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1.0INTRODUCTION

The aims of this carbon footpriatssessmentvere to:

| Estimatewhatthe carbon footprint (climate change impatthight beof the whole life cycle
(excluding retail and u3ef Pale Algproduced by the Kernel breweiy 2013if it was
containedin stainless stedtegs(as opposed to the plastic ké&ggs that itcurrently usey

9 Evaluate which stages or elements of the life chaee the largest climate change impact
and

91 Identify how, and by how much, the largest impactsildbe reduced.

The main body othis report contains9 chapters For simpliity, data analysis andescriptions of
inputs and outputsare contained in chapter endnotes the end of each chaptetnformation to
which many of the chapters refer is contained in appendices, which are at the end of the report.

1.1ALIGNMENT WITH INNEATIONAL GUIDANCE

This studywas undertakerin accordance with PAS 20§@ninternational standard for carbon
footprinting (BSI 2011). As recommended in PAS 2050, supplementary industry guidancsed
where applicablgin this casérom the Beverage Industry Environmental RoundtaBEER}20145.

1.2ABOUT THE BREWERY

The Kernel is a small, independent brewery in Bermondsey, London. The brewery produced 4,255
hectolitres of beer in 2013f which 16% waRale Aldn 30 litre disposablekegs It is currently
considering investing in stainless steel kegs.

1.3FUNCTIONAL UNIT

The functional unit (FU).e. whatwasassessedyhosenfor this study by the brewerwas ore
hectolitre of Pale Ale brewed in 2013 asaldin 30 litre stainless steekegs which equates to 3.33
30 litre kegs.

1.4INCLUSIONS

The life cycle of the beavasbroken down into7 stages for this study, which are illustrated in figure
1 below (the retail and usetageis shown in grey because it was excluded)

! Climate change impact is measured in terms of kilos of carbon dioxide equivales),(@8ich accounts for
all geenhouse gases.

’BIERis a partnership of global beverage companies working together on the topic of environmental
sustainability It is dominated by U.Sbased global companies such as PepsiCo and MillerCoors
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Figure 1 The flow of life cycle stages over the life of the bieehis study(retail and use stage is in grey because it is
excluded from this study)

Over the life of the beer:

1 The barley is cultivated and transported to the malting company, wherdutigd into malt
andthen transported to the brewery;

1 The hops are cultivated in different countries around the world, then dried (some are also
converted into pellets) anthen transportedto the UK;

9 Packaging materials are produced from raw matedatsrecycled contentn various
European countries, and then transported to the brewery;

9 Beeris produced by the brewery (using malt, hops, yeast and sugathelkdgs are
washed, sterilised and filled with the beer, before bestgred in thebrewerywarehouse
awaiting distribution

1 Some beer is distributed by distribution companies to Londoa rest of the Ukand
abroad and the remainder is sold direct from the brewery;

9 After distribution, the beeis soldat pubs(this retail and use stage is excluajeand

1 Finally, heempty stainless steel kegs and pallats picked up bykeglogistics or
distribution @mpanies and returadto the brewery When the keg has reached the end of
its life, it will be recycled.

A process flow diagram for each life cysfage can be found at the start of each life cycle thiaim
this report (chapters B).



1.5EXCLUSIONS

In acordance with industry guidance hen Wy-product<ie.g. spent graimre beneficially reused
(e.g. by farmers for cattle feedhey have zeromissions once they have been separated from the
main product(BIER 2014Jrom that point on, the emissions are accounted for by the organisation
that uses the byproducts.

According to carbon footprint guidance (BIER 2014; BSI 2@1diimplify the carbo footprint
assessment, ppcesses that are estimated to have a negligible impact on the overall footprint (less
than 1% of emissiongpn be excludedsing te Wz (SddzlpPeRdix A¥hese are known ade
minimus sourcesand i this studytheyinclude:

91 Insecticides and water for barley cultivation

1 Waste forthe cultivation of thebarley and hopsand brewery operations
9 Various fuels for maltingand

1 Sugar for brewing

Elements for which no data was availablso had to be excluded. These include:

1 Energysed toconvert dried hops to pelletchapter 3; and
1 Solid waste, gastand effluent treatment for thebrewingstage(chapter §.

1.6 DATA

Primary data (data collected first hand) was sought from all stages of the beer life\Wyaee
primarydata was provided, estimates are compared to industry averages.

Where primary data was not available, secondary data (data collected from other sources) was used.

Tablel below summarises the type of data used for each stage.

Stage Type of data
Barleyproduction Secondary data
Hops production Primary and secondary data
Malting Primary data
Packaging Secondary data
Breweryand warehousing Primary data (brewing)
Secondary data (cleaning and filling keg
Distribution Primary data
Waste disposal Secondary data

Table 1Types of data usedor each stage

For simplicity, calculations made in this study have been rounded up to two decimal,maces
nearest significant figure



2.BARLEY PRODUCTION

Malt, which is made from barley, is one of thencipal ingredients of beer. Greenhouse gas (GHG)
emissions from the malting stage are calculated in chapter 4. This chapter calculates the emissions
from the barley production stage which are caused by:

9 The cultivation of the barley (section 2.1); and
9 The transportation of the barley from the farms to the malting company (section 2.2).

The carbon dioxide (Gemissions from the cultivation of barley arise from the use of energy for
farm machinery, the provision of water, the production and transpoffedilisers and pesticides
and the production of seeds for the barley (BIER 2014).

Nitrous oxide (BD) emissions are also significgt,O is a potent GHG, with a global warming
potential almost 300 times that of GOver a 100 year time spgtPCC 208). N,O is emitted during
the production of nitrogerbased fertilisers, and from soil emissions that come about as a result of
nitrogen fertiliser use (Garnett 2007).

Figure 2 below illustrates the process flow for the barley production stage, up ungrtival of the
barley at the malting company.
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Figure2: Process flow for barley production

1 Dark green = next stage, malting



Excluded from this stage are:

1 Byproducts;

1 De minimussources; insecticideswater and waste (see Appendix;/And
9 Carbon removals from the atmosphefsee section 2.4.8 for further details).

2.1 BARLEY CULTIVATION

Table 2 below summarises thguts and outputgper hectareincluded in this study. Data clulinot
be found from secondary sources that relate specifically to Maris Otter badeype of winter

oF NI Se gKAOK Aa dzaSR Ay (GKS YSNysStQa tl¢tS
OLINBEFSNNBROSZ 2N 2dzad Wol NI SeQo
INPUTS / HECTER Quantity Source OUTPUTS / HECTARE Quantity | Source
FERTILISERS Barley 6.5kg | HGCA 2012
National Fertiliser
Survey (NFS)
Ammonium Nitrate 85.2kg | (Defra 2013a)
Urea 19.2kg| NFS (Defra 2013a,
UAN 15.6 kg| NFS (Defra 2013a
Compound nitrogen
fertiliser (N:P:K) 9 kg | NFS (Defra 2013a
Phosphate fertiliser 30 kg | NFS (Defra 2013a
Potash Fertiliser (Muriate
of Potash) 41 kg | NFS (Defra 2013a]
Sulphurfertiliser
(Ammonium Sulphate) 25 kg| NFS (Defra 2013al
PESTICIDES
National Pesticide
Survey (NPS)
Herbicides 1.53 kg| (Defra 2013b)
Fungicides 0.765 kg| NPS (Defra 2013b
ENERGY / WATER
Red diesel 69kg | BIER 2014
Farm Energy
LPG 3.9 litre | Survey 2013d
Farm Energy
Kerosene 11.8 litre | Survey 2013d
Farm Energy
Electricity 115.5 kWh| Survey 2013d

Table2: Inputsand outputsfor barley cultivatiorper hectare

1 Blacktext highlights included elements

1  Green text highlights elements that are calculated in other sections

In line with industry guidance (BIER 2014), emissions from the production of seeds are accounted for

using an emission factor that is applied to the total cultivation emissions (see calculation in section

2.4.9).



Further details of the inputs and outputsnd analysis of the sources of secondary data, are
discussed in more detail in the end notes (section 2.4) of this chapter, as shown in table 3 below.

Section number Section title
24.1 Data sources
24.2 Yield

2.4.3 Fertilises

- Production emissions
- N,O emissions from soils

24.4 Pesticids

245 Water

2.4.6 Energy

2.4.7 Waste

2.4.8 Carbon removals from the atmosphere

Table 3: End note sections
2.1.1Allocation of barleycultivation emissions pefunctional unit

21.14kg of malt is used to produce eddhctional unitof Pale Ale According to thenalting
company 1 tonne of barley is used to make 830kg of malt. Utirgyatio of barley to malt, one
functional unitwould require 25.47kg barley.

Barley (kg) Malt (kg)

1,000 830

25.47 21.14

Table 4: Calculation of the amount of barley required to produce enough malt to make 1hl of beer

If the yield is 6.5 tonnes / hectafelGCA 2013}hen 25.4kg barley would require 0.003fctares.

Quantity Yield
barley (kg/FQ | (kgha) ha/FU
25.47 6,500 0.0039

Table 5: Calculation of the number of hectares (ha) required to produce enough barley for 1 functional unit (FU

2.1.2Emissions calculation for barley cultivation

The full calculations of emissions per hectaré NJ 6 NI S& Odzf A GF dA2y | NB
notes in section 2.4.9. Emissions per hectare were multiplied by the number of hectares of barley
required per hectolitre of Pale Ale (0.0039), to give the emissions per functional unit. The emissions
per functional unit are summarised by input type in table 6 below.

Emissions

(kgCQe/FU)
Fertiliser production 1.21
Pesticide production 0.05
N,O emissions from soils 1.43
Energy 1.27
Seed production 0.20
TOTAL 4.15

Table6: Summaryof emissiondor barley cultivatiorper functional unit (FU)



2.2 BARLEY TRANSPORT

The barley is transported by heavy goods vehicle (HGV) from the farms to the malting company. A
tonne.km (the distance travelled multiplied by the weight of the freight transportedksiomn factor

for HGVs over 17 tonnes is used for estimating the emissions from transporting the barley
(DECC/Defra 2012). Emissions were therefore estimated by calculating the emissions from
transporting the total amount of barley required for one functamnit (25.47kg) the average

distance from the farms to the malting company (40.87km) (provided by the barley supplier, Adams
and Howling, personal communication, 2014).

Transport emissions calculations are shown in appendix B and are estimated t2kg@G2 per
functional unit.

2.3 DISCUSSION

Figure 3 shows the breakdown of emissions from the barley production stage.

B N20 emissions from soils
(33%)

m Energy (29%)

m Fertiliser production
(28%)

H Barley transport (5%

m Seed production (4%

m Pesticide production (1%

Figure 3: Breakdown of emissions from barley production stage

As shown in figur8 above,energy used in the cultivation stage ispessible fomearly one third of

the emissions from the production of the barley. However the most significant contributor to the
emissions from the barley production stage is the fertiliser, which is responsible for approximately
two thirds of the emissins from this stage (including the® emissions from soils as a result of
fertiliser use as well as the fertiliser production emissions).



2.4 END NOTES
2.4.1Data sources

Fiveof the thirty farmsthat produce the barleyvere asked to provide estimated inputs and

outputs for the cultivation of barley, but unfortunately none were able to supply the data.
Secondary data specific to Maris Otter barley was not available (with the exception of a yield
estimate). Hence, a search for secondary data was camete Where possible, data for malting
barley was sought (rather than nanalting barley). Where this was not possible, winter barley was
used rather than generic barley dat&National statistics were used where available. Where possible,
data selecteddr use in this study was cresbiecked with other carbon footprint reports and
agricultural industry reports.

The barley data sources that were used in this study, along with an analysis of their transparency
and relevance to this study, are listed in & below.

Relevance
Peer Malting
reviewed | winter Winter
Source Source type Transparent? | ? barley barley Barley
Yield HGCA (2012) Industry report Yes Unclear N
Fertiliser use | Defra (2013a) National statistic | Yes Yes r]
Pesticide use | Defra (2013b) National statistic | Yes Yes N
Water HGCA (2013) Industry report Yes Yes r]
Energy (Diesel] BIER (2014) Industry guidancel No No N
DefraFarm Energy
Survey (Defra Government .
Energy (other) | 20139 report Yes Yes n
SimplyHops
(Personal
Waste communication) | Company survey | No No Data for cultivation of hops
Water HGCA 2013 Industry report Yes Yes 1
Seed
production BIER (2014) Industry guidance| Yes No

Table7: Analysis of data sources used in this study forcthiévation of the barley

The majority of the barley used by the brewery in 2013 would be from the summer 2012 harvest.
Where available, cultivation data and emissions factors from 2012 are therefore used in this stage.

2.4.2Yield

There are several reports and carbon calculators that contain estimates for barley yields (HGCA
2012; Murions 2013). Data fromhe HGCA Harvest report (20X8%timate of 6.5

6.7tonnes/hectare (hgwasused because, unlike the other two reports, it relapecifically to
winter barley.

% Barley used for malting is often requiréalhave a certain plumpness and protein content which requires less
nitrogenous fertiliser (Garne2007)and shce nitrogenous fertiliser increases yields, malting barley tends to
have a lower yield than nemalting barley (Agriculture and Rural Develagm2009)

* Winter barley tends to require more fertiliser than spring barley (Rush 2010).



