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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 ï where necessary ï update 
BAT reference documents as required by Article 13(1) of Directive 2010/7 5/EU on Industrial Emissions 
(the Directive). This document is published by the European Commission pursuant to Article 13(6) of 
the Dir ective.  
 
The BREF for the Food, Drink and Milk Industries  covers the t reatment 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. G eneral 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, techniq ues 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 ca rried 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 . 

https://ec.europa.eu/jrc
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PREFACE 
 

1.  Status of this document 
 

Unless otherwise stated, references to óthe Directiveô 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 20191. 

 

 

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 Commissionôs 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. 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ:L:2019:313:TOC
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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. 

¶ 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.  

¶ 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 

Article 13 of the Directive. The information has been collated and assessed by the European 

IPPC Bureau (of the Commissionôs 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: 

 

¶ 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 III 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 

c/ Inca Garcilaso, 3 

E-41092 Seville, Spain 

Telephone: +34 95 4488 284 

E-mail: JRC-B5-EIPPCB@ec.europa.eu 

Internet: http://eippcb.jrc.ec.europa.eu 

 

 

 

mailto:JRC-B5-EIPPCB@ec.europa.eu
http://eippcb.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 I to Directive 2010/75/EU, namely: 

 

¶ 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: 

ð 75 if A is equal to 10 or more; or  

ð [300 - (22.5 × A)] in any other case, 

where óAô 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. 

 

 

 

 

 

¶ 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). 

 

¶ 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 I to Directive 2010/75/EU and that the waste water treatment is not covered by 

Directive 91/271/EEC
2;
 

¶ the production of ethanol taking place on an installation covered by the activity 

description in 6.4 (b) (ii) of Annex I to Directive 2010/75/EU or as a directly associated 

activity to such an installation. 

 

This document does not address the following: 

 

¶ 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
3
. 

¶ 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). 

 

Other BAT conclusions and reference documents which could be relevant for the activities 

covered by these BAT conclusions 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). 
3 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.  

 

Europeôs 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. Europeôs 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 

Member State 
Turnover  

(million EUR)  

Number of 

persons 

employed 

Number of 

enterprises 

Exports 

(million 

EUR) 

Imports 

(million 

EUR) 
Austria 21 614 80 536 3 818 2 154 1 385 

Belgium 45 872 95 843 6 984 4 473 5 928 

Bulgaria 4 921 94 342 5 834 1 142 404 

Croatia  5211 62 909 3 240 606 444 

Cyprus 1 409 11 677 886 120 151 

Czechia 13 835 113 062 8 432 472 410 

Denmark 25 746 62 504 1 575 4 607 3 173 

Estonia 1 778 14 369 490 376 88 

Finland 11 283 39 374 1 737 712 703 

France 182 821 624 357 60 603 19 516 8 875 

Germany 193 159 867 495 29 635 12 981 13 631 

Greece 13 423 86 979 15 429 1 178 946 

Hungary 11 396 102 261 6 625 973 269 

Ireland NA NA NA 2 499 914 

Italy 128 342 428 601 57 640 9 615 8 035 

Latvia 1 894 25 653 968 1 001 225 

Lithuania 4 144 42 128 1 489 2 165 447 

Luxembourg 884 5 457 162 39 80 

Malta NA 3 696 397 187 59 

Poland 69 301 126 096 5 587 135 84 15 769 

Portugal 55 191 404 963 12 631 4 120 2 150 

Romania 14 960 102 670 10 649 1 490 1 551 

Slovakia 11 216 184 476 8 566 1 889 755 

Slovenia 4 462 37 242 2 766 109 95 

Spain 2 137 16 007 1 940 318 636 

Sweden 103 249 355 262 27 119 7 395 8 961 

The Netherlands 19 584 63 242 3 820 1 970 4 357 

United Kingdom 91 331 368 140 8 230 8 732 13 170 

EU-28 1 039 159 4 419 341 287 252 104 421 93 612 

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 

EUR  
% 

Million 

EUR  
% Number % 

Processing and preserving of 

meat and production of meat 

products 

207 683 24.7 30 577 18.3 886 000 22.7 

Processing and preserving of fish, 

crustaceans and molluscs 
23 630 2.8 4 208 2.5 114 300 2.9 

Processing and preserving of fruit 

and vegetables 
60 425 7.2 13 177 7.9 249 700 6.4 

Manufacture of vegetable and 

animal oils and fats 
45 243 5.4 4 258 2.5 56 700 1.5 

Manufacture of dairy products 140 000 16.7 20 000 11.9 NA NA 

Manufacture of grain mill 

products, starches and starch 

products 

43 379 5.2 7 273 4.3 101 300 2.6 

Manufacture of bakery and 

farinaceous products 
107 411 12.8 40 281 24.0 1 350 200 34.6 

Manufacture of other food 

products 
NA NA NA NA 600 000 15.4 

Manufacture of prepared animal 

feeds 
70 000 8.3 10 100 6.0 122 000 3.1 

Manufacture of beverages 142 801 17.0 37 636 22.5 425 900 10.9 

Total 840 572 100 167 513 100 3 906 100 100 

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 2012ï2013, 

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 2012ï2013) 

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 5 583 

Switzerland 5 304 

Japan 4 607 

Hong Kong 3 662 

Norway 3 146 

Canada 2 592 

Australia 2 348 

Saudi Arabia 2 219 
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 4 137 

China 3 655 

India 3 647 

Thailand 2 549 

Turkey 2 505 

Norway 1 989 

Malaysia 1 765 
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 

Sector 
Million 

EUR  

Drinks, of which: 

spirits 

wine 

mineral water and soft drinks 

25 706 

10 176 

8 867 

2 761 

Chocolate and confectionery 5 235 

Processed tea and coffee 2 111 

Meat products 11 249 

Dairy products 9 488 

Fruit and vegetable products 4 981 

Oils and fats 4 538 

Prepared animal feeds 2 883 

Bakery and farinaceous products 3 498 

Fish and sea food products 3 419 

Grain mill products and starch 

products 
2 828 

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 
 

1.4.1 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 ISO 9001 Quality SystemïModel 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 commodity-

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: 

 

¶ food and feed safety (contaminants, pesticide residues, quality of water intended for food 

consumption, official control of foodstuffs, materials in contact with foodstuffs); 

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

¶ food and feed composition (additives, flavourings, processing aids, genetically modified 

organisms); 

¶ 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 óEvery Crumb 

Countsô 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 I 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 ISO 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 10ï500 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 

Sectors for data collection 

Key environmental issues 

Emissions to water (direct discharge, 

indirect discharge, landspreading) 
Emissions to air 

General parameters 
Additional 

parameters 

Animal feed  ð Total dust 

Brewing  ð Total dust 

Dairies 

TOC, COD, TSS, TN, 

TP 

Chloride (Cl
-
) Total dust 

Ethanol production ð ð 

Fish and shellfish processing Chloride (Cl
-
) TVOC 

Fruit and vegetables ð ð 

Grain milling ð Total dust 

Meat processing ð TVOC 

Oilseed processing and vegetable 

oil refining 
ð 

Total dust, 

TVOC, hexane 

Olive oil processing and refining ð 
Total dust, 

TVOC 

Soft drinks and nectar/juice made 

from concentrate 
ð ð 

Starch production ð Total dust 

Sugar manufacturing ð 

Total dust, 

TVOC, NOX, 

SO2, CO 
NB: NA = not applicable. 

Source [ 235, COM 2015 ] 

 

 

The TWG also decided at the kick-off meeting to collect data for BOD and NH4-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 

 

2.1.1 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 II 

(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 ]. 

 

 

2.1.2.1 General processing techniques 
 
2.1.2.1.1 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. 

 

 
2.1.2.1.2 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 ]. 

 

 
2.1.2.1.3 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 ]. 

 

 
2.1.2.1.4 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 ]. 

 

 

2.1.2.2 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  

Blast cooling, batch cooling 
Batch cooling in dedicated chilling rooms or cabinets. Cooling 

of unpacked or packed products. 

Spiral cooling 
Continuous cooling in dedicated equipment. Air speed of 

approximately 6 m/s. Cooling of unpacked or packed products. 

Impingement cooling 

Continuous cooling in dedicated equipment. Air speed of 

approximately 20ï30 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 

chiller) 

Products immersed in chilled water, e.g. spin chiller. Cooling of 

unpacked or packed products. 

Brine cooling (superchill) 
Products immersed in brine superchill to ī3 °C. Cooling of 

packed products. 

Ice, flake ice 
Addition of flake ice to the product during the process to reach 

the optimal product temperature. 

Cooling with air and water 

Evaporative cooling 

Alternating addition of water spray and air to exploit both the 

media temperature and the heat used for vaporisation of the 

water. Cooling of unpacked and packed products. 

Cooling with cryogenic gases 

Liquid CO2 
Continuous or batch process. Shell freezing before slicing of 

products. Freezing of unpacked products. 

CO2 pellets 
Addition of CO2 pellets to the product. Post-chilling of 

products. 

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. 

Spiral freezing 
Continuous freezing system. Air speed of approximately 3ï6 m/s. 

Freezing of unpacked or packed products. 

Impingement freezing 
Continuous freezing system. Air speed of approximately 20ï30 m/s. 

Freezing of unpacked products.  

Contact freezing, plate freezing 

Plate freezing 
Batch freezing. Direct contact between product and evaporator. 

Freezing of packed or unpacked products. 

Freezing with cryogenic gases 

Liquid CO2  
Continuous or batch process. Shell freezing before slicing of 

products. Freezing of unpacked products. 
Source: [ 220, Clitravi-Avec 2016 ]  

 

 

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. 

 

 
2.1.2.2.1 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, 50ï60 °C 

temperatures can be achieved. 

 

 
2.1.2.2.2 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. 

 

 
2.1.2.2.3 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 NH3 (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 
 
2.1.2.3.1 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 compressorôs 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. Ion 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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2.1.3.1 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. 

 

 
2.1.3.1.1 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 legionnairesô disease. To prevent the occurrence of 

legionnairesô 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. 

 

 
2.1.3.1.4 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, WFD 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. 

¶ 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 machineôs 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 ]. 
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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.  

 

 
2.1.3.2.1.1 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. 

 

 
2.1.3.2.1.2 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 70ï80 °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 
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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. 

¶ 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/l. 
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2.1.3.2.2 Sinnerôs circle 

 

Sinnerôs circle is a model used to describe factors that influence the efficiency of a cleaning 

procedure. Sinnerôs 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, Sinnerôs circle is composed differently because each 

factorôs contribution to the cleaning efficiency varies [ 210, EDA 2016 ].  

 

 

 
Source: [ 210, EDA 2016 ] 

Figure 2.1: Ideal Sinnerôs 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 cycleôs 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 Sinnerôs 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. Sinnerôs circle 

therefore provides a mathematical tool for calculating the proportion and intensity of each factor 

influencing cleaning efficiency. 

 

 

2.1.4 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: 

 

¶ process-integrated techniques (e.g. preventing pulp, peels, etc. from ending up in the 

waste water);  

¶ 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;  

¶ 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. 
 

 

2.1.4.1 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. 

 

 

2.1.5 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: 

 

¶ 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; 

¶ 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; 

¶ 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 ]. 

 

 

2.1.5.2 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). 

 

 

 
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. 

 



Chapter 2 

Food, Drink and Milk Industries   31 

The advantages of the treatment of individual waste water streams on site are reported to be 

[ 8, Environment Agency of England and Wales 2000 ]: 
 

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

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

¶ 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; 

¶ there is an acceptably low probability of the treatment plant being bypassed, via 

surface/emergency overflows or at intermediate pumping stations; 

¶ 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. 
 

 

2.1.5.2.1 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 cropsô 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 EU4, 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; 

¶ using air sprays generating fine mist when the waste water is likely to contain pathogenic 

microorganisms. 

                                                      
4 COM(2018) 337 final - 2018/0169 (COD) and annexes 1 to 2. 
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2.1.5.3 Waste water treatment techniques 
 
2.1.5.3.1 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 (number of FDM 

installations) 

Preliminary, primary and general treatment 

Equalisation Section 2.3.6.1.1 

AN (1), BR (14), DA (26), ET (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), 

OI (5), SO (5), ST (3), SU (2) 

Screening Section 2.3.6.1.3 

AN (1), BR (15), DA (14), FR 

(15), ME (9), OI (2), SO (2), ST 

(2), SU (6) 

Fat trap or oil separator for the 

removal of FOG and light 

hydrocarbons 

Section 2.3.6.1.4 
AN (2), DA (14), FR (2), ME (11), 

OI (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), 

OI (1), ST (4), SU (1) 

Secondary treatment ï Aerobic treatment 

Activated sludge Section 2.3.6.2.1.1 

BR (12), DA (27), ET (1), FR (9), 

ME (4), OI (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), OI (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 

(SBR) 
Section 2.3.6.2.1.4 

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

OI (1) 

Trickling filters Section 2.3.6.2.1.5 OI (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 ï Anaerobic treatment 

Upflow anaerobic sludge 

blanket (UASB) 
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 SU (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), OI (2), ST (1) 

Fluidised and expanded bed 

reactors 
Section 2.3.6.2.2.6 OI (1) 

Expanded granular sludge bed 

reactors 
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 treatment ï 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), 

OI (1), ST (5), SU (11) 

Partial nitritation-anaerobic 

ammonium oxidation 
Section 2.3.6.3.2 DA (1) 

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), OI (6) 

Sedimentation Section 2.3.6.5.2 

AN (2), BR (7), DA (16), FR (12), 

ME (2), OI (7), SO (3), ST (9), SU 

(12) 

Filtration Section 2.3.6.5.3 
AN (1), BR (2), DA (9), FR (5), 

ME (3), OI (1), SO (1) 

Flotation Section 2.3.6.5.4 
BR (3), DA (21), FR (2), ME (7), 

OI (13), ST (1) 

Membrane filtration Section 2.3.6.5.5 BR (1), DA (2), FR (2), OI (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), OI (1), ST 

(3) 

Sludge thickening Section 2.3.6.7.1.3 
BR (4), DA (10), ET (1), FR (6), 

ME (1), OI (1), SO (2), ST (4), SU 

(4) 

Sludge dewatering Section 2.3.6.7.1.4 
BR (6), DA (18), FR (8), ME (2), 

OI (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; OI = 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. 

 

 
2.1.5.3.2 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 20ï30 % and the total suspended solids by some 50ï60 %. 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. 

 

 
2.1.5.3.3 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 

Degradation into harmless compounds 

Large quantities of sludge produced 

Stripping results in fugitive releases that may 

cause odours/aerosols 

Bacterial activity is reduced at low temperatures. 

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 (CH4) 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 30ï35 °C (mesophilic) or 

45ï50 °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 20ï45 °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. H2S 

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
3
 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 500ï2 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/l, 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 6.8ï7.5 

Temperature 
The optimum temperature for mesophilic bacteria is 

35ï37 °C 

Lack of micro-nutrients 

Minimum quantities of micro-nutrients are 

maintained, especially for Fe, Ca, Mg and Zn, 

according to the specific process employed 

Physical blockage of the 

reactor inlet pipework 
Effective screening and primary treatment is essential 

Overloading 

Care needs to be taken to ensure the original 

hydraulic, solid and organic loading design rates do 

not exceed the manufacturerôs recommendations 
Source: [ 8, Environment Agency of England and Wales 2000 ] 

 

 
2.1.5.3.4 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; 

¶ the type of WWTP to be used; 

¶ the level of nutrient control required; 

¶ the need for seasonal or year-round nutrient removal. 

 

 
2.1.5.3.5 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 techniques 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; 

¶ 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: 

 

¶ dust; 

¶ VOC and odour (some caused by VOC); 

¶ refrigerants containing ammonia and halogen; 

¶ products of combustion, such as CO2, NOX and SO2. 

 

 

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 (number of FDM 

installations) 

Separator 2.3.7.2.1 AN (1), OI (2) 

Bag filter 2.3.7.2.2 
AN (44), BR (55), DA (57), GR (63), 

ME (1), OI (70), ST (31), SU (13) 

Cyclone 2.3.7.2.3 
AN (34), BR (42), DA (38), ET (1), GR 

(4), ME (3), OI (73), ST (40), SU (23) 

Wet scrubber 2.3.7.3.1 
AN (1), DA (9), ET (1), ME (1), OI 

(13), ST (8), SU (12) 

Electrostatic precipitator 2.3.7.2.4 OI (1) 

Carbon adsorption 2.3.7.3.3 ME (1) 

Bioscrubber 2.3.7.3.5 AN (1), OI (2) 

Biofilter 2.3.7.3.4 AN (1), DA (1), ME (1), OI (5) 

Thermal oxidation 2.3.7.3.6 ME (1), OI (1), ST (2), SU (1) 

Catalytic oxidation 2.3.7.3.7 DA (1), OI (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
3
/h 

Temperature °C 

Relative humidity % 

Typical range of components present ï 

Dust level mg/Nm
3
 

Organic level mg/Nm
3
 

Odour level OUE/Nm
3
 

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 

Technique 

Dust particle 

size 

(mm) 

Collection 

efficiency at 

1 mm (%) 

Maximum 

operating 

temperature 

(°C) 

Comments 

Cyclone 10 40* 1 100 
Coarse particles. Used to 

assist other methods 

Wet 

separation 
1ï3 > 80ï99 

Inlet 1 000 

Outlet 80 

Good performance with 

suitable dust types. Acid 

gas reduction 

Dry ESP < 0.1 

> 99 

depending on 

design 

450 

Four or five zones. Usual 

application is pre-

abatement 

Wet ESP 0.01 < 99 80 

ESP with two zones in 

series. Mainly mist 

precipitation 

Filtration, i.e. 

fabric filter 
0.01 > 99.5 220 

Good performance with 

suitable dust type 

Filtration, i.e. 

ceramic filter 
0.01 99.5 900 

Very good performance 

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. 

 

 
2.1.6.2.1 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 µm) 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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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.  



Chapter 2 

Food, Drink and Milk Industries   43 

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 question, 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 0.5ï2.0 

Gas flow rate kg/m
2
/h 2 500ï5 000 

Liquid flow rate kg/m
2
/h 25 000ï50 000 

Gas residence time sec 1ï3 

Pressure drop mm/metre 20ï50 

Liquid bleed rate % of recycle flow 0ï10 

Flooding % of flooding 40ï60 

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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2.1.6.2.4 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 ~ 90ï99 % 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. 

 

 
2.1.6.2.5 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 CO2 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 (OUE/m
3
). 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 OUE/m
3
. 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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Source: [ 16, Willey et al. 2001 ] 

Figure 2.4: Flow chart for the selection of odour abatement techniques 
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2.1.6.4.1 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. 

 

 
2.1.6.4.1.1 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. -10 to +10 or 0 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 

Runaway reaction Failure to input a material or to control temperature 

Corrosion/erosion Inspection frequency 

Loss of services Fail-safe instrumentation 

Control/manning Level of control and supervision 

Ventilation/extraction Design basis correct 

Maintenance/inspection Frequency, what is required? 

Start-up/shutdown Implications for downstream operations 

Throughput changes 100 %, 110 % of production + low production 

Formulation changes Odorous ingredients 

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. 

 



Chapter 2 

Food, Drink and Milk Industries   51 

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. 

 

 
2.1.6.4.3.1 Odour example 

 

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

 

 
Odour emission (OUE/s) = measured odour level (OUE/m

3
) x associated volumetric 

airflow (m
3
/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 

Source 
Flow rate 

(m
3
/s) 

Odour 

level 

(OUE/m
3
) 

Odour 

emission 

(OUE/s) 

Emission ranking 

based on the 

odour emission* 

Operational 

hours 

(h/yr)  

Raw material 

handling 
180 000 1 610 22 5 480 

Raw material 

heating 
172 800 1 250 16 6 960 

Process 

heating 
3 960 11 290 3.4 7 2 100 

Vacuum 

generation  
1 440 000 17 180 1 909 2 5 760 

Fat trap 5 760 90 0.04 8 6 240 

Vent to air 

from process 

plant 

6 912 000 350 190 4 48 

Packing hall 45 720 000 80 275 3 5 760 

Waste facility 12 600 000 2 690 2 611 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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2.1.6.4.4 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
3
/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 

Treatment 
Flow rate 

(m3/h) 

Temperature 

(°C) 

Relative 

humidity  

(%)  

Particulate 

(mg/Nm3) 

Contaminant 

concentration 

(mg/Nm3) 

Score 

 < 10 000 > 10 000 < 50 > 50 < 75 > 75 0 < 20 > 20 < 500 > 500  

Physical 1 2 1 2 2 1 1 1 2 1 0  

Absorption-

water 
1 1 2 1 2 1 1 1 3 1 0 

 

Absorption-

chemical 
2 2 2 1 2 1 2 1 1 2 1 

 

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 

oxidation 
3 1 1 3 2 1 3 2 1 3 3 

 

Catalytic 

oxidation 
3 2 1 3 2 1 3 0 0 3 3 

 

Plasma 2 3 3 1ï2 3 2 3 3 1ï2 3 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. 
 

 

 
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: 

 

¶ identify potential accidents that could pollute the environment; 

¶ 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; 

¶ develop and implement an emergency plan; 

¶ 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 

 

2.2.1 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: 

 

specific energy consumption=
final energy consumption

activity rate
 

 
 

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: 

 

specific water consumption= 
water consumption

activity rate
 

 
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
3
/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. 

 

Activi ty 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 10ï100 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 

FDM sector 

Yearly average COD concentration (mg/l) 

Direct 

discharge 

Indirect 

discharge 
Landspreading 

Animal feed 19ï155  778ï8 890 NI 

Brewing 16ï85 111ï5 779 NI 

Dairies 8ï147 40ï4 475 20ï1 001 

Ethanol production 41ï65  NI NI 

Fish and shellfish 

processing 
NI 5 741 NI 

Fruit and vegetables 13ï187 33ï2 319 2 205ï5 402 

Grain milling NI NI NI 

Meat processing 22ï259 406ï3 800 1 059ï1 692 

Oilseed processing and 

vegetable oil refining 
15ï363  53ï5 561 NI 

Olive oil processing and 

refining 
NI 53ï645 NI 

Soft drinks and 

nectar/juice 
6ï78 1 537ï3 253 3 322ï3 459 

Starch production  31ï284 72ï78 513ï11 333 

Sugar manufacturing 22ï132 1 560ï4 675 5 556 

All FDM sectors 6ï363  40ï8 890 20ï11 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 

FDM sector 

Yearly average COD specific load 

Unit  
Direct 

discharge 

Indirect 

discharge 
Landspreading 

Animal feed 
g/t raw 

materials 
85 403ï4 778 NI 

Brewing g/hl products 4.4ï40.2 11ï1 595 NI 

Dairies 
g/t raw 

materials 
0.8ï649 28ï18 631 74ï1 258 

Ethanol production g/t products 5.1   NI NI 

Fish and shellfish processing 
g/t raw 

materials 
NI NI NI 

Fruit and vegetables 
g/t products 

16ï2 489 37 15 457ï35 541 

Grain milling NI NI NI 

Meat processing 
g/t raw 

materials 
80ï609 831ï11 363 NI 

Oilseed processing and vegetable 

oil refining g/t products 
0.01ï221 108ï4 984 NI 

Olive oil processing and refining NI NI NI 

Soft drinks and nectar/juice g/hl products 0.7ï4 170 390 

Starch production  g/t raw 

materials 

78ï1 127 NI 572ï23 743 

Sugar manufacturing 29ï2 059 3 618 5 940 
NB: NI = no information provided. 

Source: [ 193, TWG 2015 ] 

 

 



Chapter 2 

58  Food, Drink and Milk Industries  

Table 2.19: Ranges of yearly average concentrations of TOC in the effluent of the WWTP 

FDM sector 

Yearly average TOC concentration (mg/l) 

Direct 

discharge 

Indirect 

discharge 
Landspreading 

Animal feed NI 357ï421 NI 

Brewing NI 50ï911 NI 

Dairies 3.7ï7.2 116ï1 131 NI 

Ethanol production NI NI NI 

Fish and shellfish 

processing 

NI NI NI 

Fruit and vegetables 15 NI NI 

Grain milling NI NI NI 

Meat processing 15.8ï22.2 NI NI 

Oilseed processing and 

vegetable oil refining 
NI 310ï970 NI 

Olive oil processing and 

refining 
NI NI NI 

Soft drinks and 

nectar/juice 
6ï13.7 480ï2 733 NI 

Starch production  19.5ï116 NI NI 

Sugar manufacturing 1.3ï28.2 NI 1 433ï1 931 

All FDM sectors 1.3ï116 50ï2 733 1 433ï1 931 
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 

FDM sector 

Yearly average TOC specific load 

Unit  
Direct 

discharge 

Indirect 

discharge 
Landspreading 

Animal feed 
g/t raw 

materials 
NI 1 363 NI 

Brewing g/hl products NI 14.7ï254 NI 

Dairies 
g/t raw 

materials 
8.95  299ï1 568 NI 

Ethanol production g/t products NI NI NI 

Fish and shellfish processing 
g/t raw 

materials 
NI NI NI 

Fruit and vegetables 
g/t products 

220 NI NI 

Grain milling NI NI NI 

Meat processing 
g/t raw 

materials 
25.15 

NI NI 

Oilseed processing and vegetable 

oil refining g/t products 
NI 178 NI 

Olive oil processing and refining NI NI NI 

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

Starch production  g/t raw 

materials 

NI NI NI 

Sugar manufacturing 3.23ï10.01 NI NI 
NB: NI = no information provided. 

Source: [ 193, TWG 2015 ] 
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Table 2.21: Ranges of yearly average concentrations of BOD5 in the effluent of the WWTP 

FDM sector 

Yearly average BOD5 concentration (mg/l) 

Direct 

discharge 

Indirect 

discharge 
Landspreading 

Animal feed 3.3ï40 650ï801 NI 

Brewing 2ï11.5 200ï4 000 NI 

Dairies 0.5ï30.7 8.35ï2 825 5.6ï10.2 

Ethanol production 2.2ï5.7 NI NI 

Fish and shellfish 

processing 
NI NI NI 

Fruit and vegetables 1.2ï56.5 1 125ï1 593 2 711ï5 054 

Grain milling NI NI NI 

Meat processing 2.7ï110.7 392ï1 446 NI 

Oilseed processing and 

vegetable oil refining 
2ï44 5ï1 800 NI 

Olive oil processing and 

refining 
NI 120ï750 NI 

Soft drinks and 

nectar/juice 
2.8ï23.3 376 1 437ï1 599 

Starch production  1.8ï84 20.75 232ï335 

Sugar manufacturing 1.6ï143 345ï1 625 2 948ï4 210 

All FDM sectors 0.5ï143 5ï4 000 5.6ï5 054 
NB: NI = no information provided. 

Source: [ 193, TWG 2015 ] 

 

 
Table 2.22: Ranges of yearly average specific loads of BOD5 in the effluent of the WWTP 

FDM sector 

Yearly average BOD5 specific load 

Unit  
Direct 

discharge 

Indirect 

discharge 
Landspreading 

Animal feed 
g/t raw 

materials 

14.74 NI NI 

Brewing g/hl products 0.63ï4.46 10.9ï482.1 NI 

Dairies 
g/t raw 

materials 
0.2ï74.6 32ï5 058 20.95 

Ethanol production g/t products 31.46 NI NI 

Fish and shellfish processing 
g/t raw 

materials 
NI NI NI 

Fruit and vegetables g/t products 1.99ï744.1 17.79 9 715ï20 863 

Grain milling  NI NI NI 

Meat processing 
g/t raw 

materials 
17.6ï65.1 4 906ï6 823 NI 

Oilseed processing and vegetable 

oil refining g/t products 
1.8ï18.3 174.25 NI 

Olive oil processing and refining 274.58 NI NI 

Soft drinks and nectar/juice g/hl products 0.4ï15.5 41.5 167 

Starch production  g/t raw 

materials 

3.9ï130 NI 259 

Sugar manufacturing 1ï560 NI 3 152 
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 

FDM sector 

Yearly average TSS concentration (mg/l) 

Direct 

discharge 

Indirect 

discharge 
Landspreading 

Animal feed 4.6ï97 91ï303 NI 

Brewing 2.5ï21 1.6ï1 095 NI 

Dairies 0.6ï41.4 18ï1 095 NI 

Ethanol production NI NI NI 

Fish and shellfish 

processing 
NI 2 814ï3 633 NI 

Fruit and vegetables 3ï65.3 5.1ï84 301ï1 132 

Grain milling NI NI NI 

Meat processing 0.02ï51.2 135ï1 440 254ï481 

Oilseed processing and 

vegetable oil refining 
0.02ï166 0.15ï153  NI 

Olive oil processing and 

refining 
NI 130ï300 NI 

Soft drinks and 

nectar/juice 
0.05ï34.4 29ï1 341 88ï163 

Starch production  5ï42.8 29ï53 130ï5 107 

Sugar manufacturing 0.04ï128 660ï980 3 148ï5 281 

All FDM sectors 0.02ï166 0.15ï3 633 88ï5 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 

FDM sector 

Yearly average TSS specific load 

Unit  
Direct 

discharge 

Indirect 

discharge 
Landspreading 

Animal feed 
g/t raw 

materials 
21.8 675.3 NI 

Brewing g/hl product 1.05ï11.73 4.81ï279.21 NI 

Dairies 
g/t raw 

materials 
0.04ï299 87ï2 572 3.52 

Ethanol production g/t product NI NI NI 

Fish and shellfish processing 
g/t raw 

materials 
NI NI NI 

Fruit and vegetables 
g/t products 

3.43ï902 1.32 2 110ï7 448 

Grain milling NI NI NI 

Meat processing 
g/t raw 

materials 
0.22ï64 206ï2 134 1 377 

Oilseed processing and vegetable 

oil refining g/t products 
0.006ï63.13 19ï681 NI 

Olive oil processing and refining NI NI NI 

Soft drinks and nectar/juice g/hl products 0.008ï26.94 NI 10.22 

Starch production  g/t raw 

materials 

11ï476 NI 348 

Sugar manufacturing 6ï535 NI 4 299 
NB: NI = no information provided. 

Source: [ 193, TWG 2015 ] 
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Table 2.25: Ranges of yearly average concentrations of NH4-N in the effluent of the WWTP 

FDM sector 

Yearly average NH4-N concentration (mg/l) 

Direct 

discharge 

Indirect 

discharge 
Landspreading 

Animal feed 1ï7.4 56.3 NI 

Brewing 0.03ï3.96 0.7ï48.7 NI 

Dairies 0.03ï8.75 1.3ï160 NI 

Ethanol production  0.5ï1.9  NI NI 

Fish and shellfish 

processing 
NI NI NI 

Fruit and vegetables 0.06ï4.83 0.17ï0.54 NI 

Grain milling NI NI NI 

Meat processing 0.08ï9.12 1.6ï5.7 0.39ï1.11 

Oilseed processing and 

vegetable oil refining 
0.6ï3.1 1.32ï82 NI 

Olive oil processing and 

refining 
NI NI NI 

Soft drinks and 

nectar/juice 
0.04ï1.24 0.3ï0.7 NI 

Starch production  0.14ï18 NI 0.92ï47 

Sugar manufacturing 0.06ï8.68 NI 4ï17 

All FDM sectors 0.03ï18 0.7ï160 0.39ï47 
NB: NI = no information provided. 

Source: [ 193, TWG 2015 ] 

 

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

FDM sector 

Yearly average NH4-N specific load 

Unit  
Direct 

discharge 

Indirect 

discharge 
Landspreading 

Animal feed 
g/t raw 

materials 
9.38 NI NI 

Brewing g/hl products 0.01ï0.088 0.19ï4.78 NI 

Dairies 
g/t raw 

materials 
0.009ï17.73 5.9ï173.2 NI 

Ethanol production g/t products 3.76ï10.48  NI NI 

Fish and shellfish processing 
g/t raw 

materials 
NI NI NI 

Fruit and vegetables 
g/t products 

0.73ï50.10 0.002 NI 

Grain milling NI NI NI 

Meat processing 
g/t raw 

materials 
8.7 NI NI 

Oilseed processing and vegetable 

oil refining g/t products 
0.49ï0.5 16.38 NI 

Olive oil processing and refining NI NI NI 

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

Starch production  g/t raw 

materials 

2.32 NI NI 

Sugar manufacturing 0.05ï2.95 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 

FDM sector 

Yearly average TN concentration (mg/l) 

Direct 

discharge 

Indirect 

discharge 
Landspreading 

Animal feed 2.4ï12 89ï231 NI 

Brewing 4.8ï25 26.5ï81.5 NI 

Dairies 1.1ï23.4 38ï214 4.2ï111 

Ethanol production NI  NI NI 

Fish and shellfish 

processing 
NI NI NI 

Fruit and vegetables 0.4ï22.8 10.2ï14.8 9ï105 

Grain milling NI NI NI 

Meat processing 2.4ï17.9 33ï358 25.6ï53 

Oilseed processing and 

vegetable oil refining 
0.9ï15.3 2.5ï110 NI 

Olive oil processing and 

refining 
NI 4ï7 NI 

Soft drinks and 

nectar/juice 
1.3ï4.1 5ï10 11.7ï16.4 

Starch production  3ï13.4 3.3ï5.3 55ï2 150 

Sugar manufacturing 1.7ï26.3 21.5ï265 74ï94 

All FDM sectors 0.4ï26.3 2.5ï358 4.2ï2 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 

FDM sector 

Yearly average TN specific load 

Unit  
Direct 

discharge 

Indirect 

discharge 
Landspreading 

Animal feed 
g/t raw 

materials 
10.72 21.18 NI 

Brewing g/hl products 0.30ï2.79 1.05ï22.64 NI 

Dairies 
g/t raw 

materials 
0.57ï40.68 43ï1 241 15.46 

Ethanol production g/t products 4.8ï14.9  NI NI 

Fish and shellfish processing 
g/t raw 

materials 
NI NI NI 

Fruit and vegetables 
g/t products 

2.33ï619 0.16 63ï159 

Grain milling NI NI NI 

Meat processing 
g/t raw 

materials 
20ï58 811 NI 

Oilseed processing and vegetable 

oil refining g/t products 
0.60ï17.07 3.56ï36.24 NI 

Olive oil processing and refining NI 9.15 NI 

Soft drinks and nectar/juice g/hl products 0.17ï 2.77 NI 1.36 

Starch production  g/t raw 

materials 

5.6ï71.3 NI 860 

Sugar manufacturing 1.61ï25.81 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 

FDM sector 

Yearly average TP concentration (mg/l) 

Direct 

discharge 

Indirect 

discharge 
Landspreading 

Animal feed 0.25ï2.82 2.76ï118 NI 

Brewing 0.5ï4.3 1.4ï89 NI 

Dairies 0.09ï6.27 3.18ï75 0.14ï1.3 

Ethanol production 0.8ï1.1  NI NI 

Fish and shellfish 

processing 
NI NI NI 

Fruit and vegetables 0.18ï16 2.19ï22.27 2ï23 

Grain milling NI NI NI 

Meat processing 0.43ï6.21 3.91ï47.15 5.1ï9.4 

Oilseed processing and 

vegetable oil refining 
0.03ï39 0.74ï2 655 NI 

Olive oil processing and 

refining 
NI 6ï12 NI 

Soft drinks and 

nectar/juice 
0.13ï2.4 18ï30 2.14ï3.27 

Starch production  0.2ï4.8 0.85ï2.37 4.4ï380 

Sugar manufacturing 0.03ï2.7 1.4ï2 10ï14 

All FDM sectors 0.03ï39 0.74ï2 655 0.14ï380 
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 

FDM sector 

Yearly average TP specific load 

Unit  
Direct 

discharge 

Indirec t 

discharge 
Landspreading 

Animal feed 
g/t raw 

materials 
NI 7.85 NI 

Brewing g/hl products 0.19ï0.91 2.25ï550 NI 

Dairies 
g/t raw 

materials 
0.25ï12.81 6.7ï550 0.52 and 1.6 

Ethanol production g/t products 0.58   NI NI 

Fish and shellfish processing 
g/t raw 

materials 
NI NI NI 

Fruit and vegetables 
g/t products 

0.7ï99.61 0.03 14.02ï35.05 

Grain milling NI NI NI 

Meat processing 
g/t raw 

materials 
7.03ï11.93 142ï150 NI 

Oilseed processing and vegetable 

oil refining g/t products 
0.02ï8.07 1.15ï21.94 NI 

Olive oil processing and refining 13.72 NI NI 

Soft drinks and nectar/juice g/hl products 0.029ï1.55 NI 0.24 

Starch production  g/t raw 

materials 

0.28ï24.04 NI 7.82ï284 

Sugar manufacturing 0.08ï2.55 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 Cl
-
 in the effluent of the WWTP 

FDM sector 

Yearly average Cl
-
 concentration (mg/l) 

Direct 

discharge 

Indirect 

discharge 
Landspreading 

Animal feed NI NI NI 

Brewing NI 60.49 NI 

Dairies 153ï687 78ï1 569  167 

Ethanol production NI NI NI 

Fish and shellfish 

processing 
NI 2 879 NI 

Fruit and vegetables NI NI NI 

Grain milling NI NI NI 

Meat processing NI 969 NI 

Oilseed processing and 

vegetable oil refining 
NI 480ï763 NI 

Olive oil processing and 

refining 
NI NI NI 

Soft drinks and 

nectar/juice 
NI NI NI 

Starch production  NI NI NI 

Sugar manufacturing NI NI NI 

All FDM  sectors 153ï687 60.49ï1 569 167 
NB: NI = no information provided. 

Source: [ 193, TWG 2015 ] 

 

 
Table 2.32: Ranges of yearly average specific loads of Cl

-
 in the effluent of the WWTP 

FDM sector 

Yearly average Cl
-
 specific load 

Unit  
Direct 

discharge 

Indirect 

discharge 
Landspreading 

Animal feed 
g/t raw 

materials 
NI NI NI 

Brewing g/hl products NI 17.8 NI 

Dairies 
g/t raw 

materials 
200ï17 139 78ï9 542 618 

Ethanol production g/t products NI NI NI 

Fish and shellfish processing 
g/t raw 

materials 
NI NI NI 

Fruit and vegetables 
g/t products 

NI NI NI 

Grain milling NI NI NI 

Meat processing 
g/t raw 

materials 
NI 6 890 NI 

Oilseed processing and vegetable 

oil refining g/t products 
NI NI NI 

Olive oil processing and refining NI NI NI 

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

Starch production  g/t raw 

materials 

NI NI NI 

Sugar manufacturing 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 

Parameter 

Abatement efficiency (%) in FDM installations (based on yearly average data) 

For emissions expressed in 

concentrations 
For emissions expressed in specific loads 

Direct 

discharge 

Indirect 

discharge 

Waste water 

landspreading 

Direct 

discharge 

Indirect 

discharge 

Waste water 

landspreading 

COD 40ï99 18ï98 73 - 96 41ï99 18ï98 73ï96 

TOC 96ï99 19 NI 99 NI NI 

BOD5 60ï99 30ï83 91ï98 60ï99 37 91ï98 

TSS 38ï99 10ï96 99 68ï99 50 99 

NH4-N 23ï99 28ï85 NI 29ï99 NI NI 

TN 37ï99 30ï75 91 37ï99 67ï76 89 

TP 38ï99 6ï39 97 49ï99 NI 97 

Cl
-
 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: 

 

specific waste water discharge=
waste water discharge

activity rate
 

 
 

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
3
/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; 

¶ 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 III 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 customerôs 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 
 

2.3.1.1 Environmental management systems  
 

Description 
A formal system to demonstrate compliance with environmental objectives. 

 

Technical description 

The Directive defines ótechniquesô (under the definition of best available techniques) as óboth 

the technology used and the way in which the installation is designed, built, maintained, 

operated and decommissionedô. 

 

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). 
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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 ISO 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); 

viii.  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: 

 

¶ improved environmental performance; 

¶ 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); 

¶ improved basis for decision-making; 

¶ 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); 

¶ additional opportunities for operational cost reduction and product quality improvement 

¶ improved company image; 

¶ 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 ], [ 172, EC 2009 ], [ 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 CO2 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. 



Chapter 2 

72  Food, Drink and Milk Industries  

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 ] 

 

 

2.3.1.3 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 perfor mance 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 processôs 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 

Storage vessels  

Provide information for stock control. Minimise 

waste from out-of-date stock or production 

losses due to material not being available 

Vessels with automatic transfer controls 
Minimise waste from transfer losses or 

inaccurate batch recipes 

Liquid food materials  
To monitor the level in storage tanks to avoid 

overfilling and loss to drain 

CIP/disinfection-in-place 

As a level switch in vessel cleaning to optimise 

the amount of water/detergent used and to 

protect against overspill 

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 ] 

 

 

2.3.1.5 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 

Monitor well water 
Minimise production of poor quality product (that 

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  

CIP 

Conductivity monitoring for installation valve 

control, based on differences between product, e.g. 

between beer and water or caustic and acid 

Bottling (general) 
Conductivity monitoring of caustic use in bottle-

cleaning solutions 

Product monitoring (inductive 

sensors) 
Throughout the drinks industries and in dairies 

Source: [ 192, COM 2006 ] 

 

 

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 ], [ 10, Envirowise (UK) & Entec UK Ltd 

1999 ], [ 192, COM 2006 ], [ 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 companyôs 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 

Monitor quality of process water  
Minimise waste water from out-of-

specification process water or products 

Monitor CIP systems 
Optimise reuse of cleaning water, thus 

minimising waste water generation 
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 

1999 ], [ 192, COM 2006 ], [ 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 ï each one 

individually ï 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. 

