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ABSTRACT
The cotton spinning industry is an essential part of the textile value chain and plays a significant
role in the economy of cotton producing countries. However, cotton spinning mills are
associated with various environmental challenges, mainly due to high energy consumption,
cotton dust emissions, solid waste generation, noise pollution, and indirect impacts related to
water use. In recent years, increasing environmental regulations, rising energy costs, and
sustainability demands from international buyers have highlighted the need for environmentally
responsible spinning practices. This review examines recent literature on the environmental
impacts of cotton spinning mills and discusses mitigation strategies reported by researchers and
industry studies. Key areas of focus include energy efficiency improvement, renewable energy
use, air pollution control, waste minimization and recycling, and the application of
environmental management systems. The paper also discusses the current environmental
scenario of cotton spinning mills in Pakistan, identifying major challenges as well as
opportunities for improvement. Overall, the review shows that practical technological and
management-based measures can reduce environmental impacts while maintaining production
efficiency and it highlights the need for further research and policy support to promote
sustainable cotton spinning operations.
Keywords: Cotton Spinning; Environmental Impacts; Sustainability;, Energy Efficiency; Waste
Recycling; Pakistan Textile Industry
Introduction
The cotton spinning industry is a key segment of the textile manufacturing chain, converting
raw cotton fibers into yarn for further processing into fabric and garments. Due to continuous
mechanical operations, cotton spinning is considered one of the most energy-intensive stages
of textile production. Although the process does not involve extensive chemical treatments, its
environmental footprint remains significant because of high electricity consumption, emission
of cotton dust and airborne fibers, generation of fibrous solid waste, noise pollution, and
indirect impacts related to water use and wastewater discharge. Increasing global concern
regarding environmental sustainability, climate change, and occupational health has placed
growing pressure on textile industries to improve their environmental performance. Energy-
intensive machinery used in blow room operations, carding, combing, drawing, roving, and
spinning contributes substantially to energy demand, while inadequate dust extraction and
waste handling practices pose risks to worker health and the surrounding environment. In
developing countries, these challenges are often intensified by outdated technology and
limited enforcement of environmental regulations. In Pakistan, where the cotton spinning
industry plays a vital role in exports and employment, energy shortages, reliance on fossil fuel-
based power generation, and limited adoption of energy-efficient technologies further increase
environmental pressures and threaten international competitiveness. Therefore, a systematic
understanding of environmental impacts and feasible mitigation strategies is essential for
promoting sustainable cotton spinning operations under current industrial conditions
(Hasanbeigi & Price, 2015; Saidur et al., 2018; Sandin et al., 2019; Palme et al., 2019; Neves et
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al., 2020; Wang et al., 2020; Niinimaki et al., 2020; Textile Exchange, 2023; Pakistan Bureau of
Statistics, 2023; International Energy Agency, 2023)

Cotton Spinning Process and Sources of Environmental Impact

Blow Room Operations

The blow room is the initial stage of cotton spinning where raw cotton bales are opened,
cleaned, and blended to remove impurities such as dust, seeds, and short fibers. This process
generates a large amount of cotton dust, microfibers, and waste material, which contributes
significantly to indoor air pollution if not properly controlled. High airflow rates and mechanical
beating actions increase the dispersion of fine particulate matter within the working
environment. Inadequate dust extraction systems and poor housekeeping practices can further
worsen air quality, posing risks to worker health and increasing material losses during fiber
preparation (Chen et al., 2018; Neves et al., 2020).

Carding and Combing Processes

Carding and combing are critical processes that align fibers and improve yarn quality by
removing remaining impurities and short fibers. These stages generate substantial quantities of
solid waste in the form of card droppings and comber nails. Although this waste contains
valuable cellulose fibers, improper segregation and handling often lead to unnecessary disposal
or low-value use. In addition, carding and combing machines consume considerable electrical
energy due to continuous operation of motors, suction fans, and auxiliary systems. Inefficient
process control and outdated machinery further increase both energy consumption and waste
generation (Palme et al., 2019; Choudhary & Nayak, 2020).

Drawing and Roving Operations

Drawing and roving processes are designed to improve fiber uniformity and prepare the
material for final spinning. These stages involve multiple machine passages and continuous
mechanical motion, resulting in steady electricity demand. Although the amount of waste
generated at this stage is relatively lower, energy loss can be significant due to poor
maintenance, improper machine settings, and lack of energy-efficient components. In many
spinning mills, especially in developing countries, limited monitoring of energy performance at
drawing and roving stages leads to inefficient resource use and increased operational costs
(Karthik et al., 2019; Zhang et al., 2021).

