


Tt Ba oul{ntnoouvpe

NOIOI EIMAZTE

I2TOPIA THZ MMNIPAZ
2YZTATIKA THZ MMNIPAz
MATEIA THZ ZYOONOIHzZHZ
2YZKEYAZIA

TYNOI MNIPAZ

MMIPA KAI YTEIA



H NAPATQIH MA2

& AOHNAIKH
%% ZYOOMOIIA EE



Our facilities

2 Breweries & Malting Plants

1 Microbrewery

2 Distribution centers
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APAXTHPIOTHTEX
KAI TIPOIONTA

AnoTteAwvTag tTnv mo otoptkr) eEAAnvikn Blopnyavia {uBormotiag n ABnvaikr ZuBormolia Egkivnoe Tny mopela tTng HE TV
napaywyn pag pripag kat and tote eeAlooetat ouvexwg, SteupUvovTtag Tn YKApA Twy MPolovTwy TG Kat evioxUovTtag
Vv napaywyikn tng Baon otnv EAAGda. INuepa, n eTalpeia mapayetl peyaAn mowkiAla oe unipeg amd 100% eAANVLKO
KpOapt, onwe napouotaletal akohouBwg:

NAPATOMENEY
MIMIPES

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

mf

NYMOH MAMO3® S SO BUCKLER



H ABnvaikr ZuBomnolia eloayet, enlong,
KQL TLC AKOAOUBEC ETTWOVUNEG WITLPEC:

FI> AFOMENEY - 133 L5
MMIPEY ;,, B B

i

ERDINGER, BIRRAMORETTI DESPERADOS
ERDINGER DUNKEL

" BRAND .  MCFARLAND KRUSOVICE LAGUNITAS = CHIMAY BLUE DUVEL



NMapdAAnia pe tTnv napaywyn dUBou, oTInVv ypauur] mapaywyric Tou EpYOCTAciou TNG Aenvcnmﬁq ZuBomnoiiac oTnv
Natpa, mapdyoviat SAct oL punAiteg MHAOKAEDTHIE xau STRONGBOW and sAANVIKES MTOWTES UAES sxtéc armd To
HNALTn MHAOKAEDTHE tpdmxkaA nmou etcAystac.

MHAOKAEDTHZ MHAOKAEDTHZ MHAOKAEDTHZ
ME KEPAZI TPOTMMKAAN

STRONGBOW STRONGBOW STRONGBOW
RED BERRIES CUCUMBER & MINT GOLD APPLE

Eniong, and To 2021, n ABnvaikr ZuBornolia £xer avaAdaBer tnyv enionun dLavour Twy mTpoidviwy TNG Bacardi yia tnv
EAAGDSa, Ta onola ntepthauBavouy:

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



2.2 YTOXOI BIQZIMHX
ANAMATY=HX 2030 ' ‘

AapBavovrag undbiy to ecwtepikd kal eEwteptkd nepBaiioy, kabog katta sv6m¢ep6usvu HEPN TNG, N ABnvaikr ZuBo-
rotla avalapBavel, pécw tng otpatnyikic tne «Napayoupe éva kalitepo alplon, va UAOToUaEL, o8 ok entnedo,
TNV KEVTPLKT) oTpatnyikn) tou Oplhou HEINEKEN, «Brew a Better World - Raise the Bar 2030».

H otpatnyikr autr) nepthapBavel toug axdiouBoug otdyoug, ava nulova, rou kaAeltal n etalpela va uhoroujoet
Ta endpeva xpovia PEXPLKaL To 2030, wote va oupBadilet ue to miaioto Buboyng avantulng tou Optiou.

