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review, and weights for five important criteria were determined through a survey

of 100 Afghan mining experts. The Simple Additive Weighting (SAW) method

was used for prioritization, and sensitivity analysis was conducted to confirm the

validity. The findings indicate that GIS & RS, UAVs, Air & Dust Pollution

Monitoring, and Renewable Energy Technologies are the four top priorities.

Conversely, technologies such as Al, Blockchain, Automation, and Digital

Twins are ranked lowest. This framework provides a strategic tool for gradual,

context-appropriate adoption of Afghanistan's mining sector by policymakers

and investors.
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Introduction

The global mining industry is transitioning into the digital age. Technologies like Artificial
Intelligence (Al), the Internet of Things (l10T), Remote Sensing (RS), and Automated Systems
are fundamentally changing the way mines are explored, mined, and managed. These
technologies promise increased productivity, safety, and environmental sustainability
(Battulwar et al., 2020; Zhang & Li, 2020). For developed countries, this transformation is a
strategic opportunity. However, for a country like Afghanistan with rich mineral reserves but
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limited infrastructure, scarce capital, and an inexperienced technical workforce, the critical
question is: Which of these modern technologies should be prioritized for implementation to
yield the greatest returns in the shortest time and with the lowest possible risk?

Afghanistan possesses valuable mineral reserves that can drive economic development.
However, the exploitation of these resources has always been accompanied by major
challenges, including reliance on traditional methods, low productivity, environmental
degradation, and ineffective monitoring (Nero & Rahmani, 2022; Nero, 2025). Adopting new
technologies can be a solution to overcome this impasse. However, the wrong choice of
technology (such as investing in fully automated systems in the absence of stable electricity)
not only fails but also wastes the country's limited financial resources and undermines trust in
the technology.

Previous studies have examined the benefits of different technologies in mines in developed
countries (e.g., Tang, 2024 on Artificial Intelligence; Yaghini etal., 2022 on Robotics; Forkuor
et al., 2020 on Geographic Information System (GIS)). Also, Multi-Criteria Decision-Making
(MCDM) methods have been widely used for technology selection in various industries
(Kumar & Pamucar, 2025; Torbacki, 2025). However, there is a major research gap: no
systematic, evidence-based study has prioritized modern mining technologies for a country like
Afghanistan, given its specific conditions and severe constraints. Most studies either examine
technologies in isolation or have selection criteria tailored to developed-country contexts. This
gap has confused Afghan policymakers and investors in decision-making and led to ineffective
planning.

The main objective of this study is to fill this gap by providing an evidence-based, mixed-
methods (qualitative-quantitative) prioritization framework tailored to the Afghan context. The
present study answers this key question: Given the infrastructural, financial, and skills
constraints in Afghanistan, what is the logical and practical order for implementing modern
mining technologies, and on what criteria is this prioritization determined?

Furthermore, this article evaluates the technologies most commonly used in the mining sector
and their direct and indirect impacts on mineral exploration, mine development, mineral
extraction, and the reclamation of mining areas. It also examines the technologies currently
employed in Afghanistan's mining sector, their current utilization levels, and their potential
applicability to future mining operations.

The innovation of this study lies in its integrated methodology. On the one hand, a systematic
review has been conducted (based on the PRISMA guidelines) to extract objective, quantitative
evidence on the performance of the top 15 technologies. On the other hand, by surveying 100
key stakeholders in the Afghanistan mining sector (including engineers, managers, lecturers,
specialists, and inspectors), five critical technology selection criteria were identified and
assigned weights. Then, by combining these two sets of data and using the Simple Additive
Weighting (SAW) method (a type of MCDM). Final evidence-based rankings are presented.
The SAW method was chosen because of its transparency, simplicity, and compatibility with
the survey data. The framework is not only scientific but also weighted by those with a deep
understanding of the field realities in Afghanistan. The overall structure of this article is shown
in Conceptual Diagram 1.
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Figure 1: Structure of the article

Methods and Materials

This study used a sequential mixed exploratory design (qualitative-quantitative) within a
pragmatic paradigm to prioritize modern mining technologies for implementation in
Afghanistan. The methodology consisted of four stages.

