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lMMueosapeHue c AUMeHeM.
3KOHOMUU U CHW)XeHue enusHusa nuea Ha CO, -ebI6POChI

B cpeaHem: % B cpeaHem:

55% sumeHss i 100%
B peuenmype i\  HeconoXeHKu

= B peuenmype

10% CO, - =

CHUXXeHUS 8bI6poCcos 16-20% CO
. 2

CHU>keHUS 8bI6pOCO8
» T
, :
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Kauecmeo conoda u sumeHs nod 7 Ypoxau

AYMEeHA

y2po30U U3-3a U3MeHeHUs mozym
Knumama ‘ . vynacmb Ha

17%
K M3-3a xapbl u
apa U 3aCyxXm BJ/IMAKOT Ha Ka4eCTBO AYMEHA 3acyxu
*  JednumT 1 nepebom NOCTaBOK: - 60/iblIAA LUeHa
* bonblee coagepkaHue 6enka: - NpO6.JIEMbI C MYTHOCTbIO
* MeHbLMI BbIXOZ 3KCTpaKTa: - 60/IbLLe 3aTpaThbl Ha Cbipbe
* MeHbluaa aMacTaTMyecKas cuna: - Npo61eMbl CO CTENEHbIO COpakMBaHUA

YBenmyeHne ANUTENbHOCTU 3aTUPaHUA AN1A YBEIMYEHNUA CTEMNEHU
COpaXkMTaHMA MMEET HEraTMBHbIM 3(dEKT Ha NPOM3BOACTBEHHbIE
MOLLHOCTM, BKYC M apomar.



[Mepexod c conoodoebix peuyenmyp HAQ HecosnoXeHble

Pesonoyus Hecono)eHo20 nueosapeHus

For Internal Use Only

ConoXKeHue - TPaAULMOHHBIM, HO 3aTpaTHbIM Npouecc
. BbicoKOoKauecTBeHHOEe Cbipbe

o  TpebyeT MHOro BoApbl

e TpebyeT MHOrO 3HEeprun

e Bnauanue Ha BbIGpOCHI CO2 - 7...10%

BknioveHne (60/1blIero KoMYecTBa) AYMEHS

Barley brewing reduces CO, footprint of beer

REDUCE
> 60 KG CO,
PER TON BARLEY*

SAVE 31327
BARRELS OF PETROL

Example: Annual savings of a 5
million hectoliter brewery using
barley instead of malt

Typical reduction of overall
carbon footprint

“when barley is fully replacing malt as the sole cereal source

CO, equivalent savings
per hectoliter beer

kg €O, ! H

iz TEEORATI)

14,3

Beer production Beer production
with malt with barley

B peuenTypy nuea
. HeconoxeHoe Cbipb€ MCNOJIb3YyeTCA YXKe AeCATUNETUA

+  Haub6onee nonynspHble BUAbl HECOMOKEHKM -S4YMEHb, PUC, KYKYpY3a,
copro

. PacTeT MHTEpeC K HECONOXKEHKM M3-3a DKONOrMYECKMX NPEUMYLLECTB

Page 4
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DSM nomo2aem npeooosiemb 68bI308bl NUSOBAPEHUS C
Heco/10)XeHbIM CbipbeMm

Bbi3oBblI nMBoBapeHUA C HECOJ10XKeHbIM CbIpbeM

HezsocTaToK AMacTaTMHYeCcKoM CWJibl, MOBbILLEHAs TBEPAOCTb, crneLmduyer
CBOMCTBA 3epHa

Tpebytotca uHsectuumm: GepmeHTbl, MonoTKoBas apobusika, OTBapOYHE
KoTen, MawdunbTp

Yaep:kaHue X0opoLlero BKyca U CBOMCTB NUBa

®epmeHTbl DSM 1 KOMaHAA NMBOBAPOB
NOMOryT NpeoAoneTb Bbi30Bbl MMBOBAPEHUS C

HeCOJ/10)XeHbIM CbipbeM

@ psm



Brewers Compass’

Camoe 3¢chchekmusHoe, knaccuyeckoe (pepmeHmHoe peweHue 0/
AYMEHHO020 nueosapeHus. Bce-8 oOHOM.

