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1. Introduction 

Beer is a product with a simple core recipe: malt, yeast, hops and water. The 

transformation of these ingredients in varying proportions and application of 

varying brewing techniques into alcoholic beverage represents a multi–million 

dollar beer industry. The entry of craft beers into the industry has further expanded 

the range of beer styles available in the market. In Australia alone, the beer 

industry produced more than 18 million hectolitres in 2015, generating more than 

AUD$4.8 billion in revenue. While the overall consumption of beer in Australia is 

decreasing, the craft beer industry has achieved double–digit growth rates over the 

last five years (IBISWorld, 2015). 
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In general, beer is perceived as a sustainable product as the main ingredients are 

naturally and organically produced (Schaltegger, Viere & Zvezdov, 2012). 

However, the impressive volume of beer production and consumption in Australia 

and elsewhere comes at a cost. It employs a brewing process that is very water and 

energy–intensive, thereby leaving a relatively large carbon footprint on the 

environment through contamination of nearby soil and water bodies, and emission 

of anthropogenic gases in the air (Fish, 2015). 

 

From an academic perspective, very limited research on sustainability in 

entrepreneurial craft breweries has been undertaken and is mostly US–centric. As 

far as the authors are aware, no other study has been undertaken to date that 

explores sustainability practices in craft breweries in Australia. This paper explores 

sustainability activities in the craft beer industry using a qualitative research 

approach based on secondary data and examines current practices to improve the 

environmental sustainability performance. 
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2. Sustainability in Craft Breweries 

2.1 Craft breweries in Australia   

The ‘Craft Beer Industry Association’ (CBIA, 2016) in Australia defines an 

Australian craft brewery as one which is “based in Australia producing less than 40 

million litres of beer per annum”. According to the Brewer’s Association in the 

US, which can be viewed as the equivalent to the CBIA, craft breweries are also 

characterised by their independence. Hence no more than 25% of the brewery can 

be owned or controlled by an industry member that is not a craft brewer (Moran, 

2014, p.1).  

 

The history of craft brewing in Australia commences in the 1970s and 1980s. The 

beginning is characterised by entrepreneurs who were interested in adopting a 

more European–style brewing process, which was “opposite of what the big 

breweries and bars do” in Australia (Smith, 2011, p.1). Drawing from European, 

American and Anglo origins, Australians began to place more emphasis on beer 

quality as opposed to quantity (CIBA, 2016). In addition, the internet opened up 

access to the wider world of beers, bringing information on how to brew better 
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beer, and furthermore, providing insight into what was happening at the cutting, 

creative edge of the craft brewing industry (Smith, 2011). In comparison to the 

1990s, when Australia’s beer market was more or less dominated by three major 

breweries, today there are more than 150 craft breweries across the country with a 

growing interest and thirst for beers of new style and flavour (IBISWorld, 2015). 

However, the distinction between craft beer and non–craft beer in Australia is 

becoming increasingly blurred due to several key acquisitions in the beer industry 

over the past five years. Craft beer brands such as James Squire, Matilda Bay and 

Little Creatures are wholly or significantly owned by Carlton & United Breweries 

or Lion, who jointly shares over 80% of the Australian beer market (IBISWorld, 

2015). While most of the acquired craft breweries in Australia would be excluded 

from the US definition of ‘craft beer’ on that basis, we follow the Australian 

definition and consider the acquired companies as part of the craft beer industry. 

Whilst the relative size of the craft brewing industry is small with only 3.5 per cent 

of overall market share, it is projected to grow at an annual rate of over 6 per cent 

for the next five years (IBISWorld, 2015).  
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2.2 The Case for Sustainability in Breweries 

As noted previously, the basic recipe for beer is relatively simple. Using water, 

hops, barley, and yeast, it is the multiple stages in the production cycle prior to 

delivering the final consumable product that present unique environmental 

challenges (Fish, 2015). Environmental issues associated with brewing include 

energy and water consumption, wastewater and solid waste, and greenhouse gas 

emissions. Energy consumption for brewing is relatively intensive in terms of both 

electrical and thermal energy. Moreover, the brewing process involves high 

consumption of good–quality water in production, heating, cooling, cleaning 

packaging vessels, production machinery, cleaning of delivery vehicles, and 

sanitation. Furthermore, this generates a lot of liquid waste such as the weak wort 

and residual beer (Fakoya & van der Poll, 2013).  

