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1. Introduction
This document contains a short description of the Beer making industry (breweries) as it exists and operates in the Republic of Macedonia. It will be necessary to update this document if the situation in the sector evolves substantially.
To prepare and execute well the environmental inspection of facilities within this sector, this document provides information for inspectors about how this industry works, what are its main environmental impact and pollution abatement measures, and what are the key points for the inspection of these facilities, complemented by a practical inspection checklist. The goal is to facilitate the work of inspectors, ensuring a more uniform inspection approach and quality, and a level playing field for the operators.

As already mentioned, detailed information about production processes and Best Available Techniques (BATs) relevant for this sector can be found in the reference links and documents in Annex 1. This document provides a first introduction and is intended to be a practical tool for inspectors, and for that sake is kept brief.
2. What is a Brewery?
1.1. Production process

Beer is an alcoholic drink derived from malted barley, with or without other unmalted cereal grains, and flavoured with hops. There are three basic steps in the process; mashing, fermentation, and maturation/conditioning.
1.1.1. Mashing

The malted barley is milled before use, the aim is to crush the endosperm with minimal damage to the husk. After milling, the ground materials or grist are mashed to produce a fermentable substrate for yeast fermentation. Additives may be used as a supplementary carbohydrate source, either to the mash kettle, e.g. maize grist or rice, or to the wort kettle, e.g. sucrose or glucose/maltose syrup. The grist is mixed with hot water to produce a thick slurry. The mix is then held for a sufficient period to allow the enzymes present in the malted barley to break down starch and proteins in the cereals.
Depending on the way in which the temperature is raised, mashing processes are classified into two types, i.e. infusion or decoction mashing. With infusion mashing, the entire mash is heated up, with appropriate rests until reaching the final mashing-off temperature. In decoction mashing, the temperature is increased by removing and boiling part of the mash. By returning it back to the remainder, the temperature of the total mash is increased to the next higher rest temperature. The vessel used for mashing is known as a mash tun. The wort is separated from the brewers grain by filtration in a mash filter or by straining. 
1.1.2. Fermentation

The wort is boiled for 1 to 1.5 hours in the wort kettle with hops or hop extracts, releasing bitter substances that are dissolved. A coarse coagulum of proteinaceous precipitated material is separated from the wort. 

The wort is clarified in a whirlpool to remove the hops and then cooled to the pitching temperature. 
It is possible to produce stronger wort than that corresponding to the original gravity of the final beer produced and it is possible later, before or after fermentation, to dilute it with water to the desired extract content.  A further aim of wort boiling is the inactivation of all enzymes, sterilisation as well as concentration of the wort.

The clear hopped wort is aerated to encourage yeast propagation prior to fermentation and yeasts are added. The particular yeasts strains used are typical for beer production. Yeasts are divided into two major groups, i.e. top and bottom fermenting yeasts. 
To maintain the desired fermentation temperature, the tanks are cooled. 

At the end of fermentation, the yeast is separated from the product. A part of it is used for another batch, and the remainder is disposed of or considered to be a co-product.

1.1.3. Maturation/conditioning
The beer is generally clarified in a diatomaceous earth filter. After carbonation, the beer may be subjected to a number of preservation processes, such as flash pasteurisation and aseptic filling, membrane separation or in-container pasteurisation.
Before bottling, the beer is filtered through a filter cake. Proven materials for this purpose are mud-free kieselguhr, calcined and screened diatomaceous earth of various particle size distribution and perlite from ground and calcined glassy rock of volcanic origin. Activated carbon may be used to correct a mild off-taste. For example, it is usually used in the treatment of rest beers. Shortly before filtration, hydro- and xero-silica gels may be added to contribute to the build-up of the filter cake. Fining, by the addition of, e.g cross-linked polyvinylpyrrolidone (PVP) and polyvinylpolypyrrolidine (PVPP) is carried out to clarify the beer and e.g. reduce the polyphenol concentration. Cleaning agents and disinfectants are also used.
1.2. Production scheme

A general flow diagramme of the production of beer is presented in Figure 1.
Figure 1: Beer production flow diagramme:
3. Sector description in the Republic of Macedonia

1.3. Brewery sector in the country
In 2014, total volume sales of beer increased by 2% to reach 69 million litres, a sales performance which brought beer volume sales almost back to the pre-crisis level of 2008. Total value sales of beer in Republic of Macedonia increased by 6% in current terms to reach MKD8.8 billion in 2014.