Spinning Processes (Ring and Rotor Spinning

The spinning stage is the most energy intensive part of the cotton spinning process, particularly
in ring and rotor spinning systems. High spindle speeds, prolonged operating hours, and
continuous use of motors and air-conditioning systems contribute to substantial electricity
consumption. In addition to energy use, spinning machines generate high noise levels that may
exceed recommended occupational exposure limits, creating long-term health risks for
workers. Without appropriate noise control measures and preventive maintenance, noise
pollution remains a persistent environmental and occupational concern in spinning mills
(Karthikeyan et al., 2018; Kumar et al., 2022).

Auxiliary Operations and Indirect Environmental Impacts

Although cotton spinning does not involve wet chemical processing, auxiliary operations such
as humidification, machine cleaning, and maintenance contribute indirectly to environmental
impacts. Water is commonly used to maintain appropriate humidity levels and for equipment
cleaning, while lubricating oils and greases may enter wastewater streams if not properly
managed. Indirect environmental impacts also arise from electricity generation, particularly in
regions where fossil fuels dominate the energy mix. In countries like Pakistan, frequent power
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shortages often force spinning mills to rely on captive diesel or gas generators, further
increasing emissions and environmental pressure (Roy Choudhury, 2017; Kiani et al., 2023)
Major Environmental Impacts of Cotton Spinning Mills

Energy Consumption and Carbon Emissions

Energy consumption represents the most significant environmental impact of cotton spinning
mills. Continuous operation of blow room machinery, carding and combing units, drawing
frames, and high-speed spinning machines requires a large and stable electricity supply. In
many mills, inefficient motors, lack of energy monitoring, and poor maintenance practices
further increase electricity demand. Where electricity is generated mainly from fossil fuels, high
energy use results in increased greenhouse gas emissions and contributes to climate change
(Hasanbeigi et al., 2022; Zhang et al., 2020).

Air Pollution and Cotton Dust Emissions

Air pollution in spinning mills is primarily associated with cotton dust, fly, and fine particulate
matter released during fiber opening and processing. Prolonged exposure to cotton dust can
lead to respiratory problems and other occupational health issues among workers. Insufficient
ventilation systems and ineffective dust extraction units worsen indoor air quality and may also
affect surrounding areas if emissions are not properly controlled (Bukhari et al.,, 2021;
Karthikeyan et al., 2018).

Solid Waste Generation

Cotton spinning generates various types of solid waste, including card droppings, comber nails,
roving waste, and floor sweepings. The quantity of waste produced depends on fiber quality,
machinery settings, and process efficiency. Although much of this waste contains recoverable
fibers, poor segregation and limited recycling practices often result in disposal to landfills,
leading to resource loss and environmental burden (Shaikh et al., 2020; Laitala et al., 2021).
Noise Pollution

Noise pollution is another important environmental and occupational issue in spinning mills,
particularly in ring and rotor spinning departments. High spindle speeds and continuous
machine operation generate noise levels that may exceed recommended exposure limits. Long-
term exposure to excessive noise can cause hearing loss, fatigue, and reduced worker
productivity if preventive measures are not implemented (Kumar et al., 2022; OSHA, 2020).
Water Use and Wastewater Quality

Although water use in spinning mills is limited compared to wet processing units, water is still
required for humidification and equipment cleaning. Wastewater may contain suspended
solids, lubricants, and oils, which can negatively affect water quality if discharged without
proper treatment. In regions lacking effective wastewater management systems, even small
volumes of untreated effluent can contribute to local environmental pollution (Farooq et al.,
2020; Rahman et al., 2019).

Environmental and Occupational Health Implications

Environmental impacts of cotton spinning mills directly affect worker health, surrounding
communities, and ecosystems. Continuous exposure to cotton dust and noise during spinning
operations can cause respiratory diseases, hearing loss, and reduced worker productivity. Poor
ventilation and housekeeping practices further worsen indoor air quality and occupational
health conditions. In addition, improper handling and disposal of spinning waste contributes to
air and soil pollution, affecting nearby communities. Energy-intensive operations also increase
greenhouse gas emissions, adding to broader environmental degradation. These impacts
emphasize the need for effective pollution control and occupational health management in
cotton spinning mills (Karthikeyan et al., 2018; Bukhari et al., 2021; Kumar et al., 2022)
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Mitigation Strategies for Environmental Impacts

Energy Efficiency and Process Optimization

Energy efficiency improvement is the most effective mitigation approach in cotton spinning
mills due to the energy-intensive nature of spinning operations. Replacement of outdated
machinery with energy-efficient motors, installation of variable frequency drives, and
optimization of ventilation and compressed air systems can significantly reduce electricity
consumption. Regular energy audits and process optimization help identify inefficiencies and
support continuous performance improvement (Hasanbeigi & Arens, 2021; Karthik et al., 2019).
Air Pollution Control and Occupational Safety Measures

Control of cotton dust and airborne fibers is essential for reducing environmental emissions
and protecting workers’ health. Installation of modern dust extraction systems, improved
ventilation, and effective housekeeping practices can substantially improve indoor air quality.
These measures also support compliance with occupational health and safety standards and
reduce the risk of respiratory disorders among workers (Chen et al., 2019; Neves et al., 2020).
Solid Waste Reduction and Recycling