 

(ii i) 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, NOX, 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 
 

2.3.2.1.1 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: 
 

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

¶ 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 

technique 
Technical description 

Example 

installations 
Economics 

Breweries 

Heat recovery from wort 

boiling 

The simplest way to recover heat from 

the vapour is to use it to produce hot 

water for various processes, e.g. for 

use in production, cleaning operations, 

flushing brew kettles or for room 

heating.  

#157, #159 

EUR 1 600 000 as 

installation cost and 

EUR 30 000 as 

annual operating cost 

(maintenance cost), 

for a reduction of 

4 kWh/hl of heat 

consumption  

Dairies 

Heat recovery from the 

refrigeration plant to 

pasteurisation 

An ammonia-based heat pump is 

incorporated to use waste heat from the 

refrigeration cycle to boost 

pasteurising temperatures. 

At least one 

dairy 

installation in 

UK 

High investment and 

operating costs, with 

a payback period of 

around 8 years 

Heat recovery from 

pasteurisation in ice 

cream production 

The heat released to the water from the 

ice cream mix can preheat the water 

for various purposes, mainly for 

cleaning operations. 

At least one 

ice cream 

installation in 

SE 

NI 

Heat recovery from 

warm whey  

Utilisation of heat from warm whey for 

preheating cheese milk 

Dairies in DK 

and in UK 

(#408) 

Investment cost of 

about EUR 500 000 

and annual operating 

cost of about 

EUR 20 000  

Oilseed processing and vegetable oil refining 

Heat recovery from the 

hardening of vegetable 

oils 

The hydrogenation reaction that occurs 

during the hardening of oils to produce 

fats for cooking, eating and soap-

making is an exothermic process. The 

heat can be used to heat the product to 

the desired reaction temperature and to 

generate steam later in the reaction. 

Widely 

applied in the 

OI sector 

Additional 

investment costs are 

needed. Lower 

operational costs due 

to the reduced input 

of steam generation. 

Heat recovery from the 

rapeseed dryer 

The exhausted vapours from the rotary 

dryer in the rapeseed processing 

installation are used to heat water for 

preheating the seeds and reaching an 

optimum heat recovery. 

#86, #466 

Investment cost: 

approximately 

EUR 100 000 for a 

heat exchanger with 

operational air flow 

rate of 20 000 Bm
3
. 

Operating cost: 

approximately 

EUR 3 900 annually 

(electricity for 

circulation pump).  

Starch production 

Preheating of potato 

fruit juice 

Preheating of potato fruit juice to about 

100 °C is performed by reusing hot 

fruit juice, from where protein already 

has been extracted.  

#149, #150, 

#151, #152 

An investment cost 

of EUR 1 300 000 

(capacity about 

100 m
3
/h in terms of 

fruit juice) and 

annual savings of 

EUR 200 000 

(reduction of natural 

gas consumption) 

have been reported. 
NB: ; NI= no information provided. 

Source: [ 108, NEWPOTATOPRO LIFE project 2007 ], [ 192, COM 2006 ], [ 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 ], [ 132, COM 2009 ], [ 180, COM 2015 ], 

[ 192, COM 2006 ], [ 193, TWG 2015 ], [ 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 ï 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 

¶ 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 ] 
 

 

2.3.2.1.3 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 ],[ 132, COM 2009 ],[ 193, TWG 2015 ] 

 

 
2.3.2.1.4 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, CO2 and SO2. 

 

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 CO2. 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 SO2 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 2002 ], [ 132, COM 2009 ], [ 192, COM 2006 ] 
 

 

2.3.2.1.5 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 82ï86 %. Additionally, 25ï30 % 

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
2
.°C/W to 0.396 m

2
.°C/W, 0.574 m

2
.°C/W and 0.753 m

2
.°C/W. This 

resulted in CO2 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 for ce 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 2001 ], [ 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 ówetô 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 1 638 (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 ], [ 21, Nordic Council of Ministers 2001 ], 

[ 35, Germany 2002 ], [ 132, COM 2009 ], [ 143, Caddet 1999 ], [ 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 EUR 5 688. 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. 2017 ], [ 132, COM 2009 ], [ 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 2009 ], [ 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:  

 

¶ when a motor fails, ensuring that proper care and attention is given in the repair process 

so as to minimise energy losses; 

¶ avoiding the use of greatly oversized motors; 

¶ 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 forc e 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 2009 ], [ 145, COM 2017 ], [ 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 50 000, and EUR 20 000 of annual savings 

[ 193, TWG 2015 ]. 
 

Dri ving 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 µm). 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 

(bar) 

Fuel saving per blowdown reduction 

(%)  

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 ], [ 15, Van Bael J. 1998 ], [ 98, TWG 2017 ], [ 132, COM 2009 ], 

[ 192, COM 2006 ], [ 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 technique 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 ],[ 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 1.2ï1.4 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. 
 

Table 2.41: Comparison of efficiencies of multi-effect evaporators in the dairy industry 
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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 l/h and uses MVR for preconcentration and TVR for concentration. 

The five-stage evaporator has an input capacity of 22 000 l/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 2009 ], [ 192, COM 2006 ], [ 193, TWG 2015 ] 

 

 
2.3.2.2.4.1 Mechanical vapour recompression (MVR) 

 

Description 
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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.  

 

 

 
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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Source: [ 192, COM 2006 ] 

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 100ï125 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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Source: [ 192, COM 2006 ] 

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. 
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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 
 
2.3.2.3.1 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 2015 ]:  
 

¶ 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 2009 ].  
 

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 7 000 [ 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 ], 

[ 193, TWG 2015 ], [ 203, FEFAC 2015 ] 
 

 

2.3.2.4 Techniques related to cooling/freezing 
 
2.3.2.4.1 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. 
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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. 

 

 

 
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 
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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 ], [ 15, Van Bael J. 1998 ], [ 39, Environment Agency of England and 

Wales 2001 ], [ 192, COM 2006 ], [ 193, TWG 2015 ] 
 

 

2.3.2.5 Techniques related to cleaning 
 

2.3.2.5.1 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 
 

2.3.3.1 General processing techniques 
 
2.3.3.1.1 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. 

¶ 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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¶ 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. 

¶ Washing water is reused several times for the same or different washing. This is the case 

for installations #181, #279 and #283. 

¶ 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. 

¶ Cooling water is recycled as boiler feed water. This is the case for installation #463. 

¶ Cooling water is recirculated after electrochemical treatment. This is the case of 

installation #157 (see also Section 2.3.3.3.2). 

¶ 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. 

¶ 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. 

¶ Waste water, after being biologically treated, is recycled as cleaning or cooling water. 

This is the case for installations #035, #114 and #305. 

¶ 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. 

¶ 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. 

¶ Rinsing water after cleaning is reused for pre-rinsing. This is the case for installation 

#058. 

¶ Rinsing water after cleaning is recycled for the pasteuriser. This is the case for installation 

#247.  

¶ Rinsing water after cleaning is recycled for auxiliary services. This is the case for 

installation #183. 

¶ Rinsing water after cleaning is recycled for cooling. This is the case for installation #279. 

¶ The condensate from vapour generation is partly recycled as process water after energetic 

usage. This is the case for installation #087. 

¶ Waste water after physico-chemical treatment is recycled in a biofilter and bioscrubber. 

This is the case for installation #466. 

¶ Waste water is evaporated and reused in the process. This is the case for installation #086. 

¶ Rainwater is recycled. This is the case for installation #035. 

¶ 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). 

¶ Waste water is recycled from the lauter turn in breweries (see also Section 4.4.2.2). 

¶ Reuse of bottle pasteurising water in breweries (see also Section 4.4.2.3). 

¶ Scaling waste water is filtered and recirculated for preliminary fish rinsing in fish and 

shellfish processing (see also Section 7.4.1.1.2). 

¶ Water that arises from peeling, sorting and canning is recycled. 

¶ Countercurrent water is reused in starch washing (see also Section 14.4.2.1). 

¶ Flume water used for transporting beet is reused through the initial stages of the process. 

Retained water from the previous yearôs 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). 

¶ 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). 

¶ 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 

¶ 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 2015 ], [ 193, TWG 2015 ], [ 226, EDA 2016]  

 

 
2.3.3.1.2 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. 
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Table 2.42: Examples of the use of flow control in the FDM sector 

Equipment Condition/activity  Reason for control 

Transfer lines 
Accurate addition of materials to 

reaction vessels 

Minimise excessive use of materials and 

formation of out-of-specification products 

Steam supplies 
Maintaining correct operating 

temperatures 

Minimise waste from underheated or 

overheated materials and products 

Cleaning systems Water use 
Optimise use and minimise waste water 

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  

Soft drinks 
Flow measurement and feedback control for raw 

material addition 

Bulk solids  
For example, determining the flow of potato crisps to a 

flavour drum to ensure the correct ratio of flavouring 

Milk powder  
Flow measurement for accurate batching of ingredients 

into the process as specified in recipes 

CIP 
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
3
/h, the actual flow was almost 

11.5 m
3
/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
3
/year, corresponding to 7.5 % of the siteôs 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 

1999 ], [ 192, COM 2006 ], [ 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
3
/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
3
/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 0.13ï0.2 m
3
/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 50ï65 % 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; 

¶ using pulsating water nozzles, i.e. alternating the opening and closing of the water supply 

with an automatic valve; 

¶ 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;  

¶ using presence-activated sensors to control when the nozzles operate; 

¶ using dry transport of viscera and fat; 

¶ 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 ], [ 20, Nordic Council of Ministers 2001 ], 

[ 71, AWARENET 2002 ] 
 

 

2.3.3.1.4 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.  

¶ Enabling of water and material recovery.  

¶ 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 2016 ], [ 226, EDA 2016 ] 

 

 

2.3.3.2 Techniques related to cleaning 
 
2.3.3.2.1 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 techniques 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 these light particles are lifted up, then sucked into the hood.  

 

Dry cleaning is facilitated by, for example, providing and using catchpots with a mesh cover, 

making sure suitable, dry clean-up equipment is always readily available and providing 

convenient, secure receptacles for the collected waste. Catchpots may be locked in place to 

ensure that they are in position during cleaning. As well as manual dry cleaning of equipment 

and installations, other measures can be used, such as letting materials drain naturally, by 

gravity, into suitably located receptacles and by using pigging (see Section 2.3.3.2.2). 

 

The cleaning procedure can be managed to ensure that wet cleaning is minimised and that the 

necessary hygiene standards are maintained. For example, the use of hoses can be prohibited 

until after dry clean-up. 

 

Achieved environmental benefits 
Reduced water consumption and volume of waste water. Reduced entrainment of materials in 

waste water and, therefore, reduced emission levels of COD and BOD for example. Increased 

potential for the recovery and recycling of substances generated in the process. Reduced use of 

energy needed to heat water for cleaning. Reduced use of detergents. 
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Environmental performance and operational data 
Applied examples of this technique are: 

 

¶ in sausage-making, ground meat residues from equipment such as bowl choppers, sausage 

fillers and from floors can be manually removed, to the maximum practical extent prior to 

cleaning and sent to a rendering installation for example, instead of being washed into the 

WWTP; 

¶ in fish processing, dry cleaning of belts can be undertaken and result in less waste and 

water pollution being produced; 

¶ in fruit and vegetable processing, product losses throughout the process can be shovelled 

up and sent for use as animal feed; 

¶ the residues from wine processing, e.g. grape stems, pomace, marcs and lees can be 

collected separately before cleaning the equipment with water; 

¶ catchpots over floor drains can be used to keep residues, e.g. grain and fruit skins, out of 

the drainage system; 

¶ grain dust can be collected by vacuum systems, for example in flour mills, animal feed 

mills, breweries and distilleries; 

¶ floors and open equipment can be pre-soaked to loosen dirt before cleaning; 

¶ residual materials from pipework can be removed using compressed air (see 

Section 2.3.3.2.2);  

¶ cleaning and disinfection of PET packaging without the use of water, e.g. with 

compressed air, ionised air, nitrogen peroxide (see Section 2.3.3.4.1). 

 

When cleaning dusty materials, it is important to consider the risks associated with fire and 

explosion and with occupational health. Immediate removal may be necessary to safeguard 

hygiene and prevent microbiological risks. 

 

Cross-media effects 
Increased solid waste. 

 

Technical considerations relevant to applicability 
Applicable to all FDM installations. 

 

Economics 

No information provided. 

 

Driving force for implementation 
Reduced energy and water use, reduced need for waste water treatment and lower detergent use 

and expenditure. 

 

Example plants 
Many installations apply some dry cleaning prior to wet cleaning. 

 

Reference literature 

[ 1, CIAA 2002 ], [ 8, Environment Agency of England and Wales 2000 ], 

[ 14, VITO et al. 2001 ], [ 20, Nordic Council of Ministers 2001 ], [ 71, AWARENET 2002 ] 

 

 
2.3.3.2.2 Pigging system for pipes 

 

Description 

Use of a system made of launchers, catchers, compressed air equipment, and a projectile (also 

referred to as a ópigô, e.g. made of plastic or ice slurry) to clean out pipes. In-line valves are in 

place to allow the pig to pass through the pipeline system and to separate the product and the 

rinsing water. 
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Technical description 
Pigging is a system which is built into the existing pipe system (see Figure 2.11). This makes it 

possible to put a ópigô into the pipes to separate product and rinsing water between different 

batches of product. The end product can thus be collected and used in the production of the 

same or a similar product. 

 

 

 
Source: [ 193, TWG 2015 ] 

Figure 2.11: Pigging system 

 

 

The system comprises launchers, catchers, compressed air equipment and in-line valves to allow 

the pig to pass through the system. One-piece food-grade rubber pigs are propelled along from a 

launcher using compressed air and stopped at the other end of the pipe by a bar that allows 

product, but not the pig, to pass. The pig is returned to the launcher by using a valve to switch 

the direction of the compressed air. A window at either end of the pipe allows the pig to be seen 

by the operator. The pig is used between each batch, with additional system rinses being carried 

out when colour or flavour cross-contamination can occur. Occasional CIP cleans, e.g. using 

caustic, are used for hygiene reasons. 

 

An innovative method using ice slurry has been rolled out with significant environmental and 

productivity benefits. This method involves using crushed pumpable ice as a semi-solid object 

to clean pipes. Rather than flushing food pipes and tanks with liquid water (prior to the use of 

detergents such as caustic soda), the ice slurry is driven through the system which is far more 

efficient at mechanically recovering residual product [ 107, COM 2017 ]. 

 

Achieved environmental benefits 
Reduced product losses during batch changeovers and cleaning; reduced water consumption for 

cleaning and a lower quantity of waste water that is also less contaminated. 

 

Environmental performance and operational data 
With the application of this technique in an example juice installation (#153), significant 

reductions in water consumption for cleaning and subsequent waste water production have been 

achieved.  

 

An example jam installation normally makes jam for bulk sale in 2.5-tonne batches 

[ 27, Envirowise (UK) 2000 ]. Before the pigging system was introduced, the whole system 

rinse involved sucking cleaning water, under vacuum, through the pipes between the pulping 

and evaporator vessels and the kettles, and then using the jam pump to pump the cleaning water 

through the pipe run to the tanker bay. As the jam pump was not designed to pump water, each 
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flush took some time. A large amount of water (5.4 m
3
/clean) was also used, typically twice a 

day. Saleable product left in the pipe was pushed out by the flush water to the drain. The site 

waste water thus had high TSS and COD emission levels. 

 

Jam used to be wasted between batches on the bulk line. Following installation of the pigging 

system, there was an increased batch yield of jam. This resulted in some 173 tonnes of saleable 

product being recovered annually. The amount of mains water used to flush the bulk pipeline 

fell from 2 020 m
3
/year to 310 m

3
/year. Waste water volumes from the bulk line decreased by 

the same amount. The reduction in average COD emission levels for the site waste water fell 

from around a peak of 25 000 mg/l to around 5 000 mg/l, meaning that unit costs fell by over 

76 %, from EUR 12/m
3
 to EUR 2.83/m

3
. Further economic information is given in Table 2.44. 

 

The pigging system required virtually no maintenance during the first year and no new pigs 

were needed. Due to wear and tear of the pigs, the company expect to replace a maximum of 

two each year. Energy consumption fell by around 680 kWh/year because the compressed air 

mechanism required less energy than the old pumping arrangements. 

 

Line cleaning takes slightly less time with the pigging system than with the old system. 

 

Cross-media effects 

No information provided. 

 

Technical considerations relevant to applicability 
Applicable where viscous materials are transferred by pipeline, e.g. juices or dairy products. 

 

Economics 
An investment cost of EUR 130 000 was reported, with annual savings of EUR 66 000 (due to 

less waste being produced) [ 193, TWG 2015 ]. 

 

The annual costs and savings associated with the use of pigging in the example jam-making 

installation are shown in Table 2.44. 

 

 
Table 2.44: Environmental benefits and associated cost reduction using pigging systems 

Item Savings 
Annual savings 

(EUR) 

Annual 

costs (EUR) 

Reduced waste water COD 

and volume 
76 % 167 000 - - 

Recovered product 173 t/yr 217 000 - - 

Reduced water use 1 710 m
3
/yr 2 000 - - 

Reduced energy consumption - 48 -  

Gulley cleaning, etc. - - - 6 200 

Replacement pigs (2/yr) - - - 180 

Total - 386 048 - 6 380 

Net cost savings - - 379 668 - 

Total capital cost - - 30 800 - 

Payback period - - 4.2 weeks - 
Source: [ 27, Envirowise (UK) 2000 ] 

 

 

Driving force for implementation 

Recovery of valuable product and reduced water and waste water treatment costs. 

 

Example plants 

Widely used in the FDM sector [ 193, TWG 2015 ].  

 

Reference literature 

[ 1, CIAA 2002 ], [ 27, Envirowise (UK) 2000 ], [ 107, COM 2017 ], [ 193, TWG 2015 ] 



Chapter 2 

Food, Drink and Milk Industries   113 

2.3.3.2.3 High-pressure cleaning  

 

Description 

Spraying of water onto the surface to be cleaned at pressures ranging from 15 bar to 150 bar. 

 

Technical description 
In high-pressure cleaning, water is sprayed onto the surface to be cleaned at pressures ranging 

from 15 bar, which is considered to be low pressure, up to 150 bar, which is considered to be 

high pressure. A pressure of about 40ï65 bar has also been described as high. 

 

Mobile pressure cleaning machines require longer downtimes than those supplied from a ring 

main. Diesel-operated pressure cleaners emit fumes, which make them unsuitable for use inside 

FDM installations. Electrically operated pressure cleaners require additional operator safety 

precautions, including residual devices and high maintenance. Mobile machines reportedly also 

use more water. 

 

Cleaning agents are injected into the water, at moderate temperatures of up to 60 °C. An 

important part of the cleaning action is due to mechanical effects. Pressure cleaning reduces 

water and chemical consumption compared with mains hoses. It is important, however, that a 

pressure that is both safe and efficient is used. There is concern in the food industry about the 

hygiene implications of over-splash and aerosols associated with the use of high-pressure hoses. 

 

High- and medium-pressure cleaners have the following advantages compared with low-

pressure cleaners, i.e. water use is lower due to the mechanical cleaning action of the water jet; 

chemical use is lower because heavy soiling is removed by the action of the water jet and the 

reduction in water volume means that there is less of a breeding ground for bacteria. However, 

there can be concerns about the increased aerosol risks with higher water pressures. 

 

Research has shown that even low-pressure systems can cause a significant level of aerosol 

above the height of 1 metre and should not, therefore, be used during production periods in 

hygiene-sensitive areas. Dry clean-as-you-go systems can be used and these not only reduce 

water consumption and optimise waste disposal, but reduce the risks of slipping accidents. 

Outside of production periods, both high- and low-pressure systems can be used safely, but, 

because of its better efficiency, a high-pressure system is more cost-effective. High-pressure 

cleaning is reported to be fast, easy to use, efficient and cost-effective. 

 

Achieved environmental benefits 
Reduced water and chemical consumption, compared to traditional hoses and to low-pressure 

high-volume pressure cleaning. 

 

Environmental performance and operational data 
Ring mains have the advantage that they are always available for use. When using high-pressure 

cleaning, it is important that the correct balance is achieved between the pressure; the water 

volume where the water is sprayed; the water temperature and chemical dosing for each 

particular application. Inadequate pressure may result in poor cleaning and excessive pressure 

will increase the risk of damage to surfaces and equipment and even of injury to people. 

 

Cross-media effects 

No information provided. 

 

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

 

Economics 
The cost savings, in steam, water and waste water, of high-pressure low-volume systems 

compared with low-pressure high-volume systems are reported to be around 85 %. There are 

also reduced costs associated with reduced consumption of chemicals. 
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Driving force for implementation 

Reduced water and energy costs. 

 

Example plants 
Widely applied in the FDM sector. 

 

Reference literature 

[ 9, Envirowise (UK) 1998 ] 

 

 
2.3.3.2.4 Optimisation of chemical dosing and water use in cleaning-in-place 

 

Description 

Optimising the design of CIP and measuring turbidity, conductivity, temperature and/or pH to 

dose hot water and chemicals in optimised quantities. 

 

Technical description 
Design and operational features which increase the efficiency of the CIP system include: 

 

¶ using a turbidity or conductivity detector to optimise both the recovery of 

material/product from water and the reuse of cleaning water during pre-rinsing (see 

Sections 2.3.1.5 and 2.3.1.6); 

¶ measuring pH to optimise chemical consumption. 

 

Additional features to optimise CIP include the following: 

 

¶ Dry product removal before the start of the wet cleaning cycle by, for example, gravity 

draining, pigging (see Section 2.3.3.2.2) or using compressed air. 

¶ Pre-rinsing using small quantities of water, which, in some circumstances, may be 

combined with either returning the pre-rinse water to the process for reuse or recovering 

it for disposal. 

¶ Internal recycling of water and chemicals. 

¶ Water-efficient spray devices. 

¶ Correct selection of CIP detergents. 

¶ Collection and reuse of CIP detergents: instead of discharging to waste water after each 

CIP, the detergents are collected in tanks to be reused; new detergent is fed continuously 

until the correct concentration is reached. 

¶ Regeneration of caustic soda used in CIP. The pipes and tanks are flushed through with 

hot alkali as a first step resulting in a liquid very high in organic matter. The used caustic 

soda is then passed through a process in which a clay-based reagent is used to separate 

the alkali from the solids which forms a sludge. 

 

It is common practice for the final rinse water to be reused, either for pre-rinsing, intermediate 

rinsing or the preparation of cleaning solutions. The aim of the final rinse is to remove the last 

traces of cleaning solutions from the cleaned equipment. Clean water is used and the rinsing 

water, which returns to the central CIP unit, is clean enough to be reused, instead of being 

discharged to the drain. The recovery of the final rinsing water requires a connection from the 

CIP return pipe to the pre-rinsing tank. A conductivity transmitter is used to divert the water, 

e.g. to the pre-rinsing tank. 
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An example of a CIP system is shown in Figure 2.12. 

 

 

 
Source: [ 192, COM 2006 ] 

Figure 2.12: Flow sheet of a cleaning-in-place system 

 

 

It is reported that parallel or serial cleaning of tanks and parallel cleaning of pipe systems need 

to be avoided. Both parallel and serial cleaning of tanks result in excessive mixing of pre-rinse 

and cleaning solution, and cleaning solution and final rinse. This limits the reuse of cleaning 

solution and energy. In a parallel configuration, it can be difficult to achieve the required 

distribution of the flow through more than one tank and the CIP return from the tanks needs a 

different residence time. When switching from pre-rinse to cleaning solution or from cleaning 

solution to final rinse this results in a long mixing zone. In a serial configuration, the content of 

the piping between tanks I and II will result in a long mixing zone as well if the content is not 

drained. When the cleaning solution arrives in tank I (drained), the pre-rinse content of the 

piping may become mixed with cleaning solution in tank II (drained before). 
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Achieved environmental benefits 
A reduction in the consumption of hot water, cleaning agents and the energy needed to heat the 

water is achievable. It is possible to maximise product recovery and reuse water and chemicals 

within the system. There is a subsequent reduction in the amount of waste water generated.  

 

Environmental performance and operational data 
Optimising the CIP systems can, for example, minimise the quantity of the cleaning and 

disinfection agents used, by recirculating cleaning solutions. Some losses will still occur with 

contaminated water and solutions; therefore, they still need to be recharged. For example, when 

the particulate content of cleaning solution reaches a specific level it will need to be disposed of. 

An additional effect of recirculating the solutions is that a partial recuperation of the thermal 

energy is possible. 

 

In an example installation in Germany, the cleaning solution, i.e. 2 % caustic soda, is reused 

during the five or six working days of the week. The solution can be used for longer, e.g. weeks, 

if a storage tank is installed. 

 

Figure 2.13 shows the CIP system for a bottling process in a brewery. 

 

 

 
Source: [ 192, COM 2006 ] 

Figure 2.13: A CIP system for the bottling process in a brewery 

 

 

Turbidity meters can be used in CIP for phase changes between product and water. The 

conductivity of milk products and cream is very similar to that of water. It is easier to control 

phase changes between milk products and water with turbidity meters. This will reduce the 

amount of product residues in the waste water. 
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Conductivity meters are used to control the phase changes between lye and water and between 

acid and water. Therefore it is easier to control what should go back to the cleaning solution 

tanks, what should go to waste water and what should be reused as rinsing water. In this way, 

the amount of water and the amount of cleaning solution discharged as waste water are reduced.  

 

The use of flow meters in combination with preset volumes also reduces the amount of water 

needed.  

 

Within a six-year implementation of CIP optimisation (collection and reuse of detergents) in a 

dairy installation (#127), consumption of water decreased to 55 % and consumption of 

detergents decreased to 34 %. In a brewery installation (#400), the application of one phase of 

CIP has resulted in a 30 % reduction of water consumption for cleaning [ 193, TWG 2015 ]. 

 

Cross-media effects 
Possible energy use associated with pumping the water and cleaning agents. 

 

Technical considerations relevant to applicability 
Applicable to closed/sealed equipment through which liquids can be circulated, including for 

example pipes and vessels. Incorporation of a CIP system can be considered at the equipment 

design stage and installed by the manufacturer. Retrofitting a CIP system may be possible but is 

potentially more difficult and expensive. 

 

For large installations with highly branched pipework, a centralised CIP system may not be 

appropriate. Often, the distances are too long and this leads to considerable losses of heat, 

detergents and water, as well as excessive pumping capacities. In such cases, several small CIP 

systems can be used. These can be supplied with the necessary cleaning solutions from the 

centralised CIP system, via a closed pipeline. 

 

For some applications, such as some small or rarely used installations or where the cleaning 

solution becomes highly polluted, such as UHT installations, membrane separation plants, and 

the preliminary cleaning of evaporators and spray dryers, single-use systems are used. In these 

systems, cleaning agents are not reused because they may impede the cleaning effect in other 

installations. 

 

Economics 
The capital cost can be high but annual savings due to reduced hot water and chemical 

consumption are achieved. 

 

Driving force for implementation 

¶ Reduced costs of water, energy and chemicals. 

¶ Automation and ease of operation. 

 

Example plants 
CIP is widely used in the FDM sector. For example, an online detection of transition points 

between the product and the water phases is implemented for the recovery of product from CIP 

in a dairy installation (#341) [ 193, TWG 2015 ]. 

 

Reference literature 

[ 1, CIAA 2002 ], [ 5, German Dairy Association 1999 ], [ 21, Nordic Council of Ministers 

2001 ], [ 107, COM 2017 ], [ 130, Portugal-FIPA 2003 ], [ 134, German Dairy Association 1997 

], [ 144, CIAA-EDA 2003 ], [ 192, COM 2006 ], [ 193, TWG 2015 ] 
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2.3.3.2.5 Low-pressure foam and/or gel cleaning 

 

Description 

Use of low-pressure foam and/or gel instead of water to clean walls, floors and/or equipment 

surfaces. 

 
Technical description 
Low-pressure foam cleaning can be used instead of traditional manual cleaning with water 

hoses, brushes and manually dosed detergents. It can be used to clean walls, floors and 

equipment surfaces. A foam cleaner, such as an alkaline solution, is sprayed on the surface to be 

cleaned. The foam adheres to the surface. It is left for about 10ï20 minutes and is then rinsed 

away with water.  

 

Low-pressure foam cleaning can either use a centralised ring main or decentralised individual 

units. Centralised systems supply pre-mixed cleaning solutions and pressurised water from a 

central unit and during cleaning they automatically change between foam spreading and rinsing.  

 

Achieved environmental benefits 
Reduced water, chemical and energy consumption compared to the use of traditional water 

hoses, brushes and manually dosed detergents. 

 

Environmental performance and operational data 
A dairy in Denmark, producing 25 000 tonnes of cheese per year, has a centralised system 

consisting of about 50 satellite units, located in the different process areas. The water 

consumption has been calculated to be 40 % of the corresponding consumption for traditional 

manual cleaning. The foam cleaning system reportedly uses cold water at 10 °C, whereas 

manual cleaning with water hoses requires water of at least 40 °C. The calculated savings in this 

case are 19 800 m
3
 water/year and 1 160 MWh/year. 

 

Reported advantages of using foams include increased contact time with soiled surfaces, which 

allows improved cleaning results to be achieved, even though less aggressive chemicals are 

used. The chemical constituents soften soiling, resulting in improved rinsing efficiency and 

cleaning. It is easy to see where foams have been applied and they are very easy to rinse, so less 

water is used. Labour costs are also reduced because, compared with traditional methods, 

cleaning takes less time. Due to less aggressive chemicals being used, there is reduced wear and 

tear on machinery and reduced risk to the operator. A potential disadvantage of using foams is 

that their bulky nature can cause them to shear from surfaces under their own weight, so 

reducing the contact time. 

 

Gels are typically used for cleaning walls, ceilings, floors, equipment and containers. The 

chemical is sprayed onto the surface to be cleaned. Cleaning with gels provides a longer contact 

time than foams, between the soiling and active detergent, because of the tenacious nature of 

gels with surfaces and there is greater accessibility to crevices as access is not inhibited by air 

bubbles. However, gels are transparent and difficult to see and may be inconsistent at high 

temperatures. 

 

Reported advantages of using gels include increased contact time with soiled surfaces, which 

allows improved cleaning results to be achieved, even though less aggressive chemicals are 

used. The chemical constituents soften soiling, resulting in improved rinsing efficiency and 

cleaning. As gels are very easy to rinse, less water is used. Labour costs are also reduced 

because, compared with traditional methods, cleaning takes less time. Due to less aggressive 

chemicals being used, there is reduced wear and tear on machinery and reduced risk to the 

operator. 

 

This technique is of little relevance when cleaning is not frequent, e.g. in the sugar sector. 
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Cross-media effects 

No information provided. 

 

Technical considerations relevant to applicability 
Applicable in new and existing installations, for cleaning floors, walls, vessels, containers, open 

equipment and conveyors.  

 

Economics 
The investment cost of the foam cleaning system in an example cheese installation in Denmark 

(reported in 2000) was about EUR 188 000, with a payback time of 3.2 years. 

 

Driving force for implementation 
Better cleaning and the elimination of problems associated with high-pressure cleaning, e.g. 

spreading of aerosols containing dirt particles and bacteria. 

 

Example plant 

At least one cheese installation in Denmark.  

 

Reference literature 

[ 9, Envirowise (UK) 1998 ], [ 21, Nordic Council of Ministers 2001 ] 
 

 

2.3.3.2.6 Optimised design and construction of equipment and process areas  

 

Description 

The equipment and process areas are designed and constructed in a way that facilitates cleaning. 

When optimising the design and construction, hygiene requirements are taken into account. 

 

Technical description 

The hygienic design is a set of design and construction criteria that improve the cleanability of 

equipment and facilities, by avoiding critical points and dead zones where the product may be 

retained and cannot be removed properly using standard sanitation (cleaning and/or 

disinfection). The prefix 'eco' refers to additional design criteria intended to reduce the 

environmental impact during sanitation (i.e. spillage collection, reduction of pipelines, reuse of 

cleaning water in closed loops, etc.) 

 

The main goal of hygienic design of equipment and facilities is hygiene, but it is also related to 

the reduction of the environmental impact of cleaning and disinfecting operations, requiring a 

lower input of water, energy and chemicals to achieve the same level of hygiene. In other 

words, from the hygienic point of view, equipment and premises are hygienically designed and 

constructed if they minimise the risk of contamination of food being processed. 
 

From the environmental point of view, equipment and premises hygienically designed and 

constructed reduce the environmental impact of their sanitation. Eco-hygienic design of 

equipment and installations is presented as a preventive technique to reduce the environmental 

impact of sanitation of food production equipment while maintaining the hygienic results of 

sanitation.  
 

At the global level, there are two recognised groups working on hygienic design criteria and 

standards: 
 

¶ The European Hygienic Engineering & Design Group (EHEDG) has published several 

guidelines for hygienic design criteria that have become a reference for both equipment 

manufacturers and the food industry. These guidelines are online and are regularly 

updated and complemented by new documents in various languages. 

¶ 3-A SSI is an independent US corporation dedicated to education and the mission to 

promote food safety through hygienic equipment design in the food, beverage and 

pharmaceutical industries (http://www.techstreet.com/3a). 
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Achieved environmental benefits 
Reduction in consumption of water, energy and chemicals. 
 

Environmental performance and operational data 

The data presented in this section come from the demonstration trials developed in the 

ECODHYBAT project in two Spanish companies: Calidad Pascual (dairy products) and 

Pescanova (sea product processing). Table 2.45 shows the values of reduction of water and 

energy consumed during sanitation of hygienically designed equipment compared to the 

consumption levels during sanitation of conventional equipment. 
 

 

Table 2.45: Reduction in water and energy consumption during sanitation of hygienically 

designed equipment compared to conventional equipment 

Indicator  
Calidad Pascual (dairy 

products) 

Pescanova (sea product 

processing) 

Reduction of direct water 

consumption in sanitation 
41 % 33 % 

Reduction of direct energy 

consumption in sanitation 
14 % 33 % 

Source: [ 113, AINIA 2016 ] 

 

 

The sanitation of 14 pieces of food industry equipment designed according to eco-hygienic 

design criteria were compared one by one to the sanitation of equivalent conventional 

equipment. The results on water savings in these demonstration trials are shown in Table 2.46. 
 

The industrial equipment to be evaluated was artificially soiled using a soiling solution 

composed of a mixture of whole milk, fluorescein, ethanol and gluing additive. The 

performance of the sanitation in both hygienically designed and conventionally designed 

equipment was determined by measuring the fluorescein concentration. The evolution of the 

fluorescein concentration over time allowed the measurement at the moment when the 

equipment was cleaned, and the comparison of the consumption of water and energy between 

hygienically designed and conventionally designed equipment. 
 
 

Table 2.46: Water savings in sanitation of hygienically designed versus conventional equipment 

Plant Range of water savings (%) Water savings average (%) 

Calidad Pascual (dairy products) 9ï75 41 

Pescanova (sea product 

processing) 
0ï96 33 

Source: [ 113, AINIA 2016 ] 

 

 

Cross-media effects 

The construction phase of some eco-hygienically designed equipment could potentially entail an 

increase in material, energy or water use compared to construction of conventional equipment 

(i.e. extra polishing in order to reduce the roughness of the surface). However, any extra 

consumption required would be clearly negligible in comparison to the consumption of the near 

daily sanitation over the total life cycle of food processing equipment (lifetime 10ï20 years). 
 

Technical considerations relevant to applicability 

No technical restrictions in relation to the applicability of this technique. 
 

Economics 

In the majority of cases, the increase in the market price of eco-hygienic certified equipment 

(with EHEDG certification) compared to their conventional equivalents is below < 5 % (data 

from a survey of machinery production companies carried out by the ECODHYBAT project).  
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Related information is shown in Table 2.47. 

 

 
Table 2.47: Market price of eco-hygienic certified equipment 

Equipment 
Price, conventional 

(EUR) 

Price, eco-hygienic 

certified (EUR) 
Price increase (%) 

Pump HCP 40-150 1 670 1 690 1.20 

Ball valve DN 2ô 198 208 5.05 

Throttle valve - casting 

GGG40 + PTFE 2" 
4.75ï241.91  10ï300 24ï110 

Single-seated valveï

Aseptic version 
511ï1902  530ï1 930  1.5ï3.9 

Flexible tube (EUR/m) 7ï27   11ï35 30ï57 

2" metal connection 

with clamp 
5 14 180 

Sensor VEGABAR 64 1 580  1 619 2.5 

Electromagnetic flow 

meter 
670ï775 69ï785 1.3ï3.1 

Source: [ 113, AINIA 2016 ] 

 

 

Driving force for implementation 

Reduction of costs associated with savings in water and energy consumption. 

 

Example plants 

Calidad Pascual (dairy products) and Pescanova (sea product processing) in Spain. 

 

Reference literature 

[ 113, AINIA 2016 ] 

 

 
2.3.3.2.7 Cleaning of equipment as soon as possible 

 

Description 

Cleaning is applied as soon as possible after use of equipment to prevent wastes hardening. 

 

Technical description 

For additional information consult the Sectoral Reference Document on Best Environmental 

Management Practices for the food and beverage manufacturing sector [ 107, COM 2017 ]. 

 

Achieved environmental benefits 
Reduced water consumption and waste water pollution. 

 

Environmental performance and operational data 

No information provided. 

 

Cross-media effects 

No information provided. 

 

Technical considerations relevant to applicability 
Applicable to all installations where manual cleaning is applied. 

 

Economics 
No information provided. 

 

Driving force for implementation 

Reduced cost of water and waste water treatment. 
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Example plants 
This technique is widely applied in the FDM sector. 

 

Reference literature 

[ 107, COM 2017 ] 

 

 
2.3.3.2.8 Fitting of cleaning hoses with hand-operated triggers 

 

Description 

Fitting of cleaning hoses with hand-operated triggers. 

 

Technical description 
Trigger control shut-offs can be fitted to cleaning hoses with no other modification, if a water 

heater is used to provide hot water. If a steam- and water-blending valve is used to provide hot 

water, it is necessary to install check valves to prevent steam or water from entering the wrong 

line. Automatic shut-off valves are often sold with nozzles attached. Nozzles increase the water 

impact and decrease the water flow rate. 

 

Achieved environmental benefits 
Reduced water and energy consumption. 

 

Environmental performance and operational data 
In an example installation, the energy saved was calculated for running a hose that had been 

fitted with an automatic shut-off valve and nozzle, using water at a temperature of 71 °C. The 

flow rate before installation was 76 l/min and after installation was 57 l/min. The time the hose 

was running was 8 h/day before installation and 4 h/day afterwards. For a water cost of 

USD 21/m
3
, an annual water cost saving of USD 4 987 (costs in 2000) was calculated. An 

annual energy saving of 919 GJ has also been calculated. 

 

Cross-media effects 

No information provided. 

 

Technical considerations relevant to applicability 
Applicable to all FDM installations. 

 

Economics 
If nozzles are installed without automatic shut-offs, the equipment costs are less than USD 10. 

An automatic trigger-controlled shut-off with a nozzle costs approximately USD 90. (Costs in 

2000.) The payback is reported to be immediate. 

 

Driving force for implementation 
Reduced water and energy costs. 

 

Example plants 
Widely applied in the FDM sector. 

 

Reference literature 

[ 1, CIAA 2002 ], [ 133, Ockerman et al. 2000 ] 
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2.3.3.3 Techniques related to cooling/freezing 
 
2.3.3.3.1 Closed-circuit cooling 

 

See also Section 2.3.3.1.1. 

 

Description 

Recirculation of cooling water via a cooling tower or a cooler connected to a central 

refrigeration plant. 

 

Technical description 
The water is recirculated via a cooling tower or a cooler connected to a central refrigeration 

plant, i.e. it is rechilled and returned to the equipment being cooled. If there is a need to prevent 

algae or bacterial growth, chemicals may be added to the recirculated water. Otherwise, the 

cooling water can be reused for cleaning purposes. 

 

Achieved environmental benefits 
Reduced water consumption and reduced waste water treatment. 

 

Environmental performance and operational data 
It is reported that closed-circuit cooling can save 80 % of water consumption, compared to an 

open system. This may be significant in areas where water is not readily available. Once-

through cooling water which does not contact the FDM materials will not entrain contaminants 

and may be considered for direct discharge to a receiving water body; however, it will carry a 

thermal load. Passing once-through uncontaminated cooling water through a WWTP both 

increases energy consumption and causes dilution, without decreasing the overall load, so direct 

discharge is advantageous. 