Since the data is not specifically for malting winter barley, and malting barley tends to have a lower
yield than nommalting barley, the yield for malting winter barley is likely to be at the lower end of
the range of the yield estimate. 6.5 tonnes/ hesavastherefore used as the yield for this study.

This is within the bounds of the yield range suggested in an article on Maris Otter barley in the
Farmers Guardian (Jones 201@hich suggests thatields tend to be between 6 and 7 tonnes/ha.
Due to tke large range in potential yields for the Maris Otter barleyuacertaintyanalysisvas
performed at the end of this reporséction 10.2.5to assess what impact the yield can have on the
emissions from the cultivation of the barley stage.

2.4 3 Fertiliser

There are three ways in which emissions are produced as a result of nitrogen fertilisers for the barley
cultivation stage:

9 The production and transportation of the fertilisers to the farm;

1 The energy required to power the machinery that spreads thelisr on the ground
(accounted for in the energy section 2.4.6hd

9 The nitrous oxide (}0) emissions that result from the application of nitrogen fertiliser to
soils (Garnett 2007).

Fertiliser use

Estimated quantities of each type of fertiliser apgdliger hectare (in tabl8) were taken from The
British Survey of Fertiliser Practice 20(Refra 2013a).

Different types of nitrogen fertiliser

The British Survey of Fertiliser Practice 2012 (Defra 2013a) found that an average of 129kg/ha of
nitrogen ferilisers was used on malting winter barley in 2012. Different nitrogen fertilisers contain
different quantities of nitrogen, and therefore have different emission factors. The percentage of the
fertiliser used by nitrogen fertiliser type was therefore cédted, and is shown ifigure 4below.

*The survey contains data on a sample of 512 farms, which were selected based on the June Agricultural
Surveyg an annual survey which records information on farm size and cropping.
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Figure4: Nitrogen fertiliser use (based on figures from table B1.3 in Defra 2013a)

Using the percentages in figudeabove, estimates for the amounts of each nitrogen fertiliser type
used were calculated in tab&below.

% of total
fertiliser use | Total
(Defra 2013a)| (kg/ha)

Ammonium Nitrate 66 85.14
Urea 15 19.35
UAN 12 15.48
Compound 7 9.03
Total fertiliser use 100 129

Table 8: Calculation of amounts of each fertiliser type

Fertiliserq emission factorgor production emissions of different fertilisers

SeveralGHG (CQ, N0 and Cl) areemitted fromthe extraction of resources, transport of raw
materials and products, and the production of the fertilisers. Different fertilisers have different
productionemissions (Woodnd Cowie2004).

Emission factors can be either per kilo (kg) of fertiliser, or in the case of nitrogen fertilisers, per kg of
nitrogen (N) (e.g. Ammonium Nitrate is typically 34% N). Because the quantities of nutrients can vary
dependingon the brand, and it is not known which brands were used, emission factors are used per
kg of product in this studydowever it should be noted thatcaurately calculating emissions from
fertiliser production can be problematidue to the large variety dfypes and manufacturers of

fertilisers (Wood and Cowie 2004).

An analysis oémission factor sources used in this stusighown in tabl® below.



Transport | Transport
Source Year Source type Transparency Emissions to manuf | to fields
CO | N,O | CH

Davis and Haglund| 1999 | Masters Thesis Yes 1] 1] ] 1] X

Elsayed et al. 2003 | Report Partial 1] 1] ] X X

Patyk and

Reinhardt 1996 | Conference proceedings Partial 1l 1l ] 1l i

Patyk 1996 | Conference proceedings Partial 1] 1] ] 1] i
Kongshaug 1998 | Conferenceproceedings | Partial 1] 1] X X X

West and Marland 2001 | Journal article Partial 1] X X 1] i

Table9: Analysis of data sources of fertiliser production emissions (from Wood and Cowie 2004)

Although emission factors from Kgshaug(1998) are regularly quoted in studies and calculators
(e.g. HGCA carbon calculator), they do not include methang @btissions or transport emissions
(although Wood and Cowie (2004) note that transport emissions are fairly insignificant, apart from
with phosphate fertilisers). Other studies are therefore used instead where possible.

Nitrous Oxide (MD) emissions from soils

When nitrogen is added to agricultural soils through the use of synthetic fertilisers, direct emissions
are produced from the application of the fertiliser, and indirect emissions are produced from
nitrogen volatisation and leaching (IPCC&00

In orderto calculate the emissions from soils for this study, the amount of nitrogen contained in
each fertiliser (taken from Wood and Cowie (2004)) was multiplied by the quantity of nitrogen
fertiliser applied to each hectare, to give the quantity of nitrogenlagapto each hectare (shown in
table 10). This was then multiplied by IPCC emission factorsgpidtable 11 to give the total DO
emissions. The O emissions were then multiplied by the global warming potential (GWP) of
nitrogen (298), to give the G®emissions per hectalsee table 11)See appendicfor an
explanation oemission factors.

CALCULATION OF NITROGEN (N) APPLIE

FERTILISER TYPE % N(Wood Quantity Quantity N

and Cowie fertiliser applied

2004) applied (kg/ha) | (kgN/ha)
Ammoniumnitrate 35% 85.2 29.82
UAN 32% 15.6 4.992
Urea 46% 19.2 8.832
Compound 11% 9 0.99

Tablel0: Calculation of N applied by each fertiliser



GWP
CALCUATION,N EMISSIONS of N | EMISSIONS

FERTILISER TYPE Quantity N EF Direct (kgCQe)

applied N,O ERg EF Total NO

(kgN/ha) emissions | leaching volatisation | emissions
Ammonium nitrate 29.82 0.01 0.01 0.0075 0.82 298 244.37
UAN 4.99 0.01 0.01 0.0075 0.134 298 40.91
Urea 8.83 0.01 0.01 0.0075 0.24 298 72.38
Compound 0.99 0.01 0.01 0.0075 0.03 298 8.11

TOTAL 365.77

Tablell: Calculation of PO emissions (using emissions factors (EF) from IPC&))200

2.4 4 Pesticides

A range of pesticides (mostly herbicides, fungicides and insecticides) are applied routinely to barley
fields (Defra2013b). According ta national pesticide survefpefra 2013h)3.06kg/ha of pesticides
were applied to winter barlein the UK in 2012see tablel2 below).

Winter barley in UK in 2012 (hectares) | 348,666
Pesticide applied in 2012 (tonnes) 1,177.17
Average application (kg/ha) 3.06

Table 12 Calculations for average application of pesticide to barley, using data from Defra (2013b)

The use of insecticides is responsible for less than 1% of the overall carbon footprint (see appendix
A). It is therefoe classified as de minimussource and is excluded from the carbon footprint
calculation.

Pesticide production emissions

There are few detailed studies of pesticide production emissions. A report by West and Marland
(2001) investigated carbon dioxide esitns and energy use from production and ppstduction

of pesticides in the US in 1996. Lal (2004) also gives estimates for carbon emissions from production,
formulation and packaging of the pesticides based on various studies from different countties wi
large ranges of uncertainty (see taldld below).However, given the negligible contribution of

pesticide emissions to the overall footprint of the life of the beer (0.05kg@0the 71.27kgC®@
emissions), an uncertainty analysis was not performedavarage was taken of the emission factors
from the two studies.

Emission Factor
Pesticide type Lal (2004) West and Marland (2001)| Average
Herbicide 6.3 (+£2.7) 4.7024 5.50
Fungicide 3.9 (+£2.2) 5.1775 4.54

Tablel3: Emission factors fqresticides
2.45 Water

UK barley has a very low water footprintess than 500ritonne, which is less than France,
Germany, USA and the global average (Mekonen and Hoekstra 2010).
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Figure 5 Comparison of water footprints for barley (Mekonand Hoekstra 2010)

Cereal crops in the UK are largely rBed, and typically less than 0.3% of cereals crops receive
irrigation in the UK. The amount of irrigation used varies year on year, depending on the rainfall
(HGCA 2013).

0.0039 hectares is requid to produce the barley required for one hectolitre of Kernel Pale Ale (see
section2.1.7). If 0.3% of the crops require irrigation, that would be 0.000017 hectares.

0.0039 Hectare of barley to make one hectolitre of beer
0.3% % of cereal crops requng irrigation
0.000017 Hectares that require watering per functional unit

Tablel4: Calculation of number of hectares requiring water for one functional unit (FU)

As shown in appendix, &he water emissions for 0.000017 hectares of barley aretless 1% of the
overall footprint, and are therefore excluded.

2.46 Energy

Several agricultural practices are carbon intensive due to the fuel that it is consumed, in particular
ploughing and harvesting (Lal 2004). The industry guidance (BIER 2014)e=sstéh&y diesel /
hectare. Other fuels that are not included in the industry guidance are also used in agriculture. A
survey on energy use in farming (Defra 2 }&ovides estimates for energy inputs in iagftture for

use of other fuels, and they werediuded in this study

2.4.7 Waste

It is estimated that 18% of harvested barley arepgbgducts, such as straw, which are reused by
other organisations within the agricultural industry and therefore have zero emissions (see section
1.5).

Emissions from landfill waste are shown to be negligible for barley cultivation andeaefore
excluded(see appendix A



2.4 8 Carbon removals from the atmosphere

The carbon uptake of the barley during cultivation approximately cancels out the cditedde that
is emitted during the fermentation of the beer (Garnett 200Zxarbon footprint guidance (BSI 2011)
states that carbon removals from the atmosphere can beusba for food and feed productso
theywere not calculated in this study.

2.4.9Barley cultivation emissions calculation

Detailed calculations of the emissions from barley cultivation are shown in table 15 below.

FERTILISER PRODUCTION
Average from
D&H (1999)
and Elsayed
(2003)
(kgCQelkg
Ammonium Nitrate 85.2 | kg/ha 2.3800 | product) 202.7760 0.79
Urea 19.2 | kg/ha 1.8487 | D&H (1999) 35.4950 0.14
UAN 15.6 | kg/ha 1.8441| D&H (1999) 28.7680 0.11
Compoundertiliser (N:P:K) 9 | kg/ha 1.2107 | D&H (1999) 10.8963 0.04
Average D&H
(1999), P&R
(1996) and
Phosphate fertiliser 30 | kg/ha 0.5116 | Patyk (1996) 15.3471 0.06
Muriate of potash 41 | kg/ha 0.2000 | Konghaug 1998 8.2000 0.03
Ammonium sulphate 25 | kg/ha 0.3400 | Konghaug 1998 8.5000 0.03
N20 EMISSIONS FROM SOILS
Direct emissions 44.634 | kgN/ha 0.0100| IPPC 2007 298 133.0093 0.52
Volatisation 44.634 | kgN/ha 0.0100| IPPC 2007 298 133.0093 0.52
Leaching 44.634 | kgN/ha 0.0075| IPCC 2007 298 99.7570 0.39
PESTICIDES
West and
Marland 2001;
Herbicides 1.53 | kg/ha 5.5012 | Lal 2004 8.4168 0.03
West and
Marland 2001;
Fungicides 0.765 | kg/ha 4.5388 | Lal 2004 3.4722 0.01
ENERGY
DECC/Defra
Diesel 69 | kg/ha 3.4270| 2012 236.4630 0.92
DECC/Defra
LPG 3.9 | litre/ha 1.5326 | 2012 5.9771 0.02
DECC/Defra
Kerosene (burning oil) 11.8 | litre/ha 2.5443| 2012 30.0227 0.12
DECC/Defra
Electricity kWh/ha 115.5 | kWh/ha 0.4600| 2012 53.1323 0.21
OTHER
1.05 * total
Seed production emissions BIER 2014 50.6621 0.20
TOTAL FOOTPRINT FOR BARLEY CULTIVATION 1063.9043 4.15

Table 15Calculations of emissions per functional uwit barley cultivation



3.HOPS PRODUCTION
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where thesoil and climate give the hops certain flavours (such as citrus and pine) that are favoured

by the brewery. Typically hops from the USA, New Zealand, Australia and Germany are used to brew

the Pale Ale. The brewery uses hops in two forms: dried and ialed and also hops that are in

pellet form (they are powdered and compressed into pellets).

In another carbon footprint studyhe cultivationof hops has been shown tze responsible for a
negligible amount of emissioriis comparison to the overall ensi®ns for a beeg less than 0.1%

(TCC 2008) partly due to the fact that the amount of hops is by mass less than 1% of the dry
ingredients Using the 1% rule, the cultivation of hops could therefore be excluded from this study.
However, given the distaechat the hops must travel to be imported to the UK, a decision was
made to includehem, to evaluate whether importing hops from the New World has a significant
impact on the overall footpririt

Emissiongrom this stageare caused by the

1 Qltivation o the hops(section 3.1);
9 Drying of the hops (section 3.23nd
1 Transportation of the hops to the brewery (section 3.2)

Figure6 below illustrates the process flow for the hop production stage, up until the awivhle
hopsat the brewery.

e Many of the hops in the TCC study (2008) were grown in the same region of the USA where the beer is
brewed, so transport emissions would have been minimal.