 

In recent years, these challenges have been increasingly addressed by industry 

participants. While brewery managers traditionally focused on the improvement of 

production processes to reduce costs and increase the quality of beer, a shift 

towards more sustainable techniques to reduce environmental impact has been 



	 	
	
	
	
	
	
	
	
	

 
Page  87 

© 2016 Journal of Asia Entrepreneurship and Sustainability Vol XII, Iss 2, August 2016  
RossiSmith Academic Publications, Oxford/UK, www.publicationsales.com 

	
	

observed (Fillaudeau, Blanpain–Avet & Daufin, 2006; Koroneos et al., 2005). 

Moreover, breweries are beginning to partner with non–profit organisations to 

tackle environmental challenges and establish operational standards and guidelines 

for the industry as a whole. For example, in 2015 more than 42 beer companies 

from local microbreweries to major international brands in the USA signed a 

‘Brewery Climate Declaration’ to integrate sustainability into their business 

practices (Ceres, 2015).  

 

The uptake of sustainable measures in brewing is also evident in Australia, where 

two of the largest beer manufacturers, namely Lion and SABMiller, have reacted 

to environmental concerns in the form of sustainability practices and reports. The 

craft beer industry posits itself as inherently sustainable through local ingredient 

sourcing, production, and distribution (Fish, 2015). Although macro and craft 

breweries can be regarded to have different approaches to sustainability, 

application of environmental impact measurement systems for both types is still in 

its infancy (Boden, 2012; Schaltegger et al., 2012). According to Cordella, 

Tugnoli, Spadoni, Santarelli and Zangrando (2008, p.139), there is a need for 
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“monitoring, registering and analysing the input and the output streams of the 

brewery system; choosing carefully the suppliers, especially those of barley and 

glass bottle; improving energy saving policies; optimizing solutions for the product 

delivery; setting up marketing strategies in favour of reusable packaging rather 

than non–returnable ones”. In other words, there is a need for breweries, in 

particular craft breweries, to incorporate sustainability practices and measurements 

systems during the brewing process in order to monitor water, waste and energy 

consumption.  

 

However, sustainability measurement processes in craft breweries are less 

developed (Hoalst–Pullen, Patterson, Mattord & Vest 2014). In large breweries, a 

significant proportion of the sustainability effort is put into monitoring and 

reporting activities. In the case of craft breweries, the extent to which the 

sustainability concept translates to daily business activities is minimal. In addition, 

data on sustainability practices of craft breweries is scarce, since only a few 

breweries publish sustainability reports (Bos‐Brouwers, 2010). This lack of data 

can be attributed to inadequate resources, low degrees of formalization, lack of 
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public visibility, and low reporting priorities of craft breweries (Lee, Herold & Yu, 

2015; Sen & Cowley, 2013). 

 

Although sustainability and its practices can be linked to the broader concept of 

economic, social and environmental issues, this paper targets the environmental 

aspects of sustainability and focuses specifically on the brewing production 

process. Thus, the aim of this paper is to gain a better understanding of 

environmentally sustainable practices in Australian craft breweries and identify 

sustainability trends with a focus on water, waste and energy consumption. 

 

3. The beer production process  

Beer production is a multi–step process that includes three predominant stages: 

brewing, fermentation and processing. The resources used in the brewing process 

include raw materials such as grains, hops and yeast, water and electrical or 

thermal energy. This process can be regarded as having negative externalities 

occurring through the production of greenhouse gases, waste and the consumption 

of vast amounts of water (Hoalst–Pullen et al., 2014). The next subsection 
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addresses the importance of sustainability in brewing under the auspices of water, 

waste, distribution and energy. 

