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Our facilities

2 Breweries & Malting Plants

1 Microbrewery

2 Distribution centers
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Patras plant Capacity

o

.

6 PACKAGING w
LINES RGBLine | OWBLine Can Keg RGB Brewlock
2 BREWHOUSES Lommaroom, Multipack | & Blade
(2x 300 hls sales) (0.50/0.331) | (033/0.251) (0.33/0.375 (20/30/50 L) (0.50/0.331) 20/81)
/0.51)
Cider Plant
FOUNDED IN 1 (1 x 2000 hls sales per 80.000 bph 30.000 bph 60.000 cph 400 Kph 20.000 bph 160/270 Kph

1980 + Ii;ZLTHOUSE

(20.000 Tons/Year)

Acquired in 1985
2021 487 Khls — 130 Khils - 605 Khis — 102 Khls - 25 Khis 43 Khils -
35,58% 9,52% 44,23% 7,49 % 3,18 %
3,00 Mhls TECHNICAL CAPACITY 88 % DOMESTIC 12% EXPORT
1,4 Mhls ACTUAL PRODUCTION 2023 124 SKUs
2,10 PRODUCTION SEASONALITY 2023 17 Beer & Cider types




Thessaloniki Brewery

PACKAGING LINES _
RBLine Can Keg
Normal-66mm,
Sleek-58mm Can
BREWHOUSE (0.50/0.33 L) | (0.33/0.375 (20/30/50L)
(1 x 1050 hls sales) /0.51)
FOUNDED IN 80.000 bph 50.000 cph 100 Kph

1974

MALTHOUSE
+ (28.000 Tons/Year)

2,20 Mhls TECHNICAL CAPACITY ———— S
- 88SKU’S I

0,8 Mhls ACTUAL PRODUCTION 2023
- 12Brands

1,95 PRODUCTION SEASONALITY 2023



[NEPIBAAAON

N Ekrropunég CO2 Katava)\won svepvemc XPNOLHOTIOLOUMEVWYV Avainyn vepou
(Scope 1& Scope 2) EVTOC TOU OpYyaviouoU UALKWV

Ermavaypnotuo- & AVaVEWOLUEG TIPWTEG
TTOLOUMEVEQ I *‘z\ UAEG KAl UALKG
dLaAeg 7 ouokeuaolag
; /Q AVEKTNUEVEG & -” Avaktnon amoBAntwy

7 A
{7 draheg




APAXTHPIOTHTEX
KAI TIPOIONTA

ATTOTEAWVTAG TNV MO LoToPLKT) EAANVLKY) Blopnxavia {uBorotiag n ABnvdikr) ZuBormotia Eekivnoe Tny mopela tng He tnv
rapaywyn) pag pripag kaw and tote e§eAlooetal ouvexwg, SLEUPUVOVTAG TN YKAKA TwVY MPOLIOVTWY TNG Kal evioxiovtag
Vv napaywyikn g Baon otnv EAAGSa. Inpepaq, n eTalpeila mapayet HeyaAn nowkiAla og pnipeg amd 100% eAAnViIkS
KpBapt, onwc napouotaletal akohouBwg:

NAPATOMENEY
MMIPES

HEINEKEN, AMZITEA LAGER, AADA, ANDA WEISS, FISCHER
HEINEKEN 0.0, AMITEA DARK, AADA STRONG,
HEINEKEN SILVER AMZITEA RADLER LEMON 2%, AADA XQPIZ
AMZTEA FREE 0.0%,
AMZXTEA FREE LEMON 0.0%

mf

NYMOH MAMO3® voL SOL BUCKLER



H ABnvaikn ZuBomotia etodayet, emlong,
KQL TLC AKOAOUBEC ETTWOVUHEG WITLPEC:

EI>ATOMENE2 - e : i i

MIPES a My -
= o (o J 53}1 g ui"“,
“ gf‘lﬁri

ERDINGER, BIRRAMORETTI DESPERADOS
ERDINGER DUNKEL

s

" BRAND . MCFARLAND KRUSOVICE LAGUNITAS = CHIMAY BLUE DUVEL



NMapdaAinia pe tTnv napaywyn UBou, oInyv ypauur mapaywyrc Tou EpYoTTAcGiou ITNG Aenvcnmﬁq ZuBomoillacg oTnv
Natpa, mapdyoviat Aot oL unAiteg MHAOKAEDTHE xau STRONGBOW and sAANVIKES TOWTES UAES sxtéc; amd To
HNALTn MHAOKAEDTHE tpdmxkaA mou etcaysetac.

MHAOKAEDTHZ MHAOKAEDTHZ MHAOKAEDTHZ
ME KEPAZI TPOTKAA

STRONGBOW STRONGBOW STRONGBOW
RED BERRIES CUCUMBER & MINT GOLD APPLE

Eniong, and To 2021, n ABnvaikr ZuBornolia £éxer avaAdaBer tnv entonun SLavour Twy TPpoiovIwy TNG Bacardi yia tnv
EAAGDSa, Ta ontola ntepthapBavouv:

nv Botea GREY GOOSE® 10 oxwroilixo ovioxe DEWAR'S® v texiAa PATRéNQ



2.2 YTOXOI BIQZIMHX

ANAMATY=HX 2030

v

AauBavovrag undbity to ecwiepikd kal eEwteptd nepBaiioy, kabog katta sv6m¢ep6usvu HEPN TNG, N ABnvaikn ZuBo-
rotla avalapBavel, pécw tng otpatnyikic tne «Napayoupe éva kalltepo alpon, va UAOTOTEL, 08 Tomké entnedo,
TNV KEVTPLKT) oTpatnyikn) tou Oplhou HEINEKEN, «Brew a Better World - Raise the Bar 2030».

