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Je uvedena metodika a popsany vysledky zpracovani zadosti o integrované povoleni a naslednych Rozhodnuti pfislusnych krajskych
Uradu pro zatizeni pivovarsko — sladarského oboru. Na zakladé téchto podkladll byl navrzen referenéni dokument (BREF) k nejleps$im
dostupnym technikdm oboru. Vedle hodnot zdroju emisi a jejich limith je uvedena spotteba tepelné a elektrické energie pfi vyrobé piva
a sladu a také proveden propocet celkové spotfebované energie na jednotku produkce; podobné byla zhodnocena i spotfeba vody jako
zaklad pro posuzovani BAT shodnych technologii.

Perlin, C. — Svoboda, K. — Chladek, L. — Celba, J.: Analysis of results of integrated pollution prevention and control in breweries
and malt industry facilities and the proposal of BREF and BAT technologies. Kvasny Prum. 60, 2014, No. 3, pp. 52-56

The methodology is presented and results are described of the compilation of requests for granting integrated permission for and sub-
sequent regional office decisions on the implementation of brewery-malt equipment. On this basis a reference document (BREF) pointing
out the best techniques of the industry was proposed. Next to emission source values and their limits, the consumption of thermal and
electric energy for the production of beer and malt is mentioned and total energy consumption per unit of production is calculated; a simi-
lar method was used for computing water consumption as a base for the evaluation of BAT conforming technologies.

Perlin, C. — Svoboda, K. — Chladek, L. — Celba, J.: Analyse von Ergebnissen liber integrierte Pravention und Verunreinigung in
den Brauereien und Mélzereien und BREF mit Vorschlag iiber BAT Technologien. Kvasny Prum. 60, 2014, Nr. 3, S. 52-56

Der Artikel befasst sich mit der Methodik einer Verarbeitung des Antrags fur eine integrierte Erlaubnis und folgenden Entscheidungen
von den zustandigen Kreisamten flr die Ausstattung in der Brau- und Malzindustrie vorgefiihrt. Auf Grund dieser Unterlagen wurde ein
Referenzdokument (BREF) zu den besten erreichbaren Technik im diesen Bereich vorgeschlagen. Im Artikel werden neben Werte von
Emissionsquellen und ihre Limits auch der Warme- und elektrischer Energiebedarf zur Malz- und Bierherstellung angefihrt und die Kal-
kulation des gesamten Energieverbrauchs auf die Produktionseinheit durchgefiihrt, weiterhin auch der Wasserverbrauch als Grundlage

zur Beurteilung BAT dieselben Technologie ausgewertet.
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1 UvVoD

V letech 2003 az 2007 byla vybrand zafizeni potravinarské-
ho primyslu podle zdkona &. 76/2002 Sb. o integrované prevenci
a o omezovani znecisténi povinna zpracovat Zadost o integrovane
povoleni ¢innosti (podle vyhlaSky MZP CR ¢&. 554/2002 Sb., kterou
se stanovi vzor zadosti o vydani integrovaného povoleni) (Public
notice, 2002; Applications, 2003—-2007). V roce 2007 se tak uza-
viela vstupni etapa realizace ochrany zivotniho prostfedi pomoci
integrované prevence pfed potencialnimi znecistovateli, mezi které
patfi i zafizeni potravinafského prudmyslu, aniz by se narusila je-
jich konkurenceschopnost. Povazovali jsme za ucelné tuto etapu
zhodnotit a navrhnout na zakladé nabytych zkuSenosti BREF pro
vybrané obory potravinafskych technologii. Jednim z téchto obor(
byl obor pivovarsko-sladarsky.