Study Design and Overview

This study was conducted with the purpose of and is descriptive-analytical in nature. The
sequential design included a preliminary qualitative stage (systematic literature review) to
identify and score technologies and criteria, followed by a quantitative stage (stakeholder
survey) to weight the criteria and localize the findings to Afghanistan. Finally, the results of
both stages were merged using an MCDM method to determine the final ranking of priorities.
This approach was chosen to ensure that the findings were evidence-based and also relevant to
the context.

Step 1: Technology Identification and Data Extraction (Systematic Review). A systematic
literature review was conducted following the PRISMA guidelines to identify common modern
mining technologies and their characteristics.

Searches were conducted in Google Scholar, ScienceDirect, Springer, and IEEE Explore
databases for publications between 2015 and 2025. Common keywords for this research
included: ("modern technology in the mining industry" also "digital technologies in the
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mining"), (“sustainable mining technology™), ("artificial intelligence in the mining"), ("Internet
of Things for mining monitoring™). Initial searches yielded hundreds of records. After
screening titles and abstracts, 252 full-text articles were assessed for eligibility based on
relevance, data availability, and focus on publication date (prioritizing 2020—2025). According
to a structured checklist, qualitative and quantitative data were extracted for each technology,
such as key data on applications, quantified benefits (e.g., percent increase in production, cost
reduction), cost indicators (quality: high/medium/low), infrastructure requirements,
challenges, and documented experiences in developing countries.

The full text of the systematic review and detailed data extraction are beyond the scope of this
article. This article presents only the data that formed the evidence base for the objective, and
only 53 of the mentioned papers are used for scoring technologies in Step 3. The 15
Technologies identified through this process, with scoring, are listed at the end of this section
(Methods) in Table 2.

Step 2: Criteria Selection and Weighting (Stakeholder Survey). A survey was conducted
among key mining stakeholders in Afghanistan to extract and weight the criteria for technology
selection.

Sampling and Population

The target population included university Lecturers in mining engineering departments,
engineers and managers of the private and public mining sector, and experts and inspectors of
the Ministry of Mines and Petroleum of Afghanistan. A non-probability sampling strategy
(purposive and snowball) was used to reach 100 participants, as follows: 60 from private/public
mines, 20 from the Ministry of Mines and Petroleum, and 20 from university lecturers. The
geographical distribution of the target respondent groups across key mining regions/ provinces
is shown in Figure 2.

Geographical Distribution of Provincial Participation in the Research Survey — Afghanistan

\\\\\

Survey Participation Status

Cs Provinces Participating m the Survey

C/J) Provinces Not Participating in the Survey

Figure 2: Map of Afghanistan, Highlighting Key Mining Provinces where the Stakeholder Survey was
Distributed
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Data Collection

A structured questionnaire was developed based on Phase 1 findings in the Afghan context.
The questionnaire included demographic questions and a main section on five selection criteria.
C1, C2, C3, C4, C5 (Every technologies which have the lower cost according to economical
value and having most benefits for entire process of mining works, the employee should learn
easily and comfortably work with the machinery in specific periods of time it means that should
need less time for learning the technologies, After installation need short periods of time for
collaboration of the machine and being economic beneficial, and the machinery should easy be
repaired in Afghanistan and by technical expert of Afghanistan Engineer, according to rule and
regulation of Afghanistan should be useable in country it means that not be constrained
according to usage)

C1: Low initial cost.

C2: Ease of training and maintenance.

C3: Rapid financial return.

C4: Compatibility with Afghanistan's existing infrastructure.
> Cb: Government technical or financial support.

YV V V V

The questionnaire was distributed electronically over a period of 4 weeks.

Validity and reliability: Content validity was confirmed through review by three mining and
academic experts. A test showed high internal reliability for the scale items (Cronbach's alpha
=0.85).

Ethical Considerations

Informed consent was obtained from all participants. Anonymizing responses maintained
confidentiality, and participants were informed of their right to withdraw.

