Carbon Footprinting:
Muntons Low Carbon Malt Pledge

Dr Nigel Davies —Manufacturing and Technical Director, Muntons plc, (June 2011)

Food Securitg, the backdrop of sustainable in

As a supply chain we face significant
pressures to continue to deliver
quality malt by securing sufficient
quantity and quality of barley. The
graphic on the right illustrates both
natural and industrial challenges
that we face as a food producer.
There is a population growth factor
and increasing urbanisation
combined with terrible global
wastage in food that is produced,
but we have little direct control
over those. What we can influence
is improvement in environmental
degradation and reduction in green
house gas emissions by careful
attention to farming and
manufacturing processes. That will
make food production more profitable and sustainab

The Food

4444 § b4

Population
growth
mainly in

developing
countries

itiatives

Security Challenge

GHG
contribution to

global warming
Waste:

25% of food
wasted due to

supply chain

Inefficiency

2050: 70%

will live in
urban
areas

Extreme

weather

adversely
affects farming

NEWIE
resources
running out:
Fertile land
Water
Nutrients

Ecosystem
decline

509
2010:50% Yield gap

between
production
and delivery

Environmental
degradation

le and address climatic change at the same time.

Over the past 50 years we have faced other challenges to food supply yet research programmes have
delivered very successfully against the demands. Between 1957 and 2007 the world population more than
doubled yet we have only had to use 12% more land because crop yield has improved by 121%. However,

- Food Productivity: a success story?

1957-2007

Population: +117% (3.0bnto 6.5bn)

Land used: +12% (650m ha to 725m ha)
Yield: +121%

2007-2057

Population: +46%  (6.5bn to 9.5bn?)

Land used: lbnha?

Yield: +43% ?

Source: Prof. lan Crute, AHDB

we still see grain
mountains in certain parts
of the world and
tremendous wastage of
food at both ends of the
supply chain along with
the ever persistent
images of famine. The
challenge for the next 50
years in terms of land
productivity should be
simple in that we require
only an uplift of 43% in
yield. That reality of that
very simple mathematics
will undoubtedly be
rendered insufficient by
politics and global
warming acting in
tandem.
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Carbon and Climate Changé-act or Ficbhn?

Are you a sceptic or a believer when you hear people talking of carbon dioxide emissions causing a rise in
temperature and more importantly that things have
sceptic you’' re f aztuallylbtmensterishivhatiger we elieve nlimdtelchanget is liriked

to human activities or not. If climate change is real then we have to take measures right now to control

global warming. Even if climate change were not realised the improved energy utilisation would create

better operational efficiency.

eye it seems so, in fact the correlation between CO, \/ L/\'\/\J 4

levels and temperature is even better for the modern .
data (85% correlation compared to 84% for the %

hi storic data). Even i 150 P by
statistics then at least it should be obvious that there  ~ SS688888888888888888888RF20 ¢ i

has been a remarkable step change in the level of
CO, since around 1850. It cannot be purely by
chance that this coincided with the Industrial
revolution and other inflexion points around the
methods for example.

The graph opposite shows the relationship between 0 2005
carbon dioxide (CO,) levels in the atmosphere and - N / ! =
temperature. To the left are historic data and to the \ [\ 1940 0 3
right more recent data. You could at first glance be 2 | r—"'/\” A %
l ed to believe that thi § N ]\ ‘ml > 23 o0
relationship in modern times. Actually, although by 5250 A A 3 g

B

Y

Number of Years Ago
— Temperature differential

So we don’t hawwe mastookaxqxsdvd carbion —thut kow much? The Stern report and
others recommend that we need to emit no more than 20 billion tonnes of carbon each year to keep the
temperature rise to no more than 2°C by 2050. Any higher and the impact is too intensely damaging to

nor mal Il ife on earth. That ' s ma drieeofwroestimated30% t h pr e
which at current rates of emission would generate 80 billion tonnes carbon each year. With 10 billion
people we will only be able to generate 2 tonnes

