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ABSTRACT

Sustainability is best described in terms of the triple bottom line:
people, profit, and planet. This aligns environmental protection with
bottom line margin improvement and with staff and wider stakeholder
engagement. This review describes the rise of importance of carbon
footprinting as a tool to examine the major contributors to malted barley production and the embedded carbon passed on to brewers and distillers. Opposition to the use of models of carbon footprint is being
overcome through engagement of the supply chain and a desire for
pragmatic solutions that can be implemented swiftly, which is essential
because we have less than 20 years of carbon emissions left at current
rates before modelling predicts global temperature will rise in excess
of 2°C. Benchmarking and verification of sustainability data and improvement are in demand, but these are possible only with cooperation
of many different supply chain partners and visibility from open data
sharing. A recognition of global impact and an integrated approach to

sustainability will be better achieved through adoption of science-based
targets for greenhouse gas (GHG) emissions and incorporation of the
United Nations Sustainable Development Goals into business strategy.
A detailed analysis of carbon footprint from farm to maltings is given,
along with an analysis of the potential improvement in agricultural
practice that is emerging. Carbon footprinting is the greatest leverage
we have to find opportunities for improvement at the farm level, but the
review looks at energy, water, waste, packaging, and brand impact.
Case studies of anaerobic digestion and biomass heating describe GHG
reductions up to 90%, which could be more widely adopted. Carbon
zero looks possible, and parts of the supply chain could even become
carbon negative in the medium term.
Keywords: sustainability, triple bottom line, carbon footprint, malting, brewing, strategy, water, waste, packaging, agriculture, utilities,
energy, science-based targets, UN Sustainable Development Goals

Sustainability from Farm to Malt and
Beyond: Net Zero and More

ceived as radical lobbying to being described as sustainability,
which is a key pillar of company strategy.
There are five common strands to sustainability concerns:
• Energy and emissions
• Water
• Food waste
• Packaging
• Social issues
The degree of activism on climate change has undeniably increased, but the timescale for action within the next 20 years
that the various groups highlight is supported by scientific analysis of global carbon budgeting. There is gathering consensus

The word sustainability is used frequently but encompasses
diverse meanings depending on the audience. It is perhaps a
failing of communication that it has come to be associated almost entirely with environmental protection and with lobbying and protest. There is so much more that is missed, and it
is better captured by the triple bottom line model that describes
sustainability in terms of people, profit, and planet or alternatively as social, financial, and environmental. This aligns environmental protection with bottom line margin improvement
and with staff and wider stakeholder engagement. Corporate
social responsibility (CSR) is still confused with sustainability, but CSR is about brand support, whereas sustainability is
about business success.
Sustainability is also very much about looking to future business success across the entire supply chain and should have financial and brand impact—creating innovation and new market
opportunities (Fig. 1).
This article presents a journey in sustainability over the past
20 years, centered on malting, that examines how attitudes have
changed to move environmental protection from being per-

Nigel Davies, Ph.D., runs his own sustainability consultancy (www.
maltdoctor.co.uk) and is Director of Technical and Sustainability at
Muntons, a malted ingredient company with a global presence.
E-mail: nigel.davies@muntons.com; maltdoctor@maltdoctor.co.uk

Figure 1. Comparison of corporate social responsibility (CSR) and sustainability.
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that we may have even less time to address the impact that manmade emissions have on global temperature (1).
There is much interest now about industry being carbon neutral or carbon zero, whereas those who lead in the field are looking for opportunities beyond that to become carbon negative.
We cannot be content with carbon offsetting by supporting sustainable initiatives in other countries or by planting forests where
the benefit will not be seen for 100 years. Those activities are
all positive and helpful, but we need to look inward and make
changes that are rapid and permanent. We only have to look at
the destruction of forests by fire in Australia recently to see how
sequestered carbon can suddenly disappear, rendering a sustainable plan ineffective and leaving a company with a large carbon
emissions balance to address. Of course, an initiative to increase
biodiversity and to sequester carbon through land reclamation
and reestablishing forests is always going to be a good move,
but it needs to be part of an integrated approach: combining
leadership and action in your own company together with encouragement for others to play their part and value sustainable
improvement.

Building a Sustainable Strategy
Strategy needs to be based on solid science and knowledge of
stakeholder concern and to understand the real impact on business that failure to act will have. It is true that the science behind
climate change is at times controversial, but for business it is
essential to decouple from the climate change debate and look
at resource use efficiency. Translating that into initiatives such
as food miles, waste reduction, and emissions reduction will all
have immediate bottom-line benefits and make good business
sense. The top-level science is that levels of CO2 in the atmosphere are rising, we do face a changing climate, and we must
become more resilient. Progress on all these and many more
issues can be made and should be made, irrespective of your
viewpoint on longer term climate change.
To develop a sustainability strategy, it is important to determine at the outset what you want to achieve. If you choose alignment with a verifiable stance on climate protection—which is a
great aim—it can get you entrenched in political and scientific
debate without real progress on greenhouse gas (GHG) emissions.
It is essential to develop a sustainability strategy that is based
on easily determined facts and integrates seamlessly with existing business practices. Current and proposed business activities
should be examined in terms of pure financial margin (profit),
protecting natural resources and minimizing environmental impact (planet), and engagement of stakeholders (people).
A strategy should be about making positive change. Promoting that within your company is one thing, but moving with
scale and achieving global change is a very different challenge.
Here are recommended considerations for strategic direction:
• Have a roadmap for the business to reduce GHG emissions and waste
• Use a supply chain mapping exercise to identify the most
significant contributors to carbon footprint
• Determine if the mapping results should be used to drive
additional cross-supply-chain discussions on mutually
beneficial external projects or be focused for internal use
by the company
• Decide the most appropriate way to express data to be shared
for public scrutiny by investors, customers, or suppliers
• Minimize business risk by integrating sustainability with
regular risk and opportunity planning
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• Transition from waste reduction initiatives to those that
make money from waste
• Align with global initiatives such as the United Nations
Sustainable Development Goals (UN SDGs) and achieving a verifiable science-based target
Obviously, the scope involves much more, but this list is intended to show how measurement has to be linked to a commitment to effect change for the better. This concept is something
that has changed within our supply chain over the past 10 years.
Previously, it was sufficient to be audited against an approved
environmental standard such as ISO14001, and around 10% of
companies took this stance until about 2005—it was laudable
but optional. Now, it would be almost unthinkable to use a supplier who did not have this as a prerequisite. The focus has
shifted from having a standard to using that standard to drive
real change, and to assessing the impact of that change against
more parameters. In terms of profitable solutions for business,
this can mean achieving greater margin, reducing environmental or emissions taxation, avoiding increasing costs, improving
market share, decreasing risk in raw material supply, and/or
reduction in unproductive waste.
Getting a complex message across in ways that the supply
chain can understand is imperative. It is important to demystify
the debate, not dumb it down. Will Rogers’s phrase that “everybody is ignorant, just in different subjects” applies well to this
debate. To engage and improve, we do not need to be told how
complex or how complicated it is to save the planet; instead, we
need to be shown in very practical ways how we can all make a
difference—right now—that reduces our negative impact and
encourages positive action. Of course, the calculations and interactions are complex, but it is never wrong to emit less carbon,
use less resources, and protect our raw material supplies. This
is practical sustainability. A number of leading malting and brewing companies have implemented practical, realistic, and constructive initiatives that look across the supply chain. Sustainability has in many cases been adopted as a key pillar of malting
and brewing strategies.