Step 3: Technology Performance Scoring. The 15 technologies identified in Step 1 were
scored using the five weighted criteria from Step 2. Scoring was not based on opinion, but on
objective evidence extracted from the systematic review. A transparent scoring key was used
(e.g., a "very high cost" documented in the literature = score 1 for C1; "moderate cost™ = score
3; documented "rapid return on investment" = score 5 for C3). This process produced a 15x5
decision matrix. See Table 2 below.

An example of the scoring process for one technology (Renewable Energy Technology) is
provided in Table 1 to illustrate the methodology.

Table 1: Detailed Scoring Example for one Technology (Clean & Renewable Energy Technology)

Criteria Score Justification (Based on Systematic Review) Source(s)
(1-5)
Cl: Low Initial Cost 2 High initial capital cost for infrastructure and (Mahir et al., 2024)
storage.
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C2: Easy 3 Requires significant technical expertise for design ~ (Mahir et al., 2024)
Training/Maintenance and operations.

C3: Rapid 5 Cost Savings 25-30% on average, >70% in (Ellabban & Alassi,
Income/Savings isolated sites for Hybrid PV-Diesel Plants. 2021)

C4: Compatibility 4 In mineral-rich regions like the Katanga (Deshmukh et al.,
with AFG Infra. province, solar resources often have an LCOE 2018)

below US$0.06/kWh.

C: Gov. Support 4 A critical success factor is implementing policies  (Seraj & Olaide, 2024)
Potential that provide fiscal incentives, such as tax breaks
and grants.

Due to the large size of the table, the full scoring and reference sources for each technology are provided at the
end of this section (Methods) in Table 2.

Step 4: Prioritization Using the SAW Method. The SAW method was applied to calculate
the final priority scores.

Normalization: The decision matrix was normalized to produce the R matrix. For the criteria
(all five in this case), the calculation followed Eq. (1) (Sembiring et al., 2019).

1j = xij/max (x;) (D)

Weighted score calculation: The final priority score (V;) for each technology (i) was calculated
as Eq. (2), using the weights (w;) from the survey (Sembiring et al., 2019, p. 3).

Vi = ijl(VVj X 1)) )
Ranking: The technologies were ranked in descending order based on their (V;) score.
Sensitivity Analysis

To test the robustness of the priority-ranking SAW, a sensitivity analysis was conducted. The
weight of each of the five criteria was systematically varied by +20%, while the other weights
were kept proportionally constant. The resulting changes in the final ranking order were
observed and recorded. Finally, it was determined which rankings were stable and which were
sensitive to weight fluctuations.

Data Analysis Tools

Descriptive statistics from the survey were analyzed using Excel and SPSS. MCDM
calculations and the SAW method were performed in Excel. OriginPro is used to draw the
Graphs.

Input Data Summary (Continuation of Step 3). This matrix is a continuation of Step 3. All
technologies identified in the systematic review and qualitative assessment of the literature
were scored on five critical criteria for the Afghanistan context. Due to the large size of the
matrix, only the sources on which the scores were calculated are listed in Table 2, without the
main text. The detailed scoring matrix and the text are provided in the Supplementary
Materials.
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Table 2: Complete Scoring Matrix with references for all identified Modern Mining Technologies

