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Title
Best Available Techniques (BAT) Reference Document for the Food, Drink and Milk Industries

Abstract

The Best Available Techniques (BAT) Reference Document (BREF) for the Food, Drink and Milk
Industries is part of a series of documents presenting the results of an exchange of information
between EU Member States, the industries concerned, non-governmental organisations promoting
environmental protection, and the Commission, to draw up, review and - where necessary - update
BAT reference documents as required by Article 13(1) of Directive 2010/75/EU on Industrial Emissions
(the Directive). This document is published by the European Commission pursuant to Article 13(6) of
the Directive.

The BREF for the Food, Drink and Milk Industries covers the treatment and processing, other than
exclusively packaging, of the animal and/or vegetable raw materials, whether previously processed or
unprocessed, intended for the production of food or feed, as specified in Section 6.4 (b) of Annex I to
Directive 2010/75/EU.

Important issues for the implementation of Directive 2010/75/EU in the food, drink and milk (FDM)
sector are emissions to water, energy and water consumption. Chapter 1 provides general information
on the FDM sector and on the industrial processes and techniques used within this sector. Chapter 2
provides information on the common industrial processes, abatement systems and general techniques
that are used across the FDM sector. General techniques to consider in the determination of BAT (i.e.
those techniques to consider that are widely applied in the FDM sector) are reported in Chapter 2.
Chapters 3 to 15 give the applied processes, current emission and consumption levels, techniques to
consider in the determination of BAT and emerging techniques for the FDM sectors that are covered by
these chapters. Chapter 16 provides thumbnail descriptions of additional FDM sectors, for which a data
collection via questionnaires has not been carried out. Chapter 17 presents the BAT conclusions as
defined in Article 3(12) of the Directive, both general and sector-specific. Concluding remarks and
recommendations for future work are presented in Chapter 18.
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Preface

PREFACE
1. Status of this document

Unless otherwise stated, references to ‘the Directive’ in this document refer to Directive
2010/75/EU of the European Parliament and the Council on industrial emissions (integrated
pollution prevention and control) (Recast).

The original best available techniques (BAT) reference document (BREF) on Food, Drink and
Milk Industries was adopted by the European Commission in 2006. This document is the result
of a review of that BREF. The review commenced in December 2013.

This BAT reference document for the Food, Drink and Milk Industries forms part of a series
presenting the results of an exchange of information between EU Member States, the industries
concerned, non-governmental organisations promoting environmental protection and the
Commission, to draw up, review, and where necessary, update BAT reference documents as
required by Article 13(1) of the Directive. This document is published by the European
Commission pursuant to Article 13(6) of the Directive.

As set out in Article 13(5) of the Directive, the Commission Implementing Decision (EU)
2019/2031 on the BAT conclusions contained in Chapter 17 was adopted on 12 November 2019
and published on 4 December 2019".

2. Participants in the information exchange

As required in Article 13(3) of the Directive, the Commission has established a forum to
promote the exchange of information, which is composed of representatives from Member
States, the industries concerned and non-governmental organisations promoting environmental
protection (Commission Decision of 16 May 2011 establishing a forum for the exchange of
information pursuant to Article 13 of the Directive 2010/75/EU on industrial emissions (2011/C
146/03), OJ C 146, 17.05.2011, p. 3).

Forum members have nominated technical experts constituting the technical working group
(TWG) that was the main source of information for drafting this document. The work of the
TWG was led by the European IPPC Bureau (of the Commission’s Joint Research Centre).

3. Structure and contents of this document

Chapter 1 provides general information on the food, drink and milk (FDM) sector and on the
industrial processes and techniques used within this sector.

Chapter 2 provides information on the common industrial processes, abatement systems and
general techniques that are used across the sector. General techniques to consider in the
determination of BAT (i.e. those techniques to consider that are widely applied in this sector)
are reported in Chapter 2. Chapters 3 to 15 give the applied processes, current emission and
consumption levels, techniques to consider in the determination of BAT and emerging
techniques for the FDM sectors that are covered by these chapters. Chapter 16 provides
thumbnail descriptions of additional FDM sectors, for which a data collection via questionnaires
has not been carried out. Chapter 17 presents the BAT conclusions as defined in Article 3(12) of
the Directive, both general and sector-specific.

1 OJ L 313, 4.12.2019, p. 60.
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Chapters 3 to 15 provide the information given below on specific FDM sectors (i.e. animal feed,
brewing, dairies, ethanol production, fish and shellfish processing, fruit and vegetables, grain
milling, meat processing, oilseed processing and vegetable oil refining, olive oil processing and
refining, soft drinks and nectar/juice, starch production, sugar manufacturing). For each FDM
sector, the chapter is structured as follows (X is the chapter number):

. Section X.1 provides general information on the FDM sector.

o Section X.2 provides information on applied processes and techniques.

. Section X.3 provides data and information concerning the environmental performance of
installations within the sector, and in operation at the time of writing, in terms of current
emissions, consumption and nature of raw materials, and use of energy.

° Section X.4 describes in more detail the techniques to prevent or, where this is not
practicable, to reduce the environmental impact of operating installations in this sector
that were considered in determining the BAT. This information includes, where relevant,
the environmental performance levels (e.g. emission and consumption levels) which can
be achieved by using the techniques, the associated monitoring, the costs and the cross-
media issues associated with the techniques.

o Section X.5 presents information on emerging techniques as defined in Article 3(14) of
the Directive.

Concluding remarks and recommendations for future work are presented in Chapter 18.

4, Information sources and the derivation of BAT

This document is based on information collected from a number of sources, in particular
through the TWG that was established specifically for the exchange of information under
Avrticle 13 of the Directive. The information has been collated and assessed by the European
IPPC Bureau (of the Commission’s Joint Research Centre) who led the work on determining
BAT, guided by the principles of technical expertise, transparency and neutrality. The work of
the TWG and all other contributors is gratefully acknowledged.

The BAT conclusions have been established through an iterative process involving the
following steps:

o identification of the key environmental issues for the Food, Drink and Milk Industries;
examination of the techniques most relevant to address these key issues;
. identification of the best environmental performance levels, on the basis of the available

data in the European Union and worldwide;

° examination of the conditions under which these environmental performance levels were
achieved, such as costs, cross-media effects, and the main driving forces involved in the
implementation of the techniques;

. selection of the best available techniques (BAT), their associated emission levels (and
other environmental performance levels) and the associated monitoring for this sector
according to Article 3(10) of, and Annex Il to, the Directive.

Expert judgement by the European IPPC Bureau and the TWG has played a key role in each of
these steps and the way in which the information is presented here.

Where available, economic data have been given together with the descriptions of the
techniques presented in Techniques to consider in the determination of BAT sections. These data
give a rough indication of the magnitude of the costs and benefits. However, the actual costs
and benefits of applying a technique may depend strongly on the specific situation of the
installation concerned, which cannot be evaluated fully in this document. In the absence of data
concerning costs, conclusions on the economic viability of techniques are drawn from
observations on existing installations.
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5. Review of BAT reference documents (BREFS)

BAT is a dynamic concept and so the review of BREFs is a continuing process. For example,
new measures and techniques may emerge, science and technologies are continuously
developing and new or emerging processes are being successfully introduced into the industries.
In order to reflect such changes and their consequences for BAT, this document will be
periodically reviewed and, if necessary, updated accordingly.

6. Contact information

All comments and suggestions should be made to the European IPPC Bureau at the Joint
Research Centre (JRC) at the following address:

European Commission

JRC Directorate B - Growth and Innovation
European IPPC Bureau

Edificio Expo

¢/ Inca Garcilaso, 3

E-41092 Seville, Spain

Telephone: +34 95 4488 284

E-mail: JRC-B5-EIPPCB@ec.europa.eu
Internet: http://eippch.jrc.ec.europa.eu
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SCOPE

This BAT reference document (BREF) concerns the following activities specified in Sections
6.4 (b) and (c) of Annex | to Directive 2010/75/EU, namely:

o 6.4 (b) Treatment and processing, other than exclusively packaging, of the following raw
materials, whether previously processed or unprocessed, intended for the production of
food or feed from:

(i) only animal raw materials (other than exclusively milk) with a finished product
production capacity greater than 75 tonnes per day;

(ii) only vegetable raw materials with a finished product production capacity greater
than 300 tonnes per day or 600 tonnes per day where the installation operates for a
period of no more than 90 consecutive days in any year;

(iii) animal and vegetable raw materials, both in combined and separate products, with
a finished product production capacity in tonnes per day greater than:

— 75 if A'is equal to 10 or more; or
—[300 - (22.5 x A)] in any other case,

where ‘A’ is the portion of animal material (in percent of weight) of the finished
product production capacity.

Packaging shall not be included in the final weight of the product.
This subsection shall not apply where the raw material is milk only.

350 -

300

250 —

200

150 o

Threshold (tonnes per day)

100 —

50 —

0 I | | ! ! I | I ! I I

0 1 2 3 4 5 6 7 8 9 10 11 12

Animal material (% of finished product production capacity)

o 6.4 (c) Treatment and processing of milk only, the quantity of milk received being greater
than 200 tonnes per day (average value on an annual basis).

o 6.11 Independently operated treatment of waste water not covered by Directive
91/271/EEC provided that the main pollutant load originates from activities specified in
Sections 6.4 (b) or (c) of Annex I to Directive 2010/75/EU.
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This document also covers:

the combined treatment of waste water from different origins provided that the main
pollutant load originates from the activities specified in Sections 6.4 (b) or 6.4 (c) of
Annex | to Directive 2010/75/EU and that the waste water treatment is not covered by
Directive 91/271/EEC*

the production of ethanol taking place on an installation covered by the activity
description in 6.4 (b) (ii) of Annex | to Directive 2010/75/EU or as a directly associated
activity to such an installation.

This document does not address the following:

Other

On-site combustion plants generating hot gases that are not used for direct contact
heating, drying or any other treatment of objects or materials. This may be covered by the
BAT conclusions for Large Combustion Plants (LCP) or by Directive (EU) 2015/2193 of
the European Parliament and of the Council.

Production of primary products from animal by-products, such as rendering and fat
melting, fishmeal and fish oil production, blood processing and gelatine manufacturing.
This may be covered by the BAT conclusions for Slaughterhouses and Animal By-
products Industries (SA).

The making of standard cuts for large animals and cuts for poultry. This may be covered
by the BAT conclusions for Slaughterhouses and Animal By-products Industries (SA).

BAT conclusions and reference documents which could be relevant for the

activities covered by this BREF include the following:

Large Combustion Plants (LCP);

Slaughterhouses and Animal By-products Industries (SA);

Common Waste Water and Waste Gas Treatment/Management Systems in the Chemical
Sector (CWW);

Large Volume Organic Chemical Industry (LVOC);

Waste Treatment (WT);

Production of Cement, Lime and Magnesium Oxide (CLM);

Monitoring of emissions to Air and Water from IED Installations (ROM);
Economics and Cross-Media Effects (ECM);

Emissions from Storage (EFS);

Energy Efficiency (ENE);

Industrial Cooling Systems (ICS).

The scope of this document does not include matters that only concern safety in the workplace
or the safety of products because these matters are not covered by the Directive. They are
discussed only where they affect matters within the scope of the Directive.

2 Council Directive 91/271/EEC of 21 May 1991 concerning urban waste-water treatment (OJ L 135,
30.5.1991, p. 40).
% Directive (EU) 2015/2193 of the European Parliament and of the Council of 25 November 2015 on the
limitation of emissions of certain pollutants into the air from medium combustion plants (OJ L 313,
28.11.2015, p. 1).
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1 GENERAL INFORMATION ABOUT THE FDM SECTOR

1.1  Description, turnover, growth, employment

The FDM sector produces both finished products destined for consumption and intermediate
products destined for further processing.

Europe’s food and drink industry had an annual turnover of EUR 1 039 billion and generated
4.42 million jobs in 2016, making it the largest manufacturing industry in the EU-28 that year.
This represented 14.6 % of the total manufacturing sector turnover and 14.5 % of the total
manufacturing sector employment in the EU-28. The industry is highly fragmented with over
287 000 companies, approximately 285 000 of which are small and medium-sized enterprises
(SMEs), which account for almost half of the total industry turnover and two thirds of overall
industry employment. Europe’s food manufacturing industry is also a local industry, using 70 %
of agricultural raw materials produced in the EU, which helps generate jobs both up and
downstream in communities throughout the European Union. Data from Member States in the
EU-28 are presented in Table 1.1 and in Table 1.2.

Table 1.1:  Structure and production of the food and drink industry by Member State in the EU-28

Turnover Number of Number of Expo_rts Im_po_rts
Member State (million EUR) persons enterprises (million (million
employed EUR) EUR)
Austria 21614 80536 3818 2154 1385
Belgium 45872 95 843 6 984 4473 5928
Bulgaria 4921 94 342 5834 1142 404
Croatia 5211 62 909 3240 606 444
Cyprus 1409 11677 886 120 151
Czechia 13835 113 062 8432 472 410
Denmark 25 746 62 504 1575 4 607 3173
Estonia 1778 14 369 490 376 88
Finland 11 283 39374 1737 712 703
France 182 821 624 357 60 603 19516 8 875
Germany 193 159 867 495 29635 12 981 13631
Greece 13423 86 979 15429 1178 946
Hungary 11 396 102 261 6 625 973 269
Ireland NA NA NA 2499 914
Italy 128 342 428 601 57 640 9615 8 035
Latvia 1894 25 653 968 1001 225
Lithuania 4144 42128 1489 2 165 447
Luxembourg 884 5 457 162 39 80
Malta NA 3696 397 187 59
Poland 69 301 126 096 5587 13584 15769
Portugal 55191 404 963 12 631 4120 2150
Romania 14 960 102 670 10 649 1490 1551
Slovakia 11216 184 476 8 566 1889 755
Slovenia 4 462 37 242 2 766 109 95
Spain 2137 16 007 1940 318 636
Sweden 103 249 355 262 27119 7395 8961
The Netherlands 19 584 63 242 3820 1970 4 357
United Kingdom 91 331 368 140 8 230 8732 13170
EU-28 1039 159 4419 341 287 252 104 421 93612
NB: NA = not available.
Source: [ 176, Eurostat 2016 ]
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Table 1.2:  Structure and production of some food and drink sectors in the EU-28

Production Added value Employees
Million o Million | o
EUR Yo EUR Yo Number Yo
Processing and preserving of
meat and production of meat 207 683 24.7 30577 | 18.3 | 886000 22.7

products

Processing and preserving of fish,
crustaceans and molluscs
Processing and preserving of fruit
and vegetables

Manufacture of vegetable and
animal oils and fats

23 630 2.8 4208 25 114 300 2.9

60 425 7.2 13177 | 7.9 249700 6.4

45 243 5.4 4 258 2.5 56 700 1.5

Manufacture of dairy products 140 000 16.7 20000 | 11.9 NA NA
Manufacture of grain mill

products, starches and starch 43 379 5.2 7273 4.3 101 300 2.6
products

Manufacture of bakery and
farinaceous products
Manufacture of other food

107 411 12.8 40281 | 24.0 | 1350200 | 34.6

roducts NA NA NA | NA | 600000 | 15.4
?g:g;fa“”re of preparedanimal | 25509 | 83 | 10100 | 60 | 122000 | 3.1
Manufacture of beverages 142 801 17.0 37636 | 225 | 425900 10.9
Total 840572 | 100 | 167513 | 100 | 3906100 | 100

NB: NA = not available.
Source: [ 176, Eurostat 2016 ]
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1.2 Sector structure

Available statistics show that the EU-28 FDM sector comprises close to 287 000 companies,
around 90 % of which have 20 employees or less. The food and drink industry is the top
employment sector in the EU (14.5 %) and leading employer in the manufacturing sector in
more than half of the EU Member States.

The EU-28 FDM sector is exceptionally diverse compared to many other industrial sectors. This
diversity can be seen in terms of the size and nature of companies; the wide range of raw
materials, products and processes and the numerous combinations of each, and the production of
homogenised global products as well as numerous specialist or traditional products on national
and even regional scales. The sector is also subject to very diverse local economic, social and
environmental conditions, and varying national legislation.

The EU-28 FDM industry is quite fragmented. Approximately 92 % of the sector is made up of
SMEs, although there are some sectors, such as sugar manufacturing, which have very large
companies. Approximately 70 % of the agricultural raw materials used by the industry are
produced in the EU, which helps generate jobs both up and downstream in rural and urban
communities throughout the European Union. This fragmentation and diversity, as well as
divergent data collection systems in individual MS, makes it difficult to ascertain exact figures
for the sector as a whole. Based on data submitted by Member States during 2012-2013,
information on the number of installations specified in Sections 6.4 (b) and (c) of Annex I to the
IED Directive is given in Table 1.3.

Table 1.3: Summary of existing FDM installations requiring a permit by activity category in
Annex I to Directive 2010/75/EU (reference period 2012-2013)

Member State 6.4 (b) 6.4 (c) Total
Austria 12 10 22
Belgium 58 16 74
Bulgaria 8 0 8
Croatia NA NA NA
Cyprus NA NA NA
Czechia 74 18 92
Denmark 38 20 58
Estonia 1 3 4
Finland 16 13 29
France 384 199 583
Germany 285 121 406
Greece 36 7 43
Hungary 21 4 25
Ireland 14 24 38
Italy 259 32 291
Latvia NA 5 5
Lithuania NA NA NA
Luxembourg NA 1 1
Malta NA NA NA
Poland 136 45 181
Portugal 60 10 70
Romania 22 2 24
Slovakia 13 3 16
Slovenia 4 2 6
Spain 292 40 332
Sweden 20 17 37
The Netherlands 94 31 125
United Kingdom 287 56 343
EU-28 2134 678 2812
NB: ; NA = not available.

Source: [ 177, COM 2016 ][ 2, IED Forum 2018 ]
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The sector is spread all over Europe, in very industrialised regions as well as in rural areas.
Traditionally, industrial production has been closely related to primary production, climate and
natural resources, e.g. land and water, along with the actual requirements of the particular
production technique. These significantly influence the structure and geographical location of
specific industrial production. Although this kind of dependence is being reduced, it still holds
true in many sectors. For example, some sectors are still concentrated in special regions, e.g.
fish processing is usually found in countries or regions which have direct access to the sea and
traditions of fishing, and olive oil is mainly manufactured in Mediterranean countries, especially
in Andalusia in Spain. Other activities such as sugar production/refining, grain milling and dairy
industries are found in all countries. Some FDM production activities have special requirements
with regards to natural resources, such as the need for a receiving water body for the discharge
of large volumes of treated waste water. Sugar- and starch-producing installations, oilseeds
installations and oil refineries and fruit and vegetable preservation installations are normally
situated near water for this reason.
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1.3 Trade

For many companies, exporting their product out of Europe is an important part of their
business. In the first semester of 2013, the EU-28 FDM sector exports amounted to
EUR 42 400 million. This is a 4 % increase compared to 2012 figures.

The main export market for European FDM products is the US. The Chinese, Japanese, Swiss
and Russian markets are also significant. The top export destinations of EU-28 FDM products in
2014, in financial terms, are shown in Table 1.4. The origins of the top imports to the EU-28 are
shown in Table 1.5.

Table 1.4:  Top export destinations of EU-28 FDM products in 2014

Export destination Million EUR
USA 14 566
Russia 6 335
China 5583
Switzerland 5304
Japan 4 607
Hong Kong 3662
Norway 3 146
Canada 2592
Australia 2 348
Saudi Arabia 2219
Source: [ 176, Eurostat 2016 ]

Table 1.5:  Origins of top imports of non-EU FDM products in 2014

Import origin Million EUR
Brazil 6 706
USA 4 853
Argentina 4 341
Switzerland 4137
China 3 655
India 3647
Thailand 2 549
Turkey 2 505
Norway 1989
Malaysia 1765
Source: [ 176, Eurostat 2016 ]
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The top individual export sectors in the FDM sector in 2014 are shown in Table 1.6.

Table 1.6:  Exports by sector in the EU-28 in 2014

Million
Sector EUR
Drinks, of which: 25 706
spirits 10 176
wine 8 867
mineral water and soft drinks 2761
Chocolate and confectionery 5235
Processed tea and coffee 2111
Meat products 11 249
Dairy products 9488
Fruit and vegetable products 4981
Oils and fats 4538
Prepared animal feeds 2 883
Bakery and farinaceous products 3498
Fish and sea food products 3419
Grain mill products and starch 2 828
products
Source: [ 176, Eurostat 2016 ]

The UN predicts that the world population will reach 9 billion in 2050 and will require 70 %
more food production. This will necessarily lead to an increased demand for food, drink and
milk products and production. The European food and drink industry is faced with the twin
challenges of ensuring access to raw materials at competitive prices and the sustainable supply
of nutritious food against the backdrop of global food security.
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1.4  Market forces: demand, distribution and competition

14.1 Demand

An ever-increasing number of social and economic factors affect FDM consumption patterns
throughout the EU-28, leading to some diversification in consumption and purchasing. Greater
homogeneity in lifestyles is reflected in the consumption and purchasing patterns for a growing
variety of goods. The European food and drink industry is constantly responding to changing
consumer demands by providing a wide range of food products. Even so, FDM products still
retain elements of cultural specificity linked to national or regional traditions. So although
consumers want to be able to purchase the same items and quality of products throughout the
whole of the EU-28, they also demand the option/choice of different products linked to their
own tradition or culture. This can be reflected at a national, regional or even more local level
and can also vary throughout the year. For instance, for the feed industry, this impacts feed
formulation through diverse feed specifications to allow livestock farmers to meet the
requirements related to the quality of animal products, while ensuring their profitability and
resource efficiency. Food and feed products may have different quality specifications (e.g. on
taste, colour, texture) that require specific technologies.

1.4.2 Distribution

Cost control activities, e.g. labour-saving technologies, improvements in logistics and
distribution channels and resource-saving practices, have been introduced. In general, most
FDM products tend to be distributed to the major retail chains, although substantial differences
persist between countries.

1.4.3 Competition
Even if great fragmentation still persists in most countries, the size and corresponding economic

strength of companies is becoming crucial for balancing the increasing bargaining power of
retailers and achieving the minimum critical mass in terms of production volumes.
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1.5 The importance of food safety in FDM processing

As well as environmental considerations, there are other legal requirements and prohibitions
which must be considered when identifying best available techniques in the FDM industry.
There are specific requirements, for example relating to food safety, and these are updated from
time to time. All FDM production installations, regardless of their size, geographical location or
point in the production process, must comply with the required food safety standards.

The achievement of the required standards can be made easier if all of the operators with
responsibilities collaborate closely. The FDM industry has identified five key areas that can
ensure day-to-day food safety, i.e. improved food safety systems, robust traceability systems,
crisis management, risk identification and communication. The application of such principles, in
particular in relation to crisis management, risk identification and communication, should also
be considered with respect to environmental protection. Where quality management systems
have been developed from 1SO 9001 Quality System—Model for quality assurance in
design/development, production, installation and servicing, and ISO 22000 Food Safety
Management for example, familiarity with such systems may facilitate the use of equivalent
environmental standards-related systems.

Food safety laws may have an influence on environmental considerations. For example, food
safety and hygiene requirements may affect the requirement for water use to clean the
equipment and the installation, making it necessary to use hot water, so there are also energy
considerations. Likewise, waste water is contaminated by substances used for hygiene purposes,
for cleaning and sterilisation, e.g. during the production and packaging of long-life FDM
products. Heat treatment is a key tool to manage microbiological contamination of feed and is
even mandatory under many countries' national legislation. These issues have to be considered
to ensure that hygiene standards are maintained, but taking into account the control of water,
energy, and detergent and steriliser use. Cooling is another parameter relevant to maintenance of
hygiene requirements and food safety that will also have a significant impact on energy
consumption.
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1.6 Legislative framework for food, drink and milk products

Protection of the consumer and of the environment, and the elimination of obstacles to the free
movement of goods are among the main concerns of EU FDM legislation. The EU legislative
framework is based on horizontal measures across product categories as well as on commaodity-
specific so-called vertical measures, derived from agricultural policy or the agri-monetary
system.

As well as the general legislation, e.g. financial, environmental, health and safety, the FDM
sector is also controlled by specific very detailed and comprehensive legislation starting at the
farm gate and ending on the dinner plate. This legislation covers the following main areas:

o food and feed safety (contaminants, pesticide residues, quality of water intended for food
consumption, official control of foodstuffs, materials in contact with foodstuffs);

o food and feed hygiene (general rules, health rules concerning foodstuffs of animal origin);

o food and feed composition (additives, flavourings, processing aids, genetically modified
organisms);

o consumer information (general labelling rules, quantitative ingredient declaration, lot

identification, unit pricing);

food and feed nutrition, food and feed labelling;

animal by-products;

ionisation;

organic production.

Section 1.7 refers to some selected legislation on the environment. Other pieces of
environmental legislation are also valid for the industry, e.g. Council Directive 98/83/EC on the
quality of water for human consumption.
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1.7 The FDM sector and the environment

The FDM sector often depends on the quality of natural resources, especially that of land and
water, so preserving the environment in which the raw materials are grown is very important.
The level of pollution in waste water and the amount of waste produced by the industry can
represent a significant load in some countries or regions. While most emissions from the
industry are biodegradable, some sectors use materials such as salt or brine which are resistant
to conventional treatment methods.

The trigger for the sector to improve its environmental performance has therefore been based on
efficiency improvements, e.g. maximising the utilisation of materials, which subsequently leads
to a minimisation of waste. Food wastage represents a major waste of resources and a needless
source of greenhouse gas emissions that impacts climate change. There are also negative
economic consequences for everyone along the food chain when food goes to waste. For this
reason, significant efforts have been made to reduce the amount of food wasted in the food and
drink sector through different industry initiatives. In 2013, some food chain partners launched a
joint effort to tackle the problem of food wastage via the publication of their ‘Every Crumb
Counts’ Joint Declaration, aiming at maximising the food and feed use of inedible crop
residues, inedible animal parts and by-products [ 178, Every Crumb Counts 2015 ].

The FDM industry focuses on proactive environmental management systems, natural resource
conservation and the performance of waste minimisation techniques. To ensure sustainability,
the effects of the raw material supply, food processing, transport, distribution, preparation,
packaging and disposal must be considered and controlled. Both primary production and
processing are critically dependent upon a reliable water supply and adequate water quality, in
conformity with legal requirements.

The FDM sector complies with the requirements of the Directive 94/62/EC on packaging and
packaging waste [ 120, EC 1994 ] by preventing the production of packaging waste, and by
reuse and recycling as well as by recovery of packaging waste. Packaging is essential for
complying with the food and drink products' strict hygienic standards and preserving their
quality from production to consumption, which also helps to prevent and reduce food waste. It
is also a marketing and sales tool and it conveys information like ingredients, nutrient content,
cooking instructions and storage information.

Annex | to the Packaging and Packaging Waste Directive lays out the essential requirements on
the composition and the reusable and recoverable (including recyclable) nature of packaging.
The essential requirements, along with their associated CEN standards, are the leading set of
legally binding EU design requirements for packaging. A list of CEN standards developed on
packaging design can be found below:

. EN 13427: requirements for the use of European Standards in the field of packaging and
packaging waste.

° EN 13428: requirements specific to manufacturing and composition - Prevention by
source reduction.

. EN 13429: reuse.

. EN 13430: requirements for packaging recoverable by material recycling.

. EN 13431: requirements for packaging recoverable in the form of energy recovery,
including specification of minimum inferior calorific value.

. EN 13432: requirements for packaging recoverable through composting and
biodegradation.

These standards offer the required flexibility to encourage innovation and enable packaging to
be adapted to consumer needs. They can also be incorporated into the environmental and quality
management systems within companies.
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Many FDM companies have implemented an EMS and some are certified or in the process of
being certified to 1SO 14001 or the EU Eco-Management and Audit Scheme (EMAS). The
FDM sector is one of the industrial sectors with the most EMAS-registered organisations
[ 107, COM 2017, [179, COM 2015 ] (for further information see Section 2.3.1.1).

1.7.1 Key environmental issues

Being part of a diverse industrial sector, the different FDM sectors have different environmental
issues and challenges. Although the paragraphs below streamline impacts throughout the FDM
sector, subsequent chapters will therefore reflect these divergences in terms of relevant
consumptions, emissions and subsequently BAT conclusions.

Water consumption is one of the key environmental issues for the FDM sector. Water, which is
not used as an ingredient ultimately, appears in the waste water stream or is transformed into
steam and emitted to air. Typically, untreated FDM waste water is high in both COD and BOD
content. Emission levels can be 10-500 times higher than in domestic waste water. The TSS
concentration varies from negligible to more than 100 g/l. Untreated waste water from some
sectors, e.g. meat, fish, dairy and vegetable oil production, contains high concentrations of fats,
oils and greases (FOG). Waste water from the FDM industry is, in most cases, biodegradable
and hence can be treated together with domestic waste water or waste water from other
industrial sectors (e.g. carbon source for denitrification or for biological phosphorus removal).

The FDM sector accounts for approximately 10 % of the industrial final energy consumption
inthe EU-28 [ 106, COM 2016 ]. Energy consumption is thus is therefore another key
environmental issue.

The main air pollutants from FDM processes are dust and volatile organic compounds (VOC).
Moreover, relevant amount of refrigerants containing halogens may be released.

Table 1.7 provides an overview of the key environmental issues agreed on at the kick-off
meeting for the review of the FDM BREF across the 13 FDM sectors for which data were
collected.

For the other sectors, described in Chapter 16, only general information was collected as agreed
on at the kick-off meeting. These sectors mostly have a very limited number of installations in
Europe within the scope of the FDM BREF.
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Table 1.7: Key environmental issues for emissions to air and to water agreed on at the kick-off
meeting for the review of the FDM BREF

Key environmental issues
Emissions to water (direct discharge,
Sectors for data collection indirect discharge, landspreading) o ]
— Emissions to air
General parameters Additional
P parameters
Animal feed — Total dust
Brewing — Total dust
Dairies Chloride (CI) Total dust
Ethanol production — —
Fish and shellfish processing Chloride (CI") TVOC
Fruit and vegetables — —
Grain milling — Total dust
Meat processing TOC, COD, TSS, TN, — TVOC
TP
Oilseed processing and vegetable o Total dust,
oil refining TVOC, hexane
L . - Total dust,
Olive oil processing and refining — TVOC
Soft drinks and nectar/juice made o -
from concentrate
Starch production — Total dust
Total dust,
Sugar manufacturing — TVOC, NOy,
SO,, CO
NB: NA = not applicable.
Source [ 235, COM 2015]

The TWG also decided at the kick-off meeting to collect data for BOD and NH,-N emissions to
water. These parameters are useful to assess the abatement efficiency of the WWTP.

The main sources of solid waste output are inherent losses besides spillage, leakage, overflow,
defects/returned products, and retained material that cannot freely drain to the next stage in the
process.
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2 GENERAL PROCESSES AND TECHNIQUES ACROSS THE
FDM SECTOR

2.1 Applied processes and techniques across the FDM
sector

211 Introduction

The most commonly used processing techniques and unit operations in the FDM sector are
shown in Table 2.1. Some of these processing techniques are described in Annex Il
(Section 19.2) of this BREF, to avoid repetition throughout the document.