Multiple Strands to Sustainability:
How Can These Be Integrated?
Defining sustainability is multi-faceted, and yet it needs to be
integrated with targets that are clearly and simply explained. It
would seem an impossible goal, yet just 5 years ago countries
formed such a framework. They adopted a set of goals to end
poverty, protect the planet, and ensure prosperity for all as part
of a new sustainable development agenda. Collectively termed
the United Nations Sustainable Development Goals, each of the
17 goals has specific targets to be achieved over the next 15
years (Fig. 2; 20,21). For the goals to be reached, everyone
needs to do their part: governments, the private sector, civil
society, and us all as inhabitants of the planet. It is essential for
companies to look at those it wishes to address and commit to
specific activities they will undertake to play their part in making that aspect better.
When delegates at various sustainability master classes with
food and beverage companies over the past 5 years were asked
to list their top three SDGs, invariably Goal 17: Partnership
came first. It is only by working collaboratively and openly on
sustainability challenges that we will come up with solutions
that embrace all concerns. Second and third choices vary, including Goal 13: Climate Change Action, Goal 8: Economic
Growth, and Goal 12: Responsible Consumption and Produc-
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tion. This signals where industry thinks it can act now, but in
none of those seminars did any representative think that any of
the other goals were inappropriate, and some were on a parallel
track of improvement. The emerging theme is that if we do not
protect the planet by managing the way we use resources there
will be no possibility of addressing the other goals effectively.

How Has Sustainability Changed Focus in the
Past 20 Years? What Have Been the Drivers?
The debate on climate change at the turn of the century was
often presented as an almost hopeless case, based on science
that was continually being undermined and setting targets that
seemed wholly impossible to achieve. There was no clear path
that would produce the estimated 80% reduction of our GHG
emissions by the year 2050. It was also unclear if saving those
emissions would reduce the rise in global temperatures. Businesses found it hard to engage in such an uncertain scenario.
Malting and brewing industries had been saving energy, water,
and waste for many years and were aware of the need to continue but were still uncertain how to translate that into a sustainability agenda set in the climate change context.
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warming potential (GWP) (Table 1). GWP measures how much
heat can be held in the atmosphere by each of these six gasses.
The more heat held, the warmer our planet becomes.
The GWP factors enable the contributions of individual GHGs
to be expressed as it they were carbon dioxide (“carbon” as it is
usually described in the term “carbon footprint”). There is currently debate about the factor for methane, because although it
has a GWP of 28 it persists in the atmosphere for relatively short
periods (9 years), so it does not have as long-lasting an impact
as the other GHGs (e.g., N2O, 114 years; sulfur hexafluoride,
50–200 years; and hydrofluorocarbons, 264 years). This may
reduce the impact of agriculture involving cattle but has no impact on calculations around the malting and brewing supply
chain. The three scopes of carbon footprint are defined as follows, and they may be better understood using the graphic published within the GHG Protocol (Fig. 3):
• Scope 1 (direct emissions): Emissions from a plant or
asset that you own and directly control, such as kilns
and burners running on natural gas and fuel oil. These
emissions can be calculated easily from invoiced usage.

Table 1. Warming potential of different greenhouse gases

Energy and Emissions
A way out of this circular debate would be to determine what
impact individual parts of the supply chain had by using one
common key metric. Around 2006, that metric for our industry
became the carbon footprint. Carbon footprint is described as
having three scopes, as captured by the Greenhouse Gas Reporting Protocol (version 3.5.1 [11]). Carbon footprint is a measure
that converts all six GHGs into an equivalent based on global

Greenhouse gas
Carbon dioxide (CO2)
Methane (CH4)
Nitrous oxide (N2O)
Sulfur hexafluoride (SF6)
Hydrofluorocarbon (HFC)
Perfluorocarbon (PFC)
a

Global warming potential
1
28
265
23,500
4–12,400a
7,190–17,400a

Refer to the Greenhouse Gas Protocol (11) for details. Data from the IPCC
Fifth Assessment Report, 2014.

Figure 2. The 17 United Nations Sustainable Development Goals. For detailed descriptions of each goal, see https://www.un.org/sustainabledevelopment/
(20). The content of this publication has not been approved by the United Nations and does not reflect the views of the United Nations or its officials
or Member States.
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• Scope 2 (indirect emissions): Emissions released into
the atmosphere associated with consumption of purchased
electricity, heat, steam, and cooling. These are indirect
emissions that are a consequence of an organization’s activities.
• Scope 3 (other indirect emissions): These are a consequence of your actions, but that occur at sources you do
not own or control and that are not classed as scope 2
emissions. They are either materials or services coming
into a site (upstream) or a consequence of what happens
when you sell them on through the supply chain (downstream).
• Scope 3 upstream: This includes the growing of cereals,
transportation into the site, business travel in transportation
that you do not own directly, and employee commuting.
What next emerged were some helpful rules to determine
what the scope of a carbon footprint should be. Publicly available standards such as PAS2050 (a U.K. standard) described how
data could be collected and stated that only those elements
which contributed 1% or more to the footprint need be included.
It was relatively easy to calculate scope 1 and 2 emissions based
on invoices presented by the utility companies. The difficulty
15 years back was that there were no robust models available
to determine the impact of growing malting barley. Initially,
models from biofuel operations were used, but very soon better
models were developed that began using direct farm data to
estimate what the carbon footprint of producing cereals like
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barley being delivered into a maltings really was (the “embedded”
carbon). Some models such as the Cool Farm Tool from the
Cool Farm Alliance, although excellent in structure and accuracy, were avoided by farmers due to fears that the data required
were not easily available to either the farmer or an agronomist.
It hindered useful dialogue with farmers.
In 2006, a carbon calculator for malting barley was developed
for Muntons by the author that used estimated data from the
supply chain. This gave a surprising result for the relative contribution that barley made to the total carbon footprint of malt:
over 60% of the embedded carbon came from the farming of
malting grade barley. It was important to understand the individual farming activities that contributed to such a significant
amount of embedded carbon.
I was asked to talk about the carbon footprint of malting at a
conference in 2007 in Germany when there was no universally
accepted model for carbon footprinting in malting and no customer demand to discuss the subject! After just 6 months of developing a first pass at a carbon calculator it became clear that
very few people in the supply chain were trying to do the same.
Feedback from those developing carbon calculators gave wildly
different views on the carbon intensity of the supply chain, often
via misunderstanding of the inputs, conversion factors, and/or
global warming impacts. However, carbon footprinting was here
to stay because it was a common factor that could describe improvements in emissions reduction from direct operations in
terms of energy, water, and waste. Carbon footprinting included

