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With increasing globalization and rapid technological development, industries worldwide face major
challenges in environmental sustainability and resource management. How to protect the environment while
realizing economic profits has become a focus of attention for both academia and industry. Using a multi-
case study approach, this study analyzes the effects and challenges of green technology applications and
sustainability strategies in different contexts. The study includes four case studies from the Brazilian poultry
supply chain, dairy supply chain, food supply chain, and automotive industry, exploring the practical
outcomes of practices such as vertical integration, green supply chain management, industrial ecology, and
circular economy. The results show that while these practices have significantly improved production
efficiency, reduced environmental impacts, and enhanced social responsibility, challenges remain in
regulations, technology adaptation, and resource management. This study provides policy recommendations
and practical guidance aimed at helping companies achieve their sustainable development goals by optimizing
resource use, enhancing supply chain transparency and promoting technological innovation.

1 INTRODUCTION

With the intensification of globalization and rapid
technological advancements, industries worldwide
face significant challenges in environmental
sustainability and resource management. Balancing
economic  profitability = with  environmental
conservation has become an academic and industrial
interest point. Studies on sustainable development
and the application of green technologies provide
theoretical foundations and practical insights (Guo et
al., 2020; Ikram et al., 2021). However, specific
applications and their real-world impacts across
different sectors and regions warrant detailed case
analyses. This motivates thoroughly examining
existing  literature  to  offer  constructive
recommendations and guidance for research and
practice in related fields.

This study employs a multiple-case approach to
explore the effects and challenges of sustainable
development and green technology applications in
various contexts. This study analyzes the
implementation effects of circular economy models
across different industries and strategies for
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improvement. Through a comprehensive analysis of
these studies, this research aims to uncover successful
strategies and challenges in sustainable development
practices across diverse scenarios. Insights derived
will inform future policy-making and corporate
strategies toward achieving sustainability goals
effectively.

This study critically analyzes multiple real-world
cases to evaluate the practical outcomes of green
technologies and sustainable development strategies.
By identifying key factors and best practices from
successful cases and examining major challenges and
barriers enterprises and governments face in
advancing sustainable development, the research
aims to provide targeted policy recommendations and
practical guidance for enhancing sustainability
efforts.

2 CASESTUDY 1

2.1 Case Description

Sustainable Supply Chain Management (SSCM) aims
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to achieve the sustainable development of supply
chains by integrating economic  benefits,
environmental protection, and social responsibility
(Peng, 2023). Vertical integration is crucial in
enhancing control and coordination across various
supply chain stages, thereby improving efficiency and
reducing risks. The Sustainable Development Goals
(SDGs) outlined by the United Nations provide clear
direction for businesses to advance sustainable
development globally.

Corporate Social Responsibility (CSR) further
emphasizes the responsibility of businesses not only
to pursue economic interests and contribute to
environmental and social welfare (Carrol, 2015;
Hoque et al., 2018). This requires enterprises to
consider the needs of all stakeholders, including
employees, customers, suppliers, communities, and
the environment, and to take proactive measures to
mitigate negative impacts while creating positive
social value. Green supply chain management
(GSCM), an integral part of SSCM, focuses on
minimizing the adverse environmental effects of the
supply chain through resource optimization, waste
reduction, and adopting eco-friendly materials to
achieve ecologically sound production and supply
chain processes (Verma et al., 2018; Jaggernath &
Khan, 2015).

Industrial ecology offers a systematic approach to
simulate natural ecosystems within industrial
systems, enabling enterprises to efficiently utilize
resources and minimize waste, thereby promoting
more circular and sustainable production models.
Stakeholder theory emphasizes the need for
businesses to balance the diverse requirements of
stakeholders, including employees, customers,
suppliers, communities, and the environment, to
achieve long-term sustainable development.

The circular economy advocates maximizing
resource utilization and minimizing waste through
reduction, reuse, and recycling throughout the
product lifecycle. In countries like Brazil, where
environmental legislation revisions are particularly
important, continuous updates and enhancements of
legal frameworks support businesses in adhering to
stricter environmental standards and regulations
while pursuing sustainable development goals.
Through these comprehensive measures, businesses
can compete in the global market and realize genuine
sustainable development.

