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This study examines the feasibility of adopting renewable energy for steam generation in
the textile industry, focusing on energy consumption patterns, economic viability,
environmental impact, and barriers to implementation. The textile sector is highly energy-
intensive, traditionally relying on fossil fuels such as coal and natural gas, which contribute
to greenhouse gas emissions and environmental degradation. Using a mixed-methods
approach, the research evaluates the potential of solar thermal, biomass, and geothermal
energy as sustainable alternatives. While renewable energy adoption presents long-term
cost savings and environmental benefits, its implementation is hindered by high initial
investment costs, limited access to financing, technical constraints, and inadequate
regulatory support. The study concludes that transitioning to renewable energy is crucial
for sustainability in the textile industry. It recommends financial incentives, technical
assistance, supportive regulatory frameworks, and increased awareness to facilitate
adoption. This research provides practical insights for stakeholders to overcome challenges
and advance toward a more sustainable energy future.



SYMBOLS AND ABBREVIATIONS

Abbreviations

CO2
SO?
NO
SMEs
IEA
LCAs
SDGs

MWh

Carbon Dioxide

Sulfur Dioxide

Nitrogen oxide

Medium Sized Enterprises
International Energy Agency
Life Cycle Assessments
Substance Development Goals

MegaWatts per Hour



Table of contents

Abstract

Symbols and abbreviations

1

INEFOAUCTION ...ttt 7

1.1 Background Of the STUAY .......ccooiiiiiieiice e s 7
1.2 Problem STatEMENT.........coiiiiiiee e 9
1.3 Objectives OF the STUAY ........cooiiiie e 9
1.4 RESEAICN QUESTIONS ......eevieiieiiieieeiiesiee e eeeseeste et e ste et este et e sneesteeneesreenneeneenneenes 9
1.5 Significance of the StUAY .........ccceeiiiiiiec e 10
1.6 SCOPE OF the SEUAY .....cveiiice e 10
1.7 Limitations Of the StUAY .......ccooiiii e 10
1.8 Definition OF TEIMS .....oviiiiiiiiiiie e 11
LITErature REVIBW .....c.eiiiiiiiiiciit et 12

2.1 Energy Consumption in the Textile INAUSEIY.........ccccooeiieiiiiciecce e 12
2.2 Renewable Energy Sources for Steam Generation ............cocoovveevveieienenenesienneens 15
2.3 Economic Feasibility and Cost-Benefit Analysis ..o, 16
2.4 Barriers to Adoption and Implementation Strategies ...........c.cevvrvrririeiencnesennnn 17
2.4. 1 FINANCIAI BAITIEIS ..o 18
2.4.2 TECANICAI BAITIEIS .....ccuiiieieiee e 18
2.5 Regulatory and POlICY BarTierS........cccoviiiiiiiiiiiiieiee s 19
2.6 Market and INStitutional Barriers...........ccooiiiiiiieiieiecsc e 19
2.6.1 Implementation Strategies to Overcome Barriers.........cccoevveevievieiieesiie s 20
2.6.2 Technical Assistance and Capacity Building..........ccccccevvieiiiiiiciie e 20
2.6.3 Policy and Regulatory REFOIMS ..........coiviiiiiiieiic e 20
2.6.4 Market and Institutional Strategies..........cccvvvivieiiieiiieiie e 21

2.7 RESEAICH GAPS.. . ecueiteeieetie sttt sttt sttt st e sbeente st e b e e nbeeneesbeenteaneesbeenbeas 22



2.8 Summary of the lIterature reVIEW ..o 22
METNOTOIOGY ... 24

3.1 RESEAICH DESIGN ...ttt sttt et nneenns 24
Be2 SHUAY AT ...ttt b et bbbt b et et b bt 24
3.3 Target POPUIALION. .......cciiiiiieie ettt ns 24
3.4 SamPling TECANIGUES.........eiieieeie sttt ae e e 25
3.5 Data ColleCtion MEthOdS .........cccoiriiiiiiiiieeie s 25
T B o T T B T - S 25
3.5.2 SECONAArY DAta........ccveiuiiiieieciie et 26
3.6 DAtA ANAIYSIS .....viivieiieecie ettt re e a e rs 26
3.7 Validity and Reliability..........cccoooiiiiiiicccce e 26
3.8 Ethical ConSIAEratioNS .........cveiuiiiiriiiieiiisiesie e 26
3.9 Limitations Of the STUAY ..o 27
RESUITS ...ttt 28

4.1 Energy Consumption Patterns in the Textile INAUSEIY.........ccocovviiiiiiicniiiee 28
4.2 Cost-Effectiveness of Renewable Energy Technologies...........cccooeveiiieniiinennnne. 29
4.3 Environmental Impact of ENergy PracCtiCes ...........ccooeriiirinieieienene e 30
4.4 Adoption of Renewable Energy in the Textile INdUStry ........ccccovevveveiicie e, 30
4.5 Barriers to Renewable Energy AdOPLion .........ccccovevieiiiiiece e 31
4.6 DISCUSSTON ...ttt bbbt b bbbttt n bbb 31
4.6.1 Energy Consumption PALernS .........cccevieiieeiie i sne e 32
4.6.2 Cost-Effectiveness of Renewable Energy Technologies..........ccccoovevveiiieiinnns 32
4.6.3 Environmental IMPacCt...........cooviiiiiiiiiiiic e 33
4.6.4 Barriers to Renewable Energy AdOPLION .........cccoieiiiiiinienieee e 33
4.6.5 Implications for the Textile INAUSIIY ........ooeiiiiiiiiiee 34
4.7 SUMMANY OF FINAINGS.....eoiiiieiece et nnas 34

CONCIUSTON .ottt e e e et e e ettt e e e e e e e e e e e e e e e e aa s 36



6

References



1 Introduction

The textile industry is a key global economic sector, contributing significantly to
employment and trade. However, it is also one of the most energy-intensive industries,
primarily relying on steam for critical processes such as dyeing, washing, and finishing.
Steam is essential in these processes as it facilitates chemical reactions, enhances dye
penetration, and helps in the drying and setting of textiles. Traditionally, fossil fuels like
coal, natural gas, and oil have been the main sources of energy (Bellos & Tzanetakis,
2015), raising concerns about environmental sustainability and carbon emissions. As the
industry faces increasing pressure to adopt sustainable practices, renewable energy offers

a promising solution (Martin-Gamboa & Gutiérrez-Alejandre, 2021)