o



Brewers Compass®

Enable up to 100% barley brewing
Save costs

+ Replace malted barley

o Flexibility to brew with lower quality (malted) barley

» Improve brewhouse efficiency of barley recipes, ~98% brew house yield
Easy to implement

e All-in-one liquid enzyme solution

o Keep a good tasting beer with DSM brew master support

e Proven solution in the brewing industry

« Suitable for organic, clean label solution

Sustainable brewing

e Save water, energy and reduce carbon footprint up to 22%

e Support local farmers




The best performing all-in-one
classical enzyme solution
Brewers Compass®

Experiences with Brewers Compass®

* Mash profile was optimized for brewhouse time available

« Wort high in fermentable sugars, good FAN levels,

low in B-glucan
» Excellent mash filtration rate (<2 hours empty-to-empty)
» Standard physiochemical properties

e Good head retention and flavor stability




IF ALL BEER PRODUCED IN THE USA WAS MADE
WITH 100% BARLEY AND BREWERS COMPASS®

161

THOUSAND
CARS
KILOGRAMS OF C0, SAVED TREES PLANTED OFF THE ROAD FOR 1 YEAR
(CO, EQUIVALENT) (CO, EQUIVALENT)

- A
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Paccuumaiume eawiu
3KOHOMUU

DSM Adjunct Brewing Business Calculator

[ oss e
Costs & Settings Tabs

Laboratory yield Raw Materials Grist Costs

Malt (%) Malt (€/ton)
Barley (%) Barley (€/ton)
Wheat (%) Wheat (€/ton)
Sugar (%) Sugar (€/ton)

Optional (%) Optional (€/ton)

Enzyme costs (€/kg)

(€/kg)

Calculate my costs savings v DS M
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Packpbieaem duacmamu4eckyio cuny SYmeHs
Brewers Compass® noemopsiem oduacmamu4ecKyo cuny conooa

depMeHTHbIE aKTMBHOCTHU

____Comon JENN  Auverb JEN Brewers Compass _

Endo-proteases - Endo-proteases

( a-Amylase ] - a-Amylase
[ B-Amylase J [ B-Amylase ]

[ Limit Dextrinase ]

| Peptidases ] | Peptidases ]

[ )

[ J

B-Glucanase - B-Glucanase
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Jlobaensemca e Hayane 3amupaHus

Brewers Compass®

FERMENTATION PASTEURIZATION
CEREAL COOKING FILTRATION & MATURATION & PACKAGING

MASHING WORT BOILING FILTRATION &
STABILIZATION

12 vDSM




CoxpaHumbe mom e 8K)cC.
Mueoeapbl DSM noddepxam

MpoBepuTb NapaMeTpbl Cyc/sia HaypoOBEHb
« FAN

« [lpodunb caxapos

« Bsaskoctb

« beTta rniokaHbl




Tecm e npombiwneHHOM macuwimaebe.
Mueoeapbi DSM noddepxam

o TecT C MECTHbIM CblpbeM B JlabopaTopum

» Tepral filtration

Page 14




BHedpeHue Ha 3a600e.
Mueoeapbi DSM noddepxam

AeMOHCTanMH npon3BoAnUTEJ/IbHOCTHU BapHHULbI

O6yuyeHHne KIMEeHTOoB
o /JloaupoBaHue pepMeHToB
« JlabopaTopHbIM aHa/IM3

e MOHUTOPUHI 3PPEKTUBHOCTH

ToHKas HacTpoMKa
o CneunduKaumsa gpobneHms

e /[lnarpammbl 3aTMpaHus

Page 15
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MueoesapeHHblie na6opamopuu , Delft (NL) u Shanghai
Cnyx6a mexHono2u4yeckol No0oepXxku KNueHmoe

®oKyc Ha 3aTupaHue u
dunabTpaumIo 3aTOpOB,
Crabuamsaumto,
MMKPOCKOMMpPOBaHME, aHa/IN3
MYTHOCTM U F/Il0TEHA B NMMBE
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KomaHOa nueoeapoe no ecemy mupy
DSM Food Specialties - DSM Brewing

Kak Mbl 3TO genaem...