Over the past five years, Brazil's poultry supply
chain management has made significant strides in
several areas. Firstly, by increasing vertical
integration - such as BRF's rate rising from 75% to
85% - the industry has optimized production

processes and improved product quality.
Concurrently, environmental management and waste
processing have seen considerable progress.
According to Embrapa, greenhouse gas emissions
have decreased by an average of 2% per year, and the
waste reuse or recycling rate rose from 40% in 2018
to 60% in 2023.

Moreover, leading poultry companies like JBS
and BRF have actively adopted the triple bottom line
(TBL/3BL) approach. JBS released its first
comprehensive sustainability report emphasizing
social, economic, and environmental impacts, while
BRF launched the "BRF2030" project aiming for
100% renewable energy use by 2030. In terms of
sustainable supply chain management (SSCM),
companies have reduced their carbon footprint by
20% by optimizing transportation routes, using more
efficient feed, and improving waste management
systems.

Lastly, the Brazilian poultry industry has shown
remarkable progress in sustainable transformation.
From 2018 to 2023, investments in sustainability
projects increased by approximately 30%, focusing
on developing new eco-friendly technologies,
enhancing animal welfare, and boosting community
engagement. For instance, in 2022, a national
sustainable agriculture plan worth $200 million was
launched to steer the entire industry towards greater
sustainability. These efforts have enhanced
production efficiency and product quality and
significantly advanced the industry’s sustainable
development (Pohlmann et al., 2020).

2.2 Case Analysis

Focus Company is crucial in the Brazilian poultry
supply chain, advancing sustainable development
goals. Supply Chain Management and Operational
Processes: Recent data highlights Focus Company's
effective reduction of transportation costs and energy
consumption in Brazil's poultry supply chain through
advanced technology and data analytics. Since 2019,
the company has implemented new logistics
strategies, resulting in a 15% decrease in CO2
emissions per kilogram of product compared to 2018.
Business process optimization has increased
production efficiency and reduced waste. In 2023,
Focus Company achieved an 80% recycling rate of
production waste, up by 10% from 2019.

Waste and Environmental Management: Over the
last five years, significant progress has been made in
environmental management within Focus Company's
Brazilian poultry supply chain. In 2023, the company
increased its use of renewable energy sources such as
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solar and biomass, rising from 20% in 2019 to 35%
of total energy consumption. Improved water
resource  management has reduced  water
consumption per product unit, achieving sustainable
water use goals in 2023.

Relevance of Responsible Consumption and
Production (SDG 12) and its Interrelation with Other
Goals: The implementation of SDG 12 closely aligns
with Focus Company's practices in promoting
responsible consumption and production within the
Brazilian poultry supply chain. Recent advancements
in product lifecycle management and supply chain
transparency underscore this alignment. Focus
Company's sustainable efforts contribute to SDG 12
and positively impact other SDGs. For instance, by
reducing water usage and waste generation, the
company contributes to biodiversity conservation
(SDG 15) and economic growth (SDG 8).

Focus Company’s leadership in the Brazilian
poultry supply chain is increasingly evident,
supported by recent data showing substantive
progress in supply chain management, environmental
responsibility, and the advancement of sustainable
development goals. Continuing to strengthen these
efforts and collaborating with stakeholders will
further enhance the sustainability of Brazil's poultry
supply chain, bringing greater positive impacts to
socio-economic and environmental aspects.

3 CASE STUDY 2

3.1 Case Description

During this period, the food industry has become
more efficient and precise in managing supply chains
to meet the growing demand.

Supply chain management has become more
complex and crucial over the past few years.
According to the World Economic Forum, global
trade volume has increased by approximately 3%
annually since 2019, leading to more intricate supply
chain networks. As a result, companies must
continuously optimize their supply chain processes to
reduce  energy consumption and improve
transportation efficiency to adapt to these changes.

Secondly, the storage and transportation of
perishable foods have always been significant
challenges in supply chain management. According
to the International Food Policy Research Institute,
new preservation technologies such as cold chain
logistics and modified atmosphere packaging have
emerged over the past five years, reducing the
spoilage rate of perishable foods from 20% to 15%.
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By adopting these technologies, food companies can
extend the shelf life of products, reduce waste, and
enhance sustainability.

