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SECTION V
GUIDANCE/GUIDELINES BY SOURCE CATEGORY:  

ANNEX C, PART II SOURCE CATEGORIES
A. Waste Incinerators

1. Municipal and hazardous waste, sewage and sludge

1. Background

The incineration of waste, often accompanied by the recovery of energy and recycling of residues, constitutes a treatment option practiced by many developed and a smaller number of developing and industrializing countries.  This section of the guidance focuses on the incineration of municipal solid waste, hazardous waste, and sewage sludge.  The incineration of medical waste and the use of hazardous waste as fuel in cement kilns are covered under separate sections of this document.

The environmentally sound design and operation of waste incinerators requires the use of best environmental practices and best available techniques to prevent or minimize the formation and release of the unintentional POPs.  The purpose of this guidance is to describe such practices and techniques, summarize their effectiveness, estimate their relative cost, and identify alternatives and emerging technologies for consideration by the Parties in the development of national action plans under the Stockholm Convention on Persistent Organic Pollutants.

2. Municipal Solid Waste Incineration 

Although in many areas land filling remains the principal means for the disposal of municipal solid waste (MSW), incineration and the subsequent land filling of residues has become a common practice in many developed and industrializing countries.  In the United States, for example, there are currently 167 municipal waste incinerators at 66 sites, handling approximately one-sixth of the country’s MSW.  Where landfill space is scarce, or other factors such as a shallow water table restrict its use, the proportion of MSW incinerated may reach 75% or greater.

MSW incineration is commonly accompanied by the recovery of energy (waste-to-energy) in the form of steam or the generation of electricity.  Incinerators can also be designed to accommodate processed forms of MSW known as refuse-derived fuels or RDF, as well as co-firing with fossil fuels.  Municipal waste incinerators can range in size from small package units processing single batches of only a few tons per day to very large units with continuous daily feed capacities in excess of a thousand tons.  The capital investment costs of such facilities can range from tens of thousands to hundreds of millions of USD.  

The primary benefits of waste incineration are the reduction in the volume of the waste and the generation steam or electricity.  Other benefits include the destruction of toxic materials, sterilization of pathogenic wastes, the re-use of some residues, and recycling of others. 

Large municipal waste incinerators are major industrial facilities and have the potential to be significant sources of environmental pollution.  In addition to the release of acid gases (sulfur oxides, nitrogen oxides, hydrogen chloride) and particulate matter, incineration of  MSW has also been shown to lead to the unintentional formation and release of persistent organic pollutants (dioxins and furans [PCDD/F], and unintentionally produced polychlorinated biphenyls [PCBs] and hexachlorobenzene [HCB]).  Formation may be substantially increased in units that are poorly designed or operated. 

2.1. Hazardous Waste Incineration
Incineration and other forms of thermal treatment also represent options for the treatment of hazardous waste.  Hazardous wastes are distinguished from other wastes by their listing in waste statutes and regulations or by exhibiting hazardous properties.  In the United States, for example, a waste may be considered hazardous if it is shown to be ignitable, corrosive, reactive, or toxic.  Mixtures of hazardous wastes with other wastes may also be considered hazardous.
Because of the higher potential hazard of dealing with such wastes and the uncertainty often associated with their composition, special procedures for transportation, handling, and storage are required.  Special handling may also be necessary for any residues remaining after treatment.

Hazardous waste is normally incinerated in two types of facilities: merchant plants which provide commercial, off-site, waste treatment services; and dedicated (captive), on-site incinerators that handle wastes for a particular facility.  An example of the latter is an incinerator at a chemical manufacturing plant treating chlorinated wastes to recover HCl.

The most common combustion technology in hazardous waste incineration is the rotary kiln.  Facilities in the merchant sector range in size from 82 to 270 tons/day (tpd) waste throughput (EU BREF, 2004).  Certain hazardous wastes, particularly spent solvents, are also burned as fuel in cement kilns.  This latter application is covered under a separate section of this guidance.  Dedicated (captive) hazardous waste incinerators use a variety of incineration, pyrolysis, and plasma treatment techniques.

Similar to the incineration of municipal solid waste, hazardous waste incineration offers the benefits of volume reduction and energy recovery.  This technology, however, has also been shown to lead to the formation and release of unintentional POPs.

2.2. Sewage Sludge Incineration

Domestic sewage sludge is disposed of in a number of ways including land application, surface disposal, incineration, and co-disposal with municipal solid waste.  The incineration of sewage sludge is practiced in a number of countries, either alone or in through co-incineration with municipal solid waste.  The effective disposal of sewage sludge by this process depends on a number of factors.  These include whether the sewage is mixed with industrial waste streams (which can increase heavy metal loadings), location (coastal locations can result in salt water intrusion), pre-treatment (or the lack thereof), and weather (rainfall dilution) (EU BREF, p. 28).

Pre-treatment, especially de-watering and drying, is particularly important in preparing sludge for incineration.  Drying reduces the volume of the sludge and increases the heat energy of the product.  Moisture removal to at least 35% DS (dry solids) is normally required to provide the necessary heat energy for autothermal incineration.  Further drying may be necessary if co-incineration with municipal solid waste is envisioned.

A typical sewage sludge incinerator may process as much as 80,000 tons of sewage sludge per year.  The most common furnace types are multiple hearth and fluidized bed, with preferred operating temperatures in the range of 850-950ºC with a 2 second residence time.  Operation at or above 980ºC can cause ash to fuse (EU BREF, p.69).  Like MSW and hazardous waste incinerators, unintentional POPs and their precursor compounds are available in the inputs to sewage sludge incinerators and have resulted in the formation and release of these substances.

3. Formation and Release of Unintentional POPs

Incomplete combustion of organic materials in the presence of chlorine and a suitable substrate material can lead to the formation of unintentional POPs.  The prerequisites for PCDD/DF formation in thermal processes include:

· A source of chlorine in the elemental, organic, or inorganic forms;

· Carbon, particularly organically-bound carbon in compounds that have escaped complete combustion;

· Oxygen in any form; and 

· Hydrogen in any form. 

Combustion research has led to the development of three theories for the formation and/or release of unintentional POPs from waste incinerators: (1) pass through, in which the POPs (e.g., dioxins and furans) are introduced into the combustor with the feed and pass through the system unchanged; (2) formation during the process of combustion; and 3) de novo synthesis in the post-combustion zone.  Formation during combustion may occur through high temperature, gas-phase formation in homogeneous reactions of chlorine, either in elemental form or as hydrogen chloride, and gaseous precursors, or as heterogeneous reactions of gas-phase organics in the presence of metal oxides, metal chlorides or other catalytically active constituents.  De novo formation may occur at relatively lower temperatures through the reaction of macromolecular carbon with organic or inorganic chlorine present in gas stream.  The relative importance of these pathways varies depending on conditions. 

Formation of PCDD/PCDF in the combustion zones of lab and full-scale systems has been reported to occur in the temperature range of 500-1,000ºC.  The optimal temperature for formation in the post-combustion zone is reported to range from 250º-650ºC with maximum formation at approximately 300ºC.  Some metals (e.g., copper, iron, zinc, and manganese) have been shown to catalyze formation.  There are also data that the presence of sulfur in the gas stream inhibits formation.

 Emission testing has confirmed that composition of the waste, furnace design, temperatures in the post-combustion zone, and the types of air pollution control devices (APCD) used to remove pollutants from the flue gases are important factors in determining the extent of POPs formation and release.  Depending on the combination of these factors, POPs releases can vary over several orders of magnitude per ton of waste incinerated.h
4. Incinerator Design and Operation

Incinerators come in a variety of furnace types and sizes as well as combinations of pre- and post combustion treatment.  There is also considerable overlap among the designs of choice for MSW, hazardous waste, and sewage sludge incineration.  To avoid unnecessary duplication, this guidance focuses on the predominant configurations for each source category as well as any special considerations for the type of waste being fed.

4.1. General Incinerator Design

Incinerators are designed for full oxidative combustion over a general temperature range of 850-1400ºC.  This may include temperatures at which calcinations and melting may also occur. Gasification and pyrolysis represent alternative thermal treatments that restrict the amount of combustion air to convert waste into process gas, increase the amount of recyclable inorganics, and reduce the amount of flue gas cleaning.  These techniques are included in the alternatives section of this guidance.

Waste incinerator installations can be characterized in five component areas: waste delivery, storage, pre-treatment, incineration/energy recovery, and flue gas cleaning/residue management.  The nature of the input waste will have a significant bearing on how each component is designed and operated.   

4.2. Design and Operational Considerations for MSW Incinerators

Figure 3.1 below shows a typical layout for a large MSW incinerator. 
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Figure 3.1 A Typical MSW Incinerator [source: EU BREF, 2004]

4.2.1. Delivery, Storage, and Pre-Treatment of MSW

Waste may be delivered to the incinerator by truck or rail.  Recycling or source separation programs upstream of waste delivery can significantly influence the efficiency of processing.  Removing glass and metals prior to incineration will increase the per unit energy value of the waste.  Recycling paper, cardboard, and plastics will reduce the energy value of the waste but may also reduce available chlorine.  Separating bulky wastes reduces the need for removal or shredding onsite.

In addition to waste separation, pre-treatment of mass burn MSW may include crushing and shredding to facilitate handling and homogeneity.  Bunker storage areas are normally covered to protect against additional moisture and the facility is typically designed to draw combustion air through the bunker to reduce odor.   

4.2.2. MSW Incinerator Designs 
 SEQ CHAPTER \h \r 1MSW incinerators can be divided into three major design categories: mass burn (including traveling grate and rotary), refuse-derived fuel (RDF) (including fluidized bed and spreader/stoker processes) and modular or package incinerators.  The mass-burn and RDF technologies are more common in larger incinerators (greater than 250 metric tons per day of MSW) and the modular technology dominates among smaller units.  The major types are described below.
4.2.2.1. Mass Burn. 

The term “mass burn” was originally intended to describe incinerators that combust MSW as received (i.e., no preprocessing of the waste other than removal of items too large to go through the feed system).  Currently, several types of incinerators are capable of burning unprocessed waste.  Mass burn facilities can be distinguished in that they burn the waste in a single stationary combustion chamber.  In a typical mass burn facility, MSW is placed on a grate that moves through the combustor.  Combustion capacities of mass burn facilities typically range from 90 to 2700 metric tons of MSW per day.  There are three principal subcategories of the mass burn technology.

· Mass burn refractory-walled systems represent an older class of incinerators (available in the late 1970s to early 1980s) that were designed primarily to reduce by 70-90% the volume of waste disposed.  These facilities usually lacked boilers to recover the combustion heat for energy purposes.  In the mass burn refractory-walled design, the MSW is delivered to the combustion chamber by a traveling grate or a ram feeding system.  Combustion air in excess of stoichiometric amounts (i.e., more oxygen than is needed for complete combustion) is supplied both below and above the grate. Few mass burn refractory-walled incinerators remain in use in developed countries; almost all have closed or been dismantled.
· Mass burn waterwall facilities offer enhanced combustion efficiency, compared with mass burn refractory-walled incinerators. Although it achieves similar volume reductions, the waterwall incinerator design provides a more efficient delivery of combustion air, resulting in higher sustained temperatures. Figure 3.2 is a schematic of a typical mass burn water wall MSW incinerator.  The term “waterwall” refers to a series of steel tubes that run vertically along the walls of the furnace through which water is pumped.  Heat from the combustion of the waste produces steam, which is then used to drive an electrical turbine generator or for other energy needs.  This transfer of energy is called energy recovery.  Mass burn water wall incinerators are the dominant form of incinerator found at large municipal waste combustion facilities.
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Figure 3.2 Mass Burn Waterwall MSW Incinerator

· Mass burn rotary incinerators use a rotary combustor that consists of a rotating combustion barrel configuration mounted at a 15- to 20-degree angle of decline.  The barrel may be either water cooled (water walled) or refractory.  The refuse is charged at the top of the rotating barrel by a hydraulic ram.  Preheated combustion air is delivered to the kiln through various portals.  The slow rotation of the barrel (10 to 20 rotations per hour) causes the MSW to tumble, thereby exposing more surface area for complete burnout of the waste.  These systems are also equipped with boilers for energy recovery.  Figure 3.3 provides a schematic view of a typical rotary combustor.
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Figure 3.3 Mass Burn Rotary MSW Incinerator

4.2.2.2. Modular.
This is a second general type of municipal solid waste incinerator used widely in the United States, Europe and Asia.  As with the mass burn type, modular incinerators burn waste without preprocessing.  Modular incinerators consist of two vertically mounted combustion chambers (a primary and secondary chamber).  In modular configurations combustion capacity typically ranges from 4 to 270 metric tons per day, that is, predominately in the small-sized MWS incinerators.  The two major types of modular systems, excess air and starved air, are described below.

· The modular excess air system consists of a primary and a secondary combustion chamber, both of which operate with air levels in excess of stoichiometric requirements (i.e., 100 to 250% excess air).  Figure 3.4 illustrates a typical modular excess air MSW incinerator.
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Figure 3.4 Modular Excess Air MSW Incinerator
· In the starved (or controlled) air type of modular system, air is supplied to the primary chamber at substoichiometric levels.  The products of incomplete combustion entrain in the combustion gases that are formed in the primary combustion chamber and then pass into a secondary combustion chamber.  Excess air is added to the secondary chamber, and combustion is completed by elevated temperatures sustained with auxiliary fuel (usually natural gas).  The high, uniform temperature of the secondary chamber, combined with the turbulent mixing of the combustion gases, results in low levels of PM and organic contaminants being formed and emitted.  Therefore, many existing modular units are not accompanied by post-combustion APCDs.  On an uncontrolled basis, modular incinerators generally have lower emissions than other types of MSW incinerators.  Figure 3.5 is a schematic view of a modular starved-air MWC.
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Figure 3.5   Modular Starved Air MSW Incinerator with Transfer Rams

4.2.2.3.  Refuse-derived fuel.  
The third major type of MSW incinerator design involves the pre-processing of the MSW feed.  This technology is generally applied only at larger MWC facilities, given the economies of scale in recovering heat.  RDF is a general term that describes MSW, from which relatively noncombustible items are removed, thereby enhancing the combustibility of the waste.  RDF is commonly prepared by shredding, sorting, and separating out metals to create a dense MSW fuel in a pelletized form of uniform size.  Three types of RDF systems are described below.

· The dedicated RDF system burns RDF exclusively.  Figure 3.6 shows a typical dedicated RDF furnace using a spreader-stoker boiler.  Pelletized RDF is fed into the combustor through a feed chute using air-swept distributors; this allows a portion of the feed to burn in suspension and the remainder to burn out after falling on a horizontal traveling grate.  The traveling grate moves from the rear to the front of the furnace, and distributor settings are adjusted so that most of the waste lands on the rear two-thirds of the grate.  This allows more time to complete combustion on the grate.  Underfire and overfire air are introduced to enhance combustion, and these incinerators typically operate at 80 to 100% excess air.  Waterwall tubes, a superheater, and an economizer are used to recover heat for production of steam or electricity. The dedicated RDF facilities range from 227 to 2720 metric tons per day total combustion capacity.
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Figure 3.6 RDF-Fired Spreader Stoker MSW Incinerators

· Co-fired RDF incinerators burn either RDF or normal MSW, along with another fuel.  RDF, because of its greater surface area, can support more catalytic reactions.  Co-firing RDF with coal tends to reduce dioxin formation due to the inhibitory behavior of the sulfur content in the latter.     
Figure 3.7 Fluidized Bed MSW Incinerator 
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The fluidized-bed RDF burns the waste in a turbulent and semisuspended bed of sand.  The MSW may be fed into the incinerator either as unprocessed waste or as a form of RDF.  The RDF may be injected into or above the bed through ports in the combustor wall.  The sand bed is suspended during combustion by introducing underfire air at a high velocity, hence the term “fluidized.”  Overfire air at 100% of stoichiometric requirements is injected above the sand suspension.  Waste-fired fluidized-bed RDFs typically operate at 30 to 100% excess air levels and at bed temperatures around 815ºC (1500ºF).  A typical fluidized-bed RDF is represented in Figure 3.7. The technology has two basic designs:  (1) a bubbling-bed incineration unit and (2) a circulating-bed incineration unit.  Fluidized-bed MSW incinerators in the United States, for example, have capacities ranging from 184 to 920 metric tons per day.  These systems are usually equipped with boilers to produce steam.  Similar systems in the European Union range from 36-200 tons per day  (EU BREF, 3/2004)
4.3. Design and Operation of Hazardous Waste Incinerators

As noted above, hazardous waste incinerators are of two principal types: merchant, off-site plants that provide commercial treatment services and captive, on-site units.  Merchant incinerators handle a variety of waste streams and can compete internationally for business.  Dedicated or captive hazardous waste incinerators are typically located at large industrial facilities and process waste streams generated at the site.

Merchant hazardous waste incinerators range in size from 82 to 270 tpd capacity (EU BREF, 2004).  Due to the hazardous, and often uncertain, composition of the incoming waste streams, there is a greater emphasis on acceptance criteria, storage, handling, and pre-treatment than with MSW.  For low energy value wastes, auxiliary fuels may be required.

4.3.1. Delivery, Storage, and Pre-Treatment of Hazardous Waste

Before accepting a hazardous waste for treatment, merchant incinerators must assess and characterize the material.  Documentation by the producer is routinely required, including the origin of the waste, its code or other designation, the identification of responsible persons, and the presence of particular hazardous materials.  The waste must also be properly packaged to avoid the possibility of reaction during transport.

Storage at the incinerator site will depend on the nature and physical properties of the waste.  Solid hazardous waste is typically stored in bunkers constructed to prevent leakage and enclosed to allow the removal of bunker air to the combustion process.  Liquid wastes are stored in tank farms, often under a non-reactive gas blanket (e.g., N2), and transported to the incinerator by pipeline. Some wastes may be fed directly to the incinerator in their transport containers. Pumps, pipelines, and other equipment that may come in contact with the wastes must be corrosion proof and accessible for cleaning and sampling.

Pre-treatment operations may include neutralization, drainage, or solidification of the waste.  Shredders and mechanical mixers may also be used to process containers or to blend wastes for more efficient combustion.