MECTHbIE 3kcnepTbl C MHOrONIETHUM OMbITG = - -
NUMBOBapPEHMA, KOTOPbIe MOBOPAT BalleM A3k . . f Fur'l‘liwf
ocyuwectsaaT TEXHOJ/IOMMYECKYIO X oW e

/Yy

Sam Li Jason Ma

Marlos Fernandes, North America Aberto ’ -
. . elgoza 3
Alberto Melgoza, Central America & Mexico * ‘%‘ Denis
“South America | L Shirokovskiy
Y. ¢ Pierre-Lambert

I-I OAA E P >+< Ky cee Fel‘:\::qojes Klyaritsky @

Marcelo Gallardo, South America
Torben Katzmann, Europe
Pierre Lambert Smal, Middle East & Africa

Smal Siaw

Yon-Miaw

Denis Shirokovskiy, Middle East & Africa Mar‘celo

Konstantin Klyaritski, Russia Gallardo

Siaw Yon Miaw, Asia Pacific

Hiro Furukawa, Japan

Sam Li, China

Jason Ma, China

Theo Wijsman, Global coordinator



NNMOPT®EJIb YEPMEHTOB DSM LJisA
HECOIJIOXXOHOI'O NMTMBOBAPEHUA

SAYMEHb APYTIOE CbIPbE YIPABJIEHUE
CBPAXXUBAHUEM




DSM BREWING ENZYME POF;?TFOLIO

WORT FILTRATION

MASHING

DSM brewing enzymes
. MATS@

- Brewers Compass®

- Maxadjunct®

« Mycolase®

- Amigase®

« Maxazyme®

Effects

« Efficlent starch liquefac-
tlon when using adjuncts
In brewing

« Enable adjunct/barley
brewing

« Improve fermentabllity

Malt and water

Adjucts
with water

Benefits

- Improve yleld

« Flexible recipes

- Reduce costs

- Product low carb
beers

- source local
raw materials

- Optimize
brewhouse yleld

- Produce high
attenuated beers

DSM brewing enzymes
* Flltrase®

Effects
+ Reduce wort vicsoclty

Benefits

« Improve mash filterabl-
lity

« Guarantee good beer
filtration

Mash filter / Lauter tun

FERMENTATION

DSM brewing enzymes
- Brewers Clarex®

Effects
- Simplify stabilization
process

Benefits

- Increase capaclty

- Produce gluten-free beer

- Reduce costs

- Meet sustalnabllity
targets

Yeast

MATURATION

DSM brewing enzymes
+ Amigase®
» Mycolase®

Effects
« Improve fermentability
(fermentable sugars)

Benefits
- Improve yleld

BRIGHT BEER)




BRIGHT SCIENCE. BRIGHTER LIVING.™

While making reasonable efforts to ensure that all information in this presentation is accurate and up to date,
DSM makes no representation or warranty of accuracy, reliability, or completeness of the information.
The information provided herein is for the informational purposes only.

This publication does not constitute or provide scientific advice and is without warranty of any kind, express or implied. In
no event shall DSM be liable for any damage arising from the reader’s reliance upon, or use of, this presentation.
The reader shall be solely responsible for any interpretation or use of the materials contained herein.




21

Min. malt% in beer - regulatory

Standard of identity for beer? % of malt compared to barley?

YES/NO

France YES Minimum 50% of the weight of the starch or
sugars.

No minimum % for barley.

Spain YES Minimum 50% by mass of the total raw material
used to produce beer.

No minimum % for barley.

UK NO -

Standard of identity for beer? % of malt compared to barley?

YES/NO

Brazil YES Part of the barley malt may be replaced for other
brewing related ingredients. The use of the other
beer related ingredients cannot be above 45% in
relation to the primitive extract. Primitive or
original extract is the extract of malt must.

Canada YES -

South Africa YES -

USA YES -

Productdescription edit in header and footer textoptions - confidential

For Internal Use Only



Milling advice depends on barley level in recipe

Hammer mill for recipes > 30% barley in grist bill: improves brewhouse yield and performance

The financial benefit of using raw barley justify the investment in specific hammer milling system which is
not always in place and makes a difference in terms of brewhouse yield performance as well.

Roller mills suitable for recipes < 30% barley

For breweries equipped with roller mills for example they better invest in hammer mill when going over
30% barley in the grist bill. For breweries already eqipped with hammer mill and limited by their milling
capacity, extra milling capacity can be installed and paid back after 2-3 years by the saving on malt.