75% reduction in our emissions to just 5.5kg C/person/day. In context this equates to one car journey of 55

miles or running the air conditi oniitn'gs iinmpgwos ioldIfe
Well although it looks

- Can We Cope With GIObaI Warming? impossible if we consider

just those areas we can

influence it just might be
achievable and in this
discussion we can glimpse
. . how a malting carbon
_ footprint could be reduced
Thee.quwallentofa by such a seemingl
55 mile car journey Y gly

impossible amount. The

We MUST reduce our Thatequatesto a recent reality check is that
carbon emissions to Populatlon is staggering 75% we will reach the levels of
20bntonnesto keep predictedto grow reductionin

atmospheric carbon that will
generate an average 2°Crise
by 2024, and that water
availability globally becomes
REACH THIS — critical in 2025 — both dates
r Air con for 2

LEVEL BY 2024 offices for 1 day are much closer than ever to
the point at which we simply

run out of choices.

the temperaturerise by 30% by 2050 to emissionsto just
under 2°C by 2050. 10bnresultingin  5.5kg C/person/day
Otherwise living 80bntonnes
conditions suffer averagecarbon EYNERVVITRR (e}
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Effect of Crop Protection:

Area of land required to feed population

Theoretical potential
13bn ha

Year 2025 4.3bn ha
World population Desert,
Status Quo 8bn people Glaciers,
Year 2000 5.0bn ha Mountains
World population 6bn people WITHOUT
4.0bn ha Crop Protection 3#?)?2521&
WITHOUT Ste é
Crop Protection PP
Lo na > 3.4bn ha
sl Grassland
Crop Protection | assland,
Prairie
1.5bn ha
Arable

Source: Avery, D.T., US-Hudson Institute - FAO

In this debate we
must not get carried
along thinking that a
wholly different
approach to farming
is required. We have
been successful in
land use by targeted
use of pesticides
and that will likely
continue
particularly if global
warming affects
those organisms
responsible for crop
damage. Without
pesticides we would
need to have almost
3 times the land
currently used in
production.
Projecting forward

to 2050 we would without crop protection require 5bn of the total 13bn hectares of land available just for

cereals.

It is easy to point the finger at those who might seem to be causing most impact on global warming. Surely
nobody can have missed the media hype about the methane generated by cows or the fuel used on farms.
Some of that is hype and some true as can be seen from the work of the Woods Hole Research Centre who

estimate that
farming contributed
around 50% of the
rise in carbon
emissions in the UK
between 1850 and
1990, fossil fuels
dwarfing that figure
many times.
Pressure on land
use will continue to
require research
with current
estimates of a
global loss of land
standing at 1% per
annum and that will
squeeze the
relatively small 5%
of total area that is
used to grow
cereals.
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u CO,: 1 tonne

CH,: equivalent to
25 tonnes CO,

NOx:

Why then do we need to be concerned about the carbon

footprint of our supply chain? In short carbon footprint is

most easily affected by energy either directly in

manufacturing or in the production of materials used in

manufacturing or growing. Energy use generates emissions

of greenhouse gases as do other parts of the chain but the
‘“common currency’ for expressi
raw materials usage is a carbon footprint value.

Farming contributes just 1% of the UK carbon dioxide (CO,)
but 7% of the NOx (nitrous oxides) and CH, (methane).

equivalentto  These gases have differing abilities to hold heat in the
295 tonnes CO,  atmosphere and hence contribute to global warming: the

atmospheric warming effect of methane is equivalent to 25
tonnes CO, and 295 tonnes CO, for NOx —in fact it is N,O
which is the worst. So if a tonne of methane is emitted it
has the same impact as 25 tonnes of carbon dioxide whereas
a tonne of N,0 would have the impact of 295 tonnes of CO,.

Since N,0 is involved in fertiliser production this gas has a potential to dramatically impact on global

warming.

SavingWater at the Expense of Carbon?

