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1. INTRODUCTION

ue to growing environmental challenges and rising societal expectations, sustainability has

become a critical imperative in today’s global business landscape. Organizations around the
world recognize the importance of addressing issues related to resource depletion, biodiversity loss,
and climate change. Green innovation has become a critical component of addressing the challenges
facing industries today. This shift is based on green management, an approach that integrates envi-
ronmental concerns into corporate strategies, operations, and decision-making processes. Green
management stems from a natural resources-based perspective and emphasizes that companies
seeking to maintain a competitive advantage frequently include environmental management in their
core business plans (Gupta et al., 2024). The potential of green innovation to lower pollution is one
of its main advantages. Cutting-edge technologies that reduce dangerous emissions and pollutants
include waste recycling procedures, energy-efficient machinery, and renewable energy systems.
From an economic perspective, green practices and innovations can lead to significant cost savings.
Waste-to-value methods reduce raw material costs, and energy-efficient systems reduce electricity
consumption. For example, companies that implement the circular economy have reported increased
resource efficiency and reduced operating expenses. Because environmentally conscious consumers
are more likely to support brands that engage in sustainable practices, companies that implement
sustainable practices often gain a competitive advantage (Sotoducho-Pelc & Sulich, 2022).

Not long ago, excessive industrialization forced the United Nations to rethink its sustainable develop-
ment goals to ensure environmental sustainability. Every business has adopted the idea of sustainable
environmental practices to reduce waste, and the government and non-profit organizations are putting
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great pressure on them to reduce the amount of waste produced at the source. One of the most pollut-
ing industries is the food industry; food loss and waste hinder the sustainability of our food systems.
Wasted food accounts for 38% of the energy consumed by the global food system (Nutrizio et al.,
2024). This industry tries to embrace technologies that reduce energy and water use, reduce waste
through composting, and recover nutrients through eco-friendly packaging and source separation
to assure environmental sustainability. Additionally, it makes an effort to adhere to the stringent yet
necessary rules set forth by authorities worldwide (Mastos & Gotzamani, 2022; Gupta et al., 2024).

Food waste is managed through prevention, recovery, recycling and disposal. In addition, it is essential
to provide large and small producers, as well as consumers, with information about the food processing
industry, food waste and losses (Nutrizio et al., 2024). Green food management aims to reduce waste
and its effects throughout the food life cycle, from the use of natural resources and production to
sales, consumption and decision-making regarding recovery or disposal. Recycling is the process by
which waste is transformed into new and useful products without destroying the original materials.
On the other hand, upcycling is the process by which waste is transformed into new and useful prod-
ucts. At each stage, smart and effective management, such as governance, social and environmental
policies, must be included (Dabija et al., 2024; Nutrizio et al., 2024). Circular economy also aims to
improve sustainable performance by reducing waste at every level of production, i.e. from top-down.
Adopting green management and circular practices can improve resource and waste management,
but technological advances have changed the way industries operate and helped to implement these
practices more efficiently (Tanveer et al., 2022). Green practices are operations designed to reduce
or eliminate harmful effects on the environment. Green practices that require complex models and
approaches are usually associated with green management (Herrmann et al., 2021).

Whiskey is a grain-based spirit and is one of the most widely consumed alcoholic beverages worldwide
(White et al., 2020). The whisky production process can be divided into six main stages: milling,
malting, mash, fermentation, distillation, and maturation (Espitia-Lopez et al., 2024). Due to its
resource-intensive nature, the whisky industry, renowned for its rich heritage and traditional production
methods, faces unique challenges in adopting sustainable practices. The whisky industry can lead
the way in demonstrating how traditional industries can adapt and thrive in a more environmentally
conscious world by implementing sustainable practices and embracing circular economy principles.
The industry’s sustainability profile has been significantly improved by managing by-products in
accordance with circular economy principles, such as bioenergy production or reusing spent grain
as animal feed (Chetrariu & Dabija, 2021). The sustainable use of organic waste and by-products
has become one of the principles of the circular economy and one of the biggest challenges of food
engineering in recent years. There are a lot of research projects that focus on valorizing the renewable
resources obtained from whiskey production, by transforming these substances into biopolymers,
fertilizers, energy, human and animal nutrition, and much more. The waste and by-products of this
industry are an excellent source of proteins, minerals, fatty acids, fibers and bioactive compounds,
which can prevent nutritional diseases and improve the physical and mental well-being of customers
(Cappa & Cappa, 2017; Kang et al., 2020; Sahin et al., 2021; Duffy et al., 2023).