H otpatnyikr aut) nepthapBavel toug axdAouBoug otdyoug, ava mudova, rou kaAeltal n etalpela va uhoroujoet
Ta endpeva xpovia PEXPLkat To 2030, wote va oupBadile ue to mhaioto Buboyng avantulng tou Optiou.

MEPIBAAAON

Oudérepo toollylo avBpaka

2024
100% Tng nAekTPIKNG EvEpyELQg
and avavewoles myég.

2024
100% Buiouee mpuwteg UAEG and
TV EyxwpLa ayopd (kpBapl).

2030
Oudétepo avBpaxikd toollyio
Twy EKToun®y asplwy Scope 1
Kat 2.

2030
Melworn Twy ekmopnoy aeplwy
tou Beppoknritou oe SAn tnv
aluotda aklag (Scope 1, 2 kat 3)
Kata 30%.

2040
Oudétepo avBpakikd toollyio
otnv alucida aklag.

_Meyiotomnoinon
Mg KUKAKSTNTAG

2025
Enavagionolnon.anofArtwy kat
kaAUtepn afonolnon Twv UAKWY
oe 6An tnv alucida aflag.

Yytelg Aexaveg anopporiq
- (03ara)

2030 -
Melwon tg péong xpriong vepod
otnyv napaywyt o 2.9 hi/hl,

KOINQNIA

TupneplAnygm
Kat AtadopeTikémmra

2023
Exnaideuon tou 100% twy umedBu-
vy opddag os Béuara aupm-:pt}\n-

kG nyeotag.

2025
EKpOOmNNon yuvalkov Kata
26% o€ olvolo opyaviouou.

Alxatlog kal agdpalng
Xwpog epyaciag

2023
Aixawn apolr yia epyalopévoug
& epyalOpEVEG HE QVTIKELPEVIKG
& apepdAnmta kpiTpia.

2023
'loog woBo6¢ yia ion epyaocia:
afloAdynon tou poBoloyikol
XAOUATOC AVIPWV-YUYALKWOY Kal
evépyeleg YedUpwong Tou pe
Sikaio & avTikeluevikd Tpomno.

2030
AaodaAion dixatwy mpotinwy
{wiig kat epyactag yia epyaldpe-
voug & epyaldpeveg Tpitwv
HEPDV.

2030
Evioxuon tng kouAtolpag yia
undevikd Bavarndodpa atuxi-
pata kat cofapols Tpauvpatt-
opoUG.

OeTkdg avriktumog
gty Kolvwvia

2030 (etnoiwg)
YAonoinon touldyiotov plag
npwrtofouliag pe Betikd Koww-
VIS avtikTuro.

YINEYOYNOTHTA

Npoidvra xwpig alkodA mavra
kat maytol Stabéopa

2023
Alathipnon Tou SLEUPUHEVOU
xaptodulakiou mpoidviwy xwpls
ahkoOA.

2023
Alatripnon g cadrvelag xat
Swaddavetag otig mAnpodopieg
yLa tov katavaAwtr} oto 100%
TV MPOLOVTWY.

AVTHETWMON TNG
Kataypnong aAkodA

2030
Awatfipnon pag tou}\ﬂxlotov
ouvepyaolag yla Ty ayTeTd-
TILOT TG KATAYPNONE AAKOOA.

MNpowBnon tng Betikiig ekdvag
g unedBuyng katavaiwong

2030 (etnolwg)
Tuvéxion tng enévduong tou 10%
tou SLaBéotpiou npolrioloyiopol
g enwvuplag HEINEKEN yvia
EVEPYELEG EMKOWVWVIAC KaL TTIPpow-
Bnong oe ekotpateleg yia Ty
unetBuyn katavaiwon.



H cuvelodopad poc oTnv oKovopLia Kol TNV Kowwvia

OLKOVOULKO KAl KOWVWVIKO AV TLKTUTIO

H ABnvaixr) ZuBonotiia eEakoAlouBel va otnpilel éunpa-
KTa TNV EAANVIKT] KOWVWVIA KAl OLKOVOLLA, TPodyovTag In
Buoowin emyepnuatnxkomnra. la 60 xpdvia, n eTapeia
npoodidet Betikd npdonuo ot Topels nou £xouv onuacia
uE Epdaon otny avamtuln, TNV KawoToula KaL TNy EMyEL
pnuatkn apwoteia. Avalutikdtepa, n etatpela, cuvexilet
va dnuoupyel npootiBépevn afla otnv EAAGSa péow
™Me SpaoTNPLOTNTAG TNG, CUVELODEPOVTAS OTOV KPATIKO
nipoUnoAoyiopd pe v xataBoln $opwv, TEADY Kat
ewopopwv. NapdAnAa, ouvexilel va ulonotet to enevdu-
Ko NG MAGVO, we HEPOS TNG culloyikic npoonaBelac
evioxuonq.mc eAANVIKTIC Otkovouiac,

H cuvoAwkr) cuvelocdopd tng ABnvaikng ZuBonoiiag
oe ¢opous aviABe ota €505 exatouppupia yia To
2021 kat avIoTowEel o mooootd 1% ota cuvoiikd
dopoloyika Eooda Tou kpdtous. H cuvelchopd aut)
adopd otnv xatafoln ddpwyv oTO KPATOC, AuEca
amd tnv eratpela, otny katafoln $opwy and Toug
MPOoUNBEUTES TNE AdYW TWV EMYELPNUATIKWV OXECEWVY
mou avantudoetl (Eupeon ocuvelodopd), kabBwg kal

AMEZH IYNEIZOOPA

otoug $oépouc mou katafdllovialL oTo KPATOC WG
anoteAsoua TG Sanavng Tou ELOOSTIHATOC TWY EpYa-
Zouévwy (emmayduevn cuvelodopa).