Table 2.1: The processing techniques and unit operations most commonly used in the FDM
sector

Materials reception and preparation
Materials handling and storage
Sorting/screening, grading, dehulling, destemming/destalking and trimming
Peeling
Washing
Thawing

Size reduction, mixing and forming
Cutting, slicing, chopping, mincing, pulping and pressing
Mixing/blending, homogenisation and conching
Grinding/milling and crushing
Forming/moulding and extruding
Separation techniques

Extraction

Deionisation

Fining

Centrifugation and sedimentation
Filtration

Membrane separation
Crystallisation

Removal of free fatty acids by neutralisation
Bleaching

Deodorisation by stream stripping
Decolourisation

Distillation

Product processing technology

Soaking

Dissolving
Solubilisation/alkalising
Fermentation

Coagulation

Germination

Brining/curing and pickling
Smoking

Hardening

Sulphitation

Carbonatation

Carbonation
Coating/spraying/enrobing/agglomeration/encapsulation
Ageing

Heat processing

Melting
Blanching
Cooking and boiling
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Baking
Roasting
Frying
Tempering
Pasteurisation, sterilisation and UHT processing
Concentration by heat
Evaporation (liquid to liquid)
Drying (liquid to solid)
Dehydration (solid to solid)
Processing by removal of heat
Cooling, chilling and cold stabilisation
Freezing
Freeze-drying/lyophilisation
Post-processing operations

Packing and filling
Gas flushing and storage under gas
Utility processes

Cleaning and disinfection

Energy generation and consumption
Water treatment

Vacuum generation

Refrigeration

Compressed air generation

Source: [1, CIAA 2002]

The raw materials used by the FDM sector are natural products, which may vary from season to
season and from year to year. It may, therefore, be necessary to adapt production processes to
accommodate the changes in characteristics of the raw materials.

To process a raw material into a product normally involves applying a range of processing
techniques linked together into a production line.

Providing a detailed description of every process applied in the FDM sector is beyond the scope
of this document.

2.1.2 Energy consumption

FDM manufacturing requires electrical and thermal energy for virtually every step of the
process. Electricity is needed for lighting, for process control of the installation, for heating, for
refrigeration and as the driving power for machinery. It is usually generated and supplied by
utility companies. When steam and electricity are generated on site, the efficiency factor can be
considerably higher.

Thermal energy is needed for heating processing lines and buildings. The heat generated by the
combustion of fossil fuels is transferred to the consumers by means of heat transfer media,
which, depending on the requirements, are steam, hot water, air or thermal oil.

The basic boiler/generator design generally consists of a combustion chamber, where fuel
combustion takes place. The heat is initially transferred by radiation, followed by a tubular heat
exchanger for heat transfer by convection. The hot gas and heat transfer media are separated
from each other by a specially designed heat-exchange system. Thermal efficiencies of heat
generators very much depend on the application and fuel type. Efficiencies, calculated on the
basis of lowest calorific value, range from 75 % to 90 %. Some products are heated up by
means of direct radiation with open flames or convection with directly heated process air. In this
particular case, natural gas or extra-light fuel oil is burned.
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On-site combined generation of heat and power (CHP) is a valuable alternative for FDM
manufacturing processes for which heat and power loads are balanced. The following
cogeneration concepts are used in the FDM sector: high-pressure steam boilers/steam turbine,
gas turbines or gas engines or diesel generators with waste heat recovery for steam or hot water
generation. The overall fuel utilisation factor of CHP systems exceeds 70 % and is typically
about 85 %. Energy efficiency can be up to 90 % or 95 % when the exhaust gases from a waste
heat recovery system, such as a steam boiler, are used for other drying purposes. A dryer uses
the hot gases from a combustion plant for direct contact with the product to be dried (e.g. sugar
beet pulp, green fodder, starch). A similar principle is used by a smoke kiln, which uses the hot
gas to smoke and/or cook the product (e.g. meat, fish).

The fuel conversion efficiency greatly exceeds that of any design of a commercial power
station, even the latest generation of combined cycle gas turbines, which can achieve a
conversion efficiency of 55 %. Sometimes surplus electricity can be sold to other users. Natural
gas and fuel oil are the most convenient fuels. However, a few installations still burn solid fuels
such as coal or process wastes. The utilisation of process wastes can be a convenient and
competitive source of energy, and additionally helps to reduce the cost of off-site waste
disposal.

The high energy usage in the FDM industry allied to the rising cost and decreasing availability
of fossil fuels means that alternative, long-term energy supplies must be investigated. The extent
of electricity generation by the food industry itself is low, meaning that there is a big gap
between its consumption and generation which could be filled, to some extent, by appropriate
renewable energy recovery from wastes. Given the nature of the raw materials available, one
technology which seems well suited to the FDM industry is anaerobic digestion, a process in
which biodegradable material is broken down by microorganisms, in the absence of oxygen, to
yield biogas (see Section 2.3.5.1) [ 131, Hall et al. 2012 ].

In the FDM sector, a number of common techniques are applied with the aim of reducing
energy consumption. A summary is presented below. Most of these techniques are described in
more detail in the ENE BREF [ 132, COM 2009 ].

The Carbon Trust initiative also introduces simple and straightforward opportunities for saving
energy in the food and drink industry [ 22, Carbon Trust 2012 ].

21.21 General processing techniques
21211 Combined heat and power generation

Combined heat and power (CHP) generation, also known as cogeneration, is a technique
through which heat and electricity are produced in one single process. In-house combined
generation of heat and power can be used in food manufacturing processes for which heat and
power loads are balanced. For example, sugar manufacturing requires electrical and thermal
energy in every step of the process. Electricity is needed for lighting, for installation process
control, and as the driving power for machinery. Steam and hot water are needed for heating
process vessels and buildings. For example, as the size of dairies increases, the amounts of
thermal and electrical energy needed for evaporation/drying steps is growing, making CHP a
feasible alternative.

2.1.21.2 Heat pumps for heat recovery

The working principle of a heat pump is based on heat transfer from a lower temperature to a
higher temperature by aid of electrical power. For example, the recovery of heat from warm
cooling water. The cooling water is cooled down and the heat can be used for heating another
stream of water.
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Heat pumps are generally only a good solution when the site energy recovery has been fully
optimised and only low-grade heat remains [ 203, FEFAC 2015 1].

21213 Use of permanent magnet synchronous motors

In the case of a permanent magnet synchronous (PMAC) motor, the rotor itself contains
permanent magnet material, which is either surface-mounted to the rotor lamination stack or
embedded within the rotor laminations. Electrical power is supplied through the stator windings.
PMAC motors are more efficient due to the elimination of rotor conductor losses, lower
resistance winding and flatter efficiency curve. Due to their synchronous operation, PMAC
motors offer more precise speed control. PMAC motors provide a higher power density due to
the higher magnetic flux compared to induction machines. Finally, PMAC motors generally
operate at cooler temperatures, resulting in a longer lifetime [ 193, TWG 2015 ].

21214 Electrical power supply

Public electrical power is supplied via high-voltage grids where the voltage and current vary in
sine wave cycles at 50 Hz (in Europe) in three phases at 120 ° intervals. The voltage is high to
minimise current losses in transmission. Depending on the equipment used, the voltage
is stepped down on entering the site, or close to specific equipment, usually to 440 V for
industrial use, and 240 V for offices, etc.

Various factors affect the delivery and the use of energy, including the resistance in the delivery
systems, and the effects some equipment and uses have on the supply. Stable voltages and
undistorted waveforms are highly desirable in power systems.

If the power factor is corrected, for example by installing a capacitor at the loading point, this
totally or partially eliminates the reactive power draw at the power supply company.

Moreover, certain electrical equipment with non-linear loads causes harmonics in the supply
(the addition of distortions in the sine wave). Examples of non-linear loads are rectifiers, some
forms of electric lighting, electric arc furnaces, welding equipment, switched mode power
supplies, computers, etc. [ 132, COM 2009 ].

2122 Techniques related to cooling/freezing

The typical cooling processes applied in the FDM sector are presented in Table 2.2. It should be
noted that the selection of cooling agents and refrigerants is influenced by Regulation (EC) No
1005/2009 [ 118, COM 2009 ] and Regulation (EU) No 517/2014 [ 137, EC 2014 ].
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Table 2.2:  Typical cooling processes in the FDM sector

Cooling of products Brief description / application examples
Cooling with air
Batch cooling in dedicated chilling rooms or cabinets. Cooling
of unpacked or packed products.
Continuous cooling in dedicated equipment. Air speed of

Blast cooling, batch cooling

Spiral cooling approximately 6 m/s. Cooling of unpacked or packed products.
Continuous cooling in dedicated equipment. Air speed of
Impingement cooling approximately 20-30 m/s. Cooling primarily of unpacked
products.
Cooling with water
Water spray Spraying of water directly at the product. Cooling of unpacked

or packed products.
Immersion in water (spin | Products immersed in chilled water, e.g. spin chiller. Cooling of
chiller) unpacked or packed products.
Products immersed in brine superchill to —3 °C. Cooling of
packed products.
Addition of flake ice to the product during the process to reach
the optimal product temperature.

Cooling with air and water
Alternating addition of water spray and air to exploit both the
Evaporative cooling media temperature and the heat used for vaporisation of the
water. Cooling of unpacked and packed products.
Cooling with cryogenic gases
Continuous or batch process. Shell freezing before slicing of
products. Freezing of unpacked products.
Addition of CO, pellets to the product. Post-chilling of
products.

Brine cooling (superchill)

Ice, flake ice

Liquid CO,

CO, pellets

Source: [ 220, Clitravi-Avec 2016 ]

Table 2.3 shows the typical freezing processes applied in the FDM sector. For more information
about freezing see Section 19.2.6.1.

Table 2.3:  Typical freezing processes in the FDM sector

Freezing of products | Brief description / application examples
Freezing with air
Blast freezing Batch freezing in cabinets. Packed products.

Continuous freezing system. Air speed of approximately 3-6 m/s.
Freezing of unpacked or packed products.
Continuous freezing system. Air speed of approximately 20-30 m/s.
Freezing of unpacked products.
Contact freezing, plate freezing
Batch freezing. Direct contact between product and evaporator.
Freezing of packed or unpacked products.
Freezing with cryogenic gases
Liquid CO, Continuous or batch process. Shell freezing before slicing of
products. Freezing of unpacked products.
Source: [ 220, Clitravi-Avec 2016 ]

Spiral freezing

Impingement freezing

Plate freezing

Further information on general techniques for cooling is available in the ICS BREF
[ 162, COM 2001 ].
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Major energy savings can be achieved in cooling and freezing. Savings are possible by correct
adjustment of the working parameters, such as the evaporator temperature, conveyor belt speed
and blower power in the freezing tunnel. These depend on the product being processed and the
throughput. The consumption of energy in electrical systems in the freezing tunnel can be kept
as low as possible by opting for frequency converters on the blowers, on the distributor
conveyor and by installing high-efficiency low-energy lighting.

21221 Heat recovery from cooling systems

Heat can be recovered from cooling equipment and compressors. This involves the use of heat
exchangers and storage tanks for warm water. Depending on the cooling equipment, 50-60 °C
temperatures can be achieved.

21222 Use of high-efficiency motors for driving fans

The motors for driving the fans are set up in the freezing tunnel. The electrical energy supplied
to the motors must, therefore, be dissipated by the freezer unit. By opting for high-efficiency
motors for driving the fans, not only is there a direct saving in electricity, e.g. lower
consumption by the fans, but also an indirect saving, e.g. through the lower cooling load on the
refrigeration unit.

21.2.2.3 Dynamic cooling condensation control

Dynamic cooling condensation control is a programmable logic-control-based copyright system
for condensation pressure optimisation. By monitoring the external temperature, atmospheric
pressure and moisture, the system determines the best NH; (or other cooling gas used)
condensation pressure value. Consequently, the NH3 plant works between 8.5 bar and 11 bar,
rather than 11 bar all the time, saving compressor energy.

By applying this process, the electric energy usage can be reduced by as much as 50 %
[193, TWG 2015].

2.1.2.3 Techniques related to compressed air systems
21231 Optimisation of the air inlet temperature

Compressors operate more efficiently using cool air. This is generally achieved by ensuring the
air is taken from outside the building. This can be checked by measuring the dryer inlet
temperature, which should not exceed 35 °C with the compressors on full load. The temperature
of the dryer room should be within 5 °C of the outside ambient temperature. If the room
temperature is too high, this lowers the compressor’s performance [ 39, Environment Agency of
England and Wales 2001 ].
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2.1.3 Water consumption

A large part of the FDM sector cannot operate without a substantial amount of good quality
water. In the FDM sector, hygiene and food safety standards have to be maintained. A
systematic approach to control the use of water and reduce water consumption and its
contamination is generally effective.

Each application of water requires its own specific quality. In the FDM sector, the quality
requirements depend on whether or not contact between water and the food product is possible.
Water that comes into contact with the product must, with a few exceptions, at least be of
drinking water standard. Both chemical and microbiological quality aspects are important. It is
advisable to conduct a regular check of the microbiological parameters of the water at the most
critical places, i.e. at the point of use. This is normally incorporated in the hazard analysis
critical control point system (HACCP). The quality standards for drinking water are laid down
in Council Directive 98/83/EC [ 36, EC 1998 ].

The treatment required to produce water of a safe quality depends very much on the water
source and its analysis. A minimum treatment concept involves water filtering, disinfecting and
storage, but, depending on the water requirements, may also include de-ironing, desilication, or
active carbon filtering. Treated drinking water is pumped from the storage tank and distributed
through the installation pipe network to the users.

Additional treatment, such as softening, dealkalising, demineralising or chlorinating the water,
is needed for usage in specific food processes or utilities. lon exchangers or membrane filtration
processes are the most common techniques used for this purpose.

The following sources of water are used in the FDM sector: tap water, groundwater, surface
water, rainwater, and water originating from the raw material and reused water.

Tap water is distributed by a water main. The supplier is usually responsible for the quality of
the water delivered and for checking the quality of the water regularly.

The composition of groundwater is generally reasonably constant and microbiological counts
are mostly low, especially in deep boreholes. In most cases, little treatment is necessary before
groundwater can be used as process water or cooling water. In most countries, a licence is
needed for the extraction of groundwater. The quality of the groundwater is monitored by the
user. Sometimes the authorities require notification of the results of regular water quality
analyses.

Surface water cannot be used as process water unless it is treated first. When available, it is
often used as cooling water. A licence may be required for such use.

Depending on the region, rainwater may be a source of water. This requires a storage basin.
After appropriate treatment and control, rainwater may be used as process water, in open
cooling systems.

Some raw materials that are processed in the FDM sector contain a considerable percentage of
water as a liquid water phase, which can be separated from the solid constituents for separate
utilisation. This separation can be carried out by, for example, pressing, centrifuging,
evaporation or by using membrane techniques. Some examples are fruit juice, potato juice,
sugar beet juice and milk. Such liquids can mostly be utilised if they are not used as a primary
product. Sometimes they can be used without further treatment, e.g. condensate of the first
stages of evaporators for boiler feed water, but otherwise appropriate treatment is necessary.

Reused water may come from chilled water, pump seal water, recovered condensate, or final
cleaning rinses, etc.
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2131 Types of water consumption

Water is used in the FDM sector for:

. food processing, where the water either comes into contact with, or is added to, the
product;

° equipment and installation cleaning;
washing of raw materials;

. water which does not come into contact with the product, e.g. boilers, cooling circuits,
refrigeration, chillers, air conditioning and heating, water used for product pasteurisation;

. cleaning of packaging materials;

. firefighting.

2.1.31.1 Process water

In the FDM sector, process water is used for direct preparation of products or other items which
come into direct contact with the products, cleaning and disinfection, regeneration of water
treatment equipment and for various technical purposes. Water that comes into contact with the
product must, with a few exceptions, at least be of drinking water standard. For the production
of soft drinks and beer, often special quality characteristics are required that sometimes exceed
those of drinking water quality.

Examples of uses of process water that is used for direct preparation of products or other items
which come into direct contact with the products include:

starting up of continuous process lines such as in pasteurisers and evaporators;
flushing out the product from the process equipment at the end of a production run;
washing raw materials and products;

wet transport, e.g. in a flume;

dissolving ingredients;

production of drinks;

cooking in water bath or shower ovens.

Water of varying quality can be used for cleaning and disinfection purposes. The main steps
involved in these processes are pre-rinsing with water, cleaning with cleaning agents, post-
rinsing with water, and disinfection. Water is also needed for cleaning the outside of equipment,
walls and floors. In this case, contact with the food product is unlikely, so drinking water quality
is not required. However, often drinking water quality is used, to avoid any hazard.

Large quantities of process water for the regeneration of water treatment equipment are required
for the removal of iron and/or manganese and for product softening and demineralisation. This
water needs to be of a good quality, to prevent bacteriological contamination of the filter
material and the need for the water to be treated afterwards. Furthermore, it is preferable for the
water to have a low iron content and low hardness, to prevent rapid fouling and scaling of
equipment.

Finally, process water is also used for other technical purposes, e.g. cooling water is used for
pump seals, seal water for vacuum pumps and water in closed circuits for hot water systems and
heat-exchange systems. Water is also used for air conditioning humidity control in storage areas
and for processing raw materials. If there is a risk that, in the event of equipment failure, contact
with the food product is possible, the water needs to be of drinking water quality.
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2.1.3.1.2 Cooling water

Cooling water is the water used for the removal of heat from process streams and products. In
the FDM sector, the cooling systems commonly applied are once-through cooling systems with
no recirculation of cooling water, closed circulation cooling systems, open circulation cooling
systems or cooling towers and cooling by direct contact with cooling water.

Cooling water is used in direct contact with food, e.g. after blanching of fruit and vegetables and
for example to cool cans and glass bottles after sterilisation.

In open cooling systems, i.e. cooling towers, not only does evaporation of the water occur but
also a small part of the water is sprayed. Furthermore, in a cooling tower the conditions for
growth of Legionella bacteria are favourable. This means that the spray of cooling towers, if
contaminated, may be a possible source of legionnaires’ disease. To prevent the occurrence of
legionnaires’ disease, companies which operate these systems must comply with regulations
requiring them to manage, maintain and treat them properly [ 101, Health and Safety Executive
2004 ]. Amongst other things, this means that the water must be treated and the system cleaned
regularly. Air quality from cooling systems comes within the scope of the ICS BREF
[162, COM 2001].

2.1.3.1.3 Boiler feed water

In the FDM sector, steam is generated using boilers with working pressures that can reach
120 bar. For power generation with steam turbines, higher steam pressures are needed. Steam is
used for the sterilisation of tanks and pipelines. Another application is UHT treatment with
direct steam injection. Sometimes steam injection is used for heating the product or for
adjusting the water content of the raw material. In all these cases, some level of direct contact
between steam and the food product is possible so drinking water quality is required.

Requirements generally depend on the working pressure and temperature of the boiler and the
conductivity [ 38, CEOC 1984 ]. The higher the pressure and temperature, the higher the quality
requirements are. This makes extensive water treatment necessary, e.g. removal of iron,
softening and chemical conditioning. The quality of the boiler water is controlled by the quality
of the boiler feed water. The frequency of boiler water blowdown also controls the quality.

It is important that boiler feed water does not cause scaling in the boiler or corrosion of the
steam system. This means that boiler feed water has to have a very low hardness and be de-
aerated. Returned condensate can also be used as boiler feed water supplemented by suitably
treated make-up water.

21314 Water recycling and reuse

In line with the EU Action Plan for the Circular Economy [ 180, COM 2015 ], recycling and
reuse of process and waste water aims to improve the resource efficiency of the FDM sector.
The potential role of treated waste water as an alternative source of water supply is now well
acknowledged and embedded within European and national strategies.

The distinction between the concepts of recycling and reuse is made in the Waste Directive
[ 59, WED 98/EC 2008 ]. Reuse means any operation by which products or components that are
not waste (e.g. process water) are used again for the same purpose for which they were
conceived. Recycling means any recovery operation by which waste materials are reprocessed
into products, materials or substances whether for the original or other purposes.

Consequently water reuse can be considered the reuse of water which is not waste water, whilst
recycling is the use of waste water.
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Depending on the local situation, there can be several types of water streams in a FDM
installation. It can be divided into many sources according to its quality, e.g.:

potable water;

reused water from the process (e.g. from filtration of milk, from starch slurry);
uncontaminated water and surface water that is not of drinking water quality;

water recovered from treatment of waste water and from anaerobic digestion of waste
(e.g. for landspreading).

When it is being decided which water sources can be reused and/or recycled in the installation,
several issues might require consideration:

° Legal requirements related to food safety and hygiene.
Customer requirements related to food safety, cleaning, etc.

° Product-related issues, e.g. distinguish between products that the consumer will use
without further preparation and products that the consumer will prepare before eating.

. Risks related to water consumption. The installation might consider the possibility of
monitoring the hygiene quality of the water to assess the risk of contamination of
products. If contamination of products may occur, the installation might weigh up the
benefits and disadvantages of reusing a certain water source.

. The consequences of reusing a specific water source, such as energy and chemical
consumption for treatment of the water before reuse/recycling.

o Possible water shortage.

When looking at water consumption, it is not only the volume that should be taken into
consideration. As most water used in the food industry will require some treatment, cooling
and/or heating before use, the water consumption should be reduced as much as possible. This
will also reduce energy use, e.g. for pumping and treatment. Moreover, both water shortage and
excess of water at local level should be considered, where relevant. Different requirements on
food safety and hygiene for products also have an influence on the water consumption.
Additionally, the water quality itself can have an influence on how much water is needed for a
specific use, e.g. for CIP.

All the aforementioned issues must be taken into consideration when evaluating the water
consumption and considering water reuse and recycling in a specific installation
[ 184, EDA 2016 ].

2.1.3.2 Cleaning and disinfection

Processing equipment and production installations are cleaned and disinfected periodically to
comply with legal hygiene requirements. The frequency can vary considerably depending on the
products and the processes. The aim of cleaning and disinfection is to remove product remnants,
other contaminants and microorganisms.

Before starting the cleaning process, equipment is emptied as far as possible. Cleaning and
disinfection can be carried out in various ways. Traditionally, it has been carried out manually.
Cleaning-in-place (CIP), washing-in-place and, cleaning-out-of-place are all expressions used
for different forms of cleaning. Cleaning agents are delivered in a variety of ways, for example
in bags, e.g. powdered cleaning agents, or in drums or bulk tankers. Many cleaning agents are
potentially hazardous to the health and safety of the operator and systems can be provided to
minimise the risk during storage, handling, use and disposal.

CIP is used especially for closed process equipment and tanks, whether stationary or small
mobile processing units. The cleaning solution is pumped through the equipment and distributed
by sprayers in vessels, tanks and reactors. The cleaning programme is mostly run automatically,
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and applies the following steps; pre-rinse with water, circulation with a cleaning solution,
intermediate rinse, disinfection, and final rinse with water. In automatic CIP systems, the final
rinse water is often reused for pre-rinsing or may be recycled/reused in the process. In CIP, high
temperatures of up to 90 °C are used, together with strong cleaning agents. CIP systems used for
open systems like freezers are almost entirely automatic, except for some dry clean-up and
opening of hatches. Temperatures for medium-pressure systems are normally below 50 °C and
the pressure is 10 bar to 15 bar.

Cleaning-out-of-place is used when several of the machine’s components need to be dismantled,
usually before the manual or automated cleaning of the machine is started. The dismantled
components are cleaned separately outside the machine. Forming machines are one example of
this. There are augers, pistons, valves, forming plates and seals which all have to be dismantled
before cleaning the machine. High-pressure jet cleaning, using gels and foams, can be carried
out manually or automatically. The appropriate cleaning method involves an appropriate
combination of cleaning factors such as water, temperature of the cleaning solution, cleaning
agents, i.e. chemicals, and mechanical forces. Only mild conditions, with regard to temperature
and cleaning agents, can be used for manual cleaning.

High-pressure jet cleaning and foam cleaning are generally applied for open equipment, walls
and floors. Water is sprayed onto the surface to be cleaned, usually at a pressure of about 40 bar
to 65 bar. Cleaning agents are injected into the water, at moderate temperatures of up to 60 °C.
An important part of the cleaning action takes place due to mechanical forces.

In foam cleaning, a foaming cleaning solution is sprayed onto the surface to be cleaned. The
foam adheres to the surface. It stays on the surface for about 5 to 15 minutes and is then rinsed
away with water. Foaming can be carried out both manually and automatically. Gel cleaning is
similar to foam cleaning.

2.1.3.2.1 Selection of cleaning agents

In some cases, cleaning is undertaken using hot water only. However, this depends on the nature
of the product and the process. Nevertheless, cleaning agents are normally used in the FDM
sector. Cleaning agents are typically alkalis, i.e. sodium and potassium hydroxide, metasilicate
and sodium carbonate; acids, i.e. nitric acid, phosphoric acid, citric acid and gluconic acid,;
composed cleaning agents containing chelating agents, i.e. EDTA, NTA, phosphates,
polyphosphates; and phosphonates, surface-active agents, and/or enzymes. Disinfectants, such
as hypochlorites, iodophors, hydrogen peroxide, peracetic acid and quaternary ammonium
compounds, can be used.

The selection of the cleaning agents is dependent on several criteria, including the installation
design, cleaning techniques available, type of soiling and nature of the production processes.
Cleaning agents must be fit for purpose but other aspects are also important, e.g. gluconic acid
is less corrosive than the other acids. Furthermore, cleaning in the FDM sector does not just
mean the removal of impurities: disinfection is equally important.

The selection and use of cleaning and disinfection agents must ensure effective hygiene control
but with due consideration of environmental implications [ 45, FoodDrinkEurope 2002 ]. When
the use of cleaning agents is essential, it is necessary to first check that they can achieve an
adequate level of hygiene and then to assess their potential environmental impact. The design of
equipment for food processing also has a significant effect on the level of food security; a
relevant consortium of equipment manufacturers, food industries, research institutes as well as
public health authorities is the European Hygienic Engineering & Design Group.

Detergents are an important type of cleaning agents and are usually mixed with water before
use. They can be divided into three broad groups, depending on the kind of solution they form:
acidic, neutral or alkaline [ 205, Nordic Council of Ministers 2015 1.
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Acid detergents are generally based on phosphoric or sulphuric acid, and their use is limited.
They are extremely effective at removing salts precipitated from water in hard water areas, and
at cleaning aluminium as the acids readily remove the white scale that forms on the surface of
the metal.

Neutral detergents comprise a wide range of materials that are mainly suitable for light cleaning.
They are generally similar to household detergents and their good wetting ability makes them
ideal for the dispersal of grease and oil.

Alkaline detergents can vary in strength from those that are only a little stronger than the neutral
types to ones that are strongly alkaline, consisting almost entirely of caustic soda, and requiring
extreme care in use.

2.1.3.21.1 Selection of disinfectants and sterilisers

The chemicals used for disinfection and sterilisation of equipment and installations operate on
the principle that they affect the cell structure within bacteria and prevent their replication.

The most commonly used sanitiser in food processing is chlorine, in its various forms.
Commonly used chlorine compounds include liquid chlorine, hypochlorite, inorganic
chloramines, and organic chloramines. Chlorine is active at low temperature, is relatively cheap,
and leaves minimal residue or film on surfaces. The major disadvantage of chlorine compounds
is the corrosive effect it has on many metal surfaces (especially at higher temperatures)
[ 205, Nordic Council of Ministers 2015 ].

Several other types of treatment can also be applied. These involve the use of oxidising
biocides, non-oxidising biocides, UV radiation and heat.

Non-oxidising biocides involve the use of, for example, quaternary ammonium salts,
formaldehyde and glutaraldehyde. These are generally applied using a technique called fogging
where the substance is sprayed into the area to be sterilised as a mist and allowed to coat the
exposed surfaces. This is carried out between process shifts, so the fog has dispersed before the
operator enters the work area. Exposure can cause respiratory problems, so occupational health
needs to be considered when selecting and using disinfectants and sterilisers.

213212 EDTA

EDTA (ethylenediaminetetraacetic acid) is the chelating agent used in the largest quantities.
EDTA is mainly used due to its property as a chelating agent for calcium. In the dairy sector,
the calcium content in milk is related to its protein content as calcium phosphocaseinate. EDTA
may be used during CIP in dairies, as follows:

° To remove the calcium fouling, (also known as milkstone) which occurs on the stainless
steel surfaces of milk processing machinery at temperatures from 70-80 °C. EDTA is
used particularly on UHT equipment; membranes, e.g. ultrafiltration (UF) and reverse
osmosis (RO) and for the preliminary cleaning of evaporators and spray dryers. Most of
this fouling is made up of stable denatured proteins. These are destabilised using EDTA,
which then enables the surface to be cleaned. Scale also builds up in other applications
and it is reported that skilled operators can tell when a periodic clean is required to
prevent this. The deposits are composed of proteins, minerals and fat.

. As a hardening stabiliser, to avoid precipitation of calcium when diluting concentrated
alkaline detergents with water. High-temperature alkaline cleaning may leave a carbonate
layer that could cause biofilm build up. In multiple-phase cleaning, alkaline cleaning is
followed, after intermediate rinsing, by nitric acid cleaning. The acid cleaning leaves a
shiny surface in contact with the product. Single-phase cleaning, using EDTA to capture
the calcium ions contained in water, reduces this effect and removes the acid step.
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To bind calcium, magnesium and heavy metals to prevent sedimentation and incrustation,
e.g. in the pipes and containers to be cleaned.

The bactericidal activity of cleaning and disinfection agents, especially towards Gram-
negative bacteria, increases when EDTA is incorporated, because of its ability to destroy
the outer cell wall of these often resistant species.

To improve the reuse of chemicals and to reduce water and energy consumption related to
single-phase cleaning compared with two-phase cleaning with caustic and nitric acid.

EDTA forms very stable and water-soluble complexes which are not normally degraded in
biological WWTPs, so the heavy metals remain in the waste water and not in the sludge, and
they are discharged to surface water bodies. The EDTA can then also remobilise heavy metals
from the sediment of rivers. Furthermore, nitrogen contained in EDTA may contribute to
eutrophication of water. Many other chelating agents also contain either nitrogen or phosphorus.

Biological degradation of EDTA is slow and only proceeds under certain conditions, such as
[ 67, Boehm et al. 2002 ] [ 68, Knepper et al. 2001 ]:

long hydraulic retention time and sludge age;

slightly alkaline conditions;

a comparatively high EDTA concentration;

EDTA should not be present as a heavy metal complex.

In addition, according to the draft risk assessment of 7 February 2003 under Regulation
793/93/EEC [ 111, COM 1993 ], EDTA causes a risk to the aquatic environment when used as a
chelating agent in some industries. The predicted no-effect concentration in surface water
bodies is 2.2 mg EDTA/I.
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2.1.3.2.2 Sinner’s circle

Sinner’s circle is a model used to describe factors that influence the efficiency of a cleaning
procedure. Sinner’s circle describes the four main factors which influence cleaning efficiency.
These four factors are cleaning time, temperature used, mechanics of cleaning and chemistry
used. Ideally, these factors should influence the cleaning efficiency in equal parts, as is shown in
Figure 2.1. But in fact, in most cases, Sinner’s circle is composed differently because each
factor’s contribution to the cleaning efficiency varies [ 210, EDA 2016 ].