The global whiskey market, characterized by its extreme fragmentation and intense competition,
comprises over 3,500 independent distilleries spread across 69 countries. In 2023, this dynamic
industry was valued at an impressive USD 69 billion, highlighting its significant role in the global
spirits market (Mordor Intelligence Report, 2024). Forecasts indicate that this market is set to
expand further at a robust compound annual growth rate (CAGR) of 6.9% over the coming years.
By 2032, the whiskey market is anticipated to reach a staggering USD 123.65 billion, reflecting
growing consumer demand across multiple regions (Mordor Intelligence Report, 2024).
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The diverse nature of this market is fueled by an array of producers ranging from small-scale craft
distilleries to large multinational corporations, each contributing to its vibrant growth. Producers
are innovating through sustainable practices, including environmentally friendly packaging,
energy-efficient production processes, and the use of renewable resources, which aligns with the
increasing focus on corporate social responsibility. These trends are expected to play a pivotal
role in the market's development, making whiskey a continuously evolving and lucrative industry
in the years to come.

The industry must come up with creative ways to reduce its environmental impact and adopt the
ideas of a circular economy as the demand for whisky grows worldwide. The whisky industry
can set the example for how conventional industries can adapt and prosper in a more ecologically
conscious world by embracing the circular economy and sustainable practices. According to recent
trends, distilleries outside of traditional whisky-producing nations are breaking new ground by
using unusual ingredients, developing novel techniques, and questioning accepted wisdom (White
etal., 2020; Dabija et al., 2024). Additionally, the development of new value chains can offer local
communities surrounding whisky production facilities economic opportunities. The industry's
sustainability profile has been greatly enhanced by managing by-products in a manner consistent
with the principles of the circular economy, such as repurposing spent grains for the production
of bioenergy or as animal feed. Additionally, whisky waste and by-products can be used by biore-
fineries to produce a variety of materials, chemicals, and fuels (Nutrizio et al., 2024).

There is growing pressure on the whisky business, which has historically been linked to crafts-
manship and legacy, to address its environmental impact. Adoption of green management methods
is required due to tighter regulatory frameworks and growing consumer demand for sustainable
products. This article examines the difficulties faced by small-scale whisky producers in conti-
nental Europe. The study intends to add to the larger discussion on sustainability in the spirits
sector by concentrating on their distinctive tactics.

This article uses case studies from 7 European nations to examine how green management techniques
are used in the production of whiskey. These case studies offer a thorough understanding of how
emerging distilleries adopt sustainable and energy-efficient production technologies, closed-loop
systems, waste valorization methods, and eco-conscious packaging. The study focuses especially
on how green management techniques can improve these initiatives' efficacy and efficiency, pro-
viding important information for academics and industry professionals alike.

2. METHODOLOGY

The study is part of a larger project that focused on risk assessment in the whisky industry and how the
9R framework refuse, rethink, reduce, reuse, repair, refurbish, remanufacture, repurpose, and recycle
is applied in the business models of whisky distilleries that were founded in continental Europe after
2000. Qualitative data from interviews were coded and analysed thematically to uncover common
practices, challenges, and innovations. This study examines the following research question: How
do younger distilleries use green management practices to accomplish sustainable production?

Purposive sampling was used to choose distilleries from continental Europe that were founded after the
year 2000. This ensured that the focus was on young companies that were less constrained by legacy
systems and more able to adapt to sustainable practices. As a result, the number of possible distilleries
was reduced from 580 to 275 (Dabija et al., 2024). Due to the limited public information available
on privately-owned distilleries, invitations to participate were sent via email. Snowball sampling, in
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which first respondents suggested others in their networks, was used to find additional participants.
For this research, seven small distilleries that were founded between 2000 and 2016 were selected as
the subject of the final case studies for conducting the interviews: the Netherlands (2000), Belgium
(2004), Switzerland (2005), Austria (2009), Norway (2014), France (2015), and Germany (2016).

Data collection took place over a six-month period, from February to August of 2024. To ensure
the credibility and reliability of the findings, researchers maintained a neutral stance during inter-
views, carefully avoiding leading questions or any form of influence that could introduce bias.
The interviews were conducted remotely, either via phone or video conferencing, to accommodate
the geographical dispersion of respondents. Each interview lasted an average of fifty minutes,
providing rich qualitative data for in-depth analysis.