Pivara Skopje AD led beer sales in Macedonia with a 57% total volume share in 2014. It also held a 57% total volume share of standard lager in 2014 with its leading brand, Skopsko, and ranked second with 46% in economy lager with its brand, Gorsko. Pivara Skopje ad is a company with a long tradition in Macedonian beer, known for its excellent distribution infrastructure nationwide and domestic beer brands which enjoy excellent reputations among domestic consumers. Pivara Skopje produce Amstel Lager and Skopsko Dark.

Over the forecast period, beer is set to achieve a Compound Annual Growth Rate (CAGR) of 2% in total volume terms and a value CAGR of 4% at constant 2014 prices, to reach 77 million litres and MKD 10.8 billion, respectively, by 2019.

In the country exist also Prilepska (Zlaten Dab) and Bitolska Breweries.

1.4. Applicable legislation

On the ‘Legislation’ section of the website of the State Environmental Inspection (SEI) (http://www.sei.gov.mk/page_en.asp?ID=2) there is relevant legislation available.

The relevant legislation includes the following main laws:

· Law on Environment

· Law on Inspection Supervision

· Law on Waters

· Law on Nature Protection

· Law on Protection from Environmental Noise 
· Law on Ambient Air Quality

· Law on Waste Management

· Law on Management of Batteries and Accumulators and Waste Batteries and Accumulators

· Law on Management of Packaging and Packaging Waste 

· Law on Management of Electrical and Electronic Equipment and Waste Electrical and Electronic Equipment 

· Law on Genetically Modified Organisms 

· Law on Control of Emissions of Volatile Organic Compounds Resulting from Use of Petrol 
· Law on Administrative Procedure 
· Law on Misdemeanor 
· Criminal Code Law on Criminal Procedure
· Law establishing a State Commission for decisions in the second instance in the area of the inspection supervision and misdemeanor procedures 
Additionally, on the website of the Ministry of Environment and Physical Planning (http://www.moepp.gov.mk) there are also links to relevant primary and secondary legislation provided. Information about secondary legislation like Rulebooks is available on the website of the Official Gazette (www.slvesnik.com.mk).
4. Key environmental issues of the sector

Important note: The references in this Chapter to sections refer to the sections in the BREF on BAT in food, drink and milk industries (see Annex 1 for more information about this BREF).

Key environmental issues for the breweries are considered the use significant amounts of water and energy, and the generation of waste water.
1.5. Air 

1.5.1. Dust

The main potential emission sources are dust from material intake and transport of raw materials, i.e. grains, and filtration aids (i.e. kieselguhr).
1.5.2. Odour

The largest source of odour emissions is the evaporation from wort boiling. Other sources are waste water treatment, storage and handling of co-products and by-products, oil storage, ventilation of beer cellars and packaging lines and air emissions from the boiler house.
Reference to general methods for odour treatment such as carbon adsorption (see section 4.4.3.9)
1.5.3. Pollutant substances

No reference to any release of specific pollutants is given in the BREF. It is expected that no hazardous substances are emitted into the air.
1.5.4. Greenhouse gases

No reference to any release of greenhouse gases is given in the BREF.
1.6. Noise and vibrations

The main noise sources are transport (within the brewery with lorries and forklifts), condensers and cooling towers.
1.7. Waste water

The waste water discharge is equal to the water supply minus the produced beer, the evaporated water in the brewery and utility plants, and the water present in the by-products and solid waste.

The waste water is very variable and the pollution load of the different steps do not follow the volumes throughput, e.g. bottle cleaning produces a high amount of waste water but with only a low organic load, while waste water from fermentation and filtering account for only about 3 % of the total waste water volume but 97 % of the BOD load. Organic pollution in waste water mainly comes from the following sources:

· brewers grains

· yeast and surplus yeast

· trub

· weak wort discharge

· emptying and rinsing of water from kettles

· emptying of process tanks

· pre- and after-runs from diatomaceous earth filtration and filling

· chase water from process pipes

· rejected beer in the packaging area

· returned beer

· breakage of bottles in the packaging area

· ancillary materials used in the packaging area

· conveyor lubrication

· label glue.