No Technology Score for every criterion (1-5)  Key Justifying Source (from Systematic Review)
C1 C2 C3 C4 Cb
1 Al 1 2 5 2 2 (Tang, 2024; Dotsenko et al., 2021; Zhironkina &
Zhironkin, 2023; Zhang & Li, 2020)
2 loT 3 3 4 3 3 (Kim et al., 2020; Bartoli & Hernandez-Ramirez,
2023; Zvarivadza et al., 2024)
3 Automation & Robotics 1 2 5 1 2 (Pincheira et al., 2022; Gromov, 2020; Leung et al.,
2023; Yaghini et al., 2022; Zhou et al., 2017)
4  GIS&RS 4 3 4 4 3 (Forkuor et al., 2020; Plessis et al., 2022; Yang &
Miiterthies, 2020; Moomen et al., 2022; Buttulwar
et al., 2020)
5 Drones (UAVs) 4 3 5 4 3 (Daou et al., 2022; Buttulwar et al., 2020)
6 Blockchain 2 2 3 2 2 (Onifade et al., 2024; Mugurusi & Abhishakiye,
2022; Shvachych et al., 2022)
7 Digital Twins 1 1 4 1 1 (Cranford, 2023; Shi et al., 2020; Caciutolo et al.,
2025)
8 Renewable Energy 2 3 5 4 4 (Mahir et al., 2024; Ellabban & Alassi, 2021;
Deshmukh et al., 2018; Seraj & Olaide, 2024)
9 Water Recycling Tech. 2 2 4 3 3 (Hamraoui et al., 2024; Feo et al., 2020; Grewar,
2019; Zhu et al., 2024)
10  Air & Dust Pollution 4 3 4 4 4 (Lee, 202; Brown Requist et al., 2024; Tripathi et al.,
Monitoring 2024; Zictek et al., 2020; Saleem & Ayalew, 2025)
11 Mining Planning & 2 2 4 3 2 (Loginov et al., 2020; Cacciuttolo et al., 2025;
Simulation Software Moradi Afrapoli et al., 2024; Torres et al., 2020)
12 Data Management 3 2 4 3 3 (Hazrathosseini & Moradi, 2023; Aziz et al., 2020;
Systems Xia et al., 2018; Wang et al., 2023; Vangu et al.,
2023)
13 HSE Management 2 2 4 2 1 (Zhou et al., 2018; Amalina & Larasati, 2020;
Systems Guntur Suryaning et al., 2023)
14 Tailings Recycling Tech. 2 2 3 3 3 (Cacciuttolo & Atencio, 2023; Maest, 2023; Araujo
etal., 2022)
15  VR/AR Training Tech. 2 3 4 2 2 (Kamran-Pish et al., 2024; Strzatkowski et al., 2025)
Findings

Demographics

The stakeholder survey on the weighting of the criteria was conducted by a diverse,
experienced group of 100 experts from the Afghan mining sector. Profiles of the respondents’
ages, education, and the types of mines in which they worked, along with the minerals they
extracted, are summarized in Table 3.
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Table 3: Demographics of survey respondents (n=100)

Age Group Frequency Percentage (%)
<25 2 2%

25-35 66 66%

36-45 28 28%

>45 4 4%

Education level Frequency Percentage (%)
Diploma 4 4%

Bachelor's Degree 46 46%

Master's Degree 48 48%

PhDs 2 2%

Types of Mines Frequency Percentage (%)
Surface Mines 26 26%
Underground Mines 30 30%

Bothe 18 18%

None 26 26%

Mineral Type Expertise Frequency Percentage (%)
Coal 40 37%
Limestone & Marable 22 21%

Stones 16 15%

Gold 12 11%
Polymetallic (Lead & Zinc) 10 9%

Chromite 8 7%

As shown in Table 3, the sample consisted of a highly educated and experienced professional
base. The majority (66%) were 25 to 35 years old, and 94% had at least a bachelor's degree.
Depending on the type of mines, a higher percentage of respondents worked in underground
mining, especially in coal mines.

The distribution of respondents by their main job title is shown in Figure 3. Mining engineers
comprised the largest group (43.8%). Following the engineers were university lecturers
(20.8%) and Ministry of Mines employees (20.8%). This combination ensured that the weights
collected reflected an excellent mix of practical field experience, academic insight, and
supervisory perspective.
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Figure 3: Chart showing the percentage distribution of respondents by job position
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The relative importance assigned by stakeholders to the five selection criteria is presented in
Table 4. The second criterion, "ease of training and maintenance™ (C2), and the fifth criterion,
"government technical or financial support” (C5) received the highest weights. This indicates
that ease of adoption and external support are the main concerns for implementing the
technology in the Afghan context. The weights of all criteria were close to each other,
indicating a balanced consideration of cost, compatibility, and benefit factors. The relative
importance of these criteria is also shown visually in Figure 4 below.