Iopdwva pe v tedeutata Stabéoyun KoWwvIKo-oLKovo-
LK) éxeemptnq ABnvaiknc ZuBomotiag yia ta £tn 2020
kat 2021, 1 kGpta oupBolr Tng otnv anadgydAnon mpokd-
TMTEL EUUECA KL QVEPXETAL OTn Onuwoupyia 24.628
Béocewv epyaciag. Autéc ot Béoelg epyaciac adopoly
oty epodlactikr) e akuoida, aAAd kat oty mhAnon
TWV TPOOVIWY TNG OF TEAKOUG KaTavoAwTES HEOW
emyepnoswy Tou kAddou eotiaong kat $rhofeviag,

«kaBmg kaL tou Ahavikol epmoplou. TEAOG, N emayouevn

guvelsdopa NS otV anacydAnaoT, WS ANOTEAETHA TNG
Sandvng Tou ewcodnuarog twy epyalopévioy, avépyetat
ot 1.083 Béoeic epyaociag. IUVEMWS, N} CUVOAIKT) CUVEL
odopd ™m¢ ABnvaixic ZuBomouag oty anacyoAnon,
oupnepliapfavopévy twv 757 epyaloutévwy  TTou
anacyoAoUoE n eTawpeia to 2021, unoloyiletat ot 26.468
Béoeic epyaociac kal avroToEel o8 nocootd 0,7% Tou
ouvolkol epyatikol Suvauikol e xwpac.

ENATOMENH ZYNEIZQOPA

202 2021
' €134 exat. g €14 exar. :
EMMEIH ZYNEIZQOPA ZYNOAIKH ZYNEIZOOPA
2021 , . 202 & AGHNAIKH [ [
€357 exar. €505 exar. S LT
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Ta mpoiovTa Pag

NAPATOMENA

MRIPE2 SPECIALTIES MHAITEZ MONO A
ESATQIEZ

NMAPATOMENEZ 2THN EAAAAA

x

o 208%

Heineken N Afiyen i
& AMSTEL + .. A ERDINGER oo cmin el
AADA Sl
MHAO Filrstenbrai

KAEQTHI

[ P T e —

AMSTEL AMSTEL .
w w Heineken

pils Dark 00
\ AMSTEL ] e R
LN Bitne aromatitée Togile

Rudleys [ree

Buckler:




ApOCIOTIKO TTOTO
Me 1 xwpic AAKOOA
‘Exel CO,

Xpwua aTro KiTpIvo £wg
uaupo

XAPOKTNPIOTIKO Apwua
Kal TTIKpAada

Alagpavnc r oxi
AQpPOg




Tt Ba culntnooupe

» NOIOI EIMAZTE

» IZTOPIATHZ MMNIPAZ

» IYZTATIKA THZ MMNIPAZ

» MATEIA THX ZYOONOIHzHX
> XYZIKEYAZIA

» TYMOI MMIPAZ

» MIIPA KAI YTEIA



I2TOPIA THz2 MNIPAZ

VIDEO


all videos/HISTORY OF BEER FINAL.mov
HISTORY OF BEER FINAL.mov

Tt Ba oul{ntnoouvpe

NOIOI EIMAZTE

I2TOPIA THZ MMIPAZ
2YZTATIKA THZ MNIPAz
MATEIA THZ ZYOONOIHZHZ
2YZKEYAZIA

TYNOI MNIPAZ

MMIPA KAI YTEIA



2Y2TATIKA




TA BAZIKA SYSTATIKA THZ MIIPAS
100% OYZIKH AIAAIKAZIA

BYNH + AYKIZKO:Z 4 MAMA <4 NEPO = MTTIPA

(n yvxn) (to uraxxpikd)  (To UxXyLKo (0 axgpovng
6VETHTLKO) NP wWAC)

*H ZvBomoinon givat pia 100% Ppuoikr dladikaoia.

& AGHNAIKH
%% ZYOOMOIIA 5[;



EAEYXOULE TNV TIOLOTNTA TOU VEPOU KL TO UTIOBAAAOUE OTNV KATAAANAN ente€epyacio wote
Vo TIETUYEL TNV elBupntr) toldtntd Tou

¢ ALPOPETIKEG TINYES VEPOU
OUMPBAAAOUY OE UOVOOLIKA OPUIHATO
UTtipOG T Y.

* BURTON otnv AyyAia
* PILSEN otnv Togyia
* MONAXO otnv entiavia

Natural water quality varies across ‘brewing cities’

Water Profile in Notable Brewing Cities

City Calcium | Magnesium | Na*' | SO, | CI'" | Bicarbonate | Beer Style

Burton 352 24 £ 820 16 320 India Pale Ale

Dortmund 225 40 60 120 60 220 Export Lager

Dublin 118 - 12 54 19 319 Dry Stout

Edinburgh 100 18 20 105 45 160 Scottish Ale

London 52 32 86 32 34 104 British Bitter

Munich 109 21 2 79 36 171 Oktoberfest p ”

Pilsen 10 3 3 4 4 3 Pilsener &% ABHNAIKH [ [
Vienna 163 68 8 216 | 39 243 Vienna Lager | &% ZYOOMOUA rom
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KPIOAP

To Buvotoinpevo kptBapt 1} fuvn eivat n Baotkr tpwtn VAN yia tnv CuBomoinon

* KaBopilel To Y pwHa TNG MTIUPOG
KOL TNV OLOTIEPACTIKOTNTA TNG
yEUONG

* O omopog Tou KpLBapLlov TIPEMEL v
BuvomoinBei mpLv ypnoipomonBei
yL& CuBotoinon, woTe To APUAO Kal
OL TIPWTELVEG VA ElValL EUKOAX
pooBaciua

& AOHNAIKH
_;?» ZYOOMOlIA 55

NAPATNTOYME AZI1A
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== 15.000

.years Local Barley Sourcing 7‘\ Pueinexen

PROCUREMENT

e M Melorprjec
= TTHHIE » Sustainable sourcing: 3" year of
8 ’ " ’ " implementation 35% of crop 2020 certified
Lo ”""i as sustainable.