WASTE
PROD UCTS

CONVERSION
TO PELLETS

Figure6: Process flow for hops production stage

1  Green =included processes
1 Blue = next life cycle stagdrewery and warehousing
Excluded from this stage are:

9 Data for the energy required to convert the dried hops to pellets whichumasailable
(however some of the energy used to convert the hops to pellets is likely to be offset by the
lower transportation emissions due to their smaller size per kilo (Garnett 2007));

1 Byproducts; and

1 Waste.

3.1CULTIVATION OF THE HOPS

Quantities ofinputs and outputgper hectare weresupplied by Simply Hogs2 Yy S 2 F G KS YSNY S
suppliers)or the hops from the USAThese are shown in table 16 below. Simply Hops also provided
estimates of yields for the USA hops. Data was unavailable for the othetrias.



INPUTS / HECTARE | Quantity OUTPUTS / HECTARE| Quantity
FERTILISERS Hop bales 1000kg
Nitrogen fertiliser 100kg Hop pellets 965kg
Phosphorous fertiliser 50kg

Potassium Fertiliser 100kg

PESTICIDES

Herbicide 1.5kg

Fungicide 1kg

ENERGY / WATER

Water 30532hl

Diesel 64.2kg

Tablel6: Inputs and outputs per hectare ftvops(all quantities provided by Simply Hops)

1  Black textighlights included elements

1  Green text highlights elements that are calculated in other sections

Further details of the inputs and outputs, and an analysis of the sources of secondary data, are in
0§ KA& OK Inbifis $sbidiva 3.5, aRshown in table 17 below.

351 Data sources

3.5.2 Fertiliser
- Production emissions
- N,O emissions from soils

3.5.3 Pesticide

354 Water

3.55 Energy

3.5.6 Waste

Table 17: Chapter end note sections

3.1.1 Allocation of hopsultivation emissions per functional unit

Average quantities of baled and pellet hops used per functional unit were provided by the brewery.

Baled hops (kgFV) Pellet hops (kgFU)

0.417 0.417

Table1l8: Amounts of hops péunctional unit (FU) (figuresupplied by Kernel Brewery)

Due to the compressing and powdering of the pellet hops after the hops have been dried (which
further reduces the weight compared to just drying the hops), the weight of pellet hops produced
from each hectare (i.e. yield) is lewthan the weight of dried hops produced per hectare (1,793
kg/ha for dried hops compared to 1,730kg/ha for pellet hops). In order to calculate the cultivation
emissions of certain amounts of dried and pellet hops, dried hops and pellet hops yieldsimehe
were required. These were provided by Simply Hops for the USA hops.

3.1.2 Emissions calculation for hops cultivation

5SGFAf SR OFfOdzZA FiA2ya LISNI KSOGFENBE I NB aKz2gy
summarised in table 19 below for théSA hops.



EMISSIONS

(kgCQe/ha)
Fertiliser production 255.81
N,0 emissions from soils 286.83
Pesticide production 17.89
Energy 436.13
TOTAL 996.65

Table 19: Summary of emissions per hectare from hops cultivation from section 3.5.7

The emissionper functional unit for the baled hops and pellet hops were calculated in table 20
below, using total emissions per hectare from table 19 above, and specific yields per hectare
(provided by Simply Hops) for bales (1793kg) and pellets (1730kg).

BALES

EmissionskgCQe/ha) 996.65
Dry weight yield (kiha) 1793
Allocation (kgFU) 0.42
Hectare / FU 0.0002
Emissions/FU (kgG®) 0.23
PELLETS

Emissions/hakgCQe/ha) 996.65
Dry pellet yieldkgha) 1730
Allocation(kg/FU) 0.42
Hectare/FU 0.0002
Emissions/FU (kgGe) 0.24
TOTAL HOPS

EMISSIONS/FU (kg&D 0.47

Table20: Calculation of total emissions from hop cultivation perctional unit (FU)
3.2DRYING HOPS (0.04kg€)0

Estimates for energy use for drying hops were taken from the carbon footprint study of a beer in the
USA using hops from the Yakima region, which is where the USA hops that the Kernel brewery uses
are cultivated (TCC 2008).

3.2.1 Allocation and calculatio for one functional unit

It is estimated that 0.9gG®is emitted from drying the amount of hops required for approximately
2.05 litres of beer (TCC 2008). Using this ratio of emissions from drying to quantity of beer, for 1
hectolitre of beer (100 litrésthe emissions would be 0.04kg&0as shown in table 21 below.

Emissions (gC®) Per

0.9 2.051 beer

0.04 1 hl beer

Table21: Estimation of emissiorger functional unit (hlfrom drying hopsased on TCC (280



It should be noted that this does ntike into consideration differences in weights of hops used per
hectolitre between the breweries, becauseatiinformation was not available.

3.3HOPS TRANSPORT

The weight of hops imported from each country per functional unit and their associategtens
emission are summarised in table 22 below. Emission factors and assumptions used are discussed in
end note section 3.5.4. Detailed calculations of the emissions from transportation are shown in
appendix B.

Transport

Weight hops emissions
Country (kg/FU (kgCQe/FU)
USA 0.61 0.23
Australia 0.12 0.01
Germany 0.04 0.01
New Zealand 0.07 0.01
TOTAL 0.83 0.26

Table22: Summary of transport emissions from importithg hops from each country pdéunctional unit (FU) from
Appendix B

3.4DISCUSSION

Thebreakdown ofemissions for hops production are summarised in t&ddelowand illustrated in
figure 7.

Emissions
(kgCQe/FY
Cultivation of hops 0.47
Drying of hops 0.04
Transportation of hops
0.26
Total 0.77

Table23: Summary of emissions frohops production stage

m Cultivation of
hops (61%)

H Transport of
hops (33%)
Dying of hops
(6%)

Figure7: Breakdown ohops productioremissions



The cultivation of thénopsis responsible for the largest share of the emissions fhops

production, followed by the hops transport, which is respotesior 33% of the hops production
emissionsHowever, hops production is just over 1% of the overall footprint of the beer (see section
10.1), and emissions from hops transportatipodespite the fact they are transported from other
continentsg are stillnegligible (less than 1% of the total footprint of the beer).

It is interesting to note that the transportation of the hops from across the world is responsible for a
similar amount of emissions as the transportation of the barley a short distance indh&His is due

to the larger weight of barley transported, compared to the hofise weight being transported

clearly has a larger impact here than the distance transported. In section 10.3.1, a sensitivity analysis
is undertaken which illustrates the impact that importing all the hops from different countries can
have on the overalldotprint of the beer.

As shown in figure 8 below, of the hops cultivation emissions, nitrogen fertiliser (fertiliser production
and NO emissions from soils) is responsible for the majority of the emissions (nearly one third), as
with the cultivation of he barley.

m Energy (44%)

m N20 emissions
from soils (29%)

m Fertiliser
production (26%)

m Pesticide
production (2%)

Figure 8 Breakdown ohopscultivation emissions



3.5 END NOTES
3.5.1Data sources
Hops from USA

Approximately three quarters of the hops used in the Pale Ale are from the USA, and are supplied by
two companies.

In a personal communicatigone of the suppliers Simply Hops supplied estimates of inputs and
outputs for the cultivation of the USA hops taken from data from farm records (Dean Monshing,
January 2014). The supplier was not able to confirm the percentage of their farms ovadgu the

data, so it cannot be confirmed whether this is a representative sample. The estimates are therefore
crosschecked with other secondary data sources where possible.

The other supplier providethe results of an environmental impact study. Howewghen
contacted, the author of the report could not provide details of the key assumptions, or a
breakdown of emissions, so the results are not used hehe. other suppliedid however provide
details of the journey that the hops take when imported hetUKwhich are used in the
transportation calculationf appendixB.

Hops from Germany, Australia and New Zealand

None of the suppliers of hops from Australia, New Zealand or Germere able to provide data,

and no life cycle data or carbon footprint studies of hops cultivated in these countries are publicly
available. The emissions from cultivating the hops from these countries are therefore estimated
using the USA hops emissiores hectare. However transport emissions specific to Germany,
Australia and New Zealand are calculated @@egendix B.

3.5.2 Fertiliser

Estimates supplied by Simply Hops are in line with findings of research on fertiliser requirements for
hops (Gingriclet al. 2000).

Fertiliser Production emissions

Estimates for fertiliser production emissions from cradle to dedev material extraction to factory
gate)in North America are taken from Kool et al. (2012). They are estimated as follows:

Fertiliser Emission factor

Ammonium Nitrate 2.8118kgCe/kg fertiliser (34%N)
Phosphorous 0.36kg Cge/kg P205 fertiliser
Potassium sulphate 0.19kg Cge/kg K20 fertiliser

Table24: Fertiliser production emission factors in the USA
Nitrous Oxide emissions fragoils

According to Simply Hops, only one nitrogen fertiliser was @methe cultivation of the hops The
calculation of the amount of nitrogen applied is shown in té&#8eThe calculations for the direct



and indirect nitrous oxide soil emissions agsult of fertiliser applications to hops are shown in
table 26 below. See appendifor an explanation oémission factors.

CALCULATION NITROGEN (N) APPLIED
% N Quantity
fertiliser applied | Quantity N applied
(kg/ha) (kgN/ha)
Ammonium nitrate 35% 100 35

Table25: Calculation of quantity of N appli€élo N from Wood and Cowie 2004)

Quantity N CALCUATION,8 EMISSIONS GWP | EMISSIONS
applied Emission Factor [ of N (kgCGe)
(kgN/ha) | Epy pirect EFc EF- Total N0
N,O emissions | leaching | volatisation | emissions
Ammonium nitrate 35 0.01 0.01 0.0075 0.9625 298 286.825

Table26: CQe emissions calculations fop® soil emissions from fertiliser application to hops (emission factors (EF) from
IPCC 208)

3.5.3 Pesticides

Pesticide use data was supplied by Simply Hopsaasadisedin the calculationsEstimates supplied
by Simply Hopwere similar to data in the Defra pesticide survey (Defra 2013b), but theisa
higher use of insecticides.

As with barley (see sectich4.4), an average of the emission factors from Lal (2004) and West and
Marland (2001) was used.

3.54 Water

Drip irrigation is used by all the Simply Hops farms. Drip irrigation is an efficient watering system,
because it provides a direct source of watey R FSNI AT AaSNJ (12 (GKS LI FydQa
minimises run off, erosion and evaporation than other types of irrigatitakima Chief 201.3)

A report by West and Marland (2004) estimated emissions for irrigation by farm pump in the USA to
be 239kgCe/halyear.

3.55 Energy

Simply lpsprovided an estimate 084.2kg diesel per hectare for hop cultivation, which is similar to
the industry guidance estimate (BIER 2014).

3.5.6Waste

Simply Hops reported that all green waste (hop vegetative materiedjusned to the field as soill
amendment.

Simply Hops provided estimates of landfill waste. These emissions from landfill waste are shown to
be negligible for hops cultivation and ateerefore excluded (see appendd).



3.5.7 Detailed emissions calculatio

Detailed calculations of emissions per hectare for hops cultivation are shown in table 27 below.

ESTIMATE EMISSION FACTOR Elleslonts
— (kgCO2e/ha)
Emission
Quantity | Per factor Source GWP
FERTILISER PRODUCTION
Kool et al.
Nitrogen fertiliser 100 | kg/ha 2.1881| 2013 218.81
Kool et al.
Phosphorous fertiliser 50 | kg/ha 0.36 | 2013 18
Kool et al.
Potassium Fertiliser 100 | kg/ha 0.19 | 2013 19
N20 EMISSIONS FROM SOILS
N20 direct emissions 35 | kgN/ha 0.01 | IPCC 2007 298 104.3
N20 emissions from sois
volatisation 35 | kgN/ha 0.01 | IPCC 2007 298 104.3
N20 emissions from sois
leaching 35 | kgN/ha 0.0075 | IPCC 2007 298 78.23
PESTICIDES
Herbicide 1.5 | kg/ha 5.50119| Lal 2004 8.25
Insecticide 1 | kg/ha 5.1 | lal 2004 5.1
Fungicide 1 | kg/ha 4.53867| Lal 2004 4.54
ENERGY
Water irrigation Lal 2004 239
DECC/Defra
Diesel 64.2 | kg/ha 3.0705| 2012 197.13
EMISSIONS PER HECTARE FOR HOPS CULTIVATION 996.65

Table 27: Hops emission calculation
3.5.8Hops transportation

Yakima Chief one of the hops suppliersprovideddetails of the journey from the hop farms in the

USA to the brewery in Bermondsey, which involves the use of trucks, train and ship (see appendix

Details were not provided for journeys from the ott@untries, so the following assumptions were
made:

9 The Australian hops are takérom Bushy Park in Tasmania to the port of HolgrHGV
where they travel by ship to Southampton in the UK;

1 The New Zealand hops are shipped from the Port of Nelson (tleegrawn in Nelson) to
Southampton in the UK;

9 Since it is not known whether the containers are refrigerated or not, the higher emission
factor for refrigerated container shipping is used as a conservative estimate;

1 The Australian and New Zealand hops aenttransported byHGWirom Southampton to
Bermondsey; and

T ¢KS DSNXIY K2LJ (NI St FNRBY bdNBYoSME 6GKS

crossing the channel by radh roll-off ferry.