Figure 3. Pictorial representation of the three scopes of a carbon footprint (11,12). From Greenhouse Gas Protocol: Corporate Value Chain (Scope 3)
Accounting and Reporting Standard, 2011, https://ghgprotocol.org/sites/default/files/standards/Corporate-Value-Chain-Accounting-ReporingStandard_041613_2.pdf.
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the impacts of what came into the factory and what happened
after products left and made their way to the consumer.
An early barrier to accessing these data was the reaction of
many in the supply chain to question the logic and accuracy of
the model. It was determined quite early on, in fact, that there
was up to 25% difference in total carbon footprint between the
best models available at the time, which was considered too
much to use it as a decision support tool.
An enhanced calculator developed in 2010, based on the ecoinvent database, gave greater transparency of the various farming inputs and selected the top nine factors that influenced embedded carbon (Fig. 4). Now the data between different models
were found to be only 6% different (Fig. 5). Flipping that statistic suggests the data are 94% accurate, which should be sufficient to convince anybody that the data are robust. Figure 5
compares data from the early Muntons model and one prepared
by the Centre for Low Carbon Futures. The top three contributors remained the same in both models, and the growing of
barley was still the biggest contributor. The biofuel model was
used to determine the major contributing practices to GHGs in
barley growing, which estimated the greatest proportion was
coming from the production of nitrogen fertilizers, and (additionally) a significant amount from the use of those fertilizers
on land.
Amazingly, publication of these data created an unexpected
backlash among some in the supply chain, even generating threats
from supply chain partners to boycott conferences if this information was shared (6,7). It was assumed that the data would be
used to apportion blame and pass the buck to others. That was
far from true, and in reality, it was simply a reflection of the wellknown 7 Habits of Highly Effective People (5) and an opportunity to “seek first to understand, then to be understood.”
The reality of such data created collective opportunities for
improvement and generated supply chain integration where it
looked likely to fragment. Farmers had recognized for many
years the advantages of precision farming whereby only those
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nutrients and pesticide treatments that were necessary were applied to specific areas of land and not to others. The impact this
had on carbon emissions was something that was perhaps not
well known at the time. The fact that nitrous oxide gasses held
300 times more heat in the atmosphere meant that it was far
more beneficial, environmentally, to look at fertilizers than it
was to improve tractor emissions or even crop yield.
Taxation laws in Europe were encouraging manufacturers to
address emissions, and fertilizer manufacturers like Yara were
a prime innovator in this area. To produce nitrogen fertilizers,
they first produce nitric acid. A 90% reduction of total emissions
(abatement) was achieved by reducing emissions in this first
process step, which enabled them to produce an abated nitrogen
fertilizer with the final product having just 40% of the footprint
of the non-abated option. This factor alone reduces overall emissions substantially when built into a carbon calculation.

Figure 5. Carbon footprint data from the early Muntons model and one
designed with Muntons by the Centre for Low Carbon Futures (CLCF)
based on the ecoinvent database. There is little difference in the total
footprint, and the top three contributors are the same for both models.

Figure 4. Muntons simplified carbon calculator designed to engage farmers in a discussion on carbon footprint and to show the major factors they
could influence.
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The next hurdle was how this could be linked to creating
value or minimizing costs for farmers. After all, malting barley
is one of the poorest margin cereals to grow, so a key driver
in this debate had to be taking risk and cost out of growing
malting-quality barley without passing that on to maltsters and
brewers.
The calculator was also used to show the impact of different
measures a farmer could take (Fig. 6). A new tractor saves just
1 kg of carbon dioxide equivalent (CO2e) and is not cheap with a
cost of perhaps $300,000. Running through the other measures,
the farmer could look to use less fertilizers such as calcium ammonium nitrate (CAN), or some new variety or treatment that improved yield by 20%. The most significant is the zero cost switch
to abated (low carbon CAN) fertilizer at no extra cost. Since it
was cost neutral, it was not contentious for some maltsters who
were promoting sustainability, such as Muntons, to make it a requirement in their procurement contracts.
The carbon calculator developed by Davies at Muntons was
now highly useable, but the Cool Farm Tool from the Cool Farm
Alliance (coolfarmtool.org) still had more options to calculate
farm practices. The developers of both calculators worked together to produce a hybrid version in 2012 that pre-populated
the data fields that did not have a major impact on the carbon
footprint with average data and required specific data to be entered for the major influencers of the footprint. This improved
tool is offered free by the Agriculture and Horticulture Development Board in the United Kingdom (https://projectblue.blob.
core.windows.net/media/Default/Imported%20Publication%20
Docs/Understanding%20carbon%20footprinting%20for%20
cereals%20and%20oilseeds.pdf).
Carbon footprinting maintained a relatively low profile for
the next few years. The surge of interest in disclosure through
platforms such as the Carbon Disclosure Project (CDP) and various sustainability and ethics platforms such as EcoVadis and
Suppliers Ethical Data Exchange (SEDEX), together with initiatives required directly by individual companies, has brought
this more sharply into focus. There is either a legal requirement
or a corporate push to provide sustainability and energy and carbon intensity data in annual reports that are verifiable so as not
to undermine the brand reputation, but also to provide a forum
to share best practices.
One major hurdle to those leading the charge is that sustainability is still not often a key driver for the procurement teams
in brewing and distilling. The buyers absolutely understand the

Figure 6. Reductions in carbon footprint for malting barley that could
be achieved in different ways: faster tractor, 20% less calcium ammonium nitrate (CAN) fertilizer, yield improvement of 20%, Use of a
lower-carbon abated nitrogen fertilizer. The latter has the greatest effect
and is cost neutral.

Sustainability from Farm to Malt

issues and respect the companies who make great strides to improve sustainability, but price is still very much king and will
remain so until CEOs give their buyers a requirement to source
from sustainable maltsters. Of course, price must be equal among
suppliers, but the significant investment required to become
highly sustainable must be recognized, and the market should
reward those who are close on price but more sustainable, in
preference to those competitors who may have a better price but
are a weak presence in sustainability. It will be a brave procurement director who takes the stance to delist a supplier if they
fail to deliver innovation and sustainability improvement, but
this has to happen. It is true that in more recent times there has
been a push for locally sourced/malted ingredients. These terms
are a big differentiator of preference in smaller breweries. Currently, minor margin improvement still holds sway over significant sustainable progress.