Preservation of an acceptable
quality of life is not just about
carbon of course, we are
becoming increasingly aware of
the impact of water resources
on sustainable production to
support life. Water resources
are indeed expected to be the
cause of conflict over the next
century unless we take serious
action now to preserve and use
this valuable resource wisely.

Having just described farming
in general as a main player in
carbon emission it is interesting
to note just where the various
farming activities rank as
regards water use. Beef
production tops the list

into account .......we actually have less
water per person in South East

~ England than ....Morocco and Egypt.”

“There is a water crisis today. But the crisis is not
about having too little water to satisfy our needs.

It is a crisis of managing water so badly that billions
of people - and the environment - suffer badly”
World Water Vision Report

requiring over 15000 litres of water to produce each kilogram of meat. Cereal production such as barley
and wheat occupies a lowly position at just 1300 litres per kilogram.

The issue of water usage however nicely illustrates a conundrum we face because water itself requires a
significant energy input for purification and extraction. For human consumption recycling and processing is
well established but it raises a question for manufacturing:

Is it possible to recycle process water cost effectively and without affecting climate change?
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For malting it has long been known Can steep water be re-used?
that steep waste water could be

treated so that it was fit for human
consumption (potable) yet there
remained some unusual inhibitory

Carbon Cost of Water Treatment

e P’ RECYCLED'
compound that slowed P ERESH WATER
. . . i AVES:
germination for up to 72 hours if LS _ e +
H 1.2kg CO, 0.83kgCO,
this water was reused. A eg/tonne \. eg/tonne

~ 4 -~

consortium of UK and French
maltsters working with IFBM and
LSGC through a Eureka funded

) == CARBON COST?

project code-named SWAN found a == EXTRA

treatment that would remove this A ,
eq/tonne Avery delicate

inhibitor. There is a potential to P

save up to 80% process water. Potential to save up to 70% of process water order to preserve

The energy saving in not treating BUT this comes at a carbon cost our planet’s

this water is equivalent to 0.83kg e

CO, per tonne water. Frustratingly the reverse osmosis treatment that removes the inhibitor is energy

intensive and requires 1.23kg CO, per tonne water treated, a resultant net increase in carbon footprint.

However, there is a substantial water saving which may be worththe * Car bon Cost'’ and ni
the delicate balancing act we muwstcburseifovbitakeawsleri n s av
view of electricity generation then if we source that electricity from green initiatives such as anaerobic

digestion the carbon cost of electricity becomes less of an issue because this is a green source of energy

and makes the whole environmental solution more attractive.

Carbon Footprint

Prominent in the news at present is Carbon Footprinting and the pre-cursor to legislation in this area in the

UK is the development of a Publicly Available Standard 2050 (PAS2050). This is currently a very clear and

structured method of calculating a carbon footprint based on life cycle analysis. The Maltsters Association
of Great Britain (MAGB) has

Analysing the malt supply chain: developed an analytical method to
follow PAS2050 guidelines that is
Farm to Malt useful to assess carbon emissions in

malting. All items that contribute at
least 1% to the carbon footprint
70 must be included.

Muntons plc has used this approach
Fuel 17% ' BIO-FERTILISER! and enhanced it further by using
glozitl');;g/:" mos:lelling by the St.ockholm

Environmental Institute at the
University of York who are part of
the Centre for Low Carbon Futures —
a group of northern universities
with expertise in carbon
accounting..

N fertiliser
48%

Contribution to Carbon Footprint %
w
o

Interestingly over 60% of the

T 2 &£ & =& T g8 8t ES .. . .
- z H: A L U I footprint is attributable to farming
& & 2 = d Eg B production of which 80% is linked

=

with production and use of nitrogen
fertiliser. It raises the profile of the
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application of biofertilisers (biosolids) 0%
onto land intended for malting. These
materials once thought to be untenable
are now a much better regulated and
food safe source of essential nutrients
and will soon become mainstream in its
application.

| STOCKHOLM
i ENVIRONMENT
1 INSTITUTE
------------------------------

H Muntons Model
H CLCF Model

The new carbon model we have
developed with CLCF is encouraging
because it is only marginally different
overall to the previous figure calculated.