Emission factors used for hops transportation are explained helow
Truck emission factor

See appendi ¢ emission factors

Rail emission factor

The DECC/Defra (2Blemission factor for diesel/electric freight rail is used for transporting the
hops from Seattle to Montreal iappendix B

Shipping emission factors

A refrigerated container is used to ship the hops cultivated in the USA from Montreal to the UK. An
emission factor for refrigerated cargo is therefore used here. As a point of note, the emission factor
per tonne.km for refrigerated cargo is 0.0031kg€@ompaed to a tonne.km for general cargo of

only 0.0026kgCs (16% lower than refrigerated cargo) for the same size vessel (DECC/D&ya 201
However given the low weight of hops transported for each hectolitre of beer, the difference is likely
to be negligible



4. MALTING

All the malt used by the brewery is from Simpson Matmaltster in Suffolk. Malting the barley is
an energyintensive process (MAGB 201 Bmissions are produced from

9 The energy used in the malting procdsgction 4.1); and
9 Thetransportation of the malt to the brewery (section 4.2).

Figure9 illustrates the process flow for the malting stadgeom receipt of the barley up until the
delivery of the malt to the brewery

BARLEY

BY-
PRODUCTS WASTE WASTE WATER

Figure 9: Process flow for malting stage

1 Dark green = included processes
1 Grey = excluded processes
1 Blue = next stage, brewery stage

"When the barley arrives at the maltster, energy is used to reduce the moisture content of tleg bmavoid

spoilage during storage. Once it is required for malting, it is steeped in water for two days to reach a moisture

content of 45%. It is then drained several times and warmed in a vessel for four days. This starts the
germination process, durgnwhich it loses moisture of about 6186 per day. While it germinates, it starts to

create small rootlets which are later removed and sold as animal feed. It is then heated in a kiln for 24 hours to

stop the germination and reduce the moisture to 4%his is the most energintensive process of the malting
stage (personal communication, Pie#atoine Kantor, 2014.



Excluded from this stage are:

1 Byproducts;and
1 Waste (see section 4.4.2).

4.1 MALTING PROCESS

Estimates of inputs and outputgere supplied per tonne of barley (not malt) by Simpsons Maitl
are summarised in table 28 below. Some of the inputs and outputs are discussed in more detail in
the chapter end notes (section 4.4).

INPUT Quantity OUTPUT Quantity
Barley 1 tonne Malt 830kg
Gas 880kWh

Electricity 165kWh

Water 2.5m3

Table 28 Inputsand outputsper tonneof barley(data supplied by Simpsons Malt)

1 Black text highlights included elements

1  Green text highlights elements that are calculated in other sections

The reasor830kg malt is produced from one tonne of barlethiat, during the malting process,
water is lost from the barley through moisture laasd conversion of starch to simpler sugars during
germination which createBy-products (the rootletsyvhich are then removed

4.1.1 Allocation of malting emissions péunctional unit

According to he brewery approximately21.14kg of malis usedper hectolitre (functional unit) of
Pale Ale

4.1.2 Emissions calculation for malting

By applying UK Government emission factors (DECC/R@f?) to the estimated quantities of gas

and electricity used (supplied by Simpsons Malt), the emissions for the malting stage per functional
unit were calculated in table 29 below. Emissions from the energy used to pump the water are
accounted for in theenergy use emissions estimate.

8 Data was taken from meter readings, utility bills and company records. The data provided are not
specific to the type of malt used by therkel, but, according to Simpson Malt, average figures are
believed to be representative of the energy use of the malt used by the Kernel (personal
communication, Pierréntoine Kantor, 2014).



ESTIMATE / ESTIMATE / TOTAL EMSSIONY
TONNE BARLEY TONNE MALT EMISSION FACTOR (kgCQe)
Per tonne
INPUT Quantity | Unit | Quantity | Unit | Quantity | Source malt PerFU
Gas 880 | kwh 1056 | kWh | 0.1852| DECC/Defra 201] 19558 4.13
Electricity 165 | kwh 198 | kWh | 0.4964| DECC/Defra 201 98.28| 2.08
TOTAL 6.21

Table29: Calculation of emissions from maltipgr functional unit (FU)
4.2 MALT TRANSPORI.76kgCGE)

The emissions from transporting the malt by trucHtistance 172km to the brewery are 0.76kg€O
per functional unit. Details are shown in appendix B.

4.3 DISCUSSION

Emissiondrom the maling stage are summarised in tab®® below.

Emissions
(kgCQe/FY
Malt production 6.21
Malt transport 0.76
Totalmalt
emissions 6.97

Table30: Total emissions from malting stager functional unit (FU)

= Malt
production
(89%)

m Malt
transport
(11%)

Figurel0: Breakdown of emissions from malting stage

As shown in figure 10, the majority of the emissions from the malting stage are from the malting
processtself.

A comparison with a Carbon Trust report (2011) was made to check whether the data supplied by
Simpsons Malt is similar to industry averagdhe energy use per tonne of malt at Simpsons Malt is

°The Carbon Trust report (2011) uses data from five UK rgattmpanies which together represent 28% of
the UK industry. Simpsons Malt was not one of the five included in that study.



1,254kWh, which is higher than the Carbon Tregbort figure of 1,181kWh. Based on the data
supplied, energy used by Simpsons Malt can therefore be assumed to be approximately 5% above
the industry average. This could indicate that there are perhaps efficiencies that could be made at
Simpsons Malt, athat there are other more energy efficient malt suppliers in the UK.

After reviewing the findings of this assessment, Simpsons Malting responded to say that the
Tivetshall site (which malts the barley that is used by the Kernel) has small batch siziesm$l/2er

batch) which make it less efficient. Their second site is more efficient where the batch sizes are
bigger (440 tons per batch), because it takes less gas to dry the malt of a big batch per ton compared
to a small batch. Simpsons Malt also stathdlttit intends to switch from kerosene as its main supply

to gas next year, which should give better yield and efficiency (Ri@m&ine Kantor, personal
communication, August 2014).

4.4 END NOTES
4.4.1 Energy use
Estimates of energy use include:

1 Energyused by the kiln;
1 Energy to pump the water from a borehole on site; and
1 Hotel load energy use from the whole malting site e.g. lighting and climate control.

4.4.2 Waste

An estimated 35kg of each tonne of barley ends up agrbguctsg malt culms, screengs and dust
¢ of the malting process.

Composted and landfill waste were shown to be negligible (see appahdix
4.4.3 Waste water

Waste water is sent through reed beds and then treated anaerobically by sludge, which has to be
pumped out approximately ae a week. The treated water is then pumped into the local river. All
energy used for pumping is accounted forlie energy emissions in section 4.4sb an emission
estimate is not given specifically for waste water.



5.0PACKAGING

Emissions are caed by theproduction of the stainless steel atide transit packagingandthe
inbound transporation of the kegsto the brewery Table31 below summarises the different types
of packaging involved in the life cycle of the beer.

Section of | Type of packaging Description
this report

5.1 Primary packaging Keg

5.2 Transitpackaging Materials usedor distribution | Pallet

Table31: Different types of packaging in the life cycle of the beer

Figurell below illustrates the process flow felach packaging type this stage, up until the
delivery of the packaging to the brewery.

RECYCLED RAW MATERIAL RECYCLED RAW MATERIAL
CONTENT EXTRACTION AND CONTENT EXTRACTION AND
PROCESSING PROCESSING PROCESSING PROCESSING
=y P = g
TRANSIT PACKAGING
KEG PRODUCTION
PRODUCTION

U v

PACKAGING TRANSPORT

L)

~

DISPOSAL OF
PALLET

Figurell: Process flow for packaging stage

I  Orange text = included processes in this stage

1 Blue text = next stage, brewery

Emissions from the disposal of the pallet at the end of its life are included in this stage, because the
emission factor used is for the whole life of the pallet.

The palletand the kegsvill be used many tines ovettheir lifetimes, so production and disposal
emissions are proated accordingly.



5.1KEGPACKAGING
The calculatiorof the emissions from th&egpackaging includesmissions from

9 Extraction and processing of raw materials, processingafcled materials andrpduction
of the stainless steel which is used to make the Kegstion 5.1.;

1 Cradle to gate and disposal emissions fii@transit packaging (wood palletif
transporting the fulkegs(section5.1.2); and

1 Transportingthe empty kegsin the transit packagint the brewery(section5.1.3.

Three kegs manufacturers provided information for this study. The manufacturers are anonymous in
this report, due to confidentiality requests.

Exclusions

Emissions from manufacturing the keigsm stainless steel could not be estimated, because the
required data was not available from the manufacturers.

The emissions associated with the pallet for transporting the kegs to the brewery were shown to be
ade minimussource (see appendix A).

5.1.1 Keg jackaging production
5.1.1.1 Uncertainties

There are many uncertainties with the keg production emissions that must be taken into
consideration, including:

The number of uses each keg will have over its lifetime;

The percentage of recycled contentaach keg;

The emission factors used in the calculation of emissions; and
The loss and theft rate of kegs.

=A =4 =4 =

These issues are discussed further below.
Number of ses

The production of a steel keg is resource and energy intensive. However, every time it is reused, the
emissions per keg use areduced. The number of times a keg is used over its lifetime is therefore a
critical parameter andaries between breweriedepending on the distance the kegs are distributed

the time it takes for the beer in the keg to be consumadd the level of control that the brewery

has over its distribution chaiftor breweries withmostlylocal distribution and more control over

the distibution of the beer, the turnaround time is likely to be shorter, and the number of iises

will get out of each kewill therefore be greater.

The Kernel brewery estimates 9 uses per year. As a comparisddeth@elgium Brewerg which
distributes naionally across the USA and abraaéstimates3.5 uses per year (Fluensee 2014).



Recycled content of kegs

Steel is usually made of iron and recycled steel. Once steel has been produced, it is 100% recyclable
and has a potentially infinite life cyo@/orld Steel Association 2012). Due to the high value of scrap
steel, stainless steel has a very high recycling rate.

Depending on th method used to make the steehore or less recycled steel is usé&tie Electric
Arc Furnacemethod (EAR; 29% global pyduction) route uses mostly recycled steel and electrjcity
whereas theBFBOF route (approx 70% global production) uses mostly coal and crudéGaelebn
Trust 2012)Making steel from recycled content significantly reduces the emissions per tonne of
steel (World Steel Association 2012).

Emission factors

Given the uncertainty of the recycled content and the methods usqutoduce stainless steglt is
unsurprising that there is a high level of uncertainty in the emission factors often given for steel
production (Carbon Trust 2012; World Steel 2012}he case of th€arbon Trust emission factors,
the emission factovaries significantly (+50%)¢ between0.2 and 0.3 for recycled steel and
between 2 and 3 for steel made from virgin contefihe impatof the uncertainty of the emission
factors is therefore assessed in this report (8ek3. World Steel (2012)ives a more general
estimateof 1.7tonnes of C& emitted from every tonne of steel produced.

Emission factors are not available foanufactring kegsfrom stainless stee] only the production
of the stainless steeAny estimates in this report should therefore be considered an underestimate
in that respect.

Loss

Due to the high value of scrap steel, there are a high number of instancessairid theft of kegs
usually between 2% and 5%. The rate of loss varies depending on the distam®ser is

distributed, the tightness of the distribution chain, and the action taken to reduce loss (such as
tagging etc...JSteve Livens, personal coranication, BBPA, 2014Due to the high number of likely
losses, more kegs must be manufactured per functional unit than are estihrathis report. It can
also be assumed that less kegs will be returned to the brewery per functional unit than estimated
this report.

5.1.1.2Analysis of uncertainties

Variables thaare investigated in this study are listed in taB@below. Due to the facthat there

FNBE YIye OQOYSRAzFQad2 {8y WAa dzthSdudy Eachiifie®newa Sy OK Y I
of variables is tested (e.g. recycled content), Hemchmarkfigure is used for all other variables (e.g.

emisgon factors and number of use4)ncertainty analyses are used to show the impact that the

uncertainties can have isection 9.1.3



Variable nunber Type Low emission Benchmark High emission

1 Weight per keg 9.5 (manufacturer A) | 9.9 (manufacturer B) | 10.1 (manufacturer
C)
2 Recycled content 60%Global average 50% 45% (Steel Institute
(International Stainless VDe 2012)
Steel Forun2014)
3a Emission factors for | 0.2 0.3 0.4

producing steel
(recycled content)
(Carbon Trust 2012)

3b Emission factors for | 2 25 3
producing steel (from
raw materials)
(Carbon Trust 2012)

3c Emission factor per n/a 1.8 (World Steel n/a
tonne steel (World 2012)
Steel 2012)
4 Expected number of | 360 (30 years, 12 uses| 225uses(25 years, 9 | 180 (20 years, 9 use|
uses(estimates from | per year) uses per year) per year)
brewery)

Table32: Variables investigated in this report. Benchmark data highlighted in giegimould be noted that the
Wo Sy OK Y Nie fiot redeshaiily Bwiays the average of the high and low estimates; thelpearthg most realistic
estimate

5.1.13 Data

Three differentmanufacturers of kegs which are named Manufacturer A, Manufactureaigd
Manufacturer C in this reportsupplied information on the weight of the kegshere they are
manufactured, and how they would be transported to the brewery

None of the manufacturers were able to confirm the recycled contéithe kegs Manufactuer C
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of recycled content. 45% is quoted as the average for the German steel industry (Steel Industry VDe
2011), and 60% is the global average (Internati®tainless Steel Forum (2). Abenchmark

estimate of 50% iased

5.1.14 Allocation per functional unit

As shown in tabl&83 below, the estimated number of uses a keg will have over its lifetime is 225 (9
uses a yeaf for 25 yeary"). Each functionalnit will require 3.33 uses of a 30 litre keg. One
functional unit is therefore responsible for 1.48% of the emissions from producing the keg.