Table 4: Stakeholder-derived weights for selection criteria

Criterion  Description Mean Importance Normalized
(1-5) Weight (Wj)
C1l Low initial cost 3.86 0.199
Cc2 Easy training and maintenance 3.96 0.205
C3 Rapid increase in income or savings 3.72 0.192
C4 Compatibility with Afghanistan's existing infrastructure  3.90 0.201
C5 Government technical or financial support potential 3.92 0.203
Total 19.36 1.000

0.206 [ ]Weight
Maximum
0.204 4 0.20455
0.202 4
0.200 H
0.198
0.196 H
0.194 4
Minimum
0.19215
0.192 H | |
T T T T T 1 Critcria
C1 c2 Cc3 C4 Ccs

Figure 4: A graphical representation of the weighted importance (Wj) of the five selection criteria as

determined by expert judgment.
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Technology Priority Ranking

Applying the SAW method to the performance scores (derived from Table 2) and the criterion
weights (Table 4) yielded the final priority ranking for the 15 technologies, as shown in Table
5.

Table 5: Final Priority Ranking of Modern Mining Technologies for Afghanistan

Rank Technology Final Score (Vi)
1 GIS & RS 0.9616
2 Drones (UAVs) 0.9190
3 Air & Dust Pollution Monitoring Technologies 0.8806
4 Clean & Renewable Energy Technologies 0.8598
5 Data Management Systems 0.7527
6 loT 0.7300
7 Water Recycling Technologies 0.7028
8 VR & AR Training Technologies 0.6802
9 Mining Planning & Simulation Software 0.6623
10 Tailings Recycling Technologies 0.6239
11 Health, Safety & Environment (HSE) Management Systems 0.6213
12 Al 0.5621
13 Blockchain 0.5331
14 Automation & Robotics 0.5097
15 Digital Twins 0.4130

The final rankings are visually summarized in Figure 5, which provides a clear comparative
view of the weighted scores across all technologies.

[ ]Score

1.GIS & RS . |
Drones (UAVS) - l

Air & Dust Pollution Monitoring |

Renewable Energy Technologies I

Internet of Things (IoT) - |

Water Recvcling Technologies = |

VR & AR Training Technologies | |

2.
3.
4.
3. Data Management Systems = |
6.
7.
g
9

Mining Planning & Sim|. Software - |

10. Tailings Recycling Technologies l

11. (HSE) Management Svstems 1 |
12. Artificial Intelligence (AD) f |

13. Bloskchaia 3 I

14. Automation & Robotics 1]

15. Digital Twins 7

N D D o N X 0 D A DO O L

Figure 5: Final ranking of priorities for modern mining technologies in Afghanistan using the SAW method
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This analysis reveals three clear and evidence-based conclusions for the Afghanistan mining
sector: First, a set of basic and accessible technologies, such as GIS & RS, Drones, Air & dust
Monitoring, and Renewable Energy, emerges as the top and undisputed priorities. Second, a
group of high-potential but infrastructure-dependent technologies, Data Management Systems,
loT, Water Recycling, VR & AR Training, Mining Planning & Simulation Software, Tailings
Recycling, and HSE Management Systems, falls in the middle, warranting phased
implementation. Third, the most complex and capital-intensive systems, like artificial
intelligence, digital twins, and full automation, are not currently aligned with Afghanistan's
immediate constraints and rank lowest.