Suspended solids (SS) in the waste water originate from the discharge of by-products, diatomaceous earth, e.g. kieselguhr, and possible label pulp from the bottle cleaner. Nitrogen originates mainly from detergents used for tank cleaning, from the malt and from additives. Phosphorus may come from the cleaning agents used. Large variations in pH may occur due to the use of acids and caustic for the cleaning of process equipment and returnable bottles.
Some figures about waste water pollution loads are presented in Table 1.
Table 1: Range of untreated waste water polluting parameters

	Parameter
	Unit
	Range

	BOD5
	mg/l
	1000 – 1500

	COD 
	mg/l
	1800 – 3000

	Suspended solids (SS)
	mg/l
	10 – 60

	Total nitrogen
	mg/l
	30 – 100

	Total phosphorus
	mg/l
	30 – 100

	pH
	
	3 – 13


In Table 2 information about water consumption/parameters per product unit is given.
Table 2: Water consumption/parameters per product unit

	Parameter 
	Unit
	Range

	Water consumption
	hl water/hl beer sold
	4 – 10

	Waste water generation
	hl water/hl beer sold (minus)
water consumption)
	1.3 – 1.8

	COD
	kg/hl beer sold
	0.8 – 2.5

	COD/BOD5 ratio
	
	1.5 – 1.7

	Total suspended solids
	kg/hl beer sold
	0.2 – 0.4


BAT to be applied:

1. Reduction of the water quantities used: a water consumption level of 0.35 – 1 m3/hl of beer produced is suggested (see sections 3.3.11.1 & 5.2.9.1)
2. Install secondary (biological) and, if possible, tertiary waste water treatment plant (BREF on BAT for Waste Treatment Industries: see sections 4.7.4 & 4.7.5) 

1.8. Soil and groundwater
No incidents of soil/groundwater contamination from the brewing process are generally expected.
1.9.  Waste
Solid materials leave the brewery as co-products such as grains and surplus yeast, spent diatomaceous earth (i.e. kieselguhr), primary and secondary packaging material. Hazardous wastes are not reported to be generated during the brewing process.

BAT proposed:
Surplus yeast, brewers grains, trub from the whirlpool and husk and malt grits may be used as animal feed. Yeasts are also used in cosmetics, pharmaceuticals and spreads. Spent diatomaceous earth can be used in the cement industry, broken glass may be reused for glass manufacturing (see Section 3.3.11.4).
1.10. Storage of hazardous substances
Hazardous substances are generally not used in the brewing process.
1.11. Safety
In the IED no conditions and prescriptions about safety aspects like storage of hazardous substances are given, so in the BREF  BAT for these and other safety aspect will not be found.
1.12. Administrative organisation / Internal control

1.12.1. Environmental management system

There is a clear reference on the necessity of application of an environmental management system (EMS) in BREF-FDM (section 4.1.1 and 5.1.1). See Annex 1 for more information.
1.12.2. Self-monitoring and reporting

In section 4.1.1. of the BREF FDM (EMS) there is a clear reference to self-monitoring/record keeping.: the operator has to continuoulsy measure/monitor all relevant emissions and keep records of these measurements as well as of any corrective actions undertaken.
1.13. Other environmental issues
1.13.1. Energy consumption and efficency
The main heat consuming process steps are mashing, wort boiling, generation of hot liquor, sterilising, bottle/keg cleaning and pasteurising.
A clear reference to concrete measures to reduce energy consumption in breweries is not mentioned in the BREF; only the “classic” good housekeeping measures are described (4.1.6):