For Internal Use Only
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Assumptions CO2 reduction adjunct brewing

- Malting = 15-20% of total beer carbon footprint

« Agriculture = 15 - 18 % of total beer carbon footprint

Switching to 100% adjuncts
o Agriculture carbon foot print reduced by 7%
o Total reduction on agriculture 1 - 1.3%
o Reduction on malting process 17.5%

o Total reduction on total beer carbon footprint 16 - 19.3%

. @ psm
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Reflection on figures

Example:
Savings for a single 5 mln Hl brewery using 100% barley with Brewers Compass and stabilizing with
Brewers Clarex compared to 100% malt and classical beer stabilization)

Saving: 4.7 kg CO, / hl beer (field to beer ex packaging)

Total annual saving: 23.500 ton CO, per 5 million hl

Energy savings dependent on energy price

Additional to energy savings, extra €329.000 value (savings) in carbon credits (carbon credit: €14 / ton

Carbon savings equal to average annual carbon footprint of 2.200 people in Western Europe
Carbon savings equal to emissions for 4200 world trips (40.000 km/trip)



Barley brewing: recommended mill settings

Recommended roller clearances

Milling 1st pair 2nd pair
equipment

N.A.
4 roll mill 1.0-1.2 0.3-0.4 N.A.
6 roll mill 1.3-1.1 0.9-0.8 0.5-0.4

Typical industrial milling results (6 roll mill)

Rate of milling is reduced (typically 20-25%)
Energy requirement for milling increased
(depending type of mill)

Mechanical wear on rollers is greater

GRIST COMPISITIO

SIEVE SIZE (mm)
1.250

N 100% BARLEY

TARGET WT (%)

For Internal Use Only
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Barley brewing with Brewers Compass™

Stand at 48°C to ensure proper proteolysis

Stand at 65°C for optimal activity endogenous B-amylase +
a-amylases

Stand at 72°C to achieve starch negative

Use of maximum available brewhouse time -> optimum
economic efficiency

Temperature (°C}

= N O A~ O B N 0 ©
o ©O O 0O O O O o o o
. L . . . . . .

Brewhouse mashing profile can be modified
according to brewery equipment and needs

5 min
40 min 20mins_ /" 5 min
/ / 30 min
30 min // el
45 min
= Short mashing profile
= Long mashing profile
20 40 60 80 100 120 140 160 180

Time (minutes)

@ psMm
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Barley brewing with Brewers Compass™

Brewers Compass™ is a natural mix of enzyme activities,
complementing and working synergistically with barley enzymes

Brewers Compass™ added at mash-in

Total mash profile time can be reduced as the percentage of
malt in the grist increases

Dose rate dependent on mash cycle time available, raw
material quality (malt and barley) and economics

Dose rate recommendations

Barley (%) Malt (%) Dose rate (kg/T
grains)

@ | w | osro

©osm



The effect of a-amylase composition on yield

! .
A AT S_——
A At P e
LR v
pui 2 SRR
Yield 4 AT N
y ¥ Ay me s o
T S A 150%
i A e
S T PSSR g s, i;f“":‘? . 100%
50% 100% — 50% Amylase 2
° 150% ~

Amylase 1

Brewers Compass has an optimized composition of
a-amylases to maximize the yield

For Internal Use Only
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Brewers Compass: industrial results

Data were generated at commercial scale

10 Ton brewhouse

Fermentation vessels 2000 Hl

Cereal fraction = 100% barley

Data serve as examples of DSM experience in barley brewing
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Brewers Compass: industrial results

Particle size distribution after hammer milling
Typical PSD for Hammer Mill

SIS

Volume size class (%

O O = -

0 500 1000 1500 2000
PSD (micron)
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Brewers Compass: industrial results

Mashing profile

100
In this case a 175 minute mash scheme was g 80
used (2 mash vessels supplied one mash filter, N /_/-
i.e. use of turn-around time available) 5 60
© /
Mashing time can be varied according to 2 40
brewhouse requirements g
T 20
0

0 20 40 60 80 100 120 140 160 180 200

Time (minutes)

@© psm
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Brewers Compass: industrial results

Mashing filtration - good mash filterability

Two hour empty-to-empty turn-around Mash filtration results (Meura
time on the mash filter 2001)

Time (minutes)

N

Filling
1st compression

(8]
|

Sparge

2nd
compression

Drain
Decompression
Emptying
TOTAL
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Brewers Compass™: industrial results