 

3.1 Water 

Clean water is a necessary component for quality craft beer production. Water 

characteristics such as pH, alkalinity and hardness, which tend to vary by region, 

contribute to the taste and aroma of beer (Fish, 2015). Moreover, not only does 

water make up 85 to 95 per cent of beer’s total volume, it is used in almost every 

step of the brewing process (Van der Merwe & Friend, 2004). Thus, the usage of 

water in brewing varies depending on factors such as the type of beer, the size of 

brewery, the process of washing, heating and cooling as well as the type of 

packaging (e.g. bottling consumes more water than kegging). The average water 

use ratio for a large commercial brewery is around four to seven litres of water per 

one litre of beer (Kunze & Manger, 2011). According to Schaltegger et al. (2012), 

brewery managers are often not fully aware of water–intensive processes such as 

“bottling”. Their study showed that due to the bottling process comprising of 

multiple cleaning stages at different temperatures with detergents, brewery 
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managers were unaware of the high water consumption that occurred during this 

stage. . 

 

Many craft breweries receive their water from community suppliers after which 

community treatment plants purify up to 70 per cent of the returned water (Fish, 

2015). Therefore another important point of influence on a brewery’s water usage 

is the strength of its relationships with community water providers as they regulate 

and facilitate the brewery’s water consumption.  

 

3.2 Wastewater 

The processing and disposal of wastewater can be regarded as the most visible 

environmental issue faced by craft brewers. Crucial parts of brewery wastewater 

are the solid wastes such as spent grains, hops, trub, sludge and surplus yeast. 

Despite the high organic matter and biodegradable content, the disposal of brewery 

wastewater into rivers or other public waters could facilitate plant, algae, and 

bacteria growth, leading to reduced oxygen levels detrimental to fish and other 

aquatic life (Fish, 2015). 
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Brewery processes also generate liquids such as the weak wort and residual beer 

which the brewery should reuse rather than allowing it to enter the effluent stream. 

The main sources of residual beer include processing tanks, diatomaceous earth 

filters, pipes, beer rejected in the packaging area, returned beer, and broken bottles 

in the packaging area (Olajire, 2012).  

 

According to Kanagachandran and Jayaratne (2006), it is estimated that for every 

litre of beer approximately three to ten litres of waste effluent are generated, 

mostly from the brewing, rinsing and cooling process. The issue for craft breweries 

is that this water must be disposed of or safely treated for reuse, which is often 

costly and problematic. As a result, many brewers are today searching for ways to 

cut down on this water usage during the beer brewing process, and/or means to 

cost effectively and safely treat the brewery wastewater for reuse (Simate et al., 

2011).  
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3.3 Energy 

The brewing process is energy intensive both in electrical and thermal energy. 

Thermal energy is used to raise steam in boilers, which is used largely for wort 

boiling, water heating in the brew house, and in the bottling hall (Holden, 2011). 

The process of refrigeration is typically the largest single consumer of electrical 

energy, but the brew house, bottling hall, and wastewater treatment plant can 

account for substantial electricity demand. On average, the entire production 

process of brewing will consume 60 kWh for every 100 litres of beer produced, 

which can be regarded as a significant contributor of greenhouse gases (Olajire, 

2012). 

 

An increase in greenhouse gases will negatively impact many brewery operations 

by impacting breweries’ water consumption, recycling, and solid waste disposal 

methods. Changes in temperature, precipitation, sea level, and the frequency and 

severity of extreme events will impact both future energy consumption and the 

availability of energy sources (Boden, 2015). Additionally, the quality of beer 

itself will be impacted as increasing temperatures and rainfall variability will 
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change the growing geographies of hops and barley. These two crops that are 

highly dependent on specific growing conditions, will be more difficult to grow 

and harvest in light of a changing climate (Fish, 2015) 

 

Large brewing operations are addressing and measuring their emissions from 

energy use and report their progress in sustainability reports (Bos‐Brouwers, 

2010). Craft breweries, who have viewed energy use and greenhouse gas emissions 

more as a function of cost than sustainability issue, are increasingly looking for 

ways to reduce energy levels.  

