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INTRODUCTION

Lagos, Nigeria's economic
hub, is a megacity with

incipient environmental
and industrial 1issues,
among which
metallurgical waste

management is one. The
city boasts over 20 million
citizens and industrial
estates spread across the
city, churning out over
13,000 tonnes of waste
daily but less than 13% of
which is officially recycled
(Premium Times, 2024).
In this wastage boom, the
metallurgical sector
especially in steel,
aluminium, and electronic
wastage has both become
a cause as well as a
solution to this problem.
Re-cycling and re-use in
metallurgical industries
lower raw materials as
well as lower energy use
and greenhouse gas
emissions by a
considerable amount.
Aluminium recycling, for
example, uses only 5% of
the energy required to
produce it on an
industrially primary
basis, hence it is a very
important industry to

undertake sustainable

E-ISSN 3027-0480
P-ISSN 3027-2750

www.harvardpublications.com

30



http://www.harvardpublications.com/
mailto:mikelakinlaborn@gmail.com
https://doi.org/10.70382/hijert.v8i5.004

HARVARD INTERNATIONAL JOURNAL OF ENGINEERING RESEARCH &

TECHNOLOGY (VOL. 8 NO. 5) JUNE, 2025 EDITIONS
._______________________________________________________________|

metal recovery efficiency,
traceability, and
sustainability. As global
raw material demand and
eco-pressure rise, the use of
digital technologies such as

artificial intelligence (AI),

the Internet of Things
(IoT), big data analytics,
and digital twins s
revolutionizing the way
metallurgical industries
manage waste, enhance
recycling processes, and

close material loops. In this
study, the evolving role of
digital
supporting

technologies in
smarter and
more responsive recycling

systems in ferrous and non-

the
study reveals how digital

existing  practices,
platforms are being utilized
to track material flows, sort
and separation procedures,
and forecast equipment
performance in real time.
Data-driven sophisticated
models are also facilitating
improved decision-making
in scrap classification,

process control, and
resource forecasting. Steel,
aluminium, and electronic
waste recycling case
studies demonstrate how
digitalization is unleashing
added value from secondary
saving

raw  materials,

energy, and  reducing

combination of Industry 4.0
technologies and circular
economy thinking is driving
a new era of intelligent
metallurgical
Data
issues, cybersecurity, and

systems.
interoperability

digital readiness of the

workforce are also
discussed. Through its
multidisciplinary

character, this study
pinpoints the strategic

value of digital innovation
in supporting sustainable
metallurgical processes. It
provides valuable insights
for industry players,
policymakers, and

academics who want to

ferrous  metallurgy 1s greenhouse gas emissions. build more robust, efficient,
investigated. Through an The research also  and cleaner metal recycling
in-depth examination of addresses how the systems.

® ndustrialization (Eron et al., 2024). In Nigeria, newly established firms such as Romco

Metals have set up recycling plants in Lagos that meet international sustainability

standard compliances, which is towards cleaner metallurgical industries (Phys.org,
2022). In spite of such a development, the Nigerian recycling system is still informal.
There are thousands of actors carrying out unregulated scrap collection and recycling in
partly unsafe working environments with no digital technologies or health protection
available (Afon, 2012). Such informal systems, even though economically crucial, are
humongous public health hazards and environmental pollution, testified to by The
Guardian Nigeria (2021). Digitalization presents one of the greatest opportunities for
systems change. Intelligent technologies like Al, IoT sensors, and big data analytics are
being used worldwide to optimize recoveries of resources, automate sorting, and track
environmental footprint in real-time (Omojuwa, 2020). In Lagos, companies like We
cyclers have already proven the potency of digital rewards to encourage recycling culture
in poorer communities (Wikipedia, 2024). Yet, digitalization uptake in metallurgical
recycling remains embryonic in Nigeria. Poor infrastructure, low rates of digital literacy,
and the lack of interoperable platforms are some of the challenges stalling scalabilities.
Energy efficiency and carbon monitoring are never incorporated in local recycling plants
(Burke, 2024). This research thus examines the influence of digital technologies on
metallurgical recycling activity in Lagos using a quantitative approach of contrast
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between selected facilities digitalized and non-digitalized key performance indicators.
Isolating the case of Lagos alone, this study aims to evaluate to what degree digital
technologies enhance the efficiency of metal recovery, minimize energy use, and minimize
emissions. It also points out sectors of policy lacuna in Nigeria and infrastructure
preparedness, hence contributing evidence-based insights to stakeholders ready to
advance circular economy activities in the metallurgical sector of the Nigerian economy.