4.3.2. Merchant Hazardous Waste Incinerator Design

Although some hazardous wastes are incinerated in mass burn and fluidized bed furnaces, rotary kilns accompanied by a secondary combustion chamber are most commonly used for these streams.  Figure 3.8 shows a typical layout for such incinerators.
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Figure 3.8 Schematic of a Rotary Kiln Incineration System [source: EU BREF 2004]

Rotary kilns used for hazardous waste incineration are comparable to those described above for the incineration of MSW (Section 3.2.2).  Solid, sludge, containerized or pumpable waste is introduced at the upper end of the inclined drum.   Temperatures in the kiln usually range between 850 and 1300ºC.  The slow rotation of the drum allows a residence time of 30-90 minutes.  Temperatures in the range of 850-1000ºC can be considered adequate for destruction of non-chlorinated hazardous waste; while 1000-1200ºC is considered adequate for destruction of chlorinated hazardous waste, i.e. dioxins and furans, PCBs and HCB.

The secondary combustion chamber following the kiln completes the oxidation of the combustion gases.  Liquid wastes and/or auxiliary fuels may be injected here along with secondary air to maintain a minimum residence time of two seconds and temperatures in the range of 900-1300ºC, effectively destroying any remaining organic compounds.

Hazardous waste is also incinerated in cement kilns.  This application is addressed in another section of this guidance.

[Note:  Testing in the U.S. has demonstrated the potential for PCDD/PCDF formation across waste heat recovery boilers associated with hazardous waste incinerators and HCl production facilities.  A number of U.S. plants are removing these boilers or adding activated carbon control devices to deal with the problem) 
4.3.3.  Dedicated (Captive) Hazardous Waste Incinerators
On-site waste incinerators can be of several types, depending on the physical form of the generated waste.  Liquid injection incinerators are used if only liquids are to be incinerated while rotary kilns or other solids-handling incinerators may be used for solids or sludges.  Figure 3.9 illustrates the process for treating liquid and gaseous chlorinated wastes at a chlorinated chemical manufacturing facility.  This type of operation is also known as an HCl production plant.
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Figure 3.9 A Dedicated HWI with HCl Recovery [source: EU BREF, 2004]

Wastes, supplemented with auxiliary fuel at start up and as necessary and to maintain an operating temperature above 1100ºC, are converted to vapor by steam and fed to the incineration chamber under pressure.  Post-combustion, flue gases are cleaned in two wash towers and HCl is recovered and returned to the process cycle.

Another example of a dedicated incineration involves the high-temperature incineration of liquid highly chlorinated wastes with the recovery of HCl.  This process is outlined in Figure 3.10.
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Figure 3.10 Liquid Waste Incineration with HCl Recovery [source: EU BREF, 2004]
The waste is fed to a high temperature furnace (1450-1550ºC) designed to provide a residence time of 0.2-0.3 sec.  Water is also injected to suppress molecular chlorine formation. After combustion, the gas stream is rapidly quenched to 100ºC and put through an absorber.  The recovered HCl is removed and reprocessed.  The remaining flue gas is scrubbed and filtered with activated carbon. The waste water from this process is cleaned by physical/chemical and biological wastewater treatment.

The dedicated sector also includes a number of more specialized destruction alternatives including several types of plasma technologies.  These are further described in Section 10 (Alternative and Emerging Technologies). 

4.4.  Design and Operation of Sewage Sludge Incinerators    

The incineration of sewage sludge presents some differences from the incineration of MSW and hazardous waste.  The variability of moisture content, energy value, and possible mixture with other wastes (e.g., industrial waste if sewage systems are interconnected) require special considerations in handling and pre-treatment.
The incineration technologies of choice for sewage sludge are the multiple hearth and fluidized bed furnace systems although rotary kilns are also used in smaller applications.  Sewage sludge may also be co-incinerated with MSW or used as a supplemental fuel in coal-fired utilities and some industrial processes.

4.4.1. Pre-Treatment of Sewage Sludge

Some pre-treatment of sludge may occur before delivery to an incineration facility.  This may include screening, anaerobic and aerobic digestion, and the addition of treatment chemicals.

Physical de-watering reduces sludge volume and increases heating value.  Mechanical de-watering processes include decanters, centrifuges, belt filter and chamber filter presses.  Conditioners (e.g., flocking agents) are often added before de-watering to facilitate drainage.  Mechanical de-watering can routinely achieve 20-45% dry solids (EU BREF, 2004).


Drying introduces heat to further de-water and condition the sludge.  Heat for drying at the incineration facility is often provided by the incineration process itself.  Drying processes can be direct (sludge contacts thermal carrier) or indirect (e.g., heat supplied by steam plant).  In direct drying the vapor and gas mixture must be subsequently cleaned.


Several thermal drying processes are used including: disk, drum, fluidized bed, and belt dryers; cold air, thin film, centrifugal, and solar drying.  Autothermal (self-sustaining) incineration of sludge requires 35% dry solids.  Although mechanical de-watering can reach this threshold, additional drying of sludge to as much as 80-95% dry solids may be employed to increase the heat value.  Co-incineration with MSW generally requires additional sludge drying.

4.4.2. Sewage Sludge Incinerator Design

A typical sewage sludge incinerator (Figure 3.11) may process 80,000 tpy of sludge and sludge components (swim scum, screenings, and extracted fats).  Depending on the percent dry solids (dryness), an auxiliary fuel, usually heating oil or natural gas, is provided.  Most sludge incinerators operate in an 850-950ºC temperature range, although some fluidized bed facilities are able to operate as low as 820ºC without deterioration in performance (EU BREF, 2004).
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Figure 3.11   Example of a Multiple Hearth Sewage Sludge Incinerator [source: EU BREF, 2004]  
4.4.2.1. [image: image31.wmf]Multiple Hearth Furnaces


Multiple hearth furnaces were originally developed for ore roasting.  Figure 3.12 illustrates the basic multiple hearth design.  The furnace is cylindrical in shape with multiple levels and a central, rotating shaft with attached agitating arms.  The sludge is supplied at the highest level and moves down through the multiple hearths by rotation and agitation.  Combustion air is injected at the bottom of the furnace and moves countercurrent with the sludge.
 
Drying takes place in the upper hearths of the furnace as a result of the countercurrent combustion gases.  Most of the incineration takes place in the central hearths at an optimal temperature of 850-950ºC.  This temperature is maintained by an auxiliary fuel start-up burner as needed.  Counter-flowing air from below cools the ash to 150ºC on the lower hearths where it is removed and the flue gases fed into a post-combustion chamber with adequate residence time (i.e., 2 seconds) to complete oxidation of remaining organic compounds.

4.4.2.2. Fluidized Bed Furnaces

Fluidized bed furnaces, as noted above with respect to MSW incineration (see Section 3.2.2.3), are suitable for finely divided wastes such as dried and conditioned sludges.  Two types of fluidized bed furnaces are readily applicable to the incineration of sewage sludge.

In the Stationary (or bubbling) Fluidized Bed Furnace (Figure 3.13), air preheated with oil or gas burners fluidizes the bed material (e.g., sand).  Sludge can be added from various points in the furnace and mixes with the bed material.  If the sludge is sufficiently dry, good combustion can be maintained without auxiliary fuel.  Volatiles and the fine particle fraction are incinerated in the zone above the fluidized bed.  Ash and flue gases are removed at the head of the furnace.
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Figure 3.13 Schematic of a Stationary (Bubbling) Fluidized Bed Furnace [source: EU BREF, 2004]
Circulating Fluidized Bed Furnaces (Figure 3.14) are normally larger than the stationary fluidized bed counterpart and can treat a wider variety of sludges.  Flue gases are removed and pass through a cyclone that recirculates particles to the furnace.




[image: image11.jpg]Recycling
Lime bunker cyclone
Fluidized bed

chamber =—— .  Fluegasto
the boiler

Sewage sludge

1

Fluidized bed
b 4 condenser

Primary Coarse  Air

air ash





Figure 3.14 Circulating Fluidized Bed Furnace [source: EU BREF, 2004]

4.4.2.3. Multiple Hearth/Fluidized Bed Furnace


The fluidized bed technology can also be combined with the multiple hearth furnace (Figure 3.15).  In this configuration, the flue gases from the fluidized bed dry the sludge as it moves down through the multiple hearths.  The multiple hearth/fluidized bed has the advantage of lowering NOx emissions by avoiding higher temperature differences between the head and the foot of the incinerator (EU BREF, 2004)
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Figure 3.15 Combination Multiple Hearth/Fluidized Bed Furnace [source: EU BREF, 2004]
4.4.2.4. Cycloid Furnace

The cycloid technology was originally developed to treat residues from waste incineration plants.  For sewage sludge incineration the material must be dried and available in granular form (size 1-5mm).  The granules are fed into the lower part of the incineration chamber with primary air provided at various levels.  Secondary air is injected tangentially above the fuel feed and creates a circular flow to complete incineration.  Temperatures are maintained between 900 and 1,000ºC to keep the ash below the softening point.  Ash is removed from below with a lock system (EU BREF, 2004).

4.4.3. Co-Incineration of Sewage Sludge with MSW

Sewage sludge is co-incinerated with MSW in both fluidized bed and mass burn (grated) incinerators.  In the latter case, a ratio of 1:3 (sludge to MSW) is typical with dried sludge introduced into the incineration chamber as a dust or drained sludge applied to the grate through sprinklers.  In some cases, drained or dried sludge may be mixed with MSW in the bunker or hopper before being charged to the incinerator.  The feeding methods represent a significant proportion of the additional capital investment required for co-incineration.  

5. Flue Gas Treatment (Air Pollution Control Devices) 

Flue gases are a principal source of environmental releases from the incineration of wastes.  Commercial incinerators are commonly equipped with one or more post-combustion air pollution control devices (APCDs) to remove various pollutants prior to release from the stack, such as PM, heavy metals, acid gases, and organic contaminants.  APCDs may be “wet,” “dry,” or “semi-dry” depending on the role of water in the process.  “Wet” and, to some extent, “semi-dry” APCDs require additional processes to clean any wastewater generated before it leaves the facility.  Examples of APCD’s relevant to the prevention or reduction of unintentional POPs releases include:

· Cyclones and multi-cyclones

· Electrostatic filters (precipitators) – wet, dry, or condensation

· Fabric filters – including catalytic bag filters

· Static Bed Filters 

· Sorbent/scrubbing systems  - wet, spray dry, or ionization

· Selective catalytic reduction (SCR)

· Rapid Quenching Systems

· Carbon Adsorption


[Note: Combustion controls and other factors which affect unintentional POPs formation and release upstream of the flue gases are described in subsequent sections on best environmental practices and best available techniques.]  

5.1. Cyclones and Multi-Cyclones.  
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Figure 3.12 Cross Section of a Multiple Hearth Furnace




Cyclones and multi-cyclones (consisting of several small cyclones) extract particulate matter from the gas stream through the use of centrifugal force.  Cyclones are much less effective than devices such as ESPs or fabric filters in controlling particulate matter releases and are rarely used alone in incineration facility flue gas cleaning applications.

5.2. Electrostatic Precipitators.  
The ESP (in Europe these systems are usually referred to as electrostatic filters) is generally used to collect and control particulate matter in combustion gas by introducing a strong electrical field in the flue gas stream (Figure 4.1).  This acts to charge the particles entrained in the combustion gases.

 Large collection plates receive an opposite charge to attract and collect the particles.  The efficiency of collection is a function of the electrical resistivity of the entrained particles.  ESPs efficiently remove most particulate matter, including unintentional POPs.
Unintentional POPs formation can occur within the ESP, however, at temperatures in the range of 200ºC to about 450ºC.  Operating the ESP within this temperature range can lead to the formation of unintentional POPs in the combustion gases released from the stack.  As temperatures at the inlet to the ESP increase from 200 to 300ºC, PCDD/PCDF concentrations have been observed to increase by approximately a factor of 2 for each 30ºC increase in temperature.  As the temperature increases beyond 300ºC, formation rates decline.  In tests of U.S. MSW incinerators equipped with ESPs with inlet temperatures in the formation range, PCDD/PCDFs in the pass-through flue gases have been shown to increase by as much as a factor of 10.     

Although ESPs in this temperature range efficiently remove most particulate matter and the associated unintentional POPs, formation can result in a net increase in emissions.  ESPs which operate at or below 200ºC, do not foster unintentional POPs formation.  Existing ESP systems with gas inlet temperatures above 200ºC can be modified to cool the combustion gas to below 200ºC using air or water quench.  However, many such ESPs have been replaced with better-performing and lower-cost fabric filter technology.

Wet ESPs use liquids, usually water, to wash pollutants off the collection plates. These systems operate best when the incoming gases are cooler or moist.

Condensation ESPs use externally water-cooled bundles of plastic tubes that collect fine liquids or solids by facilitating condensation with a water quench (Figure 4.2).
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Figure 4.2 Condensation electrostatic precipitator [source: EU BREF, 2004]

5.3. Fabric Filters 
Fabric filters are also referred to as baghouses or dust filters (Figure 4.3).  These particulate matter control devices are highly effective in removing unintentional POPs that may be associated with particles and any vapors that adsorb to the particles in the exhaust gas stream.
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Figure 4.3 Schematic of a Fabric Filter [source: EU BREF, 2004]
Filters are usually 16 to 20 cm diameter bags, 10 m long, made from woven fiberglass material, and arranged in series.  An induction fan forces the combustion gases through the tightly woven fabric, which provides a bed for filter cake formation.  The porosity of the fabric and the resulting filter cake allows the bags to act as filter media and retain a broad range of particle sizes down to less than 1 m in diameter (although at 1 m capture efficiency begins to decrease).  Fabric filters are sensitive to acids; therefore, they are commonly operated in combination with spray dryer adsorption systems for upstream removal of acid gases.  Spray drying also serves to cool the inlet gases.  Without such cooling, unintentional POPs may be formed in the fabric filters, similar to the situation with ESPs.

5.4. Static Bed Filters.  
These systems use both wet and dry activated coke or lignite filter beds to collect pollutants in the flue gas stream at very low concentrations.  Wet systems periodically wash the filter substrate with water to remove deposits.   
5.5. Sorbent/Scrubbing Systems.

· Dry sorbent systems use lime or soda ash injected into a reactor to convert the sulfur and halogens in the flue gas into dissolved or dry salts.  This technique, while useful in the removal of some unintentional POPs precursors, probably has little effect on the collection of the POPs themselves since the flue gas temperature is not reduced (quenched) in the system.

· Spray dry scrubbing, also called spray dryer adsorption or semi-wet scrubbing, removes both acid gas and particulate matter from the post-combustion gases.  In a typical spray dryer, hot combustion gases enter a scrubber reactor vessel (Figure 4.4).  
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Figure 4.4 Spray dry scrubbing/adsorption [source: EU BREF, 2004]
An atomized hydrated lime slurry (water plus lime) is injected into the reactor at a controlled velocity.  The slurry rapidly mixes with the combustion gases within the reactor.  The water in the slurry quickly evaporates, and the heat of evaporation causes the combustion gas temperature to rapidly decrease.  The neutralizing capacity of hydrated lime can reduce the acid gas constituents of the combustion gas (e.g., HCl and SO2) by as much as 90%.  A dry product consisting of particulate matter and hydrated lime either settles to the bottom of the reactor vessel or is captured by the downstream particulate capture device (ESP or fabric filter).

The spray drying technology is used in combination with fabric filters or ESPs.  Spray drying reduces inlet temperatures to help minimize unintentional POPs formation.  In addition to acid gas, particulate matter, and volatile metals control, spray dryers with fabric filters or ESPs typically achieve greater than 90% reduction in unintentional POPs emissions as well as better than 90% SO2 and 98%HCl control. PCDD/PCDF formation and release is substantially prevented by quenching combustion gases quickly to a temperature range that is unfavorable to their formation, and by the higher collection efficiency of the resulting particulate matter.  

· Wet scrubbers encompass a number of processes designed for acid gas removal and are common in European incineration facilities.  Alternative technologies include: jet, rotation, venturi, spray, dry tower, and packed tower scrubbers (EU BREF p.108).   Wet scrubbers help reduce formation and release of unintentional POPs in both vapor and particle forms.  The device consists of a two-stage scrubber.  The first stage removes HCl through the introduction of water, and the second stage removes SO2 by addition of caustic or hydrated lime.

5.6.  Selective Catalytic and Non-Catalytic Reduction (SCR/SNCR) 
Are secondary control measures primarily designed to reduce NOx emissions.  The process also destroys unintentional POPs via catalytic oxidation (EU BREF, 2004).  SCR is a catalytic process in which an air-ammonia mix is injected into the flue gas stream and passed over a mesh catalyst (Figure 4.5).  The ammonia and NOx react to form water and N2.
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Figure 4.5 Selective Catalytic Reduction [source: EU BREF, 2004]
SCR units are usually placed in the clean gas area after acid gas and particulate matter removal.  Efficient operation of the SCR process requires maintenance of the catalyst between 130 and 400ºC.  For this reason, SCR units are often placed after ESPs to avoid the need for reheating of the flue gases.  Caution must be exercised in such placement to avoid additional unintentional POPs formation in the ESP (see above description of ESPs).  Multiple layered SCR systems offer both NOx and unintentional POPs control (EU BREF, 2004).

SNCR employs the direct injection of ammonia or urea into the post-combustion flue gas.  Temperatures in the range of 870-1,150ºC are required to facilitate the NOx reduction reaction. SNCR tends to perform better than SCR on gas streams with high loadings of particulate matter, but is, overall, less effective than SCR in NOx reduction.  Other advantages of SNCR include relatively simple retrofitting to most boiler configurations and lower capital and operating costs.  (U.S. EPA, SNCR Fact Sheet, 2003)

5.7. Rapid Quenching Systems.  
Water quench systems are also used to bring flue gas temperatures down quickly to below unintentional POPs formation thresholds (e.g., 100ºC).  These systems and associated wastewater treatment systems must be designed to deal with the higher particulate matter loadings that will end up in the scrubber water as a consequence.
 

5.8. Carbon Adsorption.  
Activated carbon is injected into the flue gas prior to the gas reaching the particulate matter control device.  PCDD/PCDF (and mercury) are absorbed onto the activated carbon, which is then captured by the fabric filter or ESP.  The carbon injection technology improves capture of the unintentional POPs in the combustion gases by an additional 75% and is commonly referred to as flue gas polishing.  Carbon injection can also reduce mercury releases by more than 90%.  Many APCDs have been retrofitted to include carbon injection, including more than 120 large municipal incinerators operating in the United States.