 

Within the production process, craft breweries are also considering alternative 

energy sources, including solar power, wind power, biomass, and biogas, to 

mitigate environmental impacts (Fish, 2015). A recent development of craft 

breweries is the use of renewable energy. In particular, craft breweries see solar 

roof–tops as an opportunity to save energy and costs. Solar panels can not only be 

used to generate hot water up to 160–300°, but can also be used for heating 
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processes for bottle washing machines, pasteurisers or cooling processes with 

absorption chillers (Weiss & Rommel, 2005).  

 

In sum, despite the environmental challenges and the importance of integrating 

‘sustainability practices’ in the craft beer industry, there seems to be a lack of 

willingness to generate metrics that would identify and measure sustainable 

performance during the beer production process. Moreover, the sustainability 

activities and practices that are used in the craft beer industry, particular in the 

Australian context are unclear. Thus, there is justification to explore sustainability 

practices in Australian craft breweries and to contribute to the body of knowledge 

in this emerging field.   

 

4. Method 

Based on the literature review, the most significant environmental sustainability 

challenges associated with the beer production process include water, waste, 

energy and emissions to air management. Currently, there is only limited academic 

knowledge about these sustainability challenges in the Australian craft brewing 
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industry. Therefore, the research aim of this paper is to reveal current 

environmental sustainability practices and trends in Australian craft breweries with 

a specific focus on three key issues: water consumption, waste generation and 

energy efficiency.  

 

This paper adopts a document analysis approach to examine the current 

sustainability trends and practices in the Australian craft brewing industry. 

Document analysis represents an analytical method in qualitative research and is a 

widely used systematic procedure for reviewing or evaluating documents (written 

or electronic) in order to elicit meaning and to gain an understanding of a 

contextual issue (Corbin & Strauss, 2008). Whereas document analysis has served 

mostly as a complement to other research methods, document analysis of 

secondary data as a ‘stand–alone’ method can also be used in qualitative research 

studies to provide insight into a specific phenomenon (Bowen, 2009; Merriam, 

1988; Wild, McMahon, Darlington, Liu, & Culley, 2010).   
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To address the research aim and reveal the current sustainability practices in 

Australian craft breweries, public documents from the beer industry and Australian 

craft breweries were analysed. The documents used for the investigation comprise 

two sources: first, sustainability reports from Australian craft breweries were 

reviewed. This included a search within the craft breweries websites for 

sustainability related activities. Second, apart from the craft brewery information 

and websites, sustainability–related information about craft breweries was 

collected through internet search, using the keywords ‘sustainability’, 

‘environment’, ‘water’, ‘waste’, ‘energy’, emissions in conjunction with the words 

‘Australia’, ‘craft brewery’, ‘beer production’ or a mix of those. The data collected 

from this search complemented the information from the sustainability reports and 

included information from non–profit organisations, business associations, media 

releases and press articles. These documents can be regarded to provide a 

comprehensive overview about the environmental sustainability data in the context 

of Australian craft breweries. 
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Any information that was found to be non–relevant (e.g. information about US–

based craft breweries or sustainability processes outside the beer production 

process) was rejected. A final review of data uncovered the sustainability related 

areas which allowed categorisation of themes and an allocation to the specific 

areas of water, waste and energy.  

 

5. Results and Discussion: Sustainability and Trends in Australian craft 

breweries  

The findings identified the implementation of sustainability practices as one of the 

most effective means of improving capacity for compliance with environmental 

demands. For example, engagement in sustainability practices may result in 

reduced local pollution through burning less fuel, lower greenhouse gas emissions 

and reduced negative externalities (Olajire, 2012). Australian craft breweries have 

taken specific steps to reduce the environmental impact of water, waste and energy 

consumption. 
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5.1 Water 

With the industry average to produce one litre of beer ranging from four to seven 

litres of water, there are a number of water mitigation strategies that craft 

breweries can implement as best practices. Australian craft breweries are 

increasingly installing water meters at various sections of the operation to reduce 

water consumption during the beer production process. Other methods include the 

reduction of water pressure on equipment spray nozzles, the control of water usage 

during the clean–up procedures and preventative maintenance (Boden, 2012).  