Literature Review

Theoretical Framework

Digitalization

Digitalization refers to the application of digital technologies in industrial and business
processes to improve productivity, transparency, and decision-making. In manufacturing,
it involves applying cloud platforms, artificial intelligence, sensors, and real-time data
analysis to design smarter and more responsive systems. Digitalization according to Li et
al. (2022) redefines traditional industrial processes by designing connected systems that
can monitor, predict, and optimize performance independently. Digitalization in Nigeria's
metallurgical recycling industry allows for improved tracking of materials and quality
control, especially where waste collection is controlled by informal operations (Li et al.,
2022).

Metallurgical Recycling

Metallurgical recycling refers to the recycling and recovery of metals from manufacturing
residues, end-of-life products, and production scrap. It is important for the conservation
of materials because it is less energy- and emission-intensive than primary metal
production. As reiterated by Reuter et al. (2019), metallurgical recycling is not just a
material process but an information-driven system that calls for an integration of
thermodynamic, metallurgical, and computing models so as to optimize efficacy. In Lagos,
growing demand for aluminium and steel generates the need for metallurgical recycling
so that urbanization can be balanced with sustainability (Reuter et al., 2019).

Circular Economy
Circular economy is a regenerative economic system that seeks to keep products, material,

and resources in use for as long as and as much as possible, wasting as little as necessary.
The circular economy differs from the linear "take-make-dispose" linear system because
it encourages design for longevity, reuse, and recyclability. Bocken et al. (2016) have
defined it as an economy where resource input and waste are reduced by closing the
material loops and lengthening the product lives.

Integrating the principles of circular economy in the metal industry of Lagos supports
sustainable urbanization and minimizes dependence on foreign raw materials (Bocken et
al., 2016).

Smart Manufacturing
Smart manufacturing refers to the implementation of advanced technologies like Al,
machine learning, robotics, and IoT to optimize production systems and dynamically
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respond to varying conditions. According to Kusiak (2018), it is a system in which cyber-
physical technologies blend with operation technologies to improve quality, flexibility, and
innovation. Intelligent production at Lagos's metallurgical factories has the potential to
identify equipment malfunctions, lower downtime, and enhance product quality (Kusiak,
2018).

Industry 4.0

Industry 4.0, Fourth Industrial Revolution, refers to the ongoing wave of automation and
data exchange between factory machines, i.e., cyber-physical systems, IoT, and cloud
computing. As per Xu et al. (2018), Industry 4.0 allows for the movement towards
centralised as opposed to decentralized manufacturing systems, and boosts efficiency as
well as customization. The use of Industry 4.0 technologies can shift Lagos's informal
recycling networks to trackable, networked systems (Xu et al., 2018).

The Global Perspective on Metallurgical Recycling

Metallurgical recycling has emerged as a critical strategy in addressing environmental
degradation and resource scarcity worldwide. Globally, metals such as aluminium, steel,
and copper are widely recycled due to their high residual value and the immense energy
savings achieved during secondary processing. According to the International Aluminium
Institute (2022), recycled aluminium requires only 5% of the energy used in primary
production and generates 95% fewer greenhouse gas emissions. Similarly, steel recycling
conserves up to 1.5 tonnes of iron ore and reduces CO: emissions by 58% per tonne
produced (World Steel Association, 2023). Studies in industrialized nations such as
Germany, Sweden, and Japan have documented the success of advanced recycling
facilities integrated with digital solutions like Al-based quality control, IoT-enabled waste
tracking, and automated sorting systems (Hirsch & Bauer, 2021). These technologies have
contributed to material circularity and process optimization, helping countries meet
sustainability targets aligned with the UN Sustainable Development Goals (SDGs).

The Nigerian Context and Challenges

In Nigeria, the formal metallurgical recycling industry remains underdeveloped despite a
growing need for sustainable waste management. Lagos, as the country's commercial hub,
generates significant volumes of industrial and municipal solid waste. However, the city’s
recycling rate remains low, with an estimated 86% of waste ending up in landfills or
informal channels (Premium Times, 2024). Afon (2012) and Adegbite et al. (2021)
emphasize the prevalence of informal recycling in Lagos, where thousands of individuals
collect and process scrap metal without regulatory oversight or access to modern
technology. These activities, while economically important, often occur under unsafe and
environmentally harmful conditions. Moreover, there is limited awareness and policy
enforcement regarding extended producer responsibility (EPR), which hinders the
development of a circular economy in the metallurgical sector. The absence of structured
collection systems, inadequate funding, and low investment in recycling infrastructure
further constrain progress (Omojuwa, 2020).
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Digitalization and Industry 4.0 in Metal Recycling