Sensitivity Analysis

Table 6: Sensitivity analysis results (£20% difference in individual criteria weights)

Technology RO R1 R2 R3 R4 R5 Robustness

GIS & RS 1 1 1 2 1 1  Highly Stable (Top Tier)
Drones UAVs 2 2 2 1 2 3 Highly Stable (Top Tier)
Air & Dust Pollution Monitoring Tech. 3 3 3 4 3 4  Highly Stable (Top Tier)
Renewable Energy Tech. 4 4 4 3 4 2 Highly Stable (Top Tier)
Data Management Systems 5 5 7 5 5 5  Stable

loT 6 6 5 6 8 7  Moderately Sensitive
Water Recycling Technologies 7 8 8 7 6 6  Moderately Sensitive
VR & AR Training Tech. 8 9 6 8 10 8  Sensitive

Mining Planning & Simulation Software 9 0 9 9 7 9  Moderately Sensitive
Tailings Recycling Tech. 10 11 10 13 9 10 Sensitive

HSE Management Systems 1 7 11 10 11 12 Sensitive

Al 12 13 12 12 12 11  Stable (Bottom Tier)
Blockchain 13 12 13 14 13 13  Stable (Bottom Tier)
Automation & Robotics 14 14 14 11 14 14 Stable (Bottom Tier)
Digital Twins 15 15 15 15 15 15 Highly Stable (Bottom Tier)

In this table: RO= Base Rank, R1= Rank when (C1+20%), R2= Rank when (C2+20%), R3= Rank when
(C3+20%), R4= Rank when (C4+20%), R5= Rank when (C5+20%)

As calculated in Table 6, the sensitivity analysis confirms the robustness of the main findings.
The top four technologies (GIS, Drones, Pollution Monitoring, and Renewable Energy) and
the last-ranked technology (Digital Twins) are very stable. They maintain their positions even
with significant fluctuations (£20%) in the criterion weight. This underlines the strength of
their prioritization for Afghanistan. The ranking of Data Management systems (ranked 5) also
shows considerable stability. However, the technologies ranked 6th to 11th (notably IoT and
Water Recycling) show moderate to high sensitivity. This means that their exact order can
change if stakeholders' priorities (weights) for criteria such as ease of training (C2) or
infrastructure compatibility (C4) change. This suggests that while the top and bottom priorities
are clear and actionable, the middle of the list comprises suitable technologies whose final
selection can be guided by specific policy emphases or local circumstances.
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Discussion

This study provides a practical, evidence-based framework for prioritizing modern mining
technologies in Afghanistan. The main findings, which combine a global systematic review
and local stakeholder input, represent not just a simple list, but a context-based strategic
agenda.

Interpreting the Rankings: Context-based adaptation as a Determinant

The stable prioritization of GIS and Remote Sensing RS, Drones, Air and Dust Pollution
Monitoring technologies, and Renewable Energy directly reflects the immediate needs and
infrastructure constraints of Afghanistan. These technologies scored highest on the two most
heavily weighted criteria: low initial cost (C1) and compatibility with Afghanistan's existing
infrastructure (C4). The systematic review shows that, despite their significant benefits, these
technologies have lower initial requirements. For example, GIS uses satellite data, which is
often free, and requires only a computer and a basic internet connection (Forkuor et al., 2020).
This makes it a low-cost, low-complexity, high-impact solution for resource-constrained areas.
Drones are similarly a low-cost alternative to the costly methods of traditional aerial mapping
(Battulwar et al., 2020). The consistency of these technologies' rankings in the sensitivity analysis
also suggests that they are the least risky and safest starting points for investment.

Technologies that ranked low, such as Artificial Intelligence, Blockchain, Automation, and
Digital Twins, are due to their direct conflict with current realities in Afghanistan. The
literature clearly identifies high capital intensity and strong dependence on advanced digital
infrastructure as the main challenges of these technologies in developing countries (Cacciuttolo
et al., 2025; Zhang & Li, 2020; Zhou et al., 2017). Therefore, their low ranking is not a judgment
on their global potential, but a realistic assessment of their incompatibility with the current
Afghanistan context.