The recorded interviews were subsequently transcribed and analyzed using NVivo 15 (QSR Interna-
tional) software for Windows, a qualitative data analysis software that facilitates the systematic coding
and interpretation of large text-based datasets. NVivo was instrumental in organizing, categorizing,
and identifying patterns within the interview data, ensuring a rigorous and replicable thematic analy-
sis. The software enabled researchers to code transcripts efficiently by assigning key phrases, words,
and sentences to predefined or emerging categories. NVivo’s automated text search, word frequency
queries, and hierarchical coding were particularly useful in detecting recurring themes across multiple
interviews, allowing for a structured approach to data interpretation (Kendall et al., 2019). Additionally,
the query functions and visualization tools, such as cluster analysis and word clouds (Figure 1 below),
provided further insights into relationships between themes and respondent perspectives.

The thematic analysis was framed within a project management approach to green management
practices, with N'Vivo aiding in the identification of overarching themes related to sustainability across
the entire product lifecycle. These themes spanned various stages, from raw material extraction and
manufacturing to distribution, usage, and disposal. Through iterative coding cycles, NVivo facilitated
the recognition of nuanced perspectives on sustainability, highlighting industry best practices and
challenges. Figure 1 below shows the most frequently mentioned themes in the qualitative analysis,
emphasizing core concepts such as energy efficiency, waste valorization, and eco-design.

Energy Efficiency

Sustainable Supply ChalnECO DeSlgn

Sustainability:
Waste Valorization

Packaging Innovation

Rehewable Energy:
ircular Economy ~ :

Sustalnable Eco-Production Closed-Loop Systems =

Producti

Figure 1. Green Management Practices Word Cloud
Source: Own research

Several dominant themes emerged from the analysis, particularly those emphasizing energy effi-
ciency, waste reduction, and circular economy principles. Many respondents discussed strategies
promoting durability, reparability, and recyclability, aligning with broader sustainability goals.
Additionally, sustainable supply chain management was a prevalent theme, capturing procurement,
logistics, and supplier relations practices that integrate environmental considerations to reduce
overall environmental impact. NVivo’s cross-case analysis helped illustrate variations in supply
chain sustainability strategies across different industries and organizational structures.
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Furthermore, innovation and eco-design were consistently highlighted as essential aspects of green
management, with a focus on the development of eco-friendly products and processes. NVivo’s
relationship mapping tools allowed for the visualization of interconnections between innovation,
green management frameworks, and whiskey production, providing a holistic understanding of
how distilleries are adapting to sustainability imperatives.

By leveraging NVivo’s analytical capabilities, researchers were able to systematically extract, code,
and interpret vast amounts of interview data, ensuring a structured and transparent approach to
qualitative research. The software played a crucial role in validating the findings, offering deeper
insights into the evolving landscape of green management practices across industries.

3. RESULTS AND DISCUSSIONS

The qualitative analysis of whisky distilleries in the Netherlands (2000), Belgium (2004), Swit-
zerland (2005), Austria (2009), Norway (2014), France (2015), and Germany (2016) revealed a
strong emphasis on green management practices aimed at minimizing environmental impact
while maintaining the artisanal integrity of whisky production. NVivo 15 was used for thematic
coding and pattern recognition, allowing for the identification of core sustainability strategies
across the case studies. Table 1 shows the key themes emerging from the data, including energy
efficiency, waste reduction, circular economy integration, sustainable supply chain management,
and eco-innovation.

Table 1. Green management themes in sustainable whisky production in Europe

Findings Countries
Energy Efficiency [ Most prominent sustainability initiatives. * Austria
and Renewable * heat recovery systems * Norway
Energy Integration | biomass boilers fueled by spent grain * Germany
» renewable energy sources ( hydroelectric, solar energy, wind energy) | ¢ Switzerland
Closed-Loop and Circular economy principles are widely adopted. * Belgium
Waste Valorization | repurpose spent grains as animal feed * France
Systems * reduce water consumption through closed-loop systems * Switzerland
* rainwater harvesting * Netherlands
* anaerobic digestion systems to convert organic waste into biogas * Austria
* Norway
Sustainable Eco-conscious packaging emerged as a strong sustainability focus. * France
Packaging and « lightweight glass bottles and bottle return schemes * Belgium
Innovations in * paper labels * Germany
Eco-Design / * biodegradable corks * Norway
Eco-Production ¢ plant-based biodegradable materials * Switzerland
* innovative fermentation and distillation techniques
Sustainable Supply |Integration of sustainability criteria in supply chain management. * France
Chain Management |+ local sourcing of barley * Norway
* adopting green procurement policies * Netherlands
* Austria
* Switzerland