6. Best Environmental Practices for Waste Incineration

Well-maintained facilities, well-trained operators, a well-informed public, and constant attention to the process are all important factors in minimizing the formation and release of the unintentional POPs from the incineration of waste.  In addition, effective waste management strategies (e.g., waste minimization, source separation, and recycling), by altering the volume and character of the incoming waste, can also significantly impact releases.     
6.1. Waste Management Practices

6.1.1. Waste Inspection and Characterization.  
A thorough knowledge of the characteristics and attributes of the incoming waste is essential. The characteristics of a particular waste stream may vary significantly from country to country and region to region.  If certain wastes or waste constituents are considered inappropriate for incineration, procedures should be in place for detecting these materials in the waste stream or residues.  Checking, sampling, and analyses should be performed.  This is particularly true for hazardous wastes.  Manifests and audit trails are important to maintain and keep updated.  Table 5.1 illustrates some of the techniques applicable to the different types of waste.
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Table 5.1 Example Inspection Techniques [source: EU BREF, 2004]

6.1.2. Waste Minimization.  
Reducing the overall magnitude of wastes that have to be disposed by any means serves to reduce both the releases and residues from incinerators.  Diversion of biodegradables to composting and initiatives to reduce the amount of packaging materials entering the waste stream can significantly affect waste volumes.
6.1.3. Source Separation and Recycling.  
Curbside or centralized sorting and collection of recyclable materials (e.g., aluminum and other metals, glass, paper, recyclable plastics, construction & demolition waste) also reduces waste volume and removes some non-combustibles.

6.1.4. Removal of Non-Combustibles at the Incinerator. 
The removal of both ferrous and non-ferrous metals on-site is a common practice at MSW incinerators.
6.1.5. Proper Handling, Storage, and Pre-Treatment.  
Proper handling, particularly of hazardous waste, is essential.  Appropriate sorting and segregation should be undertaken to enable safe processing (Table 5.2).  
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Table 5.2 Example Segregation Techniques [source:  EU BREF, 2004]

Storage areas must be properly sealed with controlled drainage and weatherproofing.  Fire detection and control systems for these areas should also be considered.  Storage and handling areas should be designed to prevent contamination of environmental media and to facilitate clean up in the event of spills or leakage.  Odors can be minimized as noted earlier by using bunker air for the combustion process.  In the case of sewage sludge, pre-treatment must ensure that adequate drying and conditioning has been performed.

6.1.6. Minimizing Storage Times.  
Although having a constant supply of waste is important for continuous operations like large MSW incinerators, stored wastes are unlikely to improve with age.  Minimizing the storage period will help prevent putrefaction and unwanted reactions, as well as the deterioration of containers and labeling.  Managing deliveries and communicating with suppliers will help ensure that reasonable storage times (e.g., 4-7 days for MSW) are not exceeded.       

6.1.7. Establishing Quality Requirements for Waste Fed Facilities 
must be able to accurately predict the heating value and other attributes of the waste being combusted in order to ensure that the design parameters of the incinerator are being met.

6.1.8. Waste Loading.  
For facilities that accept heterogeneous MSW, proper mixing and loading of the feed hopper is critical.  Loading crane operators must have both the experience and the appropriate vantage point to be able to select the appropriate mix of waste types to keep the incinerator performing at peak efficiency.
6.2.  Incinerator Operating and Management Practices

6.2.1. Ensuring Good Combustion.  
To achieve optimal prevention of formation and capture of the unintentional POPs, proper care and control of both burn and exhaust parameters are necessary.  In continuous feed units, the timing of waste introduction, control of burn conditions, and post burn management are important considerations.
Optimal burn conditions involve:

· mixing of fuel and air to minimize the existence of long-lived, fuel rich pockets of combustion products,

· attainment of sufficiently high temperatures in the presence of oxygen for the destruction of hydrocarbon species, and

· Prevention of quench zones or low temperature pathways that will allow partially reacted fuel to exit the combustion chamber.

Proper management of time, temperature, and turbulence (the “3 T’s”), as well as oxygen (air flow), by means of incinerator design and operation will help to ensure the above conditions.  The recommended residence time of waste in the primary furnace is 2 seconds.  Temperatures at or above 850°C are required for complete combustion in most technologies.  Turbulence, through the mixing of fuel and air, helps prevent cold spots in the burn chamber and the buildup of carbon which can reduce combustion efficiency.  Oxygen levels in the final combustion zone must be maintained above those necessary for complete oxidation.  
6.2.2.  Cold Starts, Upsets, and Shutdowns.  
These events are normally characterized by poor combustion, and consequently the conditions for unintentional POPs formation.  For smaller, modular incinerators operating in batch mode, start-up and shutdown may be daily occurrences.  Preheating the incinerator and initial co-firing with a fossil fuel will allow efficient combustion temperatures to be reached more quickly. Wherever possible, however, continuous operation should be the practice of choice.  Upsets can be avoided through periodic inspection and preventive maintenance.    
6.2.3. Regular Facility Inspections and Maintenance. 
 Routine inspections of the furnace and APCDs should be conducted to ensure system integrity and the proper performance of the incinerator and its components.

6.2.4. Monitoring. 
High efficiency combustion can be facilitated by establishing a monitoring regime of key operating parameters, such as carbon monoxide (CO).  Low CO is associated with higher combustion efficiency in terms of the burnout of the MSW.  Generally, if the CO concentration is low by volume (e.g., < 50 ppm) in the stack flue gases, this provides a general indication that high combustion efficiency is being maintained within the combustion chamber.  Good combustion efficiency is related to the minimization of the formation of PCDD/PCDFs within the incinerator.

In addition to carbon monoxide, oxygen in the flue gas, air flows and temperatures, pressure drops, and pH in the flue gas can be routinely monitored at reasonable cost.  While these measurements represent reasonably good surrogates for the potential for unintentional POPs formation and release, periodic (e.g., EPA Method 23) or semi-continuous (e.g., the AMESA [Adsorption Method for Sampling of Dioxins and Furans] or DMS [Dioxin Monitoring Systems] methods) measurement of PCDD/PCDF in the flue gas can aid in ensuring that releases are minimized and the incinerator is operating properly.

6.2.5. Handling of Residues. 
 Bottom and fly ash from the incinerator must be properly handled, transported, and disposed off.  Covered hauling and dedicated landfills are a common practice for managing these residues.  Particularly if re-use of the residues is contemplated, an evaluation of the unintentional POPs content and potential environmental mobility is advisable.  Periodic analysis of the ash can also serve as an indicator of incinerator performance or the introduction of illegal or unpermitted wastes or fuels (e.g., the detection of high metal content in the ash as a result of burning construction debris in an incinerator permitted to burn only virgin wood)

Scrubber effluents, including the filter cake from wet flue gas cleaning, must be properly treated and disposed of.  If the concentration of unintentional POPs or other toxic materials (e.g., heavy metals) is sufficiently high, these materials may be consigned to landfilling as hazardous waste.

6.2.6. Operator Training.  
Regular training of personnel is essential for proper operation of waste incinerators.  In the United States, for example, training and certification of operators is provided by the American Society of Mechanical Engineers (ASME). 

6.2.7. Maintaining Public Awareness and Communication.  
Creating and maintaining public good will towards a waste incineration project is critical to the success of the venture.  Outreach should begin as early in the planning of the project as possible.  The public and citizen’s advocacy groups will have understandable concerns about the construction and operation of a facility and dealing with these openly and honestly will help prevent misinformation and misunderstanding.
Effective practices for improving public awareness and involvement include: placing advance notices in newspapers; distributing information to area households; soliciting comment on design and operational options; providing information displays and in public spaces; maintaining pollutant release and transfer registers (PRTRs); and holding frequent public meetings and discussion forums.

Successful incineration projects have been characterized by: holding regular meetings with concerned citizens; providing days for public visitation; posting release and operational data to the Internet; and displaying real time data on operations and releases at the facility site.           
7. Best Available Techniques for Incineration

In addition to applying best environmental practices to the incineration of MSW, hazardous waste, and sewage sludge, there are a variety of demonstrated combustion engineering, flue gas cleaning, and residue management techniques that are available for preventing the formation or minimizing the releases of unintentional POPs.  There are also non-incineration and emerging technology options, described in a later section of this guidance, that may represent feasible and environmentally sound alternatives to incineration.  The purpose of this section, however, is to identify the best techniques applicable to the process of incineration.

7.1. Combustion Techniques

7.1.1. General Combustion Techniques

1. Ensure design of furnace is appropriately matched to characteristics of the waste to be processed.
2. Maintain temperatures in the gas phase combustion zones in the optimal range for completing oxidation of the waste (e.g., 850-950ºC in grated MSW incinerators).
3. Provide for sufficient residence time (e.g., 2 seconds) and turbulent mixing in the combustion chamber(s) to complete incineration.
4. Pre-heat primary and secondary air to assist combustion.
5. Use continuous rather than batch processing wherever possible to minimize start-up and shut-down releases.
6. Establish systems to monitor critical combustion parameters including grate speed and temperature, pressure drop, and levels of CO, CO2, O2.
7. Provide for control interventions to adjust waste feed, grate speed, and temperature, volume, and distribution of primary and secondary air.
8. Install automatic auxiliary burners to maintain optimal temperatures in the combustion chamber(s).
7.1.2. MSW Incineration Techniques

1. Mass burn (moving grate) incinerators are well demonstrated in the combustion of heterogeneous MSW and have a long operational history.

2. Water-cooled grated incinerators have the added advantages of better combustion control and the ability to process MSW with higher heat content.

3. Rotary kilns with grates can accept heterogeneous MSW but a lower throughput than the mass burn/moving grate furnaces.

4. Static grated furnaces with transport systems (e.g., rams) have fewer moving parts but waste may require more pretreatment (i.e., shredding, separation).

5. Modular designs with secondary combustion chambers are well demonstrated for smaller applications.  Depending on size, some of these units may require batch operation.

6. Fluidized bed furnaces and spreader/stoker furnaces are well demonstrated for finely divided, consistent wastes such as RDF. 

7.1.3. Hazardous Waste Incineration Techniques

1. Rotary kilns are well demonstrated for the incineration of hazardous waste and can accept liquids and pastes as well as solids.
2. Water-cooled kilns can be operated at higher temperatures and allow acceptance of wastes with higher energy values.
3. Care should be taken to avoid unintentional POPs formation in waste heat recovery boilers.  Such boilers should be avoided unless facilities are prepared to include PCDD/PCDF control (e.g., activated carbon injection/adsorption).
4. Waste consistency (and combustion) can be improved by shredding drums and other packaged hazardous wastes.
5. A feed equalization system (e.g., screw conveyors that can crush and provide a constant amount of solid hazardous waste to the furnace) will help ensure a continuous, controlled feed to the kiln and maintenance of uniform combustion conditions. 
7.1.4. Sewage Sludge Incineration Techniques

1. Fluidized bed incinerators are well demonstrated for thermal treatment of sewage sludge.

2. Circulating fluid bed furnaces allow greater fuel flexibility than bubbling beds, but require cyclones to conserve bed material.

3. Care must be exercised with bubbling bed units to avoid clogging.

4. The use of heat recovered from the process to aid sludge drying will reduce the need for auxiliary fuel.

5. Supply technologies are important in the co-incineration of sewage sludge in MSW incinerators.  Demonstrated techniques include: dried sludge blown in as dust; drained sludge supplied through sprinklers and distributed and mixed on the grate; and drained or dried sludge mixed with MSW and fed together (EU BREF, 2004).

6. In the co-incineration of sewage sludge in coal-fired power plants, attention must be paid to the moisture content of the sludge and the proportion of sludge to coal.  Some data (Luts, 2000) suggest that drying to 85% dry solids is preferable and firing rates above 7.6 wt% dry solids may lead to ESP fouling.  In the study, best performance was achieved with a co-firing rate of 2.5 wt% dry solids.
 Note:  Additional information on the comparison of combustion techniques among furnace types, abstracted from the European Union incineration BREF, may be found in Appendix A.

7.2. Flue Gas Treatment (FGT) Techniques

The type and order of treatment processes applied to the flue gases once they leave the incineration chamber is important, both for optimal operation of the devices as well as for the overall cost effectiveness of the installation.  Waste incineration parameters that affect the selection of techniques include: waste type, composition, and variability; type of combustion process; flue gas flow and temperature; and the need for, and availability of, wastewater treatment. Choices must also consider whether flue gas components (e.g., APCD residues, fly ash) are to remain separate following collection or be re-mixed, since this will impact residue volume and re-cycling opportunities. The following treatment techniques have direct or indirect impacts on preventing the formation and minimizing the release of the unintentional POPs.  
7.2.1. Dust (Particulate Matter) Removal Techniques

1. Dust removal from the flue gases is essential for all incinerator operations.
2. Cyclones and multi-cyclones, ESPs, and fabric filters have demonstrated effectiveness as capture techniques for particulate matter in incinerator flue gases.  Table 6.1 provides a comparison of the primary dust removal systems.
3. Cyclones and multiclones tend to be less efficient in the size fraction captured are often used in a pre-dedusting step to remove coarser particles from the flue gases and reduce dust loads on downstream treatment devices.
4. The collection efficiency of ESPs is reduced as electrical resistivity of the dust increases. This may be a consideration in situations where waste composition varies rapidly (e.g., hazardous waste incinerators).
5. ESPs and fabric filters should be operated below 200ºC to minimize formation of PCDD/PCDF and other unintentional POPs.
6. Wet ESPs can capture very small particle sizes (<1mg/m3) but require effluent treatment and are usually employed following dedusting.
7. Fabric filters (bag filters) are widely applied in waste incineration and have the added advantage, when coupled with semi-dry sorbent injection (spray drying), of providing additional filtration and reactive surface on the filter cake.
8. Pressure drop across fabric filters and a flue gas temperature (if a scrubbing system is used upstream) should be monitored to ensure filter cake is in place and bags are not leaking or being wetted.  A bag leak detection system using a triboelectric detector represents one option for monitoring fabric filter performance.
9. Fabric filters are subject to water damage and corrosion and gas streams must be maintained above the dew point (130-140ºC) to prevent these effects.  Some filter materials are more resistant to damage.  Table 6.2 outlines filter material choices and attributes.
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Table 6.1 Comparison of Dust Removal Systems [source: EU BREF]
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Table 6.2 Characteristics of Bag Filter Materials [source: EU BREF]

7.2.2. Flue Gas Polishing Techniques

1. Additional dust removal may be appropriate before cleaned flue gases are sent to the stack. Techniques for the “polishing” of flue gas include fabric filters, wet ESPs, and venturi scrubbers.
2. Double filtration (filters in series) can routinely achieve collection efficiencies at or below 1 mg/m3.
3. The additional benefits of these techniques may be small, and the cost effectiveness disproportionate, if effective upstream techniques are already being applied.
4. Flue gas polishing may have greatest utility at large installations and in further cleaning of gas streams prior to SCR.

7.2.3. Acid Gas Removal Techniques

1. Wet scrubbers have the highest removal efficiencies for soluble acid gases among the demonstrated techniques.
2. Pre-dedusting of the gas stream may be necessary to prevent clogging of the scrubber, unless scrubber capacity is sufficiently large.
3. The use of carbon impregnated materials, activated carbon, or coke in scrubber packing materials can achieve a 70% reduction in PCDD/PCDF across the scrubber (EU BREF, 2004).
4. Spray dryers (semi-wet scrubbing) also provide high removal efficiencies and have the advantage of not requiring subsequent effluent treatment.  In addition to the alkaline reagents added for acid gas removal, activated carbon injection is also effective in removing PCDD/PCDFF as well as mercury.  Spray dry scrubbing systems also typically achieve 93% SO2 and 98% HCl control.
5. Spray dryers, as noted above, are often deployed upstream of fabric filters.  The filters provide for capture of the reagents and reaction products as well as offering an additional reactive surface on the filter cake.
6. Inlet temperatures to the fabric filter in such combinations is important.  Temperatures above 130-140ºC are normally required to prevent condensation and corrosion of the bags.
7. Dry scrubbing systems cannot reach the efficiency of wet or semi-wet (spray dry) scrubbers without significantly increasing the amount of reagent/sorbent.  Increased reagent use adds to the volume of fly ash.
7.2.4. Nitrogen Oxides (NOX) Removal Techniques

1. Although the primary role of selective catalytic reduction (SCR) is to reduce NOX emissions, this technique can also destroy unintentional POPs (e.g., PCDD/DF) with an efficiency of 98-99.5% (EU BREF, 2004).
2. Flue gases may have to be re-heated to the 250-400ºC required for proper operation of the catalyst.
3. Performance of SCR systems improves with upstream flue gas polishing.  These systems are installed after dedusting and acid gas removal.
4. The significant cost (capital and energy) of SCR is more easily borne by large facilities with higher gas flow rates and economies of scale.
5. Selective Non-Catalytic Reduction (SNCR) is a less effective but less expensive NOx control technique that is particularly suited to retrofit applications and flue gas streams with high particulate matter loadings.  Its impact on unintentional POPs control is less well understood.
7.3. Residue Management Techniques

Residues from incineration include various types of ash (e.g., bottom ash, boiler ash, fly ash), and residues from other FGT processes, including liquid effluents in the case of wet scrubbing systems.  Table 6.3 illustrates the relative solid residue volumes for a typical MSW incinerator.
	Types of Solid Residue
	% (per ton MSW incinerated)

	Bottom Ash
	21%

	Fly ash + gas cleaning residue + wet scrubber sludges
	4.2%

	Scrap recovered from bottom ash
	1.2%


Table 6.3  Solid Residues from MSW Incineration  [source: EU BREF, 2004]

 Because constituents of concern may vary considerably, maintaining the separation of residues for treatment, management, and disposal is often appropriate.  The presence and concentration of unintentional POPs in these residues is a function of their presence in the incoming waste, survival or formation in the incineration process, and formation and capture during flue gas treatment. The following techniques are relevant to preventing releases to the environment of these substances, once present in the residues.

7.3.1. Bottom and Boiler Ash Techniques

Bottom ash from modern incinerators tends to be very low in unintentional POPs content, in the same order of magnitude as background concentrations in urban soils (i.e., <0.001-0.01 ng PCDD/F/g ash).  Boiler ash levels tend to be higher (0.02-0.5 ng PCDD/F/g ash) but both well below the average concentrations found in fly ash (EU BREF, 2004).

1. Because of the differences in pollutant concentration, the mixing of bottom ash with fly ash will contaminate the former.  Separate collection and storage of these residues provides operators with more options for disposal.  Bottom ash (or slag from fluidized bed incinerators) may be reused in construction and road-building material.  Prior to such use, however, an assessment of content and leachability should be conducted.