2 METODIKA

Na zakladé pfedlozenych zadosti o integrovana povoleni a nasled-
nych rozhodnuti pfislusnych krajskych Gfad( a pfihlédnutim k uda-
jim v BREF (JRC, 2005; Act, 2002) jsme analyzovali vysledky tohoto
tendru s cilem navrhnout ¢eskou verzi BREF a BAT jako pom(icku
pro zpracovani zadosti v pivovarsko-sladarské oblasti a pro usnad-
néni jednotného posuzovani potravinarskych zafizeni z hlediska
ekologickych aspektl jejich €innosti. VSechna zafizeni (pivovary
a sladovny), z jejichz podkladl jsme vychazeli, odpovidaji stanove-
nym pozadavkdm zakona o integrované prevenci i podkladdm BAT

Keywords: IPPC, BAT, beer-malt industry, emmision, critical and
control points, water and energy consumption

1 INTRODUCTION

In 2003 to 2007 the selected food processing plants were obliged
to submit an application for Integrated Pollution Prevention and Con-
trol (IPPC) permits pursuant to Act No. 76/2002 Coll. on integrated
pollution prevention and control (following the Ministry of Environ-
ment Decree No. 554/2002 Coll., which lays down the form of the
application for the integrated permit) (Public notice, 2002; Applica-
tions, 2003—-2007). Thereby, in 2007, the starting stage of the imple-
mentation of environmental protection through integrated pollution
prevention aimed at potential polluters, which also included food
processing facilities, was completed without interfering with their
competitiveness. We considered it useful to evaluate this stage and,
utilizing gained experience, propose BREFs for selected areas of
food processing technologies. The brewing and malting industry is
one of these fields.

2 METHODS

We have analyzed the results of this tender on the basis of
submitted applications for integrated permits (Applications, 2003—
2007) and subsequent decisions of competent regional authori-
ties, taking into consideration the data in BREF (JRC, 2005; Act,
2002). Our task was to propose the Czech version of BREFs and
BATs as a tool for the preparation of permit applications in the
brewing and malting industry and for an easier standardized ap-
praisal of food processing factories from the viewpoint of eco-
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Tab. 1 Orientaéni hodnoty emisi stanovené jako reference pro posouzeni BAT varny — chmelovar / Table 1 Tentative emission values set as

references for BAT assessing of brewhouse hop boiling

Emise / Orientaéni hodnoty emisi stanovené jako reference pro posouzeni BAT /
Emissions Tentative emission values set as references for BAT assessment

Cco, Eterické latky (estery, silice) / NO,

Volatile compounds (esters, essential oils)
mg/m? 100 200
kg/h 0.03 0.9
t/rok / tlyr 0.05 2.0
kglj.v. ! kg/unit 0.00002 0.5 0.001
of prod
Pokrac¢ovani /Continued

SO, TZL / Solid pollutants VOC/CH,
mg/m? 35
t/rok / tlyr 0.08 0.2 1.1
kg/j.v. / kg/unit of 0.00004 0.0001 0.0005
prod

Poznamky: Tabulka také dokumentuje nesystémové a nejednotné oznacovani emitujicich tékavych uhlikovych slou¢enin (VOC — celkovy

organicky uhlik, C,H, — uhlovodiky, estery a silice)

Note: This table also documents nonsystemic and inconsistent terms for the emitting volatile carbon substances (VOC — volatile organic

compound(s) , C,H, — hydrocarbons, esters and essential oils)

z BREF (JRC, 2005; Act, 2002) a pro svou &innost ziskala integro-
vané povoleni.

Pro posuzovani rizikovych bodll z pohledu znecistovani, tedy
zdrojli emisi, jsme pouzili terminologii analogickou s pouzitim kritic-
kych a kontrolnich bodU ze systému HACCP, a to na dvou Urovnich:
CP BAT a ECCP. CP BAT definujeme jako kontrolni bod nejlepsi
dostupné techniky v pfipadech, kdy nejsou evidovany emise, a ke
kterému jsou pfifazeny popsané technologické postupy a jejich cha-
rakteristiky. ECCP, environmentalni kriticky a kontrolni bod, je vyrob-
ni operace, ve které jsou sledovany vydefinované zdroje emisi, jejich
charakteristiky a nafizeno sledovani emisi. Jejich horni limity jsou
stanoveny v integrovaném povoleni anebo podle jinych legislativnich
norem. Kromé& emisi jsme rovnéz hodnotili spotfeby energii a vody
v porovnani s hodnotami téchto veli€in v pfislusnych BREF.

3 VYSLEDKY A DISKUSE

3.1 Emise

U pivovard jsme pro analyzu Udajd pro konstrukci BAT a BREF
z pohledu emisi ziskali Uplné podklady od 4 zafizeni, a pro sladovny
od 2 zafizeni. Podminkou zafazeni do souboru byla denni kapacita
300 t finalnich vyrobk( (viz pfiloha 1 zdkona ¢&. 76/2002 Sb.) (Act,
2002).