Source: Own research

Energy Efficiency and Renewable Energy Integration. Green management promotes energy
efficiency measures, such as optimizing production processes, upgrading to energy-efficient
equipment, and implementing energy management systems. Additionally, the transition to
renewable energy sources, such as solar, wind, and biomass, is a critical component of sustain-
able production.
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One of the most prominent sustainability initiatives among European whisky distilleries was the
adoption of energy-efficient production technologies. Distilleries implemented heat recovery systems,
reducing energy loss during distillation by capturing and reusing waste heat. Additionally, several case
study distilleries incorporated biomass boilers fueled by spent grain, a byproduct of the whisky-making
process, significantly lowering reliance on fossil fuels. A transition toward renewable energy sources
was also evident, setting benchmarks for environmentally conscious whisky production in Europe.
The Austrian and Norwegian distilleries were fully powered by hydroelectric and solar energy, while
the German and Swiss distilleries integrated wind power into their operations. A German distillery
has also invested in capturing and reusing carbon dioxide emitted during fermentation for food-grade
CO: production. These initiatives resulted in lower carbon footprints and reduced operational costs
over time, aligning with broader European Union (EU) sustainability policies.

Closed-Loop and Waste Valorization Systems. Green management supports circular practices such
as recycling, remanufacturing, and the creation of closed-loop supply chains. Results show that
circular economy principles were widely adopted, particularly in the areas of waste valorization and
resource efficiency. Pollution prevention is a fundamental aspect of green management, focusing
on reducing emissions, effluents, and waste generation at the source. Strategies such as process
optimization, cleaner production technologies, and waste-to-energy initiatives enable companies
to minimize environmental harm while creating value from waste. Effective waste management
systems, including recycling and composting, further contribute to sustainable production.

Many distilleries repurposed spent grains as animal feed, collaborating with local farmers to
create sustainable supply chains. Belgium and France’s distilleries went further, implementing
anaerobic digestion systems to convert organic waste into biogas, which was then used to gener-
ate electricity for production processes. In Belgium, innovative partnerships allow for the shared
use of byproducts, where whisky and beer producers collaborate to optimize resource efficiency.
In Netherlands, the Dutch whisky producer incorporates advanced fermentation technologies to
reduce energy consumption and closed-loop systems are repurposing residual heat from distilla-
tion for other on-site uses, such as heating facilities or greenhouses. Another key theme was the
reduction of water consumption through closed-loop systems. French distilleries such as those
in the Cognac region producing malt-based spirits, use wastewater in irrigation systems for local
vineyards, reducing water wastage and supporting agriculture. The Swiss and Dutch distilleries
optimized water recirculation mechanisms, reducing wastewater discharge and enhancing overall
resource efficiency. The adoption of rainwater harvesting in Austria and Norway further contrib-
uted to reducing water dependency, particularly beneficial in regions where water conservation
1S a growing concern.

Sustainable Packaging and Innovations in Eco-Design / Eco-Production. Eco-conscious packaging
emerged as a strong sustainability focus, with distilleries transitioning to lightweight glass bottles,
recycled paper labels, and biodegradable corks. The French and Belgian distilleries prioritized
eliminating single-use plastics in their packaging, replacing them with sustainable alternatives
such as plant-based biodegradable materials. Moreover, Germany’s whisky producers pioneered
bottle return and refill schemes, allowing customers to return used bottles for sterilization and
reuse, significantly reducing packaging waste. Some distilleries also experimented with bulk
whisky retail models, where customers could refill bottles at designated points, encouraging
sustainable consumption practices.

France’s whisky industry introduced low-temperature fermentation techniques, significantly reduc-
ing energy consumption while maintaining flavor complexity. Similarly, the German distillery
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experimented with precision fermentation to optimize yeast efficiency, resulting in lower waste
production. In terms of eco-design, Norway’s distillery implemented modular distillation units,
allowing for production adjustments based on demand, thereby reducing unnecessary energy
use. Switzerland’s whisky makers invested in carbon capture technologies, aiming to offset CO-
emissions from fermentation and distillation processes.