Robustness of Results: From Sensitivity Analysis

The sensitivity analysis, which systematically varied each criterion's weight by +20%,
confirmed the robustness of the overall prioritization. The positions of the top four technologies
(GIS, UAVs, Air and dust Pollution Monitoring, and Renewable Energy) and the last-ranked
technology (digital twins) remained unchanged across all scenarios. This consistency strongly
suggests that prioritizing these technologies for Afghanistan is a reliable, low-risk decision.
These technologies do not involve minor changes in stakeholder preferences. However, the
analysis showed that the order of the middle-ranking technologies (ranks 6-11), especially IoT,
Virtual Reality, and Training technologies, could change if changes were made to criteria such
as "ease of training (C2)" or "infrastructure compatibility (C4)." This insight is important: while
the list of top technologies to invest in is clear, the exact order of implementation in the middle
group can be flexible, depending on local conditions or specific policy emphases.

Practical Implications: A Step-by-Step Roadmap

The results of this study can be translated into a practical roadmap for Afghan stakeholders.
proposing a three-step strategy in Table 7.
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e For policymakers: The focus should be on facilitating Phase 1 through pilot projects,
education, and smart regulation. Complex technologies ranked low are a warning
against premature, disproportionate investments.

e For industry and investors: Phase 1 and 2 technologies are the least risky and have a
faster payback in the current context. Investment in environmental monitoring can
help gain social acceptance.

e For universities: The high weight of the "Easy to train and maintain (C2)" criterion
indicates the need to revise curricula to train specialists in Phase 1 areas (e.g., GIS,
UAV piloting).

Table 7: Proposed step-by-step strategy for technology adoption in Afghanistan mines

Phase Title Target Technologies Key Actions Time Goal
(by Rank)
1 Foundation 1-4 (GIS & Rs, = Government-led pilot projects Short-term
and Capacity Drones/UAVs, Air = Training of local specialized personnel  (1-2 years)
Building & Dust Monitoring, =  Development of monitoring standards

Renewable Energy)

2 Integrationand  5-10 (Data = Integration of information systems Medium-
Optimization Management, 10T, =  Financial incentives for clean term (3-5
Water Recycling) technologies years)
= Public-Private Partnerships
3 Transformation  11-15 (Al, = Upgrading national digital Long-term
and Automation, Digital infrastructure (+5 years)
Advancement  Twins) = Context-aligned applied research and

development
= Targeted foreign investment attraction

Limitations of the Study

This study has limitations that point the way for future research. First, the scoring, although
based on objective evidence, also involved some expert judgment in quantifying the qualitative
findings. Second, detailed cost-benefit analyses for each technology at the level of specific
projects in Afghanistan could clarify financial priorities. Third, the current study is static;
dynamic modeling could show how priorities will change as infrastructure and skills improve
over time. Finally, validating this framework through case studies in one or two Afghan mines
would be a valuable final step in translating this theory into practice.

Conclusion

This study developed a systematic, evidence-based approach to selecting and prioritizing
modern mining technologies in Afghanistan, drawing on a global systematic review and expert
opinions via the SAW technique. The results of the study have shown that simple, low-cost
technologies with low infrastructure requirements, i.e., GIS and RS, UAVs, Air and Dust
Pollution Monitoring, and Renewable Energy Technologies, have the highest priority. In
contrast, technologies such as Atrtificial Intelligence, Blockchain, Automation, and Digital
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Twins have the lowest priority, indicating that their implementation in Afghanistan would be
premature without prerequisite infrastructure development and capacity building. A sensitivity
analysis of the results, varying the criteria weights by +/- 20%, shows that the ranking of the
technologies remains the same.

This study makes a significant contribution to the field by showing that the prioritization of
technologies in a resource-scarce developing country cannot simply follow global trends. The
scientific justification for the study is evident in the scoring system and expert criteria, which
reflect the country's reality. The practical application of the study is also substantial because it
enables policymakers to allocate scarce resources effectively, investors to invest in profitable
opportunities, and development agencies to fund projects transparently. This can prevent
guesswork-based decisions, thereby accelerating development with minimal investment risk.

This research adds value to the body of knowledge through a replicable methodology that
transcends the mining sector and can be applied to others with similar constraints. However,
some challenges in this research include reliance on published literature for the technology
scoring. Future research in this area includes validating these findings through pilot projects at
some of Afghanistan's mining sites, as well as applying the methodological framework to other
sectors, such as agriculture and energy.
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