Farmer Engagement
For farmers to invest in technology that will reduce GHG
emissions requires them to see a suitable financial return. Farmers know how to grow, and the changing climate is not something they need convincing of. They will see it through either
loss of fertile topsoil, increased flood risk, or the way annual
temperature profiles affect the development of natural predators
for pests. The tremendous loss of fertile topsoil is as common
to large parts of Illinois in the United States as it is to the Yorkshire Dales in the United Kingdom. Trying to rebuild topsoil
that has been lost by intensive farming over decades is not easy.
Loss of organic matter is hard to reverse in a generation or even
two and requires significant time and money to prevent largescale loss of productive land. It is a major risk to the malting
and brewing supply chain. However, farmers are up for the challenge and are very receptive to initiatives that improve soil quality. It is frequently a combination of factors that are used. One
example is the use of natural compost derived from hedge clippings, self-sterilized by the heat generated during natural composting, which reverses the impact of soil compaction, improves
water holding capacity of the soil (infiltration), and then slowly
over 2–5 years releases nutrients to build organic content. This
has a financial benefit in terms of yield in a dry year and reduced
artificial fertilizer use in the following years.
Over the past 6 years it has become of much greater interest to
brewers and distillers to look at the potential impacts of climate
change on their raw material supply. The famous quote from Heineken “no barley, no beer” encapsulates the importance of the
supply chain nicely. The interest is driven by a number of factors:
a requirement for companies to publish more detailed GHG emissions data in annual reviews to support strategic aims, a need to
understand where risk of non-supply exists, and a need to understand what support farmers may need from the supply chain.
Above all, there is a need for data to be transparent and verifiable.
There is much to be gained by recognition of mutual challenges when a supply chain forum can connect farmers to processors to breweries and distilleries. The original Skylark model
from the Netherlands started as an incubator to promote sustainable farming and is now incorporated into other initiatives
as sustainability has become more mainstream in that country.
In the United Kingdom, the Sustainable Futures farmer support
forums (https://sustainablefutures.uk.com/) is another good example, and there are more. Such groups typically have central
administrative financial support provided by major supply chain
brewers, grain merchants, and those from other supply chains.
They provide a peer learning group of farmers to share experi-
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ences of farming sustainably. It is interesting to watch the development of these groups. There is certainly cultural variation
between farmers from different countries, and much of that centers around skepticism as to what will happen if they share their
farm data. One of the best ways to get over that hurdle is to
develop case studies with prominent farmers in the group where
an open appraisal of what has worked and what has not can be
shared. Farmers do not need to be told how to farm—they know
that—and indeed many of the practices their forefathers used
that have lapsed are now being seen in a different light as being
very positive.
In farmer support groups, it is usual to have meetings on farm
and to have an external expert talking about subjects such as
cover cropping, biodiversity, and precision farming (application
of fertilizers and other chemicals precisely where they are needed
and at the correct dosage rate). None of these are particularly
new concepts, but they are being reinvented and introduced under the spotlight of carbon emissions and are proving worthwhile in the journey to zero carbon and beyond. Farmers do
need to be listened to and are crucial to delivering the food
needs of the future, but supply chain support to help them reappraise what is best practice and what is required by their customer is of great value. In many cases, support for the farmer
can generate a better margin for them rather than having to press
for increased income from the processor and beyond.
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Contribution of Malt to the Footprint of Beer
Alcoholic beverages are estimated to contribute 0.7% to
GWP and cereals 3.8% (13). A 2012 report from the BIER (2)
graphed in Figure 7 indicates that malt contributes a significant proportion of around 39% for bottles and 33% for cans.
Therefore, a reduction in the carbon footprint of malt would
be beneficial to beer.
There have already been significant reductions in water and
energy use in breweries in the past 10 years, but also within
malting (Table 2).
It can take considerable effort to compile data sets for emissions data and carbon footprinting, and this can have an impact
disproportionate to the size of the brewery. The emissions intensities in the largest breweries (>500,000 kL, 4.2 million U.S.
barrels) compared with the smallest (<50,000 kL, 426,000 U.S.
barrels) were threefold better. The total carbon footprint for the
smaller craft breweries may also be challenging to calculate and
then to action any recommendations. The common factor irrespective of brewery size is that the benefits are seen in environmental protection and market share. For craft brewing, the main
challenges in calculating brewery GHGs are secondary data
availability, technical knowledge, and finances. When calcu-

How Can Sustainability Be Verified?
World governments have struggled to define a way for sustainability efforts to be verifiable at various summits such as
the G20, yet around 2002 a group of companies worked together
on this via the Sustainable Agriculture Initiative Platform (SAI)
and derived a definition that works for all crop types in all geographies and allows pre-competitive and competitive activity
(https://saiplatform.org/who-we-are/). For farmers this can be
a godsend because at present they could be growing multiple
crops in rotation and being asked to meet a slightly different
sustainability requirement for each crop.
The SAI group created a Farm Sustainability Assessment
(FSA), which defines criteria that must be met to be able to declare that you are sustainable (https://saiplatform.org/fsa/). The
basic bronze level can be improved on by introducing additional
best practices to then become silver or gold certified. It was
quite a coup to be able to develop this for multiple crops across
different continents, with all of this agreed pre-competitively.
There is still a commercial angle outside SAI. Companies are
now able to set roadmaps to improved sustainability: for example, by requiring 20% of their raw material supply to be FSA
silver certified by 2020, 25% by 2030, and so on. For some
supply chains achieving the highest gold standard is easier than
for others, of course.
A major advantage of the SAI FSA is that it can be used as a
benchmark. Thus, if a farmer is growing crops where the sustainability standards are different, he can still become certified as sustainable if they have been benchmarked against FSA. The companies using his produce simply change their requirement to a
particular FSA level and retain their individual company initiatives. This can be of immense advantage to global sustainability
programs where there is then no need to change what is being
done through initiatives that may have taken significant time and
investment to establish. At a global level, the definition of sustainable farming can be the SAI FSA, and locally it can be any
scheme benchmarked against the FSA. The FSA translates good
local sustainability into a credible global comparison standard.

Figure 7. Carbon footprint allocation across the supply chain for beer
in bottles or cans. Original data from BIER (2).
Table 2. Reductions in water and energy use in the 19 Beverage Industry
Environmental Roundtable (BIER) member companies, 2013–2017
Measure
Energy (% as MJ/L)
Water (% as L/L)
Total emissions (% as g CO2e/L)
a

Source: BIER (3).

Breweries

Distilleries

–9.8%
–9.0%
–15.0%

–16.8%
–24.5%
–8.9%
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lated, however, the top three categories contributing to carbon
footprint are similar to larger breweries (18).
Clearly, much energy is used in making malt, which makes it
a major contributor to the carbon footprint of beer. This can
place it under threat of replacement in centuries old heritage
beer brands as brewers look for opportunities to save embedded
carbon in their raw materials. There are compelling arguments
that there is no need to make such a draconian move.
An analysis for European-sourced malting barley from Muntons shows a total value of 504 kg CO2e/t derived as follows:
Barley growing:
241 kg CO2e/t
Malt manufacture (additional): 217 kg CO2e/t
Total malt carbon footprint:
504 kg CO2e/t
These data from Muntons include a 6% uncertainty factor for
barley growing (scope 3 upstream). Within malt manufacture,
149 kg CO2e is from gas and 68 kg CO2e from electricity. The
final total includes an uplift for associated supply chain and
other site emissions by 10%; hence, 458 kg CO2e/t becomes 504
kg CO2e/t.
It is a value that has rarely been asked for by most customers
until about 3 years ago, when requests started to step up. The
carbon footprint value of malt is already falling rapidly due to
Muntons getting close to achieving its science-based target and
looking toward 50%+ emissions reductions since 2010. The
value for malting can be greater where it is made in environments in which refrigeration is necessary. It is also affected by
where the barley is sourced from (17% potential increase) and
if abated nitrogen fertilizer is not used (20–40% potential increase). If the heating technology used is entirely low carbon
this value will dramatically fall by as much as 75–90%, depending on the technology adopted.
The greatest proportion of a malting barley carbon footprint
is scope 3 at 60%, and the biggest contributor to that is the scope
3 upstream emissions from raw material (barley) sourcing (Fig.
8). It is very worthwhile engaging with farms to establish what
can be done to reduce this. Data from Muntons’ monitoring program has shown around 30% reduction in its scope 3 carbon
footprint over the past 12 years. The most significant contributor to that reduction has been the development and use of abated
nitrogen fertilizers. Attention then focused on minimizing the
input of inorganic fertilizers and use of cover cropping. This
analysis is what drives the involvement of many brewers and