 

In an example brewery with a capacity of 500 000 hl/year, a closed-circuit cooling system was 

introduced in a tunnel pasteurisation unit to replace an open system which cooled using fresh 

water. The reduction in water consumption was estimated to be 50 000 m
3
/year. 

 

For fermenter cooling, closed-circuit cooling using a chiller and a recirculation pump is reported 

to result in improved cooling. 
 

In sugar production, cooling water is used on site for electricity-generating turbines. Typically, 

cooling water will have been abstracted from a river and will pass around a turbine once before 

it is discharged back to the river. 
 

Cross-media effects 
Energy may be consumed to cool the cooling water. It may be possible to recover some of this 

heat. 
 

In recirculating cooling tower systems, the cooling water is recycled constantly through a 

cooling tower. However, running the water over the cooling tower maintains a high dissolved 

oxygen level which can cause corrosion within the system, and evaporation of water at the 

tower can cause the build-up of suspended solids. The recirculating water may, therefore, 

require treatment to prevent corrosion and some of the water needs to be discharged periodically 

to prevent build-up of excess dissolved solids. Precautions also need to be taken to control the 

conditions for growth of Legionella bacteria, which may make the spray from cooling towers a 

possible source of legionnairesô disease. Closed-circuit systems minimise corrosion and there is 

no build-up of dissolved solids. 
 

If a large water source, such as a large-volume-flow river is available, then the cross-media 

effects associated with closed-circuit cooling may be greater. If the river can provide the volume 

required and accept the thermal load without significant harm to aquatic life or without 

interfering with other users of receiving surface water and the water does not become 

contaminated then once-through cooling may be a better environmental option. Once-through 
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cooling water will also require energy to pump it from its source and out of the installation. If 

care is not taken to prevent leaks from the system being cooled, then contaminated water may 

be discharged.  

 

Technical considerations relevant to applicability 

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

 

Economics 
In the brewery example reported above, the investment cost of the installation of the cooling 

tower and other necessary equipment was USD 45 000 (before 1996) and the payback period 

was approximately a year. 

 

Driving force for impl ementation 
Reduced water consumption and subsequently reduced waste water and the associated financial 

savings. 

 

Example plants  
Applied in dairies, breweries, soft drinks manufacturing and sugar production from sugar beet. 

 

Reference literature 

[ 8, Environment Agency of England and Wales 2000 ], [ 11, Envirowise (UK) 1998 ], 

[ 29, Danbrew Ltd 1996 ], [ 128, CIAA-Federalimentare 2003 ], [ 129, Italy M. Frey 2003 ] 

 

 
2.3.3.3.2 Recirculation of cooling water after electrochemical treatment 

 

See also Section 2.3.3.1.1. 

 

Description 

Recirculation of water from the cooling tower pond through a vessel containing electrodes made 

from a combination of metal oxides which act as anode where oxidising ions are generated from 

water. 

 

Technical description 

The technique involves recirculation of water from the cooling tower pond through a vessel 

containing electrodes made from a combination of metal oxides which act as anode where 

oxidising ions are generated from water. Furthermore, the vessel wall acts as cathode, reaching 

a pH of 13 which causes the precipitation of calcium salts on the vessel wall, preventing the 

concentration of salts in the tower pond and, therefore, preventing the need to purge water from 

the pond. Periodically, in a programmed way, the salty precipitate on the vessel wall is washed 

off and drained. By applying direct current voltage to electrodes in the chambers, OH
-
 ions are 

produced by partial electrolysis of the water. The addition of OH
-
 ions promotes a scale 

formation with the excess of Ca
+2

 and CO3
-2
 ions in the chambers.  

 

Achieved environmental benefits 

Reduced water consumption and avoidance of the use of chemicals. 

 

Environmental performance and operational data 

In an example brewery (#157), 80 % of the cooling towersô water consumption is reduced, and 

also 100 % of the chemical consumption, avoiding continuous chemical treatment. The 

maintenance and cleaning of equipment takes about half an hour per month. 

 

This technique is generally efficient provided the characteristics of the water supply network do 

not fluctuate continuously. 

 

Cross-media effects 

No information provided. 
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Technical considerations relevant to applicability 

No information provided. 

 

Economics 

An investment cost of EUR 40 000 and annual operating cost of EUR 2 400 have been reported, 

with annual savings of EUR 28 000 (for nine pieces of equipment for treating 10 evaporating 

condensers). 
 

Driving force for implementation 

Limitations on the use of chemicals in operating licences. 
 

Example plants 

At least one brewery installation (#157). 
 

Reference literature 

[ 193, TWG 2015 ] 
 

 

2.3.3.4 Techniques related to bottling 
 

2.3.3.4.1 Dry disinfection 
 

Description 

Disinfection of PET packaging without the use of water, e.g. with compressed air, ionised air or 

nitrogen peroxide. 
 

Technical description 

The classic disinfection technique uses water and peracetic acid to rinse and disinfect the bottle. 

Even if the disinfection solution is reused several times, this technique generates a huge volume 

of waste water. With dry disinfection no water is used; instead compressed air, ionised air or 

nitrogen peroxide is directly injected into the preforms before they are heated, it then vaporises 

during the heating and the blowing, producing an aseptic empty bottle. The bottles are filled 

directly and closed without using water. 
 

Achieved environmental benefits 

Reduced energy and water consumption. 
 

Environmental performance and operational data 

In a soft drinks installation (#279), the use of the dry bottling technology contributed to an 

increase in the total water recycled in the installation.  
 

Cross-media effects 

Consumption of air or nitrogen peroxide. 
 

Technical considerations relevant to applicability 

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

Economics 

An investment cost of EUR 6 million has been reported for a soft drink and nectar juice 

installation with a permitted production capacity of 1 000 tonnes/day. 
 

Driving force for implementation 

Reduction in energy costs and water consumption. 
 

Example plants 

Installation # 279. 
 

Reference literature 

[ 193, TWG 2015 ] 
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2.3.3.5 Techniques related to steam systems 
 
2.3.3.5.1 Maximisation of condensate return 

 

See also Section 2.3.3.1.1. 

 

Description 

Recovered condensate can be reused as feed to the boiler, heated water, for other equipment or 

cleaning other installations.  

 

Technical description 
In this technique, water and heat which is contained in discharge condensate is taken advantage 

of. This recovered condensate can be reused as feed to the boiler, heated water, for other 

equipment or cleaning other installations. A condensate recovery unit is a vessel which receives 

condensate from all practical points where condensate is produced. The vessel stores the 

condensate and mixes it with fresh make-up water prior to it being used as boiler feed water. 

 

If hot condensate is not returned to the boiler it has to be replaced by treated cold make-up 

water. The additional make-up water also adds to water treatment costs. 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. 

This also leads to savings in the use of chemicals for the treatment of boiler feed water. 

Additionally or alternatively, if the condensate cannot be returned to the boiler due to 

contamination, heat can be recovered from the contaminated condensate before it is used for 

lower-grade cleaning activities, e.g. yard cleaning. Pollution can be detected by different 

devices (e.g. turbidimeter). In general, the temperature of recovery condensates is about 100 °C 

to 180 °C. Mechanical pumps can be used in all situations in which the condensates generated 

do not have enough pressure to be returned to the feeding tank. 

 

The energy in any steam used for direct injection to the process may be considered to be fully 

utilised. 

 

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

consumption of boiler feed water treatment chemicals. 

 

Environmental performance and operational data 
If hot condensate is not returned to the boiler, it has to be replaced by treated cold make-up 

water and wastes some 20 % of the energy absorbed in the generation of the steam from which 

the condensate is derived. This may be the greatest single energy loss in steam use. 

 

In an example dairy installation (#311), high-pressure steam condensation water, drained by 

condensation traps mounted before every user pressure reduction system, is routed back into the 

boilersô feed water tank. The total annual water demand is reduced by 3 %. In an example sugar 

manufacturing installation (#413), condensate generated during the campaign is stored on site 

and reused during non-operational periods to replace borehole-extracted water, where borehole- 

extracted water quality is not required [ 193, TWG 2015 ]. 

 

Technical considerations relevant to applicability 
Applicable where steam is produced in a boiler. 

 

Economics 

An investment cost of EUR 50 000 (EUR 45 000 for the pipeline return system and EUR 5 000 

for the project and design) and payback periods of 1ï4 years have been reported. 

 

Driving force for implementation 
Reduced energy consumption and associated costs. 
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Example plants 

Used in various FDM sectors [ 193, TWG 2015 ]. 
 

Reference literature 

[ 39, Environment Agency of England and Wales 2001 ], [ 193, TWG 2015 ] 
 

 

2.3.4 Techniques to avoid the use of harmful substances 
 

2.3.4.1 Proper selection of cleaning chemicals and/or disinfectants 
 

Description 

Avoidance or minimisation of the use of cleaning chemicals and/or disinfectants that are 

harmful to the aquatic environment, in particular priority substances considered under the Water 

Framework Directive. When selecting the substances, hygiene and food safety requirements are 

taken into account. 

 

Technical description 

Chemicals such as chlorine, quaternary ammonium compounds, bromine- or iodine-based 

products are routinely used to maintain the hygiene of food manufacturing sites. However, these 

are often potentially hazardous in combination with organic residues. Moreover, to work safely 

and effectively, such chemicals typically require large volumes of water and often high 

temperatures. Then, when cleaning is complete, further treatment with a significant associated 

environmental impact is often needed to clean up any effluent. 
 

Avoiding or minimising the production of harmful residues can include the following measures: 
 

¶ use of less harmful cleaning chemicals (e.g. ozone); 

¶ reduce the use of cleaning chemicals (e.g. EDTA, halogenated biocides, acids). 
 

Ozone (O3) in water solution can destroy the cell membrane of pathogens by oxidising the 

phospholipids and lipoproteins and has the advantage of itself quickly breaking down into 

harmless oxygen. Ozone is effective against a wide range of microbes including bacteria, yeasts, 

moulds, viruses and spores. The incorporation of ozone-rich water in CIP and other cleaning 

processes has the advantage over traditional disinfectants that no residues are left and the ozone 

is applied cold. This reduces the volume of water necessary to rinse detergents from the plant 

and the energy use associated with heating the water. Ozone can also be used in dry settings. 
 

Using products with an EU Ecolabel is a voluntary commitment to a sustainable environment. 

From raw materials to production, packaging, distribution and disposal, EU Ecolabel products 

have been evaluated by independent experts to ensure that they meet the criteria that reduce 

their environmental impact. Detergents that meet the criteria of the European Ecolabel are 

readily biodegradable and are not toxic to the environment. 
 

Achieved environmental benefits 

Reduction in consumption of cleaning agents and detergents. 

 

Environmental performance and operational data 

No information provided. 

 

Cross-media effects 

No information provided. 

 

Technical considerations relevant to applicability 

No technical restrictions in relation to the applicability of this technique. 

 

Economics 

No information provided. 
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Driving force for implementation 

No information provided. 

 

Example plants 

This technique is implemented in multiple FDM installations [ 193, TWG 2015 ]. 

 

Reference literature 

[ 107, COM 2017 ], [ 193, TWG 2015 ] 

 

 

2.3.4.2 Reuse of cleaning chemicals in cleaning-in-place 
 

Collection and reuse of cleaning chemicals in cleaning-in-place (CIP). When reusing cleaning 

chemicals, hygiene and food safety requirements are taken into account. 

 

See also Section 2.3.3.2.4.  

 

 

2.3.4.3 Dry cleaning 
 

See Section 2.3.3.2.1. 

 

 

2.3.4.4 Optimised design and construction of equipment and process 
areas  

 

See Section 2.3.3.2.6. 

 

 

2.3.4.5 Use of refrigerants without ozone depletion potential and with low 
global warming potential 

 

Description 

Prevention of emissions of substances that deplete the ozone layer or have a high global 

warming potential by using alternative refrigerants, such as water, carbon dioxide or ammonia. 

 

Technical description 

Refrigerants are widely used in the FDM sector in cooling, refrigeration and freezing 

operations. The interaction of halogen refrigerants with ozone in the air has resulted in the 

progressive prohibition of the placing on the market and use of ozone-depleting substances and 

of products and equipment containing those substances. These compounds are being substituted 

by other refrigerants such as carbon dioxide, ammonia, glycol or, in some cases, by chilled 

water. 

 

The leakage rate for industrial HFC refrigeration systems has been estimated at around 8 %, 

compared to > 20 % for HCFC-containing equipment. The overall consumption of HFC 

refrigerants for the first fill of new equipment and the refill in existing equipment is estimated to 

grow significantly in the future [ 25, COM 2011 ]. 

 

Hydrochlorofluorocarbons (HCFCs), hydrofluorocarbons (HFCs), chlorine and ammonia are 

frequently used if the temperatures are below -10 °C. HCFCs have the disadvantage of depleting 

the ozone layer when released to the atmosphere. They also show considerable GWP. The use 

of HCFCs is generally prohibited [ 140, EC 2009 ]. HFCs have the disadvantage of possessing a 

much higher GWP than alternative refrigerants such as ammonia, carbon dioxide, chlorine and 

water. There are provisions aiming at containing, preventing and thereby reducing emissions of 

HFCs [ 137, EC 2014 ]. 
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Achieved environmental benefits 
Reduced risk of ozone depletion and global warming. 

 

Cross-media effects 
The risk of ammonia and glycol leaks, which can cause health and safety problems. 

 

Environmental performance and operational data 
The use of substances that deplete the ozone layer can be prevented or minimised by 

[ 35, Germany 2002 ]: 

 

¶ using substitutes for such substances; 

¶ when ozone-depleting substances are used, using closed-circuit systems; 

¶ enclosing systems in buildings; 

¶ encapsulating parts of systems; 

¶ creating a partial vacuum in the encapsulated space and preventing leaks in systems; 

¶ collecting the substances during waste treatment; 

¶ using optimised waste gas purification techniques; 

¶ proper management of the recovered substances and the waste. 

 

Ammonia (R717) has been used for industrial refrigeration for a long time. Ammonia 

refrigeration systems are more costly, especially in the low-capacity range. Since the year 2000, 

HCFC-22 has been replaced in new equipment by the HFC refrigerant R404A, first in Europe, 

then in other industrialised countries. In recent years, a number of cascade systems with 

ammonia and CO2 have been installed in the food industry [ 25, COM 2011 ]. 

 

For example, a Norwegian ice cream plant is using a transcritical CO2 cooling and freezing 

system with heat recovery and hot gas defrost capabilities [ 107, COM 2017 ]. 

 

Economics 

Substitution of refrigerants is energy-efficient for industrial cooling systems. Examples of 

individual abatement costs for the alternative option ammonia (R717) are given in the 

preparatory study for a review of Regulation (EC) No 842/2006 on certain fluorinated GHG 

[ 25, COM 2011 ]. 

 

For a small system with 270 kW cooling capacity at three temperature levels: 

 

¶ Cost of HFC system: EUR 425 000. 

¶ Additional cost of similar NH3 system: EUR 132 000 (+31 %).  

¶ Electricity consumption: 1 800 000 kWh/year.  

¶ NH3: -27 % electricity consumption.  

¶ Operation cost for F-gas system: EUR 100 000 per year. 

 

For a large system with 5 MW cooling capacity: 

 

¶ Cost of HFC system: EUR 6 million.  

¶ Additional costs for similar NH3 system: between 0 and 20%.  

¶ Electricity consumption: between -10 % and -30 %.  

¶ Operating cost for the large system: EUR 1 million per year. 

 

Driving force for implementation 
There are low-impact alternatives available in the FDM sector and promoted by the Regulation 

(EU) No 517/2014. For some gases, e.g. HFOs (hydrofluoroolefins), there is no ban in 

Regulation (EU) No 517/2014 but only a reporting obligation. In addition, this Regulationôs 

rules related to equipment aim to minimise leakage, not to prevent the use of all such gases. 

Moreover, the quota system refers to total tonnes of CO2 equivalent and does not mention 

specific gases [ 137, EC 2014 ].  
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Example plants 

This technique is implemented in multiple FDM installations [ 193, TWG 2015 ]. 
 

Reference literature 

[ 25, COM 2011 ], [ 35, Germany 2002 ], [ 107, COM 2017 ], [ 137, EC 2014 ], 

[ 140, EC 2009 ], [ 193, TWG 2015 ] 
 

 

2.3.5 Techniques to increase resource efficiency  
 

2.3.5.1 Anaerobic digestion 
 

Description 

Treatment of biodegradable residues by microorganisms in the absence of oxygen, resulting in 

biogas and digestate. The biogas is used as a fuel, e.g. in a gas engine or in a boiler. The 

digestate may be used, e.g. as a soil improver. 
 

Technical description 

The treatment of biodegradable solids by anaerobic digestion is used to transform the organic 

matter contained in the residues into biogas (containing 70 % methane) and digestate. Anaerobic 

digestion is used to handle biodegradable solids very high in COD, and as a treatment process 

for sewage sludge after an aerobic waste water treatment. For the use of the biogas as a fuel, see 

Section 2.3.2.1.2. 
 

The technique generally consists of the following steps: 
 

¶ Anaerobic digestion: residues are directed to a sealed digester tank where anaerobic 

digestion takes place. This is a process by which microorganisms break down 

biodegradable material in the absence of oxygen, resulting in biogas and digestate. 

¶ Biogas line: generated biogas is stored and at a later stage is dehumidified and used, e.g. 

in a cogenerator. It can also be used to produce heat, i.e. hot water in a boiler, combined 

electricity and heat in a CHP unit, as an alternative fuel in vehicles or as a substitute for 

natural gas after upgrading to biomethane. Some of the heat generated may be recycled in 

the FDM process. 

¶ Separation: the digestate is separated into solid and liquid fractions by centrifugation. 

¶ Storage of the solid fraction of the digestate: the solid fraction of the digestate is stored 

for agricultural purposes (landspreading). 
 

More detailed information on the process description, feed and output streams, biogas 

pretreatment techniques, and characteristics of the digestate is available in the WT BREF [ 154, 

COM 2015 ]. A list of proven improvement techniques for anaerobic digestion of waste (e.g. 

micro anaerobic digestion, vertical flow dry) is described in the EC report 'Towards a better 

exploitation of the technical potential of waste to energy' [ 155, COM 2016 ]. 
 

Anaerobic co-digestion allows the operator to take advantage of the complementary nature of 

the composition of the waste. The best example is the co-digestion of manure and food wastes. 

The mixture of both types of waste leads to more stable processes and a considerable increase in 

biogas production. The co-digestion allows the integration of the exploitation of organic waste 

in a given geographical area. Anaerobic digestion systems commonly used for the co-digestion 

of agro-industrial waste are called continuous stirred tank reactors [ 152, AINIA 2016 ]. 
 

Achieved environmental benefits 

Waste generation and emissions to air are reduced (biogas is used for energy to replace fossil 

fuels). The recovery of by-products to produce digestate for agriculture conserves and recycles 

nutrients and reduces waste discharge and the use of chemical fertiliser. 
 

Environmental performance and operational data 

Emissions to water from anaerobic digestion in FDM installations are not an environmental 

issue, given that the digestate is usually treated in the WWTP.  
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Anaerobic digestion of food waste is usually carried out when the total solid content is below 

15 %. Water contained in food waste does not produce biogas and occupies part of the volume 

in the digestion tank. However, water is required for the fermentation. The volatile solid content 

is about 70ï95 % of the total solid content. The energy output from an anaerobic digestion plant 

depends to a great extent on the biomethane potential of the feedstock. The maximum potential 

can vary from 0.15 m
3
 to 0.90 m

3
 biogas/kg of volatile solid content [ 152, AINIA 2016 ]. 

 

In a meat installation (#331), a digester was fed with around 28 000 t/year of proteins and fats 

recovered from the DAF step in the WWTP. The biogas produced was used to power a 

combustion engine to cogenerate electricity and heat, which are then used in the meat 

production processes. The amount of solid fraction in the digestate produced was 1 361 tonnes 

during six months. The reduction of waste generation was approximately 95 %.  

 

Cross-media effects 

The nitrogen content of residues is not reduced after anaerobic digestion. Further waste water 

treatment of liquid digestate is usually required (e.g. membrane filtration). 

 

Technical considerations relevant to applicability  
The technique may not be applicable due to the quantity and/or nature of the residues. Digesters 

should be fed at a constant rate to operate properly. Due to the investment costs, a digester may 

not be applicable to installations with low amounts of residues. The lowest amount of residue 

treated by a digester was 396 tonnes/year, reported by installation #133. 

 

Economics 

An investment cost of EUR 3 500 000 has been reported, including an anaerobic biodigester 

plant, biogas cogenerator, centrifuge and a scrubber as the abatement system. The amount of 

electricity produced by the biogas cogenerator in a six-month period was approximately 

40 000 MWe. The amount of solid fraction of the digestate produced is about 3 500 tonnes/year. 

Savings of EUR 50 000/year have been reported due to the reduction of sludge considered as 

waste. 

 

Driving force for implementation 
Economic reasons are the main drivers for implementation, due to reduced energy consumption 

and waste generation. 

 

Example plants 
This technique is used in several FDM sectors [ 193, TWG 2015 ]. Example plants include 

#048, #133, #144, #250 and #331. 

 

Reference literature 

[ 2, IED Forum 2018 ], [ 91, Giner Santonja et al. 2017 ], [ 152, AINIA 2016 ], 

[ 154, COM 2015 ], [ 155, COM 2016 ], [ 193, TWG 2015 ] 

 

 

2.3.5.2 Use of residues  
 

Description 
Residues are used, e.g. as animal feed. 

 

Technical description  
Numerous examples exist in the FDM sector where raw materials, partially processed foods and 

final products, either originally intended for human consumption or from which the part 

intended for human consumption has been removed, may be used as animal feed. For example, 

foods which are slightly outside the customer specification, or which have been over-produced, 

may be suitable for use as animal feed. Examples of sources of animal feed from FDM 

manufacturing for human consumption are shown in Table 2.48. 
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More information can be found in Commission Regulation (EU) No 68/2013 of January 16 

2013 on the Catalogue of feed materials. 

 

 
Table 2.48: Examples of sources of animal feed from FDM manufacturing for human 

consumption 

Source of animal feed Example industry source 

Bones and fat 
Meat processing (subject to hygiene 

regulations) 

Rejected fish Fish processing 

Stalks, hulls and leaves Fruit and vegetable processing 

Fruit and vegetables, such as peel, cores and 

cutting residues 
Fruit and vegetable processing 

Apple and tomato pomace and citrus pulp 

pellets, without or after treatment 
Fruit and vegetable processing 

Crude olive cake (also called pomace) From the first pressing of olives 

Olive cake 
From extraction of pomace oil 

(olive) 

Recovered FFA Vegetable oil refining  

Toasted meal Oilseed processing 

Crude cake and spent meal/cake Oilseed processing 

Phospholipids Vegetable oil refining 

Spent bleaching earth (in the absence of a 

nickel catalyst) in integrated crushing/refining 
Oilseed processing 

Product retrieved from wrongly filled 

containers, e.g. by maceration of packaging 

Dairies, but applicable to all FDM 

industries producing foods suitable 

for use in animal feed 

Leaked and spilt ingredients and partly and 

fully processed materials 

Dairies, but applicable to all FDM 

industries producing foods suitable 

for use in animal feed 

Rinsings from yoghurt vats Dairies 

Whey which is not intended for making 

mitzithra cheese, baby food or other products 
Dairies 

Milky waste water generated at the start-up of 

pasteurisers 
Dairies 

Cereals, fibre, gluten, vegetable protein and 

de-fatted meal 
Cereals processing 

Wet pulp, pressed or dried pulp from the 

pressing of cossettes 
Extraction of sugar from sugar beet 

Beet tops and tails separated from sugar beet 

reception fluming and washing  
Extraction of sugar from sugar beet 

Molasses Sugar extraction 

Vinasse produced during the processing of 

alcohol from sugar juices, syrups and 

molasses 

Ethanol production 

Distillerôs dried grains with solubles (DDGS) Ethanol production 

Condensed stillage (CDS) Ethanol production 

Gluten, bran Ethanol and starch production 

Malt 
Beer, lager and whisky production 

(from germinated kiln-dried grain) 

Husk and malt grits, which may be mixed into 

brewersô grains and trub 
Breweries 

Concentrated or dried stillage, pot ale, spent 

lees and spent wash 
Whisky stills 

Fermentation vessel cooling water containing 

raw materials and fermented produce residues 
Whisky distilleries 

Fermentation yeast Breweries, ethanol production  

Solid organics such as raw material and 

product residues and dust  
Dehydration 

Solids and oils removed from segregated 

waste water streams  
Snack foods manufacturing 

Source: [ 192, COM 2006 ], [ 193, TWG 2015 ] 
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Alternatively, residues can be used for by-products to implement the circular economy 

principles. By-products are defined in the Waste Directive [ 59, WFD 98/EC 2008 ]. 
 

Achieved environmental benefits 
Increased use of materials and reduced waste generation. Consequently there is an associated 

reduced consumption of, for example, energy for waste treatment and disposal, e.g. in WWTPs, 

and reduced landfilling of FDM waste. 
 

Environmental performance and operational data 

No information provided. 
 

Cross-media effects 
Some materials may need to be stored under controlled temperature conditions, before their use 

as animal feed. 
 

Technical considerations relevant to applicability 
The technique may not be applicable due to legal requirements. It is applicable in FDM 

installations using raw materials and partially processed ingredients and producing products 

which are suitable for consumption by animals, either directly or after further processing, and 

which comply with relevant legislation governing animal feed. 

 

Economics 
Reduced purchase of materials and reduced waste treatment and disposal costs.  

 

Driving force for implementation 
Economic use of by-products, off-specification products and excess materials, which would 

otherwise be sent for disposal as waste. 

 

Example plants 
This technique is widely applied in FDM installations [ 193, TWG 2015 ].  

 

Reference literature 

[ 1, CIAA 2002 ], [ 6, Environment Agency of England and Wales 2000 ], [ 8, Environment 

Agency of England and Wales 2000 ], [ 14, VITO et al. 2001 ], [ 35, Germany 2002 ], 

[ 48, European Starch Association 2001 ], [ 59, WFD 98/EC 2008 ], [ 71, AWARENET 2002 ], 

[ 75, FEDIOL 2002 ], [ 90, Verband Deutscher Oelmuehlen 2003 ], [ 175, ePURE 2015 ], 

[ 192, COM 2006 ], [ 193, TWG 2015 ] 
 

 

2.3.5.3 Separation of residues  
 

Description 

Separation of residues, e.g. using positioned splash protectors, screens, flaps, catchpots, drip 

trays and troughs. 

 

Technical description 
Outputs, whether or not they are intended for use in the product, can be separated for optimised 

and easier use, reuse, recovery, recycling and disposal. This also reduces both the consumption 

and the contamination of water. It can be done either manually or mechanically. These outputs 

may include rejected raw materials, trimmings and off-specification product. 

 

Accurately positioned splash protectors, screens, flaps, drip trays and troughs can be used to 

contain individual materials separately. They can be fitted at processing, filling/packing and 

transfer lines and next to workstations, such as peeling, cutting and trimming benches. The 

position and design of a tray or trough for example, the means of preventing mixing with water 

and the transportation of the liquids or solids depend on the unit operation, the degree of 

segregation of different materials desired or required and their ultimate intended use, or disposal 

route. 
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A catchpot is a fine mesh basket placed over floor drains, to prevent solids from entering the 

drainage system and the WWTP. Catchpots can be locked in place to ensure that solids are not 

able to enter the WWTP during cleaning. If they are emptied after dry cleaning and locked in 

place again before wet cleaning, then entrainment of soluble materials and of particles can be 

avoided. 

 

Examples of materials which can be collected and transported dry include bones and fat from 

deboning and trimming meat. These may or may not be intended for human consumption. For 

materials destined for human consumption, temperature control is particularly important and 

deterioration can be avoided by quickly transferring the materials to chills. 

 

Other examples include removal of sorted, untreated or partly treated fruit and vegetable 

residues, peel and cutting residues and collecting spent earth in sedimentation and filtration 

steps instead of washing it into the WWTP. 

 

Where the amount of potential waste is high, manual or automated collection systems such as 

drains, pumps or suction devices can be installed, to minimise deterioration and maximise 

potential use, e.g. in animal feed. This also mitigates against the possibility of materials being 

washed into the WWTP during interval cleaning. 

 

In the dairy industry, examples of materials which can be collected separately for optimal use or 

disposal include the drainings of yoghurt and fruit throughout the dairy; first rinses of 

buttermilk and residual fat in butter churning operations, for use in other processes, for example 

for low-fat spreads and whey, e.g. for making mitzithra cheese (see Section 5.4.4.1). In 

vegetable oil refining, dust produced during drying of desolventised meal can be added to the 

meal again (see Section 11.4.2.2.1). 

 

Some water-diluted materials can be recovered, if the water is collected, e.g. potato starch can 

be recovered from starch water, as described under Environmental performance and operational 

data, and whey can be extracted from whey/water mixtures. This can be optimised by using 

turbidity meters. Additionally, materials can be recovered for use or disposal by using dry 

cleaning methods. 

 

Achieved environmental benefits 
Benefits include reduced water consumption and less entrainment of materials in water, so 

generation of less waste water. If materials are collected efficiently, the volume of water 

required for cleaning is reduced and consequently less energy is used to heat the cleaning water. 

Less detergent is also required. The waste water load of, for example, BOD, COD, nutrient and 

detergent emission levels are all reduced, per unit of production. 

 

The segregation of liquids and solids destined for use or destruction has several advantages. If 

sufficient separate collection systems are provided, it reduces cross-contamination between 

different by-products. Segregation of by-products reduces potential odour problems from 

materials which, even when fresh, emit the most offensive odours, i.e. by storing/removing 

them separately under controlled conditions, instead of having to control a greater volume of 

mixed by-products. 

 

Also, by minimising cross-contamination, segregation enables individual by-products which can 

be used to be used, instead of being disposed of because they are mixed with materials which 

cannot be used. All materials can, therefore, be used or disposed of in the most appropriate way 

for them. 

 

Environmental performance and operational data 
The following examples show how segregation can result in cleaner waste water, reduced water 

consumption and reduced waste. 
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In fish processing, using baskets or trays at cutting, eviscerating, skinning, and filleting can 

avoid the solid wastes reaching the floor and then the waste water. Fine mesh conveyor belts 

can be used to separate waste and water at cutting and evisceration stations and can reportedly 

decrease COD emission levels by about 40 %. The collected solid materials can be used to make 

fishmeal. 
 

Dry systems have been developed for collecting solid waste from crustaceans and molluscs. 

Screens and efficient systems for the recovery of solids prevents them from entering the WWTP 

and can reportedly lead to BOD5 reduction of up to 35 %. 
 

In an example installation producing snack foods, waste water streams were segregated prior to 

on-site treatment and then treated to remove solids and oils, which were then processed into 

animal feed cake. This was as a result of a water action group consisting of managers, shift 

operators and the site adviser using a bucket-and-stopwatch approach to study the ideal flow 

rates for each piece of equipment. The results of this water audit showed that substantial savings 

could be made. Three main waste streams were identified, i.e. potato wash water, cold starch 

water and hot starch water containing oils. 
 

In fruit and vegetable processing, solid organic material from the peeling process and from 

blanching can be separated using, for example, sieves, filters or centrifuges, to prevent them 

from entering the WWTP. Normally these solids, except after caustic peeling, can be used as 

animal feed. 
 

Cross-media effects 

Potential generation of odour if separated solids are not periodically collected and sent to their 

subsequent destination. 
 

Technical considerations relevant to applicability 
Applicable to all FDM installations. 
 

Economics 
The 165 000 m

3
/year reduction in water consumption at the example snack food installation 

saved a reported EUR 145 000 in water supply costs. 
 

Driving force for implementation 

¶ Reduced waste because recovered materials can be used.  

¶ Reduced waste water treatment and waste disposal and the associated reduced costs. 

 

Example plants 
At least one snack food installation in the UK. Dairies in the UK and fruit and vegetable 

processing installations in Belgium. Widely applied in drinks manufacturing, e.g. in 

winemaking. 

 

Reference literature 

[ 1, CIAA 2002 ], [ 9, Envirowise (UK) 1998 ], [ 14, VITO et al. 2001 ], [ 23, Envirowise (UK) 

and Ashact 2001 ], [ 43, Italian contribution 2002 ], [ 71, AWARENET 2002 ] 

 

 

2.3.5.4 Recovery and reuse of residues from the pasteuriser 
 

Description 

Residues from the pasteuriser are fed back to the blending unit and are thereby reused as raw 

materials. 

 

Technical description 

Combining in-line blending and pasteurisation makes it possible to recover mixed phases 

containing water from the pasteuriser. The diluted product is reused in the production line. 

Figure 2.14 shows the possibilities of recovery. 
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Source: [ 186, Tetra Pak 2015 ] 

Figure 2.14: Scheme for beverage processing with in-line blending and recovery functions 

 

 

The terms used in Figure 2.14 are defined as follows: 

 

¶ Production concentrate recovery: the premix tanks before the blending unit are emptied in 

order to concentrate the recovered phases and to achieve zero product losses in the 

blending unit. 

¶ Production start recovery: the mixed phase in the pasteuriser is returned to the blending 

unit, which concentrates it up to real product levels. A recovery rate of 100 % can be 

achieved. A densimeter on this stream is used to identify which part of the phase is 

product and which is water. The blending unit and the pasteuriser communicate with each 

other to know where the product and water phases are. 

¶ Production reject recovery: if for some reason the production line stops and the 

pasteuriser needs to be emptied and go into hibernation mode, all the product in the 

pasteuriser is recovered and routed into the buffer tank of the blending unit. This option 

does not generate losses and does not require an extra reject tank. 

¶ Product return recovery: a product recovery function between the pasteuriser and the 

packaging machine minimises the losses. 

 

Achieved environmental benefits 

In-line production reduces the need to invest in batch tanks. Running production with fewer 

tanks will: 

 

¶ save water and CIP solution due to the lower number of tanks to clean; 

¶ save power due to the reduced amount of electrical equipment; 

¶ give a better yield due to the recovery functions and accuracy of the machine; 

¶ reduce the effluent volume and COD load due to the recovery functions. 

 

Environmental performance and operational data 

No information provided. 

 

Cross-media effects 

No information provided. 

 

Technical considerations relevant to applicability 

The technique is applicable in new and existing liquid food processing installations.  

 

Economics 

No information provided. 
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Driving force for implementation 

¶ Increased yield. 

¶ Improved product quality. 

¶ Saved time in the blending area since operators prepare less tanks. 

¶ Increased capacity. 
 

Example plants 

This technique has been implemented worldwide.  

 

References 

[ 186, Tetra Pak 2015 ] 
 

 

2.3.5.5 Phosphorus recovery as struvite 
 

Information on this technique is available in Section 2.3.6.4.1. 
 

 

2.3.5.6 Use of waste water for landspreading 
 

Description 

After appropriate treatment, waste water is used for landspreading in order to take advantage of 

the nutrient content and/or to use the water. 
 

Technical description 

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 done according to the cropsô needs. Waste water landspreading 

allows the recycling of organic matter and fertilising elements to agricultural soil. It has benefits 

in terms of: 
 

¶ substitution of chemical fertilisers (N, P, K) which sometimes represent very significant 

amounts, with a subsequent positive economic impact; 

¶ improvement of soil conditions as a consequence of the addition of organic matter; 

¶ contribution to crop management and to productivity of farming activities (that can rely 

on reliable continuity of water supply);  

¶ reduction of water use and soil erosion. 
 

Waste water treatment prior to landspreading may be performed for different reasons, e.g.: 
 

¶ to recover the residual energy (biogas) in the waste water; 

¶ to reduce odour emissions during storage (aerated tanks or lagoons, reduced storage time, 

etc.); 

¶ to separate the solid phase to be exploited separately, for example for material 

landspreading. 
 

Achieved environmental benefits 

Prevention or reduction of waste water entering the WWTP. 
 

Environmental performance and operational data 
In a French potato starch installation, the effluent is spread on fields by means of a network of 

hundreds of kilometres of underground pipes. Fertilising elements (including N, CaO, P and 

K2O) and micropollutants are monitored. Controls on underground water are performed through 

piezometers or analysis of drinking water boreholes. Analysis is also carried out on soil, with an 

agronomic analysis coupled with a residual nitrogen test, and followed by fertilisation advice. 

Every parcel is monitored all along its life cycle. Rotations avoid any over-fertilisation, thus the 

authorised surface is five times larger than the yearly surface actually spread. The landspreading 

is also controlled by the competent authorities. 
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Cross-media effects 

Energy is required to operate the system. Sufficient land must be available for spreading. Odour 

can arise during spreading, and weather and soil conditions must be taken into account. 
 

Technical considerations relevant to applicability 

This technique is only applicable in the case of a proven agronomic benefit, a proven low level 

of contamination and no negative impact on the environment (e.g. on the soil, the groundwater 

and surface water). The applicability may be restricted due to the limited availability of suitable 

land adjacent to the installation. The applicability may be restricted by the soil and local 

climatic conditions (e.g. in the case of wet or frozen fields) or by legislation. 
 

Economics 

No information provided. 
 

Driving force for implementation 

Reduction of costs for waste water treatment. 
 

Example plants 

Effluent landspreading is a practice applied in some MS (e.g. DE, DK, ES, FR). It is estimated 

that around 10 % of the French IED FDM installations apply landspreading of waste water. 

Waste water for landspreading can be generated from different FDM installations, e.g.: 
 

¶ starch sector: potato food juice, starch purification; 

¶ fruit and vegetable sector: washing water (washing of vegetables) and blanching water; 

¶ sugar sector: earthy water (washing of beetroots) and decanted water. 
 

References 

[ 222, France 2015 ] 
 

 
 

2.3.6 Waste water treatment techniques 
 

2.3.6.1 Preliminary, primary and general treatment 
 

In this document, the term primary treatment is used to describe what is sometimes described as 

primary treatment, preliminary treatment or pretreatment. 

 
2.3.6.1.1 Equalisation  

 

Description 

Balancing of flows and pollutant loads by using tanks or other management techniques. 

 

Technical description 
Equalisation tanks or buffer storage are normally provided to cope with the general variability in 

flow and composition of waste water, or to provide corrective treatment, e.g. pH control or 

chemical conditioning. The need to equalise waste water discharges may need to be considered 

to ensure that the flow and composition of the waste water are within the design parameters of 

the WWTP.  

 

Achieved environmental benefits 
Enables downstream treatment techniques to operate at the optimum efficiency. Makes use of 

mixing effects to offset extremes of temperature or pH. 

 

Environmental performance and operational data 
Adequate mixing and aeration is needed to minimise the formation of scum on the surface of the 

equalisation tank and to maintain a sufficient dissolved oxygen level to ensure the contents do 

not become anaerobic, leading to acidity and odour. Nevertheless, where necessary, scum 

removal equipment is installed. 
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Equalisation tanks typically have a retention time of 6ï12 hours. However, in Scandinavian 

countries the retention time may be up to several months. For example, many FDM installations 

in Finland store the waste water generated during autumn and winter in big pools, due to the 

difficulties to operate the biological waste water treatment during these periods 

[ 166, COM 2015 ]. 

 

Cross-media effects 
Excessive retention of waste water in the equalisation tank may lead to acidity and odour. 

 

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

 

Economics 
The cost of constructing and operating an equalisation tank needs to be compared with the cost 

savings associated with the smooth running of the downstream treatment techniques. 

 

Driving force for implementation 
To present a virtually homogeneous feed to downstream WWTP processes. 

 

Example plants 
Equalisation tanks are widely used in the FDM sector [ 193, TWG 2015 ]. 

 

Reference literature 

[ 1, CIAA 2002 ], [ 8, Environment Agency of England and Wales 2000 ], [ 166, COM 2015 ], 

[ 193, TWG 2015 ] 

 

 
2.3.6.1.2 Neutralisation 

 

Description 

The adjustment of the pH of waste water to a neutral level (approximately 7) by the addition of 

chemicals. Sodium hydroxide (NaOH) or calcium hydroxide (Ca(OH)2) is generally used to 

increase the pH, whereas sulphuric acid (H2SO4), hydrochloric acid (HCl) or carbon dioxide 

(CO2) is genrally used to decrease the pH. The precipitation of some substances may occur 

during neutralisation. 
 

Technical description 
The objective of neutralisation is to avoid the discharge of strongly acidic or alkaline waste 

water. It can also protect downstream waste water treatment processes. The following 

substances are normally used to neutralise waste water which has a low pH: 

 

¶ limestone, limestone slurry or milk of lime (hydrated lime Ca(OH)2); 

¶ caustic soda (NaOH) or sodium carbonate (Na2CO3); 

¶ ion exchangers (cationic). 