B Time
B Temperature
W Mechanics

B Chemistry

Source: [ 210, EDA 2016 ]

Figure 2.1: Ideal Sinner’s circle

For example, mechanical forces exerting pressure on facility components may have a small
influence on the cleaning efficiency of CIP cleaning of dairy facilities. This may be the case for
example in pipes through which the production cycle’s liquid components flow. For this reason,
those mechanical forces do not contribute significantly to the cleaning process and the influence
of added chemistry is much more important for cleaning efficiency. The cleaning temperature
and time afforded for cleaning may contribute in equal parts.

How Sinner’s circle is composed for the purpose of proving the cleaning efficiency is to be
examined for each individual cleaning situation and is up to the company. Sinner’s circle
therefore provides a mathematical tool for calculating the proportion and intensity of each factor
influencing cleaning efficiency.

214 Solid output

European estimations reveal that 70 % of EU food waste arises in the household, food service
and retail sectors, with production and processing sectors contributing to the remaining 30 %.
The EU Platform on Food Losses and Food Waste aims to support all actors in: defining
measures needed to prevent food waste; sharing best practice; and evaluating progress made
over time [ 127, COM 2016 ].

When heavily loaded waste water streams (high COD) are treated in an anaerobic waste water
treatment unit, this results in a higher amount of biogas, but also a higher concentration of
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recalcitrant COD. This COD will not be easily removed in the subsequent aerobic waste water
treatment and will end up as emissions to water. Furthermore, in the case of intense reuse of
water (e.g. reverse osmosis), the concentration of recalcitrant COD will increase. The reason
why companies that do not have enough organic solid waste cannot install a digester is that a
digester needs a constant feed. Small digesters do not deliver enough biogas to be profitable.
Therefore it is recommended to reduce the load of solid materials to the anaerobic waste water
treatment plant, and to send all collected solids to a digester. This can be achieved by:

o process-integrated technigques (e.g. preventing pulp, peels, etc. from ending up in the
waste water);

o installing a sieve of at least 1.5 mm at the entrance of the anaerobic waste water
treatment; problems, such as blocking of the sieve, occur when smaller sieves are used;
o installing a sedimentation unit at the entrance of the anaerobic waste water treatment

[ 163, Belgium-VITO 2015 ].

In the anaerobic biological processes (anaerobic digestion), anaerobic bacteria convert part of
the organic matter in the waste water into biogas. Temperature and pH conditions should be
maintained within the optimum range. The technique could be generally applied at facilities
where effluents with a high BOD/COD level are produced.

Generally, the biogas generated is a valuable source of renewable energy. Anaerobic digestion
can be considered a sustainable method to manage organic waste. Furthermore, the overall
energy requirement to treat waste water anaerobically is lower than that of aerobic treatment.

2141 Packaging

The objective of packing is to use any products made of any materials of any nature for the
containment, protection, handling, delivery and presentation of goods. Packing may be applied
to raw materials and to processed goods. Filling is the process of putting the product in the
package in a proper way.

The majority of food products are packaged before they enter the distribution chain. In some
cases packing is an integral part of the production process, which means that the packaged
product is further processed. An example of this is the canning and bottling of foods and
subsequent heat conservation.

Most FDM products involve primary, secondary and tertiary packaging processes throughout
the manufacture and distribution chain.

The packaging materials used in the FDM sector are textiles, wood, metal, glass, rigid and semi-
rigid plastic, flexible plastic films, paper and board. Regulation (EC) No 1935/2004 provides a
harmonised legal EU framework. It sets out the general principles of safety and inertness for all
food contact materials.

Textiles have poor barrier properties. Textile bags are still used to transport bulk products
including grain, flour, sugar and salt. Wooden shipping containers have traditionally been used
for a range of foods, such as fruits, vegetables, tea, wines, spirits and beer. Wooden containers
were replaced a long time ago in some sectors, and are now increasingly being replaced
everywhere by plastic drums and crates.

Hermetically sealed metal cans have high barrier properties and can withstand high and low
temperatures. The materials used for metal cans are steel (tinplate or tin-free) and aluminium,
but they may also be coated with tin or lacquers to prevent interaction with the foods within the
can. Metal cans are widely used for soft drinks and beer. They are also used for canning
sterilised foods, e.g. fruit, vegetables, condensed milk and meat products. Metal cans are
recyclable. Aluminium foil is also widely used to pack several types of food.
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Glass has high barrier properties, is inert, and is suitable for heat and microwave processing.
However, two disadvantages of glass are the weight and the risk of fracturing. Glass bottles and
jars are widely used for milk, beer, wines and spirits, preserves, pastes and purées and also for
some foods and instant drinks. Glass bottles and jars are reusable and recyclable.

Rigid and semi-rigid plastic containers include bottles, jars, cups, trays and tubs made from
single or co-extruded polymers. They are low weight, tough and unbreakable, easy to seal, have
reasonably high barrier properties and great chemical resistance. Several techniques are
available for the production of these containers, such as thermoforming, blow moulding,
injection blow moulding, extrusion blow moulding and stretch blow moulding. Typical
materials used are PVC (polyvinylchloride), PS (polystyrene), PP (polypropylene), expanded
polypropylene (for thermoforming), HDPE (high-density polyethylene), PET (polyethylene
terephthalate), and polycarbonate. The containers are often made on site. Some of the containers
are reusable, e.g. polycarbonate bottles for milk. Rigid and semi-rigid plastic containers are
typically used for milk, soft drinks, dairy products, margarine, dried foods and ice cream.

Flexible films are formed from non-fibrous plastic polymers, which are normally less than
0.25 mm thick. Typical materials used for flexible films are PE (polyethylene), low-density
polyethylene, PP, PET, HDPE, PS, and PVC. In general, flexible films are relatively cheap; they
can be produced with a range of barrier properties; they are heat-sealable; add little weight; can
be laminated to paper, aluminium and other plastics; and are easy to handle. Flexible films are
used for packaging a large range of both wet and dry food products.

Finally, paper and board can be produced in many grades and many different forms. They are
recyclable and biodegradable and can easily be combined with other materials. Laminated
cardboard packs are used on a large scale for milk and fruit juices. Paper and board are also
used extensively for food packaging and often as secondary packaging.

An important step in the packing process is the sealing of the container or packs. The
maintenance of the food quality depends largely on adequate sealing of the packs. Seals are
usually the weakest part of the packs and also suffer the most frequent faults during production,
e.g. when food is trapped in a seal, or due to incorrect sealing temperatures or incorrect can
seamer settings. Cans are seamed and glass bottles and jars are sealed with metallic caps, plastic
caps or corks. Form-fill-sealing is now a well-established technique. In this process, the
container is formed and partly sealed, filled and then finally closed by full sealing.

The requirements for filling are accuracy, to ensure that the required amount of product is
packed, and hygiene, to ensure that the product is hygienically filled at the correct temperature
to guarantee the highest possible quality and optimum shelf life. The selection of an appropriate
filling technique depends on the nature of the product and the production rate required. The
filling can be by level, volume or weight.

Level filling is most frequently used in the drink industry, especially for beer. Volumetric filling
is applied to liquids, pastes and powders. The most common is the piston filler. Finally, weight
filling is applied to large particulate materials, e.g. confectionery. These are filled into
containers using a photoelectric device, to count individual pieces. Also multi-head weighers are
being developed which aim to weigh different products simultaneously, prior to filling into the
same container.

Containers need to be filled accurately without spillage and without contamination of the seal.
The filling of liquid foods like milk and fruit/vegetable juices can be categorised by the
temperature of the food at the time of filling, e.g. hot, ambient or fresh cold filling, or as aseptic
filling. The temperature ranges involved in the filling process are best illustrated by the hot
filling and fresh cold filling processes. Hot filling is undertaken at temperatures of up 95 °C, to
inactivate certain relevant microorganisms, whilst many drink products are formulated with
ingredients that do not need to be heat-treated to be microbiologically safe and these are,
therefore, fresh cold filled at between 0 °C and 5 °C. For aseptic packing, pre-sterilised, e.g. by
hydrogen peroxide, containers are necessary, and the filling needs to take place in a sterile zone.
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Solid waste includes cast-offs due, for example, to packaging machine faults/inefficiencies
during filling, and capping process waste, especially during machine start-ups and shutdowns.
Processes such as glass bottle blowing are usually completed off site by suppliers but waste can
result from breakages in situ. Bottle blowing of PET may be carried out on site using either PET
pellets or supplied preforms. This produces waste from offcuts. Aluminium or steel can
cylinders and aluminium can ends are pre-manufactured off site. Laminated cartons and
pouches are formed on site. This results in waste from offcuts. Small amounts of solid waste are
produced from inks and from the cleaning of printing equipment. The lubrication of equipment
and the transport systems also produce waste. Some packaging is recycled.

2.15 Waste water treatment
2.1.5.1 Introduction

Water pollution control can be carried out by reducing the volume and pollutant load of the
waste water generated, by an appropriate combination of:

o process-integrated techniques such as eliminating or decreasing the concentration of
certain pollutants, reducing water consumption, recycling/reducing raw materials and by-
products, recycling or reusing water;

o end-of-pipe techniques, i.e. waste water treatment; the techniques for waste water
treatment are listed in Section 2.1.5.3.

Waste water treatment is an end-of-pipe treatment which is required because waste water is
produced from various sources. Although the FDM sector is an extremely diverse sector, certain
sources of waste water are common to many of its sectors. These sources may include:

washing of the raw material;

steeping of raw material;

water used for transporting or fluming raw material or waste;

cleaning of installations, process lines, equipment and process areas;

cleaning of product containers, washing of packaging materials;

blowdown from steam boilers;

once-through cooling water or bleed from closed-circuit cooling water systems;
backwash from regeneration of the WWTP;

freezer defrost water;

storm water run-off.

Waste water treatment is applied after process-integrated operations have minimised both the
consumption and the contamination of water. Techniques widely applicable in the FDM sector
achieve environmental benefits such as waste minimisation and may achieve some or all of the
following effects related to a specific waste water stream:

reduction in the volume;

reduction in the pollutant load;

elimination of, or decrease in, the concentration of certain substances;
increase in the suitability for recycling or reuse.

These techniques are discussed throughout this document. Some are applicable in the whole
FDM sector and others are only applicable in individual unit operations or sectors.
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There are many factors which influence the choice of waste water treatment. The main factors
are:

. volume and composition of the waste water being discharged;

. the local situation in terms of the receiver of the discharge, e.g. MWWTP, river, estuary,
lake, sea, and any discharge limits applied,

o economics;
the removal of pollutants, including for example dangerous substances as defined in
Council Directive 76/464/EEC [ 114, EEC 1976 ] and priority hazardous substances as
defined in Directive 2000/60/EC [ 164, WFD 2000/60/EC 2000 ].

2152 Waste water discharge
The three main options for discharging waste water from a FDM installation are:

. direct discharge to a receiving water body;
. indirect discharge to a WWTP;
. landspreading of waste water.

Of the 353 questionnaires received during the FDM data collection (see Annex I, Section 19.1),
134 concern WWTPs that discharge directly to a receiving water body, 148 concern indirect
discharges, while 13 concern landspreading. Most of the direct discharges were to a river and
most of the indirect discharges were to municipal WWTPs (Figure 2.2). In the case of direct
discharge to a receiving water body, the waste water needs to be treated. Waste water needs to
be partly treated before indirect discharge to a WWTP in many cases (e.g. equalisation,
neutralisation, fat trap).

m Direct discharge to a receiving water body
= |ndirect discharge to a VWWTP
=\Waste water landspreading

=MNO INFORMATION

Source: [ 193, TWG 2015 ]

Figure 2.2: Distribution of FDM installations participating in the data collection according to the
type of discharge

Where it is essential for the installation to be close to the source of its raw material, i.e. in a
remote location, there may be no alternative but to carry out full treatment and discharge to a
local watercourse. In most cases, however, two or more options will merit detailed
consideration. Waste water disposal may be a major factor in the choice of site for new
installations.
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The advantages of the treatment of individual waste water streams on site are reported to be
[ 8, Environment Agency of England and Wales 2000 ]:

o more flexibility for increased production, or for reacting to changing conditions;

o facilities for treatment at source are usually tailor-made and so normally perform well;

o operators of the production units demonstrate a more responsible attitude towards waste
water treatment when they are made responsible for the quality of their own waste water
discharge.

The advantages of treatment at an on- or off-site combined/mixed waste water installation are
reported as follows:

making use of mixing effects, such as temperature or pH;

lower capital costs due to economy of scale;

more effective use of chemicals and equipment, thus decreasing relative operating costs;
dilution of certain contaminants which may be difficult to treat individually, e.g.
emulsified fats and sulphates.

Where waste water is treated in an off-site WWTP, the above advantages apply, provided that:

. the treatment at the off-site WWTP is as good as would be achieved if treated on site,
particularly in terms of the load, but not the concentration, of each substance discharged
to the receiving water;

o there is an acceptably low probability of the treatment plant being bypassed, via
surface/emergency overflows or at intermediate pumping stations;

o there is a suitable monitoring programme in place for emissions to an off-site WWTP,
taking into consideration the potential inhibition of any downstream biological processes.

Additionally, the off-site WWTP may benefit by receiving the FDM waste water, e.g. because
of its biodegradability.

2.15.2.1 Waste water landspreading

Effluents of FDM industries contain water and fertilising nutrients coming mainly from the raw
materials. Their return to agriculture is an option, considering the large amounts of fertilisers
replaced when landspreading is carried out according to the crops’ needs.

There is a proposal for a Regulation of the European Parliament and of the Council on
minimum quality requirements for reused water in the EU*, accompanyied by an Impact
Assessment on the minimum requirements for water reuse.

Waste water landspreading should be carried out in line with legal requirements [ 104, EEC
1991 ] and according to the agricultural needs. Only waste water beneficial to the soil or crop
nutrition can be spread, and landspreading is subject to strict regulation, local threshold values
and monitoring measures. Waste water is spread only when there is an available crop that can
benefit from the nutrients applied to the field. Waste water landspreading is strictly prohibited in
the following situations:

during periods when the soil is largely frozen or covered in abundant snow;

during heavy rain periods and periods with a risk of flooding;

outside regularly cultivated land and operated pastures or forests;

on steep-sloped terrains, under conditions that would lead to run-off outside the scope of
the landspreading process;

o using air sprays generating fine mist when the waste water is likely to contain pathogenic
microorganisms.

# COM(2018) 337 final - 2018/0169 (COD) and annexes 1 to 2.
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2153

21531

Waste water treatment techniques

Introduction

The descriptions of the various waste water treatment techniques in the following sections show
the sequence that the techniques typically follow to progressively achieve a better quality of
waste water. Due to the nature of the raw materials used and the products produced, waste water
arising from the FDM sector is primarily biodegradable in nature. However, cleaning and
disinfection agents may represent a problem if they are poorly degradable.

Table 2.4 shows the waste water treatment techniques described in Section 2.3.6, and in which
FDM sectors and how many FDM installations they are applied, according to the FDM data

collection.
Table 2.4: Waste water treatment techniques reported in the FDM data collection
Technique BREF Section FDM sectors (”“'.“ber of FOM
installations)
Preliminary, primary and general treatment
AN (1), BR (14), DA (26), ET (1),
Equalisation Section 2.3.6.1.1 FR (9), ME (1), OI (8), ST (8), SU

(6)

Neutralisation

Section 2.3.6.1.2

BR (14), DA (28), FR (3), ME (3),
0l (5), SO (5), ST (3), SU (2)

Screening

Section 2.3.6.1.3

AN (1), BR (15), DA (14), FR
(15), ME (9), Ol (2), SO (2), ST
(2), SU (6)

hydrocarbons

Fat trap or oil separator for the
removal of FOG and light

Section 2.3.6.1.4

AN (2), DA (14), FR (2), ME (11),
0l (9), OL (1), SU (1)

Buffer storage for waste water
incurred during other than
normal operating conditions

Section 2.3.6.1.5

BR (10), DA (11), FR (3), ME (1),
Ol (1), ST (4), SU (1)

Secondary treatment — Aerobic treatment

Activated sludge

Section 2.3.6.2.1.1

BR (12), DA (27), ET (1), FR (9),
ME (4), Ol (13), SO (4), ST (10),
SU (13)

Aerobic lagoons

Section 2.3.6.2.1.2

AN (1), BR (1), DA (4), FR (3),
ME (2), Ol (2), ST (2), SU (11)

Pure oxygen systems

Section 2.3.6.2.1.3

BR (1), DA (1), FR (1), ME (2),
ST (1)

Sequencing batch reactors

Section 2.3.6.2.1.4

BR (2), DA (2), FR (1), ME (1),

(SBR) ol (1)
Trickling filters Section 2.3.6.2.1.5 Ol (1)
Bio-towers Section 2.3.6.2.1.6 BR (3), DA (5), ST (1)
Rotating biological contactors Section 2.3.6.2.1.7 DA (1)
High and ultra-high rate filters Section 2.3.6.2.1.8 ST (2)

Secondary treatment — Anaerob

ic treatment

blanket (UASB)

Upflow anaerobic sludge

Section 2.3.6.2.2.1

BR (5), DA (1), FR (5), ST (2),
SU (2)

Anaerobic contact processes

Section 2.3.6.2.2.2

BR (2), DA (2), FR (1), SO (1),
ST (1), SU (7)

Anaerobic lagoons

Section 2.3.6.2.2.3

suU (5)

Anaerobic filters

Section 2.3.6.2.2.4

DA (2)

Internal circulation reactors

Section 2.3.6.2.2.5

BR (6), DA (2), Ol (2), ST (1)

reactors

Fluidised and expanded bed

Section 2.3.6.2.2.6

ol (1)

reactors

Expanded granular sludge bed

Section 2.3.6.2.2.7

BR (3), ET (1), SU (1)
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Technique

BREF Section

FDM sectors (number of FDM
installations)

Secondary tre

atment — Aerobic/anaerobic treatment

Membrane bioreactors

Section 2.3.6.2.3.1

DA (5), FR (1), OI (1)

Multistage systems

Section 2.3.6.2.3.2

DA (1), SO (1), ST (1), SU (1)

Nitrogen removal

Biological nitrification and
denitrification

Section 2.3.6.3.1

BR (4), DA (22), FR (7), ME (2),
0l (1), ST (5), SU (11)

Partial nitritation-anaerobic

. S Section 2.3.6.3.2 DA (1)
ammonium oxidation
Ammonia stripping Section 2.3.6.3.3 DA (1)
Phosphorus recovery and/or removal
Phosphorus recovery as struvite Section 2.3.6.4.1 FR (2)

Precipitation

Section 2.3.6.5

BR (2), DA (9), FR (1), OI (1), SO
(1), ST (2), SU (1)

Enhanced biological phosphorus
removal (EBPR)

Section 2.3.6.4.3

BR (3), DA (13), FR (2), ME (2)

Final solids removal

Coagulation and flocculation

Section 2.3.6.5.1

BR (2), DA (8), FR (2), Ol (6)

Sedimentation

Section 2.3.6.5.2

AN (2), BR (7), DA (16), FR (12),
ME (2), Ol (7), SO (3), ST (9), SU
12)

AN (1), BR (2), DA (9), FR (5),

Filtration Section 2.3.6.5.3 ME (3), Ol (1), SO (1)

. . BR (3), DA (21), FR (2), ME (7),
Flotation Section 2.3.6.5.4 01 (13), ST (1)
Membrane filtration Section 2.3.6.5.5 BR (1), DA (2), FR (2), Ol (1)
UV radiation Section 2.3.6.5.6 BR (1), DA (1)

Natural treatment

Integrated constructed wetlands | Section 2.3.6.6.1 |

DA (1)

Sludge treatment

Sludge conditioning

Section 2.3.6.7.1.1

AN (1), BR (2), DA (2), FR (2),
ME (2), SO (1)

Sludge stabilisation

Section 2.3.6.7.1.2

BR (1), DA (8), FR (2), Ol (1), ST
©)

Sludge thickening

Section 2.3.6.7.1.3

BR (4), DA (10), ET (1), FR (6),
ME (1), Ol (1), SO (2), ST (4), SU
4

Sludge dewatering

Section 2.3.6.7.1.4

BR (6), DA (18), FR (8), ME (2),
0l (7), ST (4), SU (2)

Sludge drying

Section 2.3.6.7.1.5

BR (2), DA (1), FR (2), ST (1)

NB: Figures in brackets indicate the number of installations per FDM sector that have implemented the
technique.

AN = animal feed; BR = brewing; DA = dairies; ET = ethanol production; FI = fish and shellfish
processing; FR = fruit and vegetables; GR = grain milling; ME = meat processing; Ol = oilseed
processing and vegetable oil refining; OL = olive oil processing and refining; SO = soft drinks and
nectar/juice made from fruit and vegetables; ST = starch production; SU = sugar manufacturing.
Source: [193, TWG 2015

Waste water in the FDM sector may have the following typical characteristics:

solids (gross and finely dispersed/suspended);
low and high pH level;

free edible fat/oil;

emulsified material, e.g. edible fat/oil;

soluble biodegradable organic material, e.g. BOD;
volatile substances, e.g. ammonia and organics;
plant nutrients, e.g. phosphorus and/or nitrogen;
pathogens, e.g. from sanitary water;

dissolved non-biodegradable organics.
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Waste water produced in the various sectors may vary considerably in composition and
pollution levels, and a variety of techniques may be used to treat it. Combinations of techniques
are frequently used to treat heavily polluted waste water.

2.15.3.2 Primary treatment

Primary treatment is designed to remove gross, suspended and floating solids from raw sewage.
It includes screening to trap solid objects and sedimentation by gravity to remove suspended
solids. This level is sometimes referred to as mechanical treatment, although chemicals are often
used to accelerate the sedimentation process. Primary treatment can reduce the BOD of the
incoming waste water by 20-30 % and the total suspended solids by some 50-60 %. Primary
treatment is usually the first stage of waste water treatment [ 232, World Bank Group 2016 ].

Typical techniques for primary treatment are screening, fat trap for the removal of FOG and
light hydrocarbons, flow and load equalisation, neutralisation, sedimentation, dissolved air
flotation, centrifugation or precipitation.

21533 Secondary treatment

Secondary treatment is directed principally towards the removal of biodegradable organics and
suspended solids using biological methods. Adsorption of pollutants to the organic sludge
produced will also remove non-biodegradable materials, e.g. heavy metals. Organic nitrogen
and phosphorus can also be partially removed from the waste water. Secondary treatment
options can be used alone or in combination, depending on the characteristics of the waste water
and the requirements before discharge.

There are essentially three types of metabolic processes, i.e. aerobic processes, using dissolved
oxygen; anaerobic processes, without oxygen supply; and anoxic processes, using biological
reduction of oxygen donors [ 8, Environment Agency of England and Wales 2000 ], [ 35,
Germany 2002 ], [ 58, FoodDrinkEurope 2002 ]. This section describes techniques that use
mainly aerobic and anaerobic metabolic processes.

Aerobic processes

Aerobic processes are only generally applicable and cost-effective when the waste water is
readily biodegradable. Microorganisms in the mixed liquor can receive the oxygen input from
either the surface or from diffusers submerged in the waste water. Surface injection of oxygen is
carried out by means of either surface aerators or oxygenation cages. The advantages and
disadvantages of aerobic waste water treatment processes are shown in Table 2.5.

Table 2.5:  Advantages and disadvantages of aerobic waste water treatment processes

Advantages Disadvantages

Large quantities of sludge produced

Stripping results in fugitive releases that may
cause odours/aerosols

Bacterial activity is reduced at low temperatures.
Degradation into harmless compounds | Nevertheless, surface aeration and the injection of
pure oxygen can be used to enhance the process

If FOG is not removed prior to aerobic biological
treatment, it may hinder the operation of the
WWTP as it is not easily degraded by bacteria
Source: [ 1, CIAA 2002 ], [ 8, Environment Agency of England and Wales 2000 ], [ 35, Germany 2002 ]
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Anaerobic processes

In the absence of oxygen, organic matter is broken down, producing methane (CH,) as a by-
product, which can be used to heat the reactors. In standard anaerobic processes, the reactors are
usually unheated, but in high-rate anaerobic processes, the reactors are usually heated. In both
cases, the temperature of the reactor has to be maintained at around 30-35 °C (mesophilic) or
45-50 °C (thermophilic), and whether heat is required depends essentially on the temperature of
the feed [ 78, Metcalf & Eddy 1991 ], [ 110, CIAA 2003 ]. The main advantages and
disadvantages of anaerobic waste water treatment processes, compared to aerobic processes, are

shown in Table 2.6.

Table 2.6:

Advantages and disadvantages of anaerobic waste water treatment processes

Advantages of anaerobic treatment

Disadvantages of anaerobic treatment

Low specific surplus sludge production; the lower
growth rates mean lower macro/micro nutrient
requirements

Mesophilic bacteria, which thrive at 2045 °C,
may require an external source of heat

Low energy requirements due to lack of forced
ventilation

Low growth rate requires good biomass retention

Generally lower capital and operating costs per kg
of COD removed. These are associated with a
decrease in sludge production and lower mixing
costs

Initial commissioning/acclimatisation phase can
be long (not for reactors with granular sludge,
e.g. EGSB, seeded with the sludge of operating
plants)

Produces biogas that can be used for power or heat
generation

Anaerobic systems are more sensitive than
aerobic systems to fluctuations in temperature,
pH, concentration and pollution loads

Small space requirements

Some constituents of treated waste water can be

toxic/corrosive, e.g. H,S

Can be easily decommissioned for extended
periods and remain in a dormant state (useful for
seasonal manufacturing processes, e.g. sugar beet)

A particular advantage of the process is the
formation of pellets. This permits not only rapid
reactivation after months-long breaks in operation,
but also the sale of surplus sludge pellets, e.g. for
the inoculation of new systems

Some substances that cannot be degraded by
aerobic means can be degraded anaerobically, e.g.
pectin and betaine

Less odour problems, if appropriate abatement
techniques are employed

No aerosol formation, can assimilate FOG (not for
UASB)

Source: [8, Environment Agency of England and Wales 2000], [35, Germany 2002 ], [ 58, FoodDrinkEurope 2002]

Although anaerobic growth is slower than in an aerobic process, higher BOD loadings are
achievable with an anaerobic technique (in terms of kg BOD/m?® of reactor volume) for highly
polluted waste water. Anaerobic techniques are generally utilised in those industries where there
is a high level of soluble and readily biodegradable organic material and the concentration of the
waste water, expressed in COD, is generally greater than 1 500-2 000 mg/l. For the FDM
sector, the application of anaerobic waste water treatment is largely confined to relatively
heavily polluted waste water with a COD between 3 000 mg/l and 40 000 mg/I, e.g. in the sugar,
starch, fruit and vegetable and alcoholic drinks sectors. There has been some success in using
certain anaerobic systems even for less heavily polluted waste water with a COD between
1 500 mg/l and 3 000 mg/l, e.g. in breweries, dairies and in the fruit juice, mineral water and
soft drinks sectors [ 35, Germany 2002 ]. Where there are large fluctuations in volume and
pollutant load, e.g. for waste water in the fruit and vegetable sector, this treatment is less
effective.
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One of the most fundamental aspects of anaerobic waste water treatment is that the vast
majority of organic carbon associated with the influent BOD is converted to methane as
opposed to being used for new cell growth. The opposite is true with aerobic processes, which
convert most of the organic carbon to new cells which eventually form waste biosolids that
require either further treatment or off-site disposal. Anaerobic processes produce much less
waste sludge. Also, the methane produced has a high calorific value and as such can be reused
as fuel, e.g. elsewhere in an installation.

An anaerobic system alone would not achieve a final waste water quality high enough for
discharge to a watercourse. Therefore anaerobic installations are usually followed by an aerobic
system (see Section 2.3.6.2.1), as the latter achieves lower absolute emissions levels, and will
remove hydrogen sulphide, ensuring that the final waste water is well aerated to assist in the
breakdown of the remaining BOD. The energy gained from the anaerobic plant can be
equivalent to that consumed by the aerobic plant. In certain circumstances, the aerobic treatment
may be the municipal WWTP. This will depend upon the receiving WWTP and the balance
between waste water treatment charges and an on-site aerobic treatment stage. The
anaerobically treated waste water may be surface-aerated on site prior to transfer to a municipal
WWTP. This is normally carried out in a post-treatment holding tank providing positive
dissolved oxygen levels before being discharged to a WWTP.

The methanogenic bacteria involved in the final stage of the anaerobic process, producing the
methane gas, need to be protected from excessive chlorinated and sulphur compounds, pH and
temperature fluctuations. In the acidification stage other bacteria will predominate and break
down many of the substances which cause the problems. Due to the slow microbial growth there
is no phosphorus removal. No nitrification and denitrification occurs so nitrogen cannot be
removed by anaerobic treatment.

Modern reactor designs permit higher loading rates, increase biogas production or offer greater
stability. Once the bacterial populations in such systems are adapted to the waste water then
increased stability occurs.

On-site treatment facilities relying upon an anaerobic reactor as the main treatment process have
a similar layout. They have a waste water collection sump/vessel or equalisation tank from
which the waste is pumped/flows to a primary treatment tank. The primary treatment processes
are as described for aerobic systems.

From the primary treatment stage, the waste water is passed to a conditioning or buffer tank
where the waste water is conditioned, e.g. pH correction or nutrient addition, before it is passed
via the influent distribution system through to the bioreactor. Early anaerobic reactors allow the
initial stages of the anaerobic metabolism to be initiated in the conditioning tank (often referred
to as the acidification tank). Modern reactor designs allow all the metabolic pathways to take
place in the reactor. The conditioning tank is, therefore, generally only required for pH
correction and nutrient addition.

Treatment occurs in the reactor, producing biogas which is collected. Other components often
included are a sludge storage tank, vent gas disposal and primary treatment facilities.
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Some common operational problems experienced with anaerobic treatment processes are given
in Table 2.7.

Table 2.7: Common operational problems experienced with biological treatment processes

Problem Possible solution
Lack of macro-nutrients BOD:N:P ratios are normally maintained at 500:5:1
pH The pH is maintained at 6.8-7.5
The optimum temperature for mesophilic bacteria is
Temperature o
35-37 °C
Minimum quantities of micro-nutrients are
Lack of micro-nutrients maintained, especially for Fe, Ca, Mg and Zn,

according to the specific process employed

Physical blockage of the

- ) Effective screening and primary treatment is essential
reactor inlet pipework

Care needs to be taken to ensure the original
Overloading hydraulic, solid and organic loading design rates do
not exceed the manufacturer’s recommendations
Source: [ 8, Environment Agency of England and Wales 2000 ]

21534 Tertiary treatment

After secondary treatment, further treatment may be needed either to enable the water to be
reused as process water or low-grade wash water, or to meet discharge requirements. Tertiary
treatment refers to any process that is considered a polishing step, up to and including
disinfection and sterilisation systems.

