =
Choose Cluster ‘Operational is equally as important as Stakeholders — Inconsistency: 0.00254 —
Economic — - |Economic 0.764
1. Economic >=9.59|8|7 6]5|4|3|2| |2]3]4]5]6|7|8]e| >=9.5 Noc Srarations o114
2. Economic >=9.5|9|8|7[6 5|4|3|2| |2|3]|45|6|7|8|9|>=9.5|Noc [Stakehoid-] 0.120
3. Operational| >=9.5 [9[8[7[6[5[4[3]2]  2[3[4[5[6[7[8]o] >=9.5|No c

Figure 7 Pairwise comparison example

a- Dimensions and fields prioritization as cause-effect or dependency connections. Theke li
The Fuzzy Analytic Network Process (FANP) iscapture the associations between dimensions add,fte
utilized in this study to prioritize fields by agming which weights are assigned based on their signmifiea
weights. The primary goal is to quantify and rahlke t This assignment is done through pairwise comparison
elements involved in the decision-making processnalysis, where two criteria are compared at a time
allowing for a more informed approach. Weightdetermine their relative importance compared tceeiath
prioritization becomes crucial when multiple critgeare The resulting weights are then used to calculatighted
considered, as it helps identify the most impactiul weights for each criterion and sub-criterion assted with
relevant ones. By doing so, it enables a focusherkey the dimensions. These weighted weights indicate the
aspects and prevents subjective or equal evaluefiali  relative importance of each criterion within thenteext of
criteria. sustainability being studied. The Figure 8 belogusily
Once the analytic network is constructed to represerepresents the relative importance (weights) ofaitbria
the relationships between criteria and sub-critdpa and main criteria based on the pairwise comparisons
dimensions and fields), causal links are estaldisbiher conducted.

20% | 11%

31% | 28%

[ [ e NS

11%

| 1%

Environmental Social Economic Operational Stakeholders

T T T T T T T T T T T
Figure 8 The relative importance (weights) for meriteria and sub-criteria

b- Sustainable performance calculation dimension. This computation can be accomplishealititr
By applying weighted weights [24], the calculatioh techniques like the weighted sum or weighted aeiag

sustainable performance involves aggregating theeores. The weighted average is particularly vaduab it

measurements of criteria and sub-criteria linkestdoh provides a consolidated metric that considers dtetive
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distribution of weights by dividing the weightedsiby the weights, it becomes possible to calculate sustéénab
sum of weights (Table 2). In this approach, theghveid performance by amalgamating the measurements of
average is utlized to determine the sustainabkriteria.

performance of dimensions. By incorporating theghtsd

Table 2 Example of weighted average results

Dimensions Fields Weights Fields Weighted Weighted
performances weights average
Environmental AP 0.2t 5 1.2¢
WSF 0.2: 4 0.9z 4.37
WR 0.21 5 1.0¢
HW 0.2C 3 0.€
EC 0.11 5 0.5¢
Social SSH 0.27 5 1.3t 4.14
AQ 0.2¢ 4 0.9¢
NP 0.1¢ 4 0.7¢
CE. 0.17 4 0.6¢
TA 0.1: 3 0.3¢
Economic WC 0.31 5 1.5¢ 4.89
CD 0.2¢ 5 14
FC 0.1¢€ 5 0.t
FEE 0.14 5 0.7
In 0.11 4 0.4
TC 0.2¢ 3 0.8¢ 3.68
Operational Cs 0.2¢ 5 1.8
CT 0.22 4 0.8¢
EF 0.12 4 0.4¢
DRR 0.12 4 0.1¢
Stakeholders SA 0.27 5 1.3¢ 4.53
VT 0.22 5 1.1
Gov 0.1¢ 5 0.9t
SCo 0.17 4 0.6¢
IS 0.1t 3 0.4¢

Through the utilization of the weighted average, weearest integer using conventional rounding ridash as
were able to perform calculations that yielded Wwidg rounding up or rounding down.
aggregates. These aggregates served as valuaicktdnsl According to the minimum condition algorithm, the
of the relative performances exhibited by the Selohder performance level of a higher-level (D.sd, D.ospanp)
consideration in this evaluation. The weighted ager relies primarily on the minimum performance valogoag
method takes into account the assigned weightsadf e the dimensions (D.Eco, D.Soc, D.Env, D.Op, and &).St
field and combines them with their respective penEnce contained within that same level or the oversizellbeing
measures. This approach allows for a comprehensistudied (D.os, D.sd). By applying this algorithme w
assessment that considers the varying degrees qofantified the performances of D.sd and D.op, skt
importance assigned to each field. By obtainingseheon these two measures, calculated the overall
weighted aggregates, we gain a deeper understanflingnultidimensional sustainable performance, D.mp.
how the different fields compare in terms of their The resulting data underwent analysis using a machi

performance within the evaluated context. learning algorithm to investigate the relationsbgtween
the various sustainable performance values of the