 

The following substances are normally used to neutralise waste water which has a high pH: 

 

¶ CO2, e.g. hot gas and gas from fermentation processes; 

¶ sulphuric acid (H2SO4), nitric acid (HNO3) or hydrochloric acid (HCl); 

¶ ion exchangers (anionic). 

 

The term self-neutralisation is used when, in some cases, the size of the equalising tank, in 

combination with suitable variations in the pHs of the waste water streams, means that no 

addition of chemicals is required. This can occur for example in some dairies where both acidic 

and alkaline cleaning solutions are used and are both sent to the neutralisation tank. 
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Achieved environmental benefits 
Avoids the effects of strongly acidic or strongly alkaline waste water, i.e. corrosion, reduction 

of the efficiency of biological treatments and/or a reduction in the self-purifying properties of 

lakes and rivers, and possibly operating problems for other water users. 

 

Environmental performance and operational data 
In the brewery sector, the neutralisation can take place in production areas or in central 

neutralisation tanks with acid or caustic. The neutralisation of process waste water requires a 

tank with a hydraulic retention time of approximately 20 minutes. The mixing capacity should 

be sufficient to keep the tank completely mixed. Since both caustic and acidic cleaning agents 

are used at the breweries, a reduction in chemical usage for neutralisation can be obtained by 

increasing the hydraulic retention time in the neutralisation tank. Neutralisation tanks are often 

also used as equalisation tanks (see Section 2.3.6.1.1) with a hydraulic retention time of 3ï

6 hours [ 72, Brewers Europe 2002 ]. 

 

Furthermore, partial neutralisation through biological conversion will normally take place in 

process waste water from the brewery sector. It has been observed that the pH in equalisation 

tanks can drop without the addition of acids due to the hydrolysis of organic material. The effect 

is difficult to control but it reduces the dosing requirements of acid to caustic process waste 

water. To achieve biological acidification, a hydraulic retention time of 3ï4 hours is required. 

 

Cross-media effects 
Due to the addition of chemicals to the waste water, the dissolved solids/salt content may 

increase significantly in the treated water and the solid waste produced might be difficult to 

dispose of. 

 

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 

Legal requirements. To improve the biological treatability of the waste water in the WWTP. 

 

Example plants 
Neutralisation is widely used in FDM installations [ 193, TWG 2015 ].  

 

Reference literature 

[ 5, German Dairy Association 1999 ], [ 35, Germany 2002 ], [ 72, Brewers Europe 2002 ], 

[ 193, TWG 2015 ] 

 

 
2.3.6.1.3 Screening  

 

Description 

The use of a device with openings, generally of uniform size, to retain the coarse solids found in 

waste water. 

 

Technical description 
After solids are removed with process-integrated techniques and prevented from entering the 

waste water, e.g. using catchpots located at drainage points inside the installation, further solids 

can be removed from the waste water using screening. Large quantities of non-emulsified FOG 

can be removed if screening is carried out together with technical and operational measures to 

avoid clogging. 
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A screen is a device with openings, generally of uniform size, that is used to retain the coarse 

solids found in waste water. The screening element consists of parallel bars, rods or wires, 

grating or a wire mesh or perforated plate. The openings may be of any shape but are generally 

circular or rectangular slots. The spacing between bars for removing very coarse materials prior 

to finer screening may be of 20ï60 mm. To remove smaller particles, such as vegetable pieces, 

e.g. peas and beans in a canned food factory, the spacing between bars generally does not 

exceed 5 mm. The openings in automatic screens range from 0.5 mm to 5 mm, with openings of 

1ï3 mm in widespread use. Smaller openings (1ï1.5 mm) are reported to be less susceptible to 

blockage than larger ones (2ï3 mm). 
 

The main types of screens used are static (coarse or fine), vibrating and rotary screens. 
 

Static screens, brushed or run-down, can comprise vertical bars or a perforated plate. This type 

of screen requires manual or automatic cleaning. 
 

Vibrating screens require rapid motion to be effective. They are normally used for primary 

treatments associated with by-product recovery, particularly of solids with a low moisture 

content and preferably where the waste water does not contain grease. Vibrating screens operate 

between 900 rpm and 1 800 rpm; the motion can either be circular, rectangular or square, 

varying from 0.8 mm to 12.8 mm. The speed and motion can be selected according to the 

particular application. Of prime importance in the selection of a proper fine vibrating screen is 

the application of the correct combination of wire strength and percentage of open area. The 

capacities of vibrating screens are based on the percentage of open area of the screen media. 
 

Rotary or drum screens receive the waste water at one end and discharge the solids at the other. 

The liquid is passed outward through the screen to a receiving box for forward transfer. The 

screen is usually cleaned by a continuous spray via external spray nozzles, which are inclined 

towards the solids discharge end. This type of screen is effective for streams containing a 

relatively high solids content. Microscreens mechanically separate solid particles from the waste 

water by means of microscopically fine fabrics. The most important operating parameter is the 

headloss, i.e. the loss of operating pressure, with the best separation results reported to be 

between 5 mbar and 10 mbar. 
 

Achieved environmental benefits 
Reduced SS, FOG and BOD/COD emission levels. Recovery of products, e.g. pulp in the fruit 

and vegetable sector. Reduced risk of odour emissions further downstream in the WWTP. 
 

Environmental performance and operational data 
The estimated pollution load reduction in the fish sector, when using rotary wedge wire screens, 

is around 10ï20 % from white fish effluents and about 30ï40 % from fatty fish effluents 

[ 71, AWARENET 2002 ]. 

 

In the fish sector, it has been reported that the removal of small solids is carried out using a 

filtration belt and vibrating screen with a filter mesh of 0.1 mm or less. 

 

The blockage of screens is a common problem, leading to the need for frequent cleaning. A 

curved sieve can be used to overcome blockages. This consists of a feeding device and a 

concave surface; and it is self-cleaning in operation. Wedge-shaped profiled rods are arranged 

perpendicularly to the flow direction of the water. A relatively steady overflow ensures that the 

screen cleans itself. The various screen segments are all interchangeable. Typical gap widths are 

0.02ï2 mm for sieve areas of 0.1ï3.0 m
2
 (maximum throughput 300 m

3
/m

2
/h). Curved screens 

are frequently used in fruit and vegetable factories. Alternatively, rotary screens equipped with 

self-cleaning may be used. When the blockage is due to fatty deposits, e.g. in the meat, dairy 

and fish sectors, regular chemical cleaning and/or hot water cleaning can be applied. 

 

Cross-media effects 
There may be odour emissions, depending, for example, on the type and size of the solids 

screened. 
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Technical considerations relevant to applicability  
Applicable in all FDM installations. 

 

Economics 

No information provided. 

 

Driving force for implementation 
Reduced waste water treatment requirements. Screening removes the need for, and therefore the 

cost of, additional waste water treatment. It reduces the amount of sludge produced, which 

would otherwise require additional expenditure for its disposal. 

 

Example plants 
Used in most of the FDM sectors, as shown in Table 2.4 [ 193, TWG 2015 ]. 

 

Reference literature 

[ 13, Nordic Council of Ministers 1997 ], [ 35, Germany 2002 ], [ 71, AWARENET 2002 ], 

[ 193, TWG 2015 ] 

 

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

 

Description 

A fat trap (or oil separator) is a plumbing device designed to intercept most greases before they 

enter the biological waste water treatment. 

 

Technical description 
FOG in waste water has a negative impact on the performance of the waste water treatment. It is 

therefore important to remove FOG in a pretreatment. 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. Free FOG may be separated from water using a fat trap (grease interceptor). Similar 

equipment is used to separate light hydrocarbons. 

 

A further development of the fat trap is the parallel-plate separator. Here, the separator chamber 

contains plates inclined at an angle of 45 °. Furthermore, combinations of augers and flotation 

tanks have been used for FOG removal.  

 

Achieved environmental benefits 
Removal of free FOG from the waste water. The system does not usually require any chemical 

additions so the recovered fats may be reused. 

 

Environmental performance and operational data 
The efficiency of separation is increased if the water temperature is low. The presence of 

emulsifiers can also reduce the separation efficiency. It has been reported that an efficiency of 

95 %, related to the free oil/fat content, can be achieved [ 35, Germany 2002 ]. Parallel-plate 

separators are very sensitive to clogging in the processing of vegetable oils. 

 

In a primary stage of a dairy installation (#405), solids are removed using twin compacting 

augers. This reduces the solids volume by approximately 90 %. The augers will squeeze 

congealed FOG through the filter mesh for recovery. The primary tank is heated to enable the 

liquefaction of all FOG content. The hydraulic separator then removes the FOG from the waste 

effluent by means of flotation. This process will typically remove FOG to below 100 ppm and 

often less than 30 ppm. Fat should not solidify, so the pipework and tank must be kept warm. 

 

The correct sizing of chambers is critical to ensure proper separation and to avoid the danger of 

washout during high or abnormal flows. Flow diversion may be needed if inflows suffer large 

fluctuations. Ease of emptying and regular maintenance are essential to prevent odour problems. 
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Cross-media effects 
The equipment requires energy consumption. Depending on the type of fat trap, e.g. without 

continuous fat removal, there may be odour emissions, particularly during emptying. 
 

Installing fat traps within processing areas can cause food safety problems. Excessively hot 

water can cause fats to carry through and may melt pre-collected fat, so it should be avoided. 

The baffle material and ease of cleaning need to be considered. 
 

Technical considerations relevant to applicability 
Applicable in FDM installations with waste water containing animal and vegetable FOG. 

 

Economics 
An investment cost of EUR 500 000 and annual operating cost of EUR 8 000 have been 

reported for the installation of an integrated oil separator in a dairy (treating around 

480 000 m
3
/year). Around 70 % of operating costs is electricity for heating, and 30 % for the 

maintenance contract. The investment required is outweighed by the EUR 400 000 of annual 

savings in waste water treatment, EUR 5 000/year savings in sludge treatment and 

EUR 3 000/year transport cost savings [ 193, TWG 2015 ]. 

 

Driving force for im plementation 
Reduction in problems caused by fat in waste water pipelines and the WWTP. 

 

Example plants 
Used in most of the FDM sectors [ 193, TWG 2015 ].  

 

Reference literature 

[ 35, Germany 2002 ], [ 94, Germany 2003 ], [ 97, CIAA-FEDIOL 2004 ], [ 193, TWG 2015 ] 
 

 

2.3.6.1.5 Buffer storage for waste water  

 

Description 

A buffer tank capable of receiving typically 2ï3 hours of peak waste water flow. 

 

Technical description 
Contingency measures can be provided to prevent accidental discharges from processes 

damaging the WWTP and/or the operation of the MWWTP, by them receiving a sudden high 

load. A buffer (or diversion) tank capable of receiving typically 2ï3 hours of peak flow can be 

established. The waste water streams are monitored upstream of the WWTP so that they can be 

automatically sidetracked to the buffer system if necessary. The buffer tank is linked back to the 

equalisation tank (see Section 2.3.6.1.1) or primary treatment stage so that out-of-specification 

liquors can be gradually introduced back into the waste water stream. Alternatively, provision 

can be made to allow the disposal of the diversion tank contents off site. Buffer tanks are also 

applied where there is no separate drainage system for surface water and it could enter the on-

site WWTP. More detailed information on buffer storage is available in the CWW BREF 

[ 168, COM 2016 ]. 

 

Achieved environmental benefits 
Avoids uncontrolled and untreated discharges of waste water. 

 

Environmental performance and operational data 

This technique is successfully used in wine production, where the pH of waste water is normally 

higher than 5. Fractions of high loaded waste water can be detected with pH peaks. A lower pH 

is a strong indicator of product loss of undiluted wine or juice. The undiluted wine or juice is 

sidetracked to a buffer tank and is gradually introduced into the equalisation tank. 

 

Cross-media effects 

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

Investment costs of EUR 150 000 have been reported for the installation of two buffer tanks 

(2 x 90 m
3
) including the measurement and control system. 

 

Driving force for implementation  
Compliance with legal requirements to limit pollution to a receiving water body. 

 

Technical considerations relevant to applicability 

Lack of space and/or the layout of the waste water collection system in existing plants can limit 

the applicability. 

 

Example plants 
This technique is widely used in FDM installations [ 193, TWG 2015 ].  

 

Reference literature 
[ 168, COM 2016 ], [ 193, TWG 2015 ] 

 

 

2.3.6.2 Secondary treatment 
 
2.3.6.2.1 Aerobic treatment 

 
2.3.6.2.1.1 Activated sludge process 

 

Description 

A biological process where the microorganisms are maintained in suspension in the waste water 

and the whole mixture is mechanically aerated. The activated sludge mixture is sent to a 

separation facility from where the sludge is recycled to the aeration tank.. 
 

Technical description 
The activated sludge technique produces an activated mass of microorganisms capable of 

stabilising a waste aerobically. The general arrangement of an activated sludge process for 

removing carbonaceous matter includes the following items: 
 

¶ aeration tank where air (or oxygen or a combination of the two) is injected into the mixed 

liquor; 

¶ settling tank (usually referred to as the final clarifier or secondary settling tank) to allow 

the biological flocs to settle, thus separating the biological sludge from the clear treated 

water. 
 

Treatment of nitrogenous matter involves additional steps where the mixed liquor is left in an 

anoxic condition (see Section 2.3.6.3.1). 

 

Achieved environmental benefits 
Reduced BOD, TOC or COD, phosphorus and nitrogen emission levels.  

 

Environmental performance and operational data 
After a given residence time, which can vary from several hours to an excess of 10 days, based 

on an organic loading rate or F/M ratio of about 0.1ï0.15 kg BOD/kg of MLSS per day, the 

mixed suspension of microorganisms is passed to a sedimentation facility (see Section 2.3.6.5.2) 

The hydraulic retention time or sludge age and F/M ratio can all vary as a function of the raw 

waste water characteristics, e.g. composition, availability and degradability of organic 

substances, and the required final waste water quality. For example, nitrification occurs with 

lower (< 0.1 kg BOD/kg of MLSS per day) F/M ratios. In the sedimentation facility, the 

settlement of microbial flocs occurs and clear waste water is passed over a weir to a 

watercourse. Settled sludge is produced and mostly returned to the aeration tank. However, a 

proportion, i.e. the excess sludge, is wasted to maintain MLSS at a reasonable level, 

e.g. 3 000 mg/l [ 78, Metcalf & Eddy 1991 ]. 
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The performance data of an activated sludge WWTP in the brewery sector is shown in Table 

2.49. 

 

 
Table 2.49: Performance data of an activated sludge WWTP reported for the brewing sector 

Initial load (kg C OD/m
3
 per day) 1.2ï1.8 

Final BOD level (mg/l) 15ï25 

Sludge generated per kg of BOD 

removed (TSS/kg) 
0.45ï0.55 

NB: These performance figures are valid at a temperature range of 25ï35 °C 

and thus not applicable during winter. 

Source: [ 72, Brewers Europe 2002 ] 

 

 

Phosphorus removal efficiencies of 20ï30 % have been reported using activated sludge [ 146, 

Desmidt et al. 2015 ]. 

 

In the sugar sector, it has been reported that low winter air and water temperatures depress the 

treatment capacity as bacterial activity is reduced. However, low-grade waste heat from the 

sugar process can usually be used to increase temperatures in the system and enhance bacterial 

activity. 

 

The most common problem associated with activated sludge is that of bulking. This term is used 

to describe biological sludge of poor settling characteristics. It is generally due to the presence 

of filamentous bacteria and/or excessive water bound within biological flocs. Bulking can be 

prevented by, for example, ensuring that the optimum balance of added nutrients is maintained, 

minimising both the release of nutrients and the overproduction of filamentous bacteria. In 

addition, the use of a separate compartment or selector has been recognised as a good tool to 

prevent and control filamentous growth. This is an initial contact zone where the primary waste 

water and the returned sludge are combined.  

 

In the dairy sector, sludge bulking has been reported in activated sludge systems with 

fluctuating loads and low F/M ratios, e.g. insufficient BOD. If a selector is not used, the final 

sedimentation needs to be designed according to the inferior sludge settling characteristics. 

 

To ensure that the activated sludge has enough nutrients, phosphoric acid and/or urea may be 

added to the influent in the event that the concentration of TP and/or TN is too low. 

 

Cross-media effects 
These include high energy consumption for aeration combined with mixing in the aeration tank. 

Installation #466 reported an energy use of approximately 2.2 kWh/kg of COD 

[ 193, TWG 2015 ]. Volatile waste water content can be released into the atmosphere, giving 

rise to odour. Aerobic biological treatment produces a relatively large amount of excess 

activated sludge that needs to be disposed of. 

 

Technical considerations relevant to applicability 
Widely used in the FDM sector. The technique can be used to treat high- or low-BOD waste 

water, but will treat low-BOD water highly efficiently and cost-effectively.  

 

Economics 
The activated sludge technique provides a cost-effective treatment of soluble organic matter. 

 

Driving force for implementation 

Compliance with legal requirements to limit pollution to a receiving water body. 

 

Example plants 
This technique is widely used in FDM installations [ 193, TWG 2015 ]. 
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Reference literature 

[ 35, Germany 2002 ], [ 72, Brewers Europe 2002 ], [ 78, Metcalf & Eddy 1991 ], 

[ 109, Finland 2003 ], [ 146, Desmidt et al. 2015 ], [ 193, TWG 2015 ] 

 

 
2.3.6.2.1.2 Aerobic lagoon  
 

Description 

Shallow earthen basins for the biological treatment of waste water, the contents of which are 

periodically mixed to allow oxygen to enter the liquid through atmospheric diffusion. 

 

Technical description 
Aerobic lagoons are large shallow earthen basins that are used for the treatment of waste water 

by natural processes. They involve the use of algae, bacteria, sun and wind. Oxygen, in addition 

to that produced by algae, enters the liquid through atmospheric diffusion. The contents of the 

lagoons are normally mixed periodically using pumps or surface aerators. 

 

A variation on the aerobic lagoon is the facultative lagoon, where stabilisation is brought about 

by a combination of aerobic, anaerobic and facultative bacteria. Oxygen can be maintained in 

the upper layer of a facultative lagoon by surface re-aeration.  

 

Achieved environmental benefits 
Reduced BOD, TOC or COD, phosphorus and nitrogen emission levels. 

 

Cross-media effects 
Potential odour nuisance, soil deterioration and groundwater contamination. Energy 

consumption for aeration combined with mixing in the lagoon. 

 

Environmental performance and operational data 
It has been reported that lagoons provide buffer capacity due to large areas and volumes, 

volume and concentration equalisation in seasonal operations, and that they establish adapted 

biocoenoses given very long residence times. Depending on the soil characteristics, lagoons 

may need to be sealed, to avoid groundwater contamination. 

 

In the sugar sector, it has been reported that surface area and depth are key elements in the rate 

of degradation of BOD. Degradation of BOD relies on natural processes such as the carbon, 

nitrogen and sulphur cycles, and the action of the bacteria. Furthermore, surface aeration is used 

in this sector to increase the rate of aerobic bacterial activity when needed, e.g. at low 

temperatures. Additional oxygen is diffused into the water by electrically driven free or fixed 

floating aerators. Occasionally, wind-powered aerators are used where weather conditions are 

favourable. Mixed wind and electrical systems are available. 

 

The use of evaporation lagoons has been reported in wineries and olive oil mills. The waste 

water is left to evaporate in open basins for months. 

 

Technical considerations relevant to applicability 
The application of this technique may be restricted due to space requirements. This technique 

can be used to treat high- or low-BOD waste water, but will treat low-BOD water highly 

efficiently and cost-effectively. 

 

Economics 
No information provided. 

 

Driving force for implementation  
The technique is used to comply with waste water legislation and to reduce waste water 

charges/fees. 
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Example plants 
Lagoons are widely used in most of the FDM sectors [ 193, TWG 2015 ].  

 

Reference literature 

[ 35, Germany 2002 ], [ 88, CIAA-CEFS 2003 ], [ 109, Finland 2003 ], [ 193, TWG 2015 ] 

 

 
2.3.6.2.1.3 Pure oxygen systems  

 

Description 

The injection of pure oxygen into an existing conventional aeration plant. 

 

Technical description 
Pure oxygen systems are essentially an intensification of the activated sludge process, i.e. the 

injection of pure oxygen into an existing conventional aeration plant. This is often undertaken 

after increased or variable plant production which has rendered the aeration plant ineffective, for 

at least some part of its operational cycle. 

 

Achieved environmental benefits 
Reduction of BOD, TOC or COD, phosphorus and nitrogen emission levels. In comparison with 

activated sludge systems, odour, noise and TVOC emissions are reduced as the surface of the 

aeration tank is essentially unbroken; and energy use is reduced. 

 

Environmental performance and operational data 
Compared to the conventional activated sludge process, pure oxygen systems have the ability to 

intensify the process by operating at a higher MLSS level. Furthermore, this technique uses less 

energy since 70 % of the energy in conventional activated sludge is wasted due to the nitrogen 

occupying 70 % of the air by volume [ 78, Metcalf & Eddy 1991 ]. 

 

Cross-media effects 
These include energy consumption for aeration combined with mixing in the aeration tank. 

Aerobic biological treatment produces a relatively large amount of excess activated sludge that 

needs to be disposed of. 

 

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

new installations, a number of pure oxygen systems have been retrofitted in the FDM sector. 

 

Economics 
Since the system is operating with extremely long sludge ages and encouraging endogenous 

respiration, whereby the biomass ingests itself, there is a significant reduction of sludge disposal 

costs. Nevertheless, plants that use oxygen instead of air have higher operational costs. 

 

Driving force for implementation 
The use of pure oxygen improves control and performance and can be retrofitted to existing 

plants. 

 

Example plants 
This technique has been reported in several installations of the brewing, starch, dairy, meat and 

fruit and vegetable sectors [ 193, TWG 2015 ]. 

 

Reference literature 
[ 8, Environment Agency of England and Wales 2000 ], [ 78, Metcalf & Eddy 1991 ], 

[ 193, TWG 2015 ] 
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2.3.6.2.1.4 Sequencing batch reactors (SBR)  

 

Description 
The various stages of the activated sludge processes are all carried out within the same reactor. 

 

Technical description 
The SBR is a variant of the activated sludge process. It is operated on the fill and draw principle 

and normally consists of two identical reaction tanks. The various stages of the activated sludge 

processes are all carried out within the same reactor. 
 

Achieved environmental benefits 
Reduction in BOD, TOC or COD, phosphorus and nitrogen emission levels. 
 

Environmental performance and operational data 
The process is very flexible as a number of process changes are possible within the operating 

cycles, e.g. enhanced denitrification during the idle phase. A typical total cycle period is about 

6 hours. The time taken for each stage of the process can be adjusted to suit local circumstances. 

Finally, the process sequence is independent of any influences caused by hydraulic input 

fluctuations. In this sense, SBR has a simpler and more robust operation if sufficient capacity is 

installed, i.e. fill and draw system rather than conventional activated sludge process. 

Since batch-wise filling leads to the formation of a readily settling activated sludge, this process 

is suitable for industrial waste water that has a tendency towards bulking sludge. The normal 

operation of a typical SBR is shown in Table 2.50.  
 

 

Table 2.50: Characterisation of a typical SBR 

Step Purpose 
Operation 

(aeration) 

Maximum 

volume 

(%) 

Cycle 

time 

(%) 

Fill  Add substrate Air on/off 25ï100 25 

React Biological degradation Air on/cycle 100 35 

Settle Clarify Air off  100 20 

Draw Remove waste water Air off  35ï100 15 

Idle*
 

Waste sludge Air on/off 25ï35 5 
NB:* Waste sludge may occur in other steps as well. In multi-tank systems, the idle phase is used to 

provide time for the second tank to be filled. This step may be omitted. 

Source: [ 192, COM 2006 ] 

 

 

Cross-media effects 
These include energy consumption for aeration combined with mixing in the aeration tank. 

Aerobic biological treatment produces a relatively large amount of excess activated sludge that 

needs to be disposed of. 
 

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

technique can be used to treat high- or low-BOD waste water, but will treat low-BOD waste 

water very efficiently and cost-effectively.  
 

Economics 
Lower capital and higher operational costs than the conventional activated sludge process. 
 

Driving force for implementation  
The technique is used to comply with waste water legislation and to reduce waste water 

charges/fees. 

 

Example plants 
This technique has been reported in several installations of the dairy, brewing, meat, oilseed and 

fruit and vegetable sectors [ 193, TWG 2015 ].  
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Reference literature 

[ 1, CIAA 2002 ], [ 35, Germany 2002 ], [ 78, Metcalf & Eddy 1991 ], [ 192, COM 2006 ], 

[ 193, TWG 2015 ], [ 226, EDA 2016 ] 

 

 
2.3.6.2.1.5 Trickling filters  

 

Description 

Waste water is distributed over a filter medium where biomass grows as a film. 

 

Technical description 
In fixed-film aerobic systems such as trickling filters, the biomass grows as a film on the surface 

of packaging media and the waste water is distributed so as to flow evenly across it. The 

trickling filter medium normally consists of rocks or various types of plastic. The treated liquid 

is collected under the media and passed to a settling tank from where part of the liquid can be 

recycled to dilute the pollutant load of the incoming waste water. Variations include alternating 

double filtration or permanent double filtration. 

 

Achieved environmental benefits 
Reduction in BOD, TOC or COD, phosphorus and nitrogen emission levels.  

 

Environmental performance and operational data 
It has been reported that in the dairy sector high-rate trickling filters are typically designed to 

remove 50ï60 % BOD. For an efficient operation, it is essential that FOG emission levels are 

minimised prior to being fed into the high-rate filter. Following high-rate filtration, secondary 

sedimentation may be required, depending upon the consent to discharge conditions. In the soft 

and alcoholic drinks sector, this technique is reported to be 70 % effective, so a further 

polishing step is normally needed. Phosphorus removal efficiencies of 8ï12 % have been 

reported using trickling filters [ 192, COM 2006 ]. 

 

Cross-media effects 
Potential odour nuisance. Energy consumption for waste water distribution. 

 

Technical considerations relevant to applicability 
This technique is applicable for waste water with a relatively low BOD, or as a polishing stage 

after an activated sludge process or high-rate filtration. Its use within the FDM sector has 

decreased because of the relatively large land area it requires and because of operational 

problems due to blockage. 

 

Economics 
No information provided. 

 

Driving force for implementation  
The technique is used to comply with waste water legislation and to reduce waste water 

charges/fees. 

 

Example plants 
Used in the fish, dairy, soft and alcoholic drinks and vegetable oils and fats sectors. High-rate 

trickling filters have been used at some dairies in the UK. The FDM data collection showed that 

this technique is in use in one installation (#471) from the oilseed processing and refining sector 

[ 193, TWG 2015 ]. 

 

Reference literature 

[ 192, COM 2006 ], [ 193, TWG 2015 ] 
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2.3.6.2.1.6 Bio-towers  

 

Description 

Tanks where microbial film adheres to the plastic media contained and consumes the organic 

material. The waste water is often recycled through the bio-tower. 

 

Technical description  
Waste water from the processing of FDM often has an organic load too high for conventional 

aerobic treatment. Consequently, treatment is necessary to reduce the BOD to an acceptable 

level prior to further treatment, e.g. at a MWWTP. Bio-towers or roughing filters are specially 

designed trickling filters (see Section 2.3.6.2.1.5) operated at high organic loading rates that can 

achieve high levels of BOD removal. 

 

The technique uses above-ground tanks containing plastic media with a high surface area. 

Microbial film adheres to the media and consumes the organic material. The waste water is 

often recycled over the bio-tower to achieve a further treatment. The waste water from these 

units is then discharged to a conventional biological process. 

 

Achieved environmental benefits 
Reduced BOD, TOC or COD, phosphorus and nitrogen emission levels. 

 

Environmental performance and operational data 
Plastic media of the type used in bio-towers has a surface area ratio of 100ï240 m

2
/m

3
. Loading 

rates of 0.5 kg BOD/m
3
/day have been reported to achieve over 90 % removal; up to 60 % 

removal is possible with loadings of 2.5 kg BOD/m
3
/day. Blockage and unstable sludge might 

occur. 

 

Cross-media effects 
Potential odour nuisance. Noise emissions may arise from blowing air into the bio-tower. 

 

Technical considerations relevant to applicability 
Applicable in all FDM installations with a high organic load in the waste water. 

 

Economics 
No information provided. 

 

Driving force for implementation 
Bio-towers are an effective method for reducing BOD to something closer to that of domestic 

sewage. 

 

Example plants 
This technique has been reported in several installations of the dairy, brewing and starch sectors 

[ 193, TWG 2015 ]. 

 

Reference literature 
[ 1, CIAA 2002 ], [ 8, Environment Agency of England and Wales 2000 ], [ 78, Metcalf & Eddy 

1991 ], [ 193, TWG 2015 ] 
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2.3.6.2.1.7 Rotating biological contactors (RBC)  
 

Description 
An RBC consists of a series of closely spaced circular discs of polystyrene or polyvinyl 

chloride. The discs are submerged in waste water and rotated slowly through it. 
 

Technical description 
In operation, biological growths become attached to the surface discs and eventually form a 

slime layer over the entire wetted surface area of the discs. The rotation of the discs alternately 

puts the biomass into contact with the organic material in the waste water and then with the 

atmosphere for the adsorption of oxygen. The rotation is also the mechanism for removing 

excess solids from the discs so they can be carried from the unit to a sedimentation tank.  
 

Achieved environmental benefits 
Reduced BOD, TOC or COD, phosphorus and nitrogen emission levels. 
 

Environmental performance and operational data 
Properly designed RBCs are reliable because of the large amount of biological mass present 

(low operating F/M ratio). This large quantity of biomass also permits them to withstand 

hydraulic and organic surges more effectively. Staging in this plug-flow system eliminates 

short-circuiting and dampens shock loadings. It is reported that blockage of the discs may occur. 

Phosphorus removal efficiencies of 8ï12 % have been reported using RBCs. 
 

Cross-media effects 
Potential odour nuisance. 
 

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  
The technique is used to comply with waste water legislation and to reduce waste water 

charges/fees. 
 

Example plants 
Used in the fish and vegetable oils and fats sectors. The FDM data collection showed that this 

technique is in use in one installation (#406) from the dairy sector [ 193, TWG 2015 ]. 
 

Reference literature 
[ 78, Metcalf & Eddy 1991 ], [ 193, TWG 2015 ] 
 

 

2.3.6.2.1.8 High- and ultra-high-rate aerobic filters  

 

Description 

Biological treatment of waste water where air is introduced through the nozzle, providing a high 

shear force on the bacteria and an intense degree of turbulence/oxygenation. 

 

Technical description 
High- and ultra-high-rate aerobic filters give the potential for higher than usual loading rates to 

aerobic systems. The process employs a high waste water recycling rate, directed through an 

integral nozzle assembly. Air is introduced through the nozzle, providing a high shear force on 

the bacteria and an intense degree of turbulence/oxygenation. It is this high shear force 

undergone by the bacteria which makes this process so different from other aerobic techniques, 

i.e. microorganisms are passed through the nozzle resulting in the existence of only very small 

bacteria in the system, which differs from other systems where bacteria are not subjected to such 

shear and where higher life forms also exist. 
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Achieved environmental benefits 
Reduced BOD, TOC or COD, phosphorus and nitrogen emission levels. 

 

Cross-media effects 
High energy consumption. 

 

Environmental performance and operational data 
Ultra-high-rate aerobic systems offer the potential for loading aerobic systems up to 50ï

100 times more than conventional aerobic treatment. Nevertheless, since they do not give a 

quality of waste water suitable for river discharge, a second aerobic stage, which is more 

conservatively loaded, is required. 

 

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

 

Economics 
Reduced capital investment. 

 

Driving force for implementation 
Reduced plant size and capital investment. 

 

Example plants 
This technique has been reported in two FDM installations belonging to the starch production 

sector [ 193, TWG 2015 ].  

 

Reference literature 
[ 193, TWG 2015 ] 

 

 
2.3.6.2.2 Anaerobic treatment 

 

High loaded waste water steams (high COD) are normally treated in an anaerobic waste water 

treatment plant. Organic solids are usually treated in a digester. Companies that do not have 

enough organic solid waste in general cannot install a digester. Some of them feed this solid 

waste to their anaerobic waste water treatment unit. This results in a higher amount of biogas, 

but can also result in a higher concentration of recalcitrant COD. Therefore the load of solid 

materials sent to the anaerobic waste water treatment plant should generally be reduced. This 

can be done by, for example, installing a suitable sieve at the entrance of the anaerobic 

treatment plant or installing a sedimentation unit at the entrance of the anaerobic treatment 

plant. All solids collected could be sent to a digester. 

 

 
2.3.6.2.2.1 Upflow anaerobic sludge blanket (UASB) process 

 

Description 

An anaerobic process where waste water is introduced at the bottom of the reactor from where it 

flows upward through a sludge blanket composed of biologically formed granules or particles. 

The waste water phase passes into a settling chamber where the solid content is separated; the 

gases are collected in domes at the top of the reactor.  

 

Technical description 
In the UASB system, the waste water is directed to the bottom of the reactor for uniform 

distribution. The waste water passes through a blanket of naturally formed bacterial granules 

with good settling characteristics so that they are not easily washed out of the system. The 

bacteria carry out the reactions and then natural convection raises a mixture of gas, treated waste 

water and sludge granules to the top of the reactor. Patented three-phase separator arrangements 

are used to separate the final waste water from the solids (biomass) and the biogas. 
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Achieved environmental benefits 
Reduced BOD and TOC or COD emission levels and sludge stabilisation. 

 

Environmental performance and operational data 
Loadings of up to 60 kg COD/m

3
 per day have been reported, but a more typical loading rate is 

10 kg COD/m
3
 per day with a hydraulic retention time of 4 hours [ 8, Environment Agency of 

England and Wales 2000 ]. Table 2.51 shows the reported performance of a UASB reactor in 

the brewing sector. 
 

 

Table 2.51: Reported performance of a UASB reactor in the brewing sector 

Initial load  

(kg COD/m
3
 per day) 

5ï10 

Final COD level 

(mg/l) 100ï500 

Sludge generated per 

kg of COD removed 

(TSS/kg) 
0.04ï0.08 

NB: Further treatment is necessary to discharge waste 

water with these concentrations to a receiving water 

body. 

Source: [ 72, Brewers Europe 2002 ] 

 

 

One disadvantage of the UASB reactor is the techniqueôs sensitivity to FOG. Fat emission 

levels have to be below 50 mg/l in the waste water; otherwise they have a detrimental effect on 

the process. On the other hand, a particular advantage of the process is the formation of pellets. 

This allows 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.  

This process is particularly suitable for waste water with a low solid content and with relatively 

low influent COD levels (< 2 000 mg/l) and when a small surface area is available. 

 

Cross-media effects 

There is a need for an additional downstream biological (aerobic) treatment. Odour abatement 

might be necessary. 

 

Technical considerations relevant to applicability 
Applicable in FDM installations with waste water containing a high load of soluble wastes. 
 

Economics 

Investment costs of EUR 850 000 have been reported, including an equalisation tank, UASB 

reactor, equipment for biogas utilisation for hot water production (treating around 200 m
3
/day of 

waste water and a COD load around 2.5 t COD/day). 
 

Investment costs of EUR 2 million have been reported including pretreatment (equalisation 

tank, dissolved air flotation (DAF)), UASB reactor, optimisation of existing aerobic biological 

treatment, biogas conditioning (drying, compression) for treatment of around 1 000 m
3
/day of 

waste water and a COD load of around 4.5 t COD/day. 

 

Driving force for implementation 

¶ Pretreatment of waste water with high TOC or COD and BOD loads before aerobic 

treatment.  

¶ Energy recovery from methanisation. 

 

Example plants 
This technique has been reported in several FDM installations belonging to the dairy, fruit and 

vegetable, brewing, starch and sugar sectors [ 193, TWG 2015 ]. Sludge bed reactors are the 

most widespread used reactors in the FDM sector. 
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Reference literature 

[ 8, Environment Agency of England and Wales 2000 ], [ 72, Brewers Europe 2002 ], 

[ 116, CIAA-AAC-UFE 2003 ], [ 168, COM 2016 ], [ 193, TWG 2015 ] 

 

 
2.3.6.2.2.2 Anaerobic contact process  

 

Description 

An anaerobic process where waste water is mixed with recycled sludge solids and then digested 

in a sealed reactor. The water/sludge mixture is separated externally. 

 

Technical description 
Untreated waste water is mixed with recycled sludge and then digested in a reactor sealed off 

from the entry of air. The waste water/sludge mixture is externally separated (e.g. by 

sedimentation or by DAF). The anaerobic contact process can be linked to the aerobic activated 

sludge process, as separation and recirculation of the biomass is incorporated into the design. 

The anaerobic degradation process results in a mixture of methane and carbon dioxide in a ratio 

of 1/1 to 3/1, thus producing a combustible gas with a high energy content which is normally 

used for fuel replacement or other energy supply facilities. 

 

Achieved environmental benefits 
Reduced BOD and TOC or COD emission levels and sludge stabilisation. Reduced generation 

of sludge compared to aerobic processes. 

 

Environmental performance and operational data 
Compared with the high-performance processes of UASB (see Section 2.3.6.2.2.1) and 

expanded and fluidised bed reactors (see Section 2.3.6.2.2.6), contact stabilisation processes do 

not produce such high biomass concentrations in the reactor and are, therefore, run at 

comparatively lower space loadings (usually up to 5 kg COD/m
3
 per day). Their main 

advantage, however, lies in their relatively trouble-free operation and, in particular, their lack of 

clogging problems. 

 

Since the anaerobic sludge produces gas outside the reactor and the gas volume continues to 

rise, there is frequently a need for a degasification unit between the methane reactor and the 

separator unit. The degasification may be achieved by means of vacuum degassing, stripping, 

cooling or slowly rotating agitators. This feature allows the process to be operated at 6ï14 h 

retention times. 

 

In a fruit and vegetable installation (#030), the addition of an anaerobic stage as a first step in an 

existing waste water treatment plant led to an organic load reduction of more than 60 %. In a 

brewery installation (#360), waste water was treated in an anaerobic reactor with a capacity of 

8 000 m
3
/d and 40 000 kg COD/day, achieving an 80 % reduction in COD emission levels 

[ 193, TWG 2015 ]. 

 

Cross-media effects 

Normally, anaerobic processes are run as biological high-load stages that need an additional 

downstream biological (aerobic) treatment. Compared with aerobic processes, the energy 

consumption is considerably less, because energy is not needed for air or oxygen supply to the 

reactor, only for efficient stirring.  

 

The arising of combustible gases and the formation of metabolites such as short-chain 

carboxylic acids make the use of closed equipment necessary to prevent the efflux of odour. 

Odour abatement might be necessary. 

 

Technical considerations relevant to applicability 
Applicable in FDM installations with waste water containing a high load of soluble wastes. 
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Economics 

An investment cost of EUR 1 600 000 and annual operating cost of EUR 50 000 have been 

reported for the anaerobic treatment stage, associated with a WWTP capacity of 2 500 m
3
/day 

[ 193, TWG 2015 ]. 

 

Driving force for implementation 

¶ Pretreatment of waste water with high TOC or COD and BOD loads before aerobic 

treatment. 

¶ Energy recovery from methanisation. 

 

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

 

Reference literature 

[ 8, Environment Agency of England and Wales 2000 ], [ 78, Metcalf & Eddy 1991 ], 

[ 193, TWG 2015 ] 

 

 
2.3.6.2.2.3 Anaerobic lagoons  

 

Description 

Shallow earthen basins for the anaerobic treatment of waste water, the contents of which are not 

mixed. 

 

Technical description 
Anaerobic lagoons are similar to aerobic lagoons (see Section 2.3.6.2.1.2), with the difference 

that the contents of anaerobic lagoons are not mixed [ 78, Metcalf & Eddy 1991 ]. They may 

give rise to odour problems, due to H2S emissions [ 116, CIAA-AAC-UFE 2003 ]. In the soft 

and alcoholic drinks sector, it has been reported that anaerobic lagoons are more than 2 m deep. 

 

Achieved environmental benefits 
Reduced BOD and TOC or COD emission levels and sludge stabilisation. 

 

Environmental performance and operational data 

No information provided. 

 

Cross-media effects 
Potential odour nuisance, soil deterioration and groundwater contamination. 

 

Technical considerations relevant to applicability 
Applicable in FDM installations with waste water containing a high load of soluble wastes. 

 

Economics 

No information provided. 

 

Driving force for implementation 

To pretreat waste water with high TOC or COD and BOD loads before aerobic treatment. 

 

Example plants 
This technique has been reported in several FDM installations belonging to the sugar 

manufacturing sector [ 193, TWG 2015 ]. 

 

Reference literature 
[ 78, Metcalf & Eddy 1991 ], [ 116, CIAA-AAC-UFE 2003 ], [ 193, TWG 2015 ] 
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2.3.6.2.2.4 Anaerobic filters  

 

Description 

The growth of anaerobic bacteria is established on a packaging material. 
 