tons of barley

» HORIZON project: breeding new malting
barley varieties under local conditions — 7'
year of implementation

» Digital farming: (Orzo.net, FarmB) - 1st
> trial year

e YYVYVYVY......
v

ENIAErD
EAAHNIKO
KPIGAPI

%

1
{

100

min €
added value

hectares on a 800

yearly basis
new jobs, mainly in
Agricultural sector




AYKIZKOS

O AukiokoG ypnotpoTole(Tal oxYeOOV ATOKAELOTIKA oTnv QuBototia

% 2TOV AUKIOKO odeiAeTOl TO TILKPO
APWLN KOL YEVOT], TIOU
TIPOEPYETAL ATIO PNTIVEG TWV
avOEwv Twv OnAukwyv putwyv

* BonOd va .ocoppommoel TNV yAUKLA
yeuon tou kplBoplov otnv utmipa
LE TO TUTILKO ApWHX KoL TNV
ava{woyovnTIKN TILKPAd A

& AGHNAIKH
%% ZYOOMOIIA \E‘R



MATIA

H paytd A —yeast, mou avamntuyOnke 1o 1886, amoteAel Bacikd cuoTATIKO
L{0G ETILTUYNLEVTG CUVTOYNG MTTLPOG

* Eival (wvTovog HIKPOOPYaVIoUOG TIOU
LETATPETIEL TA OAKY QPO TNG fUVNG o€
AAKOOAT peow QUUWOoNG

* YTtapyouv 6V0 TuTIoL paytas: BuBoluueg Kal
appolUueg. Ot umipeg ou QUpWVoOVTOL PE
BuBolupeg Aeyovtal lager evw oL pTtipeg TToU
Cupwvovtal pe appolUueg AcyovTal ale

* H poayia A-yeast, mou avamtuyOnke to
1886, ival akOp KL CTIHEPA O
akpoywviaiog AlBog Tng eTTUYNEVNG
autokpatopiag tng Heineken AGHNAIKH [

ZYOOIOMA xrous



* 2uvéBoAe otnv
«ovayévvnon» g
OTAPOUTILPAG

* Alvelotny pmipa
uia ToAV WLaitepn,
avo{wOoYyOoVNTLKT
yeuon

AEYTEPEYONTA SYSTATIKA

2| TAPI PYZI KAAAMIOKI ZAXAPH

* Aivelotnv pmipa
uia mpaypaTiké
gnen yevon

* Emutpémnel oto
dpwpo Tou
Aukiokou va gival
TILO EVSLAKPLTO

Aivel otnv pmipa
HoAakr] yevon kat
Aopmiepd X pwpa

MepLéxel mepimov
70% AUUAO, TIOAAEG
TIPWTELVEG kKaBwg
KoL TIOAAG alB€pLa
Elaa

* Omwe Ta
TEPLOCOTEPQ
oaKyapa tng fuvng,
umopei va
HWETOTPATIEL OE
aAKOOAN Kal
o10&eidlo Tou
avOpaka

ZYOOor

- A(amm:';m1 =



Tt Ba culntnooupe

» NOIOI EIMAZTE

» IXTOPIA THZ MMIPAZ

» IYZTATIKA THZ MMNIPAZ

» MATEIA THZ ZYOONOIHZHZ
> XYZKEYAZIA

» TYMOI MMIPAZ

» MIIPA KAI YTEIA



H TEXNH TH2 ZYOOINOIHZH2

g . — e

VIDEO


all videos/brewing heineken exp.mp4
brewing heineken exp.mp4

H AIAAIKAZIA?Y@OI‘IOIHZHZ

Aladikaoio Topaywyng tou To dtadedopevou TUTIOU pTtipag, Tng lager

A
BYNOMNOIHZH

ZYOOBPAZH 2|ITEY2H 2Y2KEYAZIA
B
°

AAEZH ZYMQZH AIHOHZH

& AOHNAIKH
%% ZYOOIOIIA ER



¢ Due to the uptake of water and the correct
temperature the embryo is stimulated to grow

It utilises the foodstore within the embryo

e The embryo then produces hormones, giberellins
which translocate to the aleurone layer

e The aleurone layer is told to make enzymes

e The enzymes pass into the endosperm and breal
it down

e The sugars and amino acids produced are
transported back to the embryo for growth

endosperm el Basic Steps of Germination gmbmbmgmﬁ
aleurone [ scutellum

Endosperm Before
Modification




Buvomnoinon
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ATtopdKpuVON AmnoBnkeuvon
pLULSLwV BUvng



SUPPORT SLIDES/STEEPING.pptx
SUPPORT SLIDES/GERMINATION.pptx
SUPPORT SLIDES/KILNING.pptx

AEITE KI AYTO!

‘Ooo vynAotepn n Sepuokpaaio Enpavang, TO00 MO OKOUPOG 0 KOKKOG TG Buvng

Stout
Mmipeg lager EAadpw GKOVPECG PTipEC * MNopaockeualovrat ard pavpn fuvn
* [Moapaockevdlovtal amo Eavon * [MMoapaokevdlovtal amd crystal Buvn * e apwpa roasted
Bf)vn LE dpwpa Kapapé)\ag % Ol koOKKoOL éXOUV ET] p(XVGE[ (03
* Oukokkol gxouv EnpavBel oe * OLkoOKKoL €xouv EnpavBel og ehadpuig * PnAgg Beppokpoaoieg
XUMUNAEG Bepuokpacieg YnAdtepeg Beppokpaoieg < AGHNAIKH [< [

% ZYOOMOUA xrown

N APATDO


SUPPORT SLIDES/AB  and Malt.pptx

Dust removal at
all points
“W..