%
lifetime
of a keg
Uses per Uses over| for 3.33
year Years life uses
9 25 225 1.48%

Table 33: Calculation of Bfetime of a keg for 3.33 uses

1% Estimated by the brewery.
1 Average of estimates from manufacturers (between 20 and 30 years)



5.1.15 Emissions calculation

The quantitiesof recycled content and virgin content per kieg the benchmark scenario are
calculated first in tabl&4 below.

QUANTITY
Stainless % recycled Virgin
steel per content Recycled| content
keg (kg) steel steel per per keg
keg (kg) (kg)
Benchmark keg 9.9 50% 4.95 4.95

Table 3: Calculation of quantity of recycled and virgin content per keg

Emission factors were applied, to give the total emissions per keg in3&lelow.

Virgin | Recycled Recycled Virgin Virgin Emissions
Recycled| content | content EF content content EF content per keg (kg
steel per per keg | (Carbon Trust | emissions (kg (Carbon emissions CQe/FU)
keg (kg) (kg) | 2011) CQe) Trust 2011) | (kgCQe)
Benchmark 0.3 1.48 25
keg 4.95 4.95 12.38

Table35: Calculation of emissions per keg for benchmark scenario

The total emissionper kegwere then multiplied by the percentage of a keg required per functional
unit in table36 belowto give the emissions per functional unit

TOTAL EMISSIONS

Benchmark keg

Emissions per| % keg
keg
(kgCO2e/FU)

required for

one

FU
FU

Emissions per

1.48%

0.21

Table36: Calculation of emissions pElJfor benchmark scenario

5.1.2Transporting the empty kegs to the brewery

The weight of the empty kegs and pallges functional unit wagalculated in tabl&7 below.

A B C Average
Pallet weight (kg) 7 15.00 12.00 11.33
Kegs per pallet 27 8.00 9.00 14.67
Pallet weight per ke¢kg) 0.26 1.88 1.33 1.16
Empty keg freight weight (kg) 9.50 9.90 10.10 9.83
Empty freight weight per keg (kg) 9.76 11.78 11.43 10.99
Number uses per keg 225 225 225 225
Allocation freight weight per keg use 0.04 0.05 0.05 0.05

Table37: Calculations for the freight weight of tlenpty kegsand palletfor onefunctional unit EU)



The emissions from transporting the empty kegs and their associated trankigiag are
summarised in tabl&88 below (see Appendix B for detailed calculations).

EMISSIONS FROM TRANSPORTING
MANUFACTURER EMPTY KEGS (KGED
A 0.07
B 0.02
C 0.04

Table38: Summary of emissions from transporting the empty kegs per functional unit
5.2 DISTRIBUTION TRANSIT PACKAGING

The only significant material used to transport the full kegs is the pallet.
5.2.1Allocation per functional unit

The percentage of a pallet used for distribution that is allocated to one functional unit is calculated
in tables39 and40 below.

A B C
kegs/pallet 27 8 9
Kegs per FU 3.33 3.33 3.33
FU per pallet 8.11 24 2.7

Table39: Calculation of % of each pallet used to transport full kegs per FU

Wooden pallets are used approximately 75 times over their lifetime (Chicago Manufacturing Centre
HAMNnOYX GAGK SFOK dzaS NBLINEBa Sy (i40hedw, thealasdtion2sT (G K S
further reduced by taking this into consideration.

A B C
Journeys per pallet 75 75 75
% pallet lifetime for 1 journey 1.33% 1.33% 1.33%
% pallet required for one FU full kegs 12% 42% 37%
p q g

Table40: Calculation of % of lifetime of palletquired by one FU

5.2.2Emissions calculation

The emissions per functiohanit are calculated in table 4delow.

Manufacturer % per FU Emission Source Emissions
over lifetime factor per FU

(kgCO2e)

A 0.16% -27 | ECCM 2007 -0.04

B 0.56% -22 | ECCM 2007 -0.12

C 0.49% -22 | ECCM 2007 -0.11

Table41: Calculation of emissions per FU for the pallet



The pallets have a negative carbon intensity (ECCM 2007) due to the carbon uptake of the trees that
the wood is harvested from, so the greater the amount of palkd, the greater the emissions
savings.

5.3 DISCUSSION

Packaging emissions by packaging type are summarised ind@&bédow. The emissions per keg for
the different manufacturers are taken from tabl in the section on the analysis of the variables.

KEG MANUFACTURER A B C

Keg 0.2 0.21 0.21
Keg transportation to

brewery 0.07 0.02 0.04
Pallet -0.04 -0.12 -0.11
TOTAL 0.23 0.11 0.14

Table42: summary of packaging production and transportation emissions

The main differences between the keg manufacturers in terms of packpgidgctionstage
emissions are:

9 Distance the kegs travéiom the manufacturer to the brewergmanufacturer A kegs travel
the furthest, with transport emissions nearly double thosexanufacturer B); and
1 The number of kegs that can be loaded onto each pallet.



6.0 BREWERY AND WAREHOUSING
Emissions were considered fror activities thatwould beundertaken at the breweryincluding:

1 Brewingand warehousingsection 6.}; and
1 Cleaning and filling the kegs (section 6.2).

Figurel2 below illustrates the process flow for the brewery and warehousing stage, from the receipt
of the ingredients and packaging up until tkeggingand warehousing, where the beer is ready for
the next sagec distribution.

- - - YEAST SUGAR PACKAGING
¥ ¥ 4

EFFLUENT BY-
PRODUCTS

DISTRIBUTION

Figurel2: Process flow for brewery and warehousing stage

1 Blue =included processes
1  Grey = excluded processes
1 Dark greengreenand orange= previous stages
1 Purple = next stage, distribution
6.1 BREWING
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boiled with the hops in large vessels, before beiagled in a heat exchanger. Yeast is then added to

the wort which reacts with the sugars to produce alcohol and carbon dioxide, and it is left to ferment

for several days.



The inputs and outputs per functional unit (hectolitfey brewingsupplied by the keweryare

shown in table43 below.

INPUTS / HECTOLITRE Quantity

Electricity 14.0&Wh
Gas 0.67m3
Water 0.38n3
Malt 21.14kg
Hops 0.83kg

OUTPUTS/

HECTARE Quantity
Beer 1hl
Waste Water 0.19m3

Table43: Inputs and outputs per hectoliti®r brewingsupplied by the Kernel brewery)

1  Black text highlights included elements
1  Greytext highlights excluded elements
1  Green text highlights elements whose emissions are calculated in other stages

Excluded elements of this stage are:

I Waste, yeast and effluent treatment (no emissions information available)
1 Sugar (de minimus sourgesee appendix hand

1 Byproducts

Waste(including byproducts, reuse and landfill waste) is discussed in more detailknS OK I LJG SN &

end notes in section 6.4.1

6.1.1 Allocation per functional unit for brewing

Datafor this stagewas supplied by the brewery in relation to the total brewingputt Total inputs
and outputs for the year were divided by the number of hectolitres produced, to give the inputs and
outputs per hectolitre.

DATA SUPPLIED TOTAL QUANTITY FOR 1H
BREWING
OUTPUT
Quantity | Unit | For (HL) Amount Unit
Electricity 59893 | kWh | Total brewing output 4255 14.08 | kWh
Gas 2865 | m3 | Total brewing output 4255 0.67 | m3
Water 1610 | m3 | Total brewing output 4255 0.38 | m3
Waste Water 800 | m3 | Total brewing output 4255 0.19 | m3

Table44: Calculation for the allocation @icludedinputs and outputs for functional unit (FU) (1hbf beer (all data
supplied by the Kernel brewery)




6.1.2 Emissions calculation for brewing

AMOUNT PER EMISSION FACTOR (EF) EMISSION
FU S PER FU
(kg@se)
Amount | Unit | EF Per Source
kw

Electricity 14.08 | h 0.45 | kg CQe/kwh | DECC/Defra 2013 6.27
Gas 0.67 | m3 2.02 | kg CQe/m3 DECC/Defra 2013 1.36
Water 0.38 | m3 0.293 | kg CQe /M3 Thames Water 2012/13 0.1113
Waste Water disposal 0.19 | m3 0.27 | kg CGe/m3 Thames Water 2012/13 0.0001
TOTAL 7.74

Table45: Emissiongalculation for brewing and warehousipgr functional unit (FU)

6.1.3 Discussion

According to @&arbon Trust report (201)"?on energy efficiency in the brewing sectaverage

energy consumption of UK breweries (for gas and electrici®j skWh/hl and emissionare Table
35: Calculation of emissions per keg for benchmark scenario

10.4kgC@hl (Carbon Trust 2011bfrigure B below shows a graph of the energy use from the sites

in the report.

30 1

25 4

10 {

kgCO2HL of beer produced

g
:

0 1000000 2000000 3000000

Figurel3: Total © ratio vstotal production from the Carbon Trust report (2011), figure 9, page 15

4000000 5000000 6000000

Average production in HL

7000000 8000000

1 Red dot has been added to the graph to mark the ratio of f@tn energy vs production of Kernel brewery
1 Blue dot marks the ratio for New Belgium brewery
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2The data is from Climate Change égment scheme between the government and the UK brewing sector.



For the Kernel brewery, the emissions from gas and electricity are 7.63&C@hichis

approximately 26% lowehan the UKindustry average in 2008f 10.4kgCe&/hl. The Kernel has an
output of just over 4,255hl. The ratio of production versi@ for the Kernel has been marked with

a red dot on figure 14 above. According to the report (Carbon Trust 2011b), 90% of the breweries fall
between the grey lines. It can therefore be assumed that the Kernel (which is below both lines) is in
the top 10% benergy efficient breweries in the UK.

Possiblegasons why energy use is kwthan averagat the Kernel

By analysing the breakdown of emissions from the Carbon Trust report (2011b) (see figure 1
below), differences between the Kernel brewery and the average UK brewery were identified and
are discussed below.

Typical site CO2 breakdown

Warehouse
Building services 4%

Waste Water 5a;

7%

Figurel4d: Brewery C@consumption breakdown for a typical 2Mhl brewery (Carbon Trust, 2011, Figure 3, p. 11)
Packaging

Packaging is resnsible for a significant amount of emissianaround 35% (Carbon Trust 2011b).
Here packaging refers to pasteurisation and bottling. At the Kernel the beer is bottled but not
LI adSdzNAaSR:E &2 a2YS 2F GKS LRGSYydArft WLI O1F3IAYS

Refrigeration

The Carbon Trust report (20h)states thathe refrigerationLIN2E OSda O NBFSNNBR (2 I a
figure 15 above) is responsible for 11#emissionsAccording to the Kernel brewery, order to

WYi S @S YRWS> (Keofedd SbBWNT degrees centigrade for a couple of days,

whereas most brewerieg especially those that produce lager (which is the majority of the beer

produced in the UKBBPA 201)3; cool the beer for longer and at lower temperatur@scording to

the Carbon Trust report (2011b)), which causes more emisdiynsooling the beer for a shorter

amount of time, and at higher temperatures compared to average, emissions are likely to be lower

than average for cooling for the Kernel brewery.

Most brewerieswill also keep the beer refrigerated after fermentation, but the Kernel brewery does
not do this.



Climate control

The brewery is located in a converted railway arch, and it is quite well thermally insulated because of
the thick ceiling supporting the itvay above. The building stays very cool in summer and stays
warmer in winter.The brewery is therefore likely to have lower climate control (or building services)
emissions than the average brewery in a stathohe building.

Comparison oénergy usdetween the Kernel brewery améew Belgium Brewery

An interesting comparison can be made with the New Belgium Brewery in the USA (TCC 2008),
where all electricity used is generated from renewable sour&esarbon footprint study of one their
beers (TCC 2008¥timates brewery emissions from energy of 5.8 kgs@r hectolitre, which is

lower than the energy emissions at the Kernel and is entirely down to the use of natural gas
(processing, transmission, storage, distribution, combustion and allocation¥igtris does not

include any emissions from the manufacture of the renewable energy generation equipment, which
the authors of the study believe to be negligible (TCC 2008).

LG aK2dzZ R 0SS y2GSR GKIFG bS¢ . St IAdzy @a@amLINRERdzOG A 2y
Brewery 2014) is approximately 200 times greater than the Kernel brewery. The ratio of energy use

to output for New Belgium brewery has been marked on figure 14, and as with the Kernel brewery,

the ratio is below the grey line.

Water footprintcomparison
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brewing sector average of 4.2 to 1 (BBPA 2013b).

To put the use of water in the brewery stage into perspective with the overall water used
throughout the life of the beer, the UK consultancy Water Strategies estimates 300 litres of water
are used to make 1 litre of beer from cradle to grave (Kaye 2011). Over 98% of the water footprint
(total water use) of a beer occurs before the raw materialg/arat the brewery, according to a

report by WWF and SAB Miller (2013).

6.2CLEANING AND FILLING

A keg cleaning and filling machine is required to sanitise the kegs and fill them with tH& Beer
steam generator machine is also often us@ahce the keghave been filled, the beer would undergo
a stage of secondary fermentation in the keg. The beer would then be stored in the brewery
building, which also serves as a warehouse, until it is collected for distribution.