Technical description 
In the anaerobic filter, the growth of anaerobic bacteria is established on a packaging material. 

The packaging retains the biomass within the reactor and it also assists in the separation of the 

gas from the liquid phase. The system can be operated in the upflow or downflow mode. 
 

Achieved environmental benefits 
Reduced BOD and TOC or COD emission levels and sludge stabilisation. 
 

Environmental performance and operational data 
Because the bacteria are retained on the media and do not wash off in the waste water, mean cell 

residence times in the order of 100 days can be obtained. The technique is suitable for treating 

heavily polluted waste water with a COD concentration of 10 000ï70 000 mg/l. 

 

In a dairy (#296), an anaerobic filter is installed and designed to treat 4 500 m
3
 of effluent and to 

achieve a COD reduction of between 80 % and 90 %. The system achieves a COD reduction of 

80 % on a consistent basis. The filter vessel is randomly packed with plastic rings which 

provide a host for the growth of fixed biofilms. The system is designed as a downflow system 

whereby the effluent is pumped to the top of the vessel from where it is directed to a series of 

sprinkler heads which disperse the water over the bed. The effluent falls through the bed via 

gravity and is collected at the base. It is noted that a recirculation loop is incorporated within the 

anaerobic system to recirculate approximately 50 % of the flow to the top of the bed. Biogas 

generated from the system is collected from the top of the tank and is directed to a CHP plant 

for electricity generation. The anaerobic plant uses approximately 680 kWh of electricity per 

day. Overall, the system is a net producer of electricity with 350 litres of methane produced per 

kg of COD [ 193, TWG 2015 ]. 

 

Cross-media effects 

There is a need for an additional downstream biological (aerobic) treatment. Odour abatement 

might be necessary. 

 

Technical considerations relevant to applicability 
Applicable in FDM installations with waste water containing a high load of soluble wastes. 

 

Economics 

No information provided. 

 

Driving force for implementation 

¶ Pretreatment of waste water with high TOC or COD and BOD loads before aerobic 

treatment.  

¶ Energy recovery from methanisation. 

 

Example plants 
This technique has been reported in two FDM installations (#296, #378) belonging to the dairy 

sector [ 193, TWG 2015 ]. 

 

Reference literature 
[ 1, CIAA 2002 ], [ 8, Environment Agency of England and Wales 2000 ], 

[ 35, Germany 2002 ], [ 78, Metcalf & Eddy 1991 ], [ 193, TWG 2015 ]  
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2.3.6.2.2.5 Internal circulation (IC) reactors  

 

Description 

Two UASB reactor compartments can be put on top of each other, one high-loaded and one 

low-loaded. 

 

Technical description 
There is a special configuration of the UASB process (see Section 2.3.6.2.2.1), i.e. the IC 

reactor, in which two UASB reactor compartments can be put on top of each other, one high-

loaded and one low-loaded. The biogas collected in the first stage drives a gas-lift , resulting in 

an internal recirculation of the waste water and sludge, hence the process name. 

 

Achieved environmental benefits 
Reduced BOD and TOC or COD emission levels and sludge stabilisation. 

 

Environmental performance and operational data 
One of the main advantages of the IC reactor is that it can undergo a certain amount of self-

regulation, irrespective of the variations in incoming flows and loads. As the load increases, the 

quantity of methane generated also increases, and further increases the degree of recirculation 

and hence dilution of the incoming load. Typical loading rates for this process are in the range 

of 15ï35 kg COD/m
3
 per day [ 8, Environment Agency of England and Wales 2000 ]. 

 

Cross-media effects 

No information provided. 

 

Technical considerations relevant to applicability 
Applicable in FDM installations with waste water containing a high load of soluble wastes. 

 

Economics 

No information provided. 

 

Driving force for implementation 

¶ Pretreatment of waste water with high TOC or COD and BOD loads before aerobic 

treatment.  

¶ Energy recovery from methanisation. 
 

Example plants 
This technique has been reported in several FDM installations belonging to the brewing, oilseed 

processing and refining, starch and dairy sectors [ 193, TWG 2015 ]. 

 

Reference literature 
[ 8, Environment Agency of England and Wales 2000 ], [ 193, TWG 2015 ] 
 

 

2.3.6.2.2.6 Fluidised and expanded bed reactors  

 

Description 

Anarobic filter where the particles and the biomass are completely mixed. 

 

Technical description 
These reactors are similar to the anaerobic filters (see Section 2.3.6.2.2.4). If the particles and 

biomass are completely mixed, the process is known as a fluidised bed, whereas a partially 

mixed system is known as an expanded bed.  

 

Achieved environmental benefits 
Reduced BOD and TOC or COD emission levels and sludge stabilisation. 
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Environmental performance and operational data 
To achieve high volume-time yields of 15ï35 kg COD/m

3
 per day, it is absolutely essential to 

fill the methane reactors with as constant a volume of adequately acidified solids-free waste 

water as possible. For this reason, all large-scale systems have been built as two-stage systems, 

i.e. with a separate acidification stage. In large-scale systems, the influent waste water for 

treatment has relatively low pollution loads with an average COD level of between 1 500 mg/l 

and 3 600 mg/l [ 35, Germany 2002 ]. 
 

In the fluidised bed reactor the carrier material is constantly in motion, with a bed expansion of 

50 % or more. The carrier material (usually sand but sometimes pumice or plastic pellets) is 

kept in suspension by means of high recirculation rates. The recirculation is strong enough to 

keep the carrier material in suspension, but care should be taken to ensure that excessive 

circulation does not cause the biomass to become detached from the carrier material. 
 

The expanded bed reactor also incorporates support media, often sand or synthetic plastic 

materials. Light materials are often used to minimise the upflow velocities required to fluidise 

the beds and particle sizes are typically in the range of 0.3ï1.0 mm [ 8, Environment Agency of 

England and Wales 2000 ]. 
 

Cross-media effects 

There is a need for an additional downstream biological (aerobic) treatment. Odour abatement 

might be necessary. 

 

Technical considerations relevant to applicability 
Applicable in FDM installations with waste water containing a high load of soluble wastes. 
 

Economics 

No information provided. 
 

Driving force for implementation 

¶ Pretreatment of waste water with high TOC or COD and BOD loads before aerobic 

treatment.  

¶ Energy recovery from methanisation. 

 

Example plants 
Used in the sugar sector. This technique has also been reported in one FDM installation (#096) 

belonging to the oilseed sector [ 193, TWG 2015 ]. 

 

Reference literature 
[ 8, Environment Agency of England and Wales 2000 ], [ 35, Germany 2002 ], 

[ 193, TWG 2015 ]  

 

 
2.3.6.2.2.7 Expanded granular sludge bed reactors (EGSB)  

 

Description 

A UASB reactor operated with a greater depth of granular sludge and a higher water rise rate. 

 

Technical description 
EGSB reactors use granular sludge of the type found in UASB reactors (see Section 2.3.6.2.2.1) 

but they operate with a greater depth of granular sludge and a higher water rise rate. The 

digester uses recirculated treated water and is fitted with a three-phase (solid, liquid, gas) 

separator. 

 

Achieved environmental benefits 
Reduced BOD and TOC or COD emission levels and sludge stabilisation. 
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Environmental performance and operational data 
Loading rates up to 35 kg COD/m

3
 per day have been reported [ 8, Environment Agency of 

England and Wales 2000 ]. The water rise rate is typically 3 m
3
/h, compared to 1 m

3
/h for a 

UASB. The initial commissioning/acclimatisation phase is not long for EGSB reactors. Table 

2.52 shows the reported performance of an EGSB reactor in the brewing sector. 

 

 
Table 2.52: Reported performance of an EGSB reactor in the brewing sector 

Initial load  

(kg COD/m
3
 per day) 

15ï25 

Final COD level 

(mg/l) 
100ï500 

Sludge generated per kg of 

COD removed  

(SS/kg) 
0.04ï0.08 

NB: Further treatment is necessary to discharge waste 

water with these concentrations to a receiving water body 

Source: [ 72, Brewers Europe 2002 ] 

 

 

In an example molasses distillery, an EGSB reactor treats the condensed vapours from the 

condensation unit and the singlings from distillation/rectification. The reactor reduces the COD 

load in the downstream activated sludge unit. The methane gas produced is burned in a CHP 

plant, to generate electricity and heat. The high efficiency of the reactor results in the production 

of only small quantities of surplus aerobic sludge. In this example, it is concentrated in a 

decanter and used for agricultural purposes or disposed of to a MWWTP. 

 

Cross-media effects 

There is a need for an additional downstream biological (aerobic) treatment. Odour abatement 

might be necessary. 

 

Technical considerations relevant to applicability  
Applicable in FDM installations with waste water containing a high load of soluble wastes. 

 

Economics 

Investment costs of EUR 3 900 000 have been reported including pretreatment (sieve, 

equalisation tank, dissolved air flotation (DAF)), EGSB reactor, aerobic treatment step 

(nitrification, denitrification), filter, biogas conditioning and utilisation for hot water production 

(treating around 1 500 m
3
/day of waste water and a COD load of around 3.5 t COD/day). 

 

Driving force for implementation 

¶ Pretreatment of waste water with high TOC or COD and BOD loads before aerobic 

treatment.  

¶ Energy recovery from methanisation. 

 

Example plants 
This technique has been reported in several FDM installations belonging to the sugar, ethanol 

brewing, oilseed processing and refining, starch and dairy sectors [ 193, TWG 2015 ]. 

 

Reference literature 
[ 8, Environment Agency of England and Wales 2000 ], [ 35, Germany 2002 ], 

[ 72, Brewers Europe 2002 ], [ 193, TWG 2015 ] 
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2.3.6.2.3 Aerobic/anaerobic treatment  

 
2.3.6.2.3.1 Membrane bioreactor (MBR) 

 

Description 

A combination of activated sludge treatment and membrane filtration. Two variants are used: a) 

an external recirculation loop between the activated sludge tank and the membrane module; and 

b) immersion of the membrane module in the aerated activated sludge tank, where the effluent is 

filtered through a hollow fibre membrane, with the biomass remaining in the tank. 

 

Technical description 
A MBR is a variation on a conventional activated sludge treatment whereby a number of 

membrane modules, or cartridges, replace the secondary clarifier and the tertiary filtration step 

(see Figure 2.15). Following biological treatment, the mixed liquor is pumped under static head 

pressure to the membrane unit where the solids and liquids are separated, the clean waste water 

is discharged, and the concentrated mixed liquor is pumped back to the bioreactor.  

 

The MBR can be operated in either aerobic or anaerobic mode, thereby increasing the range of 

suitable chemicals, e.g. used for membrane cleaning in biological treatment. Typical 

arrangements consist of vacuum-driven membrane units submerged in the aerated part of the 

bioreactor or pressure-driven membrane systems located outside the bioreactor. Membranes are 

typically configured hollow tube fibres or flat panels and have pore sizes ranging from 

0.1 microns to 0.4 microns. 

 

 

 

Source: [ 86, UBC Civil Engineering 2003 ] 

Figure 2.15: Simplified process flow diagram of the MBR system 

 

 

Achieved environmental benefits 
The achieved environmental benefits of the use of a membrane bioreactor include [ 168, COM 

2016 ]: 

 

¶ reduction of the load of suspended solids, COD or TOC, BOD, and TP by 95ï99 %; 

¶ reduction of the microbiological health risk to levels that comply with 

Directive 2006/7/EC concerning the management of bathing water quality; 

¶ reduction of the volume of sludge compared to conventional aerated sludge treatment; 

¶ reduction of the plant footprint compared to conventional aerated sludge treatment, 

especially if tertiary filtration and a UV disinfection unit are necessary to achieve 

comparable output quality. 
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Environmental performance and operational data 
A MBR operates across a range of loading rates, but can achieve a higher treatment rate in a 

number of ways, i.e. increased static pressure increases the amount of dissolved oxygen thereby 

aiding mass transfer; using oxygen instead of air; and using a multistage system to optimise the 

process. For oil and grease applications, concentrations of BOD in the waste water may be 

reduced to less than 15 mg/l. 

 

A MBR provides highly efficient biomass separation, allowing the biomass concentration 

within the upstream reactor to be up to 10 times greater than the concentration normally 

attainable in a conventional suspended growth system. When using a MBR, no secondary 

sedimentation is required and: 

 

¶ very broad MLSS levels can be achieved in the bioreactor, i.e. 12ï17 000 mg/l; 

¶ very low COD and TSS emission levels can be achieved after treatment; the dairy 

installation #409 reported emission levels in the range of 2ï4 mg COD/l and 4.6ï11 mg 

TSS/l as yearly averages [ 193, TWG 2015 ]. 

 

The energy consumption, for pumping, might be significantly higher than in conventional 

activated sludge processes but it can be minimised by applying gravity feed to the waste water. 

An example dairy in Ireland treats 9 000 m
3
 of waste water per day to high standards for 

discharge to a local watercourse, applying gravity feed to make the process low-energy-

intensive. The dairy installation #409 reported an energy consumption of 2.6ï3.2 kWh/m
3
 of 

waste water treated when applying ultrafiltration almost continuously, and reverse osmosis to 

reuse waste water in the CIP process when needed. 

Fouling of the membranes may be a major problem. Aeration and backwashing are used to 

control this problem, which may result in additional waste water being produced. DAF (see 

Section 2.3.6.5.4) is used to scour and clean the membrane surfaces to prevent biofouling. 

 

Cross-media effects 
Cross-media effects include energy consumption (mainly for pumping and aeration) and 

chemical consumption (for membrane cleaning), as well as membrane replacement. 

 

Technical considerations relevant to applicability 
A MBR is applicable in all FDM installations. This technique has the advantage of having low 

space requirements. This system is ideal for higher-pollutant-load, lower-volume waste water. It 

is especially attractive in situations where a long solids retention time is required to achieve the 

necessary biological degradation of the pollutants. Furthermore, waste water containing not 

readily degradable compounds, e.g. phenols, pesticides, herbicides and chlorinated solvents, and 

high organic pollution can be treated with a MBR. Advantages and disadvantages compared to 

the conventional activated sludge process are given in Table 2.53. 
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Table 2.53: Advantages and disadvantages associated with membrane bioreactors  

Advantages Disadvantages 

¶ Smaller space requirements 

¶ Reduced amount of sludge (compared to 

conventional activated sludge system) 

¶ For medium to highly loaded influents (3ï30 g/l 

of COD), a major benefit of MBR treatment 

plants is the ability to keep a good efficiency with 

inlet COD variations, whereas keeping the same 

performance with a conventional activated sludge 

plant requires larger equalisation tanks than with 

MBRs 

¶ Contrary to a conventional clarifier, the MBR 

system may act as a physical barrier in upset 

conditions 

¶ Can operate at much higher solids concentrations 

(typically 8 000ï12 000 mg/l) compared to the 

conventional activated sludge system (typically 

3 000ï6 000 mg/l)  

¶ Once abrasion and pressure variations are under 

control, ceramic membranes have constant 

performance without aging loss 

¶ High energy costs because of the high 

pressure drop and high air flushing rate 

required for its operation 

¶ Membranes are sensitive to abrasion so, 

when retrofitting an existing WWTP with 

a MBR unit, it should be verified that 

abrasion will not occur (e.g. the quality of 

the concrete of the tanks should be 

checked)  

¶ Silicones in the influent must be 

prohibited as they rapidly plug the 

membranes 

¶ Pressure variations must be controlled as 

membranes are sensitive and can break 

Source: [ 168, COM 2016 ] 

 

 

Economics 
High energy costs, although the operating costs are comparable to or lower than an alternative 

aerobic waste water treatment with similar emission levels to those obtained by a MBR. 

 

Driving force for implementation 

Possibility to reuse the water and therefore reduced costs. 

 

Example plants 
This technique has been reported in several FDM installations belonging to the dairy, fruit and 

vegetable, and oilseed processing and refining sectors [ 193, TWG 2015 ]. Example installations 

include #401, #406 and #409. 

 

Reference literature 

[ 8, Environment Agency of England and Wales 2000 ], [ 86, UBC Civil Engineering 2003 ], 

[ 153, UK TWG 2004 ], [ 168, COM 2016 ], [ 193, TWG 2015 ] 

 

 
2.3.6.2.3.2 Multistage systems  

 

Description 

Combination of various aerobic and anaerobic techniques for waste water treatment. 

 

Technical description 
The various aerobic and anaerobic waste water treatment processes can be applied alone or in 

combination. When they are applied in combination arranged in series, the technique is called 

multistage systems. Waste water treatment takes place successively in individual stages, which 

are kept separate from each other by means of separate sludge circuits. 
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The following process combinations are generally used: 

 

¶ activated sludge/activated sludge; 

¶ trickling filter/trickling filter; 

¶ trickling filter/activated sludge; 

¶ activated sludge/trickling filter; 

¶ lagoons/activated sludge; 

¶ lagoons/trickling filter; 

¶ activated sludge/UASB reactor. 

 

Achieved environmental benefits 
Reduced BOD and TOC or COD emission levels. 

 

Environmental performance and operational data 
In various FDM sectors, a two-stage biological system, anaerobic followed by aerobic, can be 

used to achieve a quality of waste water suitable for reuse or direct discharge to a watercourse. 

 

The waste water from the oilseed installation (#086) for the processing of rape and soybeans, 

and the refining of rape, soya and palm oil, is generated from several unitary operations such as 

vacuum systems (by the use of vacuum ejectors), water and acid degumming, hexane recovery 

techniques, and wet scrubbers for air cleaning purposes, among others. The COD concentration 

of the waste water lies between 1 000 mg/l and 5 000 mg/l, which is mainly comprised of a 

mixture of long-chain fatty acids and volatile fatty acids. The waste water is treated in two 

consecutive stages: anaerobic treatment, by the use of a high-rate UASB reactor, and an 

activated sludge process divided into a high-load and a low-load phase. Phosphoric acid is used 

(0.5 m
3
/month) as a source of phosphorus in the anaerobic reactor. Each stage includes aeration 

basins and DAF units for sludge separation. The electricity consumption of the waste water 

treatment plant is 187 000ï212 000 kWh per month. The global removal efficiency is 96ï98 % 

for total COD (49 mg/l as a yearly average). The removal of total nitrogen is normally in the 

range of 65ï85 %. The removal of phosphorus lies between 15 % and 40 %. Biogas is produced 

at a rate of 0.27ï0.7 Nm
3
 per kg of COD removed in the anaerobic reactor. The biogas is used in 

the cogeneration plant to reduce natural gas consumption [ 193, TWG 2015 ]. 

 

In a sugar manufacturing installation (#412), the water used to convey sugar beet into the 

factory is separated from the beet using vibrating screens. The water, containing soil washed 

from the beet (during the fluming of the beet), is passed to a clarifier where the soil 

concentration is increased. The overflow from the clarifier is returned to the fluming system 

while the underflow is passed to settlement lagoons. Some natural treatment of the BOD in the 

water occurs in these lagoons while the soil settles. The water from these lagoons is then passed 

to anaerobic/aerobic treatment; where there is an excess of water for treatment, a certain 

quantity will be stored for water treatment. The effluent from the anaerobic treatment stage is 

split. Part is recycled to the fluming system to control pH and odour, while the rest is passed to 

anoxic and aerobic treatment, where it is co-processed with condensate that contains ammonia. 

The aerobic treatment has a removal capacity of approximately 7 tonnes of COD per day with 

an influent COD concentration of 1 000 mg/l and effluent COD concentration of 150 mg/l at 

300 m
3
/d [ 193, TWG 2015 ]. 

 

Cross-media effects and Driving force for implementation 

Those indicated for the corresponding techniques combined. 

 

Technical considerations relevant to applicability  
Applicable in FDM installations with highly polluted waste water. 

 

Economics 

An operating cost of EUR 2ï3 per m
3
 of treated waste water was reported for an activated 

sludge/UASB reactor system.  
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An annual operating cost of around EUR 650 000 (costs of fuel, electricity, consumables, labour 

and maintenance) was reported for a combined aerobic and anaerobic waste water treatment 

system with a capacity of around 1 300 000 m
3
/year [ 193, TWG 2015 ]. 

 

Example plants 
This technique has been reported in several FDM installations belonging to the sugar, dairy, soft 

drinks and juice and starch sectors [ 193, TWG 2015 ]. 

 

Reference literature 

[ 193, TWG 2015 ] 

 

 

2.3.6.3 Nitrogen removal  
 
2.3.6.3.1 Nitrification and denitrification  

 

Description 

A two-step process that is typically incorporated into biological waste water treatment plants. 

The first step is the aerobic nitrification where microorganisms oxidise ammonium (NH4
+
) to 

the intermediate nitrite (NO2
-
), which is then further oxidised to nitrate (NO3

-
). In the 

subsequent anoxic denitrification step, microorganisms chemically reduce nitrate to nitrogen 

gas. 
 

Technical description 
A more detailed technical description of biological nitrification and denitrification can be found 

in the CWW BREF [ 168, COM 2016 ]. 

 

Achieved environmental benefits 
Nitrogen emission levels are reduced and energy is saved. 

 

Environmental performance and operational data 
This technique has a potential to achieve a high removal efficiency, a high process stability and 

reliability, relatively easy process control and space requirements. 

 

In the starch sector, it is reported that nitrification and denitrification reactions occur in an 

anoxic medium which can be obtained either by a sequenced aeration of the activated sludge 

tank or in a separate anoxic zone. The removal of nitrogen is carried out using preceding 

denitrification. 

 

Cross-media effects 

Biological nitrification and denitrification imply the consumption of energy. In some cases, an 

external carbon source needs to be added. 

 

Technical considerations relevant to applicability 
Nitrification may not be applicable in the case of high chloride concentrations (e.g. above 

10 g/l) and if  the reduction of the chloride concentration prior to nitrification would not be 

justified by the environmental benefits. Moreover, the nitrification process may not be 

applicable when the temperature of waste water is low (e.g. below 12 °C). This technique is not 

applicable when the final treatment does not include a biological treatment.  

 

Economics 
Investment costs of EUR 1 300 000 are reported for an aerobic treatment step for nitrification 

and denitrification (treating around 1 500 m
3
/day of waste water, a COD load of around 1.0 t 

COD/day and a total nitrogen load of 150 t TN/day. 

 

Driving force for implementation  
Member States' legislation to reduce eutrophication of fresh water. 
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Example plants 
This technique is widely used in FDM installations [ 193, TWG 2015 ]. 

 

Reference literature 
[ 35, Germany 2002 ], [ 14, VITO et al. 2001 ], [ 78, Metcalf & Eddy 1991 ], 

[ 168, COM 2016 ], [ 193, TWG 2015 ] 

 

 
2.3.6.3.2 Partial nitritation-anaerobic ammonium oxidation  

 

Description 

A biological process that converts ammonium and nitrite into nitrogen gas under anaerobic 

conditions. In waste water treatment, anaerobic ammonium oxidation is preceded by a partial 

nitrification (i.e. nitritation) that converts about half of the ammonium (NH4
+
) into nitrite (NO2

-
). 

 

Technical description 

The anaerobic ammonium oxidation process is used for nitrogen removal instead of the classic 

nitrifi cation-denitrification process. This conversion is a shortcut in the natural nitrogen cycle 

where ammonium and nitrite are converted to nitrogen gas. In a first aerated step (preventing 

conditions for nitrate formation), ammonium is oxidised to nitrite; then the conversion of nitrite 

to nitrogen gas takes place in an anaerobic second step where the relevant bacteria are present. 

 

Achieved environmental benefits 

Nitrogen emission levels are reduced and energy is saved. 

 

Environmental performance and operational data 

The conventional activated sludge treatment of waste water in a Dutch potato processing 

installation (#453) was retrofitted with a partial nitritation-anaerobic ammonium oxidation 

process in 2011. An additional tank was built for the implementation of the process. The applied 

process has a total nitrogen (TN) removal efficiency of around 90 %. As one oxidation step 

(nitriteŸnitrate) is avoided by applying the partial nitritation-anaerobic ammonium 

oxidation process, less oxygen/air is used. Also, lower amounts of sludge are generated, in 

relation to the classic nitrification-denitrification process. Ammonium and nitrate are monitored 

in the aerated tank to optimise the oxygen supply. The organic load is also monitored and 

adjusted through recirculation of waste water. 

 

Cross-media effects 

Ammonium oxidation implies the consumption of energy. 

 

Technical considerations relevant to applicability 
This technique is not applicable when the final treatment does not include a biological 

treatment. The technique may not be applicable when the temperature of waste water is low. 

 

Economics 

The operational costs of the WWTP can be reduced to around 60 % compared to a conventional 

nitrification/denitrification step. 

 

Driving force for implementation 

Member Statesô legislation to reduce eutrophication of fresh water. 

 

Example plants 

The technique is applied to various FDM installations. 

 

Reference literature 
[ 55, COM 2017 ] 
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2.3.6.3.3 Ammonia stripping  

 

Description 

Waste water is brought into contact with a high flow of an airstream in order to transfer 

ammonia from the water phase to the gas phase. 

 

Technical description 
In the FDM sector, condensate, which contains high concentrations of ammonium, can be 

stripped of ammonia in a two-step system. The system consists of a desorption and an 

adsorption column, which are both filled with packaging material to increase the water-air 

interface. 

 

The desorption column is charged with an alkalised condensate from the top, to shift the NH4
+ 
-

NH3 equilibrium in the direction of NH3, which subsequently drops downwards in the column. 

At the same time, air is injected at the base of the column. In the countercurrent process, a 

transfer of ammonia, therefore, takes place from the aqueous phase into the gaseous phase. 

 

Subsequently, the air enriched with ammonia is transferred into the adsorption column, where 

the removal of the ammonia from the stripping air is effected by an acidic solution, 

approximately 40 % ammonium sulphate, being circulated in the desorption column. The air 

now cleansed of ammonia is finally reused for stripping. 

 

The condensate, which has a low ammonium content after stripping, is partially reused as 

service water and the remaining condensate surplus is channelled into the aerobic biological 

purification process. The technique is summarised in Figure 2.16. 

 

 

 

Source: [ 192, COM 2006 ] 

Figure 2.16: The ammonia stripping process 
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Achieved environmental benefits 
These include reduced nitrogen emission levels. Less waste is created, i.e. the ammonium 

sulphate ((NH4)2SO4) solution created during this process can be utilised as a liquid fertiliser or 

non-protein source of nitrogen for the feeding of ruminants. Cleansed water can be reused as 

service water, i.e. reuse of condensate, which has a low ammonium content.  

 

Environmental performance and operational data 
Ammonium concentrations of < 2 mg/l can be achieved in the outflow. This corresponds to an 

efficiency degree of approximately 99 %. Example design parameters for ammonia stripping 

from condensate generated in the sugar sector are shown in Table 2.54. 

 

 
Table 2.54: Design parameters for ammonia stripping of industrial waste water (condensate) from 

the sugar sector 

Parameter Units Value 

Water throughput m
3
/h 400 

Ammonia concentration in the 

condensate 
mg/l 150 

Ammonium concentration in the 

outflow (at 55 °C) 
mg/l 1.7 

Air consumption Nm
3
/h 320 000 

Energy consumption kW 300 
Source: [ 192, COM 2006 ] 

 

 

Cross-media effects 

Energy consumption is required for pouring the waste water into the adsorption columns. The 

condensate should be treated in the WWTP.  

 

Technical considerations relevant to applicability 
Technically, the process of ammonia stripping has proven itself for waste water streams with 

high ammonia concentrations. 

 

Economics 

No information provided. 

 

Driving force for implementation 
The low-ammonium-content condensate and the ammonium sulphate solution can both be 

reused. 

 

Example plants 

This technique has been reported in one FDM installation (#295) belonging to the dairy sector 

[ 193, TWG 2015 ]. 

 

Reference literature 
[ 35, Germany 2002 ], [ 192, COM 2006 ], [ 193, TWG 2015 ] 
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2.3.6.4 Phosphorus recovery and/or removal  
 
2.3.6.4.1 Phosphorus recovery as struvite 

 

Description 

Phosphorus is recovered by precipitation in the form of struvite (magnesium ammonium 

phosphate). 

 

Technical description 

In the case of waste water containing high concentrations of phosphate, phosphorus can be 

recovered by precipitation of struvite. The reaction takes place by adding magnesium, at pH 

levels of 7.5 to 10. The result will be the formation of struvite (magnesium ammonium 

phosphate): 

 

Mg
2+

 + NH4
+
 + HPO4

2-
 + 6 H2O --> MgNH4PO4 Å 6H2O 

 

The most common technique for phosphorus recovery as struvite in the FDM sector is carried 

out using waste water in stirred tank reactors, after anaerobic digestion. The waste water is 

usually aerated in a first tank (see Figure 2.18), which results in a pH increase due to CO2 

stripping. The process continues in a second reactor (where the magnesium chloride or 

magnesium oxide is mixed with the waste water) and a separation unit, where struvite is 

removed from the waste water, dewatered and dried. Recovered struvite has a crystal structure 

that is pure and can be reused as a fertiliser. 

 

 

 
Source: [ 148, Colsen b.v. 2013 ] 

Figure 2.17: Flow diagram for one example of phosphorus recovery as struvite 

 

 

In sectors other than FDM, struvite is recovered from sewage liquors or sewage sludge digestate 

with tens of installations operating at full scale worldwide, or from manure digestate or certain 

industry waste waters (semi-conductor industry, fertiliser industry, etc.). Other similar 

techniques exist at the development stage or operating at full scale for municipal waste waters 

or manures, recovering other phosphate salts (e.g. potassium struvite, brushite) or phosphoric 

acid which can be used in industry or converted to phosphate fertiliser products. These 

techniques could potentially also be used in the FDM sector [ 2, IED Forum 2018 ]. For a 

general description of chemical precipitation see Section 2.3.6.4.2. 
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Achieved environmental benefits 

Reduced total phosphorus emission levels. Reduction of sludge production in the WWTP 

compared to chemical phosphorus precipitation. Recovery of phosphorus for other uses (e.g. as 

fertiliser).  
 

The EU depends on imports for more than 90 % of its phosphorus. Phosphate rock and white 

phosphorus P4 are both on the EU List of Critical Raw Materials. 
 

Environmental performance and operational data 

Struvite precipitation is carried out at full scale at several potato processing installations. For 

example in Belgium, the struvite recovery system was installed in the bypass between the 

UASB and the aerobic treatment in two potato processing installations. 
 

In the Netherlands, a potato processing installation produces 1.8 t/day of struvite from 5 000 m
3
 

of waste water/day; the average TP concentration is 50 mg/l in the influent, and 10 mg/l in the 

effluent. Another potato processing installation produces 1.1 t/day of struvite from 2 880 m
3
 of 

waste water/day; the average TP concentration is 90 mg/l in the influent, and 15 mg/l in the 

effluent [ 148, Colsen b.v. 2013 ].  
 

In summary, average removal efficiencies of 80ï90 % have been reported. The effluent 

concentration that can be reached is no lower than 10ï20 mg P-PO4/l. When phosphate is 

recovered from the sewage sludge directly after anaerobic digestion, the risk of scaling 

problems in the remainder of the sludge line can be significantly reduced. 
 

Cross-media effects 

No information provided. 
 

Technical considerations relevant to applicability 

The technique is only applicable to waste water streams with a high total phosphorus content 

(e.g. above 50 mg/l) and a significant flow. Potato processing installations could be suitable for 

phosphate recovery since their waste water contains high concentrations of phosphate. Dairy, 

brewery and starch manufacturing industries have less phosphorus in their waste water and 

therefore the operational cost to recover phosphate as struvite will be more expensive. 

 

Economics 

An investment cost of around EUR 983 000 for the treatment of 120 m
3
/h of waste water has 

been reported, for achieving an outlet P-PO4 concentration of 20 ppm (inlet P-PO4 concentration 

around 150 ppm) [ 193, TWG 2015 ]. The cost of recovery is lower compared to phosphorus 

removal by chemical precipitation using, for example, FeCl3.  

 

Phosphorus recovery as struvite can also result in a decrease in the costs for the treatment and 

disposal of sludge. There are potential revenues from selling the recovered struvite. 

 

Driving for ce for implementation 

In conventional waste water treatment plants the remaining phosphorus is mainly eliminated by 

chemical precipitation with metal salts. However, large amounts of chemicals are required to 

obtain low emission levels (1 mg/l or 2 mg/l of TP), and large volumes of sludge are produced. 

Furthermore, metal phosphate salts, such as iron or aluminium, cannot be reused in agriculture 

because the iron or aluminium phosphates are not available for plants under normal pH 

conditions. Due to the presence of iron or aluminium (which are added to precipitate 

phosphates) and the increasing contamination of waste water sludge with heavy metals and 

toxic organic substances, its application in agriculture has become increasingly unpopular or has 

been phased out completely [ 146, Desmidt et al. 2015 ]. 

 

The recovered phosphate can be reused as a fertiliser, either directly or after further processing, 

improving the economic feasibility of the investment. For direct use as a fertiliser, the struvite 

produced has to be certified and recognised. Phosphorus recovery as struvite can help to prevent 

scaling problems in the WWTP. 
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Example plants 

¶ Three FDM installations for processing potatoes in Belgium (#031) and the Netherlands 

(#453 and #461) [ 193, TWG 2015 ]. 

¶ Three potato processing installations in Belgium [ 141, NuReSys 2016 ]: 

o Agristo: 750 kg struvite/day generated from 60 m
3
 waste water/h, start-up in 

2008. 

o Clarebout potatoes (two installations): 1 800 kg struvite/day generated from 

120 m
3
 waste water/h, start-up in 2012; 1 100 kg struvite/day generated from 

80 m
3
 waste water/h, start-up in 2012. 

¶ A dairy installation in Germany has had a struvite plant in operation since 2006 with a 

capacity of 1 580 kg struvite/day generated from 125 m3 waste water/h [ 141, NuReSys 

2016 ]. 

 

Reference literature 

[ 2, IED Forum 2018 ], [ 55, COM 2017 ], [ 141, NuReSys 2016 ], [ 146, Desmidt et al. 2015 ],  

[ 148, Colsen b.v. 2013 ], [ 193, TWG 2015 ], [ 228, Belgium-VITO 2015 ] 
 

 

2.3.6.4.2 Precipitation  

 

Description 

Precipitation refers to the the conversion of dissolved pollutants into insoluble compounds by 

adding chemical precipitants. The solid precipitates formed are subsequently separated by 

sedimentation, air flotation, or filtration. Multivalent metal ions (e.g. calcium, aluminium, iron) 

are used for phosphorus precipitation. 

 

Technical description 

Chemical precipitation of phosphorus is a frequently utilised method of phosphorus removal 

that can be carried out at different stages in a biological WWTP. Phosphorus precipitation is the 

transformation of the soluble phosphates present in the waste water to insoluble chemical 

compounds (salts) followed by the removal of these insoluble precipitates by sedimentation or 

filtration. The most commonly utilised chemicals contain lime, aluminium (mainly alum) and 

iron (mainly ferric chloride). 
 

The consumption of precipitants can be optimised by online phosphorus monitoring of the 

influent to the reactor [ 156, Belgium-VITO 2015 ]. For a general description of precipitation 

see Section 2.3.6.4.2. 
 

Achieved environmental benefits 

Reduced phosphorus emission levels. 
 

Environmental performance and operational data 

In a dairy example installation (#296), a precipitation system for phosphorus removal comprises 

four tanks: a softening tank, a coagulation tank (where lime is added), a flocculation tank 

(where microsand is added) and a settling tank with lamellae and a scraper. As the solids settle, 

they are transferred to the hydrocyclone which separates the microsand from the sludge. The 

microsand is returned to the flocculation tank to minimise loss. For a total volume of around 

2 750 000 m
3
 of waste water in 2014, the amount of lime used was 516 tonnes; dewatering 

polyelectrolyte consumption was 9 000 kg and flocculating polyelectrolyte consumption was 

5 000 kg. The orthophosphate load was reduced by 84 %, achieving a TP concentration of 

0.36 mg/l as a yearly average [ 193, TWG 2015 ]. 
 

In another dairy installation (#406), nutrient-rich process water from the production of 

demineralised whey powder is routed to the phosphate removal plant (see Figure 2.17). Process 

water is mixed with solubilised hydrated lime to chemically combine the phosphate as 

Ca5(PO4)3(OH) of stoichiometric composition (19 wt-% P). A coagulant (ferric chloride) is 

added to assist the physical separation of the calcium phosphate precipitate in a lamella 

separator. The calcium phosphate precipitate is dewatered in a belt press assisted by the addition 
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of wash water and a low concentration of flocculant (a synthetic anionic polymer). The calcium 

phosphate cake comprising 19 wt-% P is conveyed from the belt press to a container for export 

from the site as wet cake (up to 40 % dry solids) at a rate of approximately 6 tonnes per day. 

The nutrient-rich stream from the production of demineralised whey is approximately 

460 m
3
/day containing approximately 360 kg/day of total phosphorus (as P). A reduction of 

90 % of the total phosphorus is achieved, obtaining a TP concentration in the effluent of 

1.8 mg/l as a yearly average [ 193, TWG 2015 ]. 
 

 

 
Source: [ 193, TWG 2015 ] 

Figure 2.18: Phosphorus removal by chemical precipitation 

 

 

The elimination of phosphorus from edible oil refinery waste water requires a biological waste 

water treatment to transform organically bound phosphorus into inorganic forms, as the former 

does not react with inorganic precipitants. Subsequently, precipitation by, for example, 

aluminium salts can achieve final emission levels of less than 4.5 g/t of unrefined oil [ 35, 

Germany 2002 ]. 
 

The total phosphorus emission levels from five Finnish potato starch installations with an 

activated sludge process and simultaneous precipitation are shown in Table 2.55. 
 

 

Table 2.55: Total phosphorus emission levels from five Finnish potato starch installations with an 

activated sludge process and simultaneous precipitation 

 Total phosphorus level 

(mg/l) 

Influent 30ï90 

Effluent 1ï2 
NB: Activated sludge load 0.1ï0.3 kg BOD/m3/d. 

Source: [ 192, COM 2006 ] 

 

 

Cross-media effects 

Generation of sludge and consumption of chemical precipitants. Metal phosphate salts, such as 

iron or aluminium, might not be used as fertilisers in agriculture because the iron or aluminium 

phosphates are not available for plants under normal pH conditions [ 146, Desmidt et al. 2015 ]. 
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Economics 

A total cost of around EUR 2 700 000 for the phosphorus precipitation plant in an existing dairy 

installation processing around 100 000 t of raw materials/year and average operating costs of 

around EUR 0.45 per m
3
 of treated waste water have been reported. The cost of an online tool 

for monitoring total phosphorus is around EUR 15 000 [ 193, TWG 2015 ]. 

 

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

 

Driving force for implementation 

When phosphorus removal is applied before the biological treatment, a reduction of the energy 

costs of the WWTP can be achieved. 

 

Example plants 

This technique is widely used in FDM installations. Example installations include #296 and 

#406 [ 193, TWG 2015 ]. 

 

Reference literature 

[ 35, Germany 2002 ], [ 146, Desmidt et al. 2015 ], [ 156, Belgium-VITO 2015 ], 

[ 192, COM 2006 ], [ 193, TWG 2015 ] 

 

 
2.3.6.4.3 Enhanced biological phosphorus removal  

 

Description 

A combination of aerobic and anaerobic treatment to selectively enrich polyphosphate-

accumulating microorganisms in the bacterial community within the activated sludge. These 

microorganisms take up more phosphorus than is required for normal growth. 

 

Technical description 
FDM waste water may contain significant amounts of phosphorus if the cleaning agents used 

have phosphate ingredients. A total of 10ï25 % of the phosphorus entering the system can be 

removed during primary or secondary treatment. If further removal is needed, biological 

treatment methods can also be used. These methods are based on stressing the microorganisms 

in the sludge so that they will take up more phosphorus than is required for normal cell growth. 

Two types of processes used for enhanced biological phosphorus removal (EBPR) are 

described: 

 

¶ The proprietary A/O process for mainstream phosphorus removal is used for combined 

carbon oxidation and phosphorus removal from waste water. This process is a single-

sludge suspended growth system that combines anaerobic and aerobic sections in 

sequence. 

¶ In the proprietary phostrip process for side-stream phosphorus removal, a portion of the 

return activated sludge is diverted to an anaerobic phosphorus stripping tank. 

 

Under certain operating conditions, more phosphorus than is needed may be taken up by the 

microorganisms, which is known as the luxury uptake. Under anaerobic conditions, the 

microorganisms break the high-energy bonds in internally accumulated polyphosphate, resulting 

in the release of phosphate and the consumption of organic matter in the form of volatile fatty 

acids (VFAs) or other easily biodegradable organic compounds. When the microorganisms are 

then put under aerobic conditions, they take up phosphate, forming internal polyphosphate 

molecules. This luxury uptake results in more phosphate being included in the cells than was 

released in the anaerobic zone, so the total phosphate concentration in the solution is reduced. 