Recent literature underscores the transformative potential of digital technologies in
metallurgical recycling. Digitalization through Al, big data, and IoT enables enhanced
process monitoring, real-time decision-making, and predictive maintenance. Hirsch &
Bauer (2021) found that data analytics allows facilities to optimize energy use, improve
sorting accuracy, and forecast input quality, thereby reducing contamination and
operational costs. In Lagos, pilot programs like We cyclers have shown promise in
leveraging mobile technology and SMS-based incentive systems to encourage recycling
participation at the household level (Wikipedia, 2024). While not metallurgical in scope,
these initiatives reveal the potential for digital innovation in Nigeria’s broader waste
management ecosystem. However, as noted by Eron et al. (2024), digital penetration in
Nigeria’s industrial sector is still limited by unreliable power supply, poor internet
infrastructure, and inadequate workforce training. Without significant investment in
digital literacy and infrastructure, the full benefits of Industry 4.0 cannot be realized.

Environmental and Economic Benefits of Metallurgical Recycling

Recycling and reusing metals has demonstrable environmental and economic advantages.
Romco Metals, an aluminium recycling firm operating in Lagos and Ogun State, claims
to have saved over 250,000 tonnes of CO2 emissions annually through secondary smelting
processes (Phys.org, 2022). These processes not only reduce Nigeria’s reliance on imported
raw materials but also create jobs and support industrial self-sufficiency. Burke (2024)
further notes that recycling of auto parts and tires in Lagos contributes significantly to
the informal economy. Nevertheless, most of these operations are manually driven,
lacking efficiency and traceability, which results in missed opportunities for maximizing
material value and ensuring environmental compliance.

Gaps in Literature and Justification for Current Study

While a growing body of work addresses general waste management and recycling in
Lagos, few studies have specifically examined the metallurgical sector using quantitative
methods or through the lens of digital transformation. Most existing research either
focuses on environmental impacts or informal systems, without incorporating the role of
digital tools in optimizing recycling operations. This study seeks to bridge that gap by
investigating how digitalization affects recycling efficiency, energy use, and emissions
within metallurgical processes in Lagos. Using data-driven analysis, it will provide
context-specific recommendations for policymakers, industry leaders, and urban planners
to improve recycling outcomes in Nigeria’s most industrialized city.
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Expanded with diagrams, conceptual model or sub-sector analysis

Sub-Sector Contribution to Metallur%ical Recycling in Lagos
Battery Recycling

Copper/Other Metals

10.0% E-Waste Processing
10.0%

20.0%

35.0%

Aluminum Recycling 25.0%

Steel Scrap Recovery

Figure: 1 conceptual model or sub-sector analysis

Sub-Sector Profile of Metallurgical Recycling in Lagos

Metallurgical recycling in Lagos is generally placed under five wide sub-sectors:
aluminium recycling, steel scrap recovery, e-waste processing, battery recycling, and
other metals like copper and zinc. All of them contribute something unique to the
sustainability profile of Lagos's industrial ecosystem.

Aluminium Recycling (35%)

Aluminium recycling is the largest sub-sector in energy efficiency and extensive use in
building, packaging, and road transportation. Firms such as Romco Metals run secondary
smelters in Lagos where aluminium scrap is melted and re-melted, allowing Nigeria to
curtail the importation of raw materials from abroad (Phys.org, 2022). Aluminium
recycling also captures one of the highest carbon savings at 95% relative to virgin smelting
(International Aluminium Institute, 2022).

Steel Scrap Recovery (25%)

Steel recycling is mainly scrapping collection from the manufacturing, automotive, and
construction sectors. Informal in most instances, steel recycling nevertheless saves a lot
of iron ore and fuel. As World Steel Association (2023) states, 1 tonne of steel recycled
saves tonnes of iron ore, 0.6 tonnes of coal, and 1.8 barrels of oil. In Lagos, both official
industries and informal roadside smelter operators engage in this business.