In this document, tertiary treatment means an advanced treatment of the waste water to remove
constituents of particular concern including ammonia, plant nutrients, dangerous and priority
hazardous substances or residual TSS and organics.

Plant nutrients, i.e. nitrogen and phosphorus, need to be removed before discharge into surface
water in sensitive areas [ 165, EEC 1991 ]. In selecting an appropriate nutrient control strategy,
it is important to assess:

. the characteristics of untreated waste water;

o the type of WWTP to be used;

. the level of nutrient control required,;

o the need for seasonal or year-round nutrient removal.
2.1.5.35 Natural treatment

In the natural environment, biological and physico-chemical processes occur when water, soil,
plants, microorganisms and the atmosphere interact. Natural treatment systems are designed to
take advantage of these processes, to provide waste water treatment. The processes involved
include many of those used in conventional waste water treatment systems, such as
sedimentation, filtration, precipitation and chemical oxidation, but occur at natural rates
[ 78, Metcalf & Eddy 1991 ]. They are slower than conventional systems.

The soil-based systems mainly use the complex purification mechanism of the soil and uptake
by crops and other vegetation. In the aquatic-based systems, e.g. natural and constructed
wetlands and aquatic plant systems, the vegetation provides a surface for bacterial growth.
Natural treatments are prohibited by law in some MS, due to concerns about hazards to
groundwater [ 94, Germany 2003 ].
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2.1.5.3.6 Sludge treatment

This section covers the treatment of waste water sludge. Techniques for the use and disposal of
waste water sludges off site are not covered in this document. The choice of sludge treatment
may be influenced by the use and disposal options available to the operator. These include
landspreading, disposal by landfill, use as a sealing material, incineration, co-incineration, wet
oxidation, pyrolysis, gasification, vitrification.

The capital and operating costs associated with sludge treatment can be high compared with the
rest of the WWTP activities and consequently merit consideration, to minimise costs, at an early
stage in designing an installation.

Sludge treatment technigues on site generally either reduce the volume for disposal or change its
nature for disposal or reuse. Typically, volume reduction through dewatering can occur on site,
whereas further sludge treatment is generally carried out off site. Reducing the volume of sludge
for disposal leads to reduced transport costs and, if going to landfill, reduced landfill charges
[ 8, Environment Agency of England and Wales 2000 ]. The on-site treatment techniques
normally applied in the FDM sector are detailed in Section 2.3.6.7.

2.1.6 Treatment of emissions to air

Emissions to air can be divided into ducted, diffuse, and fugitive emissions. Fugitive emissions
are a subset of diffuse emissions. Only ducted emissions can be treated. Diffuse and fugitive
emissions can, however, also be prevented and/or minimised. The CWW BREF gives an
indication of the techniques for the prevention and reduction of TVOC emissions
[ 168, COM 2016 ]. The sources of ducted emissions in the FDM sector are:

. process emissions, released through a vent pipe by the process equipment and inherent to
the running of the installation, e.g. in frying, boiling, cooking operations;

° waste gases from purge vents or preheating equipment, which are used only in start-up or
shutdown operations;

° emissions from vents from storage and handling operations, e.g. transfers, the loading and
unloading of products, raw materials and intermediates;

. hot gases from units providing energy, such as process furnaces, steam boilers, combined
heat and power units, gas turbines, gas engines;

° waste gases from emission control equipment, such as filters, thermal oxidisers or

adsorbers;

waste gases from solvent regeneration, e.g. in vegetable oil extraction installations;

discharges of safety relief devices, e.g. safety vents and safety valves;

exhaust of general ventilation systems;

exhaust of vents from captured diffuse and/or fugitive sources, e.g. diffuse sources

installed within an enclosure or building.

The main sources of diffuse and fugitive emissions in the FDM sector are:

° process emissions from the process equipment and inherent to the running of the
installation, released from a large surface or through openings;

. working losses and breathing losses from storage equipment and during handling
operations, e.g. filling of drums, trucks or containers;

° emissions from flares;

o secondary emissions, resulting from the handling or disposal of waste, e.g. volatile
material from sewers, waste water handling facilities or cooling water;

. odour losses during storage, filling and emptying of bulk tanks and silos;

. stripping of odorous compounds from a WWTP resulting in releases to air and/or odour
problems;
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storage tank vents;

fumigation;

pipework leaks;

vapour losses during storage, filling and emptying of bulk solvent tanks and drums,
including hose decoupling;

burst discs and relief valve discharges;

leakages from flanges, pumps, seals and valve glands;

building losses from windows, doors, etc.;

settling ponds;

cooling towers and cooling ponds.

The main air pollutants from FDM processes, not including the pollutants released in associated
activities such as energy production, are:

o dust;

o VOC and odour (some caused by VOC);

o refrigerants containing ammonia and halogen;

o products of combustion, such as CO,, NOX and SO..
2.1.6.1 Process-integrated techniques

Process-integrated procedures to minimise emissions to air generally have other environmental
benefits, such as optimising the use of raw materials and minimising waste generation. Some of
the techniques described as air abatement techniques are also integrated in the process and
enable the recovery of materials for reprocessing, e.g. cyclones (see Section 2.3.4.6).

2.1.6.2 Treatment techniques for emissions to air

Measures are designed to reduce not only the mass concentrations, but also the mass flows of
the air pollutants originating from a unit operation or a process.

Table 2.8 lists some widely used air treatment techniques and the number of FDM installations
in which they are applied, according to the FDM data collection.

Table 2.8: End-of-pipe treatment techniques for emissions to air reported in the FDM data

collection
Technique BREF Section FDM sectors (hnumber of FDM
installations)
Separator 2.3.7.2.1 AN (1), Ol (2)
. AN (44), BR (55), DA (57), GR (63),
Bag filter 23.7.2.2 ME (1), Ol (70). ST (31), SU (13)
AN (34), BR (42), DA (38), ET (1), GR
Cyclone 23123 | 4) ME (3), Ol (73), ST (40), SU (23)
AN (1), DA (9), ET (1), ME (1), Ol
Wet scrubber 2.3.7.3.1 (13), ST (8), SU (12)
Electrostatic precipitator 2.3.7.24 Ol (1)
Carbon adsorption 2.3.7.3.3 ME (1)
Bioscrubber 2.3.7.35 AN (1), Ol (2)
Biofilter 2.3.7.34 AN (1), DA (1), ME (1), Ol (5)
Thermal oxidation 2.3.7.3.6 ME (1), Ol (1), ST (2), SU (1)
Catalytic oxidation 2.3.7.3.7 DA (1), Ol (1)
NB: Figures in brackets indicate the number of installations per FDM sector that have implemented the
technique.
Source: [ 193, TWG 2015]
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The characteristics of the emission determine the selection of the most appropriate technique.
This may need some flexibility, to enable the treatment of additional sources identified at a later
date. Table 2.9 shows the key parameters for the selection procedure.

Table 2.9: Key parameters for the end-of-pipe selection procedure

Parameter Unit
Flow rate m°/h
Temperature °C
Relative humidity %
Typical range of components present —
Dust level mg/Nm’
Organic level mg/Nm’
Odour level OUg/Nm®
Source: [ 192, COM 2006 ]

In some cases, the components of the emission are easily identified. In the case of odour, the
emission to be treated usually contains a complex cocktail and not just one or two readily
definable components. The abatement plant is, therefore, often designed based on experience
within other similar installations. The uncertainty caused by the presence of a considerable
number of airborne components may necessitate the need for pilot plant trials. The flow rate to
be treated is a major parameter in the selection process and very often the abatement techniques
are listed against the optimum flow rate range for their application.

Transport of ducted emissions to the treatment plant needs careful consideration, to minimise
any operational problems. In particular, the potential for particulate deposition and the potential
for condensation of water and other airborne contaminants can result in severe fouling, requiring
frequent cleaning, and may lead to hygiene problems. Incorporating cleaning points and drain
valves in the ventilation ductwork enables cleaning to remove accumulated material.

The purchase of an abatement plant will normally include a number of guarantee statements,
e.g. relating to mechanical and electrical reliability for a period of at least one year. As part of
the selection and procurement procedure, the supplier will also require information regarding
the removal efficiency of the process. The form of the process guarantee is an important part of
the contract. For example, guarantee statements relating to odour removal performance can take
a number of forms. In the absence of any olfactometric data then the guarantee might simply
state no perceivable odour outside the process boundary or outside the installation site.

Extremely high standards for clean gas dust concentrations can be achieved by using two-stage
layouts of high-performance separation techniques, e.g. using two fabric filters or using them in
combination with HEPA filters (described in the CWW BREF [ 168, COM 2016 ]) or with ESP
filters.
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Table 2.10 shows a comparison of the performance of some separation techniques.

Table 2.10: Comparisons of some separation techniques

Dust particle| Collection MaX|m_um
Technique size efficiency at operating Comments
temperature
(nm) 1 um (%) °C)
. Coarse particles. Used to
Cyclone 10 40 1100 assist other methods
Good performance with
Wet . 1-3 > 80-99 Inlet 1 000 suitable dust types. Acid
separation Outlet 80 .
gas reduction
> 99 Four or five zones. Usual
Dry ESP <01 depending on 450 application is pre-
design abatement
ESP with two zones in
Wet ESP 0.01 <99 80 series. Mainly mist
precipitation
Filtration, i.e. Good performance with
fabric filter 0.01 >99.5 220 suitable dust type
Filtration, i.e. Very good performance
ceramic filter 0.01 995 900 with suitable dust types
NB: * For larger particle sizes and high-performance cyclones, collection efficiencies of around
99 % can be achieved.
Source: [ 35, Germany 2002 ], [ 109, Finland 2003 ]

More information about techniques for reducing emissions to air is given in the following
chapters.

2.1.6.21 Dynamic separation techniques

The basis for the separation and removal of particles in dynamic separators are the field forces,
which are proportional to the mass of the particles. Hence, gravity separators, deflection or
inertia separators and centrifugal separators, such as cyclones, multicyclones and rotary flow
dedusters, are all dynamic separators. They are mainly used for separation of large particles
(> 10 pm) only or as an initial step before the removal of fine dust by other means. Use of
physical dispersion, via chimney stacks and increasing the dispersion potential by extending the
height of the discharge stack or increasing the discharge velocity, is also practised.

2.1.6.2.2 Filters

Filter separators are typically used as final separators, after preliminary separators are used, for
example where the waste gas contains components with properties damaging to filters, e.g.
abrasive dust or aggressive gases. This ensures adequate filter life and operating reliability.

In filter separators, the gas is fed through a porous medium in which the dispersed solid
particles are held back as a result of various mechanisms. Filter separators can be classified on
the basis of the filter medium, performance range and filter cleaning facilities, as summarised in
Figure 2.3.
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Filter separators

Packed bed Special types
— Fibre filters —— filters™

Cartridge filters  Cleanable filters

I~ Coarse filters |~ Tubular filters*

— Fine dust filters “— Bag filters”
(e.g. HEPA
filters) *Described in further sections

Source: [ 192, COM 2006 ]

Figure 2.3: Types and classification of filters

In a fabric or fibre filter, waste gas is passed through a tightly woven or felted fabric, causing
dust to be collected on the fabric by sieving or other mechanisms. Fabric filters can be in the
form of sheets, cartridges or bags (the most common type) with a number of the individual
fabric filter units housed together in a group. The dust cake that forms on the filter can
significantly increase the collection efficiency.

Cleanable filters are among the most important types of filter separators used in industrial
particulate removal. The practice of using a woven fabric filter material has largely changed to
the use of non-woven and needle-felt materials. The most important parameters in cleanable
filters are the air to cloth ratio and the pressure loss.

The filter material performs the actual separation and is the essential component of a filter
separator. Woven fabrics have threads which cross at right angles. Non-wovens and needle-
felts, by contrast, are flat three-dimensional structures that may be stabilised by the adhesion of
the fibres or by alternating the insertion and removal of fibres. Non-wovens and needle-felts
may also contain an internal supporting woven fabric, e.g. polyester or glass fibre fabric, to
reinforce them. Needle-felts made of synthetic fibres are being increasingly used.

Non-wovens and needle-felts possess three-dimensional filtering characteristics. Dust particles
are caught in the filter structure, forming an ancillary filter layer that ensures good separation of
even the finest particles. One characteristic of this deep filtration is a large effective specific
surface area. Regular intensive cleaning removes the accumulated dust layer and prevents
excessive pressure losses. Problems, however, may be caused by sticky, fatty, agglomerating,
adhesive, abrasive and/or hygroscopic dust particles.

2.1.6.2.3 Absorption

The words absorber and scrubber are sometimes used interchangeably and this can cause
confusion. Absorbers are generally used for trace gas removal and scrubbers for particulate
abatement. This distinction is not always so rigid, as odour and gaseous components in the air
may also be removed together with dust by using vapour condensation or wet scrubbing (see
wet separators in Section 2.3.7.3.1).

The aim of absorption is to make the largest possible liquid surface available and provide a
good countercurrent flow of gas and liquid. The absorption process relies on the preferential
solubility of the polluting components present in the exhaust stream within the absorption
medium. There are a number of different types of absorber design based on the contact between
the gas and the liquid, and many variations with different removal efficiency performances.
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Principle of operation

The process involves a mass transfer between a soluble gas and a liquid solvent in a gas-liquid
contacting device. The rate at which a substance is removed from an airstream depends upon its
degree of saturation at the solvent surface within the absorber, which in turn depends upon its
solubility and its rate of removal from the circulating solvent by reaction and bleed-off. This
rate mechanism determines the efficiency of removal for a particular size of absorption plant
and a particular air flow rate. Thus, the efficiency of removal depends on the reaction time, the
degree of saturation at the surface of the liquor and the reactivity of the gas components within
the absorbing solvent.

Providing the airborne components to be removed are reasonably soluble in water, then an
absorber can be designed to achieve a desired removal efficiency. The problem arises in the
need to maintain a low enough concentration within the absorbing liquor at the surface to
maintain the driving force for dissolution. This often results in excessive volumes of water
being needed to achieve a reasonable efficiency. It is, therefore, generally impractical to remove
different components effectively using water alone and other absorbents are typically employed.

Water-only systems can, however, be considered as a first stage before other absorbers, but
much of their effectiveness is due to mechanisms other than absorption. For example, water
absorption of a non-saturated airstream will result in a cooling of the airstream to saturation via
the process of adiabatic cooling. This cooling effect can lead to condensation and the removal of
components from the airstream as they cool to a temperature below their boiling point.

Design considerations

Effective liquid and air distribution are fundamental requirements in all absorber designs.
Optimal design according to standard chemical engineering principles requires data on
concentration, solubility and mass transfer for the components to be removed from the gas
stream. Most emissions to air from the FDM sector are complex mixtures for which it is
difficult to ascertain all the chemical species present and even more difficult to determine their
concentrations. The nature and kinetics of the oxidation reactions are generally not known and
these are very difficult to determine even for individual compounds. It is claimed that the design
of absorption equipment should be empirical rather than scientific. Thus, the volume of packing
is chosen according to the volume previously found to give reasonably complete absorption of
those compounds that can be absorbed. If there is only limited operational experience with the
discharge in guestion, then pilot plant trials can be undertaken.

Pilot plant trials or previous experience can, therefore, be used to determine the height of the
packing required to achieve a given performance. The packing is chosen to allow the required
height for the required efficiency. The packing size and type, the linear gas velocity, which
determines the absorber diameter, the linear liquid velocity, the gas pressure drop and the
absorber efficiency per unit height, which determines the packed height, are all interrelated. The
design procedure, therefore, looks towards optimising the design in terms of capital and
operating costs, taking into consideration the required volumetric throughput, absorption
efficiency and constraints such as possible clogging of the packing and the maximum allowable
pressure drop. Typical ranges of the parameters detailed above are shown in Table 2.11.

Table 2.11: Typical absorber design guidelines

Design parameter Units Value
Gas velocity m/s 0.5-2.0
Gas flow rate kg/m*/h 2 500-5 000
Liquid flow rate kg/m’/h 25 000-50 000
Gas residence time sec 1-3
Pressure drop mm/metre 20-50
Liquid bleed rate % of recycle flow 0-10
Flooding % of flooding 40-60
Source: [ 192, COM 2006 ]
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Absorbing reagents

The efficiency of absorption can be increased if the absorbing liquid contains a reagent which
reacts with the components present in the airstream. This effectively reduces the concentration
of the airborne components at the liquid surface and thereby maintains the driving force for
absorption without the need for vast amounts of absorbing liquid. There are a number of
specific reagents that can be employed within absorption systems to remove odorous and other
organic components from an airstream. These reagents are generally oxidising solutions.

The most widely applied agents include sodium hypochlorite, hydrogen peroxide, ozone and
potassium permanganate. The use of acids and alkalis as absorbing mediums is also fairly
widespread and often the acid/alkali system is employed in conjunction with an oxidising
absorbent. Due to the considerable number of components that can be present in the emissions
to air from a food processing installation, multistage absorbers are often used. Thus, an
absorbing system could comprise an initial water scrubber followed by an acid or alkali stage
and finally an oxidising stage.

Sodium hypochlorite is a very widely applied oxidising agent, primarily due to its high
reactivity. Hypochlorite has been found to be particularly useful in installations with significant
emission levels of sulphur- and nitrogen-based odorous compounds.

Hypochlorite is generally used at an alkaline pH to prevent dissociation into free chlorine. There
is a tendency for the hypochlorite to react with certain components via a chlorination rather than
an oxidation reaction. This is a particular concern where an airstream contains aromatic material
which could generate chlorinated aromatic compounds in the treated gas stream. The
chlorination potential is greater at higher hypochlorite concentrations, so a design incorporating
lower hypochlorite concentrations in the absorbing liquor than is actually required for optimal
absorption reduces the risk of this occurring.

To address this, a new process was developed which is essentially a conventional hypochlorite
absorber, but with a catalyst incorporated into the liquid recycling system. The catalyst is based
on nickel oxide and the system is claimed to dramatically increase the hypochlorite reaction rate
and prevent any chlorination reactions. The potential chlorination reaction is avoided as the
catalyst promotes the decomposition of the hypochlorite into gaseous oxygen and sodium
chloride as opposed to free chlorine. This in turn allows the use of increased hypochlorite
concentrations in the absorber and improved efficiency. The pH is controlled to approximately
pH 9 and the redox potential is controlled to an optimised voltage.

Hydrogen peroxide is generally less effective than hypochlorite, due to its lower oxidising
power. It does, however, have the advantage that its reaction product is water and can be used
for applications where aromatics are present, for reasons mentioned above. Hydrogen peroxide
is usually used under acidified conditions, primarily to control its rate of decomposition.

Ozone is also a powerful oxidising agent, although its oxidative power is more pronounced in
the liquid phase than in the gas phase. An application that incorporates ultraviolet light to
enhance the oxidative performance of ozone is discussed further in Section 2.4.1.

A number of surfactant-based absorbing solutions have been used, although there is limited
information available on their performance. In particular, a non-ionic-based surfactant system
with reduced foaming, such as the material used for dishwasher rinse aids, has been employed
successfully.

Solid oxidising agents are also used, e.g. a calcium oxide scrubber, where particulate calcium
oxide is put into contact with the odorous gas stream producing a solid residue of calcium
carbonate. A limited odour removal performance and severe operational problems in terms of
solids handling are reported. It is, therefore, more common for only liquid absorbing agents to
be used.
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2.1.6.24 Biological treatment

The process of using microorganisms to break down airborne odour emissions is used
extensively. The reaction speed of the biodegradation process is relatively low and optimising
operating conditions can have a crucial influence.

There are two types of biological treatment, biofilters (see Section 2.3.7.3.4) and bioscrubbers
(see Section 2.3.7.3.5). The most popular type of biological treatment is the biofilter. There are
a number of design considerations which need to be taken into account to ensure effective
operation; these are residence time, temperature, humidity, effects of dust and fat on the filter,
organic/odour load, and design and characteristics of the filter material. Advantages and
disadvantages of biological treatment methods are shown in Table 2.12.

Table 2.12: Advantages and disadvantages of biological treatment

Advantages Disadvantages
Relatively low capital cost Restricted to wet bulb temperatures < 40 °C
Relatively low operating costs High land area requirements
Potentially high odour removal ~ 90-99 % Potential for visible plume formation
Simple design and operation Requires control of pH and water content
- Slow adaptation to fluctuating concentrations
Source: [ 16, Willey et al. 2001 ]

Principle of operation

The biofilm is the water layer prevailing around individual particles of the filter material where
microorganisms are present. When the airstream to be treated flows around the particles, there is
a continuous mass transfer between the gas phase and the biolayer. Volatile components present
in the exhaust gas, together with oxygen, are partially dissolved in the liquid phase of the
biolayer. The second reaction step is the aerobic biological degradation of the components in the
liquid phase. In this way, a concentration gradient is created in the biolayer which maintains a
continuous mass flow of the components from the gas to the wet biolayer.

Transport across the phase boundary and diffusion into the biolayer provide food for the
microorganisms living in the biolayer. Nutrients, required for cell growth, are provided from the
filter material.

2.1.6.25 Thermal treatment of waste gases

Certain gaseous pollutants and odour can be oxidised at high temperatures. The speed of the
reaction increases exponentially with temperature. Oxidisable pollutants include all organic
compounds, as well as inorganic substances such as carbon monoxide and ammonia. Given
complete combustion, carbon and hydrogen react with oxygen to form CO, and water.
Incomplete combustion can result in new pollutants such as carbon monoxide and in totally or
partially unoxidised organic compounds. If the waste gas contains elements such as sulphur,
nitrogen, halogens and phosphorus, combustion gives rise to inorganic pollutants such as oxides
of sulphur, oxides of nitrogen and hydrogen halides, which subsequently have to be removed by
means of other waste gas purification processes if the concentrations are too high. This restricts
the field of applications for the combustion of pollutants.
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There are a number of safety requirements, in particular:

. The need for protection against flame flashback between the thermal oxidiser and the gas
stream to be treated. This can generally be achieved via a flame arrestor or water seal.

. On start-up, before the burner is ignited, the thermal oxidiser needs to be purged with air
by a volume equivalent to five times the plant volume. Any re-ignition of burners during
the operation is preceded by a burner purge period.

. When the air is rich in solvents, a risk assessment is required.

2.1.6.3 Odour

Odour is mostly a local problem. Some emissions to air which are harmful may also be odorous.
For two identical installations producing the same products and using the same raw materials
and process operations, one may be subject to considerable complaints whilst for the other the
odour emission may not be a problem. There are many cases where installations, previously
situated in rural areas on the outskirts of a town or city, are now faced with odour problems as
new housing estates have been constructed near the site as the town has grown. Odour problems
are usually related to waste water treatment operations. Ammonia used in cooling systems may
leak or accidental releases may occur which also result in odour complaints.

In the vast majority of countries, odour emissions are regulated under the laws of nuisance.
Some countries have quantified legislation. This quantified legislation can relate to either the
magnitude of the odorous emission or alternatively to a maximum concentration of a component
or group of components which are known to cause odorous emissions. The internationally
accepted units of odour are odour units per cubic metre (OUg/m?). Instrumental odour
measurements exist but the quantification of odour is still based on olfactometry to a great
extent.

In Germany for example, the legislation for odorous processes is largely directed towards
ensuring that the outlet concentration of organics is only related to the process being conducted
and the efficiency of the chosen abatement plan. The legislation, under TA Luft, contains a
general statement about odour emissions and describes the need to consider containment, the
surroundings and the ability of the abatement plan to achieve 99 % odour reduction for odour
emissions greater than 100 000 OUg/m®. For specific process operations TA Luft provides
maximum outlet concentrations of organics that should not be exceeded.

The Netherlands considers odour to be a local matter, which needs an immission-based
approach, based on the local situation (e.g. emission concentration, distance to sensitive objects,
stack height) and the nature of the odour (hedonic value).

For odour, an acceptable solution is to reduce the impact on the surroundings by emission
through a suitable stack. However, in many cases, this is not enough and other abatement
systems should be applied [ 161, Nordic Council of Ministers 2016 ].

Dispersion is sometimes used via existing installations on the site, e.g. using a high discharge
boiler stack. The legislation governing odorous emissions, if they are not also considered to be
harmful, is impact-related and not source-controlled. This means that the need to treat an
odorous emission is governed by the impact it has on the surrounding environment following
dispersion in the air. Controls of the dispersion of the emission to air typically consider both the
prevention of complaints as well as legal requirements associated with odour emissions and
their composition, e.g. if they contain VOC.

For example, reduced ground level concentrations could be achieved without any reduction in
the magnitude of the odour emission, but merely by enhancing its dispersion in the air. Adding a
perfumed component, i.e. a masking agent, is another option for physically treating the odour,
but it is not recommended.
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The dispersion of an exhaust emission in the air, and hence its resultant ground level odour
concentration, will depend upon a variety of factors, including:

the prevailing climatic conditions;

the height of the discharge;

positioning of nearby buildings or structures;

stack temperature (thermal buoyancy) and discharge velocity;
configuration of the discharge stack.

With the exception of the prevailing climatic conditions, all of the aforementioned factors can
be altered with the desired intention of improving the dispersion potential of the discharge. The
influence of the above factors can be examined in a computer-based dispersion model which
incorporates these factors in the computation of ground-level odour concentrations. The model
allows the sensitivity of stack height or increases to the discharge velocity to be quantitatively
judged related to resultant ground-level concentrations.

The computer-based air dispersion models are not described in this document. There are also
equations available to calculate optimum stack characteristics and these can be determined
without using an expensive air dispersion model. These procedures can be used as a guideline
and can, therefore, be used as an initial check to see whether increases to either the stack height
or stack velocity are possible. The practicality of carrying out such changes can also be
assessed.

2.1.6.4 Emissions to air control strategy

The strategy is divided into a number of evaluation stages. The extent to which each stage needs
to be applied depends on the particular installation situation and certain stages may or may not
be required to achieve the levels of protection sought. The strategy can be used for all emissions
to air, i.e. gases, dust and odours, some of which are caused by VOC emissions. Odour is
mainly a local issue based on nuisance but, as it often arises due to the emission of VOC, these
also need to be considered. For each stage, odour is used as an illustrative example. The
approach of this example, summarised in Figure 2.4, is particularly useful for large operating
sites where there are a high number of discrete odour sources and where the major contributors
to the overall odorous discharge are not fully understood.
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2.1.6.41 Step 1: Definition of the problem

Information is gathered about legislative requirements regarding emissions to air. The local
setting, e.g. weather and geographical conditions, may also be relevant when defining the
problem, for example for odour.

2.16.411 Odour example

People working at the installation will generally be well aware of what the odour problems are
and can assist a consultant or person unfamiliar with the local situation.

First, the number and frequency of complaints and the characteristics related to odour can be
reviewed. The location of the complainants related to the installation, together with any
comments made by the complainants or the local authority representatives, help to identify what
needs to be addressed. A complaints logging system can be set up, which includes a system for
answering all complaints made directly to the installation with either a telephone call or
personal visit. If the exact processing conditions at the time of the complaint are examined and
documented, this can assist in locating the odour sources which need to be controlled.

Any correspondence with the local authority or the local community can be reviewed. The level
of activity of the local community, together with the approach and actions taken by the local
authority representatives, can enable the severity of the problem to be established and influence
the likely timescale available to modify the process or install an abatement plant.

Finally, the prevailing local climatic conditions can be established. In particular, the prevailing
wind direction and wind speed and the frequency of inversions. This information can be used to
ascertain whether the complaints are largely generated as a result of certain weather conditions
or are generated by specific operations carried out at the installation.

2.1.6.4.2 Step 2: Inventory of site emissions

The inventory includes normal and abnormal operational emissions. Characterising each
emission point allows subsequent comparison and ranking with other site emission points.

A systematic way to identify normal operational emissions to air is to work through each
process and identify all potential emissions. For example, this study may cover from raw
material delivery and storage, production to packaging and palletising/warehousing.

The study can be conducted with varying degrees of sophistication. Process flow sheets or
process and instrumentation diagrams can be used during a tour around the site to systematically
identify all the emission sources.

Depending on the severity of the problem and the key site operations that cause the problem, it
may be necessary to extend this analysis to cover abnormal and even emergency situations.
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2.1.6.4.2.1 Odour example
It is important to fully evaluate the range of odorous emissions from the site and to identify the
discrete emissions with the greatest potential to cause odour complaints.

Table 2.13 shows one way of recording information of normal operational odour sources. It may
be the case that odour problems only arise during abnormal operations. A typical checklist for
abnormal operations is shown in Table 2.14.

Table 2.13: Data sheet for collecting information on odorous emissions

Odour source

Examples

Type of discharge

Forced/natural/ventilation

Process operation conducted

Heating/cooling/maintenance/cleaning

Continuity of emission

Continuous/discontinuous/periodic

Operational time

Duration per hour/per day/per production cycle

Discharge arrangement

Stack/manhole/in building/atmospheric

Discharge configuration

Stack diameter/elevation of discharge

Description of odour

Sweet/sour/pungent/fruity

Strength of odour

Very faint/faint/distinct/strong/very strong

Estimated flow rate

Measurement/fan curves/estimate

Location in installation site

Coordinates of discharge

Operation

Normal/abnormal/emergency

Overall ranking

e.g.-10to +10 or 0O to 10

Source: [ 192, COM 2006 ]

Table 2.14: Checklist for abnormal operation

Parameter

Examples

Loss of containment

Overfilling/leaks/failure control

Disposal emptying

Waste materials and process materials

Potential for material to enter process

Steam coil breakage

Failure to input a material or to control temperature
Inspection frequency

Fail-safe instrumentation

Level of control and supervision

Design basis correct

Frequency, what is required?

Implications for downstream operations

100 %, 110 % of production + low production
Odorous ingredients

Runaway reaction
Corrosion/erosion

Loss of services
Control/manning
Ventilation/extraction
Maintenance/inspection
Start-up/shutdown
Throughput changes
Formulation changes
Source: [ 192, COM 2006 ]

The odorous emissions can be ranked in terms of the severity of their impact on the surrounding
environment. A possible system to devise a ranking order could start with grouping the
emissions into categories such as major, medium and minor according to their odour
characteristics and the related complaints. The ranking within each category is strongly
influenced by the strength of the perceived odour from the source together with the associated
airflow and nature of operation, i.e. continuous or non-continuous. This process may require a
degree of professional judgement in addition to the factors detailed above.
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2.1.6.4.3 Step 3: Measurement of major emissions

Emissions to air are quantified for determining priorities for prevention and treatment. The
measurement will allow the emissions to be ordered in terms of the magnitude of their impact.
2.1.6.431 Odour example

The quantification of the major odorous emissions is undertaken using the following formula:

Odour emission (OUg/s) = measured odour level (OUg/m® x associated volumetric
airflow (m?/s)

Odour measurement is difficult and the results may have a wide statistical deviation.
Nevertheless, a quantitative measurement of odour may ultimately be required by a contractor
supplying abatement equipment or to demonstrate compliance with legislation.