2. Leachability of unintentional POPs is known to increase with increasing pH and humic (presence of organic matter) conditions. This would suggest that disposal of in lined and dedicated landfills is preferable to mixed waste facilities.

3. If levels are found to be excessive, bottom ash may be treated for unintentional POPs by re-incineration or other thermal treatment (e.g. high temperature plasma)

7.3.2. Fly Ash and Other Flue Gas Treatment Residue Techniques

1. Unlike bottom ash, APCD  residuals including fly ash and scrubber sludges may contain relatively high concentrations of heavy metals, organic pollutants (including PCDD/F), chlorides and sulfides.

2. Mixing fly ash and FGT residues with bottom ash should be avoided since this will limit the subsequent use and disposal options for the bottom ash.

3. Treatment techniques for these residues include:

· Cement solidification.  Residues are mixed with mineral and hydraulic binders and additives to reduce leaching potential.  Product is landfilled. 

· Vitrification .  Residues are heated in electrical melting or blast furnaces to immobilize pollutants of concern.  Organics, including PCDD/F are typically destroyed in the process.

· Catalytic treatment of fabric filter dusts under conditions of low temperatures and lack of oxygen;

· The application of plasma or similar high temperature technologies.

4. Fly ash and scrubber sludges are normally disposed of in landfills set aside for this purpose.  Some countries include ash content limits for PCDD/F in their incinerator standards.  If the content exceeds the limit, the ash must be stabilized or treated further.

7.3.3. Effluent Treatment Techniques

Process wastewater in incineration arises mainly from the use of wet scrubbing technologies. The need for and treatment of wastewater can be alleviated by the use of dry and semi-wet systems.
One wastewater-free technique involves the neutralization and subsequent treatment of the scrubber effluent to produce sedimentation.  The remaining wastewater is evaporated and the sludge can be landfilled (dedicated) or further processed to recover gypsum and calcium chloride (EU BREF, 2004).
Re-circulation of process water also helps to reduce the volume for eventual treatment.
Use of boiler drain water as scrubber feed may also reduce the total volume of process water and subsequent treatment capacity.
Depending on the design of the incinerator, some effluent streams can be fed back through the process and any surviving pollutants concentrated in the solid rather than liquid residues.

7.4.  Impact of Unintentional POPs BAT and BEP on Other Pollutants of Concern

The description of techniques and practices in this provisional guidance is primarily focused on their demonstrated effectiveness in the prevention, minimization, or reduction of the formation and  release of the unintentional POPs.  Many of these practices also serve to reduce releases of other pollutants, and some may be primarily designed for this purpose (e.g., source separation of metals and other non-combustibles from waste streams, SCR for NOx control, acid gas controls for reducing SO2, carbon adsorption for Hg control).  Some that may have been designed for the capture of other pollutants (e.g., higher inlet temperature ESPs) have had to be re-designed or replaced to avoid increasing formation and release of the unintentional POPs.

In the final analysis, what constitutes the best available techniques and best environmental practices for waste incineration is broader than the impact on unintentional POPs alone, involving all aspects of the incineration, energy recovery, and residue treatment process.  The great majority of these, however, are complementary with the aims of preventing or reducing unintentional POPs releases.  

8. New and Significantly Modified  Incinerators

The Stockholm Convention (Annex C, Part V, B, (b)) states that before Parties proceed with proposals to construct or significantly modify sources that release unintentional POPs, they should give “priority consideration” to “alternative processes, techniques or practices that have similar usefulness but which avoid the formation and release” of these compounds.  In cases where such consideration results in a determination to proceed with construction or modification, the Convention provides a set of general reduction measures for consideration.  While these general measures have been incorporated in the preceding discussion of best environmental practices and best available techniques for these categories, there are additional factors that will be important in deciding whether it is feasible to construct or modify a waste incinerator.
8.1. Additional Factors in the Siting of New MSW Incinerators
1. Do I have an accurate prediction of the nature and volume of MSW generation in the area to be served for the cost recovery period?

2. Will the supply allow for continuous operation of the incinerator?

3. Does this prediction include appropriate waste minimization, recycling, and recovery programs?

4. Do I have the necessary transportation infrastructure to support collection and hauling?  

5. Have I investigated the likelihood of intra- or interstate restrictions on waste transportation?

6. Do I have available markets for any on-site separated materials?

7. Do I have available markets for excess steam or electricity generated on-site (WTE)?

8. Do I have environmentally sound options for the disposal of residues?
8.2. Additional Factors in the Siting of New Hazardous Waste Incinerators
1. Do I have an accurate prediction of the nature and volume of hazardous waste generation in the area to be served for the cost recovery period?

2. Will the supply allow for continuous operation of the incinerator?

3. Do I have the necessary infrastructure to support transportation needs?

4. If international transport is envisioned, have I made the necessary agreements to allow transfer across borders?

5. Do I have the necessary agreements with suppliers to ensure safe packaging and handling?

6. Do I have environmentally sound options available for the treatment and disposal of residues? 

8.3. Additional Factors in the Siting of New Sewage Sludge Incinerators

1. Do I have an accurate prediction of the nature and volume of sewage sludge generation in the area to be served for the cost recovery period?
2. Will the supply allow for continuous operation of the incinerator?
3. Have I determined whether the sewage sludge in the service area is mixed with industrial or other wastes?
4. Do I intend to co-incinerate the sewage sludge with MSW or as a supplemental fuel in a utility generating facility?
8.4. Modification of Existing Waste Incinerators

Significant modifications to an existing waste incinerator may be considered for several reasons.  These could include: an expansion of capacity, the necessity of major repairs, enhancements to improve combustion efficiency and/or energy recovery, and the retrofitting of APCDs.  Before undertaking such a modification, in addition to the “priority consideration” noted above, the following factors will be important to consider.     

1. How will the modification affect the potential releases of unintentional POPs?

2. If the modification is the addition of an APCD, is it sized properly for the facility?

3. Is there sufficient space to install and operate it properly?  For example, available space may dictate the retrofit of a double filtration (filters in series, though not necessarily adjacent) technique rather than an alternative scrubbing system.  

4. Will the retrofitted device operate in concert with the existing APCDs to minimize releases?

The costs of making modifications to an existing facility may exceed similar changes at a new installation by 25-50% (EU BREF, 2004).  Factors influencing this increase include:  the additional engineering necessary, the removal and disposal of replaced equipment, reconfiguring connections, and losses in productivity with down time. 
9. Costs and Economic Considerations

The construction of large state-of -the-art incinerators requires major capital investment, often approaching hundreds of millions USD.  Installations recover capital and operating costs through tipping or treatment fees and, in the case of waste-to-energy facilities, through the sale of steam or electricity to other industries and utilities.  The ability to fully recover the costs of construction and operation is dependent on a number of factors including: the relative cost of alternative disposal methods (e.g., landfills); the availability of sufficient waste within the local area; provisions for disposal of residues; and proper staffing, operation, and maintenance to maintain peak efficiency and minimize downtime.  Recycling and recovery programs to remove non-combustibles and other recyclable materials from the waste stream are economically compatible with large incinerator operations, provided these programs are incorporated into the planning and design of the facility.

Small waste incinerators, particularly the modular designs, require significantly lower capital investment but do not benefit from the economies of scale available to larger facilities.  While modern designs can generally achieve high levels of combustion efficiency through starved air and secondary combustion chambers, the addition of APCDs to further reduce releases may be considered disproportionately expensive.  There will be, however, situations in which smaller units may be the most feasible and cost effective incineration option.  These could include: low population density; low waste generation; and the lack of transportation infrastructure.

The following sections provide an overview of the cost and economic factors that may assist Parties in the development of national and regional strategies with regard to these source categories.  The data are drawn from the March, 2004, Draft Reference Document on Best Available Techniques for Waste Incineration prepared by the European Integrated Pollution Prevention and Control Bureau (EIPPCB).

9.1. General Considerations

The economics of waste incineration may vary significantly from country to country depending on a number of factors.  In addition to the technical and infrastructural requirements, existing waste policies (or their absence) and practices may affect the ultimate costs and cost-effectiveness of these technologies.

Factors that can influence the costs of incineration include: land acquisition costs; operational scale; capacity and utilization rates; nature of the waste to be treated (e.g., BTU value); flue gas treatment and residue disposal requirements; revenue streams from re-cycled materials, energy recovery and sale; taxes levied or subsidies provided; competition from other disposal options; cost of capital; insurance; and administrative and labor costs.  Waste incineration plants may be publicly or privately owned or operated as public/private partnerships.  In each case, the financial costs of capital investment may vary.  Tipping fees (or other fees charged per unit of waste) may not reflect the true cost of operation if the incinerator is part of a broader publicly owned service organization.

Capital investment costs for incinerators vary significantly with the selection of techniques for FGT and residue handling. Table 8.1 provides an example of the relative investment cost by FGT type and incinerator capacity in Germany.
	Type of Waste Gas Cleaning
	Specific Investment Costs (EUR/ton waste input)

	
	100,000 tpy
	200,000 tpy
	300,000 tpy
	600,000 tpy

	Dry
	670
	532
	442
	347

	Dry/Wet
	745
	596
	501
	394

	Dry/Wet + Residue Processing
	902
	701
	587
	457


Table 8.1  Investment Costs of Waste Gas Cleaning in Germany [source EU BREF, 2004]

9.2. MSW Incineration

Table 8.2 provides an example of capital and investment costs for a 250,000 tpy MSW incinerator.  These costs will vary by the size of the installation since there are economies of scale.  Table 8.3 illustrates the reduction in average cost/ton with increasing size.

	Cost Structure
	EUR

	Planning/approval
	3,500,000

	Machine parts
	35,000,000

	Other components
	14,000,000

	Electrical works
	9,000,000

	Infrastructure works
	7,000,000

	Construction time
	3,000,000

	Total investment costs
	70,000,000

	Capital financing costs
	7,000,000

	Personnel
	2,000,000

	Maintenance
	1,500,000

	Administration
	300,000

	Operating resources/energy
	1,500,000

	Waste disposal
	1,800,000

	Other
	500,000

	Total operational costs
	15,000,000

	Per ton incineration costs (without revenues)
	115


Table 8.2 Example Cost Structure for a 250,000 tpy MSW Incinerator

[source: EU BREF, 2004]

	Capacity (tpy)
	Cost (EUR/ton) 

	50,000
	230

	100,000
	140

	200,000
	105

	300,000
	85

	600,000
	65


Table 8.3 Economies of Scale in MSW Incineration

[source: EU BREF, 2004]

Revenue streams from MSW incineration include the sale of recovered energy and materials.  New MSW installations routinely offer energy in the form of steam or electricity.  The revenue from energy production in terms of kWh varies widely and is dependent on prevailing energy prices and competing generators.  In Sweden, for example, electricity production from MSW incinerators is not profitable, however, the export of steam for district heating is a significant incentive (EU BREF, 2004).

A number of options are available for recovering and utilizing the energy from waste incineration, ranging from simple steam production to extensive co-generation facilities.  In general, the higher costs associated with realizing higher rates of electricity production are economically favorable, provided customers are readily available.  Table 8.4 provides an example of the proceeds from a water-steam cycle plant maximizing electricity generation at different waste throughputs.
	Parameter
	Throughput (tpy)

	
	100,000
	200,000 
	300,000 

	Investment Costs (EUR) approx.
	8,000,000
	12,000,000
	16,000,000

	Specific Investment Costs (EUR/t)
	8.24
	6.18
	5.49

	Specific Maintenance Costs (EUR/t)
	2.40
	1.80
	1.60

	Heat Delivery (MWh/t)
	0
	0
	0

	Specific Proceeds from Heat Production (EUR/t)
	0
	0
	0

	Electricity Delivery (MWh/t)
	0.44
	0.44
	0.44

	Specific Proceeds from Electricity Production (EUR/t)
	19.8
	19.8
	19.8

	Rated Proceeds from Water/Steam Cycle (EUR/t)
	9.16
	11.82
	12.71


Table 8.4  Costs of Steam Extraction (turbine) as a Function of Waste Throughput [source: EU BREF, 2004]

9.3. Hazardous Waste Incineration

Merchant hazardous waste incineration facilities are generally smaller in size than MSW incinerators and benefit less from the economies of scale.  Table 8.5 illustrates difference in gate (tipping) fees between MSW and hazardous waste incinerators in several European countries.

	Country
	Gate Fees in EUR/ton

	
	MSW
	Hazardous Waste

	Belgium
	56-130
	100-1500

	Denmark
	40-70
	100-1500

	France
	50-120
	100-1500

	Germany
	100-350
	50-1500

	Italy
	40-80
	100-1000

	Netherlands
	90-180
	50-5000

	Sweden
	20-50
	Not available

	United Kingdom
	20-40
	Not available


Table 8.5  Gate Fees in European MSW and HW incineration plants [source: EU BREF, 2004] 

The capacity of hazardous waste incinerators usually varies between 30,000 and 100,000 tpy.  Capital and operating costs for an average 70,000 tpy facility are provided in Table 8.6.

	Cost Structure
	EUR

	Planning/approval
	3,000,000

	Machine parts
	16,000,000

	Other components
	14,000,000

	Electrical works
	10,000,000

	Infrastructure works
	6,000,000

	Construction time
	3,000,000

	Total investment costs
	54,000,000

	Capital financing costs
	5,000,000

	Personnel
	3,000,000

	Maintenance
	4,000,000

	Administration
	300,000

	Operating resources/energy
	1,300,000

	Waste disposal
	800,000

	Other
	300,000

	Total operational costs
	14,700,000

	Per ton incineration costs (without revenues)
	200-300


Table 8.6 Example Cost Structure for a 70,000 tpy HW Incinerator [source: EU BREF, 2004]

9.4. Sewage Sludge Incineration

Sewage sludge incinerators share many of the same cost factors that apply to MSW incineration with the exception of pre-treatment, including drying, and a generally lower energy value that necessitates additional auxiliary fuel use.  Co-incineration of sludge with MSW or in coal-fired boilers may have cost advantages over mono-incineration depending on supply and transport factors.  

10. Alternative and Emerging Technologies

The Convention defines the “available” in “best available techniques” as “those techniques that are accessible to the operator and that are developed on a scale that allows implementation in the relevant industrial sector, under economically and technically viable conditions, taking into consideration the costs and advantages”.  Although most of the following technologies are not considered fully demonstrated on an industrial scale for the environmentally sound disposal of MSW, they warrant consideration and further study.

10.1. Pyrolysis and Gasification.  
While incineration converts MSW into energy and ash, these processes limit conversion so that combustion does not take place.  Instead, the waste is converted into intermediates that can be further processed for recycling and energy recovery.  Many of these systems currently in use have been designed for a particular waste (e.g., discarded tires) or have only operated at a pilot scale.

A full scale gasification plant (50 MW capacity) is in operation in Lahti, Finland, using a mixture of household and industrial wood-based waste to produce gas as a supplemental fuel to a main coal-fired boiler.

10.2. Thermal Depolymerization.  
This process mimics the natural processes that convert organic matter, under heat and pressure, into oil.  The feedstock waste is shredded into fine particles and introduced into a kiln.  Heat and pressure are applied in an anaerobic environment to obtain hydrocarbon oils, fatty acid oils, gas, solid carbon and minerals. Similar to pyrolysis, the process appears to work best when the waste stream is more homogeneous (e.g., turkey offal). For heterogeneous MSW, the result is more often an inconsistent and dirty oil/gas that is difficult to harvest and market.

10.3. Plasma Technologies.  
These technologies employ a variety of means to generate high temperature (e.g., 10,000°C), plasmas to atomize waste, breaking all chemical bonds.  A variant of this technique relies on pyrolysis/gasification of materials by indirect exposure to plasma heat.  In this process, MSW is exposed to temperatures of 1,800°C in an oxygen starved environment and the organic fraction is converted largely to hydrogen and carbon monoxide.  Inorganic materials are reduced to a magma from which metals can be further separated.  Proponents argue that there can be as much as a four-fold net energy recovery from the process.  Combined with conventional APCDs, PCDD/F levels can be held under conventional detection limits. A full scale application of this technology for MSW is currently under development in Japan.

10.4. High Temperature Melting.  
This technology makes use of a fluidized bed gasifying furnace to partially burn sized MSW to char and flammable gas.  The char and gas are further burned in a high temperature melting furnace (1,250-1,450ºC) and a secondary combustion chamber (1,000-1,100ºC ).  A plant with a processing capacity of 10 tons per day began operation in Kakegawa, Japan in 1998.

10.4.1. Broader Alternatives to Incineration.  
As noted above, direct sanitary landfilling of waste represents an alternative to treatment by incineration.  While there is considerably less concern for the formation and release of unintentional POPs from landfills that apply the corresponding BAT and BEP, other factors (e.g., available land, depth of water table, fire prevention, landfill gas emissions) must also be considered.  Broader still is pursuing a goal of  “zero waste,” similar to the program now underway in Australia.         

Appendix A – Comparison of the Main Combustion and Thermal Treatment Technologies

[source:  EU BREF]
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11. Appendix B – Examples of National Standards for Unintentional POPS Releases from MSW, Hazardous Waste, and Sewage Sludge Incineration

[source:  member countries]

The following are examples of how some countries have approached the regulation of unintentional POPs from the incineration categories.  They are not intended as recommendations from the Expert Group but only as additional information for the consideration of the Parties to the Convention.

CANADA

Waste Incineration

Definitions:

Waste incinerator: a device, mechanism or structure constructed primarily to thermally treat e.g., combust or pyrolyze) a waste for the purpose of reducing its volume, destroying a hazardous chemical present in the waste, or destroying pathogens present in the waste. This includes facilities where waste heat is recovered as a byproduct from the exhaust gases from an incinerator, but does not include industrial processes where fuel derived from waste is fired as an energy source as a matter incidental to the manufacture of the primary product. For the purpose of the Dioxins and Furans CWS, conical waste combusters are considered separately from other incineration sectors.

Nature and application:

Emission limits are expressed as a concentration in the exhaust gas exiting the stack of the facility. New or expanding facilities will be expected to comply immediately with the standard, and it will be up to individual jurisdictions to determine what constitutes a significant expansion to trigger the standard. The limits for existing facilities are capable of being met using generally available technology or waste diversion. Larger facilities will be subject to stack testing as described in Annex 1 to verify compliance with the limit. Smaller medical and municipal facilities will have the option of reporting on an audit of the dioxin and furan emission reductions associated with waste diversion or other measures or conducting a one-time stack test, to illustrate progress towards the standard.