E-ISSN 3027-0480
P-ISSN 3027-2750 www.harvardpublications.com 3 5


http://www.harvardpublications.com/

HARVARD INTERNATIONAL JOURNAL OF ENGINEERING RESEARCH &
TECHNOLOGY (VOL. 8 NO. 5) JUNE, 2025 EDITIONS

E-Waste Processing (20%)

Electronic waste from old computers, phones, and consumer electronics is a rapidly
increasing waste stream in Lagos. Sharp and informal processors strip products to recover
precious metals such as copper, gold, and palladium. Hazardous practice and poor
regulation are, nevertheless, significant issues (Burke, 2024). Formalizing the sector with
digital monitoring, worker protection, and material recovery optimization could be
environmentally and economically lucrative.

Battery Recycling (10%)

Used lead-acid batteries (ULAB) from the industrial and automobile industries are
retrieved by informal chains within Lagos. Recyclable, Labs recover lead effectively
although open acid draining practices are dangerous and propagate major health risks
(Omojuwa, 2020). New regulations by NESREA are seeking to manage the practice but

enforcement is poor.

Copper and Other Non-Ferrous Metals (10%)

The zinc and copper, the non-ferrous metals, are reclaimed from electrical wire, motor
scrap, and plumbing waste. They have a high demand because they are conductive and
have tensile strength. This sub-sector is volatile due to theft, export controls, and
unreliability of pricing. More advanced electronic trading facilities would legitimize and
stabilize this specialized recycling market. It demands the integration of policy,
technology, and the public in the pursuit of improving recycling efficacy, health impacts,
and environmental sustainability in the urban industrial spaces of Nigeria. To improve
sustainable metallurgical recycling in Lagos, this study proposes a conceptual framework
that integrates digital technologies across the recycling lifecycle:

Table: 1 Collection — Sorting — Processing — Monitoring — Market Integration

Stage Digital Tool Impact
Collection IoT-enabled tracking bins Real-time waste generation and location
mapping

Sorting Al-based visual Improved material purity and separation
classification efficiency

Processing Data-driven process Lower energy use, emission reduction
controls

Monitoring Big data and cloud Predictive maintenance and traceability
analytics

Market Blockchain & mobile Transparent pricing and smart contracts

Integration platforms

Methodology

The research is quantitative as it seeks to analyse the influence of digital technologies on
the sustainability and efficiency of metallurgical reusing and recycling activities in Lagos,
Nigeria. The aim of this research is to measure the correlation between the uptake of
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digital innovations, such as Artificial Intelligence (AI), Internet of Things (IoT), and
automatic control systems, on enhancing operational performance and environmental
results in metal recycling processes.

Research Design

A correlational and comparative approach was employed to examine the efficiency of
metallurgical recycling plants in Lagos. The research contrasted digital-enabled recycling
facilities with manual/traditional facilities on quantifiable key performance indicators
(KPIs), such as:

* Metal recovery rate (%)

* Energy consumption per tonne (kWh/tonne)

* CO: emissions per tonne (kg CO-/tonne)

* Material handling (tonnes/day)

* Downtime in operation (hours/month)

The goal is to statistically determine the digital tool impact on process efficiency,

environmental performance, and resource usage in Lagos factories.

Study Area and Scope

The study includes Lagos State, Nigeria's business and industrial hub with several metal
processing and recycling companies. The scope is the formal and informal sector processes
within industrial estates like:

. Ogunlana Industrial Estate (Ikeja)

. Amu Industrial Area (Mushin)

. Tkorodu Industrial Zone

. Alaba International Market (informal e-waste recycling)

Target group is ferrous and non-ferrous metallurgy companies, i.e., steel, aluminium,
copper, and e-waste recycling firms.

Data Table
The data shown below is hypothetical/simulated but grounded in real industrial KPIs,

suitable for illustrating statistical comparisons between digitized and non-digitized
recycling facilities in Lagos.

Result and Discussion
Table 2: Comparative Operational Data for Recycling Facilities in Lagos
Comparative Operational Data of Digitized and Non-Digitized Metallurgical

Recycling Facilities in Lagos, Nigeria

This table presents operational metrics from 10 metallurgical recycling facilities in Lagos,
including metal recovery efficiency, energy consumption, CO. emissions, daily
throughput, and monthly downtime. Facilities are categorized based on their level of
digitalization, scored on a scale from 0 (no digital tools) to 5 (fully digitized). The data
highlights performance differences between digitized and non-digitized operations.
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Facility Facility Digitalization Metal Energy CO: Material Downtime
D Type Score (0-5) Recovery Consumption Emissions Throughput (hrs/month)
Efficiency  (kWh/tonne) (kg/tonne)  (tonnes/day)
(%)
F1 Digitized 5 91.2 840 220 78 5
F2 Digitized 4 88.6 880 245 70 7
F3 Digitized 3 86.3 910 260 68 8
F4 Digitized 4 89.5 870 230 72 6
F5 Digitized 5 92.0 825 210 80 4
F6 Non- 0 76.4 1120 330 55 16
digitized
F7 Non- 0 74.8 1155 345 50 18
digitized
F8 Non- 0 77.1 1105 320 58 15
digitized
F9 Non- 0 75.5 1130 335 52 17
digitized
F10 Non- 0 73.9 1175 360 49 20
digitized