6.2.1 Data

Since stainless steel keg®amot currently used at the brewery, secondary data was used for this
section.Approximate inputs and outputs were provided by manufactai®rE and FData from
Manufacturer D is used in the emissions calculation in sections 6.2.2 and 6.2.3, andldata is
compared between manufacturers in section 6.2.4.

B The brewery does not currently use a filling and sterilising machine, so emissions estimates in this section
are made using energy and water expected use by manufacturers



6.2.2 Allocation of inputs and outputs per functional unit
Electricity

Electricitywould beused to run thesteam generator machine (steam is recommended as the best
way to sterilise the kegs) and tledeaning filling machineThe seam generator machineonsumes

a significant amount of energy whétris started up.The electricity used to start up the machine was
dividedbetween theestimatednumber ofkegs that will be sterilised ione batchto give thesteam
generator machinelectricity use per keg

Machine
start up Keqs/
ELECTRICITY USE | energy 9 kWh/ hour Kegs/hour | kWh/keg Kegs/FU kWh/FU
batch
(kWh per
batch)

Steam generator- start 15 30 1,665
up energy 0.5 3.33
Cleaning / filling maching 25 17 0.15 3.33 0.49
Steam generator 7.5 17 0.44 3.33 1.47
machine
TOTAL 3.62

Table 46: Calculation of electricity use per FU for cleaning / filling machines
Water

Water is also used (and wastewater produced) for cleaningfilimg) the kegslt is assumed that all
water used for washing and sterilising will become waste wdatee. amount of water used per FU is
calculated in table7 below.

WATER Litres/keg | Kegs/FU| Litres/ FU m3/FU

Washing 6 3.33 19.98 0.20
Sterilising 0.5 3.33 1.67 0.02
Waste water 6.5 3.33 21.65 0.22

Table 47: Water use per FU for washing and sterilising
CcQ

CQ s usedor counterpressure andilling the kegseEmission factors for producing CO2 could not

be found. Other studies estimated the eneligiensity to liquefy nitrogen (N2) instead, which was
estimated to be 400kWh per tonne, for liquefication, and does not take into consideration all

other processes that may be required for purification (TCC 2008). This figure is @sednassion
factor in section 6.2.Delow, but for the reasons given above, there are many uncertainties with this
figure.



6.2.2Cleaning and filling emissions calculation

Emission Emissions
Quantity/FU | Units | Factor (EF) EF Source (kgCO2e/FU)
Electricity 3.62 | kWh 0.44548 | DECC/Defra 2013 1.61
Water 0.22 | m3 0.293 | Thames Water 2014 0.06
Waste water 0.22 | m3 0.266 | Thames Water 2014 0.06
CO2 1| kg 0.4 | TCC 2008 0.3
TOTAL 2.04

Table 48: Cleaning and filling emissions calculations

6.2.3Discussion

Emissions

(kgCO2e/FU)
Brewing and warehousing 7.74
Cleaning and filling 2.04
Total stage emissions 9.78

Table 49: Total brewery and warehousing stage emissions

The use of a cleaning and filling machimeuld increase the emissions pinctional unitfrom the
brewing stage by approximateBkgCQe ¢ an increase of emissions of around 25%

6.2.3.1Uncertainties

The figures given in the cleaning and filling section are estimates from the manufacturer rather than
actual consumptiomataby the brewerysince the machines are not currently used by the brewery.
ManufacturerD made the following comments:

1 The consumption of water depends on the cycle times, which can be changed on request;
and

1 The electricity use by the filling machine is the maximum pdn&alled, but actual energy
consumption is likely to be less.

Differences between the manufacturers

For the steam generator machine, all manufacturers estimate approximately 15kWh for start up
electricity use (which is divided by the number of kegs intdieh), before it reduces electricity by
50% for the running energy use per hour.

For the seam generatorunningelectricity usagemanufacturer Eestimateselectricity use ofl kWh

per keg for the cleaning and filling ndce, compared to manufacturer®a n ®mpandl Kk { S 3
Y| ydzF I OG dzZNB NJ CFEyeall madufactupers hid i& tkein&xi@numpower installed, and

actual electricity usage is likely to be lower.



6.3 END NOTES
6.3.1 Waste
6.3.1.1Byproducts

Spent malt is given to a farmer for free to feed horses. Spent hops and trub are picked up by a food
waste recycling company (G H Klein) for a fee paid by the Kernel.

6.3.1.2Reuse

Bottle pallets are reused by the brewery for the distribution of the b@amaged pallets are
sometimes reused in other wayssee figurel5 below.

¥

% il

Figurel5:5 Y 3SR LI tt Sia Syeze | yS¢ tS+-asS 2F tAFS +a | OKACf
6.3.1.3Landfill and recycling waste

Brewery waste has been shown to be responsibteafnegligible amount of emissions, in
comparison to the overall footprint of a be€FCC 2008)he New Belgium carbon footprint study
(TCC 2M®) estimated brewery waste was responsible for 0.0013% of the total footprint of the beer.
However it should baoted that New Belgium brewery has a very successful waste management
programme, and managed to divert 99% of its waste from landfill in 2013 (New Belgium 2014).

The Kernel brewery did not have a record of amounts of landfill waste (kg) by materiaGiypa.
the likely negligible contribution of the waste to the overall emissions, this was not taken any
further.



7.0 DISTRIBUTION TRANSPORT

Emissions are caused by the fuels that power the modes of transport used to distribute thanoeer
return the empty kegs to the brewerwhich include HGWransit vanand ferry In accordance with
industry guidance, where the customer picks up the beer from the brewéry example the direct
wholesale, retail and private evengdransportationemissions are not accounted for by the
brewery, and are therefore excluded from this study (BIER 2014).

Estimates of the percentage kégged Pale Alhat is sold through each distribution raeitvere
provided by the bewery and are shown in figurésbelow.

m London (67.73%;

m Rest of the UK (9.93%

m Export (9.53%)

m Direct wholesale pick up
from brewery (4.72%)

m Direct retail sales on
Saturdays (6.47%)

m Other (retail customers,
private events (1.62%)

Figure ®: Breakdown of distribution by type

Figure ¥ below illustrates the process flow of the distribution stage, from picking up the beer from
the brewery warehouse, through to the delivery of the beer at the point of Jdies stage also
includes the returning of the empty kegs to the brewery after the retail stage.

PICK-UP FROM
BREWERY

EMPTY
KEG
RETURN




Figurel?: Process flow for distribution stage

1 Blue=the previous stage, brewery and warehousing
i =included elements in distribution stage
i =excluded elementfrom this stagd study

7.1DATA AND METHODOLOGY

Primary data was supplied by the brewery for these distribution routes that are included ithis
study.

There are two methods that are recommended for calculating emissionstfieoraportation. The
fuel-based methodology (multiplying fuel consumption by the emission factor for that fuel) is
preferred over the distancbased methodology (calculated using distance based emission factors),
because the data is generally more reliaf@BHG Protocol 2005). Fuel data was available for the
London distribution, so is used in that calculat{saction 7.2)However it should be noted that this
data is based on the distribution afmix of glass bottles ardisposable kegs, which are lighysr

keg.

Fuel data was not available for the rest of the &id exportdistribution, sothe distancebased
methodology was used instegdection 7.3)

The brewery does not own any vehicles, so all distribution is undertaken by third parties. In order

not to double count emissions with the companies who own the transportation vehicles (should they

decide to assess the carbon footprint of their operations), emissions from distribution transport are

OF £ Odzf F i SR dzaAy3 Wa02L)S 6N BKAYAWAP2EBOMDNBY A & & A
company that owns its own transpoipECC/Defra 2013)

Distribution type Primarydata Methodology

London Fuel consumption Fuetbased methodology
Rest of UK Average distance travelled per pallet | Distancebasedmethodology
Export Average distance travelled per pallet | Distancebased methodology

Table50: Data and methodology for distribution transport
7.1.1General asumptions
General assumptions provided by the brewery are:

30 litres of Pale Ale weigl39.3kg;

Amount of total Kernel beer delivered to London in 2013 was 2,297 hl;
Amount of fuel used to distribute Kernel beer to London in 20133428 litresand
Transport is not refrigerateéd

= =4 =4 =

“talian distribdion during summer months uses refrigerated transport, but this represents less than 1% of
the total freight distributed so is not calculated here.



7.2 ALLOCATION

7.2.1 Full kegdreight weight perkeg

The freight weight of eactull kegwas calculated in tablg1 below.

Table 51: Calculation @ill kegsfreight weight

7.2.2Empty kegdreight weight perkeg

The empty kegs will be returned from the pub to the brewery. The empty kegs freight weight was

therefore calculated in tabl&2 below.

A B C Average
Pallet weight (kg) 7 15 12 11.33
Kegs per pallet 27 8 9 14.67
Weight per share pallet per keg (kg) 0.26 1.88 1.33 1.16
Beer weight per keg (kg) 30.30 30.30 30.30 30.30
Empty keg weight each (kg) 9.50 9.90 10.10 9.83

A B C Average
Pallet weight (kg) 7 15 12 11.33
Kegs per pallet 27 8 9 14.67
Pallet weight per keg (kg) 0.26 1.88 1.33 1.16
Empty keg freight weight (kg) 9.50 9.90 10.10 9.83
Empty freight weight per keg (kg) 9.76 11.78 11.43 10.99

Table 2: Calculation oémpty kegdreight weight per full keg

7.2.3Number ofkegsper distribution route per FU

Table 52elow shows the calculation of the freight weight per functional unit by each disioibut

route, based on an average of the total freight weights of the three manufacturers shown irbtable

above.
NUMBER KEGS FULL KEGS EMPTY KEGS
Average
o No kegs Freight freight Freight
Distribution type % distributed /| average weight / weight / weight /
FU freight weight | share FU empty keg | share FU
Ifullkeg (kg) | (kg) (kg) (kg)
London (67.73%) 67.73% 2.26 41.29 93.13 10.99 24.79
Rest of the UK (9.93%) 9.93% 0.33 41.29 13.65 10.99 3.63
Export (9.53%) 9.53% 0.32 41.29 13.10 10.99 3.49
Direct wholesale piclup 4.72% 0.16
Direct retail sales
Saturdays 6.47% 0.22
Other (private events etc..) 1.62% 0.05
TOTAL 100.00% 3.33

Table53: Calculation of freight weight per FU by distribution route




7.3LONDON DISTRIBUTION EMISSIONS

7.3.1 Allocation

ASSSUMPTIONS Quantity | Unit
AmountKernel beedelivered to London in 2013 2,297 | HI
Fuel used for London deliveries 2013 3428 | litres
Fuelused per hectolitre of beer 1.5 litres
ALLOCATION

Amount delivered to London/FU 0.68 | HI
Fuel used for 0.68hl of beer 1.01 | Litres

Table54: Assumptions and allocation calculation for London deliveries
7.3.2 Emissions calculation
7.3.2.1 Full kegs

The calculation of emissions ftire distribution of the full kegsn Londonis shown in tabl&5
below.

Emission
Fuel factor -
(litres) indirect Emissions/FU
Vehicle type /HL (diesel) EF source (kg@.e)
Diesel van (class IIl) 1.01 0.5775| DECC/Defra013 0.58

Table55: Calculatiorof emissions from distributing 88 of the FU to London

7.3.2.2 Empty kegs return
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beer).A range ofdw, medium and high estimates were thévee used for distribution distanse

and as shown in table H&elow, the emissions estimates are the same whichever the distribution

distance pecausdt is the freight weight that has the biggest impact on the emissions).

Freight weight Emissions/
Average (tonne) per share Tonne.km share FU
Mode of transport distance (km) | FU tonne.km | emission factor | (kgCQe)
Transit van 15 0.0247 0.37 0.13319 0.05
Transit van 30 0.0247 0.74 0.13319 0.05
Transit van 50 0.0247 1.24 0.13319 0.05

Table56: Calculatiorof emissions from returning empty kegs to brewery for London distribution
7.3.3 Discussion

The calculation of themissions for London distribution is uncertain for three reasons:

[2yR2Y
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Firstly, the estimate of 3,428 litres of diesel used to disiie the Kernel beer to London is based on

actual fuel consumption for delivering bottles and disposalbdetic kegs. As shown in table 57



below, the freight weight for the stainless steel kegs per functional unit is higher than for the plastic
kegs butdwer than the bottles.

SS keg Plastic keg Bottle
Freight weight per full container (kg) 41.29 32.12 0.81
Containers per FU 3.33 3.33 200
Freight weight per functional unit (kg) 137.50 106.96 162

Table 57 Comparison of freight weights per functionatit

Secondly, th@ercentage of each freight load distributed to London that is bottles versus kegs is
unknown, so it is not possible know whether this figure is an underestimate or overestimate.

Thirdly, the distance the empty kegs will travel to beireed to the brewery is unknown.
7.4REST OF UK DISTRIBUTION

Emissions are calculated usingpane.km emission factgmhichis the amount of emissions from
transporting one tonne one kilometre by a certain mode of transport (DECC/Defra ZbE3)veight
of the freightis multiplied by the distance transported, to give the tonne.km.

7.4.1 Allocation per functional unit

Allocations for the freight weight (section 7.3.1.1) and distance (section 7.3.1.2) per functional unit
were calculated.

7.4.1.1Freightweightby transport mode

Of each functional uni).33 kegs 9.93% aretransported to the rest of the UK, of which some is
transported by HGV and the remainder is transported by transit Vhacalculation of the
allocationof the freight weight distribted to the rest of the UK distributioby each transport mode
isshown in tables8 below.