Numeric targets:

The following standards are a step towards achieving virtual elimination for dioxins and furans.  For new or expanding facilities of any size, application of best available pollution prevention and control techniques, such as a waste diversion program, to achieve a maximum concentration1 in the exhaust gases from the facility as follows:

Municipal waste incineration
 
80pg I-TEQ/m3

Hazardous waste incineration2 
80pg I-TEQ/m3

Sewage sludge incineration 

80pg I-TEQ/m3

For existing facilities application of best available pollution prevention and control techniques, to achieve a maximum concentration1 in the exhaust gases from the facility as follows:

Municipal waste incineration

> 26 Tonnes/year3 

80pg I-TEQ/m3

< 26 Tonnes/year4 

80pg I-TEQ/m3

Hazardous waste incineration2 
80 pg I-TEQ/m3

Sewage sludge incineration

100 pg I-TEQ/m3
1Stack concentrations of dioxins and furans will be corrected to 11% oxygen content for reporting purposes.

2Hazardous waste incinerators include all facilities that burn hazardous waste including low level radioactive waste;            however they do not include facilities that use waste derived fuel or used oil.

3Larger facilities must achieve this stack concentration as confirmed by annual testing.

4Smaller facilities must make determined efforts to achieve this stack concentration.
Timeframe for achieving the targets:

Any new or expanding facility will be required to design for and achieve compliance immediately upon attaining normal full scale operation, compliance to be confirmed by annual stack testing.

Based on determined efforts in working towards virtual elimination, existing facilities will be required to meet the standards on the following schedule:

· Municipal waste incineration 

2006

· Medical waste incineration 

2006

· Hazardous waste incineration

2006

· Sewage sludge incineration 

2005

Pollution Prevention Strategy:

In addition to the continuing efforts of waste incinerator operators to destroy or capture emissions of dioxin and furans, emphasis will be placed on identifying and implementing opportunities to prevent the creation of dioxins and furans as well as emissions of air pollutants and ash quality generally. As an initial action with shared responsibility by all jurisdictions, strategies identifying opportunities to minimize waste incineration emissions of air pollutants including dioxins and furans will be developed through a multi-stakeholder process by December 31, 2001 to provide a framework for continual progress towards the elimination of dioxin and furans.

Recognizing that many opportunities for minimizing air pollutant and ash emissions and specifically avoiding the creation of dioxins and furans fall beyond the exclusive influence of the operators of waste incinerators, preparation of this strategy must engage a wide range of stakeholders.

[source:  Canada-Wide Standards for Dioxins and Furans, Endorsed by CCME Council of Ministers, April 30-May 1, 2001, Winnipeg,   http://www.ccme.ca/assets/pdf/d_and_f_standard_e.pdf ]

JAPAN

Regulations for Emission Gas and Effluent Relating to Dioxins in Japan

The control standards for dioxins for the emission gas and effluent have been set in theLaw Concerning Special Measures against Dioxins (the Dioxins Law; promulgated on July16, 1999) at the strictest values achievable at present.

Dioxins are defined to include PCDDs, PCDFs and co-planar PCBs in the Dioxins Law.

The level of dioxins is expressed as TEQ calculated according to WHO-TEF(1998).

Emission Standards

	Type of Specified Facility
	Scale of Facilities

(capacity of incineration)
	Standards for new facility
	Standards for existing facility

	Waste incinerators:

(hearth area is more than 0.5 m2 or capacity of incineration is more than 50kg/hr)
	More than 4t/h
	0.1 ng-TEQ/m3N
	1 ng-TEQ/m3N

	
	2t/h – 4t/h
	1 ng-TEQ/m3N
	5 ng-TEQ/m3N

	
	Below 2t/h
	5 ng-TEQ/m3N
	10 ng-TEQ/m3N


Effluent Standards

	Type of Specified Facilities
	Standard

	Cleansing facilities, wet dust collection facilities, and ash storing facilities which are related to waste incinerators (harth size is more than 0.5m2) and discharge sewage or waste solution
	10 pg-TEQ/L

	Facilities for disposing water discharged from plants or business places with facilities mentioned above
	

	Terminal treatment facilities for sewerage relating to facilities mentioned above
	


UNITED STATES
 SEQ CHAPTER \h \r 1Summary of Standards for New and Existing MSW Incinerators
Applicability

The final standards apply to new MSWI units located at plants with capacities to combust greater than 35 Mg/day of residential, commercial, and/or institutional discards.  Industrial manufacturing discards are not covered by the standards.  Any medical, industrial manufacturing, municipal, or other type of waste combustor plant with capacity to combust greater than 35 Mg/day of MSW and with a federally enforceable permit to combust less than 10 Mg/day of MSW is not covered.

Plant Size (MSW combustion capacity) Requirement:

< 35 Mg/day




Not covered by standards

 > 35 Mg/day but  < 225 Mg/day

 (referred to  as small MSWI plants)

Subject to provisions listed below

> 225 Mg/day

 (referred to as large MSWI plants)

Subject to provisions listed below

Good Combustion Practices
· Applies to large and small MSWI plants.

· A site-specific operator training manual is required to be developed and made available to MSWI personnel.

· The EPA or State MSWI operator training course must be completed by the MSWI chief facility operator, shift supervisors, and control room operators.

· The ASME (or State-equivalent) operator certification must be obtained by the MSWI chief facility operator (mandatory), shift supervisors (mandatory), and control room operators (optional).

· The MSWI load level is required to be measured and not to exceed 110 percent of the maximum load level measured during the most recent dioxin/furan performance test.

	MSWI Organic Emission Limits (measured by total mass PCDD/PCDF)1

	Large and Small MSWI plants
	13 ng/dscm (mandatory)2 or

7 ng/dscm total mass (optional to qualify for less frequent testing)3

	Basis for Emission Limit
	Application of good combustion practices and spray dryer/fabric filter/carbon injection technologies.


 SEQ CHAPTER \h \r 1ADVANCE \d 2 1Although not part of the dioxin/furan limit, the limit of 13 ng/dscm total mass is equal to about 0.1 to 0.3 ng/dscm  in 2,3,7,8-tetrachlorinated dibenzo-p-dioxin toxic equivalents, based on the 1989 international toxic equivalency factors.  The optional reduced testing limit of 7 ng/dscm total mass is equal to about 0.1 to 0.2 ng/dscm in 2,3,7,8-tetrachlorinated dibenzo-p-dioxin

toxic equivalents, based on the 1989 international toxic equivalents.

2 SEQ CHAPTER \h \r 1For MSWI constructed after September 20, 1994, but on or before September 22, 1997, the standard is 30 ng/dscm total mass for the first 3 years of operation of the MSWI.  After the first 3 years, the standard is 13 ng/dscm tota mass.  For all MSWIs constructed after September 22, 1997,  the standard at startup is 13 ng/dscm total mass.

3The standards include provisions that allow large and small plants to conduct performance tests for dioxins/furans (EPA Method 23) on only one unit per year if all units at the plant achieve emission levels of 7 ng/dscm total mass for 2 consecutive years
2. Medical Waste

12. Introduction

This section gives mainly information on the incineration of medical waste (in the following referred to as “health-care waste”), this being only one method of final disposal. Since the incineration of health-care waste can result in significant unintentional POP  emissions the main focus of the paper is on the best available techniques for the reduction of unintentional POP emission due to incineration. Other possible techniques like e.g. the sterilization of infectious waste do not result in unintentional POP emissions. The advantages and drawbacks as well as the applicability of these techniques are already described elsewhere and are not repeated in detail here.

Hospitals generate large amounts of waste that falls into different categories (additionally, health-care waste can also originate from other sources like emergency medical care services, transfusion or dialysis centres, laboratories, animal research, blood banks etc.). Between 75 % and 90 % of the waste produced is non-risk or general health-care waste, which is comparable to domestic waste. It comes mostly from the administrative and housekeeping functions of health-care establishments and may also include waste generated during maintenance of health-care premises. The remaining 10-25 % of health-care waste is regarded as hazardous and may create a variety of health risks. Less than 10 % of this waste is of an infectious nature. Other types of waste include toxic chemicals, cytotoxic drugs, flammable and radioactive wastes. This paper is concerned almost exclusively with infectious health-care waste; wastes comparable to domestic waste should be dealt with by the municipal waste disposal mechanisms. 

Each hospital should develop a waste management plan that provides for a thorough segregation and treatment of waste. This can lower the costs of the ultimate disposal.

The main aims of hospital waste management are:

· minimizing risk for personnel, general public and environment

· minimizing the amounts of waste being generated

· providing for segregation and separation of wastes

· designation of deposit areas in the wards

· establishment of safe routes for the transportation of the waste

· establishment of a safe and proper area for the temporary storage

· proper waste treatment and disposal

Under the framework of the Basel Convention on the control of transboundary movements of hazardous wastes and their disposal “Technical Guidelines on the environmentally sound management of biomedical and health-care waste”
 have been published. It is strongly advised to use and apply these guidelines which provide detailed information on the hazards of health-care waste, safe management of health-care waste, the proper segregation and collection of wastes as well as treatment and disposal methods and capacity building. 

13. Types of health-care waste

· infectious health-care waste (hazardous)

· chemical, toxic or pharmaceutical waste, including cytotoxic drugs (antineoplastics) (mostly hazardous)

· anatomical and pathological waste (body parts etc.)

· sharps (partly hazardous)

· radioactive waste

· other  waste (glass, paper, packaging material etc.)

For the purpose of these guidelines, the following definitions are taken from the technical guidelines on the environmentally sound management of biomedical and health-care waste (Basel Convention):

13.1. Infectious health-care waste

Discarded materials or equipment contaminated with blood and its derivatives, other body fluids or excreta from infected patients with hazardous communicable. Contaminated waste from patients known to have blood-borne infections undergoing haemodialysis (e.g. dialysis equipment such as tubing and filters, disposable sheets, linen, aprons, gloves or laboratory coats contaminated with blood);

Laboratory waste (cultures and stocks with any viable biological agents artificially cultivated to significantly elevated numbers, including dishes and devices used to transfer, inoculate and mix cultures of infectious agents and infected animals from laboratories).

13.2. Biological health-care waste

All body parts and other anatomical waste including blood and biological fluids and pathological waste that is recognizable by the public or the health-care staff and that demand, for ethical reasons, special disposal requirements.

13.3. Sharps

All biomedical and health-care waste with sharps or pointed parts able to cause an injury or an invasion of the skin barrier in the human body. Sharps from infected patients with hazardous communicable diseases, isolated wards or other pointed parts contaminated with the above-mentioned laboratory waste must be categorized as infectious waste.

14. Best Environmental Practices (BEP) concerning health-care waste management

In order to ensure an efficient and state of the art disposal a number of practices prior to the final disposal method or the combustion of the waste itself is considered necessary. These practices are not directly linked to the reduction and avoidance of unintentionally produced POPs but represent general principles which in consequence can influence the generation of waste fractions and which contribute to the safety of the personnel, the public and the environment. In this document only a brief overview of common best practices is given. 

14.1. Segregation

Above all, segregation is the key to effective health-care waste management. It ensures that correct disposal routes are taken. Segregation should be carried out under the supervision of the waste producer and as close as possible to the point of generation. Segregation must therefore take place at source, that is, in the ward, at the bedside, in the theatre, in the laboratory, in the delivery room, etc., and must be carried out by the person generating the waste, for example the nurse, the doctor or the specialist, in order to secure the waste immediately and to avoid dangerous secondary sorting.
14.2. Waste minimization
The generation of hazardous wastes and other wastes within has to be reduced to a minimum. This can be achieved only if everyone who works in the health services sector gives increased thought to this issue and takes action to ensure that the volume and hazardousness of wastes are minimized.

Preference should be given to environmentally sounder products and replacement of harmful or disposable products with reusable or alternative products, if these meet the relevant requirements in terms of hygiene and patient safety.

A noticeable reduction in waste volume can be achieved only if disposable products already in use are scrutinized as to their necessity. In principle, disposables such as disposable cutlery, disposable linen (including covering sheets), disposable instruments and equipment (scissors, scalpels, forceps) and disposable containers (kidney dishes, infusion bottles) should be replaced by reusable products and long-lived alternatives. 

For more detailed information ample material concerning health-care waste management is available from different sources
.

The establishment of a proper health-care waste management involves to

· characterise the nature and amount of the different waste fractions

· identify option to avoid or reduce waste generation (package sizes, stock keeping, evaluate work processes, reuse of equipment where feasible)

· draw up a list of rules how to handle the waste

· specify the suitable containers for collection, storage and transport

· lay down the responsibilities of the personnel

· describe the appropriate treatment options for the different waste fractions

· provide for proper documentation and control of the waste disposal

· describe the transport of the waste fraction to the final disposal location and the type of final treatment

· calculate the costs for the different activities

14.3. Training of personnel

The personnel should get thorough instructions about: 

· risks connected with health-care waste

· classification and codes of the different waste fractions and their classification criteria

· costs of waste treatment

· illustration of the waste management from generation to disposal

· responsibilities

· effects of mistakes and mismanagement

14.4. Collection at the site of waste generation

· provide small bins for the disposal of the different waste fractions at suitable places

· proper packaging of the waste: Bags/containers for infectious waste and sharps should be puncture resistant and leak proof. Either solid drums or bags which are placed within a rigid or semi-rigid container having a capacity of 30 – 60 litres should be used. The containers may be recyclable (stainless steel) or single use (thick cardboard or rigid polyethylene). Full containers should have a locking or sealing device.

· proper labelling of containers as infectious, cytotoxic etc. waste

· no overloading of containers

· Highly infectious waste should, whenever possible, be sterilized immediately by autoclaving. It therefore needs to be packaged in bags that are compatible with the proposed treatment process.

14.5. Transport to the intermediate storage area 

· Once the primary containers are full they must be taken to an intermediate storage area.

· establish a designated storage area (clean conditions, facilities for cleaning/ washing/disinfecting of the containers) where access is only allowed for authorized personnel 

· personnel handling the waste must wear protective clothing (gloves, shoes) during collection, transportation and storage

· clear transport routes and times

· no comprimation of waste containing sharps

· no manual sorting of infectious waste fractions 

15. New sources

When deciding on waste disposal from health-care activities, priority consideration should be given to alternate processes, techniques or practices that have similar usefulness but which avoid the formation and release of Unintentional POPs.  

Due to the high investment and operational costs of waste incinerators operating at the BAT level an economical plant operation seems often impossible, especially for small hospital incinerators. Therefore, centralised incineration units are preferred to decentralised on-site treatment of the health-care waste. Health-care waste incineration lines operated on the same site as other or municipal waste incineration will result in synergy effects and provide economic viability.

16. Existing sources

Due to the poor design, operation, equipment and monitoring of many existing small hospital incinerators these installations cannot be regarded as BAT. A medical waste incinerator without sophisticated pollution abatement devices releases a wide variety of pollutants including dioxins and furans, metals (such as lead, mercury, and cadmium), particulate matter, acid gases (hydrogen chloride and sulphur dioxide), carbon monoxide, and nitrogen oxides. These emissions have serious adverse consequences on worker’s safety, public health and the environment.

The cost of retrofitting old plants is a key factor in the consideration of medical waste disposal. In evaluating the costs of a proper incineration unit, decision-makers should take into account, among others, capital and operating costs of the incinerator plus scrubber and other pollution control devices; the cost of secondary chamber retrofits for old incinerators; the costs of periodic stack testing, continuous monitoring, operator training and qualification; and the costs of maintenance and repair especially in relation to refractory wear or failure.

As a consequence, the shutdown of existing inappropriate plants has to be considered along with the introduction of alternative techniques for waste disposal or the transfer of waste to centralised municipal or hazardous waste incineration units.

17. Alternative Techniques 

The following alternative techniques do not result in the formation and release of Unintentional POPs and are therefore considered suitable methods for their ultimate elimination. However, they might have advantages and drawbacks in other respects. For more information on these techniques please see the “Technical Guidelines on the environmentally sound management of biomedical and health-care waste” elaborated under the framework of the Basel Convention.

The following methods are suitable for infectious and biological waste and sharps
. Hazardous chemical waste, chemotherapeutic waste, volatile organic compounds, mercury and radioactive waste should not be fed into the below systems as this would result in the release of toxic substances into air, condensate or into the treated waste. 

17.1. Steam sterilization 

Steam sterilizing or autoclaving is the exposure of waste to saturated steam under pressure in a pressure vessel or autoclave. The technology does not render waste unrecognizable and does not reduce the waste volume unless a shredder or grinder is added. Offensive odours can be generated but be minimized by proper air handling equipment.

Autoclaves are available in a wide range of sizes and capital costs are relatively low compared to other alternative techniques.

Microwave disinfection is essentially also a steam-based process since disinfection occurs through the action of moist heat and steam generated by microwave energy. Drawbacks are the relatively high capital costs, noise generation from the shredder and possibility of offensive odours.

17.2. Dry heat sterilization 

Dry heat sterilization is the exposure of the waste to heat at a temperature and for a time sufficient to ensure sterilization of the entire waste load. Internal shreddering is usually included (reduction of waste volume). The technology is simple, automated and easy to use. Odours can occur.

17.3. Chemical disinfection/sterilization 

This method involves the exposure of waste to chemical agents which possess antimicrobial activity. Chlorine dioxide, sodium hypochlorite, peroxyacetic acid, ozone gas, lime-based dry powder are used. Chemical-based disinfection technologies generally incorporate internal shredding and mixing to resolve the problem of contact and exposure. Chlorine-based systems could form toxic by-products in the wastewater. Safety and occupational exposures should be monitored when using any chemical technology. General disinfectants may not inactivate organisms such as spores, some fungi and viruses and should not be used as the principal treatment methods unless thermal procedures are inappropriate because of the nature of waste or contaminated material. Thermal sterilization should be given preference over chemical disinfection for reasons of efficiency and environmental considerations.

17.4. Landfill

Disposing of infectious wastes into a landfill greatly increases the risks to human health and the environment of exposure to infection from this source. If the waste is disturbed by any means, or not properly covered, further risks will arise. It is therefore not good practice to dispose of infectious waste directly into a landfill. To guard against these risks, where landfill is the only available option, infectious wastes should be treated in order to destroy/remove their infectivity, preferably at the site of generation of the waste. This can be done by using known effective techniques such as autoclaving, microwave treatment, dry heat sterilization or chemical disinfection.