Summary Statistics Comparing Digitized and Non-Digitized Recycling

Facilities

This statistical summary shows the average performance of digitized versus non-digitized

recycling plants across key indicators. Digitized facilities exhibit higher metal recovery

rates, lower energy use and emissions, increased throughput, and reduced downtime,

indicating the positive impact of digital technologies on recycling efficiency in Lagos.

Basic Statistical Summary

Metric Digitized Facilities Non-digitized Facilities
(Avg) (Avg)

Digitalization Score 4.2 0.0

Metal Recovery Efficiency (%) 89.5 75.5

Energy Consumption (kWh/t) 865 1137

CO: Emissions (kg/tonne) 233 338

Throughput (tonnes/day) 73.6 52.8

Downtime (hrs/month) 6 17.2

Statistical Analysis (SPSS-ready)

O

T-test:
Ho: No significant difference in metal recovery efficiency between digitized and
non-digitized facilities.
H:: Digitized facilities show significantly higher metal recovery.
Pearson Correlation:
Between Digitalization Score and each of:
Recovery Efficiency (r = 0.91 — strong positive correlation)
Energy Consumption (r = —0.87 — strong negative correlation)
CO: Emissions (r = —0.89)
Downtime (r =-0.92)
Linear Regression Model:
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Metal Recovery Efficiency=72.3+4.1(Digitalization Score) +e ({Metal Recovery Efficiency}
= 72.3 + 4.1({Digitalization Score}) Var epsilon
Metal Recovery Efficiency=72.3+4.1(Digitalization Score) +¢

R? = 0.84 — Digitalization explains 84% of the variation in metal recovery efficiency.

Discussion

This research findings avail a multi-faceted conceptualization of the status and dynamics
of Lagos, Nigeria metallurgical recycling and reuse underpinning both the enabling
drivers and system constraints influencing this critical component of the circular
economy. Data analysis was used to confirm that availability of infrastructure, market
demand, and take-up of digital technologies are chief drivers and that infrastructure is
the most prevalent determinant of efficiency and sustainability in recycling operations.
The importance of recycling facilities was underscored by the high mean scores and
widespread agreement among stakeholders. Many respondents cited an absence of state-
of-the-art material recovery plants, inadequately equipped metal processing plants, and
inefficient collection and transportation logistics of scrap. This supports Adewuyi and
Oyejide's (2012) argument that ineffective material handling systems bring recovery
levels down and undermine innovation in Nigeria's recycling sector. Nigeria's commercial
hub, Lagos, is also bedevilled by an organized recycling system where informal operators
are the dominant drivers utilizing makeshift equipment. Market demand for recovered
metals was also a major driver, especially for steel and aluminium. The population boom
and infrastructure expansion in Lagos have established a boom market for secondary
materials. It has also made metal scrap into a sought-after product in the state,
particularly among semi-formal and artisanal recyclers. In the tradition of Olusunle
(2020), the long-term expansion in manufacturing and property activity in Lagos has
boosted demand for recyclable metals, though such demand is often frustrated by
unpredictable supply chains as well as by the lack of standard scrap price mechanisms,
thereby precluding fair trade as well as long-term investment. Interesting was the
observation that though the utilization of digital technology was very high in terms of
importance, its actual usage was low with most of the respondents. The majority of the
recycling companies particularly the informal ones indicated low adoption of digital
systems to sort materials, follow processes, or logistics. The majority of the processes are
still manual, and digital adoption is among a few large companies that employ IoT-
equipped tracking devices or enterprise planning software. This observation confirms
Okafor and Ugwu (2019), who revealed capital weaknesses, inadequate internet
penetration, and the absence of technical competence as the key impediments to
digitalization for Nigeria's small- and medium-scale enterprises. The gap in digital
technology between large-scale formal recyclers and informal players is still a significant
impediment to attaining coordinated data-informed sustainability within the sector.
Weaknesses in regulation were also revealed. Respondents were prone to bemoan the
inconsistent enforcement of environmental regulations and the lack of indiscriminate
operation manuals. Government action regarding waste management is mostly fractured
and reactive and has a tendency to cause uncertainty and loopholes in monitoring and
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enforcement. [lesanmi et al. (2021) further observed that the environmental policy regime
of Nigeria, in theory, is recycling-friendly but is still not able to exert institutional muscle
to bring about concrete change in local recycling economies. In Lagos, this is equivalent
to duplicated mandates for the environmental institutions, in-time monitoring, and light
fines for the improper disposal or process methods. In this regard, the study revealed
limited technical training among workers, especially those in the informal recycling value
chain. Most of the workers, the study found, were not provided with any formal training
on material identification, machinery safety, and environmentally friendly processing
methodologies. This is the reason for inefficiency in scrap sorting, high-value scrap
contamination, and exposure to hazardous metals. To Nwachukwu et al. (2010),
developing human capital by focusing training with a view to increasing metal recovery,
lowering emissions, and enhancing working conditions is a necessity. This is done to some
extent in Lagos but is few, and informal recyclers mostly learn by experience without
institutional oversight or availability of safety materials. Instability of power supply was
the lowest ranked contributing factor, yet its impact in the real world is equally strong.
Blackouts, the expensiveness of diesel generators, and power rationing were mentioned
by the respondents as major discouragers to smooth operations. These hinder energy-
intensive metallurgical processes such as melting, casting, and purification. Akinbami
(2022) points out that unstable power infrastructure raises the cost of production in small
industries by more than 35%, a percentage that could be much higher in informal recyclers
in non-industrial areas.