The Brewhouse

The generic flow in the brewery is as follows cgm;-:ggningj 1

1. Malt intake

2. Storage

3. Weighing (including destoning)

4. Milling (including conditioning where practiced)

5. Grist storage

6. Mashing (where the ground malt is mixed with water, saccharification occurs (due
to the enzymes in the malt) and the potential wort is produced)

7. Filtration of the wort

8. Boiling of the wort with hops (for flavour and microbiological and shelf life
stability

9. Clarification (usually by whirlpool, occasionally by centrifuge and in some ale
breweries by filtration through the “spent” hop bed)
10. Cooling & pitching of yeast (the wort must be cooled or the yeast would be killed

-

!‘i
=




Six Major Steps

Malt
m <= iling
Malt Grist
Water
Cold
Yeast Wort

/ ) Wort
Ymggseer . ‘c
6 ?Q 2l

Mature Beer

Bright Beer




Step 1 — Malt Milling

Malt
! Malt Grist Hops
Malt Grist /
Brewing = (7 Water
Cold
Yeast Wort {7
' v
£ Fermentation Wort
™
v \/ |
Young Beer N
N '.1‘ s J‘ ’
Mature oy Storage -\ /||
Beer ' Wpep— - ()
v > Mature Beer
& Filtration
R
Bright Beer

Packaging




Step 1 — Malt Milling

* Various types of malt grains
are first mixed or blended
into a batch called a brew —

* The grains are sent
to the MILL




Step 1 — Malt Milling

Wet conditioned milling by a two roller

6 rollers mill mill

* They are crushed into
smaller pieces to split
the husk and crack
the grains to expose
the starch for brewing

* The product is now
called malt grist

The better the milling, the bigger the available surface of the
particles for the enzymes to attack. In case of a Lauter tun
Brewhouse, the husks are needed as filter material for the wort
filtration process. In this case care must be taken not to
damage the husks



Step 2 — Brewing (8 - 10 hours)

-

Water

Wort



Step 2 — Brewing




Step 2 — Brewing

* The malt grist is mixed with warm
brew water to dissolve the
starch,and activate the malt
enzymes, in the MASH TUN

 The starch is converted into
fermentable sugar

* Proteins are enzymatically
transformed into soluble
nitrogenous compounds

* The product is now called sweet
wort

The purpose of mashing is to mix the "grist" (malt grist plus
eventual unmalted adjuncts) with water, under conditions
suitable to stimulate the enzymatic conversion into a
fermentable extract which will support yeast growth and beer
production. Enzyme activity is principally related to the
breakdown of starch and proteolytic activities.

Typical mash thickness is 2.5 litres of liquor to 1 kilo of grist for

infusion systems.



The most important activity for wort production is the degradation of starch

Cereal starch is in granular form
and is made by Amylopectin (80
%) and Amylose (20 %). Amylose
is a straight coiled chain of

GHyom glucose connected via «—(1,4)

i _ @ M m linkages, while Amylopectin is a

= branched structure made by
‘ﬂ:b @ O v

chains similar to Amylose
Degradation of starch occurs in three steps: gelatinization, liquefaction and saccharification.

Cre O [ CrOm

Amylose

S e oy N o

connected at the o-(1,6)
linkage.

During gelatinization, hot water is incorporated into the starch granules, which swell. Starch uncoils and become
amorphous giving the mash a very viscous consistency.

Liquefaction and saccharification occurs practically at the same time but at different extent, due to starch degrading
enzymes.

40



Step 2 — Brewing

Amylopectin\ Amylose
Starch -~
l s AMYylases (enzymes)

; Sugars ;




Step 2 — Brewing
a-amylase cleaves a-(1,4) linkages inside the molecules of starch decreasing the viscosity of the gelatinized mash.
B-amylase cleaves a-(1,4) linkages from the non-reducing end of the chain, producing maltose
Together with the starch, also other important insoluble substances are degraded into soluble molecules by enzymes,
these are the proteins and glucans

Structure of Starch

Breakdown of Starch

= g-amylase breaks anywhere but not close to a branch due to steric hindrance and hence
can produce a whole range of sugars, both fermentable and unfermentable.

« [B-amylase nibbles from one end (the non-reducing end) but not right up to a branch and
produces maltose (two glucose sugars).

Remember that the only fermentable sugars we get from starch are glucose, maltose and
maltotriose; everything else is non-fermentable and termed dextrins.

Both enzymes are not capable to break the a-(1,6) linkages of Amylopectin and
even a-(1,4) linkages close to the branch point. The polymers left, containing some
glucose units close to the branch point, are called limit dextrins

Together with the starch, also other important insoluble substances are degraded
into soluble molecules by enzymes, these are the proteins and glucans. Most of
the proteolysis occurs during malting process,

AMYLOSE AMYLOPECTIN




Infusion and Decoction(maize, rice)

TEMPERATURE/TIME MASH PROFILE FOR PROGRAMMED INFUSION MASH.
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Step 2 — Brewing
A Traditional 4 Kettle Brewhouse

WATER
CRUSHED gQZE SUGAF
MALT FROM HOPS
GRIST BIN RICE

LAUTER |TUN
SPENT

L \\ \ GRAINS
AN
BREWING woRrT ¥
copPeR Y, COPPER
_ N———~ ‘

Y

TO WORT COOLING DEPT.




Step 2 — Brewing

* The sweet wort is separated from the spent grain in the LAUTER TUN
or Mash Filter

— False bottom

&I = T:::-.::
-/ ; . i

port
Plate differential
Pressure ’

Rake
y turning
L Mechanism

[ |
Run off main ) B

>
ort to kettle




Wort Kettle

Step 2 — Brewing

Hop Dosing > Back pressure valve
. . . Vapour stack
The wort is boiled in the ; i Man way
o 5 +—ap

Wort Kettle to:

v Wort Inlet and Adjunct Inlet
// «—— OE Measurement

ﬂ/Tlée/rmometer

* Dissolve the bitter
substances from hops,

Sampling Point ——» ~h

Steam Inlet

that are added to balance Wort Outlet «_——) Condensate Outlet
the sweetness of the malt S
Boiling (1 Bar)

*Evaporate Water.