The following diagram
 shows into which waste fractions the health-care waste should be segregated and the appropriate treatment options of these fractions:
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Figure 4.1 Electrostatic Precipitator Principle [source: EU BREF, 2004]
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18. Best Available Techniques (BAT) for the incineration of health-care waste
18.1. Sources of unintentionally produced POPs
Currently two major mechanisms for PCDD/F (dioxins and furans) formation during incineration of wastes are known:

· Formation of dioxins/furans in the presence of corresponding chlorinated precursors (such as PCBs, PCPs) by a homogenous gas phase reaction at temperatures between 300 and 800°C.

· De novo synthesis: The formation of PCDD/F will take place during cooling of the exhaust gas under the following conditions:

· Temperature range between some 200 and 500°C and adequate residence time in this temperature range.

· Presence of a chlorine source.

· Presence of oxygen in the exhaust gas.

· Presence of dust containing heavy metals and carbon which acts as catalyst.

Emissions of organic pollutants and PCDD/F can be reduced by firing and plant specific measures (primary measures) and additionally by secondary measures.

18.2. Process description

Incineration is an important method for the treatment and decontamination of biomedical and health-care waste. This chapter gives guidance on the incineration of the following (mostly) hazardous waste fractions: infectious health-care waste, biological health-care waste and sharps.

Incineration is a high-temperature (850º C to 1100º C) dry oxidation process that reduces organic and combustible waste to inorganic, incombustible matter and results in a very significant reduction of waste volume and weight. 

Semi-pyrolysis is a process of smouldering where thermal conversion occurs in an oxygen deficient atmosphere at a temperature between 500 and 600 °C. 

The incineration/pyrolysis should only be carried out in appropriate plants. The system should be designed to cope with the specific characteristics of hazardous health-care waste (high water content, high plastic content). As the following technologies are rather sophisticated only hazardous waste fractions should be burned in these plants. Other health-care waste which is similar to municipal waste should be segregated in advance and be subject to different waste treatment technologies. On-site facilities (i.e. in the hospital) are usually equipped with incinerators up to a capacity of 1 tonne/day. 

If infectious waste is not burned immediately (during 48 hours) it must be deposited in a cooled storage room (10 °C max.). Working and storage areas should be designed to facilitate disinfection.

An incineration plant basically consists of the following units:

· furnace or kiln

· afterburning chamber

· dry, wet or catalytic flue gas cleaning devices

· waste water treatment plant

Simplified flow scheme of an incinerator:
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The following firing technologies are considered BAT options for the thermal treatment of health-care waste: 

· degassing and/or gasification of wastes (pyrolysis)

· rotary kiln

· grate incinerator specially adapted for infectious health-care waste (municipal waste disposal line)

· fluidized bed incinerator

Single-chamber, drum and brick incinerators are not considered as BAT.

18.3. pyrolytic incinerator

Pyrolysis plants with afterburning chambers are mainly used for smaller plants. These small plants usually operate in a discontinuous mode. For the purpose of health-care waste this is charged packed in barrels or bags. Larger plants should be equipped with automatic loading devices. At plants with degassing and/or gasification the processes drying, degassing and gasification take place in a reactor prior to combustion.

Waste is introduced discontinuously into a distillation chamber that is heated up to a sufficient temperature in order to distil the waste. Gases leaving the distillation chamber are mixed with a continuous airflow in the afterburning chamber and held at a temperature of about 900 °C by co-firing of natural gas. If the quantity of distilled gas is too high the volume of fired natural gas will be reduced automatically. Combustion gases leaving the afterburning chamber are cooled in a downstream hot water boiler and routed to a flue gas cleaning sys- tem. The boiler converts water into steam. The steam can be used to produce electricity to run a hospital, homes or businesses. The smouldering process is done periodically. In order to ensure a sufficient burnout of the ash it is fired with gas burners before it is discharged from the distillation chamber. At small plants fluctuations of the throughput and inhomogeneities of combusted waste are compensated by the auxiliary fuels.

As to pyrolysis plants the dust content of flue gases is small compared to conventional com- bustion systems. However, there is a great demand for additional fuels, so that consequently high volumes of flue gas are formed.

Typical incinerator capacities (on-site treatment): 200 kg to 10 tonnes/day

18.4. Rotary kiln
Another technology used is the rotary kiln. The combustion of health-care waste can be performed in either small rotary kilns (e.g. in the hospital) or, more common, in larger plants used for the combustion of several hazardous waste fractions.

Wastes are delivered from the bunker into the waste chute which is located in front of the firing using a crane. In most cases a sluice is integrated into the chute where waste can directly be fed into the rotary kiln. Highly viscous and liquid wastes can be inserted through the front wall of the rotary kiln. As a result of the slope and the rotation of the rotary kiln, wastes are transported and circulated, which leads to intensive contact with primary air that flows through the rotary kiln. In contrast to grate firings rotary kilns are closed systems. Therefore also liquid and highly viscous materials can be inserted. Exhaust gases coming out of the rotary kiln are treated in an afterburning chamber. In order to assure high temperatures necessary for complete destruction of organic compounds (850 – 1200 °C depending on the waste) afterburning chambers are equipped with burners that automatically start when the temperature falls below the given value.

At the end of the rotary kiln slag arises either sintered or melted. By dropping into the water of the deslagging unit, granulated slag is formed. When the slag is sintered then this part of the plant is similar to that of a grate firing system. Rotary kilns and afterburning chambers are in most cases constructed as adiabatic, ceramically lined combustion chambers. After the combustion chamber flue gases pass a void zone until a temperature range of about 700 °C is reached. Subsequently heating bundles such as evaporators, super-heaters and feed water pre-heaters are arranged. Waste heat boiler and energy supply system is comparable to that of grate firing systems.

Incinerator capacities: 0.5 to 3 tonnes/hour (for health-care waste incineration)

18.5. Grate incinerator

Incineration of health-care waste in municipal waste incinerators requires special adaptations. If infectious health-care waste is to be burned in a municipal waste incinerator it has to be disinfected/sterilized beforehand or fed into the incinerator in appropriate containers by automatic loading. Previous mixing of infectious waste with other waste types and direct handling has to be avoided.

18.6. Fluidized bed incinerator

Fluidized bed incinerators are widely applied to the incineration of finely divided wastes e.g. RDF and sewage sludge. It has been used for decades, mainly for the combustion of homogeneous fuels. The fluidized bed incinerator is a lined combustion chamber in the form of a vertical cylinder. In the lower section, a bed of inert material (e.g. sand or ash) on a grate or distribution plate is fluidized with air. The waste for incineration is continuously fed into the fluidized sand bed from the top or side.

Preheated air is introduced into the combustion chamber via openings in the bed-plate, forming a fluidized bed with the sand contained in the combustion chamber. The waste is fed to the reactor via a pump, a star feeder or a screw-tube conveyor. In the fluidized bed, drying, volatilisation, ignition, and combustion take place. The temperature in the free space above the bed (the freeboard) is generally between 850 and 950 °C. Above the fluidized bed material, the free board is designed to allow retention of the gases in a combustion zone. In the bed itself the temperature of is lower, and may be around 650 °C. Because of the well-mixed nature of the reactor, fluidized bed incineration systems generally have a uniform distribution of temperatures and oxygen, which results in stable operation. For heterogeneous wastes, fluidized bed combustion requires a preparatory process step for the waste so that it conforms to size specifications. For some waste this may be achieved by a combination of selective collection of wastes and/or pre-treatment e.g. shredding. Some types of fluidized beds (e.g. the rotating fluidized bed) can receive larger particle size wastes than others. Where this is the case the waste may only require only a rough size reduction or none at all.

18.7. Flue gas cleaning

Flue gases from incinerators contain fly ash (particulates) composed of heavy metals, dioxins, furans, thermally resistant organic compounds, and gases such as nitrogen oxides, sulphur oxides, carbon oxides and hydrogen halides. Flue gases resulting from uncontrolled batch mode (no flue gas cleaning) will contain around 2000 ng TEQ/m³ (source: UNEP Dioxin and Furan Toolkit). 

The following flue gas cleaning measures have to be combined in a suitable manner to ensure the application of BAT:

· Separation of dust and non-volatile heavy metals: Fabric filters, electrostatic precipitators and fine wet scrubbers are used for dust separation. Precleaning of flue gases can be done with cyclones, that are efficient for separation of larger particles.

· HCl, HF, SO2 and Hg removal: The removal of acid components and Hg can be reached by different  dry or wet adsorption methods (adsorption on activated coke or lime) as well as by scrubbing (1- or 2-stage wet scrubbing).

· NOx removal: Primary measures consist in the use of low-NOx burners, staged combustion and recirculation of the flue gas, secondary measures are SNCR and SCR.

· The reduction of organic emissions and PCDD/F can be performed by primary measures (such as limitation of the de-novo synthesis, optimized combustion) and secondary measures like dust separation (see above), activated coke filter, flow injection with activated coke/furnace coke and lime hydrate, catalytic oxidation.

18.8. Fly and bottom ash treatment, waste water treatment

The main waste fractions are fly ash, slag, filter cake from the waste water treatment, gypsum and loaded activated carbon. These wastes are predominantly hazardous wastes and have to be disposed of properly. Landfilling in proper double walled containers, solidification and subsequent landfilling and thermal post-treatment are the most common methods (see Chapter 7.5).

19. 7. Summary of Measures

19.1. 7.1 General guidance

	Measure
	Description
	Considerations
	Other comments

	Segregation of waste
	Clear classification, segregation at source of health-care waste from other waste and within the health-care waste category to minimize the amount of waste to be treated
	
	not directly effective for Unintentional POPs reduction but part of an integrated concept for the management of waste

	Alternate Processes
	In particular, if performance requirements cannot be met by the existing or planned facility priority consideration should be given to alternate processes with potentially less environmental impacts than waste incineration
	Examples for alternate processes to incineration of infectious health-care waste are:

- steam sterilization

- dry heat sterilization

- chemical disinfection/sterilization
	

	Performance requirements for incineration plants
	Health-care waste incineration plants should be permitted to achieve stringent performance and reporting requirements associated with best available techniques.
	Consideration should be given to the primary and secondary measures listed in Chapter 7.4  below.
	Performance requirements for achievement should include:

<0.1 ng TEQ/m3 for PCDD/PCDF


19.2. 7.2 Health-care waste incineration  - Firing technologies representing BAT

	Technology
	Considerations
	Other comments

	Pyrolytic incinerator
	suitable for smaller plants (200 kg/day to 10 tonnes/day) and on-site treatment
	High investment and maintenance costs1, well trained personnel required

	Rotary kiln
	suitable for medium sized plants (0.5 – 3 tonnes/hour)
	Use of water cooling for rotary kilns, high investment and maintenance costs, well trained personnel required, high energy consumption

	Incinerator with grate (municipal waste incinerator)
	
	Use of water cooling for grates, incineration in municipal waste incinerators requires special adaptations for health-care waste (e.g. automatic loading), no previous mixing or direct handling of infectious health-care waste

	Fluidized bed incinerator
	
	Not widely applied for incineration of health-care waste


1 Investment costs for a pyrolytic incinerator (with energy recovery and flue gas cleaning) in Europe (1 tonne/day): 4 million US$

  operating and maintenance costs: about 380 US$ per tonne of waste incinerated (data from 1996)

19.3.  Health-care waste incineration - General measures
	Management options
	Release characteristics
	Applicability
	Other considerations

	No burning of waste containing chlorinated compounds unless specific UPOP reduction measures are taken (secondary measures)
	
	
	Be also aware of a possible heavy metal content in the waste and take the appropriate secondary measures

	Appropriate transport, storage and security of health-care waste according to the needs of types of waste
	not directly effective for Unintentional POPs reduction but part of an integrated concept for the management of waste
	
	

	Location of the plant: centralised incineration units are preferred to decentralised on-site treatment of hazardous health-care waste
	
	
	Incineration lines for hazardous health-care waste operated on the same site as other hazardous waste incineration or municipal waste incineration will result in synergy effects and provide economic viability of BAT measures.

	Incineration of health-care waste only in dedicated plants or in larger incinerators for hazardous waste
	
	
	The characteristics of health-care waste (high water and plastics content) require special equipment

	If not a dedicated health-care waste incinerator is used a separate charging system for infectious waste should be applied
	not directly effective for Unintentional POP reduction but part of an integrated concept for the management of waste
	
	

	Do not burn radioactive waste
	no effects for Unintentional POP reduction
	
	


19.4.  Primary measures and process optimization to reduce PCDD/F emissions

	Management options
	Release characteristics
	Other considerations

	Optimization of combustion conditions:
	The primary measures described here should be standard for all activities. By applying primary measures a performance around 200 ng TEQ/m³ can be achieved (source: UNEP Dioxin and Furan Toolkit).
	retrofitting of the whole process needed

	Introduction of the waste in the combustion chamber only at temperatures of 850 °C; plants should have and operate an automatic system to prevent waste feed before the appropriate temperature is reached 
	
	

	Installation of auxiliary burners (for start-up and close-down operations)
	
	

	In general, avoidance of start and stops of the incineration process
	
	

	Avoidance of temperatures below 850°C and cold regions in flue gas
	
	

	Sufficient oxygen content; control of oxygen input depending on the heating value and consistency of feed material
	
	average oxygen content: 6 Vol %

	Sufficient residence time (minimum  2 sec) above 850°C (1100°C for highly chlorinated wastes, i.e. wastes with more than 1 % halogenated organic substances) and 6 % O2
	
	sufficient residence time is required especially because of the plastic and water content of the waste



	High turbulence of exhaust gases and reduction of air excess: e.g. injection of secondary air or recirculated flue gas, pre-heating of the air-streams, regulated air inflow
	
	optimized air inflow contributes to higher temperatures

	(On-line) monitoring for combustion control (temperature, oxygen content, CO, dust), operation and regulation of the incineration from a central console
	
	


As it is unlikely to meet a performance level lower than 0.1 ng TEQ/m³ with solely primary measures the below mentioned secondary measures
 should be considered.

19.5. 7.5 Secondary measures

BAT for flue gas cleaning consists of a suitable combination of the options listed below (efficient dedusting assisted by equipment to reduce PCDD/F emissions):

	Management options
	Release characteristics
	Applicability
	Other considerations

	Dedusting:

	Avoiding particle deposition by soot cleaners, mechanical rappers, sonic or steam soot blowers, frequent cleaning of sections which are passed by flue gas at the critical temperature range
	
	
	Steam soot blowing can increase PCDD/F formation rates.

	Effective dust removal by the following measures:
	< 10 % remaining emission in comparison to uncontrolled mode
	Medium
	Removal of PCDD/F adsorbed onto particles

	Fabric filters
	1 - 0.1 % remaining emission
	Higher
	Use at temperatures < 260°C (depending on material)

	Ceramic filters
	Low efficiency
	
	Use at temperatures 800-1000°C, not common for waste incinerators

	Cyclones (only for pre-cleaning of  flue gases)
	Low efficiency
	Medium
	only efficient for larger particles

	Electrostatic precipitation
	Medium efficiency
	
	Use at a temperature of 450°C; promotion of the de novo synthesis of PCDD/F possible, low efficiency for fine particles, higher NOx emissions, reduction of heat recovery.

	High-performance adsorption unit with added activated charcoal particles (electrodynamic venturi)
	
	
	For fine dust removal

	Reduction of Unintentional POP emissions by:

	Catalytic oxidation (SCR)
	High efficiency

(< 0.1 ng TEQ/m3)
	High investment and low operating costs
	Only for gaseous compounds, previous removal of heavy metals and dust necessary, additional NOx reduction if NH3 is added; high space demand, catalysts can be reprocessed by manufacturers in most cases, over-heating when too much CO present, higher energy consumption due to re-heating of flue gas; no solid residues.

	Gas quenching
	
	
	not common in waste incinerators 

	Fabric filter coated with catalyst
	High efficiency

(< 0.1 ng TEQ/m3)
	
	e.g. made from PTFE,

with parallel dedusting, lower contamination of filter dusts because of PCDD/F - destruction at the catalytic surface

	Different types of wet and dry adsorption methods with mixtures of activated charcoal, open-hearth coke, lime and limestone solutions in fixed bed, moving bed and fluidized bed reactors:
	
	
	

	Fixed bed reactor, adsorption with activated charcoal or open-hearth coke
	< 0.1 ng TEQ/m3
	High investment, medium operating costs
	High demand of space, disposal of solid residues from flue gas cleaning (=hazardous waste) necessary, permanent monitoring of CO necessary, increase of dust emissions due to aggregation with coal particles possible, consumption of open-hearth-coke in comparison with activated charcoal 2 to 5 times higher, incineration of used adsorption agent in the plant possible, fire/explosion risk

	Entrained flow or circulating fluidized bed reactor with added activated coke/lime or limestone solutions and subsequent fabric filter
	< 0.1 ng TEQ/m3
	Low investment, medium operating costs
	not common for plants burning exclusively health-care waste, disposal of solid residues from flue gas cleaning (=hazardous waste) necessary,  fire/ explosion risk

	Appropriate fly and bottom ash and waste water treatment

· catalytic treatment of fabric filter dusts under conditions of low temperatures and lack of oxygen

· scrubbing of fabric filter dusts by the 3-R process (extraction of heavy metals by acids) 

· combustion for destruction of organic matter (e.g. rotary kiln, Hagenmeier-Trommel) with subsequent fabric filter, scrubber

· vitrification of fabric filter dusts or other immobilization methods (e.g. solidification with cement) and sub-sequent landfilling

· application of plasma technology (emerging technique)
	
	
	sludges from waste water treatment and from cooling of fly ash are hazardous waste

flue gas can be lead back into the combustion chamber of the incinerator


19.6. Organisational measures

	Measure
	Considerations

	· Well-trained personnel

· operation and monitoring of the incinerator by periodic maintenance (cleaning of combustion chamber, declogging of air inflows and fuel burners, personnel should wear protective clothing)

· regular and/or continuous measurement of the relevant pollutants

· development of environmental monitoring (establishing standard monitoring protocols)

· development and implementation of audit and reporting systems 

· general infrastructure, paving, ventilation
	Operation of incinerators requires qualified incinerator operators. It should be remembered that the availability of such operators in certain regions should be verified before purchasing high-technology incinerators. If qualified operators are not available, health-care establishments should either resort to alternative health-care waste disinfection technologies or contract the incineration out through a regional facility.
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Annex

BAT associated emission levels for releases to air from clinical waste incinerators (source: European IPPC Bureau, BAT Reference Document “Waste Incineration”, 2nd Draft March 2004)
	Substance(s)
	BAT associated emission level for releases to air in mg/Nm3 (or as stated)



	
	Value for

noncontinuous

samples

	½ hour

average

	24 hour average
	Annual average

	Total dust
	
	1-15
	0.5-2.5
	<2

	Hydrogen chloride (HCl)
	
	1-50
	1-5
	<2

	Hydrogen fluoride (HF)
	
	<2
	<1
	<1

	Sulphur dioxide (SO2)
	
	0.1-100
	0.1-50
	0.1-5

	Nitrogen monoxide (NO) and nitrogen dioxide (NO2) expressed as nitrogen dioxide for all installations above 150000 t/yr capacity and those below 150000 t/yr that are using SCR
	
	50-220
	50-100
	50-100

	Nitrogen monoxide (NO) and nitrogen dioxide (NO2) expressed as nitrogen dioxide for installations below 150000 t/yr not using SCR
	
	50-220
	120-180
	120-180

	Ammonia (NH3)
	<10
	1-10
	<5
	<5

	Nitrous oxide (N2O)
	<20
	<20
	<10
	<5

	Gaseous and vaporous organic substances, expressed as TOC
	
	0.1-20
	0.1-10
	<2

	Carbon monoxide (CO)
	
	10-100
	10-30
	<15

	Mercury and its compounds (as Hg)
	<0.03
	<0.03
	<0.02
	<0.005

	Cadmium and its compounds (as Cd)
	<0.003
	
	
	

	Arsenic and its compounds (as As)
	<0.001
	
	
	

	Lead and its compounds (as Pb)
	<0.05
	
	
	

	Chromium and its compounds (as Cr)
	<0.002
	
	
	

	Cobalt and its compounds (as Co)
	<0.002
	
	
	

	Copper and its compounds (as Cu)
	<0.001
	
	
	

	Nickel and its compounds (as Ni)
	<0.002
	
	
	

	Total cadmium and thallium (and their compounds expressed as the metals)
	<0.05
	
	<0.5
	<0.1

	Σ other metals 
	<0.5
	
	<0.5
	<0.1

	Σ PCB
	<0.001
	
	
	<0.001

	Σ PAH
	<0.001
	
	
	<0.001

	Dioxins and furans (ng TEQ/Nm³)
	<0.005
	
	
	0.002-0.05

	Notes:

Σ other metals = sum of Sb, As, Pb, Cr, Co, Cu, Mn, Ni, V and their compounds expressed as the metals

Non-continuous measurements are averaged over a sampling period of between 30 minutes and 8 hours.