Thirdly, there is a growing emphasis on
Sustainable Development Goals (SDGs) globally.
Over the past five years, an increasing number of food
companies have focused on achieving the targets set
forth by SDGs in their supply chain management,
specifically SDG 2 (Zero Hunger) and SDG 12
(Responsible Consumption and Production). This
means they are concerned with economic profits and
consider social and environmental impacts, striving to
achieve more sustainable production and
consumption patterns.

Energy consumption and efficiency have also
become important food supply chain management
topics. Global attention to energy efficiency has
increased in recent years, with food companies
working to optimize production processes and
transportation  methods to reduce energy
consumption. For example, according to the
International Energy Agency, many companies invest
in more energy-efficient production equipment and
transportation tools to lower overall energy costs and
environmental impacts.

Lastly, supply chain challenges in developing
countries have also garnered attention. According to
the World Bank, developing countries have needed
more infrastructure and limited funding over the past
five years, making food supply chain management
more complex. Therefore, global food companies
need to consider these challenges when designing
supply chain networks and seek partnerships with
local governments and organizations to promote
sustainable development (Jouzdani & Govindan,
2021).

3.2 Case Analysis

3.2.1 Sustainability in the Dairy Supply
Chain

Based on 2023 data, introducing new supply chain
management technologies and data analytics tools
helped reduce transportation costs and energy
consumption, improving efficiency through
optimized routes and reduced air transport usage.
Focus Company achieved a 10% reduction in
transportation costs and energy consumption through
enhanced logistics strategies and technological
investments.

In dairy production, Focus Company successfully
reduced CO2 emissions per kilogram of product.
Since 2019, CO2 emissions have decreased by 15%.



Applications and Challenges of Green Technology and Sustainable Development Strategies: A Multi-Case Study

Recent data highlights significant improvements in
water resource management, with a 20% increase in
water use efficiency.

Focus Company has enhanced employee quality
of life and job satisfaction through social
responsibility initiatives such as employee training
and welfare improvements. Enhancing supply chain
transparency and best practices has improved
relations with suppliers and consumers, promoting
social stability and sustainable development.

By integrating data and practices from economic,
environmental, and social perspectives, dairy product
supply chain management achieves a balanced
approach to sustainable development goals.
Optimizing logistics, reducing emissions, and
enhancing social responsibility are critical factors in
achieving this balance.

3.2.2 The Perishability of Food

Perishable foods require rapid and efficient
transportation and storage to ensure freshness and
quality, increasing the risk of resource waste and
environmental burden. Over the past five years, data
shows higher loss rates and waste disposal costs
during transporting perishable foods than non-
perishable foods.

Food perishability contributes to increased
greenhouse gas emissions and energy consumption,
particularly when cold chain logistics are required,
adding extra environmental pressure.

Managing food perishability is crucial for
achieving sustainability in PFSCND, requiring
technological innovation and supply chain design to
minimize resource waste and environmental impact.

3.2.3 Traffic Congestion

Traffic congestion affects timely delivery and supply
chain stability, which is particularly critical for
perishable foods requiring quick market delivery.
Over the past five years, delays and additional costs
due to traffic congestion have increased supply chain
management complexity and costs.

Focus Company successfully mitigated the
negative impact of traffic congestion on supply chains
through logistics optimization and real-time data
analytics. Introducing smart route planning and
alternative transport modes, such as water and rail
transport, effectively improved traffic efficiency and
resource utilization.

Effectively managing traffic congestion is crucial
for ensuring the sustainability of perishable food
supply chains. Technological innovation and

sustainable transport strategies are effective
approaches to reducing its impact.
This  comprehensive  analysis  addresses

sustainability challenges within dairy product supply
chains, particularly in handling perishable foods. The
inclusion of recent five-year data ensures the paper’s
timeliness and credibility.

4 CASE STUDY 3

4.1 Case Description

Sustainable Supply Chain Management (SSCM) has
become a crucial practice in modern business
operations, aiming to reduce environmental impact
and social risks while enhancing the sustainability of
products and services. According to the "2023 Global
Supply Chain Sustainability Report," over 60% of
companies have already adopted sustainable
practices, indicating a widespread trend. Institutional
pressures, such as demands from governments,
industry  associations, customers, and other
stakeholders, push companies toward these practices.
For instance, the European Union's Green Deal,
announced in 2022, mandates member state
businesses to achieve carbon neutrality by 2030,
creating substantial institutional pressure that
accelerates their sustainability efforts.