· Monitoring of the major energy consumption sources 

· Process optimisation/innovation

· Management commitment

· Analysis of production processes

etc.
1.13.2. Natural resources management
Section 4.1.6 of the BREF provides general guidelines on how to prevent wasting of energy use and of water consumption. They are not specific for breweries. The general „philosophy”is to account/monitor  each production step in order to allocate possible sources of material losses. Especially for water use minimisation, recycling/reuse of any possible water quantities (e.g. use of less polluted process water for floor cleaning purposes) has to be envisaged.
A mass balance can be made to account for the consumption of raw materials and services, and the losses, wastes and emissions that result from the process. A mass balance makes it possible to identify and quantify previously unknown losses, wastes and emissions, and also provides an indication of their sources and causes. Mass balances are easier, more meaningful, and more accurate when they are undertaken for individual process steps.
A set of questions to be considered (to be answered by the operator) concerning good practices for water conservation can look as follows:

1. Map the brewery’s water distribution network and mark the routes of major pipes and drains on the site plan

2. Identify the major points at which water is used

3. Identify the content of the effluents stream (yeast, trub, etc.), if possible and explore the possibilities to reuse part of it e.g.  for (less demanding) cleaning purposes 
4. Estimate the amount of water used and discharged at each major point
5. Identify the water quality and availability at each major point and check possibilities for reuse (e.g. cask rinse water to be used for cooling purposes or for conveyor belt washing)
6. Include designations for hot, cold and drainage systems
7. Label pipework, valves and manholes for easy identification.
5. The inspection

1.14. Preparation before inspection

1.14.1. Decide on type/duration of inspection
The inspection team shall decide on the type of inspection and on the resources, including staff and equipment, which will be assigned to the task. Examples of inspection types can be routine inspection of all production processes or targeted inspection of problematic areas on the basis of complaints or in case that there are indications that critical emission limit values (ELV) cannot be met. 
The following aspects should be taken into account:

· Complexity and duration of the  installation - the more complex it is the more inspectors that may be needed

· Time of inspection - for safety reasons it is recommended that at night two inspectors should conduct inspection;

· For non-routine inspection, especially conducted upon a complaint and problematic situation, it is advisable to direct two inspectors to it;

· Weather condition as well as the time of a year - some additional equipment might be needed (e.g. torches, protective clothes, etc.).

· The resources needed (man-power/equipment, safety precautions)
· In relation to the previous point, it is recommended to have a check-list of the equipment needed (including safety gear, sampling equipment in case sample taking is required, laptop if available and convenient…).
1.14.2. Desk study

The collection and evaluation of existing information about the installation is critical for the success of the inspection since it allows the easier formulation of targeted questions for the interview of the operator and the concrete investigation of those unit operations which show the highest potential for not complying with the conditions set in the decision on the EIA or surpassing the set ELV in the environmental permit. Examples of information to be collected are listed below:

1. Reports of previous inspections of the site
2. Maps

3. Environmental Impact Assessment (decision, study, monitoring plan, monitoring reports)

4. Application for the permit

5. Environmental permit/s

6. Environmental reports submitted by operators, including monitoring reports

7. Complaints received about the installation
8.  BREF – FDM (section for breweries)
9. PRTR and other registers such as register of polluting substances into air, register of waste producers and managers

10. Information on installation to be inspected received from other competent authorities

11. Information available on the website of the operator

On the basis of the evaluation of the collected information the following has to be prepared:

· A comprehensive questionnaire which will be used for the operator’s interview

· A checklist to facilitate the inspection (see next subsection). 
· An outline of the “critical” ELV (i.e. those parameters which significantly contribute to the pollution load coming out of the installation)

· The list of BATs (according to the issued permit) which the operator should have installed and operated

· The list of documentation to be provided by the operator (e.g. self-monitoring records, annual reports submitted to the authorities)

· The inspection minutes and report templates (tailor-made for the installation) to be filled in at the end of the inspection

· Agenda of the inspection (see next subsection).
1.14.3. Templates for agenda of the inspection and checklist
You can use as checklist template the one in Annex 4, which is tailored to this sector.
A short agenda can be a very useful tool that will help to conduct an inspection. Providing an operator with it in advance may result in more smooth coordination of the inspection from his/her side, simply because the operator will be aware of how many resources and people they will have to allocate to the inspection. Preparing such a document before an inspection is not time consuming, you can use the template of inspection agenda in Annex 2.
1.14.4. Prior operator notification
· Routine inspections. The operator shall be previously notified of routine inspections as provided in the Law on Inspection Supervision.
· Non-routine inspections. There is not an obligation to notify operators of non-routine inspections. Therefore, in case of inspections carried out to verify if the operator is in line with environmental regulations, as a consequence of complaints by citizens or for other reasons, it is not recommended to notify operators previously.