Sampling periods are generally in the order of 4 – 8 hours for such measurements.

Data is standardised at 11 % Oxygen, dry gas, 273K and 101.3kPa




PCCD/F country emission limits for (medical) waste incineration

	Country
	Emission limit values to air
	Comments

	European Union

Hazardous and non-hazardous waste incineration:
	New and existing sources: 

0.1 ng I-TEQ /m³ 
	for existing sources to be achieved by December 28, 2005 

	Canada
 

Hazardous and non-hazardous waste incineration:
	New and existing sources: 

80 pg I-TEQ /m³
	for small existing sources (< 26 tonnes/year) this is a target value

	United States of America

Hazardous waste incineration
:

Hospital/ medical/infectious waste incineration:
	Existing sources: 0.28 ng TEQ/dscm

New sources: 0.11 ng TEQ/dscm

Existing sources: 0.20 ng TEQ/dscm; or 0.40 ng TEQ/dscm and temperature at inlet to the initial particulate matter control device 400°F

New sources: 0.20 ng TEQ/dscm

New or modified sources
: 

Small (<200 lb/hr): 125 ng/dscm total CDD/CDF (55 gr/109 dscf) or 2.3 ng/dscm TEQ (1.0 gr/109 dscf)

Medium (>200 and <500 lb/hr):  25 ng/dscm total CDD/CDF (11 gr/109 dscf) or 0.6 ng/dscm TEQ (0.26 gr/109 dscf)

Large (>500 lb/hr): 25 ng/dscm total CDD/CDF (11 gr/109 dscf) or 0.6 ng/dscm TEQ (0.26 gr/109 dscf)

Existing sources (before June 20, 1996)
:

Small: 125 ng/dscm total CDD/CDF (55 gr/109 dscf) or 2.3 ng/dscm TEQ (1.0 gr/109 dscf)

Medium: 125 ng/dscm total CDD/CDF (55 gr/109 dscf) or 2.3 ng/dscm TEQ (1.0 gr/109 dscf)

Large:  125 ng/dscm total CDD/CDF (55 gr/109 dscf) or 2.3 ng/dscm TEQ (1.0 gr/109 dscf)
	dioxin and furan –sources equipped with waste heat boilers or dry air pollution control system

dioxin and furan - sources not equipped with waste heatboilers or dry air pollution control system



	Switzerland

Waste incineration: 
	Currently no ELVs for PCDD/F emissions from waste incineration, planned in the near future: 0.1 ng I-TEQ /m³
	waste incinerators below 350 kW thermal output not allowed

	Japan

Waste incineration:

Waste incinerators

(hearth area is more than 0.5 m2 or capacity of incineration is more than 50 kg/h)


	New sources: 

more than 4 t/h: 0.1 ng TEQ/Nm³

2 t/h – 4t/h: 1 ng TEQ/Nm³

below 2 t/h: 5 ng TEQ/Nm³

Existing sources: 

more than 4 t/h: 1 ng TEQ/Nm³

2 t/h – 4t/h: 5 ng TEQ/Nm³

below 2 t/h: 10 ng TEQ/Nm³
	


B. Cement Kilns Firing Hazardous Waste
21. Introduction

Global production of cement is estimated at 1,660 million tonnes per year,
 a large part of which is based on dry processes.
 Cement production in Europe amounts to 190 million tonnes per yeari, more than 75% of which is based on dry processes due to the availability of dry raw materialsii, 16 % is based on semi-dry or semi-wet processes and 6% in wet processes.
 In China the major part of the cement is produced in vertical shaft kilns which show low energy efficiency and poor environmental performance
.

The typical capacity of a new European kiln is 3,000 tonnes of clinker per dayiii. In the US the average kiln in use today produces 468,000 metric tons per year (in 2002). Currently, about 81% of the cement produced in the United States is manufactured using dry process technology.

The cement industry is an energy intensive industry with energy typically accounting for 30-40% of production costs (i.e. excluding capital costs). Traditionally, the primary fuel used is coal. A wide range of other fuels are also used, including petroleum coke, natural gas and oil. In addition to these fuel types, the cement industry uses various types of waste as fuel. In the European cement industry the share of waste in total fuel consumption amounts to ca. 12% (in 2001)
.

22. Cement Production Processes

The basic chemistry of the cement manufacturing process begins with the decomposition of calcium carbonate (CaCO3) at about 900 °C to leave calcium oxide (CaO, lime) and liberate gaseous carbon dioxide (CO2); this process is known as calcination. This is followed by the clinkering process in which the calcium oxide reacts at high temperature (typically 1400-1500 °C) with silica, alumina, and ferrous oxide to form the silicates, aluminates, and ferrites of calcium which comprise the portland clinker. This clinker is then ground together with gypsum and other additives to produce cement.

22.1. In the rotary kiln

The raw feed material known as raw meal, raw mix, slurry (with a wet process), or kiln feed - is heated in a kiln, typically a large, inclined, rotating cylindrical steel furnace (Rotary kiln). Kilns are operated in a “counter-current” configuration. Gases and solids flow in opposite directions through the kiln, providing for more efficient heat transfer. The raw meal is fed at the upper, or “cold” end of the rotary kiln, and the slope and rotation cause the meal to move toward the lower, or “hot” end. The kiln is fired at the hot end, usually with coal or petroleum coke as the primary fuel. As the meal moves through the kiln and is heated, it undergoes drying and pyroprocessing reactions to form the clinker, which consists of lumps of fused, uncombustible material.

22.2. After the rotary kiln

The clinker leaves the hot end of the kiln, at a temperature of about 1,000 oC. It falls into a clinker cooler, typically a moving grate through which cooling air is blown. The clinker is ground with gypsum and other additives usually in a ball mill to produce the final product cement.

The cement is conveyed from the finish cement mill to large, vertical storage silos in the packhouse or shipping department. Cement is withdrawn from the cement storage silos by a variety of extracting devices and conveyed to loading stations in the plant or directly to transport vehicles.

22.3. Production process in general
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Figure 1: Processes identification and system boundaries of cement production 

The main process routes for the manufacture of cement used for the pyroprocessing step of cement production accomplishes the required physical/chemical steps. They vary with respect to equipment design, method of operation, and fuel consumption vi.

· In the dry process, the raw materials are ground and dried to raw meal in the form of a flowable powder. The dry raw meal is fed to the preheater or precalciner kiln or, more rarely, to a long dry kiln.

· preheater dry process - in this process preheaters are used to increase the thermal efficiency. A raw meal preheater consists of a vertical tower containing a series of cyclone-type vessels. Raw meal is introduced at the top of the tower. Hot kiln exhaust gases pass counter-current through the downward moving meal to heat the meal prior to introduction into the kiln. The meal is separated from the kiln flue gases in the cyclone, and then dropped into the next stage. Because the meal enters the kiln at a higher temperature than that of the conventional long dry kilns, the length of the preheater kiln is shorter. With preheater systems, it is sometimes necessary to remove undesirable components, such as certain alkali constituents, through an “alkali” bypass system located between the feed end of the rotary kiln and the preheater tower. Otherwise, these alkali constituents may accumulate in the kiln, and removal of the scale that deposits on vessel walls is difficult and may require kiln shutdown. This problem can be reduced by withdrawing a portion of the gases with a high alkali content. If this alkali bypass has a separate exhaust stack it can be expected to carry and release the same pollutants as the kiln exhaust.

· preheater/precalciner dry process - this process is similar to the preheater dry process, with the addition of an auxiliary firing system to increase the raw materials temperature prior to introduction into the kiln. A precalciner combustion vessel is added to the bottom of the preheater tower. The primary advantage of using the precalciner is that it increases the production capacity of the kiln, since only the clinker burning is performed there. Use of the precalciner also increases the kiln refractory lifetime due to reduced thermal load on the burning zone. This configuration may also require a bypass system for alkali control, which, if released from a separate exhaust stack, can be expected to carry and release the same pollutants as the kiln exhaust.

· In the semi-dry process dry raw meal is pelletised with 12 % to 14 % water and fed into a grate preheater before the kiln or to a long kiln equipped with crosses, on which they are dried and partially calcined by hot kiln exhaust gases before being fed to the rotary kiln.

· In the semi-wet process the slurry is first dewatered in filter presses. The filter cake is extruded into pellets and fed either to a grate preheater or directly to a filter cake drier for raw meal production.

· In the wet process, the raw materials (often with high moisture content) are ground in water to form a pumpable slurry. The slurry is either fed directly into the kiln or first to a slurry drier. The wet process is an older process used in the case of wet grinding of raw materials. It shows a higher energy demand compared to the dry process because of water evaporation from the slurry.

All cement kilns are equipped with either electrostatic precipitators or fabric filters, or both, for particulate matter control. In some cases, the flue gases are cooled prior to the dry air pollution control device. Acid gas pollution control devices are not used at cement kilns since the raw materials are highly alkaline and provide acid gas control viii. 

22.4. Fuels

Various fuels can be used to provide the heat required for the process. Three different types of fuels are mainly used in cement kiln firing; in decreasing order of importance these are:

· pulverised coal and petcoke;

· (heavy) fuel oil;

· natural gas.

Potential feed points for supplying fuel to the kiln system are: 

· via the main burner at the rotary kiln outlet end; 

· via a feed chute at the transition chamber at the rotary kiln inlet end (for lump fuel); 

· via secondary burners to the riser duct; 

· via precalciner burners to the precalciner; 

· via a feed chute to the precalciner/preheater (for lump fuel); 

· via a mid kiln valve in the case of long wet and dry kilns (for lump fuel). 

22.4.1. Alternative fuel preparation and storage

Types of waste frequently used as fuels in cement kilns include: 

· Used tyres

· Waste oils

· Sewage sludge

· Rubber

· Waste wood

· Plastics

· Paper waste

· Paper sludge

· Animal meal

· Spent solvents

The storage condition for alternative fuels depends on the type of materials. In general, care has to be taken on emissions, technical and hygienic demands: vii
Initial storage: Material mix with strong contaminations (substantial biologic content) and high moisture (up to 40%) is mainly stored in special designed containers due to hygienic rules and regulations. Animal meal has to be conditioned in absolutely closed systems. It is supplied in containers - the material can be conveyed either pneumatically or by mechanical equipment to the storage. Liquid and slag alternative fuels (waste oil, solvent and sewage sludge) are stored in special containers. Special security guidelines have to be elaborated (risk of explosion, etc.). 

Intermediate storage at the conditioning plant aims at checking the quality of alternative fuels after the preparation process. Here, normally containers are used. 

Material (product) storage: The alternative fuels have to be protected from natural influence – such as humidity, moisture, even rain, etc. (e.g. by storage in a warehouse).

Initial storage and preparation of different types of waste for use as fuel is usually performed outside the cement plant by the supplier or by waste-treatment specialist organisations. This means only the product needs to be stored at the cement plant and then proportioned for feeding to the cement kiln. Since supplies of waste suitable for use as fuel tend to be variable whilst waste material markets are rapidly developing, it is advisable to design storage/preparation plants to be multi-purpose viii.

For smooth operation and combustion some important criteria have to be considered for conditioning. Production of a homogeneous clinker requires a constant and complete combustion of the fuel. The oxidation of the fuel constituents runs any quicker when the fuels are intimately mixed and the specific surface is larger - that means to assure- especially in the case of liquid fuel where the injection has to be as smooth as possible, vs. solid fuels on intimate mixture with other fuels used at the same time - the biggest possible surface due to perfect conditioning (low particle size).
 

22.4.2. Use of hazardous waste as fuel

Cement kilns utilise wastes commercially (i.e., they accept waste from off-site generators) for use as a fuel supplement in the production of Portland cement clinker. Liquid wastes are typically injected into the hot end of the kiln. Solid wastes may be introduced into the calcining zone at some facilities. For long kilns, this means that the solid waste is introduced mid-kiln, and for preheater/precalciner kilns it is introduced onto the feed shelf at the high temperature sectionviii. 
In the case of hazardous wastes a complete decomposition of toxic compounds such as halogenated organic substances has to be ensured. Wastes that are fed through the main burner will be decomposed in the primary burning zone at temperatures up to 2000 °C. Waste fed to a secondary burner, preheater or precalciner will be burnt at slightly lower temperatures but it is anticipated that the burning zone temperatures in the precalciner will be in the range of 1000°C - 1200°C. 

Volatile components in material that is fed at the upper end of the kiln or as lump fuel can evaporate. Batch wastes injected at mid- or feed-end locations do not experience the same elevated temperatures and long residence times as liquid wastes introduced at the hot end. In a worst-case scenario, volatile compounds may be released from the charge so rapidly that they are not able to mix with oxygen and ignite before they cool below a critical temperature, forming products of incomplete combustion. Therefore, the use of waste containing volatile metals (mercury, thallium) or volatile organic compounds may result in an increase of the emissions of mercury, thallium or VOCs when improperly used.
The hazardous waste used as a fuel by the cement industry consists mainly of organic material, but may also contain trace amounts of metal components. To determine whether or not a cement kiln can burn hazardous waste fuel effectively, the fate of the organic constituents must be determined.

Testing of cement kiln emissions for the presence of organic chemicals during the burning of hazardous materials has been undertaken since the 1970s, when the practice of combusting wastes in cement kilns was first considered. The destruction and removal efficiency (DRE) for chemicals such as methylene chloride, carbon tetrachloride, trichlorobenzene, trichloroethane and PCBs has typically been measured at 99.995% and better
. 

The potential for using cement kilns to incinerate PCBs has been investigated in many countries. The destruction and removal efficiencies (DRE) determined from several trial burns indicate that cement kilns are effective at destroying PCBs. A DRE of 99.9999% is required by the US Toxics Substances Control Act  for the incineration of these compounds. 
23. Process Outputs

23.1. General inputs and outputs

The main environmental issues associated with cement production are emissions to air and energy use. Waste water discharge is usually limited to surface run off and cooling water only and causes no substantial contribution to water pollution.

Primary process outputs of cement production are

· Product: clinker, when ground cement;

· Kiln exhaust gas: Typical kiln exhaust gas volumes expressed as m3/Mg of clinker (dry gas, 101.3 kPa, 273 K) are between 1700 and 2500 for all types of kilns. Suspension preheater and precalciner kiln systems normally have exhaust gas volumes around 2000 m3/Mg of clinker (dry gas, 101.3 kPa, 273 K).

· Cement kiln dust (collected in the dust collection equipment, CKD): In the U.S., some 64% of CKD is recycled back into the kiln and the remainder, which is generated at the rate of about 40 kg/ton of clinker, 
 is primarily buried in landfills.
 Holcim, one of the world’s largest cement producers, sold or landfilled 29 kg CKD per tonne clinker in 2001.
 Recycling CKD directly to the kiln generally results in a gradual increase in alkali content of generated dust that may damage cement kiln linings, produce inferior cement, and increase particle emissions.
 In Europe, CKD is commonly added directly to the product cement.

· Alkali bypass exhaust gas: At facilities equipped with an alkali bypass, the alkali bypass gases are released from a separate exhaust stack in some cases and from the main kiln stack at others. According to the U.S. Environmental Protection Agency, the pollutants in this gas stream are similar to those in the main kiln exhaust gases so that similar pollution abatement equipment and monitoring is required.
 An alkali bypass ratio of more than 10% is commonly required for alkali removal.
 However, a bypass ratio of 30% has also been reported. 

· Alkali bypass exhaust gas dust: Depending on the type of air pollution control used for alkali bypass gases, the collected dust can be expected to be similar in content to CKD.
23.2. Energy use
New kiln systems with 5 cyclone preheater stages and precalciner will require  on average 2900-3200 MJ/Mg clinker. To optimise the input of energy in existing kiln systems it is possible to change the configuration of the kiln to a short dry process kiln with multi stage preheating and precalcination. This is usually not feasible unless part of a major upgrade with an increase of production. 

Electrical energy use can be minimised through the installation of power management systems and the utilisation of energy efficient equipment such as high-pressure grinding rolls for clinker comminution and variable speed drives for fans.

Energy use will be increased by most type of end-of-pipe abatement. Some of the reduction techniques described below will also have a positive effect on energy use, for example process control optimisation.