When the microorganisms are wasted, the contained phosphate is also removed. A sufficient 

supply of VFAs is the key to removing phosphorus biologically [ 168, COM 2016 ]. 
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EBPR can be accomplished in conjunction with treatment plants that nitrify and/or denitrify, 

with and without primary sedimentation. Where both nitrogen and phosphorus are to be 

removed, combined processes are used most commonly. 

 

Achieved environmental benefits 
Reduced phosphorus, BOD and TOC or COD emission levels. 

 

Environmental performance and operational data 
Phosphorus removal efficiencies of various waste water treatment methods are summarised in 

Table 2.56. 

 

 
Table 2.56: Phosphorus removal efficiencies of various waste water treatment techniques 

Waste water treatment technique 

Phosphorus 

removal efficiency 

(%) 

Primary treatment (see Section 2.3.6.1) 10ï20 

Precipitation (see Section 2.3.6.5) 70ï90 

Activated sludge (see Section 2.3.6.2.1.1) 10ï25 

Trickling filter (see Section 2.3.6.2.1.5) 8ï12 

RBC (see Section 2.3.6.2.1.7) 8ï12 

EBPR (see Section 2.3.6.4.3) 70ï90 

Filtration (see Section 2.3.6.5.3) 20ï50 

RO (see Section 2.3.6.5.4) 90ï100 
Source: [ 192, COM 2006 ] 

 

 

In the brewery #157, waste water from the anaerobic reactor is driven to a reservoir where it is 

mixed with aerobic sludge (from the second sedimentation) and with untreated neutralised 

waste water (taken before anaerobic digestion). All these flows are recirculating and, in these 

conditions, the aerobic sludge encourages the growth of phosphorus-assimilating bacteria. 

Phosphorus concentrations of around 2ï3 mg/l have been reported after the application of this 

technique (around 80 % abatement efficiency). 

 

EBPR is reported to be more difficult to handle than precipitation. The sludge age should be 

kept below 7 days. The residence time should be less than an hour. 

 

Cross-media effects 

Pumping is needed to send the waste water to further aerobic treatment. 

 

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

 

Economics 

An investment cost of around EUR 160 000 was reported for a waste water flow rate of 

300 m
3
/h in a brewery. This was compensated with an annual economic saving of EUR 170 000 

due to the avoidance of chemicals previously used for phosphorus precipitation 

[ 193, TWG 2015 ]. 

 

Driving force for implementation  
To reduce the potential for eutrophication of fresh water. 

 

Example plants 
This technique has been reported in several FDM installations belonging to the brewing, fruit 

and vegetable, meat, starch and dairy sectors. Example installations include #024, #157 and 

#442 [ 193, TWG 2015 ].  
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Reference literature 
[ 14, VITO et al. 2001 ], [ 78, Metcalf & Eddy 1991 ], [ 168, COM 2016 ], [ 192, COM 2006 ], 

[ 193, TWG 2015 ] 

 

 

2.3.6.5 Final solids removal 
 
2.3.6.5.1 Coagulation and flocculation  

 

Description 

Coagulation and flocculation are used to separate suspended solids from waste water and are 

often carried out in successive steps. Coagulation is carried out by adding coagulants with 

charges opposite to those of the suspended solids. Flocculation is carried out by adding 

polymers, so that collisions of microfloc particles cause them to bond to produce larger flocs. 

 

Technical description 
When solid particles cannot be separated by simple gravitational means, e.g. when they are too 

small, their density is too close to that of water or when they form colloids/emulsions, 

coagulation and flocculation can be used. This technique converts the substances dissolved in 

the water into insoluble particles by means of a chemical reaction.  

 

This process consists of three major parts. The first stage is coagulation, which is carried out to 

destabilise the colloidal/emulsion system by reducing the chemical potential responsible for the 

system stability. This is generally undertaken by dosing with inorganic chemicals such as 

aluminium sulphate, ferric chloride, or lime. The next step is the flocculation of small particles 

into larger ones by mixing the waste water, which can be readily settled or floated. This may 

involve the addition of polyelectrolytes to form bridges to produce large flocs. Apart from 

coagulation-flocculation, some precipitation of metal hydroxides occurs and these hydroxides 

adsorb particles of fat. Following precipitation, sludges are removed by either sedimentation 

(see Section 2.3.6.5.2) or DAF (see Section 2.3.6.5.4), and before the biological treatment. 

 

This technique may also be applied simultaneously during secondary treatment, e.g. in the 

activated sludge process. For instances when precipitation is applied as a tertiary treatment for 

phosphorus removal, see Section 2.3.6.5. 

 

Achieved environmental benefits 
Reduction of TSS, FOG and phosphorus emission levels.  

 

Environmental performance and operational data 
The effectiveness of coagulation and flocculation and selection of the coagulants depend upon 

understanding the interaction between the charge, size, shape and density of the particles to be 

separated. The final selection of the coagulant(s) should be made following thorough jar testing 

and plant-scale evaluation. Considerations must be given to the required effluent quality, effect 

on downstream treatment process performance, cost, method and cost of sludge handling and 

disposal, and overall net cost at the dose required for effective treatment. 

 

Chemical treatment plants are difficult to operate as their performance is very susceptible to 

changing waste water characteristics so they are difficult to automate and require significant 

operator manpower. 

 

Cross-media effects 
Due to the addition of chemicals to the waste water, the dissolved solids/salt content may 

increase significantly and the solid waste produced might be difficult to reuse or dispose of. 

Another cross-media effect is the energy consumption for mixing. 

 

Technical considerations relevant to applicability  
Generally, there are no technical restrictions to the applicability of this technique. 
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Economics 
This technique produces solid waste which is expensive to dispose of. 

 

Driving force for implementation 

No information provided. 

 

Example plants 
The technique has been applied in several installations of the following FDM sectors: dairy, 

oilseed processing and refining, brewing, sugar manufacturing, starch production and fruit and 

vegetables [ 193, TWG 2015 ].  

 

Reference literature 

[ 35, Germany 2002 ], [ 109, Finland 2003 ], [ 193, TWG 2015 ] 

 

 
2.3.6.5.2 Sedimentation 

 

Description 

The separation of suspended particles by gravitational settling. 

 

Technical description 
A detailed technical description of sedimentation can be found in the CWW BREF 

[ 168, COM 2016 ]. 

 

Achieved environmental benefits 
These include reduction of TSS emission levels. The sludges generated might be recoverable as 

a by-product, e.g. for possible animal feed. TSS can also include particulate organics, i.e. 

sedimentation will reduce TOC or COD, TN and TP emission levels as well, as long as they are 

present as insoluble solid material. Its removal efficiency, however, depends on the proportion 

of solid TOC in the overall TOC. 

 

Environmental performance and operational data 
It has been reported that in the fish sector up to 35 % of the solids present can be removed by 

sedimentation. Table 2.57 shows the typical performance data of the brewery sector after 

sedimentation. 

 

 
Table 2.57: Typical performance data of the brewery sector after sedimentation 

Initial load  

(m
3
/m

2
/h) 

Final TSS 

(mg/l) 

0.5ï1.0 20ï30 
NB: The acceptable loading will depend on the sedimentation characteristics 

of the sludge. 

Source: [ 72, Brewers Europe 2002 ] 

 

 

The advantages and disadvantages of sedimentation are shown in Table 2.58. 

 

 
Table 2.58: Advantages and disadvantages of sedimentation 

Advantages Disadvantages 

Simplicity of installation, not 

liable to fail 

Rectangular or circular tanks may occupy large surface 

areas 

Unsuitable for finely dispersed material 

Laminar separators may be prone to blockage with fat 
Source: [ 192, COM 2006 ] 
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In the sugar sector, the fluming or transport water contains mud, stones and waste vegetation, as 

well as high COD from damaged sugar beet. The heavy dust requires sedimentation. The use of 

large sedimentation ponds has been reported. The sludge taken from the settlement ponds can be 

further dewatered and the liquors recovered from the dewatering process can be returned to the 

factory, either via the diffusers or as fluming water. 

 

An average of approximately 11 % of the incoming phosphorus load is removed with the 

primary sludge during primary sedimentation [ 146, Desmidt et al. 2015 ]. 

 

Cross-media effects 

Sedimented sludge, if not suitable to recycle or reuse, needs to be disposed of as waste. Sources 

of noise are the pumps, which can be enclosed, and the sludge/scum removal system. When the 

waste water contains odorous substances, it might be necessary to cover the sedimentation tank, 

and to duct the arising waste gas, if necessary, to a treatment system. 

 

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

 

Economics 
Waste water treatment charges generally make it cost-effective for most installations covered by 

the IED to carry out some sort of separation of TSS. Compared to DAF, sedimentation has 

higher capital costs but lower operating costs. 

 

Driving force for implementation 

No information provided. 

 

Example plants 
Widely used in FDM installations [ 193, TWG 2015 ].  

 

Reference literature 

[ 8, Environment Agency of England and Wales 2000 ], [ 35, Germany 2002 ], 

[ 72, Brewers Europe 2002 ], [ 146, Desmidt et al. 2015 ], [ 168, COM 2016 ], 

[ 193, TWG 2015 ] 

 

 
2.3.6.5.3 Filtration  

 

Description 

The separation of solids from waste water by passing them through a porous medium, e.g. sand 

filtration, microfiltration and ultrafiltration. 

 

Technical description 
Unlike sedimentation (see Section 2.3.6.5.2) or DAF (see Section 2.3.6.5.4), filtration does not 

require any difference in density between the particles and liquid. The separation of particles 

and liquid is brought about by a pressure difference between the two sides of the filter, allowing 

the passage of water through the filter. Thus, the particles are held back by the filter medium. A 

detailed technical description of filtration can be found in the CWW BREF [ 168, COM 2016 ]. 

Information on membrane filtration is specifically given in Section 2.3.6.5.4. 

 

Achieved environmental benefits 
Reduced emission levels of TSS. 

 

Environmental performance and operational data 
In the brewing sector, the use of sand filters to comply with waste water requirements more 

stringent than 15 mg/l of BOD and 20ï30 mg/l of TSS has been reported. Sand filters are used 

to remove TSS, as the soluble BOD is very low after extended aerobic treatment. Phosphorus 

removal efficiencies of 20ï50 % have been reported using filtration. 
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Cross-media effects 

No information provided. 

 

Technical considerations relevant to applicability 
Applicable in all FDM installations. 

 

Economics 

No information provided. 

 

Driving force for implementation 

The driving force for implementation is to reduce the amount of suspended solids in the final 

waste water effluents and to meet the legal discharge standards. If filtration is used for sludge 

treatment purposes, the driving force for implementation is to reduce the water content and 

subsequent volume of the sludge produced. 

 

Example plants 
This technique has been reported in several FDM installations belonging to the brewing, dairy, 

soft drinks, oilseed, meat and fruit and vegetable sectors [ 193, TWG 2015 ]. 

 

Reference literature 
[ 1, CIAA 2002 ], [ 8, Environment Agency of England and Wales 2000 ], [ 35, Germany 

2002 ], [ 72, Brewers Europe 2002 ], [ 168, COM 2016 ], [ 193, TWG 2015 ] 

 

 
2.3.6.5.4 Flotation 

 

Description 

The separation of solid or liquid particles from waste water by attaching them to fine gas 

bubbles, usually air. The buoyant particles accumulate at the water surface and are collected 

with skimmers. 

 

Technical description 
The separation of materials lighter than water, e.g. edible oil/fat, can be enhanced by using 

flotation. This technique decreases the retention time but does not enable the separation of 

emulsified FOG from water and, therefore, is used widely in the FDM sector for the removal of 

free FOG. 

 

The basic mechanism of flotation, also known as dissolved air flotation (DAF), is the 

introduction of small air bubbles into the waste water containing the suspended solids to be 

floated. The fine air bubbles attach themselves to the chemically conditioned particles and, as 

they rise to the surface, the solids float to the surface with them. 

 

The air is dissolved under pressure, i.e. at 300ï600 kPa (3ï6 bar). The air is normally 

introduced into a recycle stream of treated waste water which has already passed through a DAF 

unit. This supersaturated mixture of air and waste water flows to a large flotation tank where the 

pressure is released, thereby generating numerous small air bubbles. Here they are accumulated, 

thickened and removed by mechanical skimming or suction withdrawal. Chemicals such as 

polymers, aluminium sulphate or ferric chloride can be used to enhance flocculation and, 

therefore, the adhesion of bubbles. DAF equipment is similar to that used for sedimentation (see 

Section 2.3.6.5.2). 

 

Achieved environmental benefits 
Free FOG, BOD/COD, TSS, nitrogen and phosphorus emission levels are reduced. The sludge 

can also be used for biogas production. The system is kept aerobic, so the risk of odour 

problems is low. 
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Environmental performance and operational data 
DAF units have been somewhat successful in the treatment of seafood processing waste water. 

When used without coagulants and flocculants, DAF units can remove up to 50 % of suspended 

solids and 80 % of FOG. Addition of coagulants and flocculants can increase separation 

efficiencies to between 80 % and 95 %. Removal of COD/TOC and BOD depends on the 

amount of dissolved materials and separation efficiencies can vary between 15 % and 65 %. 

When chemicals are used to improve removal of fat and oil to meet strict environmental 

regulations, the recovery of fat and oil is not easy to achieve. DAF units used in treatment of 

seafood processing waste water are usually operated at around pH 5 to minimise protein 

solubility [ 205, Nordic Council of Ministers 2015 ]. 

 

During DAF, the pressurisation system may be prone to blockage problems. Typically, sludges 

recovered from a DAF cell would be in the region of 3ï4 % dry solids content. For the sludges 

to be recovered, coagulants and flocculants either have to be avoided or suitable substances 

chosen. 

 

Cross-media effects 

The technique requires energy consumption for compressed air and, depending on the amount 

of protein in the waste water, addition of flocculant. 

 

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

 

Economics 
Compared to sedimentation, DAF has lower capital costs but higher operating costs. 

 

Driving force for implementation 

¶ It is beneficial to reduce TSS in the discharge in order to reduce the cost of charges for 

downstream waste water treatment.  

¶ Compared to sedimentation, DAF requires less land, has a higher separation efficiency 

and can to some extent absorb shock loads. 

 

Example plants 
The technique is widely used in FDM installations [ 193, TWG 2015 ]. 

 

Reference literature 
[ 8, Environment Agency of England and Wales 2000 ], [ 13, Nordic Council of Ministers 1997 

], [ 35, Germany 2002 ], [ 193, TWG 2015 ], [ 205, Nordic Council of Ministers 2015 ], 

[ 226, EDA 2016 ]  

 

 
2.3.6.5.5 Membrane filtration  

 

Description 

Use of a pressure-driven semi-permeable membrane (e.g. ultrafiltration, reverse osmosis) to 

achieve selective separation of substances. 

 

Technical description 
Membrane filtration processes use a pressure-driven semi-permeable membrane to achieve 

selective separation of substances in waste water. Much of the selectivity is established by 

designations relative to pore size. The pore size of the membrane is relatively large if 

precipitates or suspended materials are being removed or very small for the removal of 

inorganic salts or organic molecules. During operation, the feed solution flows across the 

surface of the membrane, clean water permeates through the membrane, and the contaminants 

and a portion of the feed remain in the solution. The clean or treated waste water is referred to 

as the permeate or product water stream, while the stream containing the contaminants is called 

the concentrate, brine or reject. An example of a membrane unit is shown in Figure 2.19. 
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Source: [ 193, TWG 2015 ] 

Figure 2.19: Example of a membrane unit implemented in a dairy 

 

 

For the cases when membrane filtration is combined with a biological waste water treatment, 

see the membrane bioreactor technique (MBR) in Section 2.3.6.2.3.1. 

 

Ultrafiltration (UF) membranes have small pores, 0.001ï0.02 ɛm. The smallest pore size UF 

membrane has the capacity to reject molecules with diameters greater than 1 nm or nominal 

molecular weights greater than 2 000 atomic mass units. Some primary treatment may be 

necessary to prevent membrane fouling. For most UF designs, the introduction of adsorbents or 

flocculants to the feed stream is not recommended since they may plug the membrane module. 

Applications of UF include the removal of oil from waste water and the removal of turbidity 

from colour colloids. 

 

Reverse osmosis filtration (RO) has the ability to reject dissolved organic and inorganic 

molecules. Water is separated from dissolved salts by filtering through a semi-permeable 

membrane at a pressure greater than the osmotic pressure caused by the salts. The advantage of 

RO is that dissolved organics are less selectively separated than in other processes. The purified 

solution permeates through the membrane. 

 

Nanofiltration (NF) is a relatively new technique combining features of UF and RO with a high 

selectivity. Its name is derived from its approximate cut-off size of some nanometres or, more 

exactly, molar masses of 200ï1 000 g/mol. This is achieved with special nanofiltration 

membranes which still have pores of a defined size, but their retention depends on the 

electrostatic charge of the molecules to be separated. The membranes have selective 

permeability for minerals, i.e. high permeability for monovalent cations and anions and lower 

permeability for bivalent cations. Nanofiltration systems are operated at medium pressures in 

the range of 1ï5 MPa. 

 

Electrolysis enables ionic separation by using an electrical field as a driving force as opposed to 

a hydraulic force. The membranes used are adapted to make them ion-selective (for cations and 

anions). A number of cells are required to make up the complete electrolysis unit. Chemical 

precipitation of salts on the membrane surface and clogging by the residual organic colloids can 

be prevented by pretreating the waste water with activated carbon, or chemical precipitation or 

by some sort of multimedia filtration. 
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Cross-flow filtration is in some cases an alternative to dead-end filtration. Cross-flow filtration 

is filtration where the flow is parallel to the membrane surface. The whole flow needs to be 

brought under pressure. The principle is shown in Figure 2.20. The feed stream does not require 

extensive primary treatment, while the membrane is relatively resistant to fouling and can be 

easily cleaned. This technique is applicable for removing bacteria and contaminants from feed 

streams, but not for effective pesticide treatment unless the active ingredients are relatively 

insoluble or attached to the suspended material. Cross-flow filtration has a high energy 

consumption because all the water is put under pressure. It is applied in breweries, wineries, 

dairies and WWTPs [ 8, Environment Agency of England and Wales 2000 ], [ 11, Envirowise 

(UK) 1998 ], [ 142, Ellis L. 2002 ]. 

 

 

 

Source: [ 192, COM 2006 ] 

Figure 2.20: The principle of cross-flow filtration, compared to dead-end filtration  

 

 

Achieved environmental benefits 
Suspended, colloidal and dissolved solids emission levels are reduced. Phosphorus emission 

levels can be reduced, i.e. using RO. The implementation of this technique can also lead to: 

 

¶ concentration of waste water streams to reduce volumes prior to further 

treatment/disposal, e.g. possible concentration of dilute waste to concentrations suitable 

for reuse; 

¶ recovery of expensive ingredients for reuse or return/sale to suppliers on site or 

elsewhere;  

¶ recovery of water for reuse. 

 

Environmental performance and operational data 
Problems may arise from the fouling of membranes and gel polarisation. Since the flux rates 

through membranes are relatively low, an extensive membrane area is required to recover 

material. 

 

Using UF, up to 90ï95 % of the feed can be recovered as product water. Phosphorus removal 

efficiencies of 90ï100 % have been reported using RO. 

 

RO membranes are very susceptible to fouling and may require an extensive degree of primary 

treatment. In a starch installation (#419), the removal of naturally occurring bacteria within the 

borehole water greatly reduced the life cycle of the filters within the RO plant dedicated to 

purifying water before using it in a cooling water circuit [ 193, TWG 2015 ]. Oxidants which 

may attack the membrane and particulates, e.g. oil, grease and other materials which may cause 

a film or scale to form, should be removed by primary treatment or the membrane will need to 

be subjected to frequent cleaning cycles. RO product streams are normally of very high quality 

and suitable for reuse in the manufacturing process. Standard practice is to dispose of the reject 
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stream or to apply a suitable treatment to the concentrated brine. The recovery that can be 

achieved, as well as the operating pressure required, will depend on the type of dissolved solids 

and their concentrations. RO has been used to remove heavy metals and pesticides whose active 

ingredient molecular weights are greater than 200 atomic mass units. 

 

Cross-media effects 
Additional waste water may be produced. Use of chemicals for cleaning the membranes. 

 

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

 

Economics 
The operating cost associated with the use and cleaning of membranes can be very high. There 

are also high energy costs. 

 

A total cost of around EUR 3 600 000 has been reported for the installation of a RO plant in a 

dairy, for recycling about 130 000 m
3
 waste water/year [ 193, TWG 2015 ].  

 

Driving force for implementation 

No information provided. 

 

Example plants 
This technique has been reported in several FDM installations belonging to the brewing, dairy, 

oilseed and fruit and vegetable sectors [ 193, TWG 2015 ]. 

 

Reference literature 

[ 8, Environment Agency of England and Wales 2000 ], [ 11, Envirowise (UK) 1998 ], 

[ 51, Ullmann 2001 ], [ 71, AWARENET 2002 ], [ 78, Metcalf & Eddy 1991 ], 

[ 142, Ellis L. 2002 ], [ 192, COM 2006 ], [ 193, TWG 2015 ] 

 

 
2.3.6.5.6 UV radiation  

 

Description 

UV light is readily absorbed by the cellular genetic material within bacteria and viruses, and 

prevents the cell from replicating. 

 

Technical description 
UV light at 254 nm is readily absorbed by the cellular genetic material within bacteria and 

viruses, and prevents the cell from replicating. The dose rate is measured in milliwatts per 

square centimetre multiplied by the contact time in seconds. The actual dose depends on the 

transmittance, i.e. related to the presence of other compounds which can absorb and reduce UV 

light effectiveness, of the waste water stream. 

 

Achieved environmental benefits 
There is no residual effect that can be harmful to humans or aquatic life. 

 

Environmental performance and operational data 
The main advantages of UV disinfection over the other techniques include the fact that there is 

no need for storage and no need for the use of chemicals, and the absence of harmful by-

products (e.g. organic halogenated substances). On the other hand, the main disadvantage of UV 

disinfection is that a direct line of sight should be maintained between the lamp and the 

bacteria/virus. Any appreciable levels of suspended solids or turbidity (which decrease the 

transmitivity) will shield the bacteria and prevent their disinfection. Waste water containing 

compounds with high transmittance values require higher doses of UV radiation. UV radiation 

is unstable and should be generated as used. 
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Cross-media effects 
Energy consumption is required to generate UV waves. Water treated by UV radiation is liable 

to reinfection, so it needs to be used quickly and hygienically. 

 

Technical considerations relevant to applicability 
Applicable in all FDM installations. 

 

Economics 
Relatively low capital and operating costs. 

 

Driving force for implementation 

¶ Waste water recycling, even as drinking water.  

¶ No need for use of chemicals. 

 

Example plants 
This technique has been reported in two FDM installations belonging to the brewing (#079) and 

dairy (#406) sectors [ 193, TWG 2015 ]. 

 

Reference literature 
[ 1, CIAA 2002 ], [ 8, Environment Agency of England and Wales 2000 ], 

[ 71, AWARENET 2002 ], [ 193, TWG 2015 ] 
 

 

2.3.6.6 Natural treatment 
 
2.3.6.6.1 Integrated constructed wetlands 

 

Description  

Interconnected basins or lagoons planted with a wide variety of aquatic plant species, allowing 

subsequent waste water treatments. 
 

Technical description 
ICW are distinguished from other constructed wetland techniques on the basis that they are 

designed to facilitate the widest possible range of ecological conditions, as found in natural 

wetlands, including those of soil, water, plant and animal ecology. In addition, the ICW concept 

strives to achieve landscape fit and habitat restoration/creation into its designs. Emphasis is 

placed on monitoring water quality within the wetlands and the surrounding land and 

watercourses. Strategically located monitoring wells are also monitored regularly. 
 

The ICW design simultaneously applies primary, secondary and subsequent levels of treatment 

in its free surface water flow. This is achieved by the construction of a series of shallow 

interconnected basins or lagoons planted with a wide variety of aquatic plant species. The waste 

water is introduced at the highest point in these lagoons and is fed by gravity through the 

lagoons. These sequentially arranged lagoons are self-contained individual ecosystems. With 

each step, a cleaner level of waste water is attained. The relationship of the volume of waste 

water to the area of wetland in the overall ICW design determines the outflowing water quality. 
 

The macrophytic vegetation used in the ICW design performs a variety of functions. Its primary 

function is the support of biofilms (slime layers), which carry out the principal cleansing 

functions of the wetland. It also facilitates the sorption of nutrients and acts as a filter medium, 

and, through the use of appropriate emergent vegetation, can control odours and pathogens. 

While the vegetation has the capacity to filter suspended solids, it also increases the hydraulic 

resistance, thus increasing the residence time. 
 

Achieved environmental benefits 
TSS, BOD and TOC or COD, nitrogen and phosphorus emission levels are reduced. Energy is 

saved, compared to conventional treatment. Greenhouse gas emissions are reduced. No 

chemicals are used. No sludge disposal is required. 
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Environmental performance and operational data 
An example dairy installation in Ireland produces 85 tonnes of cheese per day from 

800 000 litres of milk and generates up to 1 300 m
3
 of waste water. The installation has an ICW 

comprising 8 hectares of lagoons occupying 20 hectares which treat 1.1 million litres of waste 

water per day. The waste water is pumped to the wetland about half a mile from the dairy and 

fed in at the highest point. The system of lagoons progresses downwards along the contours of 

the land and the treatment is achieved progressively as the waste water passes through the 

system. Performance levels from this ICW are shown in Table 2.59. 
 

 

Table 2.59: Performance levels reported for an ICW 

Sample point COD 

(mg/l) 

Total P 

(mg/l) 

Ammonia 

(mg/l) 

Nitrate 

(mg/l) 

Influent waste water 3 167 212 12 102 

Final monitoring pond 36.5 0.5 0.05 < 1 
Source: [ 112, Ireland 2003 ] 

 

 

In another example dairy (#388), a constructed wetland area with the capacity for 600 m
3
/day is 

used for the treatment of lightly contaminated waste water with a maximum influent BOD 

concentration of 100 mg/l. Regarding the effluent of the ICW, the average COD concentration is 

in the range of 75.6ï108.9 mg/l, the average TN concentration in the range of 39.3ï53.3 mg/l, 

and the average TP concentration in the range of 0.4ï1.0 mg/l. Only a little electricity is used 

for cleaning the water and no chemicals are required [ 193, TWG 2015 ]. 
 

Cross-media effects 
The groundwater that flows beneath the wetlands has lower nutrient levels than surrounding 

terrestrial sites. Phosphorus is retained in the soil. An ICW can provide suitable effluent to be 

used for irrigation of crops and pasture. 
 

Technical considerations relevant to applicability 
The ICW technique can be applied in a wide range of circumstances, e.g. high or low 

concentrations of contaminants and hydraulic loading rates that may vary over time. ICW may 

be built as an entirely new entity or may form part of an existing wetland, aquatic landscape 

feature or WWTP. The land requirement associated with ICW can restrict their application, e.g. 

land requirements can range from 10 m
2
 to many hectares depending on the volume of waste 

water produced and its pollution characteristics. 
 

Economics 
It has been reported that, compared to a conventional WWTP, the ICW approach allows a 

saving on operational, depreciation and capital costs of EUR 0.03, EUR 0.49 and EUR 0.46 per 

kg of COD, respectively. The reduction is mainly due to the reduced energy costs, lack of 

chemical usage, lack of sludge production and storage. 
 

The example dairy installation in Ireland reported that its ICW system cost EUR 120 000, which 

is comparable to EUR 3.175 million reported for a conventional WWTP [ 112, Ireland 2003 ]. 
 

Driving force for implementation 

¶ Economic savings.  

¶ ICW provide a habitat for a wide variety of plants and animals. They may be a local 

amenity and educational resource.  

¶ The recovered biomass can have a wide range of applications (e.g. substrate for biogas or 

bioethanol production). 
 

Example plants 
This technique has been reported in one dairy installation (#388) in Sweden [ 193, TWG 2015 ].  
 

Reference literature 
[ 91, Giner Santonja et al. 2017 ], [ 112, Ireland 2003 ], [ 193, TWG 2015 ] 
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2.3.6.7 Sludge and waste treatment 
 
2.3.6.7.1.1 Sludge conditioning  
 

Description 

Sludge solids are treated with chemicals or various other means to prepare the sludge for 

dewatering processes, in other words, to improve dewatering characteristics of the sludge. 
 

Technical description 
The purpose of conditioning is to improve the characteristics of the sludge so that it is easier to 

thicken and/or dewater. The techniques generally used are chemical or thermal. Chemical 

conditioning (using for example ferric chloride, lime, alum and organic polymers (coagulants 

and flocculants)) assists in the separation of the bound and entrained water from within the 

sludge. Thermal conditioning involves heating the sludge under pressure for short periods of 

time. 
 

Achieved environmental benefits 
Reduction of odorous constituents. Reduction of the quantity of biodegradable sludge solids. 

Reduction of the quantity of biodegradable soluble matter, by converting mineralised 

nitrogen/organic matter into humus-rich material. Reduction of pathogens. Reduction of 

potential for putrefaction. Improved dewatering. 
 

Environmental performance and operational data 

No information provided. 
 

Cross-media effects 

Chemical conditioning results in a considerable rise in the solids content to be disposed of. 
 

Technical considerations relevant to applicability 

No information provided. 
 

Economics 
Associated chemical costs are generally high. 
 

Driving force for implementation 

No information provided. 
 

Example plants 

Conditioning of sludge is widely applied in Europe. 
 

Reference literature 
[ 78, Metcalf & Eddy 1991 ], [ 168, COM 2016 ], [ 193, TWG 2015 ] 
 

 

2.3.6.7.1.2 Sludge stabilisation 
 

Description 

Chemical or biological process that stops the natural fermentation of the sludge. 

 

Technical description 
Sludges are stabilised by chemical, thermal, anaerobic and aerobic processes to improve sludge 

thickening and/or dewatering and reduce odour and pathogens. A detailed technical description 

of sludge stabilisation can be found in the CWW BREF [ 168, COM 2016 ]. 
 

Achieved environmental benefits 
Reduction of odorous constituents. Reduction of the quantity of biodegradable sludge solids. 

Reduction of the quantity of biodegradable soluble matter, by converting mineralised 

nitrogen/organic matter into humus-rich material. Reduction of pathogens. Reduction of 

potential for putrefaction. Improved dewatering. 
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Environmental performance and operational data 
A chemical stabilisation process has low technical requirements and can improve downstream 

dewatering and reduce odours and pathogens. Nevertheless, it increases the solids content of the 

sludge. 
 

A thermal stabilisation process has low space requirements and is an effective treatment for 

dewatering sludge and destroying bacteria. Its selection can depend on whether the heat is 

natural, recovered as a by-product of the processes operating in the installation or whether direct 

energy consumption is required. 
 

An aerobic stabilisation process has a long residence time, produces odourless sludge and 

produces gas, which is a source of energy. Nevertheless, the process is significantly affected by 

temperature and the sludge has poor mechanical dewatering characteristics. 
 

Cross-media effects 
Thermal stabilisation has high energy requirements and may release odours. Aerobic 

stabilisation also has high energy requirements for stirring and the supply of oxygen. Because 

lime (chemical) stabilisation does not destroy the organics necessary for bacterial growth, the 

sludge must be treated with an excess of lime or disposed of before the pH drops significantly. 
 

Technical considerations relevant to applicability  
Applicable in all FDM installations that produce sludge. 
 

Economics 
Thermal and anaerobic stabilisation have high capital costs. Aerobic stabilisation has low 

capital costs. 
 

Driving force for implementation 
To reduce odorous emissions and improve subsequent treatment operations. 
 

Example plants 

Stabilisation of sludge is widely applied in Europe. 
 

Reference literature 
[ 1, CIAA 2002 ], [ 8, Environment Agency of England and Wales 2000 ], [ 35, Germany 

2002 ], [ 78, Metcalf & Eddy 1991 ], [ 168, COM 2016 ], [ 193, TWG 2015 ] 
 

 

2.3.6.7.1.3 Sludge thickening  
 

Description 

The solids content of sludge is increased by removing a portion of the liquid fraction. 
 

Technical description 
Thickening is a procedure used to increase the solids content of sludge by removing a portion of 

the liquid fraction. The techniques generally used for sludge thickening are sedimentation, 

centrifugation and DAF. The simplest thickening technique is to allow the sludge to consolidate 

in sludge sedimentation tanks. 
 

Sludge thickening can be applicable to both primary and secondary treatment sludge. Primary 

treatment sludge consists mainly of inorganic material and/or primary organic solids. It is 

generally able to settle and compact without chemical supplementation, as associated water is 

not excessively entrained within the sludge. The water in secondary treatment sludge is bound 

within the flocs and is generally more difficult to remove. 
 

Achieved environmental benefits 
Sludge volume reduction. 
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Environmental performance and operational data 
Sludges that are taken from the bottom of primary and secondary sedimentation tanks will 

generally be around 0.5ï1.0 % dry solids content and up to 4 % dry solids for DAF sludges. 

When using DAF, the system is kept aerobic. In this case, blockage has been reported. 
 

The thickening efficiency of the sedimentation process is affected by the height of the sludge 

layer and not by the volume of the supernatant above it. Therefore, a tall, narrow tank is more 

effective than a shallow tank with a large surface area. This technique has a low energy 

consumption. 
 

Depending upon the pattern of primary sludge removal, consideration can be given to the use of 

two tanks to allow for quiescent sedimentation in one tank whilst the other is in the fill cycle. If 

this is not possible, the sludge inlet is arranged to be near the top of the tank, possibly onto a 

baffle plate, to minimise hydraulic disturbance. Residence time within the tank will depend on 

the nature of the sludges. Excessive retention is avoided to minimise the possibility of anaerobic 

conditions occurring with consequent odour and corrosion problems. 
 

Gentle agitation is allowed for within the tank. A picket fence thickener within the tank is most 

commonly used, to help reduce stratification of the sludge and to assist in the release of any 

entrained gases and water. A conventional gravity/picket fence thickener is capable of 

thickening the sludge up to 4ï8 % dry solids, depending on the nature of the raw sludge and in 

particular on the relative content of primary sludge. Addition rates to the thickener are in the 

range of 20ï30 m
3 
of feed per m

2
 of surface area per day. 

 

Centrifugation provides a good capture of solids that are difficult to filter, has low space 

requirements and is easy to install, but it achieves a low solids concentration in the cake. It has a 

high energy consumption and requires skilled maintenance personnel. 
 

For many sites, sludge thickening alone is sufficient to reduce the volume of sludge to a level 

that enables off-site disposal to be undertaken in a sufficiently cost-effective manner. For larger 

sites, the thickening process is a first stage prior to further dewatering. 
 

Cross-media effects 
Possible release of odour when using DAF. High energy consumption and noise and vibration 

generation when using centrifugation. 
 

Technical considerations relevant to applicability 
Applicable to all FDM installations that produce sludge. 
 

Economics 
Reduction of pumping costs in large WWTPs. Sedimentation thickening has low operational 

costs. 
 

Driving force for implementation 
Reduction of pipe size and pumping costs in large WWTPs. 
 

Example plants 

This technique is widely applied in Europe. 
 

Reference literature 
[ 1, CIAA 2002 ], [ 8, Environment Agency of England and Wales 2000 ], [35, Germany 2002 ], 

[ 78, Metcalf & Eddy 1991 ], [ 193, TWG 2015 ] 
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2.3.6.7.1.4 Sludge dewatering  

 

Description 

Separation of sludge into liquid and solid components. 

 

Technical description 
The objective of sludge dewatering is the same as that of thickening (see Section 2.3.6.7.1.3) 

with the difference that the solid content is much higher. A number of sludge dewatering 

processes exist and selection will depend upon the nature of the solids produced and the 

frequency of their production, and the sludge cake required. The dewatering techniques 

generally used are centrifugation, belt filter press, filter press and vacuum filters. 

 

Achieved environmental benefits 
Sludge volume reduction. 

 

Environmental performance and operational data 
Centrifuges are continuous processes which produce a cake of up to 40 % dry solids for certain 

sludges. Because of the closed nature of the centrifuge, associated odour problems are minimal. 

Furthermore, centrifugation provides a good capture of solids that are difficult to filter, has low 

space requirements and is easy to install. Nevertheless, this process needs high energy 

consumption, achieves a low solids concentration in the cake and requires skilled maintenance 

personnel. 

 

Filter presses are batch processes and can be manually intensive. The plates are covered with a 

suitable filter cloth, dependent upon the application, and the sludge is fed into the plate cavity. 

The sludge is dewatered under pressure with the filtrate passing through the filter cloth. Once 

the pressure is released and the plates separated, the cake is either manually scraped off or 

vibration mechanisms are employed to automate the process. A filter press can produce up to 

40 % dry solids cake and attain a filtrate with low TSS. The disadvantages of using this 

technique are that it is essentially a batch operation and that it has a limited filter cloth life. 

 

Flocking agents (e.g. powder) are also normally used. For instance, consumption of around 

4 500 kg/year has been reported for the fruit and vegetable processing installation #035, when 

applying centrifugation and obtaining 7 600 m
3
/year of recycled water. The efficiency of the 

process partially depends on the quality of the flocking agent used [ 193, TWG 2015 ]. 

 

The belt press and vacuum filters are continuous processes with the filter cloth continually 

running through rollers that forcefully dewater the sludge. Performance optimisation requires 

regular and specialised maintenance. 

 

A belt press can produce up to 35 % dry solids cake. Furthermore, belt presses have a high 

dewatering efficiency and are relatively easy to maintain. Disadvantages of using them include 

hydraulic limitations, a short life and sensitivity to sludge feed characteristics. 

 

The vacuum filters are complex systems with a maximum differential pressure of 1 bar. The 

filtrate may have high TSS. 

 

Cross-media effects 
High energy use, and noise and vibration generation when using centrifugation, although this 

varies depending on the speed and intensity of the individual operation. 

 

Technical considerations relevant to applicability 
Applicable to all FDM installations that produce sludge. 

 

Economics 
Sludge with over 10 % dry solids becomes difficult and expensive to pump. Dewatering 

produces a sludge cake, which may be between 20 % and 50 % dry solids. Disposal costs fall as 
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the water content is reduced. Filter presses have high labour costs. Vacuum filters have high 

operating and maintenance costs. 

 

An investment cost of EUR 120 000 and annual operating cost of EUR 38 000 have been 

reported in an installation applying centrifugal dewatering to approximately 5 000 t of 

sludge/year, with annual savings of EUR 88 000 due to the reduced sludge transport costs 

[ 193, TWG 2015 ]. 

 

Driving force for implementation 
Reduction of disposal costs. 

 

Example plants 

This technique is widely applied in Europe. 

 

Reference literature 
[ 1, CIAA 2002 ], [ 35, Germany 2002 ], [ 109, Finland 2003 ], [ 193, TWG 2015 ]  

 

 
2.3.6.7.1.5 Sludge drying  

 

Description 

Reduction of water content in sludge by vaporisation of water to the air. 

 

Technical description 
Sludge drying is a technique that involves reducing the water content by vaporisation of water 

to the air. The purpose of drying is to remove the moisture from the wet sludge so that it can be 

used or disposed of efficiently.  

 

Achieved environmental benefits 
Sludge volume reduction. 

 

Environmental performance and operational data 
The moisture content of the dry sludge can be as low as 10 %. Drying can be achieved by using 

natural evaporation, where the local weather and climate conditions make this possible, by 

recovery of heat produced in the installation or by using an off-site energy source. 

 

Cross-media effects 
High energy consumption when using an off-site energy source. 

 

Technical considerations relevant to applicability 
Applicable to all FDM installations that produce sludge. 

 

Economics 
No information provided. 

 

Driving force for implementation 
Reduction of disposal costs. 

 

Example plants 

This technique has been reported in installations belonging to the brewing, dairy, fruit and 

vegetable, and starch sector [ 193, TWG 2015 ].  

 

Reference literature 
[ 78, Metcalf & Eddy 1991 ], [ 193, TWG 2015 ] 
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2.3.6.8 Analysis of key parameters 
 

This section discusses the reported performance of the 353 FDM installations (see Table 19.1) 

for a number of parameters. The graphs contained in this section refer to waste water discharged 

(direct discharge) from FDM installations. Influent and effluent data were gathered for the 

reference years 2012 to 2014. In general, the most recent dataset of each point of release is 

displayed except for some questionnaires where an earlier year contains a more complete set of 

data and no significant differences in terms of the emission levels were observed. 

 

Separate graphs have been prepared for the following parameters: biochemical oxygen demand 

in five days (BOD5), chemical oxygen demand (COD), total organic carbon (TOC), total 

suspended solids (TSS), total nitrogen (TN), ammonium nitrogen (NH4-N), total phosphorus 

(TP), and chloride (Cl
-
). 

 

Concentration and specific load values are shown in separate graphs. The symbols used in this 

section are given in Table 2.60. The abbreviations used in this section are given in Table 2.61 

and Table 2.62. 