Figure 8. Contribution by scope to the total carbon footprint of malting
barley. Scope 3 upstream is almost entirely attributable to growing of
barley for malting.
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distillers to show an interest in the impact and availability of
raw materials and the contribution they make to beer right back
at farm level.
There have been suggestions that it would be more environmentally advantageous not to malt and use just barley with external enzymes doing the conversion to sugar. Harboe brewing
company working with Novozymes in 2009 created an acceptable beer direct from barley with their cocktail of enzymes, but
did that signal a new era for beer production? While it certainly
has its place as an alternative, there is still much improvement
that can be made to decarbonize malt made the traditional way.
Ten years ago, when our challenge globally was to reduce emissions by 80% by 2050, we could see our way to a 50% reduction
in malt carbon footprint. With novel technology and more to
come we are already able to achieve that now, and the push to
carbon zero looks likely to make malting much less intensive in
terms of emissions. It will still be energy intensive, which is inevitable presently to create the flavors we all love, but the energy will be provided in a much more environmentally friendly
way.

Where Next for Carbon Footprinting
and Improvement?
There is much talk about moving to carbon neutral and carbon zero. These are very positive statements, but the challenge
is what difference will it make and is the timescale of 10–30
years really achievable?
Verification is key here, as is taking direct responsibility for
your own emissions. Many companies find that trying to switch
to green electricity from external providers is not cost effective
if, indeed, the supplier has sufficient green energy to supply.
Some utilities companies will use electricity derived from a hydroelectric dam that, while better than coal-fired sourcing, may
have been built 50 years ago, so its impact on reducing carbon
emissions has in effect already been accounted for in the baseline calculations for calculating savings we need to make now.
It is also not as cost effective to switch to external green supply
as might be expected, because generally it is expected that the
green electricity that is available should primarily go to the home
consumer, who has little or no choice as to where they procure.
Solar panels and a small wind turbine may look good but are
not the solution for the masses yet. It is expected that larger
businesses will step up and decarbonize and rely less heavily on
national supply of electricity and gas and will switch from even
more GHG intensive fuels as soon as possible.
Government control of business emissions has for many
countries involved taxation. This is a very ineffective way to
improve emissions unless that money could be earmarked for
research or support of onsite trials of new lower emissions
technology. Interestingly, a report on meeting the European
Union carbon targets prepared by the Committee on Climate
Change in the United Kingdom (4) showed that we seem very
far from the reduction trajectory for 2030. Looking at the period 1990–2017, however, a 38% emissions reduction was
achieved with 40% of that being driven by legislation (Fig. 9).
That implies that 60% of the improvement has come through
businesses making reductions themselves. That is encouraging, and the in-vogue position on carbon zero should drive that
faster.
Growing of malting barley is such a significant contribution
to scope 3, and indeed the overall carbon footprint, that a very
detailed analysis of farming inputs and methods is necessary.
Numerous models have been proposed, but the better models all
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agree quite closely. The model selected can be used to track progress without being overly concerned if there is a small difference between the models. There is constant improvement in the
way our gas and electricity are produced and in the way fertilizers are made and produced; hence, the conversion factors can
require updating on a regular basis.
Apparent complexity should never prevent a business from
calculating a carbon footprint. Getting a ballpark figure and
finding the major contributors to the footprint are relatively
straightforward. For example, a supplier of enzymes was struggling to calculate carbon footprint. Questioning revealed that
production methods and energy use varied little over the different enzymes, and they had access to gas and electricity bills
and knew their annual production tonnage. Within 5 min a carbon footprint figure per metric ton was generated. Was it highly
accurate? Of course not, but why did he need the figure? It
was to supply information to clients using the enzymes. The
relatively small amount of enzymes used would mean that the
impact on carbon footprint in the customer’s mix was around
1–5 kg CO2/t using the figures calculated over the telephone.
Even if the ballpark figure was 100% inaccurate it was still
insignificant in their customer’s products, which at that point
was sufficient. It is not always that simple, but it can be a good
way to start.
The area we will see much more focus on is scope 3 emissions. For many companies, scope 3 can represent as much as
90% of its carbon footprint. For malting barley, the figure is
60%+. The Greenhouse Gas Protocol (12) has established four
levels of certainty for emissions defined as going from most accurate to least: (1) supplier specific method, (2) hybrid method,
(3) average data method, and (4) spend-based method.
For malt, the largest part of scope 3 is upstream; hence, supplier-based methods are best and can track changes in farm
practice methods. Scope 3 upstream for most maltings will be
largely about barley growing, and there are a number of calculators available for that purpose. It is important to use one that
takes into account all factors and references the most up-to-date
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internationally agreed conversion factors. That could remain a
contentious issue, as even averages on a country or continent
basis can be quite different from those calculated specifically
on farm, but that is not insurmountable, and if it is defined in
your scope it is transparent.
Scope 3 downstream emissions are definitely the most difficult to calculate. However, for the malting process the use of a
stage 4 financial input-output model shows that they are likely
in the range 3–5%; hence, there is little to be gained by doing a
very in-depth survey of the supply chain to determine the exact
figures. Indeed, the financial model also gets quite close to the
type 1 supplier data when used to calculate scope 3 upstream,
so it is likely to be a reliable model.
Requests from brewers and distillers for information on carbon footprinting as it applies to farming are becoming more
common. A handful of major brewers have recognized that the
embedded carbon from farming is something they should look
to understand and support innovation to reduce it. To move this
at scale, it is essential not to create an additional data input burden for farmers or agronomists. Therefore, a number of groups
are looking at linking existing farm data into carbon calculators
automatically. This will enable farmers to understand how changing their farming practices impacts on many different aspects of
sustainability and resource use across different supply chains on
their farms.
It is also clear that whole farm system models need to be better than they are at present. While there are models available to
calculate whole farm impact, there is no universal agreement
about the underpinning calculations and conversion behind these
models, and ease of use is paramount.
There is much innovation too. Currently, the focus is on the
impact that cover cropping and variants of this such as intercropping have on carbon footprint. In a surprisingly short period
of time between harvest and replanting, a cover crop can be
established that sequesters significant amounts of carbon in the
soil. There is even a strong possibility that with correct planning
of cover crop species this step could not only sequester the car-

Figure 9. Trajectory of required carbon reduction to hit the 2050 target in Europe and estimation of the proportion that has been driven by legislation.
A 38% reduction has been achieved from 1990 to 2017, yet only 40% of that is directly attributable to legislation (©Committee on Climate Change,
U.K. government, www.theccc.org.uk) (4).
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bon generated in growing malting barley to get to carbon zero
but also capture more than is used and become carbon negative.
There are already those who see this as a new source of income
for farmers by setting up a trading scheme for carbon credits
based on verified sequestration of carbon through cover cropping. It locks carbon in the soil and could be a more permanent
and less risky carbon market than forestry.