Contribution to Carbon Footprint (%)

. o 9 & &
The graphic shows scope 1 emissions eov?“% @p"" o d
. . A
supplies into our factory) and scope 2 Sa o W & & o
9 o\ o

emissions (our own manufacturing & o
emissions) according to two models. The

Stockholm Environment Institute used the ECOINVENT database to generate the carbon data and the main
three contributors to our carbon footprint remain the same, with barley growing the major element.

Analysing the Malt Supply Chain:

Maltlng Operatlons Excluding the farming element the main
contributing areas in malting are gas and

electricity use. By far the most

we do not have to be overly concerned
with verifying the accuracy of the
additional 10%.

f Many UK Maltings significant contributors to the footprint
£ alno&opamator .. .

s very near to best are electricity and gas consumption.

E Together these account for 90% of the
5 Excluding farming, footprint. Considering that these are

-§ I e easily verified by metered utility invoice
S e :':‘ it gives a high degree of confidence that
s nt these data are reasonably accurate and
8

2

<

o

o

8§ & ¥ 5% B B i 4%
E 8 3 &3 S8 :g e

= z * gE B

E = =

Overall \ % Muntons Model
The difference between the

® . w
original and new carbon % - only | SCLCFModel
footprint models is 'g, diff
exceptionally small at 1% s
which indicates our data is g -
robust enough to take g
targeted action to make a 27
real difference. g
e 0% —_— = —
s\‘f‘q\)@ ‘Qgﬁ‘&ﬁ «?\ 4
%v-'?“i* o & *}G\&‘
o
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It is therefore appropriate that we are seen to be
controlling our energy use and emissions at levels below

Energy Use in Malting

] nationally set targets for these important areas. For both
K gas and electricity the most energy intensive area is kilning
Ot either due to running the circulation fan or supplying the

/ heat. That has focussed our efforts on looking at this

process step first and germination second.

There are implications for changing in-process control that
may at present be unacceptable to our customers, but
could change as we face the prospect of a transformation
~ Germination in mindset to achieve the 75% reduction in carbon.

* Kilning Reducing fan run time in germination could be offset if

® Other gibberellic acid was permitted otherwise quality suffers. A
lower cast moisture obviously requires less drying but will
undoubtedly affect malt quality. Barley breeders are
already indicating that newer varieties could require less
drying energy. That could be useful if maltsters were not
constrained by having kilning profiles imposed via
customer specification when otherwise that specification
could be achieved using less energy intensive kilning. Physical changes such as reducing kiln bed depth
naturally reduce resistance to air flow with a resultant reduction in energy, but potentially increase malt
cost as throughput falls - clearly a balance is to be struck in this equation.

The most effective and easily achieved carbon saving would be to increasethe final moisture off kiln. But
isn’t that just an excuse for Maltsters to sell w

As an example for one Why shouldcustomersconsider accepting
particular lager malt type the hlg her malt mOiStU re?

relative carbon emissions

associated with achieving a

final moisture of 3% are 45%

more than at 6% and for a final

moisture content of 4% the 3.00

v
emissions are 25% greater than _5 These savings are possible
a moisture of 6%. Other malt 8 230 y if final moisture is 6%
types could generate lower uE; 2.00
carbon savings for example if =
they were being made to hit a 'g 1.50
particular enzymatic ﬁ
specification requiring lengthy % 1.00
germination and gentle kilning. T 050 L.?;:,“,‘i,’,.?.‘{

. price!