. P —— Spreader
*Inactivate enzymes. B e T
==
.C I t t . C@? k ] 4— Steam
oagulate proteins. o . o,
—— \/ /:l—v Condensate
*Sterilise the wort. e

Pump is required
to prime the
system and for
casting kettle



Step 2 — Brewing
* After boiling, the hot

wort is clarified in the

WHIRLPOOL and then

cooled to prepare for
fermentation




Step 3 — Fermentation (5 - 10 days)

Cold
Yeast Wort

\ Q/ i Fermentation
\V/

Young Beer




Step 3 - Fermentation

* The cold wort is aerated and Yeast is added to ferment the malt
sugars.

* During fermentation the
yeast will convert the sugar
into alcohol, carbon dioxide gas
and flavour substances




Step 3 - Fermentation

CeH 0y e 2C,H.OH + 2CO, + heat

Sugars sl Ethanol + Carbon dioxide

p/

Y




Step 3 - Fermentation

* Fermentation takes place in the FERMENTATION TANKS for about a

week at controlled temperatures depending on the type of beer

* The product is now called young beer

because its taste is still not right for
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drinking
|| Groups Of Compounds
wl
e Higher Alcohols
e Esters
e Organic and Fatty Acids
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Step 4 — Storage (3 - 30 days)

e

Mature Beer




Step 4 — Storage or Maturation

* To improve the beer taste, the young beer has to be stored at zero
degrees Celsius in the MATURATION
or STORAGE TANK




Step 4 — Storage / maturation

Purpose:

* Fermentation of remaining extract
* Saturation of beer with carbon dioxide (CO2)
* Maturing of the beer (flavour)

e Clarification of the beer




Step 4 - Storage

* Depending on the type of beer maturation will take between 3 — 30
days: ale needs a shorter maturation time than lager

* The product is now right for drinking
and is called mature beer




Step 5 — Filtration (1/2 day)

Mature

i |
J -




e Beer is generally filtered bright (but not always) for

Step 5 - F||trat|on the following reasons:

eCustomer expectation of star-bright clarity - the beer must be
appealing to the consumer.

*To ensure that stability is achieved (Microbiological,

* Filtration takes place in the Organoleptical - taste & Colloidal - haze)

FI LTER and helps tO Improve eTo ensure that all processing aids are removed from the beer
the appea rance Qf the beer‘ prior to packaging (i.e. PVPP, silica gel stabilisers).

by removing remnant yeast
and protein

* The clarified beer is called
bright beer and is ready to
be packed in bottles, cans
or kegs |



Step 6 - Packaging Process (few hours)

Malt

v
Malt Grist

Cold
Yeast Wort

4
Young Beer

Mature
Beer

v

Bright Beer

Milling

Brewing

Fermentation

1

Storage

Filtration

Malt Grist HO[.‘S

Water

v
Mature Beer




Step 6 - Packaging Process

* The filtered beer is then ready for packaging

* Packaging quality and processes play a critical role
in ensuring the shelf life of beer

* The two main types of packaging are:

e Primary packaging: bottles, cans, kegs

e Secondary packaging:
plastic crates, ‘
paper cartons
and trays




Tt Ba culntnooupe

» NOIOI EIMAZTE

> I2TOPIA THZ MMIPAZ

> ZYZTATIKA THZ MNIPAZ

» MATEIA THX ZYOONOIH2HZ
> ZY2ZKEYAZIA

» TYMNOI MMIPAZ

> MIMIPA KAI YTEIA



AIAAIKAZIA;YZKEYAZIAZ

‘EAeyX0Q

. Nepd.ATudc/KauoTik Z66a  Amé
AcEapeviy  MTIPQ AmoBiiKnN

Bright Beer - . .

, Artro- Ato-
EAEYXOQ Kamakio KIBWTIONOG TAETOTOINGN

CO2 ‘EAeyxoq ‘EAeyxoc  ‘EAeyxog

TIKO

Labeller Mpog
Amo0nkn

'

Nepo/ATuog ‘EAeyxoq  Emikéteg/KOMa  EykiBwTtiopoc MoAetomoinon

& AGHNAIKH
#% ZYOONOolA 55



Tt Ba culntnooupe

» NOIOI EIMAZTE

» IXTOPIA THZ MMIPAZ

» IYZTATIKA THZ MMNIPAZ

» MATEIA THX ZYOONOIHzHX
> XYZKEYAZIA

»> TYNOI MMIPAZ

» MIIPA KAI YTEIA



T

EIAH MI1IPA2



XAPA KTEPIZTI KA

Yridpyouv 4 XOPOKTNPLOTIKA BACEL TWV OTIO{WV UTIOPOUE VO TIEPLYPAWPOUE TN UTTipa

Xpwpa

[evon)

AGHNAIKH
C% ZYOOrolIA 51»05

NAPATOYME A = A




ZYMQ3H

Me tov 0po QUuwon meptypddetal av Eva tpoiodv eivat ale ) lager

* Ale
UTtipeG TTou QUUWVOLV IE
appoduueg

* IPA

* Weiss

* Lager
uTtipeg TTou QUUWVOULV e
Budoluueg

& AOHNAIKH
&% ZYOOIOIIA 55

NAPATDO



AMNERICAN

R LAMEIC
WITHIER ! !
| BELGLAN
" FRENCH ALE
e
——

HIERE DE /
CEARPALTHE

\

BEOHAN
ETRCRG
PALE ALE

|




TYIIOI MITIIPAX ITATKOXMICQ)X

GLOBAL BEER MARKET GLOBAL BEER MARKET
BY TYPE BY CATEGORY
m 2017 W 2025 | 2017 W 2025

(@)
(®) (@)