7.4.1.2 Full kegdreight weight allocation

Freight Freight weight per
weight per delivery method
Of rest of UK kegs (0.33) Kegs distributed | keg (kg) (kg/FU)
72% bypallet delivery company (HGV) 0.24 41.29 9.91
28% by transit van 0.09 41.29 3.72

Table 58: Freight weight by transport mode for UK distribution
7.4.1.3Returning enpty kegdreight weight allocation

For the empty kegs, thkkegs are assumed to travel the same distance, bufrigight weight is
lower per functional unit.



Freight Freight weight per
weight per delivery method
Of rest of UK kegs (0.33) Kegs returned keg (kg) (kg/FU)
72% by pallet delivery company (HGV) 0.24 10.99 2.63
28% by transit van 0.09 10.99 0.95

Table 3: Freight weighof empty kegs to be returnefibr UK distribution

7.4.14 Average distance per kégne way)

For transportation by HGMwhe calculations for the average distance travelled perdwmgwayare

shown in table60 below.

Company # of kegs| Delivery to: Distance (km) KegKM (kegsx km)
New Wave 72 | EH32 0PZ 635.67 45768.49
Beer Paradise 25| YO26 7QF 339.56 8489.06
Brewdog 6 | AB41 8BX 899.60 5397.59
North Bar 20 | LS1 6NU 329.91 6598.13
Pint Shop 10 | CB2 3PN 98.17 981.67
Port Street 27 | M1 2EQ 326.69 8820.57
Total kegs 160 | Total distance travelled by all kegs 76055.52

Total kegs 160

Average

distance/keg 475.35

Table60: Calculation of average distance per keg fordisitribution by HGV

For transportation bytransit van, the calculations for the average distance travelled perdweg
wayare shown in tablé&1 below.

Company # of kegs| Delivery to: Distance (km) KegsKM (kegsx km)
The Bottle Shop 36 | CT2 8AN 91.73 3302.28
Big Beer 25 | BS14Dz 194.73 4868.13
Total kegs 61 | Total distance travelled by all kegs 8170.42
Total kegs 61.00
Average
distance/keg 133.94

Table61: Calculation of average distance per keg for UK distribution by transit van

7.4.2 Emissions calculation for rest of UK distribution

7.4.2.1Full kegs

Mode of Average Freight weight (tonne) Tonne.km Emissions/ share FU
transport distance (km) | per share FU tonne.km | emission factor | (kgCQe)

HGV (class IlI) 475.35 0.0099 471 0.21 0.98
Transit van 133.94 0.0037 0.50 0.13 0.07
Total 1.04

Table62: Calculation of UK distribution emissidos full kegsper functional unit (FU)



7.4.2.2Empty kegs

Emissions/
Mode of Average Freight weight (tonne) Tonne.km share FU
transport distance (km) | per share FU tonne.km | emission factor | (kgCQe)
HGV (class Ill) 475.35 0.0026 1.25 0.21 0.26
Transit van 133.94 0.0009 0.13 0.13 0.02
Total 0.28

Table63; Calculation oémissions from returning empty keg&/K distribution

7.5EXPORDISTRIBUTION

The kegs arexported from the brewery to distributors located in various different countries, as

shown in table4 below. From there, they are distributed locally by tfistribution companies.

7.5.1 Allocation of emissios

As shown in tabl®&3 above, the waght of freight exportedper functional unif(0.32 kegs) i43.1kg
per functional unit.

The average distandeavelled onewayper keg is calculated in table 6&low.

Local Keg KM
Distance to distribution Totaldistribution (kegs x
Destination Number kegs | distributor (km) | (km) distance (km) distance)
Sant'agostino Ferrara, Italy 83 1400 350 1750 145250
Torremolinos, Spain 42 2246 250 2496 104832
Barcelona, Spain 30 1482 50 1532 45960
Kastrup, Denmark 23 1323 10 1333 30659
Haninge, Sweden 18 1920 214 2134 38412
Genneuvilliers, France 8 441 43.5 484.5 3876
Amsterdam, The Netherlands 8 557 75 632 5056
Total 212 Total distance travelled by all kegs 374045
Total kegs 212
Average distance/keg 1764.36
Table64: Calculation ohverage distance per keg for export
7.5.2 Emissions calculation
7.5.2.1Full kegs
Tonne.km
Average Freight weight (tonne) emission Emissions/FU
Vehicle type distance (km) per FU to UK tonne.km factor (kgCQe)
HGV (class Ill) 1731 0.013 225 0.20747 4.67
RoRo ferry 33.8 0.013 0.44 0.0096 0.004
TOTAL 4.67

Table65: Calculation oémissions from distribution of full kegexport




7.5.2.2Empty kegs

Tonne.km
Average Freight weight (tonne) emission Emissions/FU
Vehicle type distance (km) per FU tonne.km factor (kgCOR)
HGV (class Ill) 1731 0.0035 6.06 0.20747 1.26
RoRo ferry 33.8 0.0035 0.12 0.0096 0.001
TOTAL

Table66: Calculation oémissions from returning empty kegexport
7.6 DISCUSSION

Total emissions for distribution are shown in tablebelow, and emissions are compared by
distribution type in figurel8 below.

Empty kegs
Full kegs return Total emissions
(kgCQe/FU) (kgCQe/FU) (kgCQe/FU)
London (3%) 0.58 0.05 0.63
Rest of UK (7%) 1.04 0.28 1.32
Export (90%) 4.67 1.26 5.93
TOTAL 6.29 1.59 7.88

Table67: Totaldistribution transport emissionger functional unit (FU)

m London (8%)
m Rest of UK (17%
m Export (75%)

Figure 18 Breakdown of distribution emissions by distribution type

Even though only around 10% of the beesxported, export distributioris responsibldor 75% of
the emissions from this stag&his is due to the greater distances involved.

Due to the reduced freight weight, the returning of the empty kegs is responsible for a small share of
the total distribution emissions.



8.0 WASTE DISPOSAL

When a keg reaches the end of its usefulitifeill be recycled.

PACKAGING @
RETAIL AND USE NESURN
RECYCLING
PLANT
WOOD
PALLET

Figurel9: Process flow fowaste disposal

1 Orange =recycling and reuse of packaging materials
1 Blue= brewery stage

Exclusions

1 Waste disposateatment forthe palletsis accounted for in theechapter5 on packaging,
becauset could not be separated from themission factor for the production of thgallet
It istherefore excluded from this stage.

8.1 DATA AND METHODOLOGY

TheUK Government GH&nissionfactor (DECC/Defra 201®8psused foremissions produced by
recycling steel

8.2 ALLOCATION PER FUNCTIONAL UNIT

The brewery will recycle all stainless steel kegs at the end of their usefihid@aumber of kegs
allocated to each FU 50015



8.3 EMISSIONS CALCULATION

Stainless | Kegs per | Stainless Emission Recycling

steel per | FU steel recycled| factor(kgCQe/kg) | emissions

keg (kg) per FU (kg) (DECC/Defra 2013 (kgCQe/FU)
Stainlessteel keg (Manufacturer A) 9.5 0.015 0.14 0.021 0.003
Stainless steel keg (Manufacturer B) 9.9 0.015 0.15 0.021 0.003
Stainless steel keg (Manufacturer C) 10.1 0.015 0.15 0.021 0.003

Table68: Emissions from recycling calculation
8.4 DISCUSSION

Due to the high number of expected uses per keg, and the expected 100% recycling rate, the end of
life emissions are very low for the stainless steel kegs.



9. CONCLUSION
9.1 FINDINGS OF THE CARBON FOOTPRINT ASSESSMENT

The total emissionfom the wholelife of the beetin a dainless steel keg are between 29.88
30kgCQe per functional unit depending on the manufacturer of the kethis is equivalent to
approximately 8.98kgQe per keg of beer

Table 74elow summarises the emissions from each stage

SS KEGS MANUFACTURERS
A B C

BARLEY PRODUCTION 4.37 4.37 4.37
HOPS PRODUCTION 0.77 0.77 0.77
MALTING 6.97 6.97 6.97
PACKAGING 0.23 0.11 0.14
BREWING 9.78 9.78 9.78
DISTRIBUTION 7.88 7.88 7.88
WASTE DISPOSAL 0.003 0.003 0.003
TOTAL FOOTPRINT/FU 30.00 29.88 29.91

Table69: Emissions by stage

As fiown in table 6%bove, the choice of keg manufacturer has a small impact on the overall
footprint ¢ less than 0.2kgG® (or 0.06%).

Fgure 20 illustrates theamountof emissiondy stageover the life of the beefor each keg

12

10

Figure20: Comparison of emissions from different life cycle stages

Pink = Manufacturer A
1  Green = Manufacturer B
1 Purple = Manufacturer C



9.1.1 Emissions hotspots

In terms of climate change impached most significanlife cycle stage®r the beerin stainless steel
kegsare:

1 Brewing
9 Distribution;and
91 Barley productiorand malting

9.1.2 Emissions coldspots

9 Packaging emissions are negligible per functional unit, due to the many expected uses that
each keg will have over its lifetime;

1 Despite the fact that the hops are imported from around the world, their impact is still
negligible &round ®49; and

1 Waste disposatmissions are negligible since it is expected that 100% of the steel will be
recycled

9.1.3Uncertainties and variables

The impact of uncertainties and variables are tested using the benchmark figures in S&dtiche
packaging chapter.

9.1.3.1Variable 1¢ Weight per keg

Quantities of recycled and virgin steadrkeg are calculated table 70below, based on the weights
of the kegs from each manufacturer

QUANTITY

Stainless % recycled Virgin

steel per content Recycled| content

keg (kg) steel steel per per keg

keg (kg) (kg)

KEG MANUFACTURER 95 50% 4.75 4.75

KEG MANUFACTURER 9.9 50% 4.95 4.95
KEG MANUFACTURER

10.1 50% 5.05 5.05

Table70: Quantities of virgin and recycled content per keg

Emissions per keg are calculated in tafléelow.

KEG Virgin | Recycled Recycled Virgin Virgin Emissions
MANUFACTUREHR Recycled| content | content EF | content content EF | content per keg
steel per keg| per keg| (Carbon emissions (Carbon emissions (kgCQel/FU)

(kg) (kg) | Trust 2011) | (kgCQe) Trust 2011)| (kgCQe)

A 4.75 4.75 0.3 1.43 25 11.88 13.30

B 4.95 4.95 0.3 1.485 2.5 12.38

C 0.3 1515 25 14.14
5.05 5.05 12.63

Table71: Calculation of emissions per keg



The total emissionper kegwere then multiplied by the percentage of a keg required per functional
unit in table72 belowto give the emissions per functional unit

Emissions % keg Emissions| Increase in
per keg required per FU emissions per FU
(kgCQe/FU) | for one FU compared to
average
KEG MANUFACTURER 13.30 1.48% 0.20 -0.01
KEG MANUFACTURER; 1.48% 0.21
KEG MANUFACTURER 14.14 1.48% 0.21

Table72: Emissions peFU for each keg manufacturer

As shown here, the choice of manufacturer does not have a big impact on the overall emissions. The
kegs produced by manufacturer A travel a greater distance to the brewery in London, but the keg is
slightly lighter, and morean fit on a pallet, meaning a lower freight weight per functional unit.

9.1.3.2Variable 2¢ recycled content

Quantities of recycled and virgin steel per kegre calculatedfor kegs with varying recycled content
ratesin table73 below.

QUANTITY

Recycled | Stainless Recycled Virgin
content steel per steel per content
rates keg (kg) keg (kg) per keg
(kg)

45% 9.9 4.46 4.44

50% 9.9 4.95 4.95

60% 9.9 5.94 3.96

Table73: Quantities of virgin and recycled content per keg

Emissions per keg were calculated in tabdelow.

Recycled Recycled Virgin | Recycled Recycled Virgin content | Virgin Emissions
content steel per content | content content emission factor | content per keg
rate keg (kg) per keg | emission emissions (Carbon Trust | emissions
(kg) | factor (Carbon | (kgCQe) 2011) (kgCQe)
Trust 2011)

45% 4.46 4.44 0.3 1.34 25 11.10 12.44

50% 4.95 4.95 0.3 1.485 25 12.38 13.86

60% 594 3.96 0.3 1.782 25 9.90 11.68

Table74: Emissions per keg for different recycled conteates

The total emissionper kegwere then multiplied by the percentage of a keg required per functional
unit in table75 belowto give the emissions per functional unit




Emissions % keg Emissions| Increase in % increase /
per keg required for | per FU emissions per FU decrease
one FU compared to
average
45% 12.44 1.48% 0.18 -0.03 14.63%
50% 13.86 1.48% 0.21
60% 11.68 1.48% 0.17 0.04 -19.50%

Table75: Emissions per FU for keg with different recycled content rates

As shown in tabl@5 above, the recycled content per keg hasignificant impacbn the emissions
per functional unitin terms of the % increase in emissiqoser 10%)However thechange is only
0.01kgCge, which is negligible in comparison to the total footprint of theser.

9.1.33 Variable 3¢ emission factors

Using the quantities of recycled content and virgin content calculated in #lddove, emissions
per keg were calculated in tab¥s below using different emission factors.