Vysledny navrh BREF Vyroba sladu a piva identifikuje celkem 4
ECCP a 15 CP BAT. Pro ECCP jsou to tyto technologické vyrobni
faze:

» zarfizeni jako celek ,vyroba sladu a piva“ ve ¢lenéni na sladov-
nu, analogové suroviny sladu, chmel, varni voda, vyroba piva (pi-
vovar), kde z emisi jsou pfedepsany jen dva druhy emisi, pachy
a hluk. Pro pachy jsou hodnoty pfedepsany v unifikovanych hod-
notach OUER/m?®, a to 5 OUER/m? (pro hranice pozemku) ¢&i 50
OUER/m? (na vystupu z vyducha). Pro hluk jsou stanoveny horni
limity v hodnotach dB, a to 50 dB (pro denni provoz) nebo 40 dB
(pro no¢ni provoz) hladiny hluku;
Srotovniky s limitnimi emisemi biologicky odbouratelnych TZL
s orienta¢né stanovenymi hodnotami jako reference pro BAT na
urovni 150 az 200 (v zavislosti na hmotnostnim toku) mg.m=3, pfi-
padné 17,1 kg.h™' nebo 0,1 t.r;
tkaninovy filtr s limitnimi emisemi biologicky odbouratelnych TZL
s orientacné stanovenymi hodnotami jako reference pro BAT na
urovni 21.10° t.r* nebo 8070.1013 kg.na jednotku vyroby (hl piva);
e varny — chmelovar s podrobnym popisem jednotlivych technolo-
gickych kroku (vystirani sladu, scezovani a vyslazovani, rmutova-
ni, oddéleni sladiny, chmelovar); limitni orientaéni hodnoty emisi
jsou uvedeny v tab. 1.

Do skupiny CP BAT byly zafazeny tyto technologické operace:
e sladovna — pfijem

e sladovna — skladovani

e sladovna — maceni

logical aspects of their activities. All the installations (breweries
and maltings), whose documentation became the source of our
data, were well in keeping with the requirements of the integrated
prevention legislation as well as with the BAT documents from
BREF (JRC, 2005; Act, 2002) and held pertinent permits for their
manufacturing activities.

When assessing the hazard points from the viewpoint of pollution,
i.e. emission sources, we used terminology analogical to the em-
ployment of critical and control points in the HACCP system, namely
at two levels: CP BAT and ECCP. We define CP BAT as the con-
trol point of the best available technique (equipment/technology). In
cases when emissions are not recorded, which is specified by de-
scribed technological procedures and their characteristics (ECCP,
the environmental critical and control point), is the manufacturing op-
eration in which defined emission sources and their characteristics
are observed and the monitoring of emissions is mandatory. Their
upper limits are determined in the integrated permit or set by other
legal standards. Besides the emissions, we also assessed energy
and water consumptions compared to these values given in respec-
tive BREFs.

3 RESULTS AND DISCUSSION

3.1 Emissions

We obtained complete documentation from 4 breweries and 2
maltings to analyze data for the construction of BAT and BREF
from the emissions viewpoint. The installations were taken into
consideration under the condition that their daily capacity ex-
ceeded 300 tonnes of final products (see Annex 1 of the Act No.
76/2002 Coll.) (Act, 2002).

The resulting proposal of the BREF “Manufacture of malt and
beer” identifies altogether 4 ECCP and 15 CP BAT. In ECCP there
are these technological manufacturing stages:

o installation as a whole, i.e., malt and beer production segmented
into maltplant, malt analogue compounds, hops, brewing water and
beer production, where are set the limits of two kinds of emissions
only, i.e., odours and noise. The odour values are given in stand-
ardized units OUER/m3, namely 5 OUER/m? (for the boundary of
the premises) and 50 OUER/m? (at ventilation outlets). The upper
limits of noise levels are set in dB units, viz. 50 dB (for daytime
operation) or 40 dB (night-time operation);

malt mills with emission limits of biodegradable solid pollutants
with tentatively determined values as a reference for BAT on the
level of 150 to 200 mg.m (depending on mass flow), or alterna-
tively 17.1 kg.hr' or 0.1 t.yr";

cloth filter with emission limits of biodegradable solid pollutants
with tentatively determined values as a reference for BAT at the
level of 21.10° t.yr" or 8070.1013 kg per production unit (hectolitre
of beer);



54

60/2014 (3)

KVASNY PRUM.