4.2 Minimal condition algorithm and artificial dimensions and the overall sustainable performaate

neural network for each scenario. This learning process was choig

Before proceeding to the next steps, we performdtsing a neural network, specifically a multilayer
rounding of the weighted scorg®4]. Different methods Perceptron, with a database comprising over 200,000
are used to round real values to integers in swsitig Observations from the mining company's performance
performance measurement. In this context, we witipa  indicator monitoring systems. _
the classical approach of rounding the weightedesco ~ The Table 3 below provides an example of scenarios

This method involves rounding the real values te thillustrating the transition from the rounded weigt
average to the value of D.mp.
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Table 3 Scenarios’ examples
Scenario 1 Scenario 2 Scenario 3 Scenario 4

D.sd=2
D.mp=2

D.os=3

The elements found in the initial columns of eaclffers an innovative and efficient method for assesand
scenario correspond to the inputs of the ANN modepredicting multidimensional performance. It not yonl
whereas the elements in the final columns repretent enhances our comprehension and measurement of
outputs of the model. This structure is designechfiture sustainable performance in practical applicatiomsabso
the relationship between the input variables ane tlsupports decision-making processes and advancgepso
resulting predictions or outcomes generated byAiN&l  toward sustainability objectives.
model. The input variables, located in the firstluoms,
serve as the initial information provided to thedelp 5 Discussion of results

while the output variables, located in the finalucons, The prioritization of weights assigned to indivitlua
represent the model's predicted or calculated sahased fields within the dimensions during the assessmaint
on the given inputs. sustainable performance within a Moroccan mining
industry company has emerged as a pivotal stepin t
4.3  Outcomes of the contribution endeavor. This weight assignment process has rigt on

The article makes two significant contributiongsEiit ~ facilitated the quantification and ranking of thimédnsions
introduces a method for prioritizing dimensions byand their respective fields but has also yieldegalth of
assigning weights to them and their respectivelsitlased invaluable insights concerning their relative intpace.
on their relative impact on overall performanceThese insights, inturn, serve as guiding beaaamdriving
assessment. This approach underscores the sublistaiinprovement initiatives and informing crucial decis
influence of the environmental aspect among théwuar making processes.
dimensions, underscoring its pivotal role in deiemny The allocation of weights to fields within each
sustainable  performance. Dimension prioritizatiomlimension has been transformative in the evaluation
enhances our understanding of the relative sigmfie of process, offering a profound and comprehensive
different factors in the evaluation of overall merhance. understanding of the intricate web of their relativ

Secondly, the article presents a predictive modeignificance within the broader framework of susshile
employing an Artificial Neural Network (ANN). This performance. It provides stakeholders with a nuancap,
model achieves an impressive accuracy rate of 94t willuminating the areas that exert the most substhant
minimal error margins, as evidenced by a neglight®t influence on the overarching performance landscEipie,
Mean Square Error (RMSE). By training on the wedght in essence, empowers stakeholders to channel their
calculations, the ANN model learns the intricateattention and allocate resources judiciously, cotraéing
relationships between dimensions, fields, and diveraheir efforts where they can make the most sigaific
performance, enabling it to provide highly accuratémpact on the company's overall sustainable pedoue.
predictions. It not only refines the focus but also undersctiiepower

The integration of dimension prioritization and theof data-driven decision-making in the pursuit of
ANN-based prediction model in this combined appioacsustainability goals within the Moroccan mining trstry.

~ 0§ ~
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Table 4 Relative comparison

Dimensions Descriptions

Issues related to air, water, and soil pollutiotefhave significant consequences
the environment. Themining industry can generate emissions of air pafits
discharge contaminated wastewater, and produawabte that can negatively imp

Environmental surrounding ecosystems. Therefore, in the evalwatib sustainable performan

30 greater importance may be pldaan these dimensions to ensure proper manageifr

20 environmental impacts. Waste management and regy@re crucial issues in t

o I I I I mining industry. Waste can contain toxic or hazasdsubstances that require prc

I management to prevent negative impaats human health and the environm

0 Regarding energy consumption, the mining industofien energyatensive, requirin
AP WSP WR HW

EC a significant amount of energy for mineral extrawctiprocessing, and transportat
Reducing energy consumption can contribateatmore sustainable performance
lowering greenhouse gas emissions and minimiziagtimpany's carbon footpri