Waste minimization strategies focus on reducing fiber loss during processing and improving
segregation of spinning waste. Recyclable waste such as comber nail and card waste can be
reused in yarn production or converted into value-added products, reducing the demand for
virgin cotton and supporting circular economy practices. Efficient waste management also
lowers disposal-related environmental impacts (Palme et al., 2019; Gupta & Arora, 2019).
Renewable Energy Integration

Integration of renewable energy sources, particularly solar photovoltaic systems, provides an
effective solution for reducing dependence on fossil fuels and lowering carbon emissions. In
energy-deficient regions such as Pakistan, renewable energy adoption also enhances energy
security and operational stability in spinning mills (Khan et al., 2022; IRENA, 2023).
Environmental Management Systems and Regulatory Compliance

Environmental management systems, such as ISO 14001, provide a structured framework for
monitoring environmental performance and ensuring compliance with environmental
regulations. Training programs, regular environmental audits, and documentation of
environmental indicators support continuous improvement and help spinning mills meet
international buyer sustainability requirements (I1SO, 2018; Leal Filho et al., 2022).

Current Environmental Scenario of Cotton Spinning Mills in Pakistan

Importance of the Spinning Sector in Pakistan

The cotton spinning industry is one of the most important pillars of Pakistan’s textile sector and
plays a vital role in export earnings, employment generation, and industrial development.
Pakistan is among the leading producers and exporters of cotton yarn globally, with spinning
mills operating across Punjab and Sindh. Due to its scale and economic importance, the
environmental performance of this sector has a direct influence on national sustainability goals
(Pakistan Bureau of Statistics, 2023; World Bank, 2021).

Energy Crisis and Environmental Challenges

One of the major environmental challenges faced by spinning mills in Pakistan is the persistent
energy crisis. Frequent power outages and unreliable grid supply force many mills to rely on
captive diesel or gas generators, which significantly increase fuel consumption, air emissions,
and production costs. High energy tariffs further limit investment in cleaner and energy-
efficient technologies, worsening the environmental footprint of spinning operations (Kiani et
al., 2023; Asian Development Bank, 2022).
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Environmental Compliance and Technological Limitations
Although environmental regulations exist in Pakistan, their enforcement remains inconsistent.
Many spinning mills, particularly small and medium-sized units, lack modern dust control
systems, waste management facilities, and structured environmental management practices.
Limited access to finance and technical expertise further restricts the adoption of advanced
pollution control and energy-efficient technologies (Akhtar et al., 2020; Ali et al., 2020).
Opportunities for Sustainable Improvement
Despite these challenges, there are growing opportunities for improving environmental
performance in Pakistan’s spinning sector. Increasing adoption of solar energy, buyer-driven
sustainability requirements, and international support programs are encouraging mills to invest
in cleaner production practices. With appropriate policy support, financial incentives, and
capacity building, Pakistan’s cotton spinning industry has strong potential to transition towards
more sustainable and environmentally responsible operations (UNEP, 2020; European
Commission, 2022).
Research Gaps Identified in Existing Literature

e Limited focus on small and medium-sized cotton spinning mills, especially in developing

countries.
e Insufficient research on region-specific challenges such as energy shortages and high
operating costs.

e Llack of integrated studies linking environmental impacts with occupational health risks.

e Limited evaluation of long-term performance of mitigation measures.
Future Research Directions

e Development of low-cost and energy-efficient technologies suitable for spinning mills.

e Increased use of digital monitoring and energy management systems.

e Expansion of life cycle assessment and carbon footprint studies.

e Greater industry academia collaboration for practical implementation.
Conclusion
This review highlights that cotton spinning mills, while not involving intensive wet processing,
still exert considerable environmental and occupational pressures mainly through high energy
consumption, dust emissions, noise generation, and solid waste production. The findings from
existing literature clearly show that energy use remains the dominant contributor to
environmental impacts, particularly in regions where fossil fuel-based electricity and captive
power generation are common. In addition, inadequate dust control, waste handling, and
workplace safety measures continue to pose risks to worker health and nearby communities.
The review also indicates that effective mitigation is achievable through energy-efficient
technologies, improved process control, dust management systems, waste recycling practices,
and the adoption of structured environmental management frameworks. In the context of
Pakistan, challenges such as energy shortages, financial limitations, and weak regulatory
enforcement further intensify these impacts, but they also present opportunities for cleaner
production and renewable energy integration. Overall, the evidence suggests that improving
environmental performance in cotton spinning mills requires a balanced approach that
combines technological upgrades, management commitment, and policy support.
Strengthening these areas can not only reduce environmental and health impacts but also
enhance operational efficiency and long-term sustainability of the cotton spinning sector.
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