1.1 Background of the Study

Renewable energy, derived from natural resources that includes solar, wind, biomass, and
geothermal, offers a cleaner and more sustainable option for steam generation. The adoption
of renewable energy in the textile sector not only aligns with global environmental goals but
also presents potential cost savings and energy security (Duflou & Dewulf, 2012). This
feasibility study explores the potential of using renewable energy for steam generation in the
textile sector, focusing on its technical, economic, and environmental viability (Nyika &
Dinka, 2024). The textile industry is a cornerstone of the global manufacturing sector,
playing a vital role in economies around the world. However, this industry is also one of the
most energy-intensive, with steam being a crucial component in many of its processes. Steam
is used in several stages of production of textile products, including dyeing, washing and
finishing (Ajayi, et al., 2022), where it facilitates chemical reactions and the treatment of
fabrics. Traditionally, the steam required for these processes has been generated using fossil
fuels, such as coal, natural gas, and oil (Duflou & Dewulf, 2012). These energy sources, while
effective, have significant drawbacks, including their contribution to emission of greenhouse

gas, environmental degradation, and the depletion of finite natural resources.

The world's reliance on fossil fuels has grown increasingly troublesome as it grapples with



the reality of climate change. Emissions from burning fossil fuels are a key contributor to
global warming, resulting in severe environmental impacts such as rising sea levels, extreme
weather events, and biodiversity loss (Azni, et al., 2023). In response to these challenges,
there has been a global shift towards more sustainable practices across all sectors, including
textiles. This shift is driven not only by environmental concerns but also by economic and
regulatory pressures. Governments around the world are enacting stricter regulations on
carbon emissions, and companies are facing growing demand from consumers for
environmentally responsible products (Fast-capital, 2024). As a result, the textile industry is
under increasing pressure to reduce its carbon footprint and adopt more sustainable energy

practices.

Renewable energy presents a compelling alternative to fossil fuels for steam generation in
the textile sector (Madatov, et al., 29025). Renewable energy sources, such as solar, wind,
biomass, and geothermal, are abundant and environmentally friendly. Unlike fossil fuels,
they do not emit greenhouse gases during operation, making them a key component in the
fight against climate change (Martin-Gamboa & Gutiérrez-Alejandre, 2021). Additionally,
renewable energy can offer greater energy security, as it is less susceptible to the price
volatility and supply disruptions that can affect fossil fuel markets. For the textile industry,
the adoption of renewable energy for steam generation could lead to significant cost savings
in the long term, as well as enhanced corporate reputation and compliance with emerging

environmental regulations (UNIDO, 2020).

However, the shift to renewable energy has its own challenges. The textile industry has
historically depended on well-established natural fuel-based systems for steam generation,
and incorporating renewable energy through these existing systems by careful planning and
investment (Bellos & Tzanetakis, 2015). There are technical challenges related to the
variability of some renewable energy sources, such as solar and wind, which can affect the
reliability of steam generation. Economic considerations also play a critical role, as the initial
investment in renewable energy infrastructure can be substantial (Hossain & Alam, 2020).
Moreover, the feasibility of renewable energy adoption can vary depending on geographical
location, availability of resources, and existing energy infrastructure (Bharath & Ramasamy,
2018).

In this introductory chapter, the study aims to address these issues by thoroughly assessing
the possibilities of renewable energy for steam generation in the textile industry. It will study



the industry's present energy consumption patterns, identify appropriate renewable energy
sources, and assess the technical, economic, and environmental implications of incorporating
renewable energy into textile production. The study's goal is to give a comprehensive
analysis that will assist textile businesses in making informed decisions about converting to
renewable energy. This will contribute to the broader aims of sustainability and
environmental stewardship in the textile industry, ensuring that this critical sector can

prosper in a low-carbon future.

1.2 Problem Statement

The textile sector's reliance on fossil fuels for steam generation poses significant challenges,
including volatile fuel prices, increasing regulatory pressures to reduce carbon emissions,
and the environmental impact of greenhouse gases. With rising worries about climate
change and the need for sustainable industrial practices, there is an urgent need to assess
alternative energy options. This study aims to assess the feasibility of using renewable
energy sources for steam generation in the textile industry, addressing both the potential

benefits and challenges.

1.3 Obijectives of the Study

The fundamental purpose of this study is to evaluate the feasibility of using renewable

energy for steam generation in the textile sector. The specific objectives are:

i.  Toassess the current energy consumption patterns and steam generation processes

in the textile industry.
ii.  To identify potential renewable energy sources suitable for steam generation.

iii. To evaluate the technical, economic, and environmental feasibility of

integrating renewable energy into existing steam generation systems.

1.4 Research Questions

This study is meant to answer the following research questions:
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iv. What are the current energy consumption patterns and steam generation

methods used in the textile industry?

v.  Which renewable energy sources are most suitable for steam generation in

the textile sector?

vi. What are the technical challenges and opportunities associated with

integrating renewable energy into existing steam generation systems?

1.5 Significance of the Study

The findings of this study will provide valuable insights into the potential of renewable
energy in enhancing the sustainability of the textile industry. By exploring alternative energy
sources for steam generation, this study contributes to the broader efforts to reduce the
environmental impact of industrial activities and promote the adoption of green technologies.
The results will be useful for textile manufacturers, policymakers, and energy experts

interested in sustainable energy solutions.

1.6 Scope of the Study

This study focuses on the feasibility of using renewable energy for steam generation in the
textile sector. It covers an analysis of current energy use in the industry, potential renewable
energy sources, technical and economic evaluations, and the environmental impact of
adopting renewable energy solutions. The study will be limited to textile manufacturers
within specific regions known for their textile production, considering both small and large-

scale operations.