Moreover, an increase in wastewater effluent regulations will be a significant 

driver of water reduction strategies. Reducing the quantity of water needed for the 

brewing process is beneficial in terms of both environmental impact and cost. 

Some craft breweries can also reduce water consumption by recovering water 

throughout the brewing process to be used in cleaning processes that do not require 

high quality water (Olajire, 2012). Another popular method to minimise water 

usage is the purchase of water restoration certificates. This ensures the restoration 

of water to streams using criteria that guarantees water quality, the survivability of 
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native fish and wildlife populations, along with aesthetic and recreational 

improvements for those streams (Fish, 2015). 

 

Interestingly, some craft breweries have achieved water consumption levels below 

the industry average resulting in about three litres per one litre of beer. The craft 

brewery ‘Beard & Brau’ in Tamborine (Queensland), has adopted a sustainable 

philosophy called ‘from the land returning to the land’. By modifying their 

production processes, the brewery has been able to reduce the water usage to less 

than three litres per one litre of beer (Beard & Brau, 2014). A reduction in the 

amount of water consumed in a brewery has several environmental benefits, 

including conservation of water resources, and thus, lower wastewater volumes. 

 

5.2 Waste 

Breweries solid waste disposal impacts can be mitigated by both resource 

conservation and recycling. Examples to increase quality from liquid waste include 

craft breweries that utilise microbes to consume residual brewing biomass by 

pumping untreated wastewater into an on–site anaerobic digester. The microbes 
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produce methane, which is then collected and converted into electricity used to 

brew beer. The leftover water is sent through an aerobic digestion process that 

leaves clear water behind (Fish, 2015). For solid waste, a popular method is to 

recycle the by–products of the brewing process as they can be utilised by 

businesses and individuals in various ways (Boden, 2012). Breweries today sell or 

donate spent grain to local farmers and livestock owners to be used as animal feed 

or compost, which results in less waste sent to a landfill and more sustainable local 

agricultural businesses.  

 

However, minimising waste can also occur with the reduction of raw materials, 

which will not only result in cost savings, but will also reduce the environmental 

and financial costs of waste production and reduce the strain on natural resources 

(Olajire, 2012). Activities of Australian craft breweries include process changes, 

mill adjustments, installation of new mash filters and packaging modification such 

as the replacement of glass bottles with PET bottles. Some craft breweries, such as 

Murray from New South Wales, have developed their own eco–friendly ‘take 

home beer systems’, which enable customers to take home draught beer in 
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refillable bottles that can be brought back and filled on numerous occasions 

(Murray Brewing, 2014). 

 

‘Mountain Goat’ brewery uses a huge rainwater tank and neutralises their 

wastewater (King, 2015). The ‘Australian Brewery’ in Sydney has opted to can 

beers instead of bottling them. The canning process allows for savings in weight 

and material with a 92 per cent mass reduction compared to bottling and around 40 

per cent less volume once final packaging is complete (Terlato, 2015). However, it 

is still unclear whether cans have a lesser environmental impact than bottles due to 

the mining of bauxite and smelting of aluminium in their production cycle (Fish, 

2015). Redundant Breweries, a start–up craft brewer in South East Queensland, 

also notes waste reduction as a key priority. 

 

5.3 Energy 

Implementing energy conservation methods, in addition to utilising alternative 

energy resources, are two methods by which craft brewers can ensure the 

sustainability of their brewing operations. Increasing reliance on alternative energy 
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sources helps to mitigate larger climate change impacts, which ensures the 

sustainability of critical craft beer resources such as hops, barley, and water. 

Measuring greenhouse gas emissions, using renewable energy, cutting energy use 

by recycling steam, capturing methane, cutting transportation emissions, and 

becoming LEED certified are just some of the actions that craft breweries are 

taking to reduce their environmental impacts. 