The higher importance given to SSH and AQ amonsgtfields in the social dimensi
of sustainable development can be explained byrakfextors. Firstly, SSH is a ma
Social concern in many industries, including the minindustry, as it relates to worksafety
prevention of accidents and occupational illneszed,adherence to health and hyg
standards. These aspects are essential for enausafg and healthy work environm

20 I I I as well as protecting the lives and well-being ofptoyees. SimilarlyAQ plays ¢
0
AQ NP CEJ

SSH

crucial role in sustainable development as airityjudirectly impacts human health &
I the environment. The mining industry can generateraissions such as fine partic
A and pollutants that have detrimental effects ongaality. Therefee, placing higl
importance on monitoring and improving air quatigntributes to the protection of 1
health of surrounding communities and the presemvatf the environmer

Overall, the high importance given to WC and CD emdores the significance
wealth creation and cost management in driving econ sustainability and lontgrm
success for mining industry companies. WC refléet® the fundamental objective
the bisinesses, which is to generate wealth and econahie. It encompasses vari
40 aspects such as revenue generation, profitalality,economic growth. Prioritizing W\
30 indicates the emphasis placed on maximizing firenperformance and ensuri
20 I I I sustainale economic development. The CD is another clifield as it directly affect
WC cD FC FEE

Economic

10 l the financial aspects of a company. The cost dydetfers to the potential losses
0 negative consequences that may arise from delgyojact execution. Managing a
n minimizing the cost of delay is crucial for maintaigiefficiency, competitiveness, &
financial success. By prioritizing CD, companiesnaio optimize their resour
allocation, mitigate risks, and enhance their die@nomic performanct

Operational

30

20

. I 11

0 By emphasizing TC and SA, the evaluation of suatala performance acknowled(
¢ ¢ o e prr |the importance of efficient transport cost manageimehich contributes to operatiol

efficiency, cost reduction, and enhanced competitdss of the company. Additiona

Stakeholders strategic collaboration with stakeholders ensurdsaamonious relationship, soc
. acceptance, and sustainable management of mirdfecs. This focus aims to achie
i optimal operational performance and sustainableldpment in the mining industry.
20
SRR
0
SA VT GOV SCol IS
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The Table 4 above represents the prioritizatidietds Furthermore, our study delved deeper by pinpointing
detailing the dimensions in the evaluation of dustsle specific subcategories or fields within each dinams
performance for a Moroccan mining industry companyffering a comprehensive understanding of areas tha
The fields are depicted in descending order of #eéative require targeted attention and improvement. By
importance. This ranking provides a visual repreg@n quantifying and highlighting the relative importanof
of the significance of each field in contributirmydverall these individual fields, stakeholders and decisiakers
performance. are equipped with a clear roadmap, allowing them to

Furthermore, the results demonstrate a strong anHannel their efforts towards addressing the mostal
consistent performance of the predictive model,ingak  aspects of sustainable performance.

a reliable framework for calculating and quantifyin  Additionally, we calculated the dimensional
multidimensional performance. These findings atieite performance aggregates by employing weighted aesrag
model's ability to provide accurate and dependabtiuly considering the significance assigned to each
predictions, rendering it applicable to a wide g dimension. This approach permits a thorough assagsm
studies, domains, and sectors. With its adaptitereathe of the overall sustainable performance, incorpogathe
model can be adjusted and customized to fit specifvarying degrees of importance assigned to eachrdiime.
contexts using appropriate performance indicators. It offers a holistic perspective on the company’s

The adaptability of the model allows for its apgtion  sustainable performance, taking into account trenced
to diverse case studies, offering increased fléiband  interplay between three dimensions.
relevance in evaluating multidimensional perfornreanc  Moreover, the predictive model we have developed
For instance, in the mining industry, performancg@resents a direct and easily interpretable means of
indicators such as waste management, energy efficie estimating the overall performance value, delivgrim
and carbon footprint can be incorporated into tloelehto  generalized gauge of the company's performancd. leve
assess the sustainability of mining operations. This predictive tool facilitates quick and informed

By utilizing the adaptive predictive model, decision-making and is instrumental in providing a
practitioners and researchers can benefit fromlaalsle  snapshot of the company's performance.
tool for evaluating, comparing, and enhancing The implications of these results and findings are
multidimensional performance across various costextsubstantial, offering a robust framework for demisi
This enables a more personalized and targeted agpro making and improvement initiatives within the Mocaa
promoting better management of sustainable perfioema mining industry. By paying attention to the prigrit
and informed decision-making in diverse industsgdtors dimensions and specific fields we've identifiednpanies

and fields of study. are well-positioned to elevate their sustainable
performance, advocate responsible practices, arkk ma
6 Conclusion significant contributions to the long-term sustaitity of

The mining industry in Morocco is not only a majorthe environment, society, and the economy.
contributor to the national economy but also a gpal
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