Analyza vysledku integrované prevence a omezovani znecisténi v zafizenich pivovaru a sladoven ...

Tab. 2 Spotfeba energie v oboru pivo — slad na jednotku produkce (1 t) / Table 2 Energy consumption in brewing and malting industry per

production unit (1 t)

Vyrobek / Product Elektricka energie / Tepelna energie / Prepocet na Procenticky podil z celkové
Electric energy Thermal energy | celkovou energii / energie /
Recalculated to Per cent of total energy
total energy
kWh na pfepocet na MJ | GJ na jednotku / | GJ na jednotku / tepelné / elektrické /
jednotku / na jednotku / GJ per unit GJ per unit thermal electric
kWh per unit | recalcu-lated to
MJ per unit

Pivo / Beer Min 4.700 16.92 0.074 0.097 75.2 15.8

Max 8.800 31.68 0.110 0.136 84.2 24.8
Slad / Malt Min 117.96 421.20 2.654 3.165 83.8 12.0

Max 141.96 511.07 3.100 3.521 88.0 16.2

Tab. 3 Prlimérna ro¢ni spotfeba energie v némeckych pivovarech / Table 3 Mean annual energy consumption in German breweries

Rok / Teplo /Heat Elektfina/ | Vystav piva/ Mérna spotreba /
Year Electricity Beer sales Specific consumption
Uhli/ Coal | Olej/Oil | Plyn/Gas | Celkem/ | (X10°kWh) | (x10°hl) " Fyepio/ Heat [ Elektfina/
Total (MJ/hi) Electricity
(x10° kWh) (kWh/hl)
1997 157 929 2992 4078 1.2 114.8 35.5 10.4
1998 150 846 2943 3939 1.2 111.7 35.3 10.6
1999 162 489 2956 3907 1.2 112.8 34.6 10.4
2000 150 683 2809 3642 1.2 110.4 33.0 10.5
(x10° MJ) (MJ/hI)
1997 565 3345 10771 14681 127.9
1998 541 3046 10595 14182 127.0
1999 583 2841 10642 14066 124.7
2000 540 2458 10113 13111 118.7

e sladovna — kli¢eni

e sladovna — hvozdéni

e sladovna — odkliovani a lesténi
e sypani sladu na varku

e separace horkych kald

e hlavni kvaseni

o dokvasovani (lezeni) piva

o filtrace

e staceni piva

e sanita¢ni stanice.

V jednotlivych kapitolkach technologickych operaci jsou struéné
uvedeny popisy pouzivanych postupd v kvalité BAT. V pfipadé vy-
znamu technickych parametr( pro hladky pribéh operace jsou uve-
deny i technické parametry postupu (teplota, doba plsobeni, spotre-
ba vzduchu, pozadované technické vybaveni apod.).

3.2 Spotieba energie

Zakon o integrované prevenci a o omezeni znecistovani také vy-
viji snahu o snizeni zatéze zivotniho prostfedi nepfimou cestou, tj.
omezenim spotieby energie a vody. Z podkladovych materiald jsme
pro obor pivo-slad ziskali nasledujici podklady (tab. 2).
nez vyroba piva, podil elektrické a tepelné energie je stejny.

O spotfebé energie — tepla a elektfiny — v nékterych némeckych
pivovarech podava podrobnéjsi Udaje tab. 3.

Pivovar, ktery nema vyspély systém regenerace tepla, ma spotre-
bu tepla asi 27,78-55,55 kWh/hl (100-200 MJ/hl).