1.15. On site inspection

1.15.1. General considerations to take into account

The aim of the inspection will be to check compliance of the operator with the operating/environmental conditions set in the issued permit.

1. Identify yourself. Clearly introduce yourself and show your identification card at the beginning of each inspection. 

2. Explain purpose of visit.
3. The operating/environmental conditions set in the issued permit will be the „guidance” throughout the inspection.
4. If necessary take samples, and/or define the samples that should be taken by a certified laboratory.

5. Always record your inspection with photographs and/or videos, they are fundamental as a proof in Court.

1.15.1.1. Best Available Techniques (BATs)

It must be checked that all BATs that are prescribed in the permit are present and that the corresponding Emission Limit Values are met. For installations falling under the scope of the IED, if a necessary BAT-Associated Emission Level (BAT-AEL) is not in the permit it must be checked if there is an explanation as prescribed by the article 15.4 in the IED
. If there is no (good) explanation, feedback to the permit writer and the operator must be given. If a BAT prescribed in the permit is present, works properly but the ELV is not met, possible alternatives can be discussed with the permit writer and the operator.   
1.15.2. Main questions for inspection

The major points of interest for inspection of brewery installations are the following:

1. Wastewater ELV (BOD5, COD, SS)
· Check self-monitoring records of the exit of the installation’s WWTP

· Take samples if necessary
2.  Water conservation measures

· Check whether water conservation measures are included in the permit; if yes, examine to which extent the relevant BAT/good housekeeping measures (e.g. flow meters in equipment cleaning facilities) are applied (see section 4.9.2 of this factsheet).
3. Waste management
· Check the route (collection, transport/selling) of surplus yeast, brewers grains, trub from the whirlpool and husk and malt grits (for animal feed, cosmetics etc.), spent diatomaceous earth (cement industry) 
· Check the management (recycling) pattern of packaging material (cardboard, bottles etc.): collection/transport to recyclers
1.16. After the inspection

1.16.1. Inspection reporting

After the inspection, according to EU best practices, the inspector has to draft a final inspection report. A template for such report has been delivered within this Twinning project and is available at SEI’s website (see Annex 1 for more information). The main contents of such a report are the following:
1. Baseline of the inspection
· Inspection basis (permit, legal regulations)

· Competent inspection authority, cooperating inspection authorities

· Kind of installation (e. g. slaughterhouse, meat processing)

· Operator (Name of the company)
· Address
· Date of inspection

· Length of inspection time

· Scope of the inspection (e. g. integrated inspection, media that were inspected, parts of the installation that were inspected)

· Kind of inspection (regular, extraordinary, control)
2. Inspection’s results
· No or only minor non-compliances 

· Significant or relevant non-compliances
· Serious or important non-compliances
3. Recommended  corrective measures
·  Minor corrective measures 

· Significant or major corrective measures
· Serious or important corrective measures
1.16.2. Inspection recording

The inspection report and any other additional material used for the preparation of the inspection should be stored and made accessible to any relevant authorities for their information.
Annex 1: Useful references & links

Website of the State Environmental Inspectorate, with useful materials, including inspection manual, factsheets and checklists
www.sei.gov.mk
BREF on Food, Drink and Milk Industries

http://eippcb.jrc.ec.europa.eu/reference/BREF/fdm_bref_0806.pdf
US Brewers Association - Water and waste water: Treatment/volume reduction Manual

https://www.brewersassociation.org/attachments/0001/1517/Sustainability_-_Water_Wastewater.pdf
Annex 2: Template for an inspection agenda

AGENDA FOR THE INSPECTION

Name of the company

Data of the inspection

n. of IPPC A/B permit

This Agenda for the inspection defines and plans the in situ activities; it defines the type of investigations to be performed (identification of key environmental issues) and how to investigate the defined topics (administrative or technical check by means of  direct inspection on the plant). The Agenda is delivered to members of the inspection team and the operator during the preliminary meeting .