Oudérepo toollylo avBpaka TupneplAnygm Npoidvra xwpig alkodA mavra
004 , Kat Atadopetikdmra kaiaytol Swabéopa
100% NG NAeKTPIKIG EVEPYELAg 2023 2023
and avave®oyles myEq. ExnalSeuon tou 100% twv unelBu- Awatripnon tou Sleupupévou
? vy opddag os Béuara oupnsp(}\n xaprodulakiou mpoidviwy xwpls
2024 kg nyeotag. ahkodA.
100% Bubotuee mpuwteg UAEG and ) 2023
TV eyxwpLa ayopd (kpBapy). 2025 Awatfipnon tng cadrivelag kat
EKpoomnNon yuvaikov Kata Swaddbvetag otig mAnpodopieg
2030 26% oe olvolo opyaviopou. yla tov ?vtava)\wtﬂ oto 100%
Oudétepo avBpaxikd toolliyio TV MPOLOVTWY.
) Alxalog kai aodpainis
Twy eKopnwy agplwy Scope 1 4 X
KaL2. Xwpog epyaciag AvTueTwmon e
2030 e kataypnong aAkodA
Melwon Twv ekmopnoy aeplwv Alxaun apowBr yia epyalopévouc 2030
tou Beppoknmiou oe SAn Ty & epyalOHEVEC [HE QVTIKEWEVIKA Alatripnon piag Touldxotov
alvolda aflag (Scope 1, 2 kat 3) & apepdAnmra kprTipta. ouvepyaolag yia Ty avTueTd-
Kata 30%. 2023 TILOT TG KATAYPNONE AAKOOA.
'loog woBo6¢g yia ion epyaocia:
2040 ¥ afloAdynon tou poBoloyikol l'lpoweng'n ™me Buuuk ewévag
Oudétepo avBpakikd toollyio XEOUATOS QVTPUV-YUYALKMY Kat g unedBuyng katavalwong
otnv alucida atlag. evépyelee yedUpwanic Tou We 2030 (emolewa)
Meyiotonoinon BikaLo & QVTIKELUEVIKS TPOTO. Tuvéxion tng enévduong Tou 10%
e KukAKdTTag 2030 ¢ Tou SLaBéotou polinoloyiopol
Awaodahion Sikalwy npotinwy g enwvupiag HEINEKEN yia
2025 {wris kat epyactag yia EPVQ_ZWE' EVEPYELES EMKOVLVIAG KaL TTPOG-
Enayoiwnomonnnom\ﬂtwv Ka voug & epyalopeveg Tpltwv 8nonc o€ ekaTPatelee via Ty
kaAUtepn aflomolnon twy AWy HEPDV. unelBuvn katavéiwon.
o 6An tnv alucida aflac. 2030
Evioxuon tng kouktolpag yia
Yyteig Aedveg anopporiq undevikd Bavarnddpa atuxi-
- (03axa) pata kat cofapolc tpaupatt-
2030 - opoUs.
Melwon g péong xpriong vepod Ostwée avriktumog
oty napaywyti o 2,9 hi/hl, ﬂ:: A
2030 (etnoiwe) !

YAoroinon touldyiotov plag
npwrtofouiag pe Betikd Koww-
ViKG avtikTurmo.



ApOCIOTIKO TTOTO
Me 1 xwpic AAKOOA
‘Exel CO,

Xpwua aTro KiTpIvo £wg
haupo

XAPOKTNPIOTIKO Apwua
Kal TTIKpAada

Alagpavnc r oxi
AQpPOg
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I2TOPIA THz2 MNIPAZ

VIDEO


all videos/HISTORY OF BEER FINAL.mov
HISTORY OF BEER FINAL.mov
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TA BAZIKA SYSTATIKA THZ MIIPAS
100% OYZIKH AIAAIKAZIA

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

(n yvxn) (to uraxxpkd)  (To UxXYLKO (0 axgpovng
6VETHTLKO) NP wWAC)

*H ZvBomoinon eivat pia 100% Ppuoikr dladikacia.

& AOHNAIKH
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H Heineken eA€yyeL Tnv toldTNTA TOU VEPOU KOl TO UTIOBAAAEL OTNV KATAAANAN eTte€epyacia
WOTE VA TIETUXEL TNV ETILOUVUNTT] TTOLOTNTA TOU

AL0POPETIKEG TINYEG VEPOU
OUMBAAAOUV OE HOVOOLKA 0PI OTA
UTIipOG T Y.