Science-Based Targets
To address climate change, 195 countries adopted the Paris
Agreement at the COP21 in Paris on 12 December 2015. In the
agreement, all countries agreed to work to limit global temperature rise to well below 2C, and given the grave risks, to strive
for 1.5C. The agreement set a global standard by which environmental and sustainability measures could be judged by establishing the reduction in GHG emissions necessary to keep
within the temperature rise boundary. The standard is referred
to as a science-based target initiative (SBTI).
Currently over 1,000 companies around the world have made
a commitment to align with SBTIs, but only around 50% have
progressed to setting a target. Many companies are already demonstrating they have the skills, expertise, and ingenuity to make
this a reality—but they need ambitious emissions reduction targets that ensure the transformational action they take is aligned
with current climate science. Muntons was one of the first
manufacturers and the first maltster worldwide to have a target
recognized and approved. There are significant business benefits in setting a target. Sixty-three percent of CEOs report that it
drives innovation, 35% that it increases regulatory resilience,
and 55% that it has given them a competitive advantage (16).
Setting targets for emissions was relative to the impact each
sector had at the time they were established (15). Thus, the proportion by which industries need to reduce GHG emissions varies markedly by sector. Maltings were captured in the general
industry category, which required a reduction in carbon intensity in excess of 87% by 2050 from 2010 levels. If a company
could prove that it had made very significant progress relative
to others in this class prior to 2010, the overall target could be
reduced. The SBTI organization also recently issued direction
to assist companies in planning a net zero strategy (17).
If scope 3 contribution to carbon footprint is >40% of total,
then companies must set a target for scope 3 in addition to
scopes 1 and 2, and that target must cover at least 67% of scope
3 emissions. Using a recognized carbon calculator for barley
allows you to estimate 95%+ of scope 3 for malt; hence, it is not
a barrier to getting involved.
This is clearly a huge challenge for the industry, and the focus
on scope 3 has intensified in the past 2 years because it is such
a large proportion of our supply chain either upstream or downstream. The internet of things, whereby many more monitoring
devices will be connected to the internet and remotely monitored, is a good candidate for businesses with very complex
scope 3 downstream activities to capture better more granular
data and track improvement.
Scope 1 and 2 emissions reductions are quite straightforward
for the industry, being directly calculated from utilities invoices
and other readily available data, and some of the shortest payback
options to reduce these emissions are introduction of variable
speed drives, power factor correction, and voltage optimization.
We also need to look outside manufacturing operations in offices
and warehouses, because 40% of world energy and process related carbon emissions are associated with buildings (10).
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Where Could Step Changes in
Emissions Come From?
To achieve the potential 80%+ reductions in emissions requires transformational technology or fuels. There are many applications of solar energy and wind energy available, and these
are implemented in some well-known brewery and maltings
sites. Biomass boilers are also installed at a few maltings sites
as described in the case study following. These are all to varying
degrees good for reducing our impact in terms of emissions,
sometimes as much as a 90% reduction, and by coordinating
fuel source it is now within our grasp to achieve much lower
carbon emissions. Carbon neutrality still relies too heavily on
offsetting; hence, a transformational change is required to get to
carbon zero. If parts of the chain really do achieve carbon negative status that will be a remarkable shift. New technology will
also play its part, but we must adopt an attitude of looking for
savings even in conventional production areas. Some suppliers
of energy efficient equipment will provide new equipment, and
payback to them comes as you save energy. There is really no
excuse for not adopting such emissions-reducing technology
when there is no capital outlay.
A renewed interest is being seen in hydrogen power, which
is perhaps a clearer route to carbon zero. Already many of our
vehicles and industrial burners can operate with 20% hydrogen inclusion with no modifications. Large fleet users recognize that conversion to electric is not practical when each truck
could require a 500 kW charger unit and lengthy downtime for
charging. It is likely that there will be so much demand on the
electricity networks as the global shift to electric vehicles progresses that it will not be possible to use that network to power
large fleets. Switching these to hydrogen is happening right
now. If industrial heat users could also switch to hydrogen and
generate the hydrogen fuel onsite or at a very local depot the
move to carbon zero could be quicker than we think. For domestic users there is the advantage that the gas stations that
will not be selling petrol and diesel in the next 30 years could
switch to become electric charging stations and hydrogen fuel
centers. We may even see the rise of the aluminum air batteries
currently used extensively by the military. These are not rechargeable but are highly recyclable and could again be sourced
through existing networks. It is estimated that such batteries,
if designed to be easily changeable, could extend car range up
to five times.
Coupling local energy generation with export of power or gas
to the networks has in many cases proved problematic because
of inconsistent and varying demand by the network. How many
times do we see wind turbines not running as we pass them even
when there is sufficient wind? For electricity, the advent of battery storage provides a potential solution. It is estimated that
battery cost is currently halving every 3 years, but it still has
some way to go to make this attractive to malting and brewing
sites. At around $2 million per megawatt stored, the average
price is significant. If the local brewery or maltings could generate sufficient excess power to charge a bank of batteries, they
could become exporters locally, where it is more cost effective
to upgrade networks.
In terms of agricultural emissions, the World Resources Institute has calculated the potential impact an integrated GHG
approach could have. They estimate that total agricultural
GHG emissions from production and land use are around 15
Bt CO2e/year, yet there is potential for 73% reduction (25; see
Fig. 10).
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Reduction in GHG emissions could potentially come from several sources:
• Reduced demand: reduced food waste, a change to more
plant-based diets, phasing out biofuels, and improving
nutrient use efficiencies (reduction of 5 Bt CO2e/year)
• Increased production: increased crop yields, increased crop
rotation frequency, and increased grassland productivity
(reduction of 1.5 Bt CO2e/year)
• Reduced GHGs: reduced enteric fermentation (methane),
improved manure management, increased nitrogen use efficiency, and reduced energy emissions (reduction of 3 Bt
CO2e/year)
• Restoration of ecosystems: restoring peatlands, reforesting
80 million hectares (reduction of 1.5 Bt CO2e/year)
From an initial level of 15 Bt CO2e, the residual (resistant) carbon if these reductions are implemented is only about 4 Bt CO2e.
This reduction is equivalent to 600 million hectares of new forestry, or a carbon sequestration rate of just 220 kg of carbon per
hectare, so is really not beyond the bounds of becoming possible.

Sharing Best Practices:
Case Studies with Step Change
Two case studies following show how a science-based target
helped Muntons develop substantial GHG reductions in its
malting operations through the installation of new electricity
and heat generation plants to transform their emissions.
A brief analysis of carbon taxation lays out the background.
Having surpassed U.K. government targets for energy reduction
per metric ton of product for many years, the energy performance in terms of kWh/t was satisfactory. The more stringent
European Union emissions taxation scheme uses absolute targets for emissions and is a substantial tax if the absolute limits
are not met. Gradually over the past 12 years the targets for total
emissions have been lowered to substantially below what is
considered the best available technique for malting. More companies therefore dipped into the carbon trading market to buy
credits to offset their overshoot, which drove carbon pricing
higher. In both schemes a switch to certain green technologies
removes businesses from the taxation scheme entirely. To do
this requires very significant investment, and the payback periods can run from what is a typical 3 year or better payback for

Figure 10. Potential reduction and mitigation of global agricultural
greenhouse gasses (GHG). These practices can reduce GHG by 11 billion metric tons CO2e, a 73% improvement, from 15 to 4 Bt CO2e residual (25). GWP = global warming potential.
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capital approval to 6 years and more. There is a need to build
in additional benefits to simple finance to get such projects
approved. Reduced taxation is an obvious benefit, as is less
reliance on national networks that may be deteriorating. There
has to be reduced operational cost to achieve the payback, but
there are options available that hit these targets and allow
businesses to make a step change in emissions and reduce reliance on external utility supply.