Composition of Inspection Group

The Inspection Group (IG) is composed of the following technical officials :
Name – Administration (Leader of the IG)

Name – Administration 

xxx

xxx

Timing and execution of the inspection

The inspection will be conducted according to the following program:
Day/month/year

	
	Subject
	Activities
	Time
	Who / Staff needed

	Step 1
	Opening meeting
	Presentation of the  Agenda and the inspection team

Presentation and current status of the plant (production capacity and planimetry to check differences with the authorized layout) by the Operator
	9.00
	IG Leader
Legal responsible of the plant

Representative of the plant in charge of environmental issues

	Step 2
	Administrative inspection
	xxxxx 
	11.00
	xxx

	Step 3
	Site visit  
	Check BAT Application
	12.00
	Representative of the plant in charge of environmental issues

	Lunch 13.30 -14.30

	Step 4
	Site visit  
	Waste storage
	14.30
	Representative of the plant in charge of environmental issues

	Step 5
	Site visit  
	Water treatment plant
	15.00
	Representative of the plant in charge of environmental issues

	Step xxx
	xxx
	xxx
	xxx
	xxx

	Step xx
	Minutes of the inspection 
	Drafting and projecting the minutes of the inspection. 
	16.00
	Legal responsible of the plant

	Step xx
	Conclusive meeting
	Conclusions
	17.30
	Legal responsible of the plant

Representative of the plant in charge of environmental issues


Documents to be prepared by the operator
· Updated planimetry of the plant, indicating: 

· Water discharge points

· Air emissions points

· Waste storage areas

· xxxxxx;

· Environmental Management System certificate.
· Analysis certificate provided by certified laboratory of last monitoring analysis.

· Communication to Competent Authority related to Incidents.

· xxxxx.

Annex 3: Sector terminology

	Brew Kettle
	The vessel in which wort from the mash is boiled with hops. Also called a copper

	Cask
	A closed, barrel-shaped container for beer

	Conditioning Tank
	A vessel in which beer is placed after primary fermentation where the beer matures, clarifies and, is naturally carbonated through secondary fermentation

	Dry-hopping
	The addition of dry hops to fermenting or aging beer to increase its hop character or aroma

	Fining
	An aid to clarification: a substance that attracts particles that would otherwise remain suspended in the brew.

	Grist
	Brewers' term for milled grains, or the combination of milled grains to be used in a particular brew

	Lauter
	To run the wort from the mash tun

	Mash Tun
	A tank where grist is soaked in water and heated in order to convert the starch to sugar and extract the sugars and other solubles from the grist

	Tun (Tub)
	Any large vessels used in brewing

	Wort
	The solution of grain sugars strained from the mash tun


Annex 4: Inspection checklist for breweries
Filtering





Packaging





Lautering





Water





Yeast





Hops





Flavours, spices





Bottles





Cans





Barley





Malting





Milling





Mashing





Boiling





Fermenting





Conditioning








� Art.15.4 of the IED states the following: 


The competent authority may, in specific cases, set less strict emission limit values than BAT-AELs. Such a derogation may apply only where an assessment shows that the achievement of emission levels associated with the BATs as described in BAT conclusions would lead to disproportionately higher costs compared to the environmental benefits due to:


(a)	the geographical location or the local environmental conditions of the installation concerned; or


(b)	the technical characteristics of the installation concerned.


The competent authority shall document in an annex to the permit conditions the reasons for the application of the derogation including the result of the assessment and the justification for the conditions imposed.


The ELVs set in accordance with the derogation shall, however, not exceed the ELVs set out in the Annexes to the IED, where applicable.


The competent authority shall in any case ensure that no significant pollution is caused and that a high level of protection of the environment as a whole is achieved.


The competent authority shall re-assess the application of the derogation as part of each reconsideration of the permit conditions pursuant to Article 21 of the IED.
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