If the key odorous emissions are known, together with the related flow rates and with the
physical location of the emissions within the site, this will allow a possible treatment scenario to
be developed. Table 2.15 is based on a real but unspecified situation simplified to illustrate the
principle. It shows the calculation of odour emissions and, based on this level, this technique
proposes an emission ranking.

Table 2.15: A typical odour measurement programme using simplified measurements from an
unspecified food manufacturing site

Odour Odour Emission ranking Operational
Flow rate o
Source (m¥s) level emission based on the hours
(OUg/m®) (OUg/s) | odour emission* (hlyr)

Raw material
handling 180 000 1610 22 5 480
Raw material | 7 g 1250 16 6 960
heating
Process 3960 11 290 34 7 2100
heating
Vacuum 1440000 | 17180 1909 2 5 760
generation
Fat trap 5 760 90 0.04 8 6 240
Vent to air
from process 6912 000 350 190 4 48
plant
Packing hall 45 720 000 80 275 3 5 760
Waste facility | 12 600 000 2 690 2611 1 387
* This does not take account of odour impact, exposure times or other characteristics. Number 1 has the
highest priority for treatment as it has the highest emission level, down to 8 which is the lowest.
Source: [ 16, Willey et al. 2001 ]

Air dispersion modelling can enable the impact of the major measured emissions to be fully
quantified. The impact, in this respect, is the resultant ground-level odour concentration of the
total emissions from the site at varying distances from the site boundary related to climatic
conditions, to determine any required action to control odour emissions. If there are several
odours or components from the same source, which is usually the case, these may all be
considered together. If there is more than one odour source, it is necessary to consider each one
separately.
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2.1.6.44 Step 4: Selection of air emission control techniques

An inventory of emissions, immissions and complaints, e.g. in the case of odour, which often
arises due to the emission of VOC, can identify the major sources of emissions to air from the
site that need to be part of a treatment plan or strategy. It enables any sources whose impact can
be eliminated or, if not, reduced to be identified. Control techniques include process-integrated
and end-of-pipe treatment.

Process-integrated treatment includes substance-related measures, such as selecting substitutes
for harmful substances such as carcinogens, mutagens or teratogens; using low-emission
materials, e.g. low-volatility liquids and low-fine dust solids and process-related measures, such
as using low-emission systems and production processes. If, after applying process-integrated
measures, emission reduction is still required, further control of gases, odour/\VOC and dust by
the application of end-of-pipe techniques may be needed.

When selecting odour abatement techniques, the first stage is to analyse the flow rate,
temperature, humidity, and the particulate and contaminant concentrations of the odorous
emission. Odours often arise due to the emissions of VOC, in which case the abatement
technique applied needs to take account of toxic and flammable hazards. A summary of
generalised criteria for selecting odour/VOC abatement techniques is shown in Table 2.16,
where these parameters are shown in a matrix against some generic types of abatement
equipment available. Table 2.16 is a guideline and does not contain the full details about the
advantages and limitations of individual techniques. Each property of the odorous emission has
been segregated into two or three ranges. In this example, flow rate is segregated into two
ranges, i.e. above and below 10 000 m*h. Each cell in the matrix has been assigned a value of
between 0 and 3, with a value of 3 representing the optimum operating condition.

For each of the abatement techniques, the relevant range of each of the odorous emission
properties is totalled. This allows a simple ranking system, by which the techniques with the
highest scores are considered further. Typically, three to five abatement techniques are carried
forward to the next stage in the selection procedure.

Table 2.16: Summary of generalised criteria for selecting odour/VOC abatement techniques

Flow rate Temperature Relgtlye Particulate Contammgnt
Treatment (m3/h) (°C) humidity (Mg/N m3) concentratslon Score
(%) (mg/Nm®)
<10000 [>10000 | <50 | >50 |[<75 |>75 | O [<20 |>20 [ <500 [ >500
Physical 1 2 1 2 2 1 1 1 2 1 0
Absorption- 1 1 2 1 2 |1 |1 |1 |3 1 0
water
Absorption- 2 2 2 1 2 |1 |2 |1 |1 2 1
chemical
Adsorption 3 1 3 0 2 0 3 0 0 2 1
Biological 3* 2* 3 0 2 2 3 1 0 3 0
Thermal 3 1 1 3 2 |1 |3 |2 |1 3 3
oxidation
Catalytic 3 2 1 3 2 |1 |3 |o o] 3 3
oxidation
Plasma 2 3 3 1-2 3 2 3 3 1-2
Score rating [ Description
0 This treatment is not suitable or unlikely to be effective, so is not considered as part of the selection
procedure.
1 Worthwhile considering although unlikely to be the best choice
2 The abatement technique is well suited for this condition
3 Represents the best operating condition for the given treatment system
* Depends on the surface area

Source: [ 16, Willey et al. 2001 ]

The effectiveness or required performance is considered next. This can be assessed using
professional guidance and information from the manufacturers of the abatement techniques. The
next step in the selection procedure is a feasibility assessment. The capital and operating costs,
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space requirements and whether the abatement technique has been proven to be applicable in a
similar process are all considered. Figure 2.5 shows a flow sheet that summarises this process of
selecting end-of-pipe odour/VOC abatement techniques.

Determine physical
properties of
exhaust(s)

umber of
streams to be
trated?

Calculate properties of
combined exhaust

Determine polluting
components

Solution kno
or governed by
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1
APPLICABILITY

Derive applicable technologies from table

Define effectiveness
requirements

( ) 3
2
EFFECTIVENESS FEASIBILITY
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applicable techniques |  Listtechniques ¢ Consider next
> .| considered effective technique
¢ A
Consider next Identify budget capital
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A

No
Unlikely

Operating costs
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Heat recove
options?

Yes

Identify space

S Economically viable?
requirements

pollution
acceptable?

No

Yes No

All
techniques

Select technigue for
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Pilot plant trials
warranted?

Prove n technology?

Redefine effectiveness

R Conduct pilot trial s
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None or >1 Yes
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No techniques
selected

Consider next

technique Feasible technology?

No

Source: [ 16, Willey et al. 2001 ]

Figure 2.5: Flow sheet for the selection of odour abatement equipment
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2.1.7 Accidental release

One potential environmental impact associated with a FDM installation is an accident which
could pollute the environment. This is usually characterised by an accidental release of material
directly to air, water or land, although it may also be a failure that leads to the generation of
otherwise avoidable waste. For example, the accidental release of the contents of a tank
containing raw material such as milk, or product such as vegetable oil, or an auxiliary material
such as ammonia can have a significant detrimental impact on a local watercourse or water
supply. Such accidents may occur during routine or non-routine operations.

There are a number of stages in the management of accidental releases:

o identify potential accidents that could pollute the environment;

o conduct a risk assessment on the identified potential accidents to determine their
probability of occurrence and potential specific type and severity of harm to the
environment;

. develop control measures to prevent, eliminate or reduce, to an acceptable level, the risks
associated with identified potential accidents;

o develop and implement an emergency plan;

o investigate all accidents and near misses, to identify their causes and take action to
prevent recurrence.
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2.2  Current consumption and emission levels across the
FDM sector

221 Energy consumption

Data on specific energy consumption are available in the sectorial chapters. The TWG
considered the data of specific energy consumption as confidential. The calculation of specific
energy consumption is based on the following equation:

final energy consumption
activity rate

specific energy consumption=

where:

Final energy consumption is the total amount of energy consumed by the specific processes
concerned during the production period (in the form of heat and electricity), expressed in
MWh/year.

Activity rate is the total amount of products or raw materials processed, depending on the
specific sector, expressed in tonnes/year or hl/year. Packaging is not included in the weight of
the product. Raw material is any material entering the plant, treated or processed for the
production of food or feed.

2.2.2 Water consumption

Water consumption is one of the key environmental issues for the FDM sector. Water has many
different uses, e.g.:

for cooling and cleaning;

as a raw material, especially for the drinks industry;

as process water, e.g. for washing raw materials, intermediates and products;
for cooking, dissolving and for transportation;

for cleaning of packaging materials;

as auxiliary water, e.g. for the production of vapour and vacuum;

as sanitary water.

The quality of water needed depends on the specific use.

Generally, large quantities of water are required for cleaning and disinfection. In many
installations, this is the main consumer of water, with the amount depending on the type and
size of equipment to be cleaned and the materials processed. Cleaning and disinfection produces
waste water. This typically contains soluble organic material, FOG, TSS, nitrate, nitrite,
ammonia and phosphate from product remnants and removed deposited soil. It also contains
residues of cleaning agents, e.g. acid or alkali solutions. In principle, the cleaning and
disinfection agents that are used are discharged via the waste water, either in their original state
or as reaction products.

Ranges of specific water consumption at installation level are available in each specific chapter
of this BREF. The TWG considered the data of specific water consumption as confidential. The
calculation of specific water consumption is based on the following equation:

water consumption
activity rate

specific water consumption=

where:
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Water consumption is the total amount of water consumed by the specific processes concerned
during the production period, expressed in m*/year excluding:

. the total amount of recycled/reused water;
. the cooling water and run-off water that are not reused and are discharged separately from
process water.

Activity rate is the total amount of all products (or all raw materials, depending on the specific
sector), expressed in tonnes/year or hl/year. Packaging is not included in the weight of the
product. Raw material is any material entering the plant, treated or processed for the production
of food or feed.

Water recycling and/or reuse is a common technique in all FDM sectors. Raw materials in some
FDM sectors (e.g. dairies, starch production, sugar manufacturing) are characterised by the high
water content that is released. In these specific sectors, the amount of reused water can be
several times the amount of water consumption. An indicative list of ways for recycling and/or
reusing water is given in Section 2.3.3.1.1.

2.2.3 Waste water discharge

The FDM sector has traditionally been a large user of water as an ingredient, cleaning agent,
means of conveyance and feed to utility systems. Large FDM processing installations can use
several hundred cubic metres of water a day. Most of the water not used as an ingredient
ultimately appears in the waste water stream.

Substantial reductions in the volume of waste water generated in this sector can be achieved
through waste minimisation techniques (see for example Section 2.3.5). There is no simple
relationship between the amount of water used in cleaning and hygiene standards, and food
safety legislation requirements prevent water use minimisation from causing unsatisfactory
levels of cleanliness, hygiene or product quality.

Waste water flow rates may be very variable on a daily, weekly or seasonal basis. The waste
water profile is largely dependent on production and cleaning patterns. In some sectors, e.g.
sugar beet and olive oil production, processing takes place on a campaign basis and there is little
or no waste water generated for part of the year.

FDM waste water is extremely variable in composition. It is, however, typically high in both
COD and BOD. Emission levels can be 10-100 times higher than those of domestic waste
water.

Ranges of emission data on yearly average concentrations and specific loads for different
parameters in the effluent of the WWTP by FDM sector and type of discharge for the
installations are shown from Table 2.17 to Table 2.32. The ranges of abatement efficiencies of
the WWTP for each parameter are shown in Table 2.33. The emission data sets for differents
parameters and for specific plants are shown in Section 2.3.6.8. The TWG considered the
emission data expressed in specific loads as confidential.
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Table 2.17: Ranges of yearly average concentrations of COD in the effluent of the WWTP
Yearly average COD concentration (mg/l)
FDM sector Direct Indirect Landspreading
discharge discharge
Animal feed 19-155 778-8 890 NI
Brewing 16-85 111-5779 NI
Dairies 8-147 40-4 475 20-1 001
Ethanol production 41-65 NI NI
Fish an(_j shellfish NI 5741 NI
processing
Fruit and vegetables 13-187 33-2 319 2 205-5 402
Grain milling NI NI NI
Meat processing 22-259 406-3 800 1059-1 692
Oilseed processing and 15363 535561 NI
vegetable oil refining
OI|_vg oil processing and NI 53 645 NI
refining
Soft drinks and 6-78 1537-3253 | 3322-3459
nectar/juice
Starch production 31-284 72-78 513-11 333
Sugar manufacturing 22-132 1560-4 675 5 556
All FDM sectors 6-363 40-8 890 20-11 333
NB: NI = no information provided.
Source: [193, TWG 2015]

Table 2.18: Ranges of yearly average specific loads of COD in the effluent of the WWTP

Yearly average COD specific load
FDM sector Unit Direct Indirect L andspreadin
discharge discharge P g

Animal feed gltraw 85 403-4 778 NI
materials

Brewing g/hl products 4.4-40.2 11-1595 NI

Dairies g/t raw 0.8-649 28-18 631 74-1258
materials

Ethanol production g/t products 5.1 NI NI

. . . g/t raw

Fish and shellfish processing . NI NI NI
materials

Fruit and vegetables 1t oroducts 16-2 489 37 15 457-35 541

Grain milling gtp NI NI NI

Meat processing g/t raw 80-609 831-11 363 NI
materials

O_|Isee_d processing and vegetable 0.01-221 108-4 984 NI

oil refining g/t products

Olive oil processing and refining NI NI NI

Soft drinks and nectar/juice g/hl products 0.7-4 170 390

Starch production g/t raw 78-1127 NI 572-23 743

Sugar manufacturing materials 29-2 059 3618 5940

NB: NI = no information provided.
Source: [193, TWG 2015]
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Table 2.19: Ranges of yearly average concentrations of TOC in the effluent of the WWTP

Yearly average TOC concentration (mg/l)

FDM sector Direct Indirect Landspreading

discharge discharge
Animal feed NI 357-421 NI
Brewing NI 50-911 NI
Dairies 3.7-1.2 116-1 131 NI
Ethanol production NI NI NI
Fish and shellfish NI NI NI
processing
Fruit and vegetables 15 NI NI
Grain milling NI NI NI
Meat processing 15.8-22.2 NI NI
Oilseed processing and NI 310-970 NI
vegetable oil refining
OI|_v§ oil processing and NI NI NI
refining
Soft drinks and 6-13.7 480-2 733 NI
nectar/juice
Starch production 19.5-116 NI NI
Sugar manufacturing 1.3-28.2 NI 1433-1931
All FDM sectors 1.3-116 50-2 733 1433-1931

NB: NI = no information provided.
Source: [193, TWG 2015]

Table 2.20: Ranges of yearly average specific loads of TOC in the effluent of the WWTP

Yearly average TOC specific load

FDM sector Unit Direct Indirect L andspreadin
discharge discharge P g

Animal feed g/t raw NI 1363 NI
materials

Brewing g/hl products NI 14.7-254 NI

Dairies g/t raw 8.95 299-1 568 NI
materials

Ethanol production g/t products NI NI NI

Fish and shellfish processing gt raw NI NI NI
materials

Fruit and vegetables it oroducts 220 NI NI

Grain milling gtp NI NI NI

Meat processing gt raw 25.15 NI NI
materials

O_|Isee_d processing and vegetable NI 178 NI

oil refining g/t products

Olive oil processing and refining NI NI NI

Soft drinks and nectar/juice g/hl products NI NI NI

Starch production g/t raw NI NI NI

Sugar manufacturing materials 3.23-10.01 NI NI

NB: NI = no information provided.
Source: [ 193, TWG 2015]
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Table 2.21: Ranges of yearly average concentrations of BODs in the effluent of the WWTP
Yearly average BODs concentration (mg/l)
FDM sector Direct Indirect Landspreading
discharge discharge
Animal feed 3.3-40 650-801 NI
Brewing 2-115 200-4 000 NI
Dairies 0.5-30.7 8.35-2 825 5.6-10.2
Ethanol production 2.2-5.7 NI NI
Fish an(_j shellfish NI NI NI
processing
Fruit and vegetables 1.2-56.5 1125-1593 2 711-5 054
Grain milling NI NI NI
Meat processing 2.7-110.7 392-1 446 NI
Oilseed processing and 2_44 51800 NI
vegetable oil refining
OI|_vg oil processing and NI 120-750 NI
refining
Soft drinks and 28233 376 1437-1 599
nectar/juice
Starch production 1.8-84 20.75 232-335
Sugar manufacturing 1.6-143 345-1 625 2948-4 210
All FDM sectors 0.5-143 5-4 000 5.6-5 054
NB: NI = no information provided.
Source: [193, TWG 2015]

Table 2.22: Ranges of yearly average specific loads of BODs in the effluent of the WWTP
Yearly average BOD;s specific load
FDM sector Unit Direct Indirect L andspreadin
discharge discharge P g

Animal feed glt raw 14.74 NI NI
materials

Brewing g/hl products 0.63-4.46 10.9-482.1 NI

Dairies g/t raw 0.2-74.6 32-5058 20.95
materials

Ethanol production g/t products 31.46 NI NI

Fish and shellfish processing gt raw NI NI NI
materials

Fruit and vegetables g/t products 1.99-744.1 17.79 9 715-20 863

Grain milling NI NI NI

Meat processing g/t raw 176-651 | 4906-6823 NI
materials

O_|Isee_d processing and vegetable 18-18.3 174.95 NI

oil refining g/t products

Olive oil processing and refining 274.58 NI NI

Soft drinks and nectar/juice g/hl products 0.4-15.5 41.5 167

Starch production g/t raw 3.9-130 NI 259

Sugar manufacturing materials 1-560 NI 3152

NB: NI = no information provided.
Source: [193, TWG 2015]
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Table 2.23: Ranges of yearly average concentrations of TSS in the effluent of the WWTP

Yearly average TSS concentration (mg/l)

FDM sector Direct Indirect Landspreading

discharge discharge
Animal feed 4.6-97 91-303 NI
Brewing 2.5-21 1.6-1 095 NI
Dairies 0.6-41.4 18-1 095 NI
Ethanol production NI NI NI
Fish an(_j shellfish NI 2 814-3 633 NI
processing
Fruit and vegetables 3-65.3 5.1-84 301-1132
Grain milling NI NI NI
Meat processing 0.02-51.2 135-1 440 254-481
Oilseed processing and 0.02-166 0.15-153 NI
vegetable oil refining
OI|_v§ oil processing and NI 130-300 NI
refining
Soft drinks and 0.05-34.4 291341 88-163
nectar/juice
Starch production 5-42.8 29-53 130-5 107
Sugar manufacturing 0.04-128 660-980 3148-5 281
All FDM sectors 0.02-166 0.15-3 633 88-5 281
NB: NI = no information provided.
Source: [193, TWG 2015]

Table 2.24: Ranges of yearly average specific loads of TSS in the effluent of the WWTP

Yearly average TSS specific load

FDM sector Unit Direct Indirect L andspreadin
discharge discharge P g

Animal feed g/t raw 218 675.3 NI
materials

Brewing g/hl product 1.05-11.73 4.81-279.21 NI

Dairies g/t raw 0.04-299 87-2 572 3.52
materials

Ethanol production g/t product NI NI NI

. . . g/t raw

Fish and shellfish processing . NI NI NI
materials

Fruit and vegetables it oroducts 3.43-902 1.32 2110-7 448

Grain milling gtp NI NI NI

Meat processing g/t raw 0.22-64 206-2 134 1377
materials

O_|Isee_d processing and vegetable 0.006-63.13 19-681 NI

oil refining g/t products

Olive oil processing and refining NI NI NI

Soft drinks and nectar/juice g/hl products | 0.008-26.94 NI 10.22

Starch production g/t raw 11-476 NI 348

Sugar manufacturing materials 6-535 NI 4299

NB: NI = no information provided.
Source: [ 193, TWG 2015]
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Table 2.25: Ranges of yearly average concentrations of NH,-N in the effluent of the WWTP

Yearly average NH,-N concentration (mg/l)

FDM sector Direct Indirect Landspreading

discharge discharge

Animal feed 1-74 56.3 NI

Brewing 0.03-3.96 0.7-48.7 NI

Dairies 0.03-8.75 1.3-160 NI

Ethanol production 0.5-1.9 NI NI

Fish an(_j shellfish NI NI NI

processing

Fruit and vegetables 0.06-4.83 0.17-0.54 NI

Grain milling NI NI NI

Meat processing 0.08-9.12 1.6-5.7 0.39-1.11

Oilseed processing and 0.6-3.1 13282 NI

vegetable oil refining

OI|_vg oil processing and NI NI NI

refining

Soft drinks and 0.04-1.24 0.3-07 NI

nectar/juice

Starch production 0.14-18 NI 0.92-47

Sugar manufacturing 0.06-8.68 NI 4-17

All FDM sectors 0.03-18 0.7-160 0.39-47

Source: [ 193, TWG 2015]

NB: NI = no information provided.

Table 2.26: Ranges of yearly average specific loads of NH4-N in the effluent of the WWTP

Yearly average NH,-N specific load

FDM sector Unit Direct Indirect L andspreadin
discharge discharge P g

Animal feed g/t raw 9.38 NI NI
materials

Brewing g/hl products 0.01-0.088 0.19-4.78 NI

Dairies g/t raw 0.009-17.73 | 5.9-1732 NI
materials

Ethanol production g/t products 3.76-10.48 NI NI

Fish and shellfish processing gt raw NI NI NI
materials

Fruit and vegetables t oroducts 0.73-50.10 0.002 NI

Grain milling gtp NI NI NI

Meat processing gt raw 8.7 NI NI
materials

O_|Isee_d processing and vegetable 049-05 16.38 NI

oil refining g/t products

Olive oil processing and refining NI NI NI

Soft drinks and nectar/juice g/hl products 0.01-0.37 NI NI

Starch production g/t raw 2.32 NI NI

Sugar manufacturing materials 0.05-2.95 NI 4.27

NB: NI = no information provided.
Source: [193, TWG 2015]
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Table 2.27: Ranges of yearly average concentrations of TN in the effluent of the WWTP

Yearly average TN concentration (mg/l)

FDM sector Direct Indirect Landspreading
discharge discharge

Animal feed 2.4-12 89-231 NI
Brewing 4.8-25 26.5-81.5 NI
Dairies 1.1-234 38-214 4.2-111
Ethanol production NI NI NI
Fish an(_j shellfish NI NI NI
processing
Fruit and vegetables 0.4-22.8 10.2-14.8 9-105
Grain milling NI NI NI
Meat processing 2.4-17.9 33-358 25.6-53
Oilseed processing and 0.9-15.3 25110 NI
vegetable oil refining
OI|_v§ oil processing and NI 47 NI
refining
Soft drinks and 1341 5-10 11.7-16.4
nectar/juice
Starch production 3-13.4 3.3-5.3 55-2 150
Sugar manufacturing 1.7-26.3 21.5-265 74-94
All FDM sectors 0.4-26.3 2.5-358 4.2-2 150
NB: NI = no information provided.
Source: [193, TWG 2015]

Table 2.28: Ranges of yearly average specific loads of TN in the effluent of the WWTP

Yearly average TN specific load
FDM sector Unit Direct Indirect L andspreadin
discharge discharge P g
Animal feed g/t raw 10.72 21.18 NI
materials
Brewing g/hl products 0.30-2.79 1.05-22.64 NI
Dairies g/t raw 0.57-40.68 43-1241 15.46
materials
Ethanol production g/t products 4.8-14.9 NI NI
Fish and shellfish processing gt raw NI NI NI
materials
Fruit and vegetables it oroducts 2.33-619 0.16 63-159
Grain milling gtp NI NI NI
Meat processing gt raw 20-58 811 NI
materials
O_|Isee_d processing and vegetable 0.60-17.07 356.36.24 NI
oil refining g/t products
Olive oil processing and refining NI 9.15 NI
Soft drinks and nectar/juice g/hl products 0.17-2.77 NI 1.36
Starch production g/t raw 5.6-71.3 NI 860
Sugar manufacturing materials 1.61-25.81 NI 91.94

NB: NI = no information provided.
Source: [ 193, TWG 2015]
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Table 2.29: Ranges of yearly average concentrations of TP in the effluent of the WWTP

Yearly average TP concentration (mg/l)

FDM sector Direct Indirect Landspreading
discharge discharge

Animal feed 0.25-2.82 2.76-118 NI
Brewing 0.5-4.3 1.4-89 NI
Dairies 0.09-6.27 3.18-75 0.14-1.3
Ethanol production 0.8-1.1 NI NI
Fish an(_j shellfish NI NI NI
processing
Fruit and vegetables 0.18-16 2.19-22.27 2-23
Grain milling NI NI NI
Meat processing 0.43-6.21 3.91-47.15 5194
Oilseed processing and 0.03-39 0.74-2 655 NI
vegetable oil refining
OI|_vg oil processing and NI 612 NI
refining
Soft drinks and 0.13-2.4 18-30 2.14-3.27
nectar/juice
Starch production 0.2-4.8 0.85-2.37 4.4-380
Sugar manufacturing 0.03-2.7 1.4-2 10-14
All FDM sectors 0.03-39 0.74-2 655 0.14-380
NB: NI = no information provided.
Source: [193, TWG 2015]

Table 2.30: Ranges of yearly average specific loads of TP in the effluent of the WWTP

Yearly average TP specific load

FDM sector Unit Direct Indirect L andspreadin
discharge discharge P g

Animal feed gltraw NI 7.85 NI
materials

Brewing g/hl products 0.19-0.91 2.25-550 NI

Dairies g/t raw 0.25-12.81 6.7-550 0.52and 1.6
materials

Ethanol production g/t products 0.58 NI NI

. . . g/t raw

Fish and shellfish processing . NI NI NI
materials

Fruit and vegetables 1t oroducts 0.7-99.61 0.03 14.02-35.05

Grain milling gtp NI NI NI

Meat processing g/t raw 7.03-11.93 142-150 NI
materials

O_|Isee_d processing and vegetable 0.02-8.07 1152194 NI

oil refining g/t products

Olive oil processing and refining 13.72 NI NI

Soft drinks and nectar/juice g/hl products 0.029-1.55 NI 0.24

Starch production g/t raw 0.28-24.04 NI 7.82-284

Sugar manufacturing materials 0.08-2.55 NI 14.96

NB: NI = no information provided.
Source: [193, TWG 2015]
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Table 2.31: Ranges of yearly average concentrations of ClI" in the effluent of the WWTP

Yearly average ClI" concentration (mg/l)

FDM sector Direct Indirect Landspreading
discharge discharge

Animal feed NI NI NI

Brewing NI 60.49 NI

Dairies 153-687 78-1 569 167

Ethanol production NI NI NI

Fish an(_j shellfish NI 2879 NI

processing

Fruit and vegetables NI NI NI

Grain milling NI NI NI

Meat processing NI 969 NI

Oilseed processing and NI 480-763 NI

vegetable oil refining

OI|_v§ oil processing and NI NI NI

refining

Soft dr!n!<s and NI NI NI

nectar/juice

Starch production NI NI NI

Sugar manufacturing NI NI NI

All FDM sectors 153687 60.49-1 569 167

NB: NI = no information provided.
Source: [193, TWG 2015]

Table 2.32: Ranges of yearly average specific loads of CI" in the effluent of the WWTP

Yearly average CI specific load
FDM sector Unit Direct Indirect L andspreadin
discharge discharge P g
Animal feed gt raw NI NI NI
materials
Brewing g/hl products NI 17.8 NI
Dairies g/t raw 200-17 139 78-9 542 618
materials
Ethanol production g/t products NI NI NI
Fish and shellfish processing gt raw NI NI NI
materials
Fruit and vegetables it oroducts NI NI NI
Grain milling gtp NI NI NI
Meat processing gt raw NI 6 890 NI
materials
O_|Isee_d processing and vegetable NI NI NI
oil refining g/t products
Olive oil processing and refining NI NI NI
Soft drinks and nectar/juice g/hl products NI NI NI
Starch production g/t raw NI NI NI
Sugar manufacturing materials NI NI NI

NB: NI = no information provided.
Source: [ 193, TWG 2015]
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Table 2.33: Ranges of abatement efficiencies for the WWTP in FDM installations
Abatement efficiency (%) in FDM installations (based on yearly average data)
For emissions expressed in L . .
" For emissions expressed in specific loads
Parameter concentrations
Direct Indirect Waste water Direct Indirect Waste water
discharge | discharge | landspreading | discharge discharge landspreading
COD 40-99 18-98 73-96 41-99 18-98 73-96
TOC 96-99 19 NI 99 NI NI
BOD; 60-99 30-83 91-98 60-99 37 91-98
TSS 38-99 10-96 99 68-99 50 99
NH4-N 23-99 28-85 NI 29-99 NI NI
TN 37-99 30-75 91 37-99 67-76 89
TP 38-99 6-39 97 49-99 NI 97
Cr 13 NI 5 13 NI NI

NB: NI = no information provided.
Source: [ 193, TWG 2015]

Data on specific waste water discharge are available in the sectorial chapters. The TWG
considered the data of specific waste water discharge as confidential. The calculation of specific
waste water discharge is based on the following equation:

waste water discharge
activity rate

specific waste water discharge=

where:

Waste water discharge is the total amount of waste water discharged (as direct discharge,
indirect discharge and/or landspreading) by the specific processes concerned during the
production period, expressed in m*/year, excluding any cooling water and run-off water that is
discharged separately.

Activity rate is the total amount of products or raw materials processed, depending on the
specific sector, expressed in tonnes/year or hl/year. Packaging is not included in the weight of
the product. Raw material is any material entering the plant, treated or processed for the
production of food or feed.

Food processing waste water varies from very acidic, i.e. pH 3.5, to very alkaline, i.e. pH 11.
Factors affecting waste water pH include:

the natural pH of the raw material;

pH adjustment of fluming water to prevent raw material deterioration;

use of caustic or acid solutions in processing operations;

use of caustic or acid solutions in cleaning operations;

acidic waste streams, e.g. acid whey;

acid-forming reactions in the waste water, e.g. high yeast content waste water, lactic and
formic acids from degrading milk content;

o nature of raw water source, either hard or soft.

Waste water contains few compounds that individually have an adverse effect on a WWTP or a
receiving water body. Possible exceptions include:

salt where large amounts are used, e.g. pickling and cheesemaking;
pesticide residues not readily degraded during treatment;

residues and by-products from the use of chemical disinfection techniques;
some cleaning products.
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The presence of pathogenic organisms in the waste water may be an issue, particularly where
meat or fish are being processed. The amount of plant nutrients may also be an issue. Excessive
emission levels of phosphorus can also occur, particularly where large quantities of phosphoric
acid are used in the process, e.g. vegetable oil de-gumming, or in cleaning. If such waste water
becomes anaerobic during treatment then there is a risk that constituents containing phosphate
could release phosphorus to the final discharge water. The use of nitric acid in the process
produces a similar effect, thereby increasing the emission levels of nitrate in the waste water.
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2.3 Techniques to consider in the determination of BAT
across the FDM sector

This section describes techniques (or combinations thereof), and associated monitoring,
considered to have the potential for achieving a high level of environmental protection in the
activities within the scope of this document. The techniques described will include both the
technology used and the way in which the installations are designed, built, maintained, operated
and decommissioned.

It covers environmental management systems, process-integrated techniques and end-of-pipe
measures. Waste prevention and management, including waste minimisation and recycling
procedures are also considered, as well as techniques that reduce the consumption of raw
materials, water and energy by optimising use and reuse. The techniques described also cover
measures used to prevent or to limit the environmental consequences of accidents and incidents,
as well as site remediation measures. They also cover measures taken to prevent or reduce
emissions under other than normal operating conditions (such as start-up and shutdown
operations, leaks, malfunctions, momentary stoppages and the definitive cessation of
operations).