Case Study 1: Anaerobic Digestion Plant
Since 2014 Muntons has been on a path to generate as much
of its own heat and electricity as possible and to do that in a way
that utilizes renewable resources and has a real, verifiable, and
positive impact on the environment. Muntons’ plant in the east
of England has two maltings and a brewery onsite that creates
wort for a range of malt extracts. Wastewater from malting is
treated onsite aerobically, whereas the much higher sugar containing washout water from the brewery cannot be processed
aerobically. The aerobic plant can treat material with a chemical
oxygen demand (COD) of around 2,500 mg/L, whereas brewery
wastewater is around 30,000–40,000 mg/L COD. Previously,
this was tankered offsite and classified as waste by the legislating authority.
Installation of an anaerobic digester to process brewery wastewater down to 2,000 COD meant that is could then be treated in
the aerobic plant and discharged to the local river. The combined
solid material from aerobic and anaerobic digestion is given a
final anaerobic processing step, pasteurized, and centrifuged
to create a highly nutrient rich fertilizer that is sold to farmers
growing malting barley. The gas generated in the anaerobic digester is used to power an electricity generating engine that supplies 14% of the site electricity. The plant won an award as the
best anaerobic digester that year from the Anaerobic Digester
and Biogas Association in the United Kingdom. It achieved a
23% reduction in scope 2 emissions and helped the group carbon footprint to decrease by 6%, reduced transportation by
225,000 km (140,000 miles), and completed the circle by returning a fertilizer product back for growing food rather than
being a waste.

Case Study 2: Biomass Heating
In 2019 Muntons opened a brand-new biomass heating facility
at its plant in the north of England. The biomass plant uses locally
sourced verifiably sustainable wood chip and was a substantial
investment of £6 million ($7.8 million), yet it achieved a 90%
reduction in carbon emissions onsite and a total group carbon reduction of around 25%. For business continuity purposes the previous highly efficient gas Varicon burners were retained, still best
in class for conventional kiln heating, but now its reserve supply.
Muntons stipulated that the wood sourced must be Forest Stewardship Council (FSC) certified. The FSC standard promotes environmentally appropriate, socially beneficial, and economically
viable management of the world’s forests. There was also a stipulation that wood chip had to be available within 70 miles of the
plant and to otherwise have no useful purpose other than heating.
There was no desire to use new forestry planted just for burning.
The biomass used would otherwise be chipped and spread onto
forestry floors to emit the same amount of carbon as the biomass
boilers, except there is now the added bonus of generating the
heat required for kilning.
Plans for an even more ambitious plant at Muntons’ Stowmarket plant are well advanced for delivery in 2021. An energy
center will provide 100% of the site heat and steam demand
from locally sourced biomass wood chip but also make the site
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self-sufficient for electricity using cogeneration. Construction
is well along and on target to deliver heat and electricity in a
way that will enable Muntons to achieve its scope 1 and 2 science-based target in 2021 to add to impressive savings in scope
3 of almost 30% since 2007. Hitting the target 4 years early was
something Muntons had not anticipated would be possible without the stretch in innovative thinking that setting a sciencebased target generated.

mately a third of the food produced worldwide is wasted every
year, which means that the water used to produce it is also wasted.
Collating this data is now gaining prominence with the Carbon Disclosure Project incorporating a water disclosure section.
As with carbon, the data are of interest in tracking progress, but
the more interesting sections are those that ask where the supply
chain sees possibilities for collaboration or knowledge exchange
to make progress more rapid.

Water

Food Waste

Water saving does not receive the same profile as carbon and
yet is arguably the more difficult problem to address. At agricultural level water use is a huge environmental issue, accounting globally for 70% of freshwater abstraction (22). We have
the technical capability of growing crops almost anywhere in
the world, but that can result in the depletion of water and economic hardship for the indigenous population. The World Bank
reports: “Irrigated agriculture represents 20 percent of the total
cultivated land and contributes 40 percent of the total food produced worldwide. Irrigated agriculture is, on average, at least
twice as productive per unit of land as rainfed agriculture, thereby
allowing for more production intensification and crop diversification” (24). The impact of agriculture on water resources is also
of importance. The annual cost of the damage to people and
ecosystems from the agricultural sector in the United States, for
example, is estimated at $9 billion to $20 billion (23). There is
a clear mandate to protect water resources globally but also to
look at our own water use in malting and brewing. Some breweries already report they operate at one-third of the water usage
they used 10 years ago, and some maltings likewise achieve at
least a halving of freshwater use. A great deal of this is achieved
by use of recycled water technology.
The technology to treat malting wastewater had been available for many years, yet it was recycled for use in washing operations and not in process. Since the 1950s, that water treated to
drinking water standards could not effectively be used for steeping because the rate of germination was slowed for up to 72 h.
In a project run by U.K. and French maltsters concluding in
2006, the source of the germination inhibition was identified
along with simple technology to remove it. It generated a conundrum because the electricity requirement to remove the inhibitor through ultrafiltration and reverse osmosis (RO) increased the carbon footprint of water treatment, yet it offered
the ability to recycle up to 80% of steep water. If the electricity
to clean the water could be generated from green sources, the
balance tips the right way, but even without that availability it
is a transformational step to be able to recycle water back to
process. Malt made with up to 80% RO water mixed with 20%
fresh water has been proved to have no negative effect on malting quality and can even improve it.
There was great interest when the project was published, but
in a revealing quote from one of the world’s leading brewers
they stated, “there is a rush to be second to use recycled water
in the malt we use.” The reticence was not due to technical uncertainty but to fears of negative publicity for brands. This has
very quickly changed over the past 5 years to being seen as
a positive brand attribute by promoting sustainability and resource use limitation.
Food demand is predicted to increase by 50% by 2050 (25).
Therefore, recycling is an essential tool in delivering food and
beverages for future generations. The main challenge for the agricultural sector is not so much growing that much more food
in 40 years but making it available for consumption. Approxi-

If world population data are accurate, then by 2050 we will
need 60% more calories to feed everyone. That would be made
a whole lot easier if we did not waste so much of what we produce. Globally we grow 24% more calories than people consume, do not use the food that is produced on 200 million hectares of productive land, and throw too much food away (around
$1,600 per family per year in the United States, for example).
In the United Kingdom, the Waste and Resources Action Programme has engaged business in a food waste reduction program called Target, Measure, Act. By 2025 there is a target is to
cut food waste by 40%. The ambitious aim was to have 125
large food businesses involved by 2019 and 100% by 2026.
Business has shown it is embracing this initiative with 121 actually committing. It is essential to identify where wastage is in
our supply chains, with waste being identified as any material
intended for human consumption that gets diverted to non-food
uses. The valorization of brewing by‐products has been investigated extensively to find the best ways of extracting added value
from materials such as proteins, polysaccharides, fibers, flavor
compounds, and phytochemicals, with the aim of finding markets and applications in nutrition and medicine (9).