 

 
Table 2.60: Symbols used in the graphs of Section 2.3.6.8 

Symbol Meaning Type of monitoring regime 

 

Average of the 

emission levels over the 

period 2012-2014 

Frequent monitoring (at least 1 measurement 

per month) ï campaign period 

 
Frequent monitoring (at least 1 measurement 

per month) ï non-campaign period 

 
Less frequent monitoring (less than 12 

measurements per year) ï campaign period 

 
Less frequent monitoring (less than 12 

measurements per year) ï non-campaign period 

 95
th
 percentile of the 

emission levels for each 

reported year 

- 

 

Maximum/minimum of 

the emission levels over 

the period 2012-2014 

Campaign period 

 
Non-campaign period 

 

 
Table 2.61: Abbreviations used in the graphs of Section 2.3.6.8 (1 of 2) 

Abbreviations used in 

graphs 
Waste water treatment technique 

Aero Aerobic biological treatment 

Anaer Anaerobic biological treatment 

An+aer Aerobic and anaerobic biological treatment 

Enh Enhanced phosphorus removal 

Flot Flotation 

Ni+De Nitrification/denitrification 

NI No information provided 

NT No treatment 

PC Physico-chemical treatment 

Prec Precipitation 

Sed Sedimentation 

Str Phosporus recovery as struvite 
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Table 2.62: Abbreviations used in the graphs of Section 2.3.6.8 (2 of 2) 

Abbreviation used in 

graphs 
Sector covered by the FDM data collection 

AN Animal feed 

BR Brewing 

DA Dairies 

FR Fruit and vegetables 

ET Ethanol production 

ME Meat processing 

OI Oilseed processing and vegetable oil refining 

SO Soft drinks and nectar/juice made from concentrate 

ST Starch production 

SU Sugar manufacturing 

 

 

Waste water treatment is usually a combination of individual treatment steps. The most 

commonly used activated sludge process is generally preceded and followed by a solids removal 

step. The activated sludge process may be combined with biological nitrification and 

denitrification, and/or chemical phosphorus precipitation depending on the composition of the 

waste water. Other installations do not implement a biological treatment, only a physico-

chemical one. 

 

In the following graphs, each average effluent value (with the exception of the graphs on total 

suspended solids) is also labelled with 'Bio' or 'PC' to indicate whether the waste water 

treatment is biological (Bio) or only physico-chemical (PC). When there is no information 

provided about the techniques implemented, the label 'NI' is shown together with the emission 

data. In the event that the technique(s) implemented does not abate the pollutant displayed in a 

specific graph, or when no technique is implemented, the label 'NT' is shown together with the 

emission data. 

 

Due to the large volume of data reported, some of the graphs are split to improve their 

readability. 

 

 
2.3.6.8.1 Chemical oxygen demand (COD) 

 

COD is commonly used to indirectly measure the amount of organic compounds in water by 

measuring the mass of oxygen needed for their total oxidation to carbon dioxide. The most 

widespread COD monitoring methods use dichromate as an oxidising agent and mercury salts to 

suppress the influence of inorganic chloride. COD has to be considered in relation to TSS since 

the TSS removal efficiency affects the performance achieved with respect to COD. For 

economic and environmental reasons, COD is being replaced to some extent by TOC. 

 

Performance of installations participating in the data collection 

Often, 24-hour composite samples are taken on a daily, weekly or monthly basis.  

 

Figure 2.21, Figure 2.22, Figure 2.23 and Figure 2.24 show COD emissions to water 

(concentrations for direct discharges, daily average) from FDM installations participating in the 

data collection. The related FDM sectors and final abatement techniques are also depicted. 
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Source: [ 193, TWG 2015 ] 

Figure 2.21: COD concentration in the effluent of the WWTP (direct discharge) in FDM 

installations (1 of 4) 

 

 

 

Source: [ 193, TWG 2015 ] 

Figure 2.22: COD concentration in the effluent of the WWTP (direct discharge) in FDM 

installations (2 of 4) 
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Source: [ 193, TWG 2015 ] 

Figure 2.23: COD concentration in the effluent of the WWTP (direct discharge) in FDM 

installations (3 of 4) 

 

 

 

Source: [ 193, TWG 2015 ] 

Figure 2.24: COD concentration in the effluent of the WWTP (direct discharge) in FDM 

installations (4 of 4) 
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Figure 2.25 shows COD emissions to water as specific loads for direct discharges from FDM 

installations. 

 

 

 

Source: [ 193, TWG 2015 ] 

Figure 2.25: COD specific load in the effluent of the WWTP (direct discharge) in FDM 

installations 

 

 

Techniques reported to reduce COD emission levels 

There are many techniques for the reduction of COD emission levels, belonging to primary 

and/or secondary treatment (see Section 2.3.6), implemented in all installations. 

 

There is no clear performance trend associated with the use of certain technologies or 

combinations thereof. The final effluent concentration very much depends on the way the 

WWTP is designed, maintained and operated. Regardless of the type of treatment system 

selected, one of the keys to effective biological treatment is to develop and maintain an 

acclimated, healthy biomass, sufficient in quantity to handle maximum flows and the organic 

loads to be treated. 

 

 
2.3.6.8.2 Total organic carbon (TOC) 

 

Total organic carbon (TOC) analysis is used to directly measure the amount of organic 

compounds in water. The most widespread methods use a combustion chamber to completely 

oxidise the organic substances to carbon dioxide which is then measured by spectrometry. 

Inorganic carbon is not included in TOC. Identifying changes in the normal/expected TOC 

concentrations can be a good indicator of potential threats to a waste water treatment system. 

Various online TOC analysers exist. There is a tendency to replace COD with TOC for 

economic and ecological reasons. 

 

Performance of installations participating in the data collection 

Often, 24-hour composite or time-proportional samples are taken on a daily or monthly basis. 
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Figure 2.26 shows TOC emissions to water (concentrations for direct discharges, daily 

averages) from FDM installations participating in the data collection. The related FDM sectors 

and final abatement techniques are also depicted. 
 

 

 

Source: [ 193, TWG 2015 ] 

Figure 2.26: TOC concentration in the effluent of the WWTP (direct discharge) in FDM 

installations 
 

 

Figure 2.27 shows TOC emissions to water as specific loads for direct discharges from FDM 

installations. 
 
 

 

Source: [ 193, TWG 2015 ] 

Figure 2.27: TOC specific load in the effluent of the WWTP (direct discharge) in FDM 

installations 

 

 

Techniques reported to reduce TOC emission levels 

The techniques are the same as those indicated in the COD section (see Section 2.3.6.8.1). 
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2.3.6.8.3 Biochemical oxygen demand in five days (BOD5) 

 

BOD5 measures the amount of dissolved oxygen required or consumed in five days at a constant 

temperature for the microbiological decomposition (oxidation) of organic material in water. The 

concentration in the effluent is generally a more pertinent parameter than the abatement 

efficiency. 

 

The parameters COD and TOC can be determined more quickly than BOD5. Furthermore, the 

use of BOD5 as a parameter to describe the efficiency of biological treatment has some 

disadvantages such as: 

 

¶ the monitoring method used is not very accurate considering reproducibility and 

methodology dependence (dilution method versus respirometer for example); 

¶ the analytical result depends on the local conditions of the laboratory, such as the 

inoculum used for the test; 

¶ the BOD5 measurement does not allow for any prediction of the performance within the 

WWTP; it only provides an indication as to whether the waste water is easily degradable 

to a certain rate. 

 

Performance of installations participating in the data collection 

Often, 24-hour composite samples are taken on a weekly or monthly basis. 

 

Figure 2.28, Figure 2.29 and Figure 2.30 show BOD5 emissions to water (concentrations for 

direct discharges, daily averages) from FDM installations participating in the data collection. 

The related FDM sectors and final abatement techniques are also depicted. 

 

 

 

Source: [ 193, TWG 2015 ] 

Figure 2.28: BOD5 concentration in the effluent of the WWTP (direct discharge) in FDM 

installations (1 of 3) 
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Source: [ 193, TWG 2015 ] 

Figure 2.29: BOD5 concentration in the effluent of the WWTP (direct discharge) in FDM 

installations (2 of 3) 

 

 

 

Source: [ 193, TWG 2015 ] 

Figure 2.30: BOD5 concentration in the effluent of the WWTP (direct discharge) in FDM 

installations (3 of 3) 
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Figure 2.31 shows BOD5 emissions to water as specific loads for direct discharges from FDM 

installations. 
 

 

 

Source: [ 193, TWG 2015 ] 

Figure 2.31: BOD5 specific load in the effluent of the WWTP (direct discharge) in FDM 

installations 

 

 

Techniques reported to reduce BOD5 emission levels 

The techniques used to remove COD (see Section 2.3.6.8.1) may remove (part of the) BOD5 

too. On the other hand, pretreatment of COD may in certain cases raise the BOD5 (conversion of 

non-degradable to biodegradable matter, e.g. by partial oxidation). The only technique which is 

a priori dedicated to removing BOD5 is biological treatment. 

 

 
2.3.6.8.4 Total suspended solids (TSS) 

 

There are some reasons to link the analysis of TSS with other parameters. If BOD/COD/TOC 

removal functions poorly, TSS emissions may be affected. Conversely, high TSS values can 

correlate with or cause high concentrations of other parameters, namely BOD, TOC or COD, 

total phosphorus and total nitrogen. 

 

It is possible to have higher TSS values in the effluent than in the influent, for example due to 

the growth of biomass during biological treatment or due to the precipitation of compounds 

during physico-chemical treatment. In most cases, it therefore does not make sense to calculate 

abatement efficiencies for the WWTP. 

 

Performance of installations participating in the data collection 

Often, 24-hour composite samples are taken on a daily or monthly basis. 
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Figure 2.32, Figure 2.33 and Figure 2.34 show TSS emissions to water (concentrations for 

direct discharges, daily averages) from FDM installations participating in the data collection. 

The related FDM sectors and final abatement techniques are also depicted. 

 

 

 

Source: [ 193, TWG 2015 ] 

Figure 2.32: TSS concentration in the effluent of the WWTP (direct discharge) in FDM 

installations (1 of 3) 

 

 

 

Source: [ 193, TWG 2015 ] 

Figure 2.33: TSS concentration in the effluent of the WWTP (direct discharge) in FDM 

installations (2 of 3) 
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Source: [ 193, TWG 2015 ] 

Figure 2.34: TSS concentration in the effluent of the WWTP (direct discharge) in FDM 

installations (3 of 3) 

 

 

Figure 2.35 shows TSS emissions to water as specific loads for direct discharges from FDM 

installations. 

 

 

 

Source: [ 193, TWG 2015 ] 

Figure 2.35: TSS specific load in the effluent of the WWTP (direct discharge) in FDM installations 

 

 

Techniques reported to reduce TSS emission levels 

As indicated in Table 2.4, sedimentation is most widely used, followed by screening and 

flotation. Filtration and flotation are often preceded by a sedimentation step. Installations using 

membrane filtration as the main solids removal step (often as part of a membrane bioreactor) 

show lower TSS values in the effluent. 
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2.3.6.8.5 Total nitrogen (TN) 

 

The parameter total nitrogen (TN) includes free ammonia and ammonium (NH4-N), nitrites 

(NO2-N), nitrates (NO3-N) and organic nitrogen compounds. Dissolved elementary nitrogen 

(N2) is not included. TN is frequently measured by combustion with subsequent analysis of 

nitrogen oxides via chemiluminescence (i.e. total nitrogen bound = TNb, e.g. according to EN 

12260), or by oxidation with peroxodisulphate with subsequent wet-chemical analysis of nitrate 

(Koroleff method, e.g. according to EN ISO 11905-1). TN can also be determined by summing 

up the individual concentrations of total Kjeldahl nitrogen, NO2-N and NO3-N. 

 

Performance of installations participating in the data collection 

Often, 24-hour composite samples are taken on a daily or monthly basis.  

 

Figure 2.36 (lower values) and Figure 2.37 (higher values) show TN emissions to water 

(concentrations for direct discharges, daily averages) from FDM installations participating in 

the data collection. The related FDM sectors and final abatement techniques are also depicted. 

 

 

 

Source: [ 193, TWG 2015 ] 

Figure 2.36: TN concentration in the effluent of the WWTP (direct discharge) in FDM installations 

(1 of 2) 
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Source: [ 193, TWG 2015 ] 

Figure 2.37: TN concentration in the effluent of the WWTP (direct discharge) in FDM installations 

(2 of 2) 

 

 

Figure 2.38 shows TN emissions to water as specific loads for direct discharges from FDM 

installations. 

 

 

 

Source: [ 193, TWG 2015 ] 

Figure 2.38: TN specific load in the effluent of the WWTP (direct discharge) in FDM installations 

 

 

Techniques reported to reduce TN emission levels 

As indicated in Table 2.4, biological nitrification and denitrification (as part of the overall 

biological waste water treatment) are widely implemented for abating TN emissions to water. 
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2.3.6.8.6 Total phosphorous (TP) 

 

Phosphorus is present in waste water in inorganic and organic forms. The inorganic forms are 

orthophosphates (i.e. HPO4
2-
/H2PO4

-
) and polyphosphates. Organically bound phosphorus is 

usually of minor importance. Polyphosphates can be used as a means of controlling corrosion. 

Phosphorus discharge has to be controlled in the same way as nitrogen discharge in order to 

avoid eutrophication of a surface water body. It was reported that, to avoid algal blooms under 

summer conditions, the critical level of inorganic phosphorus is near 0.005 mg/l. 

 

Performance of installations participating in the data collection 

Often, 24-hour composite samples are taken on a daily or monthly basis. 

 

Figure 2.39, Figure 2.40 and Figure 2.41 show TP emissions to water (concentrations for direct 

discharges, daily averages) from FDM installations participating in the data collection. The 

related FDM sectors and final abatement techniques are also depicted. 

 

 

 

Source: [ 193, TWG 2015 ] 

Figure 2.39: TP concentration in the effluent of the WWTP (direct discharge) in FDM installations 

(1 of 3) 
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Source: [ 193, TWG 2015 ] 

Figure 2.40: TP concentration in the effluent of the WWTP (direct discharge) in FDM installations 

(2 of 3) 

 

 

 

Source: [ 193, TWG 2015 ] 

Figure 2.41: TP concentration in the effluent of the WWTP (direct discharge) in FDM installations 

(3 of 3) 

 



Chapter 2 

204  Food, Drink and Milk Industries  

Figure 2.42 shows TP emissions to water as specific loads for direct discharges from FDM 

installations. 

 

 

 

Source: [ 193, TWG 2015 ] 

Figure 2.42: TP specific load in the effluent of the WWTP (direct discharge) in FDM installations 
 

 

Techniques reported to reduce TP emission levels 

As indicated in Table 2.4, phosphorus removal by biological treatment and chemical 

precipitation is commonly applied. 
 

 

2.3.7 Techniques to reduce emissions to air 
 

2.3.7.1 Techniques applicable for a number of pollutants  
 

2.3.7.1.1 Collection of emissions to air at source and local exhaust ventilation 
 

Description 

Enclosure of sources of emissions to air and the use of local exhaust ventilation, rather than 

treating the whole room. 
 

Technical description 
Enclosure of sources of emissions to air and the use of local exhaust ventilation use 

considerably less energy than treating the whole room volume. To be effective, the dimensions 

of suction capacity need to be adequate and features such as guide plates and hoppers with 

swing flaps and lids can contribute to the minimisation of dust and gas emissions. 
 

The identified emissions requiring treatment are ducted at source and possibly combined before 

being transported to an abatement technique. The objective of the equipment is that it prevents, 

where possible, and controls to a minimum the escape of all emissions to air. The following are 

examples of areas of concern: 
 

¶ vehicle loading/unloading points; 

¶ access points to the process plant; 

¶ open conveyors; 

¶ storage vessels; 

¶ transfer processes; 

¶ filling processes; 

¶ discharge processes. 
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It is important to distinguish between general ventilation of the installation and local exhaust 

ventilation. General ventilation involves the movement of much larger volumes of air, so uses 

more energy and is more expensive. Local exhaust ventilation can provide protection from 

hazards to health arising from some cooking fumes, such as those involving direct application of 

heat to the food. Unless such ventilation is designed to be kept clean and free from fat residues, 

it can lose efficiency and cause fire risks. If incoming replacement air is too hot or too cold, 

there is a risk that staff will switch it off. Where incoming air is drawn in naturally, some means 

of control over pest entry is usually required. The ventilated air can be extracted to an abatement 

plant and, in some cases, it may be recirculated, taking into consideration the hygiene 

requirements. In some applications, it is possible to collect airborne materials for reuse. 
 

Achieved environmental benefits 
Reduced emissions to air and potential reuse of airborne materials. 
 

Environmental performance and operational data 
The majority of abatement techniques are designed based on the volumetric airflow to be 

treated. This requires effective containment of the separate emissions whilst still maintaining an 

adequate volumetric flow rate of air to ensure no ingress of emissions to air into the working 

environment. Examples where air is recirculated include: 
 

¶ recirculation of coffee roasting gases from continuous or discontinuous roasting; 

¶ dust-laden feed air can be recirculated to pneumatic conveyors, thereby also collecting the 

dust for reuse; 

¶ smoke from smoking chambers can be partially or wholly recirculated. 
 

Cross-media effects 
Energy consumption. 

 

Technical considerations relevant to applicability 
Applicable to all FDM installations with emissions to air, e.g. during loading and unloading 

vehicles; at hoppers, transfer points, chutes, loading pipes. 

 

Economics 
No information provided. 

 

Dri ving force for implementation 

¶ Occupational health.  

¶ There can be considerable cost savings made in the capital cost of the abatement plant by 

minimising the volumetric flow rate requiring treatment. 
 

Example plants 

This technique is widely applied in the FDM sector. 

 

Reference literature 
[ 16, Willey et al. 2001 ], [ 35, Germany 2002 ], [ 139, Health and Safety Executive 2000 ] 
 

 

2.3.7.1.2 Exhaust gas recirculation 

 

Description 

Recirculation of (part of) the waste gas to a combustion chamber to replace part of the fresh 

combustion air. 
 

Technical description 
It may be possible to direct the waste gases to an existing on-site boiler. This has the advantage 

of using existing equipment and avoiding the expense of investing in an additional treatment 

option. The principle of operation is essentially the same as for thermal oxidation in a purpose-

built plant. 
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The exhaust stream is ducted to the combustion airflow fan of the boiler or boiler house, then to 

the boiler. It provides oxygen to the combustion process and the organic compounds are 

destroyed. 

 

The overall feasibility of using an existing boiler largely depends upon the volume of waste gas 

to be treated in relation to the boiler combustion air requirements under extreme loads. If the 

volume of waste gas is significantly less than the combustion air requirements then it is unlikely 

to present a problem. The total volume of waste gas could simply be ducted through the 

combustion fan. However, the vast majority of operating conditions result in the boiler 

operating in a cyclic mode in response to a steam pressure signal. 

 

Potential implications for the boiler operation need to be fully ascertained. The safety features 

associated with routing a waste gas discharge to a boiler are essentially included in the existing 

boiler operation. Flame arrestors or water seals may need to be added to prevent flame flashback 

between the boiler and the gas stream to be treated. 

 

For more information consult the LCP BREF [ 145, COM 2017 ]. 

 

Achieved environmental benefits 
Reduced dust, NOX, CO, TVOC and odour emissions. 

 

Environmental performance and operational data 
This technique is highly efficient and, if correctly operated, as efficient at eliminating odours as 

other burning methods. 

 

An important initial consideration is to check whether the boiler would be operating when waste 

gases are produced. This, for most operations, is likely to be the case. The control strategy for 

the boiler could change from being dependent upon the steam pressure to being dependent upon 

the combustion airflow rate. The combustion airflow rate would then be set to a minimum, i.e. 

equivalent to the volume of waste gas to be treated, which in turn would set a minimum fuel 

flow rate and firing rate. When the steam set point pressure is achieved, the boiler reverts to 

operation at the minimum combustion airflow rate and the unwanted heat is discharged through 

the boiler stack. A key part of the evaluation is to ascertain the percentage of time that the boiler 

operates with a combustion airflow rate lower than the waste gas flow rate, to calculate 

additional fuel costs. 

 

Cross-media effects 
Energy consumption is a cross-media effect. Fuel consumption may increase as it may be 

necessary to keep the boiler running when it would not otherwise have been required. 

 

Technical considerations relevant to applicability 
Airstreams containing significant quantities of dust generally require pretreatment prior to the 

post-combustion process. 

 

Economics 
The potential to use an existing boiler house has economic benefits, both in terms of capital 

costs and operating costs. 

 

Driving force for implementation 
Compliance with legal requirements. 

 

Example plants 

Installation #352 [ 193, TWG 2015 ]. 

 

Reference literature 

[ 16, Willey et al. 2001 ], [ 145, COM 2017 ], [ 193, TWG 2015 ] 
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2.3.7.1.3 Combustion optimisation 

 

For more information consult the LCP BREF [ 145, COM 2017 ]. 

 

Description 

Measures taken to maximise the efficiency of energy conversion, e.g. in the furnace/boiler, 

while minimising emissions (in particular of CO). This is achieved by a combination of 

techniques including good design of the combustion equipment, optimisation of the temperature 

(e.g. efficient mixing of the fuel and combustion air) and the residence time in the combustion 

zone, and/or use of an advanced control system. 

 

Technical description 

The technique includes the good design of the furnace, combustion chambers, burners and 

associated devices and the regular planned maintenance of the combustion system according to 

suppliersô recommendations. 
 

Achieved environmental benefits 

Reduction of NOX, N2O, CO and other unburnt emissions to air in a balanced way. 
 

Reference literature 

[ 145, COM 2017 ] 
 

 

2.3.7.2 Techniques to reduce dust emissions 
 
2.3.7.2.1 Separator 

 

Description 

The waste gas stream is passed into a chamber where the dust, aerosols and/or droplets are 

separated from the gas under the influence of gravity/mass inertia. 

 

Technical description 
The waste gas stream is passed into a chamber where the dust, aerosols and/or droplets are 

separated from the gas under the influence of gravity/mass inertia. The effect is increased by 

reducing the gas velocity by design means, e.g. baffles, lamellae or metal gauze. 

 

Separators could resemble a horizontally mounted fan body, but the air is fed into a circular 

body where the dust moves to the outside wall of the separators under centrifugal force. The 

dust is collected from the outside wall by a collection vessel and diverted down into a rotary 

airlock seal and on to recovery. The air, now without the dust, is expelled vertically through a 

stack to atmosphere. 

 

The design should ensure a good uniform speed distribution inside the vessel. Preferential flows 

have an adverse effect on efficiency. The use of internal obstructions in the inertia separator 

enables operation at higher speeds, which represents a reduction in volume of the separator 

compared with the settling chamber. The drawback is the increasing pressure drop.  

 

Achieved environmental benefits 
Reduction of dust emissions to air. Potential reuse of airborne materials. 

 

Environmental performance and operational data 
Separators are characterised by a simple and robust design, small space requirements and high 

operating reliability. The technique requires minimum airflow to maintain performance. 

 

Deflection or inertia separators enable effective dust removal. Due to their inertia, larger 

particles are unable to follow the repeatedly deflected gas stream and are separated. With the 

appropriate design, it is possible to achieve separation rates of 50 % for particles in excess of 

100 µm. 
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Cross-media effects 
Energy consumption. 

 

Technical considerations relevant to applicability 
Separators are suitable for use where: 

 

¶ there are high emission levels of dust in the untreated gas; 

¶ there is no great requirement for the removal of fine particles; 

¶ there is a need for preliminary separation and/or protection and relief of downstream 

systems; 

¶ pressures are high, e.g. high-pressure dedusting; 

¶ temperatures are high, e.g. high-temperature dedusting. 

 

Economics 
Low-cost technique. 

 

Driving force for  implementation 

No information provided. 

 

Example plants 

See Table 2.8. 

 

Reference literature 
[ 35, Germany 2002 ] 

 

 
2.3.7.2.2 Bag filter 

 

Description 

Bag filters, often referred to as fabric filters, are constructed from porous woven or felted fabric 

through which gases are passed to remove particles. The use of a bag filter requires the selection 

of a fabric suitable for the characteristics of the waste gas and the maximum operating 

temperature. 

 

Technical description 
Bag filter or fabric filter systems work by passing air containing particulates through a filter 

medium which traps the particles as the air is forced through the filter media. The process takes 

place inside filter units which are placed in the flow of the air to be filtered. To maintain the 

efficiency of the filter media, they are cleaned at regular intervals either by being vigorously 

shaken or a reverse jet of air blown through them to release any material held on the filter - this 

material is then collected and reused in the production process. It is necessary to change the 

filter media regularly to ensure that they remain efficient and that there are no microbiological 

risks to the installation resulting from accumulation of material on the filter media. 

 

Most bag filters use long, cylindrical bags (or tubes) made of woven or felted fabric as a filter 

medium, suitable for the characteristics of the hot gas and the maximum operating temperature. 

 

Bag filters are made up of filter material up to about 30 mm thick and measure up to 0.5 m high 

and 1.5 m long. The filter bags are fitted with their open end towards the clean gas duct. In 

tubular filters, the filter medium consists of tubes up to 5 metres long with a diameter of 

between 12 cm and 20 cm. The untreated gas stream always flows from outside to inside, 

usually in the upper region of the filter bag. 
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Table 2.63 shows a comparison between different bag filter systems and Figure 2.43 shows an 

industrial bag filter. 
 

 

Table 2.63: Comparison between different bag filter systems 

Parameter Pulse jet filter Membrane fibreglass filter Fibreglass filter 

Air to cloth ratio 22ï25 m/s 19ï25 m/s 8ï10 m/s 

Temperature limits 200 °C 280 °C 280 °C 

Bag type Polyester Membrane/fibreglass Fibreglass 

Bag size 0.126 x 6.0 m 0.292 x 10 m 0.292 x 10 m 

Cloth area per bag 2.0 m
2
 9.0 m

2
 9.0 m

2
 

Cage Yes No No 

Pressure drop 2.0 kPa 2.0 kPa 2.5 kPa 

Bag life Up to 30 months 6ï10 years 6ï10 years 
Source: [ 35, Germany 2002 ] 

 

 

As a general rule, the average distance between fibres is considerably larger than the particles to 

be collected. The separation rates due to the screen effect are also supplemented by mass forces, 

obstructive effects and electrostatic forces. 
 

 

 

Source: [ 157, Copa-Cogeca 2016 ] 

Figure 2.43: Picture of an industrial bag filter 

 
 

In the tubular bag filter systems, the equipment contains a round filter comprising a bank of 

vertical tubes mounted in a cylinder, similar in appearance to a cyclone and which does not 

require significant space. The airstream is passed through the filter and the fines are deposited 

on the surface of the individual tubular filters. The tubular filters are cleaned by means of a fully 

automatic pulse-like reverse flushing system, using compressed air or other pressurised gases, 

with the aid of a multistage injector system. The tubes are cleaned individually, which ensures 

continuous cleaning of the tubular filters and dust removal. 
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The product cleaned off the tubular filters falls onto the outlet base, where it is conveyed by air 

flowing through a special perforation system, to the dust outlet. The gases cleaned in this way 

leave the filter as clean gas via a clean gas chamber. 

 

Achieved environmental benefits 
Reduced emissions of dust to air. Reduced waste production, e.g. due to the separation process 

being dry, it may, in principle, be possible to reuse separated particulate matter in the process, or 

as a by-product. 

 

Environmental performance and operational data 
Filter separators can achieve high separation rates, e.g. > 99 %, with even very fine particles 

being separated very efficiently. Bag filters may reduce dust emissions to < 5 mg/Nm
3
. The 

techniques to consider in the determination of BAT of the FDM sectorial chapters (see Chapters 

3 to 15) contain installation-specific performance data related to the application of bag filters. 

 

Filters use significantly less energy than cyclones and produce less noise. If filtering 

installations suitable for CIP are used for outgoing air, it is not necessary to use cyclones, 

allowing huge energy savings and noise reductions to be achieved. Reduced consumption of 

water and cleaning agents can be achieved by using CIP [ 35, Germany 2002 ].  

 

Cross-media effects 

Energy consumption. By-products are produced for which further treatment may be required. 

Bag filter material life is limited and creates another waste to dispose of.  

 

Technical considerations relevant to applicability 
Application is limited for sticky emissions to air. Bag filters may be less effective in 

applications with waste gas temperatures over 240 °C. Depending on the flow rate design 

parameters, they can reach significant volumes and require considerable space.  

 

Economics 

Although the investment costs of bag filters are relatively low, maintenance costs are high, as 

the filter material has to be changed every two to five years. Equipment associated with bag 

filters is more complex than cyclones and requires additional maintenance time. Precipitated 

material is generally easy to recycle and has some economic value.  

 

The minimum expense associated with a filter change is approximately 10 % of the investment 

cost. This cost can be relevant for existing plants compared to the enviornmnetal benfit of 

lowering the emission levels. For example, for one Danish installation with an ELV of 

25 mg/Nm
3
, a new ELV of 5 mg/Nm

3
 would result in an investment in new equipment of 

EUR 134 000ï201 000, in addition to an annual yearly cost of EUR 8 000 to monitor and 

measure the compliance of the limit. Additionally, the very low limit would result in higher 

energy consumption [ 30, TWG 2018 ]. 

 

Driving force for implementation 

¶ Legislation is the main driving force.  

¶ For those installations where the separated ash can be reused, economics is also a driver. 

 

Example plants 
Bag filters are used in almost all the FDM sectors, see Table 2.8. 

 

Reference literature 
[ 30, TWG 2018 ], [ 35, Germany 2002 ], [ 145, COM 2017 ], [ 157, Copa-Cogeca 2016 ], 

[ 193, TWG 2015 ] 
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2.3.7.2.3 Cyclone 

 

Description 

Dust control system based on centrifugal force, whereby heavier particles are separated from the 

carrier gas.  

 

Technical description 
Cyclones use inertia to remove (generally large/coarse) particles from the gas stream by using 

centrifugal forces, usually within a conical chamber. They operate by creating a double vortex 

inside the cyclone body. The incoming gas is forced into circular motion down the cyclone near 

the inner surface of the cyclone tube. A high-speed rotating flow is established within a 

cylindrical or conical container called a cyclone. Larger (denser) particles in the rotating stream 

have too much inertia to follow the tight curve of the stream, and strike the outside wall, then 

fall to the bottom of the cyclone where they can be removed. At the bottom, the gas turns and 

spirals up through the centre of the tube and out of the top of the cyclone. Particles in the 

airstream are forced toward the cyclone walls by the centrifugal force of the spinning gas but are 

opposed by the fluid drag force of the gas travelling through and out of the cyclone. Large 

particles reach the cyclone wall and are collected in a bottom hopper, whereas small particles 

leave the cyclone with the exiting gas. 

 

The efficiency of the cyclone mainly depends on the cyclone separatorôs geometric features 

(height) and the centrifugal force used (speed). The smaller the cyclone separatorôs radius, the 

greater the centrifugal acceleration and thus the better the separation. The particles are crushed 

against the walls of the cone, while the gas is expelled from the cyclone. This shape allows the 

improvement of the rotational speed, so, as the diameter decreases, theoretically even smaller 

particles of dust are separated from the air flow inside the cyclone.  

 

It is important to observe the air flow for which the cyclone is dimensioned (flow and 

temperature). A product that is too dry is more volatile and does not stick to the walls of the 

cone properly. The humidity of the output air is observed as much as possible. 

 

The cyclone is sensitive to the incoming air flow (humidity, dimension and kind of product) and 

the watertightness of the locks that prevent the air from entering the cyclone from below in 

vacuum cyclones. The average lifetime of a cyclone (replacement) is from 10 to 20 years.  

 

Figure 2.44 shows the operational principle of a cyclone. 

 

 

 

Source: [ 123, FEFAC 2015 ] 

Figure 2.44: Operational principle of a cyclone 
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Cyclones are normally used to control particulate material of primarily > 10 ɛm. There are, 

however, high-performance cyclones designed to be effective even for particles as small as 

2.5 ɛm.  

 

For high-performance cyclones, the working principle is the same as that of cyclones. The 

differences compared with traditional cyclones are the size and the proportion between width 

and length. High-performance cyclones have a more elongated shape. This shape allows the 

improvement of the rotational speed, so, as the diameter decreases, even the smallest particles of 

dust are separated from the air flow inside the cyclone. Additionally, a more accurate 

dimensioning of the cyclone related to the air flow can be achieved. The main controllable 

operating parameters are: pressure (mbar) and air flow (kg/h); their balance according to the 

given efficiency curve allows the best performance to be achieved.  

 

Achieved environmental benefits 
Reduction of dust emissions to air. Potential reuse of airborne materials. 

 

Environmental performance and operational data 
Cyclones are characterised by a simple and robust design, small space requirements and high 

operating reliability. Generally, the removed dust is sent back to the production process. 

Cyclones achieve better separation results than separators (see Section 2.3.7.2.1). Table 2.10 

shows performance data of a cyclone, compared to other separation techniques.  

More environmental performance and operational data are presented in the related FDM 

sectorial chapters. 

 

Cross-media effects 
By-products are produced for which further treatment may be required. Electrical energy is used 

to overcome the pressure drop in the cyclones. Also, the operation of cyclones is a source of 

significant noise. 

 

Technical considerations relevant to applicability  

Cyclones are applicable in new and existing installations. Only a small amount of space should 

be available to install the cyclone together with the air inlet and outlet ducts. 

 

A minimum airflow is required to maintain operational performance. Regular inspection is 

performed to ensure that the interior of the cyclone is dry and that there is no accumulation of 

material which could affect the efficiency of the cycloneôs operation. 

 

Economics 
This is a low-cost technique. Operating costs include the energy necessary for the pneumatic or 

hydraulic removal of the collected ash and electric power to compensate the waste gas pressure 

loss of the equipment. Maintenance costs are low given the durability of all of the components. 

 

For a cyclone applied in an animal feed installation, an investment cost of EUR 26 000 was 

reported (purchase of cyclone and fan). Its annual operating cost was around EUR 51 000, 

related to 341 000 kW/year of electricity consumption [ 193, TWG 2015 ]. 

 

Driving force for implementation 

Legislation is the main driving force. 

 

Example plants 

Cyclones are used in almost all the FDM sectors, see Table 2.8. 

 

Reference literature 
[ 35, Germany 2002 ], [ 92, Gergely E. 2003 ], [ 145, COM 2017 ], [ 193, TWG 2015 ] 

 

 



Chapter 2 

Food, Drink and Milk Industries   213 

2.3.7.2.4 Electrostatic precipitator 

 

Description 

Electrostatic precipitators operate such that particles are charged and separated under the 

influence of an electrical field. Electrostatic precipitators are capable of operating under a wide 

range of conditions. In a dry ESP, the collected material is mechanically removed (e.g. by 

shaking, vibration, compressed air), while in a wet ESP it is flushed with a suitable liquid, 

usually water. 

 

Technical description 
ESPs are used to separate solid or liquid particles from waste gases. The particles distributed in 

the gas are electrostatically charged so that they stick to collection plates. The main components 

of an ESP are the filter housing, the discharge and collecting electrodes, the power supply, the 

gas guides or baffles and a rapping system for cleaning the collecting plates. The separation 

process can be divided into the following individual stages: 

 

¶ charging of the particles in the ion field; 

¶ transport of the charged particles to the collecting plate; 

¶ collection and film formation on the collecting plate; 

¶ removal of the dust film from the collecting plate. 

 

A distinction is made between dry and wet ESPs. These may have a horizontal or vertical gas 

flow. Dry ESPs are mostly built with collecting electrodes in plate form; they are also called 

plate ESPs. In wet ESPs, the collecting electrodes frequently take the form of tubes; here the gas 

flow is usually vertical. They are also called tube ESPs. 

 

Figure 2.45 shows the typical arrangement of an electrostatic precipitator. 

 

 

 

Source: [ 192, COM 2006 ] 

Figure 2.45: Typical arrangement of an electrostatic precipitator (only two zones shown) 

 

 

Achieved environmental benefits 

Reduction of dust emissions to air. 
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Environmental performance and operational data 
Electrostatic precipitators permit separation rates of up to 99.9 %, effective separation of 

particles even lower than 0.1 µm, and treatment of waste gas volumes higher than 

1 000 000 m
3
/h [ 35, Germany 2002 ]. Table 2.10 shows performance data of this technique, 

compared to other separation techniques. 

 

Table 2.64 shows installation-specific performance data related to the application of ESPs. 
 

Electrostatic precipitators have low pressure losses, e.g. from 0.001 bar to 0.004 bar; low energy 

requirements, e.g. 0.05ï2 kWh/1 000 m
3
 and a long service life. Wet ESPs can achieve better 

separation rates than dry ESPs. In particular, they can separate fine dusts, aerosols and, to some 

extent, heavy metals and gaseous substances. 
 

 

Table 2.64: Average values of periodic measurements of dust in dryer emissions after treatment in 

an electrostatic precipitator (dry basis)  

Installation 

ID-point of 

release 

FDM 

sector 

Dust 

(mg/Nm
3
) 

O2 

content 

(%)  

Monitoring 

standard 
Additional information  

303-2 OI 11.80 16.00 EN 13284 

¶ Sunflower seed, 

grapeseed 

¶ Combustion gases from 

steam generator and 

direct contact pomace 

dryer 

¶ Cyclone step before 

303-1 OI 26.99 15.20 EN 13284 

¶ Sunflower seed, 

grapeseed 

¶ Combustion gases from 

steam generator and 

direct contact seed 

dryer 

¶ Cyclone step before 
Source: [ 193, TWG 2015 ] 

 

 

Cross-media effects 

Residue (fly ash) or liquid effluent (only in the case of wet ESPs) is produced which may 

require further treatment. Electricity is consumed. The high voltage of an ESP can introduce a 

new hazard. 
 

Technical considerations relevant to applicability 
ESPs are used for the removal of solid and liquid air pollutants, especially for fine dust. They 

are used in large systems for cleaning large quantities of waste gas at high temperatures. Wet 

ESPs are used for cleaning liquid-saturated gases, for acid and tar mists, or if there is a risk of 

explosion. 
 

Economics 

The cost of electrostatic precipitators includes costs due to electricity consumption, maintenance 

expenses and the transfer of the precipitated ash, but generally they are cost-effective devices 

for reducing dust emissions [ 145, COM 2017 ]. 
 

Driving force for implementation 

Legislative demands for reduced emissions of fine particulate matter. 
 

Example plants 

This technique has been reported in an oilseed installation (#303) [ 193, TWG 2015 ]. 
 

Reference literature 
[ 35, Germany 2002 ], [ 145, COM 2017 ], [ 192, COM 2006 ], [ 193, TWG 2015 ] 
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2.3.7.2.5 Packed bed filter 

 

Description 

Dust particles become attached to a granulated layer of gravel, sand, limestone or coke. 

 

Technical description 
The filter medium used in packed bed filters is typically a granular layer of gravel, sand, 

limestone or coke in the 0.3 mm to around 5 mm particle size range. During filtration, the dust 

particles become attached to the granulated layer. A dust layer which supports the separation 

process is formed at the surface of the bed. Penetration of the separated dust can be prevented 

by using fine particles (< 0.5 mm) and low flow speeds (< 0.1 m/s). However, there is a risk of 

bridge formation, which can result in reduced separation rates. 

 

The packed bed may be up to several metres high. Cleaning is carried out by counterflow 

rinsing, mechanical shaking in conjunction with flushing air, or by movable nozzles while 

cleaning is taking place. Use of a multi-compartment filter design ensures continuous cleaning. 

Packed bed filters can be used to achieve the simultaneous separation of dust and gases. Packed 

bed filters satisfy an essential requirement for high-temperature or hot gas dedusting, namely 

utilisation of the thermal energy of the cleaned gas streams at a high temperature level. 

 

Achieved environmental benefits 
Reduced dust emissions to air.  

 

Environmental performance and operational data 
Filter separators can achieve high separation rates, e.g. > 99 %, with even very fine particles 

being separated very efficiently. Clean gas figures of around 10 mg/Nm
3
 for dust have been 

achieved in trials using packed bed filters, with an average dust content of 18 g/Nm
3
 in the dirty 

gas and a mean particle size of 0.5 µm. 

 

The separation rate of packed bed filters is not as good as that of fibre layer filters. Packed bed 

filters are, therefore, used for separating problematical dust particles or separation at higher 

waste gas temperatures. Packed bed filters are frequently used in conjunction with preliminary 

separators, e.g. cyclones. 

 

As a general rule, the average distance between fibres is considerably larger than the particles to 

be collected. The separation rates due to the screen effect are also supplemented by mass forces, 

obstructive effects and electrostatic forces. 

 

Cross-media effects 

No information provided. 

 

Technical considerations relevant to applicability 
Packed bed filters are suitable for the removal of dusts which are: 

 

¶ hard and abrasive; 

¶ at temperatures of up to 1 000 °C; 

¶ mixed with chemically aggressive gases; 

¶ combustible and where there is a risk of sparks; 

¶ mixed with mists; 

¶ mixed with some gaseous pollutants, e.g. SO2, HCl and HF, when simultaneous 

separation can be achieved with suitable packing. 