Annex Il to the Directive lists a number of criteria for determining BAT, and the information
within this chapter will address these considerations. As far as possible, the standard structure in
Table 2.34 is used to outline the information on each technique, to enable a comparison of
techniques and the assessment against the definition of BAT in the Directive.

This chapter does not necessarily provide an exhaustive list of techniques which could be

applied in the sector. Other techniques may exist, or may be developed, which could be
considered in the determination of BAT for an individual installation.

Table 2.34: Information for each technique

Headings within the sections
Description
Technical description

Achieved environmental benefits

Environmental performance and operational data
Cross-media effects

Technical considerations relevant to applicability
Economics

Driving force for implementation

Example plants

Reference literature

In this document, techniques have been included in this chapter, whether or not they are
considered in the determination of BAT.

The techniques described show that prevention can be achieved in many ways, such as using
production techniques that pollute less than others; reducing material inputs; re-engineering the
processes to reuse products, which for example have not met the customer’s specification;
improving management practices and substituting substances with less hazardous ones. This
chapter provides information on some general and specific pollution prevention and control
techniques that have been implemented on an industrial scale.
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The EFS BREF [ 167, COM 2006 ] covers general storage and handling techniques so these are
generally not included in this document, unless they are related to FDM-specific issues such a
food safety and shelf life.

The FDM sector is so diverse that it is impractical to describe every technique that can be
considered in the determination of BAT for every activity and under every circumstance. It is,
however, evident that there are various good techniques used in one part of the sector that are
also applicable in others. Care has been taken to ensure that the techniques described do not
conflict with other relevant legislation, e.g. on hygiene, food/feed safety or refrigerants.

2.3.1 General environmental performance
2311 Environmental management systems
Description

A formal system to demonstrate compliance with environmental objectives.

Technical description

The Directive defines ‘techniques’ (under the definition of best available techniques) as ‘both
the technology used and the way in which the installation is designed, built, maintained,
operated and decommissioned’.

In this respect, an environmental management system (EMS) is a technique allowing operators
of installations to address environmental issues in a systematic and demonstrable way. EMSs
are most effective and efficient where they form an inherent part of the overall management and
operation of an installation.

An EMS focuses the attention of the operator on the environmental performance of the
installation; in particular through the application of clear operating procedures for both normal
and other than normal operating conditions, and by setting out the associated lines of
responsibility.

All effective EMSs incorporate the concept of continuous improvement, meaning that
environmental management is an ongoing process, not a project which eventually comes to an
end. There are various process designs, but most EMSs are based on the plan-do-check-act cycle
(which is widely used in other company management contexts). The cycle is an iterative
dynamic model, where the completion of one cycle flows into the beginning of the next (see
Figure 2.6).

68 Food, Drink and Milk Industries



Chapter 2

EMS model
Policy
Management
review Planning
Checking
corrective action Implementation

Figure 2.6: Continuous improvement in an EMS model

An EMS can take the form of a standardised or non-standardised (or customised) system.
Implementation and adherence to an internationally accepted standardised system, such as EN
ISO 14001:2015, can give higher credibility to the EMS especially when subjected to a properly
performed external verification. The European Union eco-management and audit scheme
(EMAS) according to Regulation (EC) No 1221/2009 provides additional credibility due to the
interaction with the public through the environmental statement and the mechanism to ensure
compliance with the applicable environmental legislation. However, non-standardised systems
can, in principle, be equally effective provided that they are properly designed and
implemented.

While both standardised systems (EN 1SO 14001:2015 or EMAS) and non-standardised systems
apply in principle to organisations, this document takes a narrower approach, not including all
activities of an organisation, e.g. with regard to their products and services, due to the fact that
the Directive only regulates installations.

An EMS can contain the following features:

i commitment, leadership, and accountability of the management, including senior
management, for the implementation of an effective EMS;

ii. an analysis that includes the determination of the organisation's context, the
identification of the needs and expectations of interested parties, the identification of
characteristics of the installation that are associated with possible risks for the
environment (or human health) as well as of the applicable legal requirements relating
to the environment;

iii. development of an environmental policy that includes the continuous improvement of
the environmental performance of the installation;

iv. establishing objectives and performance indicators in relation to significant
environmental aspects, including safeguarding compliance with applicable legal
requirements;

V. planning and implementing the necessary procedures and actions (including corrective
and preventive actions where needed), to achieve the environmental objectives and
avoid environmental risks;

Vi. determination of structures, roles and responsibilities in relation to environmental
aspects and objectives and provision of the financial and human resources needed;
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vii. ensuring the necessary competence and awareness of staff whose work may affect the
environmental performance of the installation (e.g. by providing information and
training);

viil. internal and external communication;

iX. fostering employee involvement in good environmental management practices;

X. Establishing and maintaining a management manual and written procedures to control
activities with significant environmental impact as well as relevant records;

Xi. effective operational planning and process control;

Xii. implementation of appropriate maintenance programmes;

xiii. ~ emergency preparedness and response protocols, including the prevention and/or

mitigation of the adverse (environmental) impacts of emergency situations;

xiv.  when (re)designing a (new) installation or a part thereof, consideration of its
environmental impacts throughout its life, which includes construction, maintenance,
operation and decommissioning;

XV. implementation of a monitoring and measurement programme, if necessary,
information can be found in the Reference Report on Monitoring of Emissions to Air
and Water from IED Installations;

xvi.  application of sectoral benchmarking on a regular basis;

xvii.  periodic independent (as far as practicable) internal auditing and periodic independent
external auditing in order to assess the environmental performance and to determine
whether or not the EMS conforms to planned arrangements and has been properly
implemented and maintained;

xviii. evaluation of causes of nonconformities, implementation of corrective actions in
response to nonconformities, review of the effectiveness of corrective actions, and
determination of whether similar nonconformities exist or could potentially occur;

xiX.  periodic review, by senior management, of the EMS and its continuing suitability,
adequacy and effectiveness;

XX. following and taking into account the development of cleaner techniques.

EMAS is an example of an EMS that includes the aforementioned features i. to xx.

Achieved environmental benefits

An EMS promotes and supports the continuous improvement of the environmental performance
of the installation. If the installation already has a good overall environmental performance, an
EMS helps the operator to maintain the high performance level.

Environmental performance and operational data
No information provided.

Cross-media effects
None reported. The systematic analysis of the initial environmental impacts and scope for
improvements in the context of the EMS sets the basis for assessing the best solutions for all
environmental media.

Technical considerations relevant to applicability

The components described above can typically be applied to all installations within the scope of
this document. The level of detail and the degree of formalisation of the EMS will generally be
related to the nature, scale and complexity of the installation, and the range of environmental
impacts it may have.

Economics

It is difficult to determine accurately the costs and economic benefits of introducing and
maintaining a good EMS. There are also economic benefits that are the result of using an EMS
and these vary widely from sector to sector.

External costs relating to verification of the system can be estimated from guidance issued by
the International Accreditation Forum [ 171, IAF 2010].
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Driving force for implementation
The driving forces for the implementation of an EMS include:

o improved environmental performance;

o improved insight into the environmental aspects of the company which can be used to
fulfil the environmental requirements of customers, regulatory authorities, banks,
insurance companies or other stakeholders (e.g. people living or working in the vicinity of
the installation);

o improved basis for decision-making;

o improved motivation of personnel (e.g. managers can have confidence that environmental
impacts are controlled and employees can feel that they are working for an
environmentally responsible company);

o additional opportunities for operational cost reduction and product quality improvement

o improved company image;

o reduced liability, insurance and non-compliance costs.

Example plants
EMSs are applied in a high number of installations throughout the EU. The FDM sector is one
of the industrial sectors with the most EMAS-registered organisations [ 179, COM 2015].

Reference literature
[ 2, IED Forum 2018 ], [ 171, IAF 2010 1, [ 172, EC 2009 1, [ 173, DG Environment 2010 ],
[179, COM 2015]

2.3.1.2 Integrated monitoring system

Description
Integrated monitoring system, formed by a large amount of measuring equipment and
permitting the tracking of the energy, gas and water consumption from input to points of
consumption.

Technical description

An integrated monitoring system is formed by a large amount of measuring equipment and it
permits the tracking of the energy, gas and water consumption from input to points of
consumption. The system can obtain data from measuring equipment, such as calorimeters,
electric watt-hour meters, gas meters and CO, meters.

Monitoring of water and energy consumption could include direct measurements, calculation or
recording, e.g. using suitable meters or invoices. The monitoring is broken down at the most
appropriate level (e.g. at process or plant/installation level) and considers any significant
changes in the plant/installation.

This technique could also include a system of hardware and software for the automatic detection
of electric energy and water consumption. It allows the constant monitoring of installation
energy consumption (process consumption and utilities such as air compressors, air treatment
units, refrigeration unit and lighting), the detection of deviations and the estimation of the
consumption reduction.

Achieved environmental benefits

Benefits include the control and measurement of water and energy consumption in an integrated
way. This permits the main points of consumption and potential points of savings to be
identified, consumption levels to be controlled, points of losses or incorrect functioning to be
identified, and achieved savings to be measured.

Environmental performance and operational data
An example of monitoring is to control temperature, by dedicated measurement and correction.
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Cross-media effects
No information provided.

Technical considerations relevant to applicability
The technique can be implemented in the overall operation of a FDM installation.

Economics
Investment and operating costs generally depend on the type of measurement and complexity of
installation.

Driving force for implementation
The implementation of this technique is stimulated by the potential economic savings, rise in
yield and efficiency, and improvement of operating conditions.

Example plants
A dairy installation (#189) [ 193, TWG 2015].

Reference literature
[ 193, TWG 2015]

23.1.3 Temperature control by dedicated measurement and correction

Description
Raw material waste and waste water generation can be reduced by controlling the temperature,
e.g. in storage vessels, processing vessels and transfer lines.

Technical description

Raw material waste and waste water generation can be reduced by controlling the temperature,
e.g. in storage vessels, processing vessels and transfer lines. Possible benefits from this include
reduced deterioration of materials, reduced out-of-specification products and less biological
contamination. The application of temperature sensors can sometimes be optimised by using
them for dual purposes, e.g. for monitoring both product and cleaning temperatures.

Achieved environmental benefits
Reduced energy consumption and reduced waste generation. Potentially reduces water
consumption, if water or steam are used for heating.

Environmental performance and operational data
It has been reported that in dairies the temperature of the milk can be maintained during heat
treatment by controlling the flow of steam or hot water.

In confectionery manufacture, temperature sensors can be used to minimise the temperature
drop during product transfer, thereby minimising product deterioration.

In meat processing, the temperature of thawing baths for frozen meat can be maintained by
controlling the water flow.

In an example meat processing company, installing thermocouples to provide temperature
control allowed it to reduce its water supply costs by up to 10 %. Thermocouples on the water
inlet and outlet to a chilling and washing system feed into an automated control valve which
optimises the flow rate. The control system has reduced water use, energy use and waste water
generation significantly, while maintaining a sufficient flow rate to meet the process’s hygiene
requirements.
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A company fermenting molasses to produce alcohol installed an improved temperature control
in a fermentation vessel, which was regularly exceeding the required temperature by 5 °C. The
result was increased production yields and a 15 % reduction in waste.

Cross-media effects
No information provided.

Technical considerations relevant to applicability
Applicable in installations where heat processes are applied and/or materials are stored or
transferred at critical temperatures or within critical temperature ranges.

Economics
In the example where thermocouples were used, the company reported savings of
GBP 13 000/year for an initial investment of GBP 3 000, giving a payback period of 12 weeks
(2000). Savings can be achieved due to increased production yields and reduced waste
generation.

Driving force for implementation
Minimisation of product deterioration, increased production yields and reduced water
consumption.

Example plants
Applied in dairies, confectionery manufacture, at least one meat processing installation in the
UK and at least one molasses fermentation installation in the UK.

Reference literature
[ 10, Envirowise (UK) & Entec UK Ltd 1999 ]

2.3.1.4 Level measurement

Description
Application of level-detecting sensors and level-measurement sensors.

Technical description

The two main categories of level sensors are level-detecting sensors and level-measurement
sensors. Level-detecting sensors indicate whether or not a fluid is present at a specific point in a
vessel (usually a high or low point). Most applications are connected to a visual indicator, a
visual or audible alarm, or on-off control of flows in or out of the vessel. Level-measurement
sensors allow continuous monitoring of actual fluid levels, with associated variable controls,
e.g. increasing or slowing pumping rates.

Achieved environmental benefits
Reduced consumption of cleaning materials and water; reduced generation of waste water and
reduced risk of contamination of soil, surface and groundwater.

Environmental performance and operational data
At an example brewery, a capacitance level switch is used to detect the interface between yeast
and beer. The beer was then run off to storage. Yeast can be recovered and used as animal feed.

In beer making, every 1 % of wort going to drain adds about 5 % to the waste water COD,; this
can be avoided by using level sensors to prevent overfilling of process vessels with very high
COD emission levels.

An example large vegetable processing company made savings through reduced water costs,
waste water charges and operator time by installing level controls on the water supply tanks to
the flume system that transported the vegetables. Previously, an operator adjusted the water
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supply controls manually, which led to excessive water overflow from the tanks when the
operator was occupied elsewhere. A simple float valve was identified as offering a low-cost
solution. The valve now controls the water flow to the tanks, freeing the operator to work
elsewhere.

Cross-media effects
There are no cross-media effects associated with this technique.

Technical considerations relevant to applicability

Widely applicable in the FDM sector, e.g. where liquids are stored or reacted in tanks or
vessels, either during manufacturing or cleaning processes. Table 2.35 shows some examples of
how level sensors can be used to reduce material waste and waste water generation.

Table 2.35: Examples of use of level sensors in FDM processing

Installation Reason for control
Storage or reaction tanks Prevent overflow and waste of material or water
Provide information for stock control. Minimise
Storage vessels waste from out-of-date stock or production

losses due to material not being available
Minimise waste from transfer losses or
inaccurate batch recipes

To monitor the level in storage tanks to avoid
overfilling and loss to drain

As a level switch in vessel cleaning to optimise
CIP/disinfection-in-place the amount of water/detergent used and to
protect against overspill

Vessels with automatic transfer controls

Liquid food materials

Source: [ 192, COM 2006 ]

Economics

In the example brewery, the process modifications cost GBP 9 500 (1999), but the associated
reduction in beer losses and waste water charges worth GBP 800 000/year meant the payback
period was 5 days.

The example vegetable processing company saved over GBP 15 000/year through reduced
water costs, waste water charges and operator time. The payback period was a few months.

Driving force for implementation
Expensive loss of product.

Example plants
Widely applicable in the FDM sector.

Reference literature

[ 1, CIAA 2002 ], [ 7, Environment Agency of England and Wales 2000 ], [ 8, Environment
Agency of England and Wales 2000 ], [ 10, Envirowise (UK) & Entec UK Ltd 1999 ],
[ 192, COM 2006 ]

2.3.15 Conductivity measurement

Description
Measurement of the conductivity of water.

Technical description

Conductivity measurements are used to determine the purity of water or the concentration of
acid or alkali, i.e. by determining the sum of the ionic components of the water. Electrode cells
and inductive sensors are two types of sensors used to measure conductivity.
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Electrode cells are contact-type sensors, which operate by passing the process fluid between two
electrode plates. They are reported to be very accurate. Applications include monitoring process
water for reuse, thereby minimising waste water generation and monitoring boiler water to
minimise the build-up of deposits on hot surfaces.

Conductivity can also be measured using inductive sensors. These non-contact sensors use two
electromagnetic coils around the process fluid and are suitable for hygienic applications.
Inductive sensors have a greater range than electrode cells.

The conductivity of rinsing water from CIP (see Section 2.3.3.2.4) is used to determine when
flushing is sufficient and CIP can be stopped (instead of using a timer). Rinsing water is
collected for reuse to pre-rinse in CIP. By measuring the conductivity of rinsing water, CIP is
stopped at the exact moment when flushing is sufficient. This causes consumption of water for
rinsing to be reduced.

Achieved environmental benefits
Reduced water and detergent use and reduced quantities of waste water.

Environmental performance and operational data

Although fluid flow is not essential, it provides a self-cleaning effect. Air pockets should be
avoided. The equipment should be able to compensate for the change in the conductivity of a
fluid with temperature.

At an example dairy (Example A), the CIP cycle comprises a water flush to rinse out residual
product; cleaning using acid or caustic detergent for a set period, followed by a water rinse.
These stages were previously controlled by individual timers to limit the amount of detergent
used. A number of lines and vessels are cleaned by each CIP unit, so the cleaning cycles vary.
The timing of the opening and closing of the drain valve was, therefore, a compromise. This
resulted in significant quantities of detergent being discharged as waste water.

Conductivity measurements were introduced to control the addition of acid or caustic cleaning
solutions and to determine whether the cleaning solution(s) and/or water could be recovered.
This indicated when detergent and/or water could be recovered, and whether the right amount of
detergent was being used. All existing CIP units were retrofitted with conductivity probes and
they were included in the specification for all new units.

The system works by placing a conductivity probe in the main pipeline from the process
equipment, close to the detergent tank inlet. The probe monitors the detergent/water
concentration flowing through the line during a cleaning cycle. Detergent cleaning is initiated
by a timer and detergent gradually replaces the flush water in the system, which is drained for
waste water treatment. Once a set detergent concentration is detected, the conductivity probe
signals an actuator to close the drain valve. The flow is then diverted back to the detergent tank
and circulated through the system, rather than being discharged. The rinse stage is then initiated
by a timer; detergent is recycled back to the detergent tank until dilution has occurred and the
set detergent concentration is reached again. At this point, a signal from the conductivity probe
opens the drain valve and the rinse water is drained for waste water treatment until the probe
detects clean water again.

The drain valve is then closed and the clean water is diverted to the water tank. The conductivity
probe also ensures that the required detergent strength is maintained throughout the cleaning
process. Minimal operator attention is required. Each conductivity probe receives some cleaning
when the process equipment is cleaned in place. Daily detergent use is monitored by a flow
meter on every CIP unit. If detergent use increases, this indicates that the probe requires further
cleaning, i.e. a 10-minute task done by the operators. Additional probe cleaning is usually
required every 4 to 6 weeks.
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The dairy reports an estimated 15 % saving on detergent for each CIP unit; reduced amounts of
water and detergent discharged for waste water treatment; reduced downtime of equipment and
optimised quantity of detergent used for each cleaning cycle.

In another dairy (Example B), conductivity meters were installed to help reduce detergent use.
The conductivity probe detects whether water or detergent is in the line and, if detergent is
present, it diverts the flow to a detergent recovery tank. The result was recycling of rinse water,
reduced use of detergent and a consequent reduction in COD in the waste water.

Cross-media effects
There are no cross-media effects associated with this technique.

Technical considerations relevant to applicability

Widely applicable in the FDM sector in processing and cleaning applications. Examples of the
use of conductivity measurement in the FDM sector are shown in Table 2.36. Typical
applications of conductivity measurement in the FDM sector are shown in Table 2.37.

Table 2.36: Examples of the use of conductivity measurement in the FDM sector

Activity Reason for control
Monitor levels of dissolved salts prior
to water reuse

Minimise fresh water use and waste water generation

Minimise production of poor quality product (that

Monitor well water X
becomes waste) due to use of unsuitable process water

Source: [ 192, COM 2006 ]

Table 2.37: Typical applications of conductivity measurement in the FDM sector

Sector/activity Application

Conductivity monitoring for installation valve

CIP control, based on differences between product, e.g.
between beer and water or caustic and acid
Conductivity monitoring of caustic use in bottle-
cleaning solutions

Bottling (general)

Product monitoring (inductive
SENsors)
Source: [ 192, COM 2006 ]

Throughout the drinks industries and in dairies

Economics
The saving on detergent by the Example A dairy is reported as GBP 13 000/year. The company
reports a payback period of 16 months.

The Example B dairy reported savings of GBP 10 000/year and a payback period of 4 months
on the investment.

Driving force for implementation
Reduced detergent use.

Example plants
Numerous installations in the drinks and dairy industries and where CIP is used.

Reference literature
[ 7, Environment Agency of England and Wales 2000 1, [ 10, Envirowise (UK) & Entec UK Ltd
19991, [ 192, COM 20061, [ 193, TWG 2015]
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2.3.1.6 Turbidity measurement

Description
Measurement of the turbidity of water.

Technical description

Scattered light turbidity devices use a light diffusion method to measure the light scattered
through a right angle by the particles or bubbles in the liquid. This method is used for low to
average turbidity measurements, including the measurement of turbidity in distilled water.
Sampling devices can be used when it is difficult to install the turbidity meter into a process
line. This helps to improve hygiene.

Suspended solids turbidity meters work using a light absorption method that measures the
amount of light transmitted through matter in the process fluid. They are used for measuring
medium to high levels of turbidity.

Achieved environmental benefits
Reduced material loss during processing, increased reuse of water and reduced waste water
generation.

Environmental performance and operational data

Turbidity meters should preferably be installed in vertical pipes with an upward flow and the
optical unit facing the direction of flow for maximum self-cleaning. To avoid incorrect
measurements from floating or settled debris, horizontal pipes should have meters installed at
the side and not at the bottom or top, to avoid fouling by deposition and floating debris
respectively. The fluid velocity should not exceed 2 m/s to avoid spurious readings. To
minimise deflection of the beam, gas bubbles and degassing should be avoided.

In a reported food manufacturing process, some product was lost down the drain during the
separation stages, which resulted in a breach of the company’s water discharge consent. The
installation of a hygienic turbidity meter and a flow meter resulted in reduced product losses to
drain, increased product yield and financial savings.

Cross-media effects
Energy consumption associated with the turbidity meter.

Technical considerations relevant to applicability
Applicable where product yield can be increased by recovery from process water and for the
reuse of cleaning water.

Examples of the use of turbidity measurement in the FDM sector are shown in Table 2.38.

Table 2.38: Examples of the use of turbidity measurement in the FDM sector

Activity Reason for control
Minimise waste water from out-of-
specification process water or products
Optimise reuse of cleaning water, thus
minimising waste water generation

Monitor quality of process water

Monitor CIP systems
Source: [ 192, COM 2006 ]

A typical application of turbidity measurement in the FDM sector is the monitoring of process
waste streams to determine viability for recovery back into the process.

Economics

Reported lower waste water treatment costs and savings of over GBP 100 000/year and reported
cost savings of around GBP 16 000/year and a payback period of 8 months on combined capital
and installation costs.
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Driving force for implementation

° Reduced product loss.

° To lower the COD level in the waste water and especially the fat content which may
cause problems in the waste water pipes.

Example plants
At least one cheesemaking dairy and another unspecified food manufacturing installation in the
UK.

Reference literature
[ 7, Environment Agency of England and Wales 2000 ], [ 10, Envirowise (UK) & Entec UK Ltd
19991,[192, COM 20061, [ 193, TWG 2015]

2.3.1.7 Consumption and stream inventory/register

Description

The compilation of relevant basic data on water, energy and raw materials consumption as well
as on the composition and quantity of waste water and waste gas streams — each one
individually — is done in a consumption and stream inventory/register. The consumption and
emitted streams are listed respective to their source, i.e. the process from which they originate.
This is a key element in assessing the resource efficiency of the installation, the nature of the
contaminants as well as the possibilities of reduction at the source.

Technical description
A consumption and stream inventory/register addresses the following aspects, if relevant to the
particular local conditions:

(i) Information about the food, drink and milk production processes, including:
(a) simplified process flow sheets that show the origin of the emissions;
(b) descriptions of process-integrated techniques and waste water/waste gas treatment
techniques to prevent or reduce emissions, including their performance.

(ii) Information about water consumption and usage (e.g. flow diagrams and water mass
balances), and identification of actions to reduce water consumption and waste water volume.

(iii) Information about the quantity and characteristics of the waste water streams, such as:
(a) average values and variability of flow, pH, temperature;
(b) average concentration and load values of relevant pollutants/parameters and their
variability (e.g. COD/TOC, nitrogen species, phosphorus, conductivity).

(iv) Information about the characteristics of the waste gas streams, such as:
(a) average values and variability of flow and temperature;
(b) average concentration and load values of relevant pollutants/parameters and their
variability (e.g. dust, TVOC, CO, NOyx, SOx) and their variability;
(c) presence of other substances that may affect the waste gas treatment system or plant
safety (e.g. oxygen, water vapour, dust).

(v) Information about energy consumption and usage, the quantity of raw materials used, as
well as the quantity and characteristics of residues generated, and identification of actions for
continuous improvement of resource efficiency.

(vi) Identification and implementation of an appropriate monitoring strategy with the aim of
increasing resource efficiency, taking into account energy, water and raw materials
consumption. Monitoring can include direct measurements, calculations or recording with an
appropriate frequency. The monitoring is broken down at the most appropriate level (e.g. at
process or plant/installation level).
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Achieved environmental benefits

The reduction of emissions to water and/or air. Identification of relevant waste water/waste gas
streams is a prerequisite for an efficient waste water/waste gas management and for the
reduction of emissions by technical and management measures.

Environmental performance and operational data
No information provided.

Cross-media effects
None.

Technical considerations related to applicability

The scope (e.g. level of detail) and nature of the inventory will generally be related to the
nature, scale and complexity of the installation, and the range of environmental impacts it may
have.

Economics
No information provided.

Driving force for implementation
Inventories/registers may be used to assess the implementation of BAT and may constitute basic
information for authorities in order to set emission limit values.

Example plants
Stream inventory is applied in a number of installations throughout the EU.

Reference literature
[ 168, COM 2016 ]

2.3.2 Techniques to increase energy efficiency
2.3.2.1 General processing techniques

23211 Heat recovery

Description

Use of heat exchangers and heat pumps to recover heat.

Technical description
The FDM sector has plenty of examples of heat recovery. The most commonly used heat
recovery methods are the following:

o direct usage: heat exchangers make use of heat as it is in the surplus stream;

o heat pumps upgrade the heat in relatively cold streams so that it can perform more useful
work than could be achieved at its present temperature (i.e. an input of high-quality
energy raises the energy quality of the waste/surplus heat).

Heat can be also recovered from the blowdown of a boiler.

Another example of heat recovery is related to air compressors. From 80 % to 90 % of the
mechanical energy that is consumed by compressors in an air-compressed system is converted
to thermal energy. This causes an increase in air temperature and for this reason a compressor
cooling system is required. In this way, this heat can be recovered and reused. The heat output
from air compressors can be crossed with water or air to transfer the heat and, then, the heat can
be reused. Heating systems, the drying processes and heat feed to the steam boiler or oven
burners are the main applications of the heated airstream. The applications of heated water
streams are varied [ 193, TWG 2015].

Achieved environmental benefits
Reduction of energy consumption.
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Environmental performance and operational data
There are multiple ways of reusing water reported in the questionnaires of the FDM BREF data
collection [ 193, TWG 2015 ]. Some examples are presented in Table 2.39.

Table 2.39: Various examples of heat recovery in the FDM sector

Heat recovery Technical description . Example Economics
technique installations
Breweries
EUR 1 600 000 as
The simplest way to recover heat from installation cost and
the vapour is to use it to produce hot EUR 30 000 as
Heat recovery from wort | water for various processes, e.g. for annual operating cost
> . . ) . #157, #159 .
boiling use in production, cleaning operations, (maintenance cost),
flushing brew kettles or for room for a reduction of
heating. 4 kWh/hl of heat
consumption
Dairies
An ammonia-based heat pump is | Atleastone | High investment and
Heat recovery from the | : : . .
. . incorporated to use waste heat from the dairy operating costs, with
refrigeration plant to . . . o A
b refrigeration cycle to boost | installationin | a payback period of
pasteurisation S
pasteurising temperatures. UK around 8 years
Heat recovery from T_he heat relea_sed to the water from the At least one
AN ice cream mix can preheat the water ice cream
pasteurisation in ice . . . S NI
. for various purposes, mainly for installation in
cream production ! .
cleaning operations. SE
Investment cost of
Heat recovery from | Utilisation of heat from warm whey for Da|r|e_s in DK |- about EUR 500 O.OO
warm whey preheating cheese milk and in UK and annual operating
(#408) cost of about
EUR 20 000
Oilseed processing and vegetable oil refining
The: hydrogenatlo_n reacthn that occurs Additional
during the hardening of oils to produce .
. . . investment costs are
Heat recovery fromthe | fats for cooking, eating and soap- Widely
. L . Lo needed. Lower
hardening of vegetable | making is an exothermic process. The | applied in the -
- operational costs due
oils heat can be used to heat the product to Ol sector to the reduced input
the desired reaction temperature and to P
. : of steam generation.
generate steam later in the reaction.
Investment cost:
approximately
EUR 100 000 for a
The exhausted vapours from the rotary heat exchanger with
Heat recovery from the dryer in the rapeseed processing operational air flow
Y installation are used to heat water for #86, #466 rate of 20 000 Bm®.
rapeseed dryer . . . )
preheating the seeds and reaching an Operating cost:
optimum heat recovery. approximately
EUR 3 900 annually
(electricity for
circulation pump).
Starch production
An investment cost
of EUR 1 300 000
(capacity about
Preheating of potato fruit juice to about 100 m*/h in terms of
Preheating of potato | 100 °C is performed by reusing hot | #149, #150, fruit juice) and
fruit juice fruit juice, from where protein already | #151, #152 annual savings of

has been extracted.

EUR 200 000
(reduction of natural
gas consumption)
have been reported.

NB: ; NI=no information provided.

Source: [ 108, NEWPOTATOPRO LIFE project 20071, [ 192, COM 20061, [ 193, TWG 2015], [ 227, United Kingdom 2015]
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Cross-media effects
No information provided.

Technical considerations relevant to applicability

Heat recovery opportunities are present in existing and new FDM installations. As indicated in
the ENE BREF [ 132, COM 2009 ], heat recovery is not applicable where there is no demand
that matches the production curve.

Economics
See Table 2.39.

Driving force for implementation
In line with the EU Action Plan for the Circular Economy [ 180, COM 2015 ], heat recovery
aims to improve the resource efficiency of the FDM sector.

Example plants
Heat recovery is commonly reported in all FDM sectors [ 193, TWG 2015 ].

Reference literature
[ 108, NEWPOTATOPRO LIFE project 2007 1, [ 132, COM 2009 ], [ 180, COM 2015 ],
[ 192, COM 20061, [ 193, TWG 20151, [ 227, United Kingdom 2015 ]

2.3.2.1.2 Use of the biogas generated

Description

The biogas generated by anaerobic digestion or anaerobic treatment of waste water is used as a
fuel, e.g. in a gas engine or in a boiler. It may be previously treated (e.g. to remove hydrogen
sulphide).

Technical description

The biogas (methane) produced by the anaerobic digester or by anaerobic waste water treatment
passes through a scrubber (sodium hydroxide to remove hydrogen sulphide) and then flows
through a series of condensate traps before entering a biogas holder. The methane stored in the
biogas holder is preconditioned (dried) and then passes through a gas analyser and then on to
the gas engine. The gas is combusted in a gas engine which powers a generator producing
electricity. Heat is recovered from cooling water and the exhaust is used to heat boiler feed
water for example.