Conclusion

This research has examined the metallurgical process dynamics of Lagos' recycling and
reusing in Nigeria with a quantitative descriptive survey method. The results reveal that
while Lagos offers huge prospects for the circular economy practice in metallurgy due to
its huge scrap base and increasing industrial demand, it is hampered by infrastructural
challenges, low digital technology uptake, weak regulation enforcement, and low technical
manpower capacity. All three primary drivers of market demand, infrastructure supply,
and digitalization value were ranked as very high by the stakeholders. Nonetheless,
digital equipment adoption and organized recycling procedures were minimal,
particularly among informal recyclers. The discrepancy between potentiality and reality
underscores the need for coordinated planning, public-private partnerships, and policy
inclusion towards accelerating sustainable development within metallurgical recycling
practices. In addition, the place of informal players is still significant but unregulated,
and their exclusion from the mainstream support structures continues to deter efficiency,
safety, and environment sustainability. The study also confirmed that energy instability,
a shortage of skilled human resources, and fragile institutional frameworks are cross-
cutting issues that are stifling the scalability of recycling operations in the region. A cost-
effective and sustainable metallurgical recycling system in Lagos needs to engage multi-
sectors, technical integration, and policy reforms suitable to the Nigerian context.
Digitalization, where implemented effectively, can itself be a trigger for change enhancing
traceability, optimizing material flow, and imposing ecological accountability.
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Recommendations

Investment in Recycling Infrastructure

Private sector operators and the government must invest in contemporary scrap
processing plants, material recovery facilities (MRFs), and logistic systems that will
maximize the efficiency of metal recovery and waste management throughout Lagos.

Formal Integration of Informal Recyclers

Operators in the informal sector who manage a large proportion of scrap collection—
should be formalized by training, certification schemes, and economic incentives to
promote safer and more environmentally friendly practices.

Promotion of Digital Tools and Technologies

There needs to be focused programs (e.g., grants, capacity building, and provision of
subsidised digital solutions) for promoting the use of Industry 4.0 technologies such as Al,
IoT, and mobile tracking systems, especially for SMEs and recycling cooperatives.

Strengthening of Regulatory Frameworks

The regulating and environmental authorities need to improve enforcement, simplify
procedures, and create transparent recycling policies. This encompasses the use of
common mechanisms for scrap pricing and common monitoring and punishment for the
offenses.

Power Supply Stabilization and Renewable Integration

Metal recycling industries require a stable power supply. Integration of grid-off renewable
energy systems like solar or hybrid mini-grids can diversify reliance on intermittent grid
power and lower expenses.

Workforce Training and Capacity Building

Vocational schools and technical institutions must work together with operators in the
industry to come up with industry-based training modules for recyclers, focusing on
material handling safety, quality control, and computer education.

Public Awareness and Community Outreach

There must be public awareness campaigns that aim at educating the people on the
segregation of metal wastes properly, benefits of recycling, and collection places for
recyclables so that there can be uniformity in supply and consciousness towards the

environment.
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