Wort analysis - good fermentability

Sugar profile

Brewers Compass™ dose rate: 2.75 kg/T barley Glucose

61%
Maltotriose 16%
Dextrins > DP4 | 15%

Wort composition (12 °P)

Resulting wort rich in maltose Maltose

Low B-glucan wort levels for efficient mash and beer filtration

Glucose 8%
Maltose [ 61%
Waltotriose [ 16%

15%__

FAN levels sufficient for standard RDF beers

For highly attenuated beers additional yeast nutrient (yeast Content

20 - 40
1.3-1.5

Property
extract) and amyloglucosidase can be used B- glucan level (PPM)

2
2

Wort viscosity (mPa
)
FAN level (PPM)

130 - 150
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Brewers Compass™: industrial results

Quick fermentation and diacetyl reduction

» Target gravity achieved in 112 hours Lo ;go
(2000 Hl fermentations)
80 80 S
« Time to <50 PPB Diacetyl: 135 hours 3 0 ¢~
< 60 60 2
© 50 & =
£ 40 40 Z3
X 30 €8
11
20 120 £ 5
10 2 £
0 b
0 0 <&
0 50 100 150 200

Time (hours)

)
P
4
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Brewers Compass™: industrial results

« 2000 HL 100% barley trial,
filtration 350 Hl/h

» Body feed and increase in
differential pressure in line with
100% malt beers

Pressure (Bar)

Trouble-free beer filtration

5.0 +125
” | 105 _

lgs = MRAP (bar)
| L Mrinlet Pres. (bar)
165 = [e-Outlet Pres. (BAR)
|45 @ pP*Bodyfeed (g/HI)
| >
125 @
_ @
5

0.0 145

0 50 100 150 200 250 300 350

Time (minutes)
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Brewers Compass: beer analysis

Fresh and force aged beers produced using
100% barley and Brewers Compass™ subjected
to chemical and organoleptic analysis at:

International Centre for Brewing and
Distilling

Heriot Watt University

under supervision of Prof. Dr. Paul Hughes
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Brewers Compass

Conclusion

physiochemical beer analysis
ICBD Data ICBD Data
Beervolaties | Units
Ethyl acetate mg/) | 16 _

Good head retention

All parameters in
normal range

co, (g/!
Colour (EBC
Total soluble nitrogen (mg/I|

2 and 3-Methylbutanol (mg/l

Polyphenols (mg/|
Head retention (NIBEM, s
DMS (pg/l

©/psm



MCDDATA  Beer  Meilgaard*
Analyte units) | Fresh | Aged* [ Typical | Treshid |
m=
e - Diacetylwg) | 21 | 73 |8 10-400 |70- 150
Good flavor stability with hcetadehyde mg) | 3.1 | 36 | 220 | 25
Brewers Compass (100% barley) omsqey | 27 | 24 |8 10-200 | 33 |
. E2-Nomenalng/) | 40 | 280 |8 10-2000 | 110 |

Low ageing aldehydes after - Nonenal potential (ng/ly | 360 | 375 |8 200-2000 | na |
forcing 28 days at 30°C Methional ug/t) | 1,2 | 35 || <50 | 250,40
- 2-Methylpropanal@ug/ty | 32 | 151 |8 20-500 | 1000 |
- 2-Methylbutanal ug/t) | 1,9 | 44 || 10-300 | 1250 |
- 3-Methylbutanal ug/t) | 57 | 89 || 10-300 | 600 |
- Phenylacetaldehyde (ug/t) | 56 | 174 || 5 | 1600 |
- Furfuralmg) | 007 | 035 [ o0.01-1 | 150 |
*Meilgaard (1981) Doctorial theses m.m
"Beer Flavour” - Ethylnicotinate ug/t) | 81,0 | 310 [8| 1400 | 2000

Technical University of Denmark m.
- Ethylacetate(mg/)y | 16 | 17 || 8-42 | 30,21 |

- isoamylacetatemg/t) | 1,2 | 1,2 || 06-4 |1.2,06

- Ethyl hexanoate mg/l) | <0.1 | <04 |8 0.1-05 | 0.21 |

- Ethyloctanoate (mg/t) | <0.1 | <04 || 0.1-1.5 0.9,0.4

. 2-Methylpropanol (me/) | 3,4 | 3,4 || 5-20 [100- 200!