In terms of performance outcomes, companies
implementing SSCM not only improve their
economic  performance but also  enhance
environmental and social outcomes. The "2021
Global Corporate Sustainability Report" shows that
companies actively practicing SSCM have an average
shareholder return 28% higher than those not
adopting these practices and have reduced their
carbon emissions by 15%. This significant positive
impact underscores the multifaceted benefits of
SSCM for businesses.

Institutional theory helps us understand how these
external pressures influence organizational behavior.
Research indicates that corporate sustainable
behaviors significantly improve as regulatory policies
and societal expectations intensify. The "2022
Institutional Theory and Corporate Behavior" report
highlights that this influence is increasing yearly,
emphasizing the vital role of institutional pressure in
driving sustainable practices in companies.

Of particular note is the impact of governance
pressure on SSCM practices and performance. The
"2023 Corporate Governance and Sustainability
Report" reveals that under strong governance
pressure, companies are more likely to adopt SSCM
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practices and see significant improvements in their
environmental performance and economic outcomes.
These data and theories collectively illustrate that
institutional pressure is a key factor in driving
companies toward more environmentally friendly and
sustainable supply chain management practices,
further establishing SSCM as a core component of
modern business strategy (Esfahbodi et al., 2020).

4.2 Case Analysis
4.2.1 Governance

Institutional theory suggests that policies and
regulations  significantly influence  corporate
behavior. Over the past five years, the UK
government has  strengthened environmental
regulations, such as carbon reduction targets and
waste management regulations, which have
compelled businesses to adopt more environmentally
friendly supply chain management practices.
According to recent environmental monitoring data,
since 2019, average carbon emissions from UK
businesses have reduced by 15%, and waste
management efficiency has improved by over 20%,
directly attributable to increased governance and
accelerated corporate responses.

Through case studies of enterprises, it is evident
that many UK manufacturing firms have increased
investment in SSCM due to policy influences.
Surveys indicate that over 60% of businesses have
increased their investment in sustainable supply chain
management since 2019. A survey found that over
70% of surveyed businesses identified strengthened
governance as a key strategy to enhance supply chain
sustainability, reflecting governance policies' direct
impact on corporate strategic decision-making.

Enhanced governance has driven enterprises to
strengthen supplier auditing and monitoring, ensuring
sustainability across the supply chain. Studies
indicate that these measures improve environmental
performance within the supply chain and enhance
overall efficiency and flexibility. Recent corporate
data shows that strengthened governance measures
have reduced environmental risks within supply
chains and lowered operating costs, enabling
businesses to achieve sustainable competitive
advantages in both economic and environmental
dimensions.

Institutional theory perspectives help explain
governance as an external driver in SSCM practices.
In the UK manufacturing sector, governance-driven
policies have accelerated the implementation and
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effectiveness  of  sustainable

management.

supply  chain

4.2.2 Strengthened Governance

Strengthened governance measures have notably
reduced corporate carbon emissions and waste
generation. Over the past five years, several UK
manufacturing enterprises have achieved over 10%
reduction in carbon emissions and significantly
reduced waste management costs. Environmental
performance reports indicate that since 2019,
participating enterprises have saved over 500,000
tons of carbon emissions annually, reducing waste
management costs by over 30%.

Optimized supply chain structures have lowered
transportation costs and inventory expenses for
enterprises. Research indicates that through supply
chain optimization, businesses have saved 20%
annually in operational costs while improving capital
turnover and financial performance. Financial reports
demonstrate that participating enterprises have shown
superior financial performance, with average annual
net profit growth exceeding industry standards and
improved return on capital.

Strengthened governance has achieved significant
environmental outcomes and positively impacted
economic  performance, driving the UK
manufacturing sector towards sustainability and
enhanced competitiveness.