* BURTON otnv AyyAia
* PILSEN otnv Togyia
* MONAXO otnv leppavia

& AOGHNAIKH L_\ R

@ ZYOOMONA wrvow
APATCOYMNE ASIA



KPIOAP

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

* KaBopiCel TO YpWHMA TNG UTTUPOG
KOL TNV OLOTIEPACTIKOTNTA TNG
yEUONG

* O omopog Tou KpLBapLlov TIPEMEL v
BuvomoinBei mpLv ypnoipomonBei
yL& CuBotoinon, woTe To APUAO Kol
OL TIPWTELVEG v Elval EUKOA
pooBaciua

& AOHNAIKH
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ATHENIAN

0,

Ly

CORPORATE PRESENTATION - ‘g\b/%’ BREWERY
19 *—~ e 130,000
prefectures of \\\ / acres under cultivation
the country NN S BERS
S5 g ) N S 98%
e NGRS T T . : of the production from the
i \ s ' . Local Barley Sourcing Program is
2 OO O a product of sustainable cultivation
: ) 4 2y
|
Gree'kifarm?rs 9 Supply of 100%
participate in the ; :
/ Greek barley since 2014
program
. ’,,//
4 e Absorb approximately 20% of

barley production in Greece every

year

\¢2,43:1

Social Return of Investment (SROI). For every €1 invested in
the Local Barley Sourcing program by Athenian Brewery,

€2,43 of social value was produced

]



AYKIZKOS

O AukiokoG ypnotpoTole(Tal oxYeOOV ATOKAELOTIKA oTnv QuBototia

% 2TOV AUKIOKO odeiAeTOl TO TILKPO
APWLN KOL YEVOT], TIOU
TIPOEPYETAL ATIO PNTIVEG TWV
avBewv Twv BnAukwyv putwv

* BonOd va .ocoppommoel TNV yAUKLA
yeuon tou kKplBoplov otnv utmipa
LE TO TUTILKO ApWHA KOl TNV
ava{woyovnTIKN TILKPAd A

& AGHNAIKH
%% ZYOOIOIIA \E‘R



MATIA

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

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

* YTtapyouv 6V0 TuTIoL paytas: BuBolupueg Kal
appolUueg. Ot umipeg ou QUpWVoOVTOL PE
BuBolupeg Aeyovtal lager evw oL pttipeg IOV
CupwvovTtal e appolUueg Aeyovtal ale

* H poayia A-yeast, mou avamtuyOnke to
1886, ival akOp KL CTIUEPA O
aKkpoywvLaiog AlBog TNG ETILTUYNEVNG
autokpatopiag tng Heineken AGHNAIKH [

ZYOOIOUA xrous



* 2uvéBoAe otnv

«ovayévvnon» g
OTAPOUTILPAG

Aivel otnv pmipa
uia ToAVU WLaitepn,
avo{wOoyoVNTLKY
yeuon

Aivel otnv pmipa
uia mpaypaTiké
gnen yevon

Emitpémnel oto
dpwpo TOU
Aukiokou va gival
TILO EVSLAKPLTO

AEYTEPEYONTA SYSTATIKA

2| TAPI PYZI KAAAMIMOKI ZAXAPH

Aivel otnv pmipa
HoAakr] yevon kat
Aopmiepd X pwpa

MepLéxel mepimov
70% AUAO, TIOAAEG
TIPWTELVES kaBwg
KoL TIOAAG alB€pLa
Elaa

* Omwe Ta

TEPLOCOTEPQ
oaKYapa tng fuvng,
utopei va
UeTOTPATIEL OE
aAKOOAN Kal
o10&eidlo Tou
avOpaka

- Aenug%ﬁ =

5 ZYoeorn
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H TEXNH TH2 ZYOONOIHZH2

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 2Y2ZKEYAZIA
B
Q

AAEZH ZYMQ2H AIHOH>H

& AOHNAIKH
%% ZYOOIOIIA 5[;



aleurone

Endosperm Before
Modification

endosperm
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” — el I Basic Steps of Germination Sobabaraiaase]
scutellum