O O
(@) O (@)

Lager Ale Stout & Porter Malt Others Popular-Priced Premium Super Premium

PREMIUM category holds a dominant position in 2017 and would

LAGER type segment dominates the Beer market and is growing )
continue to maintain the lead over the forecast period.

with significant CAGR of 1.8% over the forecast period.
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Techniques for Complete or Partial Alcohol Removal

The post-fermentation techniques focused on the complete or partial removal of the alcohol
(ethanol) from the original beer by thermal treatments are falling film evaporation, continuous vacuum

rectification, and thin layer evaporation.
ermal
processes

¥ T 2 |
P | VG Vacuum distillation
Vacuum

) ~3

Condenser
—
' .:‘-.f.v.'-v»' e |
' Ealling fil ti ' ontinuous vacuum ' HREVED
RGP rectification evaporation

Vacuum Rectification

The technigue consists in the following steps: The filtered beer is pre-heated in a heat
exchanger, volatile compounds and CO.are stripped in a vacuum degasser, and thereafter, in
the vacuum column, the alcohol is released from the beer at 42—-48 .C, recovering the aroma
components fromCO: by spraying with dealcoholized beer or water, and redirecting them into
dealcoholized beer.This method offers a production capacity of 4—200 hL of alcohol-free beer
per hour with less than 0.05%ABV.

Distillate

Residue

QU




Thin Layer Evaporation

The centrifugal thin layer evaporator (Centritherm system or alternatively Spinning Cone Column)
operates under vacuum conditions at low temperatures (35-60 -C) generated using steam and pressure
from 60 to 200 mbar. The beverage enters the evaporator through a feed tube and injection nozzles,
which distribute it to the underside of the hollow rotating cone. Centrifugal force instantaneously
spreads the beer over the entire heating surface in an extremely thin layer (approximately 0.1 mm).
The beer passes across the heating surface in less than one second. The concentrated and dealcoholized
beer collects at the outer edge of the cones and then exits the evaporator through a stationary product
tube. The vapors removed from the beer rise through the center of the cone and enter an exhaust pipe
that transfers them to an external condenser. The Centritherm evaporators are designed with 1-12
hollow cones, which correspond to production capacities of NAB from 0.5 to 100 hL/h, respectively,
allowing the production of beer having an alcohol content below 0.05% v/v when a rectifying column is
coupled to the evaporator . The disadvantages of this process are the high energy costs and the

need to install an additional evaporator in the plant. The advantages and disadvantages of the main
thermal processes are presented in Table .



Falling Film Evaporation

The falling film evaporation consists in the following: The beer is pre-boiled under vacuum

conditions, in an even thin film, enters the heating tubes through a distribution device in the head of
the evaporator, flows downward at boiling temperature using gravity and co-current vapor flow and

is partially evaporated. The process takes just a few seconds per pass. A vapor separator dissociates

the alcohol-rich vapors from the dealcoholized beer concentrate, which are further condensed in

a condenser. This technology is very accessible due low maintenance of the evaporator, as there are no
moving parts and no wear, due to its high efficiency. The main process parameters controlling the
dealcoholization degree in the falling film evaporator are the heating steam supply and the evaporation
temperature adjustable by the vacuum pump-control.



Membrane Separation Processes

Membrane separation processes can be broken down into nanofiltration, reverse osmosis,

osmotic distillation, dialysis, and pervaporation. They offer some competitive advantages compared to
other physical NAB production processes like mild operational temperatures, low energy consumption,
little or no need for using enhancing agents, reduced operating costs, but still additional equipment
from existing is required apart from the standard industrial plants.

" Membrane-based
processes

Beuerage Sltbarvq sohsticn

Dialysis, Osmotic
distillation

Beverags

(diafiltration)



Peverse osmosis (RO)

The reverse osmosis (RO) process requires that the filtered beer flows tangential to the membrane
surface, and ethanol and water permeates the membrane selectively when the transmembrane
pressure substantially exceeds the osmotic pressure of beer . The process unfolds in three stages:

The concentration phase, when the permeate, consisting of alcohol, water, CO., and aromatic substances,
is removed from the beer, increasing the alcohol until desired concentration; the diafiltration phase,
when demineralized water quantitatively replaces the permeate previously removed; the make-up
phase, when demineralized water refills the retentate to the initial volume of beer, further lowering the
alcohol content. Due to the RO and the CO.removal during process, carbonation of the final product

is required . According to Catarino et al. (2007), large molecules, such as aromatic compounds,

will mostly remain at the retentate side of the membrane, even when utilizing low temperature and
high pressure . Research shows that the reverse osmosis is not economically feasible for the

production of beer with an alcohol percentage less than 0.45% .



Dialysis

In obtaining NABs through a dialysis process, a semipermeable membrane separates beer and
dialysate (aqueous solution), which flow in countercurrent, the exchange of substances occurring
practically only by means of diffusion . The contact time and the concentration gradient at the
membrane determines compound exchange degree. Although resembling the RO, in the dialysis
method, there is no concentration stage, there is no post-carbonation of the NABs needed [68], and no
required high-pressure pump, generating lower operational costs.



Osmotic Distillation

Osmotic distillation is a beer dealcoholization process carried out at low pressure and temperature,
with low interaction between the membrane and the permeate and retentate, a method that has

a high energy efficiency compared to RO or distillation. The downside of the process is that the

volatile compounds CO.are lost in the process thus it requires additional investment in a recovery

unit. The selectivity of the process is determined by the equilibrium between the liquid and vapor
concentration in the system, since the component that presents the highest partial pressure suffers the
highest permeation rate of the membrane



Pervaporation

The pervaporation process utilizes selective semipermeable membranes to separate alcohol

through diffusion in its gas phase at low temperatures. The difference in chemical potential of the
separated fluids generate displacement of alcohol molecules and permeate the membrane in the
direction from the highest alcoholic concentration to the lowest .