Packaging
Significant steps have already been taken to reduce packaging in the food and beverage sector. For example, between 1990
and 2011 the weight of a 1.5 L plastic water bottle was reduced
by 40%; the average thickness of foil used for coffee was reduced by 30% over 20 years; packaging for 33 cL cans was reduced by 55%; and lightweight glass technology makes bottles
that are up to 60% lighter.
It is not the desire to improve packaging that is delaying progress, it is the availability of suitable recycling options. Plastic
waste issues are regularly in the headlines, and businesses have
to address this. The relatively easy steps are happening: light
weight, renewable packaging. The more difficult step is the
switch to materials that are easily compostable. Many items that
we use in our supply chain have “recyclable” proudly stamped
on them, but trying to find a local recycling center that will take
them is difficult, and they too frequently end up in general dry
waste and then landfill.
The New Plastics Economy’s global commitment to end plastic
waste, backed by the non-governmental organization the Ellen
MacArthur Foundation and the UN Environment Programme,
launched in 2018 and has 250 corporate signatories. Under this
global commitment, companies pledge to take action to eliminate
problematic or unnecessary plastic packaging by 2025; to move
from single-use toward reuse models where relevant; to make
100% of their plastic packaging reusable, recyclable, or compostable; and to set an ambitious 2025 target for use of recycled
content in all their plastic packaging.
This requires significant innovation and consequences for not
reaching the targets. Regulatory tools are predictable: tax the use
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of plastic to focus industry on the issue. This is the approach in
Europe with the extended producer responsibility (EPR) for packaging rules. The intention is to extend the producer’s responsibility for a product to also include the management of their product’s
packaging after the product has been used. It is obviously very
difficult to police consumer waste recycling, so it will drive the
innovation toward packaging design. If plastic alternatives could
be made that are readily compostable within a few months and
that could be disposed of in existing waste streams with no generation of microplastics, this would be better control.
In their current form, EPR schemes have already helped to create more efficient waste separation, reduced waste volume, and
achieved greater recycling. Across different countries the approach
has quite variable impact and implementation. Packaging regulation must incentivize eco-friendly design and encourage cross
supply chain cooperation. There are already many consultancies
listing exciting alternatives to plastic, some of which propose to
be suitable in wet environments. These are potentially the types
of material that could replace the ubiquitous polypropylene sack
in use globally. Interestingly, many of the alternative products
come from waste generated in the food supply chain, which
should mean our ability to vertically integrate will drive their introduction. Corn can generate polyacetic acid; mushroom mycelium could provide a fibrous matrix; liquids can be contained in
plant-based plastic alternatives such as seaweed, which are already in vending trials; and extreme lightweighting is possible if
a stronger recycled-paper outer gives strength. In a truly inspiring
innovation that encapsulates the sort of lateral thinking needed,
Saltwater Brewery in the United States has developed a material
based on cereal waste for their six-pack rings that is biodegradable, compostable, and edible; hence, even if irresponsibly dumped
at sea it provides nutrients even while it is biodegrading. We need
more of this style of innovation.
The task is also brought into focus through the EAT-Lancet
report from 2019 (8), which describes the radical shift in our
eating habits required to contribute to supply chain GHG reduction. In describing food as being the single strongest lever to
achieving GHG reduction it illustrates how globally we need to
change to double our dietary consumption of fruits, vegetables,
nuts, and legumes and halve our consumption of red meat and
sugar. Health and environment benefit, with an estimated avoidance of almost 12 million deaths annually. It is challenging to
believe we will achieve such a change in food choice yet equally
concerning to continue with business as usual and accept the
damage to the planet and human life expectancy.
There are many ways to describe sustainability and many indices to consider. An independent analysis of sustainability in
brewing was made recently by C&C group (14). They have devised a scoring system for sustainability that covers many of the
same aspects covered in this review. It is good to see consensus
developing in our supply chain, with that excellent report calling out for more brands with a purpose, less plastic packaging,
circular waste use, water re-use, adoption of a science-based target, and recognition of farmers, and to acknowledge that all of
this is being done when many circumstances are putting us
under pressure, so we need to be conscious of the physical and
mental health implications of our actions. The average sustainability score using their system was just under 5/10, which supports the challenge described here. We must do much better.

Take-Home Message
It is clear that businesses, including the farming, malting, and
brewing supply chains, must take into account a wide range of
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environmental and social issues while keeping an eye on profitability, which sustains future prosperity. No company can do
this alone, and collaboration within the industry and across different supply chains is needed to understand and mitigate global
impacts.
Business strategies should incorporate sustainability targets
as integrated measures, not as standalone initiatives. Each strategic direction should have relevance to science-based targets
and the UN SDGs.
There is still no universal agreement over the impact climate
change is having on the planet and what impact human activities
are having, but that uncertainty should not stifle innovation and
improvement. If some of the more extreme models become a
reality, then there will be a balance between land availability
due to land loss and water scarcity or superfluity and slight yield
improvement through raised average temperatures, although in
the extreme we could see a 3–17% reduction in barley yield and
beer inflation of up to almost 200% (26,27). These reports signal that major shifts in our supply chain are possible, and therefore any mitigation we can make now has greater urgency.
It has been a real challenge to link sustainability performance
to consumer choice, yet the focus has begun to change. Consumers want sustainability to be central, but they also want for
businesses (food distribution networks and waste processing) to
make that easy for them. They care about sustainability and the
planet, but they give more consideration to their health in buying decisions, and price and quality are still the prime motivators for the majority. This could be changing. Brands need to
offer products that are sustainable, healthy, and moderate in cost
with high quality. But will the consumer value these? In a recent
survey, 23% of Americans say they choose their food and beverage based on sustainability considerations, a figure that is
expected to grow swiftly (19). There are anomalies in consumer
data. For example, in the United Kingdom a survey relating to
a well-known farm produce sustainability assurance mark reported that 55% of consumers said it positively influenced their
buying decision, with 45% even saying it would entice them
toward a premium purchase. The consumers were not certain
what was influencing them, because 65% could not explain
what the standard really assured; it was presumably related to a
feeling of value based on advertising rather than an understating
of the verification of the standard. Brands that use and advertise
sustainably minded product and packaging report uplifts in margin of 12%+ as customers buy into the message. If a brand can
clearly explain why it addresses one of the key sustainability
related issues, it is more attractive than providing copious data
on the how and what they are doing on food miles and carbon
footprint. Sustainably produced ingredients are beginning to
create conversations among consumers as they are better informed and more concerned with regular media updates about
the impact of changes in severe weather and crop failures, and
the age range of activists publicizing the need for action has
widened.
Looking back over the past 20 years, sustainability has undeniably become more strategically important. We may have taken
too long to get action in place, yet there are some significant
step changes in our ability to reduce GHG emissions that are
now better documented, and the uncertainties are more clearly
understood. We can only achieve this through coordinated action across multiple supply chains and if there is improvement
for everyone. The rise of social media means that those who
ignore this issue and persist in operating unsustainably are more
frequently named and shamed within minutes. If investors and
consumers take this to heart it will impact on financial perfor-
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mance and market share and favor those taking positive action
to operate sustainably in the important three ways: people, profit,
and planet.
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