Alternatively, the biogas can also be used directly, e.g. in a boiler producing proccess heat or a
DDGS dryer, without treatment. In the big installations the steam from the boilers is usually
used in combined production of power and process heat (e.g. sugar industry).

CHP plants are most suited to sites where the feed source is readily available and ideally
generated at the site as either a waste or by-product such as FDM installations with large
amounts of organic wastes which are treated by anaerobic digestion. For general information
about CHP see Section 2.1.2.1.1.

Achieved environmental benefits

The CHP plant enables the methane gas generated by the anaerobic digester to be converted to a
valuable renewable source of energy. Additionally, the CHP plant enables the anaerobic digester
to divert waste and instead convert it to a valuable product.

Environmental performance and operational data
In a dairy installation (#296), the electricity produced from the generator is converted from low
to medium voltage (400 V — 10 000 V) and directed to the main switch room for use on site.
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A dryer and recuperator were installed on the gas supply line to the CHP. This was necessary to
maintain the gas quality, thereby preventing damage to the CHP engine resulting from
condensation and other gases. The engine is sensitive to hydrogen sulphide gas and therefore a
scrubber system is provided upstream to remove this compound.

Cross-media effects
Emissions to air are generated from the combustion.

Technical considerations relevant to applicability
Generally applicable.

Economics
A total cost of around EUR 1 million has been reported (for a CHP plant that generates
600 kWh of electrical and 600 kWh of thermal energy) [ 193, TWG 2015 ].

Driving force for implementation

o Reduction of fuel consumption.

. Generation and utilisation of a renewable source of energy and conversion of waste
product into a valuable asset.

Example plants
Installation #296 uses biogas generated from an anaerobic digester. Installation #287 uses the
generated biogas directly in a DDGS dryer.

Reference literature
[ 193, TWG 2015]

23213 Process control systems

Description
Automation of a facility to switch off equipment when it is not needed.

Technical description

Automation of a manufacturing facility involves the design and construction of a process
control system, requiring sensors, instruments, computers and the application of data
processing. It is widely recognised that automation of manufacturing processes is important not
only to improve product quality and workplace safety, but also to increase the efficiency of the
process itself and contribute to energy efficiency. More information on process control systems
can be found in the ENE BREF [ 132, COM 2009 ].

Many measures can be taken through process control systems, such as switching off equipment,
such as compressors and lighting. Pumps and fans that circulate cold air, chilled water or an
antifreeze solution generate heat, contributing most of the power they consume to the cooling
load, so switching them off when not required saves energy. This is also true for lights in a
coldstore or cooled room, as they contribute most of the power they consume to the cooling
load.

The switching can be timed according to a fixed programme or schedule. Conditions can be
monitored to detect high or low temperatures for example and switch off motors when they are
not needed. The load of a motor can be sensed, so that the motor is switched off when idling.

Achieved environmental benefits
Reduced energy consumption.

Environmental performance and operational data
See process control systems in the ENE BREF [ 132, COM 2009 ].
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Cross-media effects
See process control systems in the ENE BREF [ 132, COM 2009 ].

Technical considerations relevant to applicability
Widely applicable in the FDM sector.

Economics
See process control systems in the ENE BREF [ 132, COM 2009 ].

Driving force for implementation
Reduced energy costs.

Example plants
This technique is commonly reported in all FDM sectors [ 193, TWG 2015 ].

Reference literature
[ 39, Environment Agency of England and Wales 2001 1,[ 132, COM 2009 1,[ 193, TWG 2015]

23214 Combined heat and power generation

Description
Use of a heat engine or power station to generate electricity and useful heat at the same time.

Technical description
Information on different cogeneration applications can be found in the ENE BREF
[132, COM 2009].

Achieved environmental benefits
Reduced energy consumption and emissions to air, e.g. NOx, CO, and SO,.

Environmental performance and operational data

The energy efficiency of CHP can be as high as 90 %. This optimises the use of fossil fuels and
reduces the production of CO,. New CHP installations save at least 10 % of the fuel otherwise
used in the separate production of heat and electricity. Furthermore, gas-fired CHP schemes can
eliminate SO, emissions and NOx can be controlled to meet environmental legislation. Modern
CHP equipment is likely to require less effort to operate and maintain than many older boiler
systems, as it is equipped with automatic control and monitoring systems.

It is reported that most of the energy required in sugar manufacturing is obtained by burning
gas, heavy fuel oil or coal in a boiler house, which converts it, by means of CHP equipment,
into steam and electricity. In this sector, the overall fuel utilisation factor of CHP exceeds 70 %
and is typically above 80 %. This fuel conversion efficiency greatly exceeds that of any design
of commercial power stations whose steam is not used further, including even the latest
generation of combined cycle gas turbines, which are around 55 % efficient. Excess electricity
produced may be sold to other users [ 192, COM 2006 ].

Cross-media effects
See cogeneration in the ENE BREF [ 132, COM 2009 ].

Technical considerations relevant to applicability

Widely applicable.The applicability of CHP very much depends on several technical aspects.
Although CHP is a well-established and technically mature technique, it is vital that the right
design decisions are made. The main factors to consider are the consumption pattern of
electricity and heat in the installation and the ratio between electricity and heat consumption.
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Additional important factors are whether the installation is running continuously and whether
large variations in processes occur. A simple rule of thumb is that the site needs to have a
simultaneous demand for heat and electricity for at least 4 000 hours a year.

Economics

A decision on whether to implement CHP based on investigation of the economic aspects will
take account of the price of gas and electricity. A balance of relatively expensive gas or other
fuels and cheap electricity mitigates against the selection of CHP. For example, if electricity
prices fall or gas prices rise, the financial return from CHP will decrease. This is possible in a
free energy market. One option, which is sometimes applied, is to design the CHP installation
on the basis of heat consumption with excess electricity being sold to the public grid. Whether
this is an attractive option very much depends on the price obtained for the excess electricity
that is sold.

With regard to financing of the CHP installation, the tendency is for companies to not finance it
themselves. Sometimes joint ventures with energy suppliers are formed and sometimes third
parties completely finance the CHP installation. A contract for delivery of electricity and heat
by the CHP installation normally runs for 10 to 15 years.

In the UK, it has been found that CHP can now reduce the total energy bills of an installation by
20 %. In the example brewery, the savings in energy costs were 16.2 %.

Example plants
Applied in sugar manufacturing installations, dairies, breweries and distilleries.

Driving force for implementation

The introduction of measures and procedures to promote cogeneration installations is supported
by Directive 2012/27/EU of the European Parliament and of the Council of 25 October 2012 on
energy efficiency.

Reference literature
[ 53, COM 20021, [132, COM 20091, [ 192, COM 2006 ]

23215 Insulation of pipes, vessels and equipment

Description
Insulation of pipes, vessels and equipment by selecting effective coating materials.

Technical description

Insulation of pipes, vessels and equipment such as ovens and freezers can minimise energy
consumption. Insulation can be optimised by selecting effective coating materials with low
conductivity values and high thickness and by using pipes, vessels and equipment that are
insulated prior to installation. Pre-insulation has the advantage that the pipe supports are
mounted outside of the insulation coating instead of being directly connected for example. This
reduces the heat loss through the mounts.

Insufficient insulation of pipework can lead to excessive heating of the surrounding process
areas as well as the risk of burn injuries.

Achieved environmental benefits
Reduced energy consumption and associated fuel consumption and emissions to air.

Environmental performance and operational data
Insulation of pipes and tanks can reduce the heat/cold loss by 82—-86 %. Additionally, 25-30 %
heat can be saved by using pre-insulated pipes instead of traditionally insulated ones.
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Hot and cold products are stored and pumped in dairies. In an new example dairy in Denmark,
all of the pipes with a temperature difference of at least 10 °C above ambient temperature were
fitted with 30 mm insulation. Tanks were coated with 50 mm insulation. Pre-insulated pipes
with a coating of mineral wool wrapped in a metal sheet. More than 9 km of pipework and
53 tanks were insulated. The calculated savings in energy were 6 361 MWh/year heating energy
and 2 397 MWh/year cold energy, i.e. the equivalent of 479 MWh/year electricity.

In an example Italian pasta installation, the energy dissipated all along pipework was
investigated and the insulation was improved. In three cases, the thermal resistance was
increased from 0.22 m?.°C/W to 0.396 m*.°C/W, 0.574 m*°C/W and 0.753 m?.°C/W. This
resulted in CO, emission reductions of 44.4 %, 61.6 % and 70.7 %, respectively.

Cross-media effects
No information provided.

Technical considerations relevant to applicability
Applicable to all FDM installations, whether new or existing. Pre-insulated pipes are applicable
in new installations and where pipework, vessels and equipment are replaced.

Economics
In the example new Danish dairy, the investment cost was about EUR 1 408 000 with a payback
period of 7.6 years.

Driving force for implementation
Reduction in energy costs.

Example plants
Widely applied in the FDM sector and others [ 193, TWG 2015].

Reference literature
[ 21, Nordic Council of Ministers 20011, [ 193, TWG 2015 ]

2.3.2.1.6 Frequency converters on motors

Description
Frequency converters (or variable speed drivers) regulate the speed of the impeller to the
required output of the motor.

Technical description

Controlling the speed of the pump motor by frequency converters ensures that the speed of the
impeller is exactly adapted to the required output of the pump, as are the power consumption
and treatment of the liquid. More information on frequency converters (or variable speed
drivers) can be found in the ENE BREF [ 132, COM 2009 ].

Achieved environmental benefits
Reduced energy consumption.

Environmental performance and operational data

The reduction of the power consumption depends on the capacity and number of pumps and
motors. Generally, a 10 % reduction in the output of a pump corresponds to a 28 % reduction in
the power consumption of the pump.

In an example German instant coffee manufacturer, the consistent implementation of frequency
converters for all large electrical motors allowed them to be adjusted in a way that suited the
output and electricity peaks during start-up processes were avoided.
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In a Danish dairy, 203 motors were equipped with frequency converters. The total power of the
motors was 1 216 kW. The estimated cost of the investment was EUR 311 000. The estimated
annual saving is EUR 90 000 (1 325 000 kWh).

A whey products company processes whey into several raw materials for use in pharmaceuticals
and foods. One of the products is lactose, the production of which involves a refining process, in
which ‘wet’ lactose (9 % pure) is dissolved in hot water in a circular process. Wet lactose is
transported through a shaking tray to a mixing vessel, where it is mixed with hot water. The
mixture is pumped into a buffer vessel, where it is stirred, and from which it is returned to the
mixing vessel. Thus, the lactose content of the mixture gradually increases. After approximately
1 hour, the mixture is discharged from the mixing unit for further processing. The liquid level in
the mixing vessel used to be controlled by regulating the water/lactose flow from the buffer
tanks. This was achieved by a choke valve on the delivery side of the centrifugal pump used for
the transport. This choke system had several disadvantages, e.g. it was inefficient, causing
unnecessary dissipation of electric energy, and it caused unnecessary wear of the pump. The
system was replaced with a speed control system on the motor driving the pump. This resulted
in energy savings amounting to 12 600 kWh/year, with a value of NLG 1638 (1994), a
reduction in maintenance costs of NLG 10 257/year (1994) and a payback period of 0.3 years.

In an example brewery, compressed air (6 bar) is produced by six screw-type and seven piston
compressors. One screw-type compressor is run as a frequency-controlled machine and all
compressors are centrally controlled. The advantage of this technology is that the pressure in the
supply system does not fluctuate by more than +/- 0.05 bar. The system pressure can be reduced
by 0.2 bar. It is reported that an electricity saving of approximately 20 % can be achieved by
avoiding compressor idle time. Maintenance costs can be reduced by about 15 %. It is not
possible to quantify the cost benefit resulting from the reduction in system pressure.

Cross-media effects
See variable speed drivers in the ENE BREF [ 132, COM 2009 ].

Technical considerations relevant to applicability

Frequency converters can be used with standard three-phase motors. They are available for both
manual and automatic speed controls. They can be applied in existing and new installations for
pumps, ventilation equipment and conveying systems. It is reported that frequency-converter-
driven motors should not exceed 60 % of the total energy use of the installation because they
can have an adverse effect on the electricity supply and can lead to technical problems.

Economics
The price of a 5.5 kW frequency converter is about EUR 600.

Driving force for implementation
Reduced consumption of electrical power in combination with a more gentle treatment of the
product.

Example plants
This technique is commonly reported in all FDM sectors [ 193, TWG 2015 ].

Reference literature
[ 19, German Dairy Association 2001 1, [ 21, Nordic Council of Ministers 2001 1],
[ 35, Germany 20021, [ 132, COM 20091, [ 143, Caddet 19991, [ 193, TWG 2015]
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2.3.2.1.7 Energy-efficient lighting

Description
Measures such as energy-efficient lamps, use of natural light, or automatic light control.

Technical description
More energy-efficient lighting can be attained by [ 91, Giner Santonja et al. 2017 ]:

i. replacing conventional tungsten light bulbs or other low-efficiency light bulbs with more
energy-efficient lights such as fluorescent, sodium, and LED lights;

ii. using devices to adjust the frequency of micro flashes, dimmers to adjust artificial lighting,
sensors or room-entry switches to control the lighting;

iii. allowing more natural light to enter, e.g. by using vents or roof windows; natural light has to
be balanced with potential heat losses.

More information on energy-efficient lighting can be found in the ENE BREF
[ 132, COM 2009].

Achieved environmental benefits
Reduced energy consumption.

Environmental performance and operational data
See energy energy-efficient lighting in the ENE BREF [ 132, COM 2009 ].

Cross-media effects
See energy energy-efficient lighting in the ENE BREF [ 132, COM 2009 ].

Technical considerations relevant to applicability
See energy energy-efficient lighting in the ENE BREF [ 132, COM 2009 ].

Economics

In a dairy installation, two 58 W neon tubes were replaced with two 22 W LED in 72 existing
lamps. The investment cost was EUR5688. This led to energy savings of around
10 000 kWh/year [ 193, TWG 2015].

Driving force for implementation
Reduced economic costs.

Example plants
This technique is commonly reported in all FDM sectors [ 193, TWG 2015].

Reference literature
[ 91, Giner Santonja et al. 20171, [ 132, COM 20091, [ 193, TWG 2015 ]

2.3.2.1.8 Energy efficiency plan

Description

An energy efficiency plan entails defining and calculating the specific energy consumption of
the activity (or activities), setting key performance indicators on an annual basis (for example
for the specific energy consumption) and planning periodic improvement targets and related
actions. The plan is adapted to the specificities of the installation.

Technical description

Management to achieve energy efficiency requires structured attention to energy with the
objective of continuously reducing energy consumption and improving efficiency in production
and utilities, and sustaining the achieved improvements at both company and site level. It
provides a structure and a basis for the determination of the energy efficiency, defining
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possibilities for improvement and ensuring continuous improvement. All effective energy
efficiency (and environmental) management standards, programmes and guides contain the
notion of continuous improvement, meaning that energy management is a process, not a project
which eventually comes to an end.

There are various process designs, but most management systems are based on the plan-do-
check-act approach (which is widely used in other company management contexts). ISO 50001
is one of the more globally widespread standards for energy efficiency management systems.

More information on energy efficiency management systems can be found in the ENE BREF
[132, COM 2009 ].

Achieved environmental benefits
See energy efficiency management systems in the ENE BREF [ 132, COM 2009 ].

Environmental performance and operational data
No information provided.

Cross-media effects
See energy efficiency management systems in the ENE BREF [ 132, COM 2009 ].

Technical considerations relevant to applicability
See energy efficiency management systems in the ENE BREF [ 132, COM 2009 ].

Economics

The cost of implementation of an energy management system, certified according to
International Standard ISO 50001, in an existing grain milling installation with a permitted
production capacity of around 500 tonnes/day is EUR 4 000 [ 193, TWG 2015].

Driving force for implementation
The implementation of the energy management system allows the energy consumption of the
installation to be monitored.

Example plants
This technique is commonly reported in many of the FDM sectors [ 193, TWG 2015 ].

Reference literature
[ 132, COM 20091, [ 193, TWG 2015]

2.3.2.1.9 High-efficiency motors

Description
Use of high-efficieny motors to minimise motor losses.

Technical description

Motor losses can be minimised by specifying higher-efficiency motors where feasible. More
information on energy-efficient motors can be found in the ENE BREF [ 132, COM 2009 ].
Other ways to minimise motor losses are:

o when a motor fails, ensuring that proper care and attention is given in the repair process
S0 as to minimise energy losses;

. avoiding the use of greatly oversized motors;

o considering permanent reconnection of the motor electrical supply in star-phase, as a no-
cost way of reducing losses from lightly loaded motors;

. checking that voltage imbalance, low or high supply voltages, harmonic distortion or a
poor power factor is not causing excessive losses.
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Achieved environmental benefits
Reduced energy consumption.

Environmental performance and operational data
See energy-efficient motors in the ENE BREF [ 132, COM 2009 ].

Cross-media effects
See energy-efficient motors in the ENE BREF [ 132, COM 2009 ].

Technical considerations relevant to applicability
Applicable where motors are used.

Economics
Reduced energy costs.

Driving force for implementation
Reduced energy costs.

Example plants
This technique is commonly reported in all FDM sectors [ 193, TWG 2015].

Reference literature
[ 39, Environment Agency of England and Wales 2001 ], [ 132, COM 2009 ],
[193, TWG 2015]

2.3.2.1.10 Combustion regulation and control

Description
Combustion regulation and control can be used to control boiler combustion by monitoring and
controlling fuel flow, air flow, oxygen levels in the hot gas and heat demand.

Technical description

Excess air can be minimised by adjusting the air flow rate in proportion to the fuel flow rate.
This is greatly assisted by the automated measurement of oxygen content in the hot gases.
Depending on how fast the heat demand of the process fluctuates, excess air can be manually set
or automatically controlled. Too low an air level causes extinction of the flame, then re-ignition
and backfire, causing damage to the installation. This improvement minimises the heat loss due
to unburnt gases and to elements in solid wastes and residues from combustion, e.g. through the
slag. More information on optimisation of combustion and advanced control systems can be
found in the ENE BREF [ 132, COM 2009 ] and the LCP BREF [ 145, COM 2017 ].

Achieved environmental benefits
Reduced energy consumption and emissions to air.

Environmental performance and operational data
There will be an initial set-up stage, with periodic recalibration of the automatic controls.

Cross-media effects

As excess air is reduced, unburnt components like carbonaceous particulates, carbon monoxide
and hydrocarbons are formed and may exceed emission limit values. This limits the possibility
of energy efficiency gain by reducing excess air. In practice, excess air is adjusted to values
where emissions are below the limit value.

Technical considerations relevant to applicability
Generally, there are no technical restrictions to the applicability of this technique.

Economics
No information provided.
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Driving force for implementation
Reduced energy costs.

Example plants
This technique is commonly reported in many of the FDM sectors [ 193, TWG 2015 ].

Reference literature
[ 132, COM 20091, [ 145, COM 20171, [ 193, TWG 2015]

2.3.2.2 Techniques related to steam systems
2.3.2.2.1 Standard and condensing economiser
Description

Heat exchanger which reduces steam boiler fuel requirements by transferring heat from the hot
gas to the incoming feed water.

Technical description

The economiser is already a very common and standard solution to recover energy in steam
boilers and other heat sources. Very briefly, it is a heat exchanger located in the hot gas of
combustion, which can be useful for low-grade heat applications, such as water preheating.
There are two types of economisers: standard and condensing. Hot gases contain water vapour
from combustion. A standard economiser uses the remaining hot gas heat above the
condensation temperature of this vapour (sensible heat), whereas a condensing economiser
extracts heat from hot gases below the condensation temperature of this vapour (thus also
recovering the latent heat). This condensed vapour mixes with sulphur and NOx from the
combustion, becoming acidic; therefore the condensing economiser, despite allowing a higher
energy recovery, is more expensive as it requires acid-proof material (stainless steel).

Achieved environmental benefits
Reduced energy consumption.

Environmental performance and operational data

An economiser has to be designed and fitted according to the boiler design, and this will define
its working range and conditions for maximum efficiency. Water preheating should be limited
to avoid boiling, by ensuring a minimum flow through the economiser. Flue-gases should not be
cooled below the condensation point, except for the case of a condensing economiser.

Cross-media effects
Only in the case of a condensing economiser, a small amount of low-pH waste water, from the
combustion water condensation, is generated.

Technical considerations relevant to applicability
Generally, there are no technical restrictions to the applicability of this technique.

Economics

The toal cost depends on the size of the boiler, as well as the configuration of the boiler and the
boiler house. For a small industrial boiler consuming 15 000 MWh of gas annually, the cost can
be in an order of magnitude of EUR 50000, and EUR 20000 of annual savings
[193, TWG 2015].

Driving force for implementation
Reduced energy costs.

Example plants
This technique is commonly reported in many of the FDM sectors [ 193, TWG 2015 ].

Reference literature
[ 193, TWG 2015]
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2.3.2.2.2 Minimisation of the blowdown from the boiler

Description
Measures such as pretreating the water, maximising the recovery of condensate, using an
automated blowdown control system, or flashing the blowdown at medium or low pressure.

Technical description

The blowdown of a boiler is used to limit the accumulation of salts (e.g. chlorides, alkalis and
silicic acid) and is, therefore, necessary to keep these parameters within prescribed limits. It is
also used to remove the sludge deposits (e.g. calcium phosphates) and corrosion products (e.g.
ferric oxides) from the boiler and to keep the water clear and colourless. Waste water at high
pressure and temperature is always discharged, either for a set time or continuously. It is,
therefore, preferable to restrict the blowdown as far as possible.

The total dissolved solids content of the boiler water is best kept as close as possible to the
maximum authorised value. This can be done via an automated system consisting of a
conductance probe in the boiler water, a blowdown regulator or a blowdown regulating valve.
The conductance is continually measured. If the measured conductance exceeds the maximum
value, then the regulating valve is opened more.

Instead of routinely discharging condensate to the WWTP because of the risk of contamination,
the condensate can be collected in an intermediate tank and analysed to detect the presence of
any contaminant. Pretreatment by reverse osmosis can allow lower boiler blowdown rates and
hence lower energy losses. Energy needed for reverse osmosis is only electrical, i.e. to put water
under pressure so that it can be pushed through the osmosis membrane (< 0.001 pm). A
reduction of pretreatment of the boiler feed water with chemicals is also achieved
[193, TWG 2015].

Additional measures to minimise the blowdown of a boiler can be found in the ENE BREF
[ 132, COM 2009 ].

Achieved environmental benefits
Reduced energy consumption. Reduced waste water generation.

Environmental performance and operational data

Table 2.40 shows the potential fuel savings that can be achieved by reducing the blowdown as a
function of steam pressure in the deep freezing of vegetables. At a steam pressure of 10 bar, a
fuel saving of 2.1 % can be achieved if the blowdown volume is reduced by 10 %.

Table 2.40: Potential savings by reducing boiler blowdown in the deep freezing of vegetables

Effective boiler pressure Fuel saving per blowdown reduction
(bar) (%)
7 0.19
10 0.21
17 0.25
Source: [ 192, COM 2006 ]

Calculations indicate that energy in the condensate can be from 10 % to 20 % of the total steam
energy content of a typical system, meaning that returning this would mean significant energy
savings. Maximising the return of hot condensate to the boiler reduces the operating costs of the
boiler(s). The very best operating plants return from 80 % to 90 % of the steam generated as hot
condensate. The average bottling plant returns from 70 % to 80 % of the steam generated as hot
condensate and the below average plants return below 70 % of the steam generated as hot
condensate [ 98, TWG 2017 ].
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Cross-media effects
Discharges of treatment chemicals, chemicals used in deioniser regeneration, etc.

Technical considerations relevant to applicability
Applicable where a boiler is used.

Economics
The payback of condensate return will depend on the condensate flow rates and temperature
[98, TWG 2017].

Driving force for implementation
Reduced energy costs.

Example plants
This technique is commonly reported in installations belonging to dairies and the fruit and
vegetables and oilseed sectors [ 193, TWG 2015 ].

Reference literature
[ 14, VITO et al. 2001 1, [ 15, Van Bael J. 1998 1, [ 98, TWG 2017 ], [ 132, COM 2009 ],
[192, COM 20061],[193, TWG 2015]

2.3.2.2.3 Avoidance of losses of flash steam from condensate return

Description
Steam trap surveys based on acoustic, visual, electrical conductivity or thermal checks.

Technical description

When condensate is discharged from steam traps and flows along the return pipework, some
flash steam is formed. Often flash steam is vented to the air and the energy it contains is lost. It
may be possible to capture and use the flash steam, e.g. in the boiler.

Leaking steam traps lose significant quantities of steam, which result in large energy losses.
Proper maintenance can reduce these losses in an efficient manner. In steam systems where the
steam traps have not been inspected in the last three to five years, up to about 30 % of them may
have failed, allowing steam to escape. In systems with a regularly scheduled maintenance
programme, less than 5 % of the total number of traps should be leaking.

There are many different types of steam traps and each type has its own characteristics and
preconditions. Checks for escaping steam are based on acoustic, visual, electrical conductivity
or thermal checks. Leak detection in steam and compressed air systems can also be performed
with the use of an ultrasound-measuring microphone [ 193, TWG 2015 ].

Achieved environmental benefits
Reduced energy and water consumption.

Environmental performance and operational data
The flash steam typically contains about 40 % of the energy in the original pressurised
condensate. More operational data can be found in the ENE BREF [ 132, COM 2009 ].

Cross-media effects
There are no cross-media effects associated with this technique.

Technical considerations relevant to applicability
Applicable where flash steam is produced and can be reused.

Economics
No information provided.
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Driving force for implementation
Reduced energy costs.

Example plants
This technigue is commonly reported in many of the FDM sectors [ 193, TWG 2015 ].

Reference literature
[ 39, Environment Agency of England and Wales 2001 ],[ 132, COM 2009 1,[ 193, TWG 2015]

2.3.2.2.4 Multistage evaporation

Description
Introduction of evaporated vapours to the next stage of the evaporator in which the temperature
and the pressure are lower than in the previous one.

Technical description

Evaporators may operate in a single stage or evaporation may take place in stages using several
evaporators operating in series. Each evaporator is referred to as an effect. With multistage or
multi-effect evaporator systems, the product output from one effect in the evaporator is the feed
for the next effect, and the high-temperature vapour that is removed from one effect of the
evaporator is used to heat the lower-temperature product in the next evaporator effect. The
energy efficiency of multistage evaporator systems can be improved by mechanical vapour
recompression (MVR) and/or thermal vapour recompression (TVR). More information on these
techniques is available in the ENE BREF [ 132, COM 2009 ].

The surfaces within the evaporator are heated by steam, which is injected into the top of the
evaporator space. This uses fresh steam or exhaust gases from other operations to boil off water
vapour from the liquid in the first stage and is an example of energy recovery/reuse.

The evaporated water still has sufficient energy to be the heat source for the next stage, and so
on. Vacuum is applied in a multi-effect chain to enable the water to boil off. The liquid being
processed is passed through a series of evaporators so that it is subject to multiple stages of
evaporation. In this way, one unit of steam injected in the first evaporator might remove three to
six units of water from the liquid. The energy savings increase with the number of evaporation
stages. Up to seven stages can be operated in series, but three to five is more common. In the
final stage, cooling using cooling water may condense the vapour. Some of the vapours can be
drawn off the evaporators to be used as heat sources for other process requirements.

In order to achieve further steam efficiency, the vapour leaving each evaporation stage can be
compressed to increase its energy before it is used as the heating medium for the subsequent
evaporator.

Achieved environmental benefits
Reduced energy consumption, e.g. by introducing evaporated vapours to the next stage of the
evaporator in which the temperature is lower than the previous one.

Environmental performance and operational data
As the heat is used for the next evaporation stage, multistage evaporators save energy. In
contrast, single-stage evaporation does not enable the heat to be recovered.

Steam requirements for single-stage evaporators are 1.2-1.4 t/t of evaporated water.

Table 2.41 shows a comparison of energy consumption data for different numbers of
evaporators using TVR (see Section 2.3.2.2.4.2). Further energy savings can be made using
mechanical vapour recompression (MVR, see Section 2.3.2.2.4.1), as can also be seen in the
table.
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Table 2.41: Comparison of efficiencies of multi-effect evaporators in the dairy industry

Type of evaporator Total energy consumption

(kWh/kg water evaporated)
TVR 3 stages 0.140
TVR 4 stages 0.110
TVR 5 stages 0.084
TVR 6 stages 0.073
TVR 7 stages 0.060
MVR single-stage 0.015
Source: [ 192, COM 2006 ]

It is reported that, in the sugar sector, the sugar juice resulting from purification has a 15 % dry
matter content and it is necessary to raise this dry matter content to extract the sugar. The
evaporation process allows the dry matter content to be increased from 15 % to more than 68 %.
It is based on the principle of heat exchange between the sugar juice and the steam produced in
a boiler. A multistage evaporator produces the heat exchange that takes place between the sugar
juice and the low-pressure steam. This recycles the steam obtained from the juice after the first
exchange. In practice, the low-pressure steam from the generator is condensed after undergoing
a heat exchange and returns to supply the boiler. Following the same exchange, part of the water
of the sugar juice evaporates and the steam produced in this way heats the second effect, in
which a new part of the water evaporates. The effects follow on from each other in this way.
The operation can be repeated up to six times in all. A decreasing level of pressure and
temperature from one effect to the other allows the operation to be repeated several times with
approximately the same amount of energy.

An example large dairy produces dried products, fresh products, semi-hard cheese and butter.
The total quantity of milk processed in 2000 was around 321 000 litres and the total production
of milk and whey powder amounted to around 19 000 tonnes. In this dairy, both a single-stage
evaporator and a five-stage falling film evaporator are used. The single-stage evaporator has an
input capacity of 30 000 I/h and uses MVR for preconcentration and TVR for concentration.
The five-stage evaporator has an input capacity of 22 000 I/h and uses TVR for preconcentration
and concentration. Energy savings were reported using the five-stage evaporator.

Cross-media effects
No information provided.

Technical considerations relevant to applicability
Applicable in the sugar industry; in starch processing; in tomato, apple and citrus juice
concentration; and in the evaporation of milk and whey.

Economics
See Section 2.3.2.2.4.1.

Driving force for implementation
Reduction in energy costs.

Example plants
This technique has been reported mainly in the animal feed, dairy, starch and sugar sectors
[193, TWG 2015].

Reference literature
[ 19, German Dairy Association 2001 ], [ 31, CEFS 2001 ], [ 35, Germany 2002 ],
[ 132, COM 20091, [ 192, COM 20061, [ 193, TWG 2015]
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2.3.2.24.1 Mechanical vapour recompression (MVR)

Description

The evaporated vapour is compressed by a mechanical compressor and then reused as a heat
source.

Technical description

In MVR, the evaporated vapour is compressed by a mechanical compressor and then reused as a
heat source. The latent heat is higher than the power input of the compressor and a large COP is
available. With MVR, all the vapour is compressed, so a high degree of heat recovery is
achieved. The system is driven by electricity, but needs a steam-heated finisher to attain high
temperatures. Two types of compressors are in operation, i.e. a fan and a high-speed turbine. In
practice, the fan is the most widely used compressor type as it has better energy efficiency. The
principle of an MVR operation is shown in Figure 2.7.