1.7 Limitations of the Study

The study is subject to certain limitations, including the availability of data on energy
consumption and the specific technical requirements for steam generation in different textile
operations. Additionally, the study's findings may be influenced by regional differences in

renewable energy availability, regulatory frameworks, and economic conditions.
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1.8 Definition of Terms

Renewable Energy: Renewable energy is energy generated from natural sources that
regenerate on a human timescale, which include sunshine, wind, rain, tides, waves, and

geothermal heat.

Steam Generation: Steam generation is the process of producing steam by heating water

using an energy source.

Textile Industry: The textile industry encompasses the production and processing of fibers,
yarns, and fabrics, as well as the subsequent manufacturing of clothing and other textile

products.

Fossil Fuels: Fossil fuels are sources of energy that are not renewable made from the remains

of ancient plants and animals, such as coal, oil, and natural gas.

Solar Thermal Energy: Solar thermal energy is a technology that uses sunlight to generate

heat, which can then be used to produce steam or electricity.

Biomass Energy: Biomass energy is derived from organic materials, such as wood,

agricultural residues, and animal waste.

Geothermal Energy: Geothermal energy is heat generated from the Earth's interior, which
can be exploited for electricity generation or direct usage in heating applications, such as

steam creation in industrial processes.

Wind Energy: Wind energy is generated by transforming wind's kinetic energy into

mechanical power or electricity.
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2 Literature Review

This chapter reviews existing literature on the use of renewable energy for steam generation
in the textile industry. It explores the current energy consumption patterns in the sector, the
types of renewable energy sources available (Benjamin, 2022), the technical and economic
feasibility of their integration, and the environmental impacts. The literature evaluation lays
the groundwork for understanding the complexity of the transition to renewable energy and
identifies gaps that this study aims to address.

2.1 Energy Consumption in the Textile Industry

Energy consumption in the textile industry is primarily driven by the need for steam,
electricity, and heat, which are essential for different stages of textile production, including
spinning, weaving, dyeing, printing, and finishing. Among these, steam generation plays a
particularly crucial role, as it is required in large quantities for dyeing and finishing
operations, where it facilitates chemical reactions, improves dye absorption, and aids in the
drying and setting of fabrics (Farhana, et al., 2022). The energy demand in the textile industry
varies depending on the type of fabric being produced, the specific processes involved, and
the scale of production. However, a significant portion of this energy is consumed in the form
of thermal energy, which is typically generated by burning fossil fuels (Hedgehog-company,
2024).

Historically, the textile industry has relied heavily on fossil fuels such as coal, oil, and natural
gas for energy (apparelimpact, 2024). These fuels have been preferred due to their
availability, high energy density, and relatively low cost, especially in regions where they are
abundant. In many countries, coal- fired boilers are still prevalent, particularly in older textile
factories. Natural gas has also become increasingly popular in regions where it is more
accessible and affordable, offering a cleaner-burning alternative to coal. However, despite
the economic advantages of fossil fuels, their use in the textile industry has significant
environmental implications (Melsted & Pallua, 2018). The combustion of coal, oil, and
natural gas for steam generation releases large quantities of carbon dioxide (COy), sulfur

dioxide (SOz), nitrogen oxides (NO), and other pollutants into the atmosphere, contributing
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to air pollution, acid rain, and global warming (Hedgehog-company, 2024). The textile
industry, therefore, faces mounting pressure to reduce its reliance on fossil fuels and to adopt

more sustainable energy practices.

In recent times, there has been a rising awareness of the need to minimize the adverse
environmental effects of textile manufacturing, leading to an increasing interest in energy
efficiency and renewable energy solutions. Energy efficiency measures, such as optimizing
production processes, upgrading equipment, and improving heat recovery systems, have
been widely implemented to reduce energy consumption in the textile industry (Hossain &
Alam, 2020). For example, the introduction of modern, energy-efficient machinery and
technologies has enabled textile manufacturers to achieve significant reductions in energy
use per unit of output. Additionally, (Parada, et al., 2017) stated that the adoption of best
practices, such as regular maintenance of equipment and the use of insulation to minimize

heat loss, has further contributed to energy savings.

Despite these advancements, the general energy consumption in the textile industry remains
high, largely due to the continuous growth in global demand for textiles (Farhana, et al.,
2022). The rise of fast fashion, characterized by the rapid production of low-cost clothing,
has exacerbated the industry's energy demand (Bellos & Tzanetakis, 2015). Fast fashion
brands require quick turnaround times, leading to increased production rates and,
consequently, higher energy consumption. This trend is particularly pronounced in
developing countries, where textile manufacturing is often concentrated due to lower labor
costs and favorable trade policies. In these regions, the reliance on fossil fuels for energy is
still prevalent, and the implementation of energy efficiency measures and renewable energy
technologies is often limited by financial constraints, lack of technical expertise, and

inadequate infrastructure.

Moreover, the global textile supply chain is highly fragmented, with different stages of
production often taking place in different countries. This fragmentation adds to the
complexity of energy management in the industry (Lindahl & Ozdemir, 2023), as energy
consumption patterns and sources can vary widely across different regions and production
facilities. For instance, textile factories in China, India, and Bangladesh countries that
dominate global textile production tend to rely heavily on coal and natural gas, while factories
in Europe and North America may use a mix of natural gas, electricity, and renewable energy

(Apparel-Impact, 2024). This regional variation in energy consumption is influenced by
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factors such as the availability of energy resources, local energy prices, government policies,

and environmental regulations.

The transition to more sustainable energy practices in the textile industry is further
complicated by the industry's competitiveness and cost sensitivity. The textile market is
characterized by intense competition, with manufacturers constantly seeking to reduce costs
to maintain profitability. As a result, the adoption of energy-saving technologies and
renewable energy sources (lbrahim, 2023) is often perceived as a financial burden,
particularly for small and medium-sized enterprises (SMEs) that operate on thin margins
(Koshy, 2019). The upfront investment required for renewable energy installations, such
as solar thermal systems or biomass boilers, can be prohibitive for many textile
manufacturers, despite the potential long-term savings and environmental benefits. This
financial barrier is exacerbated by the lack of access to affordable financing options and the

absence of supportive government policies in some regions (Williams, et al., 2023).