Brewers Compass beer flavor profile

» Major flavor attributes match standard for this beer type
« Small differences between fresh and aged beers

indicating good flavor stability

For Internal Use Only

body
2° y
Overall 21
vera 5
score Q=i _Mouthfeel
Sour Bitter
Sweet ‘Salty

Fresh ® Aged 30 days at 30 °C

©/psm
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Conclusion from commercial production (100% barley)

With Brewers Compass™:

« Mash profile was optimized for brewhouse time available
« Wort high in fermentable sugars, good FAN levels, low in B-glucan
« Excellent mash filtration rate (<2 hours empty-to-empty)

« Fermentation efficiency comparable to all malt beer (time to RDF target 112 H, time to diacetyl

specification: 135 H)
« Standard physiochemical properties

« Good head retention and flavor stability



Scope of the LCA Study

Parameters:

Use of an Brewers Compass together with
unmalted barley

Use of a Brewers Clarex
for colloidal stabilisation which enables
the use of modified maturation conditions

For Internal Use Only
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What is LCA?

Identifies the material, energy and waste flows associate  with a product over its
entire life cycle to determine environmental impacts and potential improvements

Cradle to grave

Energy Raw materials Energy Raw materials Energy Raw materials

- ~

Manufacture Disposal

Product Product
y - at thf_fend of

~ -

— -

Waste Emissons Waste Emissions Waste Emissions v DS M
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Summary of LCA methodology

. 2 Methods used for standard assessments:

v/ IPCC GWP 100a
/ Eco-indicator 99

. SigmaPro software used for the LCA’s,
. Ecolnvent databases used for reference
. The methods assign impacts to the raw materials (and their production

processes), energy sources, emissions, wastes and  by-products

» |PCC GWP 100a data presented
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LCA’s prepared for 4 cases

. Beer produced with 100 % malt and stabilised with a
combination of silica gel and single-use PVPP

. Beer produced with 100 % malt and stabilised with
Brewers Clarex employing modified maturation
time and temperature

. Beer produced with 100 % barley and Brewers
Compass, stabilised with a combination of
silica gel and single-use PVPP

. Beer produced with 100 % barley and Brewers
Compass, stabilised with Brewers Clarex
employing modified maturation time and temperature
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Comparison of brewing methods

mash
filtration

FV o BBT

barley mal grist mash
steeping germinatio kilnin millin mashing
n g g

Brewers

barle

malting excludecggss mitin e mash -

filtration
g
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LCA Output summary, 100 % malt, stabilised with SHG + PVPP

beer 1 HI
17.9 kg CO, eq.

yeast, COD, etc

1.4 kg CO, eq.

wort 79.2 kg beer stabilizer electricity 27.7 MJ heat 86.1 MJ

-5.7 kg CO, 5.0 ki e 3 AP 5.2 kg CO, eq. 6.1 kg CO, eq.
eq. 0.16 kg CO, eq.

mash 56 kg
10.7 k =

feed 13.7 kg

-6.1 kg CO, eq. .
SR grist 16 kg 0.116 kg CO,

10.4 k ~ €q.

malt 16 kg 1.24 kg CO, electricity 7.4 MJ heat 34.4 MJ
10 kg €d- 1.4 kg CO, eq. 2.44 kg €O, eq.

barley 18.9 kg
6.5 kg CO, eq.

Others Beer stabilizer Energy Heat
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LCA Output summary, 100 % malt, stabilised with Brewers Clarex®

beer, 1 HI
16.8 kg CO, eq.

yeast, COD, etc

1.4 kg CO, eq.

wort 79.2 kg Beer stabilizer electricity 22.9 MJ heat 86.1 MJ

-5.7 kg CO, 5.0 ki e R 4.3kg €O, eq. 6.1 kg CO, eq.
eq. 0.013 kg CO, eq.

Electricity lower for PSEP

mash, 56 k
. compared to SHG + PVPP

10.7 k =

feed 13.7 kg

-6.1 kg CO, eq. .
gLY; eq grist. 16 kg 0.116 kg CO,

10.4 k ~ €q.

malt. 16 kg 1.24 kg CO, electricity 7.4 MJ heat 34.4 MJ
10 kg €d- 1.4 kg CO, eq. 2.44 kg €O, eq.

barley 18.9 kg
6.5 kg CO, eq.