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

It utilises the foodstore within the embryo

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

The aleurone layer is told to make enzymes

The enzymes pass into the endosperm and break
it down

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



Buvomnoinon

Iri MaBpoxr
!!-r\ "
= J \\
=5 == VAV 4 4 Qﬂ
KaBoaplopog Amobnkeuvon
KpLONG m‘

BAdotnon

1

e

’
4
"
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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
Mripeg lager EAadpw GKOVPECG PTipEC * MNopaockeualovrat ard pavpn fuvn
* [Moapaockevdlovtal amod Eavon * [MMapaockevdlovtal amd crystal Buvn * e Gpwua roasted
Buvn UE APWHO KOPOPEADS * OukOKkKoL Exouv &npavBel o
* Oukokkol exouv EnpavBel o€ * OLkoOkkoL €xouv EnpavBel og eAadpuig * PnAgg Beppokpooieg
XUNAEG Beppokpaoieg WYnAdtepeg Beppokpaoieg & AGHNAIKH C

oo ZYOOMONA o

I


SUPPORT SLIDES/AB  and Malt.pptx

Dust removal at
all points
s

The Brewhouse

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

1. Malt intake

2. Storage

3. Weighing (including destining)

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

Il

Ei
iy




Six Major Steps

Malt
m <= iling
Malt Grist
Water
Cold
Yeast Wort

Vi
Young Beer Y €
-t

Mature Beer

Mature




Step 1 — Malt Milling

Malt
Hops
Malt Grist /
Brewing > Water
Cold
Yeast Wort {5
v
<, Fermentation Wort
)
v \/ |
Young Beer ~—~ fC
N '.“ S }‘
Mature oy Storage N & J
Beer ' Rpep— - ()
v > Mature Beer
< Filtration
'l

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 Hammer mill
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)

Malt Grist Hops

-

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

P glucose connected via «-(1,4)

Amylopectin @ m 1@ linkages, while Amylopectin is a

0y . branched structure made by
— S

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

CreyOne [ CrOm

Amylose

P ey Tl

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.

36



Step 2 — Brewing

Amylopectin\ Amylose
Starch ~
l s Amylases (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
edining 04 — the proteolysis occurs during malting process,

AMYLOSE AMYLOPECTIN




Infusion and Decoction(maize, rice)

TEMPERATURE/TIME MASH PROFILE FOR PROGRAMMED INFUSION MASH.

100

75

Saccharification

—

%

.

Gelatinisation

Transfer to Lauter Tun

30
Time in Minutes

100

75

25

TREBLE DECOCTION MASHING WITH A MASH KETTLE
TEMPERATURE/TIME MASH PROFILE

fer to Lawter Tun

Time in Hours

N % B . E " ! Mash Copper y
: . " Mash Copper . . 76
. Mash Copper | ;
: / 66
/su
45
Saccharification actiity in mash mixing vessel
gh Tun
H Protecysls actjvity in mash mixing vessel H
0 1 2 3

39



Step 2 — Brewing

A Traditional 4 Kettle Brewhouse

CRUSHED
MALT FROM
GRIST BIN

BREWING

coprPer Y,

WATER

MAIZE SUGAR Vo
SEE HOPS s e
THATHATIT
' LAUTER ITUN
WATER L SPENT
\\ GRAINS
N\
worT ¥
COPPER
N—— ‘
TO WORT COOLING DEPT.




Step 2 — Brewing

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

gy

Plate differential
Pressure

(op)—] I

pastea -~ “False bottom
= “:E« = 1 Spent

“grains
- i port
Rake

turning

L M“MTMT

A
) ;7_:\
./ SV

I. |
P
a;n to kattle

in the LAUTER TUN




Step 2 — Brewing
The wort is boiled in the

Wort Kettle to:

* Dissolve the bitter
substances from hops,
that are added to balance
the sweetness of the malt

*Evaporate Water.
*|nactivate enzymes.
*Coagulate proteins.

Sterilise the wort.