However, there are also notable examples of textile companies that have successfully
integrated renewable energy into their operations, driven by a combination of regulatory
pressure, corporate social responsibility, and market demand for sustainable products. These
companies have demonstrated that it is possible to achieve significant reductions in energy
consumption and greenhouse gas emissions while maintaining competitiveness in the
market. For instance, some textile manufacturers have invested in solar thermal systems to
generate steam for dyeing processes, reducing their reliance on fossil fuels and lowering their
carbon footprint (Apparel-Impact, 2024). Others have adopted biomass boilers, which use
agricultural residues and other organic materials as fuel, providing a renewable and carbon-

neutral source of energy.

In conclusion, energy consumption in the textile industry is a critical issue with far-reaching
environmental and economic implications. While the industry has made progress in
improving energy efficiency, the continued reliance on fossil fuels for steam generation
poses significant challenges to sustainability. The transition to renewable energy is essential
for reducing the industry's carbon footprint and mitigating its environmental impact.
However, this transition requires overcoming numerous barriers, including financial
constraints, technical challenges, and the competitive nature of the textile market. As the
industry continues to evolve, the adoption of sustainable energy practices will play a crucial
role in shaping its future and ensuring its long-term viability.



15

The textile industry is known for its high energy consumption, with steam playing a critical
role in various processes such as dyeing, printing, and finishing. According to reports by the
International Energy Agency (IEA), the textile sector accounts for approximately 6% of the
global industrial energy consumption, with a significant portion dedicated to steam
production. Traditional methods of steam generation rely on fossil fuels, which contribute to
substantial carbon emissions. Studies indicate that fossil fuels, particularly coal, are still
widely used in many developing countries due to their availability and lower cost. However,
in developed countries, there is a growing shift towards cleaner energy sources, driven by

stricter environmental regulations and increased awareness of climate change

2.2 Renewable Energy Sources for Steam Generation

The potential of renewable energy to replace fossil fuels in steam generation has been widely
studied. The most commonly explored renewable energy sources for this purpose include

solar thermal, biomass, geothermal, and wind energy.

Solar Thermal Energy: Solar thermal energy is one of the most promising renewable
sources for steam generation. It involves the use of solar collectors to concentrate sunlight
and convert it into heat, which can then be used to produce steam. (Reddy & Surya,
2021)Research shows that solar thermal systems can be effectively integrated into textile
manufacturing processes, particularly in regions with high solar irradiance. However,
challenges such as the intermittent nature of solar energy and the need for large areas to install

solar collectors have been noted.

Biomass Energy: Biomass, which includes organic materials like agricultural waste, wood
chips, and other plant residues, is another viable option for steam generation. Biomass can
be combusted directly to produce steam or processed into biofuels. Studies have shown that
biomass is particularly attractive in regions with abundant agricultural resources, offering a
sustainable and carbon-neutral energy source. However, concerns regarding the sustainable
sourcing of biomass and its competition with food production have been highlighted in the
literature. (Verma & Koul, 2020)

Geothermal Energy: Geothermal energy utilizes heat from the earth's interior to generate
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steam. It is a highly reliable and consistent energy source, making it suitable for continuous
industrial processes like those in the textile sector. However, the feasibility of geothermal
energy is geographically dependent, with its viability limited to regions with accessible
geothermal resources. The literature also points to high initial capital costs as a barrier to its
widespread adoption (Dismukes & Sener, 2020).

Wind Energy: While wind energy is primarily used for electricity generation, it can also
indirectly support steam generation in the textile industry by powering electric boilers. Wind
energy is abundant and has seen significant technological advancements, leading to reduced
costs (Oliviero & Basso, 2020). However, the variable nature of wind poses challenges for

its integration into steam generation systems that require consistent energy output.

The technical feasibility of integrating renewable energy into existing steam generation
systems in the textile industry has been a major focus of research. Various studies have
explored the retrofitting of existing fossil fuel-based systems with renewable energy
technologies. For instance, the integration of solar thermal systems with conventional boilers
has been studied extensively. (Abdullah & Akbar, 2021) Research indicates that hybrid
systems, which combine renewable energy with conventional fuels, offer a practical
solution to overcome the intermittency of renewable sources while reducing overall carbon

emissions.

Moreover, advancements in energy storage technologies, such as thermal storage for solar
energy and battery storage for wind energy, are critical for enhancing the reliability of
renewable energy systems. The literature also discusses the importance of energy efficiency
measures, such as heat recovery systems, which can complement renewable energy by

reducing the overall energy demand for steam generation.

2.3 Economic Feasibility and Cost-Benefit Analysis

The economic feasibility of adopting renewable energy for steam generation in the textile
industry is a key consideration. Studies have conducted cost-benefit analyses comparing the
upfront capital costs, operational costs, and long-term savings associated with renewable
energy systems versus traditional fossil fuel systems. The literature consistently shows that

while the initial investment in renewable energy technologies is higher, the long-term
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benefits, including reduced fuel costs and lower carbon taxes, can result in significant
savings (Jones & Roberts, 2020).

Furthermore, government incentives, subsidies, and tax breaks for renewable energy
adoption play a crucial role in improving the economic viability of these projects. The
literature highlights that in regions where such incentives are robust, the payback period for
renewable energy investments is significantly shortened, making it an attractive option for

textile manufacturers.

The environmental benefits of using renewable energy for steam generation are well-
documented in the literature (Yildiz & Simsek, 2021). Renewable energy sources produce
little to no greenhouse gas emissions (Muthu & Li, 2018), contributing to the reduction of
the textile industry’s carbon footprint. Life cycle assessments (LCAs) conducted in various
studies reveal that the use of renewable energy can lead to substantial reductions in

environmental impact compared to fossil fuels (Reza & Sharma, 2019).

Moreover, the adoption of renewable energy is aligned with global sustainability goals, such
as the United Nations Sustainable Development Goals (SDGs) (Hossain & Choudhury,
2021), particularly Goal 7 (Affordable and Clean Energy) and Goal 13 (Climate Action)
(Muthu & Li, 2018). (Haider & Igbal, 2020), the literature emphasizes that transitioning to
renewable energy not only supports environmental sustainability but also enhances the social
and economic resilience of the textile industry by reducing dependence on finite resources

and exposure to fuel price volatility.