Recycled| Virgin Total | Recycled | Recycled Virgin Virgin Emissions
steel per | content | productio | content content content | content per keg
keg (kg)| per keg n EF| EF emissions EF emissions
(kg) (kgCQe) (kgCQe)

LOW (CARBON TRUST 200  495| 495 0.2 0.99 2 9.90 10.89
HIGH (CARBON TRUST 20 4 95 4.95 0.4 1.98 3 14.85 16.83
AVERAGE (CARBON TRU 0.3 1.485 25 13.86
2012) 4.95 4.95 12.38
GLOBAL AVERAGE (WOR 17.82
STEEL 2012) 1.70

Table76: Calculations of emissions per keg using different emission factors

The total emissionper kegwere then multiplied by the percentage of a keg required per functional
unit in table77 belowto give the emissions per functional unit

Emissions % keg Emissions| Increase in % increase /
per keg required per FU emissions pefrU decrease
for one FU compared to
average

LOW (CARBON TRUST 20 10.89 1.48% 0.16 0.04 -21%
HIGH (CARBON TRUST 2( 16.83 1.48% 0.25 0.04 +21%
AVERAGE (CARBON TRU 13.86 1.48% 0.21
2012)
GLOBAL AVERAGE (WOR 17.82 1.48% 0.26 +29%
STEEL 2012) 0.06

Table77: Calculations of emissions per FU using different emission factors

Again, this variable hassggnificant impacbn the emissions per functional unit in terms of the %
increase in emissions (over 10%). However the change is still less than Qelkgi@ch is negligible

in comparison to the overall footprint




9.1.3.4Variable 4c number of uses

Manufacturers estimag the expected lifetime of each keg to be between 20 and 30 years. The
brewery estimated a likely 9 uses per year. 12 uses per year is believed to be the high estimate of
the number of uses. Varying combinations of lifetime years and uses per year warkate in

table 78 below to show how they can impact the results. Orange highlights which combinvedisn
used as the benchmark in the calculations of the impact of other variables.

Expected Uses per Total number | % keg
lifetimes (years | year usesover required for
lifetime one FU
20 9 180 1.85%
25 9 225
20 12 240 1.39%
30 9 270 1.23%
30 12 360 0.93%

Table78: Calculations of % keg required for one FU for different numbers of total uses over lifetime

The calculation athe % of a keg required for one FU calculated in tal@above were applied to
the emissions per keg of the benchmark keg in tat9leelow.

Total % keg Emissions per | Emissions per Increase in % increase /
number required | keg (kgCO2e) | FU (kgCO2e) emissions decrease
uses for one per FU
FU compared to
average

180 1.85% 13.86 0.26 0.05 25%

225 13.86 0.21

240 1.39% 13.86 0.19 -0.01 -6%

270 1.23% 13.86 0.17 -0.03 -17%

360 0.93% 13.86 0.13 -0.08 -38%

Table79: Calculations of emissions pet for different numbers of keg uses

This analysis shows that, compared to the benchmark of 9 uses over 25 years,:

1 Atthe low end of the estimates, if the lifespan is increased to 30 years with 12 uses per year,
this would result in a 38% decreaseenfiissions;

1 At the high end of the estimates, if the lifespan is decreased to 20 years, this would result in
an increase in emissions of 25%;

This analysis has shown that both the expected lifespan and the number of uses per year have a big
impact on the enssions per functional unit for the production of the keg.

The number of uses of the keg is the variable evaluated in this section to have the biggest impact on
the emissions of the beeHowever, the packaging stage has one of the lowest footprints tfell

stages of the beer. Any attempt to decrease the emissions of the beer should be focused on the
emissions hotspots stages, such as brewing and distribution.



9.1.4.5 Variable § Using disposable kegs for export
Table80 below compares emissions froasing:

9 Stainless steel kegs;
1 Baseline kegs; and

1 A combination obaseline kegs for export arsfiainless steel kegsr the remainder of the
distribution.

For the scenario where a combination of stainless steel kegs and baseline kegs areisised,
assumel that 10% of each FU are disposable kgsexport)and 90% are stainless steel kst
of distribution) Emissions for the packaging, brewing and distribution stages wersa@d
accordingly.

STEEL KEGS |DISPOSABLE |Steel kegswith
BASELINE KEGYbaselinefor
export
BARLEY PRODUCTION 4.37 4.37 4.37]
HOPS PRODUCTION 0.77) 0.77] 0.77]
MALTING 6.97] 6.97| 6.97|
PACKAGING 0.11 9.35 1.04
BREWING 9.78 7.63 9.57
DISTRIBUTION 7.88 5.06 5.62
WASTE DISPOSAL 0.003 1.36 0.003
TOTAL FOOTPRINT/FU 29.88 35.5] 28.34

Table 80: Total footprint per FU for different packaging options
9.2HOW THE FOOTPRINT COULD BE REDUCED

Usinga combination obtainless steel kegs for national distribution and disposable kegxfare
would have the following impés:

1 A redudion of emissions per functional unit laround1.5kgC&e (arounds%) to, compared
to using 100% stainless steel keasg

1 Areductionof emissionf around 21%ompared to using 100%isposable kegs, mostly
due to the reduction in emissiorisom producing and disposing of the packaging, which
more than offsets the extra emissions caused by the cleaningilind the stainless steel
kegs.

It should be noted that although the emissions from distributing the stainless steel kegs to the UK

are higher than the emissions from distributing the disposable kegs, when you factor in the

increased production and disposal emissions for the disposable kegs, the stainless steel kegs have a
lower overall footprint.



APPENDIX ADE MINIMUS SOURCES

QUANTTY EMISSION FACTOR (EF) EMISSIONS

Quantity % of overall

per HL Unit EF EF source per FU | footprint
BARLEY CULTIVATION
Insecticides 0.00006 | kg 5.1 | Lal 2004 0.0003 4.26633E06
Water 0.000017| % of ha 239 | West and Marland 2001 0.004 5.69606ED5
Waste 5 | kg/ha 0.034 | Defra 2013 0.17 0.002
MALTING
Kersene 0.01 | kWh 0.2467 | Decc/Defra 2012 0.004 5.11831ED5
Diesel oil 0.01 | kWh 0.2721 | Decc/Defra 2012 0.004 5.64635E05
Waste 5 | kg/ha 0.034 | Defra 2013 0.17 0.002

short

Compost 15.43 | ton 0.0002 | EPA (2012) 0.003 4.32702E05
BREWING
Sugar 0.35 | kg 0.3 | Tate and Lyle 2013 0.11 0.001
Total footprint 7127
Total % of overall
footprint 0.006

Table 81: De Minimus sources
Palletproduction de minimussource calculation

The kegs are transported to the brewery on wooden pallets. The whole life pallet emissions are
taken into consideration in this study, as well as the weight of the pallet when calculating the freight
weight.

Allocation for 1 functional unit

0.015 kegs are required to be manufactupar functional unit (3.33 uses].able82 below shows
the calculation of the % of a pallet that is required to transport the empty kegs per functional unit
(0.015 kegs).

Calculatims of % share dd singlepallet

per FU A B C
Kegs/pallet 36 8 9
Kegs per FU 0.015 0.015 0.015
FU per pallet 2400 533.33 600
% pallet per FU 0.04% 0.19% 0.17%

Table 82: Calculation of % share of a single pp#efU for different kegs

Wooden pallets are used approximately 75 times over their lifetime (Chicago Manufacturing Centre
HAMNnOXS GAGK SFOK dzaS NBLINEB A Sy (is8heBw, thealasition2sT (G K S
further reduced by taking fls into consideration.



Calculation of % lifetime of a pallet

required by one journey for one FU A B C

Journeys per pallet 75 75 75
% pallet lifetime for 1 journey 1.33% 1.33% 1.33%
% pallet required for one FU empty kegs 0.04% 0.19% 0.17%

Table 83calculation of the % dhe lifetime of the pallet peuse per FU

Emissions calculation

Table 40 below shows the calculations for the whole life pallet emissions per functional unit.

Manufacturer % per FU Emission Source Emissions
over lifetime factor per FU

(kgCO2e)

A 0.001% -27 | ECCM 2007 -0.0003

B 0.003% -22 | ECCM 2007 -0.0007

C 0.002% -22 | ECCM 2007 -0.0004

Table84: Palletemissionsalculationger functional unit (FU) for transporting the empty kegs






APPENDIX CEMISSION FACTORS

Emission factors used in multiple sections of this carbon footprint assessment are explained in this
appendix.

Energy

As recommended inarbon footprintingguidance (BSI 201,lthe UKgovernment conversion factors
are used in this studfwww.ukconversionfactorscarbonsmart.co)ukkhe emissions for fuels and
electricity include both indirect (prodiion and distribution (factoring in distribution losses for
electricity) and direct (point of use) emissiottsshould be noted that emission factors for electricity
in the UK have only recently started to include the generation and transmission aridutish
stages, sthesefiguresmay be higher than ipreviousstudies.

Since the majority of the barley and hops would have been cultivated the year before they are used
in brewing, emission factors for 2012 are used for cultivation, and 2013 for gpatichbrewing.

Defra emission factors for energy usedhis study are shown in table 78r 2012 and tabl&0 for
2013.

2012 Emission FactdEF)
EF Per Source
Electricity 0.46002 | kgCQe/kWh DECC/Defra 2012
LPG 1.5326 | kgCQellitre DECC/Defra 2012
Kerosene (Burning i 2.5443| kgCQellitre DECC/Defra 2012
Diesel 3.427 | kgCQelkg DECC/Defra 2012

Table85: Emission factors for energy for 2012

2013 Emission FactdEF)
EF Per Source
Electricity 0.44548 | kgCQe/kWh DECC/Defra 2013
Gas(m3) 2.0196 | kgCQe/m3 DECC/Defra 2013
Gas(kWh) 0.18521| kgCQe/kWh DECC/Defra 2013

Table86: Emission factors for energy for 2013
Water

For water and waste water in the brewing operations stage, the conversion factor for Thames Water
ciKS o0NBGSNRERBA JdA RS & & NSeRidsion faciorédludeemisdions from:

9 Activities which directly involve burning fossil fuels (natural gas and company vehicle
transport emissions)

Activities which use electricity (treating and pumping water);

Carbon associated with the sewage sludge producdbeasewage treatment works
Business travel and private vehicles used for company busiaeds

Outsourced activities undertaken for Thames Water which involve the above (personal
communication Kai Eburyrhames Water, April 2014).

=A =4 =4 =4


http://www.ukconversionfactorscarbonsmart.co.uk/

Thames Water estimates emissions of 0.293kg@aB of treated potable wate(Thames Water
2014) which is slightly lower than the UK government conversion factor (DECC/Defra 2014) of
0.3441kgCée/m3. This could be becau3tanes Water generated renewable electricity in 2012
that covetred 12.5% of its electricity needs.

The emission factor from Thames Water for waste water treatment is 0.266kg@®treated
waste water.

Transport

The brewery does not own any vehicles, sapitream (e.g. inbound transportation of ingredients

and packaging materials) and downstream transport (distribution of the beer) is undertaken by third

parties. In order not to double count emissions with the companies who own the transportation
vehicles(should they decide to assess the carbon footprint of their operations), emissions from
RAAGNAOGdzOAZ2Y GNI yaLR2NI FNB OFf OdzZ  iSR dzaAy3d Wao?
MQ SYAaaAirzy FTIFO0G2NR FTNRY | Oes&drdradciconmimitlyl 2 6y a Al 3
RSAONAOGSR | & VYDECEDeMER@A SYAaaizyaQ o

DECC/Defra (2@) emission factors are used to calculate the emissions from transporting the
freight.

1 Where fuel consumption data was available, fuel emission factors are usgd; an
1 Where fuel data was not available, a tonne.km emission factor was used (a tonne.km is the
distance travelled multiplied by the weight of the freight transported).

Truck emission factors

These factors from DECC/Defra (20are used throughout and are deed from the 2010 UK fleet
average kgCfper vehicle, which appear to be the most recent tonne.km factors availahke.
emission factor for rigid HGVs with a capacity of over 17toiff)egas used, because all of the
suppliers who responded to queriebaut the vehicle used to transport the goods confirmed that a
17t or over vehicle was used.

The percentage laden (the extent to which the vehicle is loaded to its maximum capacity) data was
not available from suppliers. The emission factor assumes tloidrare 54% laden, which is the UK
average (DECC/Defra Z)1

Crosschannel ferry

The emission factor for the average roll on roll off (ro ro ferry) tonne.km was used for Dover to Calais
ferry journeys.

Nitrous Oxide emissions from soils

When nitrogen is added to agricultural soils through the use of synthetic fertilisers, direct emissions
are produced from the application of the fertiliser, and indirect emissions are produced from
nitrogen volatisation and leaching (IPCC@&00he Interational Panel on Climate Change (IPCC
2006) has produced default values fopNemissions from soils for:



9 Volatisation of 1% of the nitrogen (N) applied (the uncertainty range for volatisation is fairly
high (0.00Z; 0.05) (IPCC 2007)); and

1 Leaching of 0@75% (the uncertainty range is slightly lower for leachih@Q05- 0.025)).

The reason for the large uncertainty ranges for these emission factors is because the amount of
nitrous oxide produced is influenced by many faciptie type of fertiliser useghow it is applied,
number of applications, soil characteristics, climate and others.

The emission factors quoted above are from the tier 1 methodology of the IPCC guiddhies
used when only basic activity data is available (IPC6)200
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