Drain
<—
High pressure/
high temperature steam
Condenser [*
Process
fuid Compressor
Evaporator Additional
steam
Process steam
(low pressure)
» Condensate
Source: [ 192, COM 2006 ]

Figure 2.7: MVR evaporator principle

Achieved environmental benefits
Reduced odour emissions. Reduced energy consumption compared to TVR (see
Section 2.3.2.2.4.2). Reduced cleaning requirements due to less build-up of burned product.

Environmental performance and operational data

It is reported that the energy consumption of a MVR evaporator is approximately 10 kwh/t of
water evaporated, with negligible steam consumption. As all of the vapour is recompressed,
rather than just a portion of it, as is the case with TVR evaporators, a higher degree of heat
recovery is achieved. Also, a lower evaporation temperature is needed, which means less
product burnout. Figure 2.9 shows that higher energy savings can be undertaken using MVR
compared to TVR.

An example Japanese dairy upgraded its milk powder process and installed a four-stage MVR
evaporator to replace its existing four-stage TVR evaporator. When the MVR system was
adopted, it was necessary to both maintain the designed evaporation capacity and to prevent
milk being scorched and contaminating the surfaces of the heat transfer pipes in the evaporator.
A falling film evaporator and an automated control system to control operating parameters, e.g.
flow rate, temperature and pressure, were installed. The MVR has operated successfully with an
overhaul every 2 years. Savings in the operating costs of up to 75 % were achieved, mainly as a
result of the reduced steam consumption. Figure 2.8 illustrates the new four-stage MVR
evaporator.
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Figure 2.8: Flow chart of a four-stage MVR milk evaporator system

In an example Finnish dairy, a MVR system draws all the vapour out of the evaporator and
compresses it using mechanical energy before returning it to the evaporator. No thermal energy
is supplied, except for the steam required for the start-up. The only electricity required is for the
operation of the evaporator. In this installation, the MVR can evaporate 100-125 kg of water
using 1 kW of energy.

In an example brewery in Germany, the vapour condensation system draws off the boiling
vapours produced by the wort boiling process from the whirlpool pan and compresses them with
MVR. The compressed vapours are reused as a heating medium for the boiling process. The
advantages of condensing the vapours include reductions in the heat and water losses,
improvements in the hot water balance of the operation and a reduction in odour emissions. It is
reported that approximately one third of the electrical energy consumed by the brewhouse has to
be used to drive the vapour compressor system.

Cross-media effects
Electricity is needed to power the vapour compressor. MVR generates noise, so sound
insulation is required.

Technical considerations relevant to applicability

Applicable in sugar manufacturing; starch processing; tomato, apple and citrus juice
concentration; brewing; and in the evaporation of milk and whey. Most new evaporators are
equipped with a MVR system.

Economics
As MVR systems are driven by electricity rather than steam, operating costs are considerably
lower compared to TVR. For example, the operating costs of a three-stage MVR evaporator are
approximately half those of a conventional seven-stage TVR evaporator. The difference in
operating costs for TVR and MVR increases with the capacity of the evaporator, as illustrated in
Figure 2.9.
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Figure 2.9: Comparison of the operating costs of TVR and MVR evaporators

In the example Japanese dairy, the cost of the new MVR evaporator was EUR 1.5 million,
compared with EUR 1.3 million for a new TVR evaporator. At an evaporation rate of 30 t/h, the
annual operating costs of the MVR evaporator were EUR 175 000, compared with previous
annual operating costs of EUR 680 000 for the TVR evaporator, i.e. savings of nearly 75 %.

Driving force for implementation
Reduction in energy costs.

Example plants
MVR is implemented in installations #254, #281, #282, #341, #345, #414, #415, according to
the FDM data collection [ 193, TWG 2015 ].

Reference literature

[ 19, German Dairy Association 2001 ], [ 21, Nordic Council of Ministers 2001 ],
[ 35, Germany 2002 ], [ 40, UNEP et al. 2000 ], [ 70, CADDET 1992 ], [ 192, COM 2006 ],
[193, TWG 2015]

2.3.2.2.4.2 Thermal vapour recompression (TVR)

Description
Water vapor from an evaporator is entrained and compressed with high pressure steam in a
thermocompressor so it can be condensed in the evaporator heat exchanger.

Technical description

TVR makes use of steam injection compressors to compress the vapour. Steam injection
compressors may have fixed or variable injection nozzles. The thermal energy needed for
compression is live steam from a boiler.

The live steam passes through the injection nozzle and is throttled to the pressure level of the
receiving vapour. Vapour is entrained as a result of the difference in speed. Vapour and live
steam are mixed in the mixing chamber. Changing the flow aperture in the diffuser determines
the pressure at which the mixed steam leaves the steam injection compressor.

Achieved environmental benefits
Reduced energy consumption and odour emissions.

Food, Drink and Milk Industries 97




Chapter 2

Environmental performance and operational data

By comparison with MVR, TVR offers the advantages of having no moving parts and greater
reliability in operation. It is reported that TVR allows for long production cycles and a reduction
in cleaning frequency.

Cross-media effects
Higher energy consumption than MVR.

Technical considerations relevant to applicability
Applicable in sugar manufacturing; starch processing; tomato, apple and citrus juice
concentration; brewing; and in the evaporation of milk and whey.

Economics
Lower purchase cost but higher operating costs than MVR.

Driving force for implementation
Reduction in energy costs.

Example plants
TVR is implemented in installation #341, according to the FDM data collection
[193, TWG 2015].

Reference literature
[ 19, German Dairy Association 2001 ], [ 35, Germany 2002 ], [ 70, CADDET 1992 ],
[ 193, TWG 2015]

2.3.2.3 Techniques related to compressed air
23231 Reduction of air leaks and optimisation of pressure settings
Description

Leak prevention measures and periodic leak tests are carried out. The pressure at the compressor
is set at the maximum required and then regulated at each individual application.

Technical description
Consumption losses during production downtime can be avoided by sectorisation of pressure
(multiple changes to the pressure distribution). Several additional techniques can be
implemented to optimise compressed air generation and use [ 193, TWG 2015 ],
[ 203, FEFAC 20157:

replace pneumatic installations with electric ones;

use a variable speed compressor;

adjust the pressure level (more pressure is provided with a separate compressor);
adapt the compressor to the need (flow/pressure).

More measures to reduce compressed air system leaks can be found in the ENE BREF
[132, COM 20091].

The pressure at the compressor can be set at the maximum required and then regulated at each
individual application to minimise the energy required to produce compressed air and reduce
leakage. For applications which require higher pressures or have longer operating hours than the
majority of the applications which use compressed air, it may be more energy- and cost-
effective to install a dedicated compressor [39, Environment Agency of England and Wales

2001].
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The required pressure can be obtained through a specific study where a detailed inspection (e.g.
on a yearly basis) of the air-compressed line is carried out in order to look for and reduce any air
leaks [ 193, TWG 2015].

Achieved environmental benefits
Reduced energy consumption and reduced noise, if large compressors run for shorter periods.

Environmental performance and operational data
In a grain milling installation with a permitted production capacity of around 500 tonnes/day the
energy losses were reduced by 10 % [ 193, TWG 2015].

Cross-media effects
No information provided.

Technical considerations relevant to applicability
Generally, there are no technical restrictions to the applicability of this technique.

Economics

In a grain milling installation with a permitted production capacity of around 500 tonnes/day the
cost of implementation was EUR 7 000, and the technique also achieved annual savings of
EUR 7000 [ 193, TWG 2015 ].

Driving force for implementation
Reduced energy costs.

Example plants
This technique is commonly reported in all FDM sectors [ 193, TWG 2015].

Reference literature
[ 39, Environment Agency of England and Wales 2001 ], [ 132, COM 2009 1,
[ 193, TWG 20151, [ 203, FEFAC 2015]

2.3.24 Techniques related to cooling/freezing

23241 Optimisation of condensation and evaporation temperature of cooling
systems

Description

The condensation and evaporation temperatures are sets according to the requirements of the
cooling system.

Technical description

The reduction of the condensation temperature raises the COP and lowers the electricity
consumption. This reduction can be achieved by fitting an adequate capacity of condenser
batteries so that, even in summer, sufficiently low condensation temperatures can be achieved.

Low temperatures can also be achieved by keeping the condensers clean and replacing badly
corroded ones. Blocked condensers cause the condensing temperature to increase and the
cooling capacity also drops, so the required temperature may not be achieved.

Ensuring that air entering the condensers is as cold as possible also contributes to lowering the
condensation temperature. The warmer the air entering the condenser, the higher the condensing
temperature. This can be minimised by shading the condensers if necessary, ensuring that warm
air is not recirculated, removing anything which obstructs the airflow and freezing at night.

Additionally, raising the evaporation temperature improves energy performance. To do this, a
simultaneous optimisation of various freezing tunnels can be carried out, as shown in Figure
2.10. This optimisation needs to be undertaken again after a tunnel is shut down, a different
product is processed and another flow rate is set.

Food, Drink and Milk Industries 99



Chapter 2

Achieved environmental benefits
Reduced energy consumption.

Environmental performance and operational data
Lowering the condensation temperature by 1°C raises the COP by 2 %. Lowering the
condensation temperature by 5 °C causes the electricity consumption to fall by 10 %.

It is reported that if the evaporator temperature is raised by 1 °C, the COP rises by 4 % and the
refrigeration capacity rises by 6 %.

A Flemish study on energy consumption during the freezing of vegetables in a freezing tunnel
showed that the greatest savings can be achieved by adjusting the evaporator temperature, the
residence time of the vegetables in the freezing tunnel, the air flow rates relative to the
vegetable flow rate and the type of vegetables. This study shows that it is not always necessary
to set the evaporator temperature at the lowest level, i.e. -40 °C, for good freezing quality.
Furthermore, it is very important to monitor the temperature of the product after it has gone
through the freezing tunnel. Low temperatures, i.e. < -18 °C, are not necessary as the vegetables
will ultimately be stored in a confined space at -18 °C. High temperatures, i.e. > -16 °C, lead to
lower freezing qualities. In a worst-case scenario, the whole mass can freeze together during
storage in crates. The conclusions of the study are summarised in Figure 2.10.

(1) Set the evaporator temperature to the lowest level (e.g. — 40 °C)

(2) In each tunnel, set the fans at the highest speed possible without causing
loss of product
|
(3) In each tunnel, set the speed of the conveyor

]

‘ (4) Measure the product temperature after passing through the freezing

tunnel

!
all product temperatures are lower than - 18 °C then increase the
e

vaporator temperature until the product temperature of one tunnel
is equalto - 18 °C
|
(6) Lower the airflowrates in the other tunnels until a product temperature
of - 18 °C is achieved after passing through the tunnel

Source: [ 192, COM 2006 ]

Figure 2.10: Optimising the freezing tunnels in the production of deep-frozen vegetables

With reference to Figure 2.10:

1) The evaporator temperature of the freezing unit is set to the lowest position, e.g. -40 °C.

2) The fans are set to the maximum air flow rate permissible without product loss. If the
air-regulating valves are fully opened or the rotation speed adjustment is set at
maximum frequency, product is blasted out of the bed. Then, the valves are closed more
or the frequency is lowered.

3) In adjusting the speed of the conveyor belt, inversely proportional to the residence time
on the belt, care is taken to ensure that the layer thickness is not too low. This always
leads to the formation of preferential air channels in the vegetable bed, which means

100 Food, Drink and Milk Industries




Chapter 2

that the rest of the bed receives little airflow. The layer thickness is not set too high
either, since this leads to block freezing of the lower layers. As the pressure drop over
the vegetable bed rises, the air speeds fall with lower heat removal.

4) The product temperature in each freezing tunnel is measured. To take the measurement,
an insulated container is filled with product. The reading is taken as soon as the
temperature stabilises. Immediately after freezing, the outer temperature is lower than
the centre.

5) If the product temperature is lower than -18 °C for each of the tunnels, then the
evaporator temperature is set higher. This is repeated until the product temperature of
one of the freezing tunnels is equal to -18 °C. If, in one of the tunnels, the product
temperature at the lowest position of the evaporator is higher than -18 °C, then the
vegetable flow rate of the tunnel concerned is lowered.

6) In the other freezing tunnels, the air flow rate is lowered if a product temperature of
-18 °C is achieved.

Cross-media effects
No information provided.

Technical considerations relevant to applicability
Generally, there are no technical restrictions to the applicability of this technique.

Economics
No information provided.

Driving force for implementation
Reduced energy costs.

Example plants
This technique is reported in dairies, fruit and vegetables, and oilseed installations
[193, TWG 2015].

Reference literature
[ 14, VITO et al. 2001 1, [ 15, Van Bael J. 1998 1, [ 39, Environment Agency of England and
Wales 2001 1, [ 192, COM 2006 1,[ 193, TWG 2015]

2.3.25 Techniques related to cleaning
2.3.25.1 Optimisation of chemical dosing and water use in CIP

See Section 2.3.3.2.4.

2.3.2.6 Techniques related to cooking
2.3.2.6.1 Avoidance of precooking step if possible
Description

Avoidance of the precooking step if the food can be cooked subsequently during the sterilisation
step.

Technical description

Before preservation in cans, bottles and jars, the food can be cooked before it is placed into the
packaging container. Water baths, showers, steam, hot air and microwave ovens are used for
such precooking. Precooking can be avoided if the food can be cooked subsequently, during
sterilisation.

Achieved environmental benefits
Reduced water and energy consumption. Reduced waste water generation and pollution.
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Environmental performance and operational data

In the fish sector, medium-sized and large fish are, for example, cooked before canning. Small
fish such as sardines are canned whole and are then cooked in the cans during sterilisation. The
circumstances which enable precooking to be avoided and cooking to take place during the
sterilisation step depend on factors such as the size of the food pieces; the size of the cans,
bottles or jars; the recipe; ensuring the quality of the product and the length of the sterilisation
time.

Cross-media effects
No information provided.

Technical considerations relevant to applicability
Widely applicable in the FDM sector for foods that are intended to be preserved and cooked.

Economics
No information provided.

Driving force for implementation
Reduction in energy costs.

Example plants
No information provided.

Reference literature
[ 71, AWARENET 2002 ]

2.3.3 Techniques to reduce water consumption
2331 General processing techniques

23311 Water recycling and/or reuse

Description

Recycling or reuse of water streams (preceded or not by water treatment), e.g. for cleaning,
washing, cooling or for the process itself.

Technical description

Recycling/reuse of water can be carried out either preceded or not preceded by water treatment.
Examples are given for both options under Environmental performance and operational data
below.

Achieved environmental benefits

° Reduction of water consumption (e.g. water of drinking water quality) by using water
sources of a different quality.

o Reduction of emissions to water.

. The technique can also enable heat to be recovered (e.g. condensate return).

Environmental performance and operational data
There are multiple ways of reusing water reported in the questionnaires of the FDM BREF data
collection [ 193, TWG 2015 ]. Some examples are as follows:

. Cooling water is recycled as cleaning water. This is the case for installation #036.
. Hot water generated from cooling systems is recycled in the process. This is the case for
installation #048 (reused in the mashing-in in beer production).
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o Water generated from beet sugar processing is recycled, e.g. as cooling and
cleaning/washing water. This is the case for installations #027, #087, #111, #125 and
#285.

o Washing water is reused several times for the same or different washing. This is the case
for installations #181, #279 and #283.

o Cooling water is reused several times for cooling again (closed-circuit cooling, see also
Section 2.3.3.3.1). This is the case for installations #228 and #291.

o Cooling water is recycled as boiler feed water. This is the case for installation #463.

o Cooling water is recirculated after electrochemical treatment. This is the case of
installation #157 (see also Section 2.3.3.3.2).

o The last flush of the CIP cycle is reused as the first flush of the next CIP cycle. This is the
case for installations #228, #229, #230 and #231.

o Water generated from RO filtration of raw materials (e.g. condensate of whey) is
recycled. This is the case for installations #124, #125, #130, #134, #232 and #303.

o Waste water, after being biologically treated, is recycled as cleaning or cooling water.
This is the case for installations #035, #114 and #305.

o Condensates generated in evaporation and drying operations after being filtered with RO
is recycled. This is the case for installations #051, #124, #292 and #296.

o Waste water, after being biologically treated and filtered by using ultrafiltration followed
by reverse osmosis, is recycled. This is the case for installations #035 and #310.

o Rinsing water after cleaning is reused for pre-rinsing. This is the case for installation
#058.

o Rinsing water after cleaning is recycled for the pasteuriser. This is the case for installation
#247.

o Rinsing water after cleaning is recycled for auxiliary services. This is the case for
installation #183.

o Rinsing water after cleaning is recycled for cooling. This is the case for installation #279.

o The condensate from vapour generation is partly recycled as process water after energetic
usage. This is the case for installation #087.

o Waste water after physico-chemical treatment is recycled in a biofilter and bioscrubber.
This is the case for installation #466.

o Waste water is evaporated and reused in the process. This is the case for installation #086.

o Rainwater is recycled. This is the case for installation #035.

o Recovered condensate can be recycled as feed to the boiler, heated water, or heated water
for cleaning equipment and other installations (see also Section 2.3.3.5.1).

o Waste water is recycled from the lauter turn in breweries (see also Section 4.4.2.2).

o Reuse of bottle pasteurising water in breweries (see also Section 4.4.2.3).

o Scaling waste water is filtered and recirculated for preliminary fish rinsing in fish and
shellfish processing (see also Section 7.4.1.1.2).

o Water that arises from peeling, sorting and canning is recycled.

o Countercurrent water is reused in starch washing (see also Section 14.4.2.1).

o Flume water used for transporting beet is reused through the initial stages of the process.
Retained water from the previous year’s campaign is reused to start the new campaign.
Condensates from the evaporation and crystallisation stages are reused as process water
in several stages, including beet washing (see also Section 15.4.2.1).

o Optimising the CIP systems can, for example, minimise the quantity of the cleaning and
disinfection agents used, by recirculating cleaning solutions (containing for example
caustic soda).

o In fruit and vegetable processing, recycling of water is common practice, sometimes with
some treatment, such as filtration, during the unit operations prior to blanching.

Cross-media effects
Increase in recycling/reuse of water can result in an increase in energy and chemical
consumption for treatment of water before recycling.
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Technical considerations relevant to applicability

Water recycling/reuse opportunities are present in existing and new FDM installations. Hygiene
and food safety requirements may compromise the applicability of this technique, in particular
for the meat sector.

Economics
No information provided.

Driving force for implementation

o Reduced consumption of drinking quality water in regions with water shortages.

. In line with the EU Action Plan for the Circular Economy [ 180, COM 2015 ], reuse of
process and waste water aims to improve the resource efficiency of the FDM sector.

Example plants
Water recycling/reuse is commonly reported in all FDM sectors.

Reference literature
[ 180, COM 20151, [ 193, TWG 20151, [ 226, EDA 2016]

23.3.1.2 Optimisation of water flow

Description
Use of various control devices, e.g. photocells, flow valves, thermostatic valves, to adjust the
water flow.

Technical description

Flow measurement and control techniques can reduce material waste and waste water
generation in FDM processing. Applying flow measurement and control in transfer lines allows
the accurate addition of materials to storage and processing vessels and filling packaging,
thereby minimising the excessive use of materials and the formation of out-of-specification
products.

Sensors such as photocells can be fitted to detect the presence of materials and to supply water
only when it is required. Water supplies can be turned off automatically between products and
during all production stoppages.

Valves are the most common control device and they are extensively used with both manual and
automatic control systems. Valves are often used to modify a flow rate to control a different
process parameter, e.g. the temperature of chocolate can be measured and, if necessary, adjusted
by controlling the flow rates of heating and cooling water. Examples include flow regulators
and solenoid valves; others are available.

Flow regulators are used to provide a constant flow at a predetermined rate. The flow through
the regulator can be adjusted within a limited range, but these devices are designed with the
intention that adjustments are infrequent.

Solenoid valves are two-position devices where a solenoid is used to open or close a valve on
receipt of a control signal.

Examples of the general applicability of flow measurement and control are shown in Table 2.42.

104 Food, Drink and Milk Industries



Chapter 2

Table 2.42: Examples of the use of flow control in the FDM sector

Equipment Condition/activity Reason for control
. Accurate addition of materials to | Minimise excessive use of materials and
Transfer lines . . e
reaction vessels formation of out-of-specification products
. Maintaining correct operating Minimise waste from underheated or
Steam supplies .
temperatures overheated materials and products
. Optimise use and minimise waste water
Cleaning systems | Water use .
generation
Source: [ 192, COM 2006 ]

Some typical applications of flow measurements are shown in Table 2.43.

Table 2.43: Typical applications of flow measurements in the FDM sector

Product/activity Application
. Flow measurement and feedback control for raw
Soft drinks . .
material addition
. For example, determining the flow of potato crisps to a
Bulk solids : ;
flavour drum to ensure the correct ratio of flavouring
. Flow measurement for accurate batching of ingredients
Milk powder . e -
into the process as specified in recipes
clp Flow measurement to ensure a fixed volume of water
issued for each cleaning stage
Source: [192, COM 2006 ]

Achieved environmental benefits
Reduced water consumption and associated energy use.

Environmental performance and operational data

An example food manufacturing company identified that excessive water consumption by its
vacuum pumps was due to a higher flow than necessary for the seal water. Although the
maximum flow for the service liquid should have been 2.7 m*h, the actual flow was almost
11.5 m*/h, i.e. over four times the design requirement. Installing constant flow valves to ensure
the correct flow rate to each of the water ring vacuum pumps reduced water use by
approximately 60 000 m®/year, corresponding to 7.5 % of the site’s mains water consumption.
Water and waste water costs fell and there was reduced energy consumption and wear of the
vacuum pumps.

At an example chicken processing company, excessive water consumption was identified. Flow
regulators were installed to fix the water supply to particular processes at the rate required by
the process, thereby saving on water consumption.

An example fish processing company installed a solenoid system on the water supply to a
prewash system. Water had previously flowed continuously, causing overflowing and
entrainment of debris into the waste water. The solenoid enabled the water supply to be shut off
when the conveyor belt was not in use. Water used by the process fell by 40 %.

In a brewery installation (#160), a vacuum is applied in bottles just before filling by a vacuum
pump. Water flow is led into the pump to produce a venturi effect to take air out of the filler and
also refrigerate the pump. There is a relationship between the vacuum generated by the pump
and its working temperature, which is controlled by the cooling water. Using a thermostatic
valve to adjust the raw water supply, it is possible to control the vacuum and save water. Water
savings close to 0.1 hl/hl of products have been achieved [ 193, TWG 2015 ].

Cross-media effects
There are no cross-media effects associated with this technique.
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Technical considerations relevant to applicability
Flow regulators are widely applicable, where a constant flow is required at a set rate.

The use of solenoid valves is applicable throughout the FDM sector and they are frequently
used to control water supply.

Economics
The introduction of constant flow valves in the food manufacturing installation referred to
resulted in costs falling by GBP 70 000/year, giving a payback on the investment in less than
one month.

At the chicken processing installation, the introduction of flow regulators cost less than
GBP 1 000 and resulted in water savings worth over GBP 10 000/year.

At the fish processing installation, the 40 % reduction in water use saved GBP 2 500/year and
gave a payback period of 5 weeks.

Driving force for implementation
Reduced water consumption and associated costs.

Example plants
Widely applied in the FDM sector.

Reference literature
[ 7, Environment Agency of England and Wales 2000 ], [ 10, Envirowise (UK) & Entec UK Ltd
19991,[ 192, COM 20061, 193, TWG 2015]

2.3.3.1.3 Optimisation of water nozzles and hoses

Description
Use of correct number and position of nozzles; adjustment of water pressure.

Technical description

Water nozzles are widely used in the FDM sector, e.g. for washing and sometimes for thawing
the product, and cleaning the equipment during processing. Water consumption and waste water
pollution minimisation can be carried out by correctly positioning and directing the nozzles. The
use of presence-activated sensors and, most importantly, only installing them where required,
can ensure that water is only consumed where necessary. Removing nozzles where water is used
to direct food and replacing them with mechanical devices can reduce water consumption and
the entrainment of food particles in water which would then have to be treated in a WWTP.

In addition, water consumption can be optimised by monitoring and maintaining the water
pressure of the water nozzles. Water pressure can be adjusted according to the unit operation
requiring the highest pressure, and a suitable pressure regulator can be installed at each of the
other unit operations which require water.

Achieved environmental benefits
Reduced water consumption and waste water generation. Reduced waste water pollution, e.g.
due to the reduction of the contact time between the food and water.

Environmental performance and operational data

When processing Vienna sausages, cooling is required after smoking. This is normally carried
out by showering the sausages in the smoking cabinet or in a specially designated area. A large
quantity of water is often used for this purpose if irrigation pipes are used. Water consumption
is commonly around 3.5 m*t. Instead of irrigation pipes, water-saving nozzles and a timer
control are reportedly used. To avoid unnecessary waste, the nozzles have to be correctly
positioned and directed so that all the water hits the sausages. When cooling is carried out in
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cabinets specially designed for the purpose, the sausages can be sprayed with finely atomised
water, the water supply is then stopped and air is pulled through the cabinet. This causes the
water on the surface of the sausages to evaporate. As the surface dries out, a new cycle of water
spraying and drying is started. The method results in substantial water savings.

Nozzles are also used when sausages are vacuum-packed. A vacuum-packing machine uses
cooling water, approximately 0.2 m*/t of sausages. Setting the water quantity and fixing and
locking the position of the nozzles minimises water consumption. Another possible alternative
is to collect and reuse the cooling water.

In the fish sector, a reduction in water consumption of about 0.13-0.2 m*/t of raw material has
been reported.

In white fish filleting, water consumption can be reduced by up to 90 % by installing nozzles
and sprinkling the water for one or two seconds out of every three. In the sorting of herring and
mackerel, a 50-65 % reduction in water consumption can be achieved by regulating the nozzle
sizes so that they only supply the necessary amount of water.

It is reported that, in fish skinning and cutting, reducing both the number and size of spray
nozzles can lead to water savings of about 75 %. In fish filleting, a reported reduction of
60 % to 75 % in water consumption is obtained by using the following means which combine a
planned use of nozzles and other techniques:

removing unnecessary water nozzles;

using water nozzles instead of water pipes for washing the product;

using mechanical devices instead of water nozzles to move the fish from the tail cut;

replacing the nozzles for washing the driving wheels on the filleting part with mechanical

scrapers;

replacing existing nozzles by nozzles with a lower water consumption;

o using pulsating water nozzles, i.e. alternating the opening and closing of the water supply
with an automatic valve;

o replacing the waste drain by mesh conveyors and closing the nozzles in the waste drain.
The waste will be separated from the process water directly near the filleting machine,
resulting in shorter contact time and less entrainment of, for example, fat;

o using presence-activated sensors to control when the nozzles operate;

o using dry transport of viscera and fat;

o removing skin and fat from the skinner drum by vacuum.

The frame can be cut from fish fillets by two sets of rotating knives. The knives may need to be
cooled with water from nozzles, which can also clean off fish meat and scale, although it may
be possible to do this mechanically.

Cross-media effects
There are no cross-media effects associated with this technique.

Technical considerations relevant to applicability

Applicable to all the FDM sectors. In the fish sector, nozzles are used in scaling, skinning,
cutting, eviscerating, and filleting. In the meat sector, they are used in the processing of
sausages. In brewing, they are used for cask and bottle cleaning.

Economics
No information provided.

Driving force for implementation
Reduction of costs associated with savings in water consumption.
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Example plants
Widely applied in the FDM sector.

Reference literature
[ 13, Nordic Council of Ministers 1997 1, [ 20, Nordic Council of Ministers 2001 ],
[ 71, AWARENET 2002 ]

2.3.3.14 Segregation of water streams

Description

Water streams that do not need treatment (e.g. uncontaminated cooling water or uncontaminated
run-off water) are segregated from waste water that has to undergo treatment, thus enabling
uncontaminated water recycling.

Technical description
A detailed technical description of a waste water collection and segregation system can be found
in the CWW BREF [ 168, COM 2016 ].

Contaminated waste water may be segregated to receive appropriate treatment according to its
characteristics. It may then be possible for the high-volume, low-polluted streams to be either
recycled following suitable treatment or discharged directly to the WWTP without treatment. In
some cases, materials can be recovered from process water for use in the process or for other
uses such as animal feed.

Uncontaminated water for which there is no reuse opportunity available should be discharged
without treatment provided that the requirement on the recipient quality can be met. If that is not
possible, it should be considered whether treatment of the specific water stream is an option,
thus preventing an unnecessary load on the WWTP.

Achieved environmental benefits

The main benefits of the technique include lowering the volume of waste water requiring
treatment and increasing the load of pollutants, thus enabling more efficient treatment
(including reduced energy consumption) as well as allowing water and material recycling/reuse.

Environmental performance and operational data

Separate discharge is recommended to avoid a dilution effect of the treated waste water. The
more concentrated the effluents that result from separation, the more generally effective their
downstream treatment is.

Cross-media effects
There are no cross-media effects associated with this technique.

Technical considerations relevant to applicability
For existing installations, there might be technical and economic difficulties associated with the
installation of a waste water separation/segregation system (see Economics below).

Economics

Segregation of waste water can involve a high capital cost at existing installations. However,
this may be offset by the reduced operating costs due to the lower requirement for waste water
treatment (e.g. water-holding capacity, energy consumption), whether on site, at a MWWTP or
a combination of both. Waste water separation/segregation systems can be installed efficiently
at new installations.

Driving force for implementation
. Reduction of long-term expenses for treating waste water.

o Enabling of water and material recovery.
o In some countries, the mixing of uncontaminated rainwater with other effluents is not
permitted.
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Example plants
Widely used in the FDM sector and any other industrial activity with waste water generation.

Reference literature
[ 168, COM 20161, [ 226, EDA 2016 ]

2.3.3.2 Techniques related to cleaning
2.3.3.21 Dry cleaning
Description

Removal of as much residual material as possible from raw materials and equipment before they
are cleaned with liquids, e.g. by using compressed air, vacuum systems or catchpots with a
mesh cover.

Technical description

As much residual material as possible can be removed from raw materials, vessels and
equipment before they are wet cleaned. This can be applied both during and at the end of the
working period. All spillages can be cleaned up, by for example shovelling or vacuuming spilt
material or by using a squeegee, prior to wet cleaning, rather than hosing them down the drain.
This reduces the entrainment of material into water, which would consequently have to be
treated in a WWTP. This is enhanced further by transporting materials such as ingredients, by-
products and waste from processing as dry as possible.

Several technigques can be used to dry clean the raw vegetable materials before entering the
installation. This step allows the removal of dry exogenous material such as stones, earth,
leaves, etc. The plant is conveyed through a grid-wheel, which gently brushes the surface. Holes
between the grids allow the elimination of earth and stones. Light material (leaves, flowers,
stems) can be removed by ventilation: air is blown onto a conveyor which carries the product,
and 