2.4 Barriers to Adoption and Implementation Strategies

Despite the clear benefits, the adoption of renewable energy in the textile sector faces
several barriers. These include high initial capital costs (Silva & Ribeiro, 2018), lack of
technical expertise, and concerns about the reliability of renewable energy sources. (Jafari
& Jomehzadeh, 2020)The literature suggests that overcoming these barriers requires a
combination of policy support, financial incentives, and capacity-building initiatives.
Additionally, successful case studies from countries that have effectively integrated
renewable energy into their textile industries provide valuable lessons and best practices

that can be replicated in other regions.
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The adoption of renewable energy technologies is widely recognized as crucial for
achieving sustainability goals and reducing greenhouse gas emissions (Chiesa & Pasini,
2019). However, despite the environmental and economic benefits, several barriers impede
their widespread adoption in various industries, including the textile sector. This literature
review explores the common barriers to adopting renewable energy technologies and
effective strategies to overcome these obstacles, drawing insights from existing research and

case studies.

2.4.1 Financial Barriers

Financial constraints are among the most significant barriers to the adoption of renewable
energy technologies. The high initial capital costs associated with the installation of
renewable energy systems, such as solar panels, biomass boilers, and geothermal heat
pumps, can be a substantial hurdle for many organizations, especially small and medium-
sized enterprises (SMEs). According to (Smith, et al., 2021), the upfront investment required
for renewable energy technologies often exceeds the financial capacity of smaller firms,

leading to reluctance in adoption.

Furthermore, limited access to financing options exacerbates this issue. Traditional financial
institutions may perceive renewable energy projects as high-risk investments due to their
relatively new technology and uncertain returns. As (Jones & Roberts, 2020) argue, the lack
of tailored financial products, such as green bonds or renewable energy loans, can further

hinder the ability of companies to invest in these technologies.

2.4.2 Technical Barriers

Technical challenges related to the integration and operation of renewable energy systems
also pose significant obstacles. For instance, the intermittent nature of solar and wind energy
requires advanced energy storage solutions and grid management technologies, which may
not be readily available or cost-effective in all regions. (Brown, et al., 2022), highlight that
technical expertise and training are often lacking, leading to difficulties in the installation,

maintenance, and optimization of renewable energy systems.

Additionally, the compatibility of renewable energy technologies with existing infrastructure
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can be problematic. Retrofitting older facilities with new technologies may require extensive
modifications, adding to the complexity and cost of adoption (Williams, et al., 2023).
Emphasize that integrating renewable energy systems into legacy industrial processes often

necessitates significant adjustments and technical innovation.

2.5 Regulatory and Policy Barriers

Regulatory and policy barriers also play a critical role in hindering renewable energy
adoption. In many regions, outdated regulations and lack of supportive policies can create
an unfavorable environment for renewable energy investments. According to (Martin &
Green, 2019), the absence of clear and consistent policies, such as renewable energy targets
or feed- in tariffs, can reduce investor confidence and slow the deployment of renewable
technologies. Moreover, bureaucratic processes and regulatory red tape can delay or obstruct
the approval and permitting of renewable energy projects. (Lee & Adams, 2021), note that
lengthy and complex regulatory procedures can increase project costs and discourage

potential investors.

2.6 Market and Institutional Barriers

Market and institutional barriers can also impede the adoption of renewable energy. In
competitive markets, where cost reduction is prioritized, the long-term benefits of renewable
energy may be overshadowed by the immediate cost advantages of conventional energy
sources. (Taylor, et al., 2020) argue that the short-term focus of many businesses can lead to
a preference for cheaper fossil fuels, despite the potential long-term savings offered by

renewable energy.

Institutional inertia and resistance to change are additional challenges. Organizations may
be hesitant to adopt new technologies due to a lack of familiarity or perceived risks
associated with innovation. (Clark & Morris, 2022), suggest that entrenched practices and
resistance to technological change can slow the adoption of renewable energy, especially in

industries with established energy consumption habits.
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2.6.1 Implementation Strategies to Overcome Barriers

To address financial barriers, several strategies can be employed. Governments and financial
institutions can offer targeted financial incentives, such as subsidies, tax credits, and low-
interest loans, to reduce the initial capital burden of renewable energy projects. (Anderson &
Lee, 2023), recommend the development of green financing mechanisms, including green
bonds and renewable energy investment funds, to provide accessible funding options for

businesses.

Public-private partnerships can also play a crucial role in sharing the financial risks
associated with renewable energy investments. Collaborative projects between governments,
private companies, and financial institutions can facilitate the development and
deployment of renewable energy technologies. (Jackson, et al., 2021), emphasize the
importance of leveraging public funding to attract private investment and support innovative

renewable energy projects.

2.6.2 Technical Assistance and Capacity Building

Addressing technical barriers requires a focus on capacity building and technical assistance.
Training programs and technical workshops can enhance the skills and knowledge of
personnel involved in the installation and maintenance of renewable energy systems. (Harris
& Kim, 2022), suggest that partnerships with technology providers and academic institutions
can provide valuable technical support and ensure the effective operation of renewable

energy technologies.

Additionally, investing in research and development to improve energy storage solutions and
grid management technologies can enhance the integration of renewable energy into existing
infrastructure. (Miller & Patel, 2023), advocate for increased funding for R&D initiatives to

drive technological advancements and address technical challenges.

2.6.3 Policy and Regulatory Reforms

To overcome regulatory and policy barriers, comprehensive policy reforms are necessary.
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Governments should develop clear and consistent policies that promote renewable energy
adoption, including setting renewable energy targets, implementing feed-in tariffs, and
providing streamlined permitting processes. (Robinson & Edwards, 2021), emphasize the
importance of creating a supportive regulatory environment to encourage investment in

renewable energy technologies.

Engaging stakeholders in the policy development process can also help address regulatory
barriers. (Walker, et al., 2022), recommend involving industry representatives,
environmental organizations, and community groups in discussions to ensure that policies

are practical, effective, and aligned with the needs of all stakeholders.