For customers to change their 0.00
specifications from say 3.5% to 2 3 4 5 6 7
6% is perhaps too much, but a Final Malt Moisture (%)

move from 3.5% to 5% would

be hardly noticeable yet would result in a significant saving in carbon footprint of approaching 40%.
Certainly this would mean that overall more haulage would be required to deliver a given dry weight
equivalent, but as previously demonstrated, the haulage element of the carbon footprint is hardly
noticeable, whereas energy use is the major contributor. Of course the energy saved would marginally
reduce malt operating costs and could be included in negotiations on malt price.
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farming carbon
footprint there is

Returning to the - Low Carbon Options

now a real NOX abatement during fertiliser production
poslf,lblhty of * NOxCare reduces NO, emissions from processing
ma ,”,]g a . + Ammonia / Urea used with Selective Catalytic and Non
significant impact ((( Catalytic Reduction: converts NO,/N,O to N, & water
on this due to the did

YARA

investment made Produced with a
by some fertiliser low carbon footprint JREEIECEEEERE
manufacturers to

clean up the

production of

solid fertilisers by Biofertiliser Substitution
cutting emissions ' |

of nitrogen oxides

* Treated wastes to at least PAS100 and probably better
* Generates bioelectricity and reduces waste

in production. i I transportation off site a
Potentially now / ol o )

we have the
ability of reducing
the carbon
footprint of this
part of the chain
by at least 80% depending on the availability of sufficient high quality biosolids. In the production of
nitrogen fertilisers the use of technology that minimises nitrogen emissions is now being implemented at
levels advertised to be around 90% better in plant installed during 2011 and currently being monitored.

mm) The greatest contributor: NITROGEN Hence the current 48%

contribution to the farming
footprint will become less

Introduction of than 10%. Allied to this there
mandatory NOx is legislative pressure on the
scrubbing: amount of fertiliser that can
be added to land based on
REDUCTION IN existing nitrogen content of
FERTILISER CARBO the soil and the crop being
FOOTPRINT BY AT sown. Failure to meet those
LEAST 80% standards results in a
financial penalty. That
48% to 10% scheme is not without its

problems as it is often
contentious to try to force a
farmer to apply less fertiliser
when his normal practice is to
maximise yield and financial
return, yet if correctly applied
it will minimise farming input
costs which have risen steeply and contribute to sustainable production. However, confidential trials are
already showing the potential to use properly treated biofertiliser (including recycled vegetable or food
waste and products from anaerobic and aerobic digesters) such that the amount of conventional fertiliser
added can be reduced by at least 60%. Much more research needs to carried out to prove this concept and
establish a good enough supply chain to make this a reality for large scale farming, but clearly the potential
is there. Use of biofertilisers will also impact on the release of nitrous oxides due to soil treatment by

Carbon Footprinting: Muntons Low Carbon Malt Pledge  nigel.davies@muntons.com Page 8 of 11




minimising run off and loss to atmosphere and by improving soil structure to enable lower fuel usage. A
reduction of 60% would reduce this part of the footprint from 35% to 14%. If there was a very modest
improvement in the usage of conventional fertilisers that reduced the footprint by 5% there is already
potential to reduce the contribution of nitrogen in the carbon footprint from 83% to 29%.

twon’'t of course be simple to introduce products r
anaerobic digestion (AD) because the balance of nitrogen : phosphorus : potassium (N:P:K) ratio is critical to

plant nutrition and the AD products may need further treatment to make them suitable. There is also the

remaining impact of soil disturbance in applying these products, but perhaps that is an area which is of less

concern in the overall farming footprint.

This detailed

analysis of the Muntons low carbon malt pledge:

options for saving

A Within the next 5 years all our malt will be produced

'C\:aifl hast'ead using low carbon options to make a significant
untons to . . .
champion low impact on our supply chain carbon footprint.

carbon malt with a
bold statement that within 5 years all the barley we source will utilise alternate fertilisers and therefore
produce low carbon malt.