 

In addition to conserving energy, breweries are looking to alternative energy 

sources to reduce environmental impacts. ‘Mountain Goat’ and the ‘Australian’ 

Breweries source more than 75 cent of their heating requirements from solar 

energy (King, 2015; Terlato, 2015). The ‘FogHorn Brewhouse’ in Newcastle 

invested in a roof that supports solar panels and features a 70kW solar energy 

system, designed to eventually deliver all ‘FogHorn’s’ power. A further instalment 

of solar batteries will allow ‘FogHorn’ to run off–the–grid (NAB, 2015). 

Moreover, one natural advantage of craft breweries compared to larger breweries is 

their proximity to local communities, which results in lower transportation and 

logistics operations. ‘Hop Nation’, for example, sells most of their product within 
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20km of the brewery, significantly reducing transport emissions (HopNation, 

2016). Ease of transportation of beer is not the only natural advantage of craft 

breweries. ‘Murray’s’, a craft brewery in New South Wales, sources its ingredients 

from within 160km of their production site, which significantly reduces the 

transport and packaging footprint (Murray Brewing, 2014).  

 

Other craft breweries save energy by recapturing steam that is lost during boiling 

and using the warm water collected during the heat exchange process to begin 

another brew (Bamforth, 2009). Capturing methane – a by–product of the 

wastewater treatment process and a potent greenhouse gas – can also be used to 

generate electricity and provides up to 15 per cent of electricity needs of craft 

breweries. An increasing number of craft breweries were seen to adopt 

environmental guidelines to scan their production process to unlock saving 

potentials. One possibility is the adoption of Global Reporting Initiative standards 

to measure greenhouse gas emissions and initiate specific product–related life–

cycle analyses as well as the implementation and certification of LED for high–

efficiency heating and cooling units (Ceres, 2015). 
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6. Conclusion – Don’t Waste An Opportunity 

The literature suggests that Australian craft breweries have been extremely 

proactive in implementing sustainable brewing methods. The implementation of 

sustainable practices has the potential to reduce costs, water usage, waste creation 

and energy consumption. Through sustainable process, some Australian craft 

breweries have been able to reduce their water usage, to less than half of 

commercial breweries intake. Moreover, the implementation of monitoring 

systems for water as well as simple ‘housekeeping’ measures such as the 

identification and a timely repair of leaks can effectively reduce operating cost and 

enhance competitive edge for a relatively small investment. For waste reduction, 

craft breweries increasingly rely on process changes within the brewery process 

and own bottle and ‘home beer’ systems. The reduction of air emissions and 

energy is also on the agenda of Australian craft breweries, where an increasing 

amount of craft breweries switches to alternative energy sources such as solar 

panels on the roof, which provide up to 75 per cent of the heating requirement. 
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However, the results of the analysis must be viewed in the light of its limitations. 

This paper used only secondary data from available public sources. Thus the data 

collection and analysis is inherently subjective, as it relies mainly on information 

from Internet research. Despite these limitations, the results can be used to support 

further research. To examine sustainability practices in the craft beer industry, 

future research may include case studies and or interviews with the owners of craft 

breweries. Moreover, the effectiveness of sustainability practices can be examined 

and comparative case studies can be used to measure the effectiveness.  

 

As consumers place an increasing value on knowing where products come from 

and how they are made, breweries are under pressure to implement sustainable best 

practices. A focus on sustainability can result in a competitive advantage over less 

efficient companies and allow craft breweries to increase their profits at current 

product prices, or lower their prices to gain market share. Thus, craft breweries can 

ensure sustainable best practices while promoting Australia’s craft beer industry by 

both protecting and capitalising on local natural resources as well as continuing to 

remain aware of their impact on the environment. Therefore, the impact of the craft 
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beer boom becomes less about its environmental effects but rather how craft 

breweries are demonstrating that an entire industry can effectively reduce its 

environmental impact. 
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