3.3 Spotieba vody v oboru pivo — slad

Spotfeba vody v modernich pivovarech se pohybuje obvykle v me-
zich 0,4 az 1,0 m%hl vyrobeného piva. V BREF potraviny, napoje
a mléko uvadi jako pfiklad finsky pivovar s primérnou spotiebu vody
0,32 m¥nhl. V nami sledovanych pivovarech byla spotfeba vody na
1 hl piva byla v mezich 0,261-0,483 m?hl piva; v pfipadé dosazeni
téchto hodnot Ize hovofit o BAT pro vodni hospodarstvi — Spotfeba
vody v jednotlivych fazich procesu, jak je udava némecké pivovar-
nictvi, je uvedena v tab. 4.

Spotieba vody se méni podle druhu piva, poétu znacek piva, ve-
likosti varek, existence €i neexistence mycky lahvi, toho, jak se pivo

o brewhouses — hop boiling with the detailed description of re-
spective technological steps (mashing, recirculation and sparging,
lautering, hops boiling); tentative emission limits are shown in the
Table 1.

The following technological operations were included into the CP
BAT group:

e barley intake

e barley storage

e steeping

e sprouting

e kilning

e sprout removal and malt polishing
e mashing in into mash tun

e separation of impurities in whirlpool
o fermentation

e maturation (lagering)

o filtering + stabilization

o filling

e sanitation station.

The respective chapters on technological operations present
brief descriptions of applied technological procedures having
BAT quality. Technical parameters (temperature, exposure time,
air consumption, required equipment, etc.) are also given in case
they are important for the smooth progress of a technological op-
eration.

3.2 Energy consumption

The IPPC Act also tries to reduce the environmental burden in an
indirect way, i.e. by reducing energy and water consumption. The fol-
lowing data for the brewing and malting industry were obtained from
the documentation (Table 2).

This table illustrates that malt production is more energy demand-
ing than beer production, the electric to thermal energy ratio remain-
ing the same.

More detailed data on energy — heat and electricity — consumption
in some German breweries are shown in the Table 3.

A brewery lacking an advanced system of heat regeneration shows
heat consumption of about 27.78-55.55 kWh/hl (100-200 MJ/hl).



B PInéniaz 2 000 sudd KEG za hodinu

m CombiKeg: kompletnf linka v jednom 20" kontejneru

® AZ 40% uspora CO, diky technologii Direct Flow Control /ﬂ KI I S
Dalsi informace ziskate na webu www.khs.com

nebo naskenovanim QR kédu. Filling and Packaging — Worldwide




KVASNY PRUM.
60/2014 (3)

56

Analyza vysledku integrované prevence a omezovani znecisténi v zafizenich pivovaru a sladoven ...

Tab. 4 Specificka spotieba vody v pivovaru v riznych fazich vyroby / Table 4 Specific water

consumption in breweries in various production stages

3.3 Water consumption in brewing and
malting industry

(JRC, 2005)

** Measurements made by Heidemann, Rosenwinkel and Seyfried (1990-1992)

Provoz / Section Mérna spotieba vody (m¥hl vystavu piva) In modern breweries water consumption
/ Specific water consumption (m°/hl beer sales) usually ranges between 0.4 and 1.0 m*hl
= — ——— - finalized beer. In BREF foods, beverages
Nameéfeno / Measured Publikovano / Published and milk a Finnish brewery is shown as an
od / from do/ to od / from do/ to example with the average water consump-
” tion of 0.32 m¥nhl. The breweries observed
Varna a studeny sklad / 0.130 0.236 0.174 0.26 by us exhibited water consumption within
Brewhouse and cold block 011 0.24 the range of 0.261-0.483 m¥/hl beer; in
Spilka / Fermentation cellar 0.032 0.053 0.04 0.08 case of reaching these values it is possible
Lezacky sklep / Lager cellar 0.024 0.067 0.01 0.06 to speak about BAT in water management.
Filtrace a stabilizace / 0.031 0.109 0.01 0.076 Water consumption in respective stages
Filtration + Stabilization of the producpon.process, as given by the
German brewing industry, are shown in the