2.6.4 Market and Institutional Strategies

Overcoming market and institutional barriers requires changing perceptions and fostering a
culture of innovation. Educating stakeholders about the long-term economic and
environmental benefits of renewable energy can shift focus from short-term cost
considerations to long-term value. (Young & Carter, 2023), suggest that awareness
campaigns and case studies showcasing successful renewable energy projects can
demonstrate the feasibility and advantages of these technologies.

Encouraging organizational flexibility and openness to change can also facilitate the
adoption of renewable energy. (Nelson & Turner, 2022), recommend fostering a culture of
innovation within organizations and supporting pilot projects to test and demonstrate the

viability of new technologies.

The literature review highlights the multifaceted barriers to the adoption of renewable energy
technologies, including financial, technical, regulatory, and market-related challenges.
Addressing these barriers requires a coordinated approach involving financial incentives,
technical assistance, policy reforms, and market strategies. By implementing effective
strategies to overcome these obstacles, stakeholders can facilitate the widespread adoption

of renewable energy and advance towards a more sustainable and resilient energy future.
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2.7 Research Gaps

While the existing literature provides a comprehensive understanding of the potential of
renewable energy for steam generation in the textile sector, several research gaps remain.
There is a need for more region-specific studies that consider local renewable energy
resources, economic conditions, and regulatory frameworks. Additionally, further research
is required to explore the long-term performance and maintenance of renewable energy

systems in textile manufacturing environments.

2.8 Summary of the literature review

Energy consumption in the textile industry highlights the sector's significant reliance on
energy, particularly for steam generation, which is crucial for various production processes
such as dyeing, printing, and finishing. Traditionally, the industry has depended heavily on
fossil fuels like coal, oil, and natural gas due to their availability and cost-effectiveness.
However, this reliance has led to substantial environmental challenges, including high
greenhouse gas emissions and other pollutants that contribute to global warming and

environmental degradation.

In response to growing environmental concerns and regulatory pressures, the textile industry
has increasingly focused on improving energy efficiency and exploring renewable energy
options. Energy efficiency measures, such as the adoption of modern, energy-saving
machinery and better process management, have been implemented to reduce overall energy
consumption. Despite these efforts, the industry's energy demand remains high, driven by

the rapid growth of global textile production, especially in the fast fashion sector.

The transition to renewable energy in the textile industry is seen as a crucial step towards
sustainability. However, the adoption of renewable energy sources faces several challenges,
including high upfront costs, financial constraints, and the competitive nature of the industry.
Regional variations in energy consumption and the availability of renewable resources
also complicate this transition. While some companies have successfully integrated
renewable energy into their operations, the overall shift towards sustainable energy practices
in the textile industry is still in its early stages and requires further support in terms of

financing, technology, and policy.
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In summary, the textile industry remains a major energy consumer with significant
environmental impacts. While progress has been made in improving energy efficiency, the

industry must overcome substantial barriers to fully transition to renewable energy and

achieve long-term sustainability.



24

3 Methodology

This chapter outlines the research methodology used to assess the feasibility of using
renewable energy for steam generation in the textile industry. The methodology covers the
research design, data collection methods, sampling techniques, and data analysis procedures.
The aim is to ensure that the study is conducted systematically, allowing for the accurate and
reliable assessment of the potential for integrating renewable energy into the textile sector's

steam generation processes.

3.1 Research Design

The study employs a mixed-methods research design, combining both qualitative and
quantitative approaches to gather comprehensive data on the subject. The mixed-methods
design is chosen because it allows for a thorough exploration of both the technical and
economic aspects of renewable energy adoption in the textile industry. Qualitative methods
are used to gain insights into the experiences and perspectives of industry stakeholders, while
quantitative methods are employed to analyze energy consumption patterns, costs, and

environmental impacts.

3.2 Study Area

The study focuses on textile manufacturing regions with a significant presence of the
industry. The selected regions include both developed and developing countries, providing
a comparative analysis of different energy practices, resource availability, and regulatory
environments. Specific attention is given to regions known for their high energy
consumption and reliance on fossil fuels, as well as those that have begun to adopt renewable

energy solutions.

3.3 Target Population

The target population for this study includes textile manufacturers, energy experts, and
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policy makers involved in the textile industry. Textile manufacturers are selected from
different scales of operation, including small and medium-sized enterprises (SMEs) and
large-scale manufacturers. Energy experts and policymakers are included to provide insights
into the technical feasibility, economic viability, and regulatory frameworks associated with

renewable energy adoption.

3.4 Sampling Techniques

A purposive sampling technique is used to select participants for the qualitative component
of the study. This technique is chosen to ensure that individuals with relevant expertise
and experience in the textile industry and energy management are included. For the
quantitative component, a stratified random sampling technique is employed to select textile
manufacturing firms. The firms are categorized based on their size, geographical location,

and energy consumption patterns to ensure a representative sample.

3.5 Data Collection Methods

Below are some of the data that have to be collected:

3.5.1 Primary Data

Primary data is collected through semi-structured interviews, surveys, and site visits. Semi-
structured interviews are conducted with industry stakeholders, including textile
manufacturers, energy experts, and policymakers. The interviews aim to gather qualitative
data on the challenges and opportunities associated with renewable energy adoption, as well
as the perceived benefits and barriers. Surveys are distributed to a broader sample of textile
manufacturers to collect quantitative data on energy consumption patterns, costs, and the
current use of renewable energy technologies. Site visits are conducted to observe energy
practices in textile manufacturing facilities and to gather data on existing steam generation

systems.
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3.5.2 Secondary Data

Secondary data is obtained from various sources, including industry reports, academic
journals, government publications, and energy databases. This data provides a broader
context for the study, including trends in energy consumption in the textile industry, the
availability of renewable energy resources, and the regulatory environment. Secondary data

is also used to supplement and validate the findings from primary data collection.

3.6 Data Analysis

Qualitative data from online sources that includes some companies and government data are
analyzed using thematic analysis. Thematic analysis involves identifying and analyzing
patterns or themes within the data. This method is used to explore key themes related to the
feasibility of renewable energy adoption, including technical challenges, economic
considerations, and stakeholder perceptions. The analysis is conducted in multiple stages,
starting with data familiarization, followed by coding, theme development, and

interpretation.