Aside from beer dealcoholization, the pervaporation technology can also be used to extract and
concentrate volatile aroma compounds from beer, by manipulating the temperature and suitability of
the membrane constituents accordingly , and subsequently add them to the final NABs .

The literature presents other methods researched in lab scale conditions like supercritical
CO.extraction [, nano filtration , absorption on hydrophobic zeolites , and freeze

concentration, but without current advances of technology and craft beer NAB appliances.



Biological Processes

The biological methods (Figure 3) of the NAB production based on limited alcohol formation can

be divided according to the production equipment they require, such as traditional brewery equipment
requirements (changed mashing process, arrested or limited fermentation process, cold contact process,
and utilization of special yeast) or use of special equipment (continuous limited fermentation). Clearly,
the most exploited technologies by beer crafters and large-scale industrials are those that do not require
further investments as often combinations of strategies are used, while the continuous immobilized

cell process is a promising but niche technology.

mash mixer fennemanou vessel fennentauon vessel

Changed mashing ed or limited Cold Contact Special yeast
process fermentation process Process
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Abstract: Beer is the most consumed alcoholic beverage in the world and the third most
popular beverage after water and tea. Emerging health-oriented lifestyle trends, demographics,
stricter legislation, religious prohibitions, and consumers’ preferences. have led to a strong and
steady growth of interest for non-aleoholic beers (MABs), low-alcohol beers (LABs), as well for craft
beers (CBs). Conventional beer as the worlds most consumed alccholic beverage. recently gained
more recognition also due to its potential functionality associated with the high content of phenolic
anticecidants and low ethanol content. The @ in Hon of con = o health-i linboed.
to alechol abuse urges breweries to expand the assortment of conventional beers through nowel
drinks concepts. The production of these beers employs several technigues that vary in performance,
efficiency, and usability. Involved production technologies have been reviewsd and evaluated in this
paper in terms of efficiency and production costs, given the possibility that craft might want
o adapt them and finally ntroduce novel non-aleoholic drinks in the market.

Keywords brewing: dealcoholization: non-alooholic beer: craft beer; flavour

1L Imtrodwction

Beer is one of the oldest fermented drink and most widely consumed alcoholic bewverages in
the world, produced 4th-millennivum B.C. in the East, and later spread in ancient countries soch
as Egypt and Rome [1]. The brewing process can be divided into the following steps:  Malting,
milling, mashing. boiling, cooling, fermentation. maturation, filtration, carbonation, microbiological
stabilization, and packaging. However, the adwvanced techniques have allowed brewers to produce
beer ina more sophisticated and e fficent way [2]. The huge popularity of beer arises from its pleasant
sensory attributes and favorable nutritional characteristics as well as its bower cost, compared to other
types of alcoholic beverages [2.3] Also, beer gains interest due to the potential medicinal propertiss.
as a waluable source of witamins, minerals, and antioxidants providing various health benefits [4].
Studies are suggesting that moderate beer consumption has significant effects on health, such as
reducing the risk of cardiovascular dissase, blood cholesterol level, diabetes, oseoporosis, dernentia,

Processes 2020, 8. 13482; dai 13 33¢Ypes111362 e mndpi comfjoumnalfprocemes.
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2UyKpLON MOTWV

Apéynua KCal/330ml Kavoviko 11oT1rpl KCal/trotnpt
MT1TUpa Xwpig AAKOOA 75 330 mi 75
MTtTUpa xaunAr o€ aAkoOA (1.8% wi/w) 95 330 ml 95
MTtupa (5% wiw) 140 330 ml 140
Malt AikEp (5.2% w/w) 224 330 mi 224
ATtToBouTnpwuévo yaAa 128 330 ml 128
AVAWUKTIKA 142 330 ml 142
Xuuog NMopTokaAl 154 330 ml 154
2% NaAa 172 330 ml 172
MARpeg MaAa 225 330 ml 225
Neukog Oivog (=npog) 245 200 mi 143
Kokkivog Oivog 347 200 ml 202
Oivog lNoépto (Port) 554 100 ml 185
Kovidk 826 50 mi 138
AAKooAoUxa TToTd (40%) 826 50 ml 138
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* |ISO 9001

* ISO 14001

The Centre of Excellence,
as our common way of
working, makes our unique
footprint a competitive
advantage by empowering

' CENTR ES OF groups of specialists who
will learn, share solutions
P, =0 EXCE LLENCE and iu;‘)p(‘)ll(ot h:“l breweries
A in order to accelerate
N7 E2E Excellence!

* HACCP, FSS 22000
* OHSAS 18001

*x TPM

* LABSTAR

From Breweries For Breweries

BEATioteg ipakTikeS, Tips & Tricks, CoE,
Heineken Quality System. ONE2SHARE
MepLBaANovVTIKOG EAEY)XOG

Eumelpia, yvwoelg, de€lotnteg avOpwtwy

"HEINEKEN

Heineken Analytical Ring Analysis
Miotomompéva epyaoTtripla Heineken Sensory Ring Analysis

(150 avahvoelg o€ kaBe pLaAn) Heineken Microbiological Ring Analysis
‘EAgyxol toltdtnTag 200 +migration
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* WORT 63 * BEERINTEGRITY 96
* FERMENTATION /LAGER 54 * WATERINTEGRITY 70
* BBT 40 % BARLEY & MALT 40
* END PRODUCT 42
*x WATERTYPES 131
* PACKAGING PROCESS 137

MIGRATION ANALYSES IN ALL MATERIALS IN CONTACT WITH THE PRODUCT
I
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