Stacirna lahvi / Bottling line 0.059 0.163 0.09 0.098 Table 4.
Staéirna sudti / Keg filling 0.013 0.061 0.01 0.12 Water consumption changes depending
line on beer style, the number of beers brewed,
e P brew length, the presence or not of the
Ruzné* / Miscellaneous 0.20 0.204 0.026 0.397 bottle washing line, beer packaging and
PROCES CELKEM / TOTAL 0.403 0.680 0.485 1.81 pasteurizing, the history of the premises,
PROCESSING cleansing system and the type of the equip-
* Odhad ment. If water is used from originates from
** MéFeni provedena Heidemannem, Rosenwinkelem a Seyfriedem (1990-1992) local wells, its pre-treatment before use
(JRC, 2005) may be required, what may lead to losses of
*  Estimate about 30%. Bottling necessitates more wa-

ter than keg packaging. Water consumption
for once-through cooling and losses caused

bali a pasterizuje, stafi zavodu, systému pouzivaného pro Cisténi
a typu pouzivaného zafizeni. Jestlize se pouzivaji mistni studny,
mUze voda vyzadovat pfed pouZitim Upravu, béhem niz mohou na-
stat az 30% ztraty. Staceni do lahvi spotfebuje vice vody, nez stace-
ni do soudkl. Spotfeby vody pro chlazeni jednim pratokem a ztraty
zplUsobované odparem v horkém podnebi jsou znaéné.

4 ZAVER

Vysledkem analyzy produkce emisi, spotfeby energii a vody jsou
vypracované BATy pro jednotlivé operace pivovarsko-sladarského
oboru a cely soubor BREF ve ¢lenéni na CP BAT a ECCP. Detailni
popis BAT technologii na urovni CP BAT byl umistén na webovych
strankach VUPP. Tim jsou k dispozici referenéni hodnoty pro dalsi
posuzovani ekologického chovani velkych potravinafskych zafizeni,
vyuzitelné jak provozovateli, tak kontrolnimi organy.

Navrh BREFu jako zaklad hodnoceni BAT reaguje na vyvoj evrop-
ské legislativy, to znamena, Ze klade ddraz na emisni hodnoty vice
nez tomu bylo doposud. Vyplyva to i z rozdilnych nazvi — Smérnice
Evropského parlamentu a Rady 2008/1/ES o integrované prevenci
a omezovani znedisténi vydana dne 15. ledna 2008, oproti nove-
le ze dne 24. listopadu 2010 — Smérnice Evropského parlamentu
a Rady 2010/75/EU o pramyslovych emisich (integrované prevenci
a omezovani znecisténi). Navrh BREFu pro pivovary a sladovny re-
spektuje tuto zménu a dlsledné vyhodnocuje a dava do souladu re-
ference k nejlepsim dostupnym technikdm s orientaénimi hodnotami
jednotlivych emisnich latek pfifazenymi vzdy ke konkrétnimu zdroji,
konkrétnimu mistu v pouzité technologii.

Podékovani

Prace byla podpofena grantem MSMT &. 2B 08017 ,Stanoveni
BAT/BREF pro oblast potravinarskych zafizeni“. Kompletni navrhy
jednotlivych BREF budou po zavéreéné oponentufe zvefejnény na
serveru VUPP http://www.vupp.cz.
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by evaporation in warm climates are signifi-
cant.

4 CONCLUSIONS

The analysis of emission production and water and energy con-
sumption resulted in a series of BATs elaborated for respective op-
erations of the brewing and malting industry and a coherent collec-
tion of BREFs segmented to CP BAT and ECCP. A comprehensive
description of BAT technologies at the CP BAT level will be placed
on the FRIP web site in the 2nd quarter of 2012. This makes the
reference values accessible for further assessment of ecological be-
haviour of large food processing installations. These data can be
used by both factory operators and supervising authorities.

The BREF proposal as a basis for BAT assessment reflects the
development of European legislation, i.e., it observes emission val-
ues much more closely than done previously. This also follows from
different headings of the directives — “Directive 2008/1/EC of the Eu-
ropean Parliament and of the Council of 15 January 2008 concern-
ing integrated pollution prevention and control” as distinct from the
amendment “Directive 2010/75/EU of the European Parliament and
of the Council of 24 November 2010 on industrial emission (integrat-
ed pollution prevention and control).” The BREF proposal for brewer-
ies and maltings respects this alteration and consistently evaluates
references to best available techniques and harmonizes them with
tentative values of respective emitted substances. These are always
matched with the particular source, with the specified point of tech-
nology applied.
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