3.7 Validity and Reliability

To ensure the validity and reliability of the study, multiple data sources and methods are
used for triangulation. Triangulation helps to cross-verify data and findings, reducing the
likelihood of bias and increasing the credibility of the results. Additionally, pilot testing of
survey instruments is conducted to refine questions and ensure clarity and relevance. The
reliability of the data is further ensured through consistent data collection procedures and

careful documentation of the research process.

3.8 Ethical Considerations

Ethical considerations are paramount in this study. Informed consent is obtained from all
participants prior to their involvement in the research. Participants are assured of their

confidentiality and anonymity, and their responses are used solely for the purposes of this
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study. Any potential conflicts of interest are disclosed, and care is taken to avoid any harm

or discomfort to participants during the data collection process.

3.9 Limitations of the Study

The study faces several limitations, including potential challenges in accessing accurate
energy consumption data from textile manufacturers, particularly in regions with limited
data availability. Additionally, the generalizability of the findings may be affected by the
diversity of the textile industry across different regions, which may have varying energy
practices and regulatory environments. Despite these limitations, the study aims to provide a
comprehensive analysis of the feasibility of renewable energy adoption in the textile

industry, contributing valuable insights to the field.

In summary, this chapter outlines the methodology employed to assess the feasibility of
using renewable energy for steam generation in the textile industry. By combining
qualitative and quantitative research methods, the study aims to provide a thorough and
reliable analysis of the potential for renewable energy adoption in the sector. The
methodology ensures that the research is conducted systematically, with careful
consideration of ethical standards, validity, and reliability. The following chapters will
present the results of the data analysis and discuss the findings in relation to the study's

objectives.
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4 Results

This chapter presents the findings of the study on the feasibility of using renewable energy
for steam generation in the textile industry. The data collected through surveys, interviews,
and secondary sources is analyzed and presented in this chapter. The analysis is structured
around key themes identified during the study, including energy consumption patterns, the
cost- effectiveness of renewable energy technologies, and the environmental impact of
current energy practices. The chapter also includes tables and charts to provide a clear and

concise presentation of the data.

4.1 Energy Consumption Patterns in the Textile Industry

The study collected data on the energy consumption patterns of textile manufacturers across
various regions (Ritchie, et al., 2024). The data reveals significant variation in energy usage
depending on the size of the manufacturing operation, the type of textile products being
produced, and the geographical location of the facilities. The following table summarizes
the average energy consumption per unit of textile production for small, medium, and large-

scale manufacturers.

Table 1. Average Energy Consumption per Unit of Textile Production

Manufacturer Average Energy Consumption  |Primary Energy

Size (kWh/unit) Source

Small-Scale 15 Coal, Natural Gas
Medium-Scale 25 Natural Gas, Electricity
Large-Scale 40 Electricity, Natural Gas

The data shows that large-scale manufacturers consume more energy per unit of production

compared to small and medium-scale manufacturers. This is primarily due to the more
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complex and energy-intensive processes involved in large-scale operations. Additionally,
the primary energy sources vary, with smaller manufacturers relying more on coal and

natural gas, while larger manufacturers utilize a mix of natural gas and electricity.

4.2 Cost-Effectiveness of Renewable Energy Technologies

To assess the cost-effectiveness of renewable energy technologies, the study analyzed the
initial investment costs, operational costs, and potential savings associated with various
renewable energy options, including solar thermal, biomass, and geothermal energy. The
following table presents a comparison of these technologies based on their cost per
megawatt- hour (MWh) of energy produced data obtained from Pricewatercoorpers kenya.

Table 2. Cost-Effectiveness of Renewable Energy Technologies

Technology Initial Investment Operational Cost Cost Savings
(USD/MW) (USD/MWHh) (%)
Solar Thermal 1.2 million 20 15
Biomass Boiler 0.8 million 35 10
Geothermal 2.0 million 15 20
Energy

The analysis indicates that while solar thermal energy has a higher initial investment cost, it
offers significant operational cost savings over time. Biomass boilers, though less expensive
to install, have higher operational costs due to the need for continuous fuel supply.
Geothermal energy, despite its high upfront costs, provides the greatest long-term savings

due to its low operational costs.
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4.3 Environmental Impact of Energy Practices

The study also examined the environmental impact of current energy practices in the textile
industry, focusing on greenhouse gas emissions. The following table compares the carbon
dioxide (CO2) emissions associated with different energy sources used for steam generation
(Ritchie, et al., 2023).

Table 3. CO2 Emissions by Energy Source

Energy Source | CO2 Emissions (kg CO2/MWh) | Percentage Contribution
Coal 980 45%

Natural Gas 500 30%

Biomass 50 5%

Solar Thermal |0 0%

Geothermal 0 0%

The data highlights the significant environmental benefits of renewable energy sources such
as solar thermal and geothermal energy, which produce no CO2 emissions. In contrast, coal
and natural gas, the predominant energy sources in the textile industry, contribute heavily to
greenhouse gas emissions. This underscores the need for a transition to cleaner energy

sources to reduce the industry's environmental footprint.

4.4 Adoption of Renewable Energy in the Textile Industry

The study also explored the current level of adoption of renewable energy technologies in
the textile industry. The data collected from surveys indicated that the adoption of renewable
energy varies significantly across regions and scales of operation. The following table
provides a summary of the adoption rates for various renewable energy technologies
(Ritchie, et al., 2023).
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Table 4. Adoption Rates of Renewable Energy Technologies by Region
Region Solar Thermal Adoption | Biomass Adoption | Geothermal Adoption
(%) (%) (%)
Asia 10 5 2
Europe 25 15 10
North 20 10 5
America
Africa 5 2 1

The data shows that Europe has the highest adoption rates for renewable energy

technologies, followed by North America. In contrast, adoption rates are lower in Asia and

Africa, reflecting the challenges faced by manufacturers in these regions, including

financial constraints and limited access to renewable energy infrastructure.