Others Beer stabilizer Energy Heat




LCA Output summary, 100 % barley brewed with
Brewers Compass, stabilized with SHG + PVPP

yeast, COD, etc beer, 1 HI
1.4 kg CO, eq. 14.3 kg CO, eq. >

feed 13.7 kg wort, 79.2 kg Beer stabilizer electricity 27.7 MJ heat 86.1 MJ
SHG + PVPP
5.2 kg CO, eq. 6.1 kg CO, eq.
0.16 kg CO, eq. ‘ £

-6.1 kg CO, eq. 1.4 kg

Brewers Compass mash, 56 kg
0.05 kg 7.1 ke

0.3 kg CO, eq.

grist, 17.6 kg 0.179 kg CO,
6.6 kg €q.

malt, . v 16 kg electricity 1.07 MJ

10 k¢

0.179 kg CO, eq.

barley 17.6 kg
6.2 kg CO, eq.

Others Beer stabilizer Energy Heat

For Internal Use Only



For Internal Use Only

LCA Output summary, 100 % barley brewed with
Brewers Compass, stabilized with Brewers Clarex®

yeast, COD, etc beer, 1 HI
1.4 kg CO, eq. 13.2 kg CO, eq.

Beer stabilizer electricity 22.9 MJ heat 86.1 MJ
Brewers Clarex
4.3 kg CO, eq. 6.1 kg CO, eq.
0.013 kg €O, eq. 2 G

feed 13.7 kg wort, 79.2 kg
-6.1 kg CO, eq. 1.4 kg

Electricity lower for PSEP

Brewers Compass mash, 56 kg
0.05 kg 7.1 ke compared to SHG + PVPP

0.3 kg CO, eq.

grist, 17.6 kg 0.179 kg CO,
6.6 kg €q.

malt, . v 16 kg electricity 1.07 MJ

10 k¢

0.179 kg CO, eq.

barley 17.6 kg
6.2 kg CO, eq.

Others

Beer stabilizer Energy Heat
®osv
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Summary of CO, equivalent savings

Kg CO, eq / HI % reduction

Beer production 100 % malt 17.9
with SHG + PVPP

Beer production 100 % malt 16.8 6.1

with Brewers Clarex
stabilisation

Beer production 100 % barley 14.3 20.1
with Brewers Compass, SHG
PVPP stabilisation

+

Beer production 100 % barley 13.2 26.3
with Brewers Compass,
Brewers Clarex stabilisation
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Summary of LCA results kg CO, equivalent

CO2-eq emission per Hl beer (from field to BBT)

20+ B A\ efficiency
O State of art eff.

161"

124"

Emmission (kg CO2-eq / Hl)

100 % malt, 100% malt, BC 100% barley, 100% barley,
conventional stab conventional BC stab

stab stab o DS M
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Reflection on figures

Example:
Savings for a single 5 mln Hl brewery using 100% barley with Brewers Compass and stabilizing with Brewers Clarex
compared to 100% malt and classical beer stabilization)

Saving: 4.7 kg CO, / hl beer (field to beer ex packaging)

Total annual saving: 23.500 ton CO, per 5 million hl

Energy savings dependent on energy price

Additional to energy savings, extra €329.000 value (savings) in carbon credits (carbon credit: €14 / ton

Carbon savings equal to average annual carbon footprint of 2.200 people in Western Europe
Carbon savings equal to emissions for 4200 world trips (40.000 km/trip)
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Conclusions of the LCA Study

. Enzymes are a safe, natural, process aids, facilitating brewers to further reduce their carbon
footprint and enhance their sustainability performance

. While doing so, brewers can generate energy savings and benefit from additional advantages (e.g.
expansion of maturation capacity without CAPEX need in case of proline-specific protease for beer

stabilization)

. Two area’s where enzyme technology can bring sustainable savings to the brewing industry are
brewing with barley and enzymatic beer stabilization

. From a sustainability point of view, the brewing industry will also benefit from the technological
improvements in malting efficiency, in brewery hardware, logistics and packaging.

& bsm
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Summary of benefits with Brewers Compass™

» Brewers Compass™: latest DSM innovation for sustainable barley brewing

» Enables brewing with 100% barley, but can also be applied for any desired
mixture of malt, barley and adjunct

» Easy-to-use robust blend of classical enzymes optimized for optimum
cost/benefit