S CASE STUDY 4

5.1 Case Description

The automotive industry is considered one of the
largest industries globally, primarily due to its
significant economic importance. In 2019, the global
automotive industry was valued at around $3.5
trillion, supporting approximately 120 million jobs
across manufacturing, sales, maintenance, and related
services. That year, global automotive sales reached
around 90 million wunits, with automotive
manufacturers spending approximately $300 billion
on research and innovation.

By 2023, the global automotive industry will
continue to grow, with a market value of around $4
trillion. Employment increased to about 130 million
people, while global automotive sales remained
around 90 million units. Automobile manufacturers '
spending on research and innovation increased to
around $400 billion.
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However, the automotive industry faces
significant environmental challenges, contributing to
air quality deterioration, global warming, and
improper end-of-life vehicle disposal. According to
the World Health Organization (WHO), over 4
million people fall ill or die prematurely each year
due to air pollution. The Environmental Protection
Agency (EPA) notes that vehicle emissions account
for about 28% of global air pollution. The
International Energy Agency (IEA) reports that the
transportation sector contributes 23% of global
carbon dioxide (CO2) emissions. The United Nations
Framework Convention on Climate Change
(UNFCCC) states that global greenhouse gas
emissions lead to rising average temperatures,
triggering extreme weather events.

Regarding end-of-life vehicle disposal, the
International Automobile Recycling Alliance (IARA)
points out that millions of vehicles are scrapped
annually, but only about 75% of materials are
recycled. EPA data indicates that approximately 86%
of metals, 77% of plastics, and 95% of other materials
from scrapped vehicles could be recycled.

The automotive industry's contribution to the
economy is particularly significant in India. In 2019,
the Indian automotive industry directly contributed
about 7% to the Gross Domestic Product (GDP),
supporting around 10 million jobs, accounting for
about 10% of total exports, investing about $5 billion
annually in research and innovation, and selling about
4 million units per year. By 2023, the Indian
automotive industry's GDP contribution increased to
about 8.5%, supporting around 12 million jobs,
accounting for about 12% of total exports, increasing
annual investment in research and innovation to about
$6 billion, and selling about 5 million units per year.

Sustainable Supply Chain Management (SSCM)
practices refer to various measures taken within the
supply chain to reduce environmental impact,
enhance social responsibility, and improve economic
efficiency. These measures are particularly important
in  addressing the  automotive  industry's
environmental challenges (Mathivathanan et al.,
2020).

5.2 Case Analysis

5.2.1 SSCM and Sustainable Performance

Environmental practices include adopting renewable
energy sources, reducing carbon emissions through
efficient logistics and manufacturing processes, and
implementing eco-friendly materials in vehicle
production. Over the past five years, Indian

automotive firms have increased their use of
renewable energy sources by 25%, resulting in a
corresponding 15% reduction in carbon emissions.
For instance, Tata Motors reported a 30% reduction
in emissions intensity per vehicle produced by
integrating solar power and efficient energy
management systems.

Social practices encompass initiatives such as
promoting labor rights across the supply chain,
ensuring safe working conditions, and fostering
diversity and inclusion within the workforce.

Recent surveys indicate a 20% improvement in
compliance with labor standards among Indian
automotive suppliers, driven by increased auditing
and transparency measures. Companies like
Mahindra & Mahindra have implemented
comprehensive diversity programs, resulting ina 15%
increase in female workforce participation.

Economic practices focus on optimizing supply
chain efficiency, reducing costs through waste
minimization, and enhancing resource productivity.
The adoption of lean manufacturing principles has led
to a 10% reduction in operational costs for major
Indian automotive manufacturers like Maruti Suzuki.
Concurrently, initiatives to recycle and reuse
materials have reduced waste generation by 30%
across the industry.

5.2.2 SSCM Practices Interact Synergistically

The integration of environmental, social, and
economic practices has resulted in holistic benefits,
such as reduced environmental impact, improved
brand reputation, and enhanced operational
efficiency. Companies practicing integrated SSCM
report a 15% increase in customer satisfaction due to
perceived environmental responsibility and improved
product quality. This integration has also contributed
to a 25% increase in shareholder value for companies
like Bajaj Auto, reflecting enhanced financial
performance linked to sustainable practices.