4.5 Barriers to Renewable Energy Adoption

Through interviews with industry stakeholders, the study identified several barriers to the

adoption of renewable energy in the textile industry. These barriers include the high initial

investment costs, lack of access to financing, limited technical expertise, and the

competitive nature of the industry, which prioritizes cost reduction over long-term

sustainability. Additionally, the study found that regulatory support and incentives for

renewable energy adoption are often lacking, particularly in developing countries.

4.6 Discussion

Below are discussion made from the doter obtained above:
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4.6.1 Energy Consumption Patterns

The analysis revealed significant variations in energy consumption patterns across different
scales of textile manufacturing operations. Large-scale manufacturers were found to
consume more energy per unit of production compared to small and medium-scale
manufacturers. This difference can be attributed to the complexity and energy-intensive
nature of large-scale textile production processes, such as continuous dyeing, printing, and

finishing operations, which require substantial amounts of steam and electricity.

These findings align with existing literature that emphasizes the high energy demands of
large- scale textile operations. However, the heavy reliance on fossil fuels, particularly coal
and natural gas, by both small and large manufacturers is concerning, given the
environmental impact associated with these energy sources. The data suggests that without
significant changes in energy practices, the textile industry will continue to contribute to high

levels of greenhouse gas emissions and environmental degradation.

4.6.2 Cost-Effectiveness of Renewable Energy Technologies

The cost-effectiveness analysis of renewable energy technologies showed that solar thermal
and geothermal energy, while requiring higher initial investments, offer considerable long-
term operational cost savings. Solar thermal energy, in particular, emerged as a viable option
for steam generation, given its ability to harness abundant solar resources in many textile-
producing regions. Geothermal energy, although less widely available, also presents a

promising option due to its low operational costs and consistent energy supply.

These findings highlight the potential for renewable energy to reduce energy costs in the
textile industry over time. However, the higher upfront costs associated with these
technologies pose a significant barrier, especially for small and medium-sized manufacturers
with limited financial resources. This aligns with previous studies that have identified
financial constraints as a major challenge in the adoption of renewable energy in the

industrial sector.
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4.6.3 Environmental Impact

The environmental impact analysis demonstrated the significant benefits of renewable
energy in reducing greenhouse gas emissions in the textile industry. Renewable energy
sources such as solar thermal, biomass, and geothermal energy produce little to no CO2
emissions, offering a clear advantage over fossil fuels like coal and natural gas, which are

major contributors to global warming.

This finding is consistent with the broader literature on the environmental impact of
industrial energy use, which emphasizes the need for a global shift towards cleaner energy
sources to achieve sustainability goals. The textile industry, as a major energy consumer,
has a crucial role to play in this transition, but this will require overcoming significant barriers

to renewable energy adoption.

4.6.4 Barriers to Renewable Energy Adoption

The study identified several barriers to the adoption of renewable energy in the textile
industry, including high initial investment costs, lack of access to financing, limited
technical expertise, and insufficient regulatory support. These barriers are particularly
pronounced in developing regions, where financial resources and technical infrastructure

are often lacking.

The high initial costs of renewable energy technologies were consistently highlighted as a
major obstacle, particularly for smaller manufacturers who may not have the capital or
access to credit necessary to invest in these technologies. This finding supports previous
research that has identified financial constraints as a key barrier to the adoption of

renewable energy in various industries.

The limited technical expertise available in some regions also poses a challenge, as the
successful implementation of renewable energy technologies requires specialized
knowledge and skills. In addition, the study found that regulatory support for renewable
energy adoption is often insufficient, particularly in developing countries, where policies
and incentives to promote renewable energy use are not as robust or well-developed as in

more industrialized regions.
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These barriers highlight the need for a multi-faceted approach to promote renewable energy
adoption in the textile industry. This could include financial incentives, such as subsidies
or low-interest loans, to offset the high initial costs, as well as capacity-building initiatives
to develop the technical expertise needed to implement and maintain renewable energy
systems. Strengthening regulatory frameworks to support renewable energy adoption is

also crucial, particularly in regions where such policies are currently lacking.

4.6.5 Implications for the Textile Industry

The findings of this study have several important implications for the textile industry. First,
the industry must recognize the urgent need to transition to more sustainable energy practices
to reduce its environmental impact. The high energy consumption associated with traditional
textile manufacturing processes, combined with the significant environmental benefits of

renewable energy, makes this transition both necessary and feasible.

Second, the cost-effectiveness of renewable energy technologies, particularly in the long
term, suggests that investing in these technologies could be financially beneficial for
textile manufacturers. However, the industry will need support in overcoming the financial

and technical barriers to adoption, particularly in developing regions.

Finally, the study underscores the importance of regulatory and policy support in promoting
renewable energy adoption in the textile industry. Governments and international
organizations have a critical role to play in creating the conditions necessary for the
widespread adoption of renewable energy, including providing financial incentives,

developing technical infrastructure, and implementing strong regulatory frameworks.

4.7 Summary of Findings

The analysis reveals that while there is significant potential for renewable energy to reduce
energy costs and environmental impacts in the textile industry, the transition is hindered
by various barriers. Energy consumption patterns vary widely across different scales of
operation, with large-scale manufacturers consuming more energy and relying heavily on

fossil fuels. Renewable energy technologies, particularly solar thermal and geothermal
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energy, offer substantial cost savings and environmental benefits, but their adoption

remains limited due to financial and technical challenges.
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5 Conclusion

This study assessed the feasibility of using renewable energy for steam generation in the
textile industry, focusing on energy consumption patterns, cost-effectiveness,
environmental impact, and barriers to adoption. Findings reveal that the industry remains
heavily dependent on fossil fuels, leading to significant greenhouse gas emissions and
environmental degradation. While renewable energy sources such as solar thermal,
biomass, and geothermal offer promising alternatives with long-term cost savings, their
adoption is hindered by high initial investment costs, technical challenges, and inadequate

policy support.

Despite these barriers, transitioning to renewable energy is essential for sustainability and
competitiveness in the textile sector. Financial incentives, capacity-building initiatives, and
regulatory reforms are crucial to accelerating adoption. By addressing these challenges, the
textile industry can reduce operational costs, lower carbon emissions, and contribute to

global sustainability goals.
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