Sustainable Supply Chain Management. Another recurrent theme across the case study distilleries
was the integration of sustainability criteria in supply chain management. Green management
emphasizes the importance of sustainable supply chain practices, including responsible sourcing,
reducing transportation emissions, and collaborating with suppliers to improve environmental
performance. By fostering transparency and accountability throughout the supply chain, organ-
izations can achieve holistic sustainability goals.

The French distillery prioritizes organic certification, local, organic barley, ensuring supply chain
sustainability while supporting regional farmers. and sustainable sourcing of raw materials. The
Norwegian and Dutch distilleries emphasized local sourcing of barley, reducing emissions asso-
ciated with long-distance transportation while supporting regional agriculture. Moreover, several
distilleries adopted green procurement policies, ensuring that materials, from barley to casks, met
environmental standards. The Austrian and Swiss distilleries formed partnerships with sustain-
able forestry initiatives to source responsibly harvested oak barrels, aligning with biodiversity
conservation goals. Producers in Austria also noted partnerships with local farmers to ensure
traceability and reduce transportation emissions.

4. FUTURE RESEARCH DIRECTIONS

The study highlights the critical need for future economic research in sustainability-driven trans-
formations within the European whisky industry. Key areas include cost-efficient adoption of
decarbonization, zero-waste production, and water stewardship, alongside regulatory harmonization
to ease compliance burdens. High initial investment costs pose financial barriers, especially for
smaller distilleries, necessitating research on innovative financing models and policy incentives.
Consumer perception studies are also essential to mitigate resistance to sustainable packaging
while maximizing eco-conscious branding as a competitive advantage. Ultimately, interdisci-
plinary research will be pivotal in ensuring that environmental responsibility enhances market
competitiveness, economic viability, and long-term industry resilience.

Despite widespread adoption of sustainability initiatives, interviewees acknowledged several
challenges in implementing green management practices. High initial investment costs for ener-
gy-efficient equipment and renewable energy installations were noted as significant barriers, par-
ticularly for smaller distilleries. Additionally, regulatory complexities in different European markets
posed hurdles, requiring distilleries to navigate varying environmental compliance frameworks.

Consumer perception also emerged as a challenge, with some respondents indicating resistance to
alternative packaging solutions due to concerns about product authenticity. However, marketing
managers emphasized the growing demand for eco-conscious branding, suggesting that sustain-
ability efforts would yield long-term competitive advantages. Consumer-driven sustainability and
green branding will strengthen whisky brands' eco-conscious messaging through carbon footprint
labels, direct-to-consumer refill models, and certified sustainability standards. As these trends
unfold, whisky producers must ensure environmental responsibility enhances the authenticity
and craftsmanship of their spirits.
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5. CONCLUSION

European whisky distilleries have made significant progress in adopting green management prac-
tices, integrating energy-efficient technologies, renewable energy sources, waste valorization, and
sustainable packaging while maintaining artisanal craftsmanship. Circular economy principles, local
sourcing, and green procurement further reinforce sustainability efforts. Despite challenges such as
high investment costs and regulatory complexities, the industry’s commitment to carbon neutrality
and eco-innovation signals a promising future. By continuing to refine these strategies, whisky pro-
ducers can balance tradition with environmental responsibility, setting a precedent for sustainability
in resource-intensive industries.

The integration of green management practices is no longer optional; it is a strategic imperative for
businesses aiming to thrive in a rapidly evolving global landscape. Organizations that prioritize sus-
tainability are better positioned to address emerging challenges, seize new market opportunities, and
enhance their resilience to external shocks. Moreover, green management fosters a culture of innova-
tion, encouraging companies to develop breakthrough technologies and business models that address
environmental and social needs.

Beyond environmental benefits, such green management practices generate significant socioeconomic
advantages. They foster job creation in emerging sectors such as renewable energy, waste management,
and sustainable agriculture. These green jobs contribute to economic diversification and resilience,
particularly in regions transitioning from traditional industries. Investing in green management also
strengthens organizational resilience against external shocks, such as resource price volatility and
supply chain disruptions. By diversifying energy sources, improving resource efficiency, and adopting
sustainable practices, organizations can enhance their long-term stability and adaptability in a rapidly
changing global landscape.
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