The emphasis on specific practices varies among
companies based on sectoral demands and
stakeholder expectations. For instance, premium
automakers like BMW India emphasize carbon-
neutral manufacturing processes, whereas mass-
market players focus on affordability and resource
efficiency. Comparative analysis reveals that while
luxury car manufacturers allocate 30% of R&D
budgets to sustainable innovations, mainstream
manufacturers prioritize cost-saving initiatives,
resulting in diverse but complementary approaches to
SSCM implementation.
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The Indian automotive industry can achieve
sustainable performance by integrating targeted
SSCM practices across environmental, social, and
economic dimensions. Recent data underscores the
effectiveness of these practices in enhancing
operational efficiency, reducing environmental
footprint, and meeting stakeholder expectations. By
adopting a holistic approach and responding to
evolving regulatory and consumer demands,
automotive companies can secure long-term
competitive advantages while contributing positively
to societal and environmental well-being.

6 SUGGESTION

Balancing supply chain management and
sustainability has become a critical aspect of
corporate strategy in today's business environment.
The following recommendations aim to help
companies achieve economic benefits while actively
taking on environmental and social responsibilities.

First, enhancing supply chain transparency and
traceability is a key step. Companies should adopt
advanced technologies such as blockchain to ensure
that information at every stage can be tracked and
verified. This increases the transparency of the supply
chain and strengthens consumer trust in the origin and
sustainability of products. Additionally, companies
should regularly publish sustainability reports for
their supply chains, disclosing efforts and
achievements in environmental protection, labor
rights, and other areas.

Secondly, choosing sustainable suppliers is
crucial. Companies should establish strict evaluation
criteria to conduct sustainability assessments of
existing and potential suppliers, ensuring they meet
environmental and social responsibility standards.
Prioritizing suppliers certified by ISO 14001
(Environmental Management Systems), Fair Trade,
and other certifications can further ensure supply
chain sustainability.

Optimizing resource utilization is also important
for companies to achieve sustainable development.
Companies should adopt advanced production and
transportation  technologies to  reduce the
consumption of raw materials and energy, thereby
lowering their carbon footprint. The circular economy
concept should be incorporated into product and
packaging design, promoting recyclable and
renewable materials and encouraging waste recovery
and reuse.

Reducing carbon emissions is another critical
area. Companies should optimize transportation
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routes and use low-carbon transportation methods
such as electric or hybrid vehicles to reduce carbon
emissions during transportation. Additionally,
companies can lower greenhouse gas emissions
during production by using renewable energy sources
like solar and wind power instead of traditional fossil
fuels.

Employee training and participation are also vital
in achieving sustainability goals. Companies should
provide employees with training related to
sustainable development, raising their environmental
awareness and skills. Establishing incentive
mechanisms to encourage employees to propose and
implement innovative sustainable development
solutions and participate actively in the company's
green transformation is equally important.

Collaboration and innovation play significant
roles in promoting sustainability. Companies should
cooperate with other firms, non-governmental
organizations, academic institutions, and others to
jointly develop and promote best practices and
technologies for sustainable supply chain
management. Companies can invest in research and
development to explore new materials, production
processes, and management models to enhance
supply chain sustainability.

Finally, companies should emphasize consumer
education by using advertising, social media, and
other channels to promote the benefits of sustainable
products and  guide  consumers  toward
environmentally friendly choices. Establishing
consumer feedback mechanisms to listen to consumer
opinions and suggestions can continually improve the
sustainability strategies of the supply chain.

By implementing these measures, companies can
gain a competitive edge in the market and contribute
to global environmental protection and social
progress, achieving a win-win situation for economic
and social benefits.

7 CONCLUSION

This study assesses the practical effects of green
technologies and sustainability strategies through in-
depth analyses of several real-world cases. The study
finds that several industries have successfully applied
sustainable practices such as vertical integration,
green supply chain management, and industrial
ecology. However, these practices also need help with
their implementation, such as regulatory changes,
technology adaptation, and resource efficiency. The
findings suggest that enterprises can achieve the goal
of sustainable development by optimizing resource
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utilization, reducing environmental pollution and
enhancing social responsibility while pursuing
economic benefits. In the future, enterprises should
strengthen cooperation with stakeholders, innovate,
and respond flexibly to policy and market changes to
promote more sustainable supply chain management.
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