T For many years there has been a reticence to use
,JmL Lmh alternate fertilisers because it is assumed to be from a

1M l“m ‘; Il || ) source similar to sewage sludge. That objection was valid

Al " for untreated materials, but these days there are many
properly treated food and plant wastes that will
undoubtedly become more main stream as we run out of
ot her options to conserve our
resources. There are many alternate fertilisers from
anaerobic digestates to conventional compost. Muntons
have decided to look in the first instance at the use of
compost sourced exclusively from green plant material.
Whilst we have no objection to other fertiliser options we
consider it to be the least controversial alternative.

The relatively new PAS100 standard for compost
assures the compost material is of good quality: PAS 1002011

pathogens absent, heavy metals being at low e
levels and plastic and glass contamination at
miniscule levels, effectively absent.

We are sourcing ‘PAS1(C DEEEE S e | whii
requires the green compost not to have
comprised leeks, garlic or onions because these
are known to have a strong taint that could
potentially persist into the barley. The compost is
exceptionally clean-smelling and sterile by virtue

——

of the heat generated within the heap. wiop e =]

e
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Muntons Carbon Calcutar

There are many carbon calculators available but in our experience some can be daunting to use and others
clearly omit some significant aspects of the supply chain and raw material inputs. The excellent ECOINVENT
database has been used on other very complex carbon calculator tools. Whilst these presumably produce a
very accurate figure the input data required is very time-consuming and perhaps pose a barrier to
understanding the main impacts.

’ Muntons carbon
. ’ calculator that has

[ ]
. been enhanced by

Muntons Farming Gaaadladlally ®  Calculator Muntons using the

. Passionate about malt g

ECOINVENT

What is your yield of barley? 5 tonnes per hectare database distils
How many tractor hours did you travel on farm in your tractor 9 hours per hectare the exhaustive
How much barley seed did you use? 500 kg per hectare per annum analysis of supply
How much biofertiliser or compost did you use? 0 kg per hectare chain carbon into
How much Calcium Ammonium Nitrate was applied? 100 kg per hectare the areas of most
How much Triple Superphosphate (P205) was applied? 30 kg per hectare
How much Potassium Chloride (as K20) was applied? 1 kg per hectare concern to
How much Pesticide was applied? 3 kg per hectare farmers and that
Is your fertiliser sourced from a carbon efficient producer? N insert Y or N (Yes or No) have the greatest

impact on farming
carbon footprint.

Your Carbon Footprint is 283 kg CO,-e per tonne barley produced

The user can input data on application of fertiliser to see how use of a more green fertiliser either from a
traditional inorganic source or from a novel biofertiliser such as compost can have a significant impact on
farming footprint. For example by substituting traditional fertiliser for one such as now being produced by
GrowHow or Yara and by incorporating up to 20% compost, the carbon footprint is cut by more than half.
Further work on the additional benefits of compost will likely bring that figure to well over 60%, on target
for the 75% reduction considered necessary to combat climatic change. Research by NIAB-TAG has already
shown that compost aids water retention and infiltration. This will undoubtedly make the soil easier to
plough, further reducing energy (fuel) and making the enhanced stewardship payment more likely by
improving soil aeration and microflora. This is a very interesting area which will be investigated over the
next few years in collaboration with expert groups linked through HGCA and others. Muntons Malt Supply
Chain Limited is a company set up specifically to address this sort of supply chain issue and develop a good
discourse from farmer to brewer to assure good quality malting barley is produced as carbon efficiently as
possible—t hat ' s practical sustainability and essenti al

Summing up

A consideration of carbon emissions on a global scale is quite sobering in that our way of life needs to
change so dramatically that it could seem impossible. The challenge is indeed great but by breaking that
goal down into operational sectors that we can directly influence there does seem to be a real possibility of
moving a long way forward right now. This will require trust and commitment in our supply chain, but to
the mutual benefit of all. Muntons approach is to stimulate supply chain discussion but take early action
before our options run out.
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Muntons
Passionate about the Environment

Greenest Maltster in the World

THE SUNDAY TIMES

BEST GREEN
COMPANIES

2008-2009-2010-2011
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