Wort Kettle
Hop Dosing Back pressure valve
Vapour stack
= Man way
o =
o 5 cIP
A Wort Inlet and Adjunct Inlet
// +«—+—— OE Measurement
Sampling Point ——» ~h

Steam Inlet

Wort Outlet «——

ﬂ{mometer

Condensate Outlet

Optional Modulating Valve

Set (Optional) for Pressure
Boiling (1 Bar)

L

’2‘;%:-_ Spreader
e | ||Curréqts
o
(s,
@35 k‘/ ] <+— Steam

Evaporator
\/ 11— Condensate
Entrance » /

N /
'\/‘—E@—‘ /

o

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/ < Fermentation
\'V/

Young Beer




Step 3 - Fermentation

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

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




Step 3 - Fermentation

CeH Oy e 2C,H.OH + 2CO, + heat

Sugars s> Ethanol + Carbon dioxide

r/
‘ )




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
drinking

|| Groups Of Compounds
-l

Higher Alcohols

Esters

Organic and Fatty Acids
Carbonyls

Volatile Sulphur Compounds

OE 18.0
Specific gravity (°Plato) or ester content S

(mg/1)

ot
(=}

temperature

e \ /
12 ** ethyl acetate 14.0

5 %ABV
] @ 100 /
. - - > <
) isoamyl acetate % i
x 10 =
4 * 8 6.0
& . o 2 T
speq{rc 2
ravi o
! S 14 g . PE-LE
0 & L G S SR U S S S T S T ST ] LE /
0.0
0 5 10 15 ;
T-Ime (d) 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0



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

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 *To 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

v
Young Beer

Mature
Beer

\
v

Bright Beer

Milling

Brewing

N I

Fermentation

11

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:

* Primary packaging: bottles, cans, kegs

e Secondary packaging:
plastic crates, NS
paper cartons
and trays
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TYIIOI MITIPAX ITATKOXMIQX

GLOBAL BEER MARKET GLOBAL BEER MARKET
BY TYPE BY CATEGORY
H 2017 B 2025 u 2017 B 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.



KATANAAQSH MMIPAS

'

F

I

UV OTNV TTAYKOO UL OyOPa UTTipa

I

OL pmipeg lager kuplapyo

160

|

140

120

100

80

60

40

20

0

opdnoj
WvJu
oo
DIYYo)
DOY\3
D0mdoN N3y
0]\odoLdo]
DQUNnoT
mAugdon
Umgod3)d3-maoog
DARdINQ
on3gya
DADY
0)§037
mdoMnQ
DIRAOWO
DIAQL3Y
013100 0A3TIMAY
opogoyg
mdoynog
D1100d)
0)0Mg
DIADLO|
onagoy?
DAapTinog
oh3g
DIQADY A
DIADNOGY
DAToU
DIgADYO|
D)A0g03
DADNd3 |
Ddiony
mi30]

e

& ABHNAIKH
© ZYOOMNOIIA



rEYSH

H yevon kaAUTITEL €va eUpU GACHA TTEPLYPAD WV APWHATWY, OL TILO BACLKEG aTtO TLG OTIOLEG
elval yAukia, &vny & Tikpn

* AMAEG KOLVEG TIEPLYPAPEG ElvaLl :

LE XOPAKTN P AUKIOKOU
dbpouTtwoNng
KaBoupvTIopEVN

ETITIEO

LE EVTOVO Yo paKTrpa Buvng
LE YEUATO «OWO»

«AOELO

& AGHNAIKH
&% ZYOOMOIIA e

NAPATOYME AZIA



H yevon pmopel va dladEpeL aAAA TO OTUA TTAPALEVEL KAAOGIKO !

L‘AGEI;Q IPA

& AOHNAIKH
2% ZYOOIOIIA ER



XPOMA

To TILO 0PATO XOPAKTNPLOTIKO TNG UTILPOG

* OLTepLlypadEC X PLWHATOG
Kupaivovtal petaéu pale, golden,
amber, copper, red, brown kaut
black

* To ypwpa emmnpeadetal amo To
XPwHa ™G Bovng

* AvapLlyvuovtog Buveg
OLAPOPETIKWY XPWHATWY,
TPO0OLOPICETAL TO TEALKO X PWLO
™G prtipag

& AOHNAIKH
%% ZYOOMOIIA EE



ENEZEPTAZIA KPIOAPIOY & XPQMA MMIPAZ

KpBapt

l Buvonoinon: Alafpoxn & BAdotnon

D®pLEn xapunAng Beppokpaciag <60° Stewed 55 -75°C
| —_
LY
Drum roasted
220-230°C

Roast barley

! & AOHNAIKH
= %% ZYOOIOIIA 5[;