 

Economics 

No information provided. 

 

Driving force for implementation 

Legislation is the main driving force. 
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Example plants 

No information provided. 

 

Reference literature 
[ 35, Germany 2002 ] 

 

 

2.3.7.3 Techniques mainly used to reduce organic/odour emissions 
 
2.3.7.3.1 Wet scrubber 

 

Description 

The removal of gaseous or particulate pollutants from a gas stream via mass transfer to a liquid 

solvent, often water or an aqueous solution. It may involve a chemical reaction (e.g. in an acid 

or alkaline scrubber). In some cases, the compounds may be recovered from the solvent.  

 

Technical description 
Wet scrubbing (or absorption) is a mass transfer between a soluble gas and a solvent ïoften 

waterï in contact with each other. Physical scrubbing is preferred for chemical recovery, 

whereas chemical scrubbing is restricted to removing and abating gaseous compounds. Physico-

chemical scrubbing takes an intermediate position. The component is dissolved in the absorbing 

liquid and involved in a reversible chemical reaction, which enables the recovery of the gaseous 

component. Scrubbing or absorption is widely used as a raw material and/or product recovery 

technique for the separation and purification of gaseous streams which contain high 

concentrations of VOC, especially compounds soluble in water such as alcohols, acetone or 

formaldehyde. The use of absorption as the primary control technique for organic vapours is 

subject to the availability of a suitable solvent, with a high solubility for the gas, low vapour 

pressure and low viscosity. 

 

Wet dust scrubbing is a variation of wet gas scrubbing using the same or equivalent techniques 

to abate or recover dust in addition to gaseous compounds. A type of scrubber widely operated 

for dust abatement is the venturi scrubber.  

 

Different types of wet scrubbers can be distinguished by classifying them in terms of their 

design features. Some examples are: 

 

¶ absorption techniques such as scrubber towers, spray scrubbers (see Table 2.65); 

¶ injection scrubbers, e.g. high-pressure or dual-substance injection scrubbers; 

¶ jet scrubbers; 

¶ vortex scrubbers; 

¶ rotary scrubbers, disintegrators (high performance); 

¶ venturi scrubbers (high performance). 

 

A spray scrubber simply comprises a liquid spray which comes into contact with a rising 

airstream within a vessel. The vessel contains no packing or plates or any device used to 

enhance gas-liquid contact. A typical spray tower configuration is shown in Figure 2.46. 
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Source: [ 192, COM 2006 ] 

Figure 2.46: Spray chamber layout 

 

 

Regarding the venturi scrubber, the characteristic feature is the constriction of the duct ïventuri 

throatï causing an increase in gas velocity. Liquid is introduced into the scrubber and forms a 

film on the walls, which is atomised by the gas stream in the venturi throat. Alternatively, with 

ejector venturi scrubbers, the liquid is sprayed into the venturi throat. 

 

An example of design standards for wet scrubbers used in Germany according to DIN standards 

is shown in Table 2.65. 
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Table 2.65: Dust removal from air ï overview of wet scrubbers 

 

 

 

Description Scrubber tower 

Spray scrubber 

Packed bed 

absorber 

Injection scrubber (high-

pressure or dual-substance 

injection scrubber 

Jet scrubber Vortex 

scrubber 

Rotary scrubber, 

disintegrator 

Venturi 

scrubber 

Symbols according to 

DIN 30600/28004 

  

- 

   

Gas speed in contact zone in 

relation to free cross-section (m/s)*
 1ï5 20ï60 5ï15 8ï20 25ï70 40ï150 

Pressure difference over entire 

separator (bar)*
 1ï25 5ï25 

Pressure 

recovery of 

approximately 

1ï10 

15ï30 2ï10 (
1
)
 

30ï200 

Energy requirements 

(kWh/1 000 m
3
) 

0.2ï3 0.4ï2 1.2ï3 1ï2 4ï15 (
1
)
 

5ï15 

Collecting liquid/gas  

ratio (l/m
3
)*

 1ï5 0.5ï5 5ï50 

No data 

possible 

due to 

process 

principle 

1ï3 per stage 0.5ï5 

Separation limit (µm)*
 

0.7ï1.4 0.1ï1 0.8ï0.9 0.6ï0.9 0.1ï0.6 0.05ï0.5 

Dust separation rate (%)*
 
(
2
)
 

50ï85 90ï95 90ï95 90ï95 92ï96 96ï98 

NB: 

* Approximate values; higher or lower variations are possible. 

(1) In disintegrators, the energy consumption is often considerably higher depending on the efficiency and the volume of gas handled. A pressure recovery of up to 25 bar is possible. 

(2) The separation rate shown in the table merely gives a rough idea of the possible working range. Although the separation rate is easy to measure, it only permits limited conclusions 

about the efficiency of a separator. For example, it is directly dependent on the particle size distribution of the input material. If the particle size distribution changes, so does the 

separation rate, even if the other parameters remain constant. A knowledge of the separation rate does, however, become important in the specific application. The fraction 

separation rate is a much more suitable parameter for assessing the efficiency of a separator. 

Source: [ 136, Deutsches Institut für Normung p.v. 2005 ] 
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Achieved environmental benefits 
The major environmental benefits of the application of wet scrubbers are: 
 

¶ reduction of gaseous pollutants, such as SO2, ammonia, or volatile organic compounds 

and reduction of odour emissions;  

¶ reduction of dust emissions; 

¶ recovery of the product, e.g. in vegetable oil processing, the collected dust is recovered 

and can be added back to the meal; 

¶ prevention of fire risk. 
 

Environmental performance and operational data 
Using wet scrubbers, it is possible to achieve dust separation rates of 80ï99 %.  

 

The techniques to consider in the determination of BAT of the FDM sectorial chapters (see 

Chapters 3 to 15) contain installation-specific performance data related to the application of wet 

scrubbers.  
 

Cross-media effects 
Energy consumption. Waste water production. 
 

Technical considerations relevant to applicability 
The technique is applied throughout the FDM sector. 
 

Economics 
The cost of waste water treatment may be considerable, in some cases even higher than for 

measures to control dust emissions. 
 

Driving force for implementation 

Wet scrubbers are used for the removal of solid and liquid air pollutants, particularly in cases: 
 

¶ of flammable or sticky dust; 

¶ where there is a risk of explosion; 

¶ for the simultaneous separation or preliminary separation of solid, liquid and gaseous 

pollutants; 

¶ for small dust particles (< 0.1 µm). 
 

Example plants 

See Table 2.8. 

 

Reference literature 
[ 35, Germany 2002 ], [ 16, Willey et al. 2001 ], [ 154, COM 2015 ], [ 136, Deutsches Institut 

für Normung p.v. 2005 ], [ 192, COM 2006 ], [ 193, TWG 2015 ] 
 

 

2.3.7.3.2 Plate absorber 

 

Description 
Plate absorbers consist of a vertical tower with several horizontal perforated trays or sieve plates 

stacked in it. The scrubbing liquid enters the top of the tower, while the airstream to be treated 

enters the bottom of the tower and flows upwards. 

 

Technical description 
Plate absorbers consist of a vertical tower with several horizontal perforated trays or sieve plates 

stacked in it. Baffles are situated a short distance above the apertures in the plates. Scrubbing 

liquid enters the top of the tower and successively flows along each of the trays. The airstream 

to be treated enters the bottom of the tower and flows upwards, passing through perforations in 

the plates. The velocity of the airstream is sufficient to prevent liquid seeping through the 

perforations. The airstream to be treated is directed through the falling curtains of liquid 
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overflowing the trays. There are many variations in the plate design and positioning of the liquid 

nozzles. The plate absorber system is shown in Figure 2.47. 

 

 

 

Source: [ 16, Willey et al. 2001 ] 

Figure 2.47: Plate absorber layout 

 

 

Achieved environmental benefits 
Removal of odours, gaseous components and dust from air. 

 

Environmental performance and operational data 
Absorbers, in general, are reported to have the advantage of having a relatively low pressure 

drop. They are reported to be more effective for the removal of specific components rather than 

overall removal and they have a reported efficiency of typically 70ï80 %. 

 

The equipment is compact, so absorbers do not take up much space, but they may require space 

for the safe storage of chemicals. 

 

Cross-media effects 
Waste water is generated. Likely to generate a visible plume at the hot gas outlet. 

 

Technical considerations relevant to applicability  
In general terms, absorbers are suitable for a wide range of volumetric airflows which contain 

gases and/or odours in relatively low concentrations. 
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Economics 
The technique is relatively inexpensive, compared to other end-of-pipe odour control 

techniques. The capital and operating costs are relatively low. Plate absorbersô cost-

effectiveness is reduced if the exhaust gas to be treated has a high moisture content, due to their 

preferential absorption of water vapour. 

 

Driving force for implementation 

No information provided. 

 

Example plants 

No information provided. 

 

Reference literature 

[ 16, Willey et al. 2001 ] 

 

 
2.3.7.3.3 Adsorption  

 

Description 

Organic compounds are removed from a waste gas stream by retention on a solid surface 

(typically activated carbon). 

 

Technical description 
Adsorption is a unit process involving the capture of airborne components onto a fine particulate 

active surface. There are a number of possible active materials that are used for general 

applications, including zeolites, silicas, polymeric resins and activated carbon. The activated 

carbon is the most frequently chosen adsorbent within the FDM sector and hence the term 

carbon adsorption is commonly used. 

 

Carbon adsorption is a dynamic process in which vapour molecules impinge on the surface of 

the solid and remain there for a period of time before desorbing again into the vapour phase. An 

equilibrium is established between adsorption and desorption, i.e. a particular concentration of a 

compound on the carbon surface corresponds to a concentration or partial pressure of that 

compound in the gas phase. 

 

The adsorption process can be either physical, in which case the adsorbed molecules are held to 

the surface by van der Waals forces, or chemical, where chemical bonds are formed between the 

adsorbed molecules and the surface. Both of these processes release heat, the latter rather more 

than the former. 

 

Activated carbon can be made from a variety of carbonaceous materials, including wood, coal, 

peat, nutshells, lignite, bone and petroleum residues. Shell- and coal-based products are usually 

used in vapour phase applications. The manufacturing process consists of the dehydration and 

carbonisation of the raw material, which drives off the volatile matter and produces a 

rudimentary pore structure. This is followed by thermal or chemical activation. Activated 

carbon used in odour control applications has the typical properties shown in Table 2.66.  

 

 
Table 2.66: Properties of activated carbon 

Parameter Units Property 

Particle size mm 1.4ï2.0 

Bulk density kg/m
3
 400ï500 

Surface area m
2
/g 750ï1 500 

Pore volume cm
3
/g 0.8ï1.2 

Source: [ 192, COM 2006 ] 
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Carbon beds can either be used once and disposed of, or regenerated. Regenerative systems are 

typically used in installations where the recovery of the material being captured is economically 

attractive. It is more common to use a single fixed bed adsorber system. Regenerative systems 

are usually designed with multiple beds so that adsorption and desorption can be conducted 

simultaneously. It is usually necessary to raise the temperature of the adsorbent bed to release 

the adsorbate, with steam being the most commonly used medium. A regenerative system 

therefore requires an additional capture mechanism for materials desorbed during the 

regenerative process. 

 

The fixed bed system comprises a bed of activated carbon through which the gas stream to be 

treated is passed. The carbon is in either a simple packed bed arrangement or in the form of 

carbon filters. The filters are essentially paper or cardboard cartridges containing powdered 

activated carbon. In general, the cartridge arrangement is used for general room ventilation 

whilst the packed bed system is used for odour control from process exhausts. Once the 

activated carbon has expired, e.g. as judged by an increased outlet odour level, the carbon or 

cartridge arrangement needs to be replaced. The packed bed system has the advantage that, in 

most cases, it can be returned to the supplier for regeneration at his premises whilst the cartridge 

filters are usually disposed of by the user. 

 

The design basis for room ventilation using cartridge filters is significantly different from that 

for process odour control using packed beds. In general, cartridge filters are employed for small 

vent flows of intermittent or infrequent nature with very low sorbent concentrations. 

Conversely, the packed bed system is used where the concentration of components in the 

airstream to be treated is significantly higher than typical room or factory floor concentrations. 

The major difference in the design basis of each system is the residence time; with room 

ventilation requiring only 0.1 to 0.2 seconds, and process exhaust treatment requiring between 

1 and 3 seconds. The choice of residence time is essentially a compromise between the physical 

volume of the designed bed and the time between renewals. Table 2.67 shows the principles of 

operation of the three major types of adsorbers. 
 

 

Table 2.67: Principle of operation of the main types of adsorbers 

Adsorber Principle of operation 

Fixed bed unsteady state adsorber 
The contaminated gas passes through a stationary bed of 

adsorbent 

Fluidised bed adsorber 
The contaminated gas passes through a suspension of 

adsorbent 

Continuous moving bed adsorber 
The adsorbent falls by gravity through the rising stream of 

gas 
Source: [ 192, COM 2006 ] 

 

 

In general, the lower the temperature, the greater the amount adsorbed and, therefore, the longer 

the penetration time or bed life. As a guideline, carbon adsorption is not applicable at a 

temperature above 40 °C. Furthermore, the efficiency of activated carbon is reduced at a relative 

humidity above 75 %, except for water-soluble compounds such as the lower amines and 

hydrogen sulphide. This preferential adsorbance of water can lead to condensation within the 

bed, so making the carbon inactive. The bed would then require drying out before it could be 

reused. 

 

Achieved environmental benefits 
Reduction of TVOC and odour emissions to air. 

 

Environmental performance and operational data 
The installation of a carbon adsorption system is fairly simple, comprising a fan and vessel to 

hold the carbon bed. Carbon adsorption can give odour removal efficiencies of 80ï99 % 

[ 16, Willey et al. 2001 ]. 
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The absorptive capacity of activated carbon is expressed as weight-% in terms of the amount of 

the specified material that can be adsorbed per unit mass of carbon. These figures vary 

considerably from as low as zero to as high as 110 % and are fairly meaningless for an odorous 

exhaust potentially containing a wide variety of individual components. In this sense, as a 

general guideline, a value of 30 % can be used to estimate the expected lifetime of a carbon bed 

used in the FDM sector. 

 

Cross-media effects 
Energy consumption. Waste is produced when the activated carbon needs to be disposed of. 

 

Technical considerations relevant to applicability 
Carbon adsorption is generally suitable for low air throughputs of less than 10 000 m

3
/h and 

where the contaminant to be removed is present in a low concentration, e.g. less than 

50 mg/Nm
3
. In terms of odour control, the major applications of carbon adsorption are the 

cleaning of ventilated air and the treatment of odorous process emissions. 

 

The presence of dust in the gas stream to be treated can seriously interfere with the efficiency of 

a carbon bed, as well as increase the operating pressure drop. The dust and condensables can be 

removed in a pre-filter arrangement, although this will add to the complexity and cost of the unit 

as well as adding operational problems in cleaning requirements and dust breakthrough. 

 

Economics 
This technique has relatively low capital costs. The operational cost is high, e.g. carbon costs 

approximately EUR 2 400/t. Regeneration is not normally economical, so the carbon bed has to 

be totally renewed when its adsorption efficiency begins to fall, which might be after only a 

short period of time depending on the odour emission rate and odorant concentration 

[ 16, Willey et al. 2001 ]. 

 

Driving force for implementation 

No information provided. 

 

Example plants 

This technique has been reported in a meat processing installation (#331) [ 193, TWG 2015 ]. 

 

Reference literature  
[ 16, Willey et al. 2001 ], [ 192, COM 2006 ], [ 193, TWG 2015 ] 

 

 
2.3.7.3.4 Biofilter 

 

Description 

The waste gas stream is passed through a bed of organic material (such as peat, heather, 

compost, root, tree bark, compost, softwood and different kinds of combinations) or some inert 

material (such as clay, activated carbon, and polyurethane), where organic (and some inorganic) 

components are transformed by naturally occurring microorganisms into carbon dioxide, water, 

other metabolites and biomass. 

 

Technical description 
In biofil ters, the pollutants are adsorbed onto the filter material and degraded by the 

microorganisms located on a fixed filter medium. The filter material is arranged in the form of a 

packed bed and is permeated by the waste gases. For waste gases with high dust emission levels, 

the gas needs to be passed through a dust remover, before the biofilter. 

 

Biofilters can be operated in either downflow or upflow fashion. The relative merits of each 

mode are uncertain and it is most likely that operational efficiency is the same in each case. The 

pressure drop over a biofilter is low, typically in the range of 10 mm/m to 25 mm/m of packed 

height. This low pressure drop infers that proper design of the air distribution for either 
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downflow or upflow installations is a critical design parameter. A typical layout of a biofilter is 

illustrated in Figure 2.48. 

 

 

 

Source: [ 16, Willey et al. 2001 ]  

Figure 2.48: Biofilter layout  

 

 

The waste gas to be treated is directed initially into a humidifier, where it is countercurrently put 

into contact with recirculating water. The air exiting the humidifier is subsequently directed to 

the biofilter. 

 

It is not normal practice to operate the humidifier with a continuous fresh supply of make-up 

water as this would lead to a waste water discharge requirement. 

 

Periodic irrigation of the top of the bed allows the system to maintain the required moisture 

content in the filter material of 40ï60 %. Any water falling through the bed, via irrigation or 

rainfall, can be recycled to the humidifier to avoid a waste water discharge from the system. 

 

There is a wide variety of filter materials that have been used in biofilters. The major requisites 

of the filter material are a high specific surface area, e.g. 300ï1000 m
2
/m

3
, a high water-bearing 

capacity, limited compaction characteristics and a limited resistance to flow. Traditionally, 

fibrous peat mixed with heather in a 50 % proportion has been used. The microbial activity 

occurs within the peat whilst the heather provides a stiffening agent to prevent compaction, 

thereby extending the operating life of the bed. 

A variation of the peat/heather mixture is mushroom compost mixed with 5 mm diameter 

polystyrene spheres for support, in a 50 % proportion. Rootwood is typically comprised of tree 

roots, branches and loose twigs. The rootwood is split into lengths of typically 15 cm by a 

tearing apart action rather than straight cuts. This action effectively exposes the maximum 

surface area and does not require supporting material. These filter media have all been proven in 

full -scale installations. Specific operating experience may be sought if any other materials are 

proposed. 

 

Biofilters can be further subdivided into soil- and non-soil-based biofilters. The soil-based 

biofilter or soil bed comprises a layer of porous soil under which is a network of pipes through 

which the airstream to be treated is passed. An open structured soil is required to keep the 

pressure drop across the bed to a minimum. 
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In general, the residence time required for a biofilter depends upon the level and type of 

contaminants present in the airstream to be treated. Components that are aromatic in nature will 

require a longer residence time than more simple organic chemicals. As a general guideline, a 

minimum residence time of 20 seconds is chosen, extended up to 40 seconds where 

contaminants with reduced biological degradability are present. 
 

The velocity through the filter bed is typically between 0.02 m/s and 0.05 m/s. The surface 

loading rate, which is often used to characterise a design, is typically within the range of 100ï

250 m
3
 gas/m

2
 filter area/h. 

 

Due to reasons of potential compaction, the maximum height of the filter media is restricted to 

approximately 1.0ï1.5 metres. Where a greater height is required due to limited land 

availability, then some form of intermediate support would be required within the vertical cross-

section of the bed.  
 

The distribution of air through the biofilter is an important consideration and a plenum chamber 

design is recommended. In this respect, the vertical height of the plenum chamber is at least 

50 % that of the height of the filter material. 
 

The pH of the filter material in a biofilter is typically maintained between 6.5 and 7.5, a range 

preferred by most bacteria. In some cases, the biodegradation of exhaust gas components can 

generate acidic by-products, so dosing with alkali may be undertaken. 

 

Important characteristics of the filter material include a low pressure loss, a high buffering 

capacity and a wide spectrum of microorganisms present. Approximately 40 % to 60 % 

moisture content of the filter bed is needed to ensure good efficiency. The filter bed needs 

regular maintenance, e.g. to be kept free of plant growth, settled material and gas breakthroughs, 

to ensure its optimal effectiveness. 

 

A typical lifetime of a filter bed of 3 to 5 years is often quoted; however, for most filter 

materials, and particularly for peat/heather, the bed will require topping up within the first 

18 months of operation. A complete replacement of the material is only necessary if the 

degradation of the organic matter has proceeded to such an extent that the required air flow rate 

can no longer be achieved. To enable replacement of the filter material, the equipment has to be 

designed and constructed such that the grid is accessible for vehicles or the filter can be 

maintained with a mobile gripper. If the biofilter is divided into several segments, the entire 

production does not need to shut down for maintenance work. 

 

Depending on the nature of the upstream process, an emergency gas vent to the air can be 

installed linked to a temperature sensor located at the inlet to the biofilter. The control 

mechanism is set such that if the biofilter inlet temperature exceeds 45 °C over a predetermined 

period of time, say 4 hours, the exhaust gases are discharged directly to the air, thereby 

bypassing the biofilter. The use of such a system will mean that the waste gases are emitted 

untreated, so the conditions leading to such a bypass need to be prevented. Local temperature 

and bed pressure drop indicators are also recommended. 

 

Dust and fats may need to be removed upstream of the filter to avoid potential clogging, leading 

to a rise in filter pressure drop and a reduction in operational efficiency. 

 

Soil beds are normally constructed below ground, so care needs to be taken to ensure that the 

base of the soil filter is above the water table. The major disadvantage with the soil biofilter is 

the excessive residence time required for the biological process, which is in the region of 

5 minutes. This results in very large open structures requiring significant land area. 

 

Biofilters have also been used to treat frying exhaust gases. The vapour of the deep fryer is 

condensed in a condensation unit. This leads to a reduction of the odour and a reduction of the 

vapour volume. Afterwards, the vapour is sent through a biofilter. Oil and fat will be removed 
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by bio-organisms. The temperatures in these new-generation filters are up to 60 °C. At these 

temperatures, thermophilic bacteria are active. The removal rate is higher in these biofilters, 

which leads to a smaller design, reduced growth of bio-organisms and lower pressure drop. 

However, the filter is replaced more frequently than in cases where mesophilic bacteria are used 

(operating at 20ï40 °C). The filter is kept wet enough for the bio-organisms.  

 

Achieved environmental benefits 
Reduced emissions to air, mainly odour/TVOC. 

 

Environmental performance and operational data 
A correctly operating biofilter will exhibit an outlet odour concentration of typically 150ï

200 OUE/m
3
. The characteristic smell associated with the treated discharge is a musty, moist 

forest type with very little resemblance to the inlet odour. Odour removal efficiencies of up to 

99.5 % can be achieved, although the removal percentage is very dependent upon the inlet 

concentration. It is unlikely that an outlet odour level of less than 150 OUE/m
3
 can be achieved 

so an inlet odour level of 5 000 OUE/m
3
 would represent a maximum efficiency of 97 % 

[ 35, Germany 2002 ]. 

 

TVOC abatement efficiencies of 80ï90 % have been reported. 

 

The use of specially composted organic material, leca (expanded clay) or moler (expanded clay) 

leads to odour abatement efficiencies > 95 % and increased biofilter lifetimes (in some cases 

more than 10 years) [ 224, Denmark 2015 ]. 

 

More environmental performance and operational data are presented in the related FDM 

sectorial chapters. 

 

Cross-media effects 
These include generation of acidic by-products, e.g. from the biodegradation of exhaust gas 

components. Disposal of the filter material is also necessary. In some cases, used material is 

composted to reduce the organic pollution and then sent for landspreading. Condensation water 

is recycled; otherwise it requires treatment. Energy consumption is required for the pump to 

overcome the resistance of the filter media. 

 

The use of biofilters in FDM installations producing ready meals and ice cream may increase 

hygiene risks, due to the bacterial population in the filter material. 

 

Technical considerations relevant to applicability 
The biofiltration process is suitable for a wide range of airflows, up to and exceeding 

100 000 m
3
/h, providing there is sufficient land space available. A limit to the maximum 

concentration of contaminants in the inlet airstream is generally documented as less than 

5 000 mg/Nm
3
, although a concentration limit of 1 000 mg/Nm

3
 may be used as a guideline 

when assessing the suitability of biofiltration. 

 

Biofilters are suitable for ventilation systems where a constant airflow is extracted from a vessel 

or process room. Periodic heavily contaminated airstreams are avoided unless there is sufficient 

dilution from other sources being treated. 

This technique is not applicable for airborne temperatures in excess of 40 °C. If temperatures 

above 40 °C are prevalent for significant periods of time, i.e. greater than 4 hours, then the 

microorganisms present in the filter become sterilised and the bed requires reseeding. At 

temperatures below 10 °C, the rate of biological degradation falls dramatically. This technique 

is not applicable for humidities lower than 95 %. 

 

Economics 
Relatively high odour removal efficiency at relatively low cost compared with alternative 

treatment techniques. The capital cost of the downflow system is higher than for the upflow 

system as it will require an airtight top seal. This would be emphasised for a larger biofilter. 
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The specific investment costs for biofilters of modular construction depend on the size of the 

plant and the construction standard. For smaller plants, i.e. 200ï500 m
3
/h, the cost is about 

EUR 45ï50/m
3
 of exhaust air. In larger plants, costs may go down to EUR 10ï15/m

3
. These 

costs do not include exhaust air interception and the necessary construction costs 

[ 35, Germany 2002 ]. 

 

The operating costs are largely made up of the energy costs for running ventilators and 

humidifier pumps. There are also costs associated with the water required for humidification, 

the maintenance of the biofilter and the replacement of filter material at the end of its service 

life. The energy costs amount to EUR 0.15ï0.225/1 000 m
3
 of exhaust air, calculating electricity 

costs at EUR 0.15/kWh. Including the above-listed additional costs, the price for the treatment 

of 1 000 m
3
/h exhaust air then amounts to EUR 0.225ï0.30 [ 35, Germany 2002 ]. 

 

Soil beds have a potentially high odour removal efficiency at a relatively low cost when 

compared with alternative treatment techniques. 

 

Driving force for implementation 
To prevent complaints about odours and to meet legal requirements. 
 

Example plants 

This technique has been reported in several installations from the dairy, meat processing and 

oilseed sectors, as shown in Table 2.8 [ 193, TWG 2015 ]. 
 

Reference literature 
[ 16, Willey et al. 2001 ], [ 35, Germany 2002 ], [ 154, COM 2015 ], [ 193, TWG 2015 ], [ 224, 

Denmark 2015 ], [ 229, Belgium-VITO 2015 ] 
 

 

2.3.7.3.5 Bioscrubber 

 

Description 

A packed tower filter with inert packing material which is normally continuously moistened by 

sprinkling water. Air pollutants are absorbed in the liquid phase and subsequently degraded by 

microorganisms settling on the filter elements. 

 

Technical description 
Bioscrubbers (or biotrickling filters) are absorbers in which an intensive exchange of substances 

takes place between the polluted gas and the absorbent. The microorganisms are either finely 

divided in the collecting liquid or applied as a layer to the absorber structures or trickling filter. 

The absorber is followed by a mist collector to separate the gaseous and liquid phases. In the 

subsequent absorbent regeneration step, the waste gas constituents absorbed in the liquid phase 

are removed from the absorbent. For waste gases with high particulate emission levels, the gas 

needs to be passed through a dust remover before the bioscrubber. 

 

The technique essentially comprises a packed bed absorber containing a bacterial population 

within the packing and the sump. The contaminated gas is passed up the tower against a flow of 

water containing a population of bacteria. The bacteria attaches itself to the packing in a similar 

manner to a trickling filter used for waste water treatment (see Section 2.3.6.2.1.5). Nutrients, 

required for bacterial growth and synthesis, are added to the absorber sump on a periodic basis. 

 

The speed of biodegradation is relatively slow, thus operating conditions may have a crucial 

role. A bioscrubber operates at a typical residence time of 5ï15 seconds, depending on the 

airstream to be treated. Bioscrubbers require a much smaller land area than biofilters. A typical 

layout of a bioscrubber installation is shown in Figure 2.49. 
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Source: [ 16, Willey et al. 2001 ] 

Figure 2.49: Bioscrubber layout 

 

 

Achieved environmental benefits 
Reduced emissions to air, mainly odour, TVOC, SO2 and dust. 

 

Environmental performance and operational data 
The size of a bioscrubber is not restricted by the airflow to be treated, although the resultant size 

of a single packed tower may necessitate two parallel systems. A limit to the maximum 

concentration of contaminants in the inlet airstream is generally documented as less than 

5 000 mg/Nm
3
, although a concentration limit of 1 000 mg/Nm

3
 may be used as a guideline 

when assessing the suitability of bioscrubbing [ 35, Germany 2002 ]. 

 

More environmental performance and operational data are presented in the related FDM 

sectorial chapters. 

 

Cross-media effects 
The bioscrubber is more energy-intensive than the biofilter as water is being recirculated in 

addition to the air movement. Disposal of the filter material. 

 

Technical considerations relevant to applicability 
Used to eliminate biodegradable gaseous air pollutants, especially organic pollutants and 

odours. In theory, a bioscrubber can be used wherever bio-oxidation is an appropriate solution 

to an emission problem and its applications are, therefore, similar to those of biofilters; 

however, biofilters are more widely applied. This technique is not applicable for airborne 

temperatures in excess of 40 °C. 
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Economics 
A relatively high odour removal efficiency at relatively low cost when compared with 

alternative treatment techniques. 

 

Driving force for implementation 

¶ Reduction of odour emissions.  

¶ Meeting H2S emission requirements. 

 

Example plants 

See Table 2.8. 

 

Reference literature 

[ 16, Willey et al. 2001 ], [ 35, Germany 2002 ], [ 192, COM 2006 ], [ 193, TWG 2015 ] 

 

 
2.3.7.3.6 Thermal oxidation  

 

Description 

The oxidation of combustible gases and odorants in a waste gas stream by heating the mixture 

of contaminants with air or oxygen to above its auto-ignition point in a combustion chamber and 

maintaining it at a high temperature long enough to complete its combustion to carbon dioxide 

and water. 

 

Technical description 
For complete oxidation of the compounds to be degraded in the airstream, it is necessary for 

them to be in contact with sufficient oxygen for a long enough time and at a high enough 

temperature. Rapid oxidation of organic compounds will occur if the gas temperature in the 

thermal oxidiser can be maintained at 200ï400 °C higher than the auto-ignition temperature of 

the chemical species present. In thermal oxidation, the pollutant conversion takes place at high 

temperatures, e.g. > 600 °C. Thermal oxidisers do not operate effectively until they reach the 

combustion temperatures of the pollutants they are used to destroy, so they need to be started up 

before they are actually required. 

 

In addition to considering the applicability of thermal oxidation to the components to be 

destroyed, it is important to consider the recovery of heat from the thermal oxidation process to 

reduce fuel costs. As FDM emissions to air seldom have organic concentrations in the region of 

the lower explosive levels, the conventional type of thermal oxidisers, which have direct flame 

contact with the airstream to be treated, are mostly used. In cases where there is a high 

concentration of organics above the relevant explosive limits, then a flameless type of system 

may be required. These systems use a heating medium to heat the airstream and, thus, avoid 

direct contact of the airstream with the flame. 

 

Direct flame thermal oxidisers usually operate at temperatures of between 700 °C and 900 °C. 

The reaction temperature depends on the nature of the pollutant; it may be lower, but for less 

readily oxidisable substances such as organohalogen compounds it may be in excess of 

1 000 °C. For odorous compounds, a temperature of 750ï800 °C is generally adopted. The 

conditions of the equipment stages of a thermal oxidiser are illustrated in Table 2.68. A typical 

layout of a thermal oxidiser is shown in Figure 2.50. 
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Table 2.68: Conditions at different stages of thermal oxidation 

Equipment stages Conditions 

Burning 

The fuel is burned with clean air or with a proportion of 

the contaminated air to produce a flame at a temperature 

of typically 1 350ï1 500 °C 

Mixing 
To ensure adequate turbulence and hence mixing of the 

process gas to bring it to uniform temperature 

Combustion  

The gases are held at the combustion temperature until 

oxidation has been completed, typically 0.5 to 1.0 

seconds 

Heat recovery Reduces operating costs and fuel consumption 
Source: [ 192, COM 2006 ] 

 

 

 

Source: [ 16, Willey et al. 2001 ] 

Figure 2.50: Thermal oxidiser layout 

 

 

Burners can be divided into those with a single flame and those in which the fuel is distributed 

between a large number of jets. With regard to the shape, laminar-flow, nozzle and vortex 

burners are possible. In special cases, the burner may be replaced by an electric heating system. 

The oxygen required for combustion can be taken from the air, the airstream to be treated, or 

alternatively from a proportion of each. Possible supplementary fuels include light heating oil, 

natural gas or LPG. Care needs to be taken and due vigilance paid to the potential for any water 

vapour present in the airstream to quench the flame, thereby resulting in poor combustion. 

The burner may also be of the pre-mix type where the fuel is mixed with the combustion air 

prior to passing through the nozzles, or a diffusion type where the fuel is mixed with the 

combustion air downstream of the nozzles. Most burners are of the diffusion type. 

 

The mixing of the gas stream may be achieved in a variety of ways; by natural diffusion, 

impingement mechanisms, or by the inclusion of baffles to induce flow changes. Suppliers 

offering low-NOX systems often incorporate various backmixing sections, with the intention of 

reducing temperature increases significantly above the mixed temperature. 
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The combustion chamber in which the oxidation reaction takes place is designed for high 

thermal stresses. Some combustion chambers are made of heat-resistant metal and chambers 

with a metal jacket and refractory lining. The dimensions of the combustion chamber are 

sufficient to achieve the desired residence time and to accommodate the physical length of the 

flame without quenching. 

 

Some form of heat recovery is nearly always warranted to reduce operating costs and fuel 

consumption. Heat recovery is conventionally conducted in a shell and tube heat exchanger, 

which allows heat to be continuously transferred to preheat the incoming gas stream. This type 

of system is termed a recuperative system, with 70ï80 % heat recovery being a typical design 

level. 

 

Heat recovery can also be achieved in a regenerative system, which uses two sets of ceramic 

bed heat exchangers. There, one bed is heated by direct contact with the exhaust gas while the 

other is used to preheat the incoming gases. The system is operated so that the beds alternate 

between heating and cooling. The heat recovery potential of this system is higher than the 

recuperative system, with 80ï90 % heat recovery being a typical design basis. The use of 

thermal fluids is an alternative to this type of system. 

 

Achieved environmental benefits 
Reduced TVOC and odour emissions. 

 

Environmental performance and operational data 
A properly designed and operated thermal oxidiser can achieve odour removal efficiencies 

approaching 100 %. The performance of this technique is independent of the intensity of the 

odour emissions. Thermal oxidation of waste gases can achieve TVOC emission levels of  < 1ï

20 mg/m
3
 [ 168, COM 2016 ]. 

 

More environmental performance and operational data are presented in the related FDM 

sectorial chapters. 

 

Cross-media effects 
The oxidation process has the potential to generate unwanted by-products of combustion, e.g. 

high emission levels of NOX and CO2. Essentially, the higher the reaction temperature then the 

greater the potential for the generation of increased emission levels of NOX. It is usually 

beneficial to opt for a low-NOX burner. 

 

Any compounds containing sulphur present in the odorous gas stream will generate SO2 

emissions and the potential for minimising this should be considered. The presence of chlorides 

in the odorous airstream may need to be reviewed due to the potential formation of acidic gases 

such as HCl. As well as leading to emissions, there could be potential corrosion problems within 

the equipment. When halogenated VOC is present, special conditions to suppress the formation 

of dioxins may be required, though normally there is negligible dioxin formation during the 

combustion of waste gas streams [ 168, COM 2016 ]. 

 

Another cross-media effect is energy consumption, e.g. consumption of fuel for operating the 

oxidiser. 

 

Technical considerations relevant to applicability 
Thermal oxidation has the advantage of being almost universally applicable as a method of 

odour control because most odorous components can be oxidised to non-odorous products at a 

high temperature, whereas the application of other methods are more restrictive. 

 

Thermal oxidation is generally used for the treatment of air volumes of less than 10 000 Nm
3
/h, 

having increased costs for heating greater volumetric airflows. It is suitable for odorous streams 

with variable contaminant concentrations and is capable of treating a variable volumetric 

throughput. 
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If alkali metals are present from the soil in vegetable drying installations, they may cause 

premature degradation of the ceramic media used for regenerative heat recovery. 

 

Odorous airstreams containing significant quantities of particulate material generally require 

pretreatment prior to the thermal oxidation process. This is particularly relevant if a heat 

recovery system is installed, due to a potential fouling of the heat exchanger. 

 

Whilst the presence of high levels of water vapour in an airstream is not considered a process 

problem, the fuel requirements are greater than for heating dry air. In practice, the removal of 

water vapour from an airstream is usually not undertaken and additional fuel requirements are 

usually included in the overall economic consideration of thermal oxidation as a technique. 

 

Economics 
This technique requires high capital investment, but the major consideration when assessing the 

suitability of thermal oxidation is the operating cost in terms of the fuel requirements. The use 

of recuperative or regenerative heat recovery systems can improve the efficiency of the 

technique and reduce the operating costs. Retrofitting is possible for all types of smoking kilns, 

at varying costs. Smoking kilns are available with integrated thermal oxidation equipment. 

 

Driving force for implementation 
To prevent complaints about odours and to meet legal requirements. 

 

Example plants 
See Table 2.8. 

 

Reference literature 

[ 16, Willey et al. 2001 ], [ 20, Nordic Council of Ministers 2001 ], [ 35, Germany 2002 ], 

[ 168, COM 2016 ], [ 193, TWG 2015 ] 

 

 
2.3.7.3.7 Catalytic oxidation 

 

Description 

Combustible compounds in a process off-gas or waste gas stream are oxidised with air or 

oxygen in a catalyst bed. The catalyst enables oxidation at lower temperatures and in smaller 

equipment compared to a thermal oxidiser. 

 

Technical description 
Catalytic oxidation is a process similar to thermal oxidation with the fundamental difference 

being that the oxidation reaction takes place in the presence of a catalyst rather than in free air. 

The main advantage of catalytic oxidation is that significantly lower operating temperatures are 

required, e.g. 250 °C to 700 °C. Catalytic oxidisers do not operate effectively until they reach 

the combustion temperatures of the pollutants they are used to destroy, so they need to be 

started up before they are actually required. 

 

As with adsorption, the reactants for the heterogeneous gas reaction are first transported to the 

inner surfaces of the generally porous catalysts. As there is a general lack of adequate substance 

data, such as the reaction speed constant and the diffusion coefficient, reactors are usually 

designed on the basis of empirical data. 

 

The main components of a catalytic combustion system are auxiliary firing equipment, a heat 

exchanger and a reactor with a catalyst. A typical layout of a catalytic oxidiser is shown in 

Figure 2.51. 
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Source: [ 16, Willey et al. 2001 ] 

Figure 2.51: Catalytic oxidiser incineration layout 

 

 

The airstream enters the unit and is preheated in a conventional shell and tube heat exchanger. 

The preheated inlet stream is then further heated via a burner to the desired oxidation 

temperature, before passing onto the catalyst. The contaminants present in the odorous 

airstream, together with oxygen, diffuse onto the surface of the catalyst. Oxidation takes place 

and the products of oxidation are desorbed back into the gas stream. These transfer processes 

require a finite time within the catalyst, with the rate of reaction being strongly influenced by 

the operating temperature. The treated gas stream then passes through the heat exchanger, 

warming the incoming odorous airstream. 

 

The most important aspect of a catalyst bed is the ratio of surface area to volume and hence the 

area available for the reaction. Active components commonly used include metals of the 

platinum group and oxides of the metals Co, Cr, Cu, Fe, Mo, Ni, Ti, V, and W. The support 

materials are usually metals, in the form of plates, woven fabrics or nets, metal oxides, e.g. 

Al 2O3, SiO2 and MgO, and minerals, e.g. pumice and zeolite, in moulded shapes. 

 

The following design pointers are considered when evaluating the potential of catalytic 

incineration as a possible abatement solution: space velocity, pressure drop and temperature. 

 

The space velocity is defined as the reciprocal of the residence time of the gas within the 

catalyst block, with the volumetric airflow expressed at 0 °C. A typical range of space velocities 

used in industrial applications is between 5 m/s and 13 m/s. This corresponds to a residence 

time range of 0.03 to 0.1 seconds at typical operating temperatures. Essentially, there is a trade-

off between the amount of catalyst incorporated into the design and the operational temperature. 

The more catalyst and, hence, operation towards a space velocity of 5 m/s, then the lower the 

operational temperature required to achieve a given performance. If the airflow to be treated is 

large, then there is scope to incorporate an additional catalyst to reduce fuel costs by heating to a 

lower operational temperature. However, an increased catalyst charge will create an increased 

pressure drop, thereby requiring additional extraction fan power. 
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