- |
I Dpoén ®piEn High temp &
xapnhng Bepp KOVOVIKIG drum roasted Drlténg ;%?;.S«t;d
60-75°C Bepp 85-115°C 160-220°C "

Pale ale malt Black malt
Vienna malt chocolate malt
munich malt brown malt

) = ) / :

Filsner malt
enzymic malt

I Crystal malt

L




AYNAMH

H mukvotnta tng pmipag kaBopilet av mipdkettal yia duvatr), peocaiari eAadply,
avAaAoyo LUE TNV TTEPLEKTIKOTNTO OE AAKOOAN

* Mio duvatr pmipa el

N TIEPLEKTIKOTNTO € AAKOOAN =28 %
K.O

* Mio peooaio pmipa €€l
TIEPLEKTIKOTNTA OE AAKOOAN 4 — 7
% K.O

* Mio eAadpLd pmipa €€l
TIEPLEKTIKOTNTA OE AAKOOAN 1.5 —
3.5 K.0

* Mo pmtipa ywpiG aAKOOA €xeL
TIEPLEKTIKOTNTA OE AAKOOAN <

0.5% Kk.0. . MTtipeg 0.0% K.0. & AGHNAIKH [ [
5% ZYGOMOIA o)

NAPATNTOY ME AZIA



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.

‘. L ® "
é—% \

|

(4

Falling film evaporation

Vacuum Rectification

rermal

processes

2] |

Vacuum distillation

%

Condenser
——

Distillate

AL

Residue

ontinuous vacuum
rectification

’ in layer
evaporation

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.



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.

compared to other physical NAB production processes like mild operational temperatures, low
energy consumption, little or no need for using enhancing agents

Membrane-based
processes

S sobut
oo g on Beverags

Pialysis, Osmot
distillation

(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 fenuemat;ou vessel fennentanon vessel

Changed mashing ed or limited Cold Contact Special yeast
process ferrnentation 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-alcoholic beers (MABs), low-alcohol beers (LABs), as well for craft
beers (CBs). Conwventional beer, as the worlds most consumed aleoholic 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 iom of con s to health-i limboed
to alechol abuse urges breweries to expand the assortment of conventional beers through novel
drinks concepts. The production of these beers employs several technigues that vary in performance,
afficiency, and usability. Involved production echnologies have beon reviewsd and evaluated in this
paper in terms of efficiency and production costs, given the possibility that craft might want
to adapt them and finally ntroduce novel non-aleoholic drinks n ghe market

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

1 Introdection

Bear is one of the oldest fermented drink and most widely consumed aleoholic beverages in
the world, produced 4th-millennium B.C. in the East, and later spread in ancient countries such
as Egypt and Rome [1]. The brewing process can be divided into the following steps: halting,
milling, mashing, boiling, cooling, fermentation, maturation, filtration, carbonation, microbiclogical
stabilization, and packaging. Howewer, the advanced techniques have allowed brewers to produce
beer in a more sophisticated and e fficient way [2]. The huge popularity of beer arises from its pleasant
sensory attributes and favorable nutritional characteristics as well as its lower cost, compared to other
types of alcoholic beverages [2.3]. Also. beer gains intetest due to the potential medicinal properties
as a waluable source of vitamins, minerals, and antioxidants providing various health benefits [4].
Studies are suggesting that moderate beer consumption has significant effects an health, such as
reducing the risk of cardior e, blood cho ol level, diabetes, osteoporosis, dernentia,
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2UyKpLON MOTWV

Apéynua KCal/330ml Kavoviko T1oT1rpl KCal/trotnpl
MT1TUpa Xwpig AAKOOA 75 330 mi 75
MTtTUpa xaunAr o€ aAkoOA (1.8% w/w) 95 330 ml 95
Mrrupa (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
Xupog MNopTokaAl 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 lNopTo (Port) 554 100 ml 185
Kovidk 826 50 mi 138
AAKooAoUxa TToTd (40%) 826 50 ml 138
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