23.3. Emissions of PCDD/PCDF

Any chlorine input in the presence of organic material may potentially cause the formation of polychlorinated dibenzodioxins (PCDD) and polychlorinated dibenzofurans (PCDF) in heat (combustion) processes. PCDD and PCDF can be formed in/after the preheater and in the air pollution control device if chlorine and hydrocarbon precursors from the raw materials are available in sufficient quantities. It is important that as the gases are leaving the kiln system they should be cooled rapidly. In practice this is what occurs in preheater systems as the incoming raw materials are preheated by the kiln gases.

Due to the long residence time in the kiln and the high temperatures, emissions of PCDD and PCDF is generally low during steady kiln conditions. In this case, cement production is rarely a significant source of PCDD/PCDF emissions. Nevertheless, from the data reported in the document “Identification of Relevant Industrial Sources of Dioxins and Furans in Europe” there would still seem to be considerable uncertainty about dioxin emissions.

In the USA, tests have indicated that higher emissions were found for some kilns where hazardous wastes were fired. More detailed investigations suggested that – provided combustion is good - the main controlling factor is the temperature of the dust collection device in the gas cleaning system. The plants equipped with low temperature electrostatic precipitators appear to have well controlled emissions with or without waste fuels 
. 

One positive correlation identified both in the US and German studies was that between dioxin emission concentration and ESP/stack temperature. In the US tests at one facility the ESP temperature recorded between 255°C and 400°C. The dioxin emissions were highest at 400°C, and decreased 50-fold at 255°C. This correlation was generally observed across all facilities tested. At temperatures lower than 250°C in the ESP/stack inlet there is no correlation between temperature and dioxin emissions. This is consistent with known mechanisms of dioxin formation within municipal waste incinerator systems viii. 

The reported data indicate that cement kilns can comply with an emission level of 0.1 ng TEQ/Nm3, which is the limit value in several Western European countries’ legislation on hazardous waste incineration plants: 

In a recent survey performed by CEMBUREAU 230 PCDD and PCDF measurements from 110 cement kilns and 10 countries were presented. The countries covered by the survey were Czech Republic, Denmark, France, Germany, Hungary, Italy, Norway, Spain, The Netherlands and United Kingdom. The measurements were performed under standard conditions (dry gas, 273 K, 101.3 kPa and 10% O2) and showed that the average concentration was 0.016 ng I-TEQ/m3 for all measurements. The lowest and highest concentration measured were <0.001 and 0.163 ng I-TEQ/m3 respectively viii. 

The Holcim Cement Company operates cement kilns world-wide. In a recent report from Holcim the average PCDD/PCDF values for 2001 and 2002 are given with 0.041 ng TEQ/Nm3 (71 kilns) and 0.030 ng TEQ/Nm3 (82 kilns) respectively. 120 of these measurements were from OECD countries with an average value of 0.0307 ng TEQ/Nm3; the minimum and maximum value measured was 0.0001 and 0.292 ng TEQ/Nm3 respectively, with 9 long wet kilns being above 0.1 ng TEQ/Nm3. 29 of these measurements were from non-OECD countries with an average value of 0.0146 ng TEQ/Nm3; the minimum and maximum value measured was 0.0002 and 0.074 ng TEQ/Nm3 respectively, with no measurements being above 0.1 ng TEQ/Nm3 viii.
Table 1 below summarises the results of PCDD/PCDF measurements reviewed in the WBCSD-SINTEF Report on the Formation and Release of POP’s in the Cement Industry.

Table 1: Summary of PCDD/PCDF measurements data viii
	Country or company
	Use of alternative fuel and raw materials? 
	Concentration of PCDD/PCDF in ng I-TEQ/m3 a 
	No. of measurements 
	Emission factor µg I-TEQ/ton cement a 

	Australia 
	Yes
	0.001 – 0.07
	55
	0.0032 – 0.216

	Belgium 
	Yes
	<0.1 
	23
	

	Canada 
	Yes
	0.0054 - 0.057
	30
	

	Chile 
	Yes
	0.0030 – 0.0194
	5
	

	Colombia 
	Yes
	0.00023 - 0.0031
	3
	

	Denmark
	Yes
	<0.0006 – 0.0027
	?
	

	Egypt 
	Yes
	<0.001
	3
	

	Europe 
	Yes
	<0.001 – 0.163
	230
	<0.001-5

	Germany

1989-1996
	Yes
	0.02 


	>150
	

	Germany 2001  
	Yes
	<0.065
	106
	

	Holcim 2001
	Yes
	0.0001 – 0.2395
	71
	0.104 (clinker)

	Holcim 2002
	Yes
	0.0001 – 0.292
	82
	0.073 (clinker)

	Holcim 2003
	Yes
	0.0003 – 0.169
	91
	0.058 (clinker)

	Heidelberg 
	Yes
	0.0003 – 0.44
	>170
	

	Japan 
	Yes
	0 - 0.126
	164
	

	Lafarge 
	Yes
	0.003 – 0.231
	64
	

	Mexico 
	Yes
	0.0005 – 0.024
	3
	

	Norway 
	Yes
	0.02 – 0.13
	>20
	0.04-0.40

	Philippines  
	Yes
	0.0059 – 0.013
	5
	

	Poland 
	Yes
	0.009 – 0.0819 
	7
	

	Portugal 
	
	0.0006 – 0.0009
	4
	

	RMC 
	Yes
	0.0014 – 0.0688
	13
	

	Siam 
	Yes
	0.0006 – 0.022
	4
	

	South Africa 
	(Yes)
	0.00053 – 0.001
	2
	

	Spain 
	Yes
	0.00695
	20
	0.014464

	Spain Cemex 
	Yes
	0.0013 – 0.016
	5
	

	Spain Cimpor 
	Yes
	0.00039 – 0.039
	8
	

	Taiheiyo 
	Yes
	0.011
	67
	

	Thailand  
	Yes
	0.0001 – 0.018
	12
	0.00024-0.0045

	UK  
	Yes
	0.012 - 0.423
	14
	<0.025-1.2

	Uniland   
	
	0.002 – 0.006
	2
	0.005-0.011

	USAb 
	Yes
	0.004 - 25.8
	~265
	<0.216-16.7

	Venezuela 
	Yes
	0.0001 – 0.007
	5
	

	Vietnam  
	
	0.0095 – 0.014
	3
	


a The numbers are either given as the range or the mean value 

b The high numbers from the USA is from measurements done in the 1990’s; the number of measurements are approximate.

23.3.1. Sampling and Analysis of PCDD/PCDFviii
Today sampling of PCDD/PCDF is in most cases undertaken by using one of three methods based on (or following that of) US EPA Method 23, the EN 1948-1 and the German VDI Dilution Method 3499 (also an option in EN 1948-1). 

PCDD/PCDF analysis is carried out using high resolution mass spectrometry (GC-MS). Quality control procedures are required in each stage of the analysis and recovery spike concentrations associated with both sampling and extraction. The US EPA Method 23 specifies that all recoveries should be between 70% and 130%. 

The lower detection limits LOD measured during the validation test of EN 1948 at a municipal solid waste incinerator varied between 0.0001 - 0.0088 ng/m3 for the 17 individual PCDD/F toxic congeners. In the new draft of EN 1948-3 of February 2004, Annex B, the uncertainty for the complete procedure is given to be 30 - 35 % and the external variability is estimated to be ± 0.05 ng I-TEQ/m3 at a mean concentration of 0.035 ng I-TEQ/m3.

A study performed by Environment Canada assessed the variability of sampling and analysis of 53 sets of PCDD/PCDF emission data from 36 combustion facilities and the limit of quantification (LoQ) for PCDD/PCDF was estimated to be 0.032 ng/m3 TEQ viii, although the LoQ may vary depending on sampling volume, interfering substances and other factors.

23.4. Emissions of HCB and PCB

Hexachlorobenzene and PCB are is not subject to regulatory monitoring in cement plants. However, some measurements have revealed that HCB could not be detected, i.e. HCB emission is most probably not an issue for the cement industry. 40 measurements of PCB done in 13 kilns in Germany in 2001 revealed a maximum concentration of 0.4 µg/Nm3; in nine measurements, no PCB was detected viii. 

23.5. Other releases of PCDD/PCDF

Due to the high temperatures involved in the cement production process PCDD and PCDF concentrations in solid residues are low. Within a European research project
 samples from a settling chamber and an electrostatic precipitator of a cement kiln were investigated. The dust sample from the settling chamber showed a concentration of 0.4 ng/g PCDD and 0.98 ng/g PCDF. The material from the electrostatic precipitator contained 2.6 ng/g PCDD and 0.4 ng/g PCDF
.

24. Best Available Techniques (BAT) and Best Environmental Practices (BEP) for cement kilns firing hazardous waste

24.1. General measures for management

(1) General infrastructure, paving, ventilation.

(2) General control and monitoring of basic performance parameters.

(3) Control and abatement of gross air emissions (gases NOx, SO2, particles, metals).

(4) Development of environmental monitoring (establishing standard monitoring protocols).

(5) Development of audit and reporting systems.

(6) Implementation of specific permit and audit systems for waste burning.

(7) Demonstration by emission monitoring that a new facility can achieve a given emission limit value.

(8) Occupational health and safety provisions: Cement kilns feeding waste need to have appropriate practices to protect workers on the handling of those materials (not issue once fed to the kiln).

(9) Sufficient qualification and training of staff.

24.2. Specific measures

New installations / major reconstruction of existing installations

The cement production process has an impact on the energy use and air emissions and for new plants and major upgrades the best available technique for the production of cement clinker is considered to be a dry process kiln with multi-stage preheating and precalcination. For existing installations partially considerable reconstruction is needed 
.

Control of the unintentional release of POPs (UPOP control): Indirect measure, minor effective for UPOPs reduction in specific cases but element of an integrated concept. 

4.2.1
Primary measures and process optimization to reduce PCDD/PCDF 

Process optimization

· Characterize a good operation and use this as a basis to improve other operational performance. Having characterized a good kiln, establish reference data by adding controlled doses of waste and look at changes and required controls and practice to control emissions.

· Management of the kiln process to achieve stable operating conditions, which may be achieved by applying:
· process control optimization, including computer-based automatic control systems; 

· the use of modern, gravimetric solid fuel feed systems. 

· Minimizing fuel energy use by means of: 

· preheating and precalcination as far as possible, considering the existing kiln system configuration; 

· the use of modern clinker coolers enabling maximum heat recovery; 

· heat recovery from waste gas. 

· Minimizing electrical energy use by means of:

· power management systems; 

· grinding equipment and other electricity based equipment with high energy efficiency.
UPOP control: Indirect measures, minor effective for UPOPs reduction in specific cases but elements of an integrated concept; generally applicable, simple technical construction.

Feed material preparation

· Pre-treatment of waste (waste specific) with the objective to provide a more homogeneous feed and more stabile combustion conditions:

· Drying

· Shreddering

· Mixing

· Grinding
· Well maintained and appropriate storage of fuel.

· Well maintained and appropriate storage and handling of wastes and sites.

UPOP control: Not specific for UPOPs, but elements of an integrated concept.

Input controls

· Consistent long term supply of secondary feeds and  waste (supplies of a month or more) is required to maintain stable conditions in the operation.

· Careful selection and control of substances entering the kiln, to minimize introduction of sulfur, nitrogen, chlorine, metals and volatile organic compounds.

· Continuous supply of fuel and waste with specification of

· Heavy metals,

· Chlorine (limitation, product/ process dependent),

· Sulfur.

· Feeding of waste through the main burner or the secondary burner at precalciner/pre-heater kilns [ensure temperature > 900oC].

· No waste feed as part of raw-mix if it includes organics.

· No waste feed during start-up and shut down.

UPOP control: Indirect measures, minor effective for UPOPs reduction in specific cases  but elements of an integrated concept; generally applicable, simple technical construction. UPOP-formation is possible within relevant temperature ranges.

Stabilisation of process parameters

· Regularity in fuel characteristics (both alternative and fossil)

· Regular dosage

· Excess oxygen

· Monitoring of CO

UPOP control: Indirect measures, minor effective for UPOPs reduction in specific cases but elements of an integrated concept; generally applicable; Is to be ensured to stabilize operating conditions.

Process modification

· Quick cooling of kiln exhaust gases lower than 200oC. The critical range of temperature is usually passed through quickly in the clinker process. Efficiency of this measure could be low and technically highly demanding if existing plants have to be retrofitted.

· The off gas dust should be put back to the kilns to the maximum where practicable to reduce the disposal issues and related possible emissions. Dust, that can not be recycled, should be managed in a manner to be demonstrated to be safe.

UPOP control: Indirect measures, minor effective for UPOPs reduction in specific cases but elements of an integrated concept.

In general, the primary measures mentioned above are sufficient to comply the 0.1 ng TEQ/Nm3 level in flue gases for new and existing installations. Monitoring should be done. If all of these options do not lead to a performance lower than 0.1 ng TEQ/Nm3 secondary measures may be considered as given below.

24.2.1. Secondary measures

The secondary measures cited below are installed at cement kilns for other pollution control purposes, but they show a simultaneous effect on UPOPs emissions.

Further improvement of dust abatement and recirculation of dust

UPOP control: Efficiency may decrease with decreasing temperature of dust precipitation; general applicability; medium technical construction; capture of UPOPs bound to particles.

Activated carbon filter

High removal efficiency for trace pollutants (> 90 %);

Pollutants such as SO2, organic compounds, metals, NH3, NH4+ compounds, HCl, HF and residual dust (after an EP or fabric filter) may be removed from the exhaust gases by adsorption on activated carbon. The only activated carbon filter installed at a cement works in Europe is that at Siggenthal, Switzerland. The Siggenthal kiln is a 4-stage cyclone preheater kiln with a capacity of 2000 tonne clinker/day. Measurements showed high removal efficiencies for SO2, metals and PCDD/PCDF vi.

UPOP control: General applicability, demanding technical construction. 

Selective catalytic reduction (SCR)

SCR installations are applied for NOx control. It reduces NO and NO2 to N2 with the help of NH3 and a catalyst at a temperature range of about 300-400°C which would imply heating of the exhaust gases. Up to now SCR has only been tested on preheater and semi-dry (Lepol) kiln systems, but it might be applicable to other kiln systems as well vi. Its high cost could make this solution not economically viable. The first full-scale plant (Solnhofer Zementwerke) is in operation since the end of 1999
.

UPOP control: General applicability, deman​ding technical construction; Improvement of UPOP-control by efficient catalysts.

25. Performance requirements based on BAT for new and existing cement kilns

Performance requirement based on BAT for new and existing cement kilns for PCDD/PCDF in flue gases should be < 0,1 ng TEQ/Nm3. Emission levels shall be corrected to 273 K, 101.3 kPa, 10 % O2 and dry gas.

26. Monitoring

To control kiln process, continuous measurements are recommended for the following parameters vi:

· pressure,

· temperature,

· O2-content

· NOx,

· CO, and possibly when the SOx concentration is high

· SO2 (it is a developing technique to optimise CO with NOx and SO2)

To accurately quantify the emissions, continuous measurements are recommended for the following parameters (these may need to be measured again if their levels can change after the point where they are measured to be used for control):

· exhaust volume (can be calculated but is regarded by some to be complicated),

· humidity (can be calculated but is regarded by some to be complicated),

· temperature,

· dust,

· O2,

· NOx,

· SO2, and

· CO

Regular periodical monitoring is appropriate to carry out for the following substances:

· metals and their compounds,

· TOC,

· HCl,

· HF,

· NH3, and

· PCDD/Fs

Measurements of the following substances may be required occasionally under special operating conditions:

· BTX (benzene, toluene, xylene),

· PAH (polyaromatic hydrocarbons), and

· other organic pollutants (for example chlorobenzenes, PCB (polychlorinated biphenyls)

including coplanar congeners, chloronaphthalenes, etc.).

It is especially important to measure metals when wastes with enhanced metals contents are used as raw materials or fuels.

27. References (see end notes to Section V) 

C. Production of Pulp Using Elemental Chlorine or Chemicals generating elemental chlorine for bleaching

28. Summary

Annex C Part II (c) of the Convention identifies the ”production of pulp using elemental chlorine or chemicals generating elemental chlorine” as an industrial source category having ”the potential for comparatively high formation and release of polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans (PCDD/PCDF), hexachlorobenzene (HCB) and polychlorinated biphenyls (PCB).” 

Of these compounds, HCB and PCB are not formed during pulp bleaching. Only polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans (PCDD/PCDF) have been identified as being unintentionally produced during the production of pulp using elemental chlorine. Of the 17 PCDD/PCDF congeners with chlorine in the 2,3,7 and 8 positions, only two congeners—namely 2,3,7,8-tetrachlorodibenzo-p-dioxin (2378-TCDD) and 2,3,7,8-tetrachlorodibenzofuran (2378-TCDF)—have been identified as potentially being produced during chemical pulp bleaching using chlorine. 

 As a summary, the following primary measures can be taken for eliminating and decreasing the formation of 2378-TCDD and 2378-TCDF:

· Eliminate elemental chlorine by replacing it with chlorine dioxide (ECF bleaching) or with chlorine-free chemicals (TCF bleaching).

· Reduce application of elemental chlorine by decreasing chlorine multiple or increasing the substitution of chlorine dioxide for molecular chlorine. 

· Minimise precursors like DBD and DBF entering the bleach plant by using precursor-free additives and thorough washing.

· Maximise knot removal.

· Eliminate pulping of chips contaminated with polychlorinated phenols.

29. Introduction

29.1. Raw materials and requirements for the pulps and final products

Pulp and paper are manufactured from wood-based and many kinds of non-wood materials such as straw, bagasse, bamboo, reeds, kenaf and others. At present, wood provides over 90% of the world's virgin fibre requirement while non-wood sources provide the remainder. In 2003, the production of wood-based chemical pulps constituted about 130 million tons and the production of non-woods 15–20 million tons (statistic from Pulp & Paper International). Non-wood pulps are mainly produced in developing countries, but for many reasons non-wood pulp fibres are gaining new interest in Eastern and Western Europe as well as in North America /
/.

Wood and the main non-wood materials used in papermaking represent a complex mixture of the same substances—cellulose (40–45%), hemicelluloses (25–35%), lignin (20–30%) and extractives (2–15%). Most ligno-cellulosic and cellulosic materials of fibrous structure may be processed into various grades of papers and paperboard. Fibres from different raw materials are, however, dissimilar. They differ considerably in their morphological and chemical characteristics, which make them suitable for varying grades of final products /xxii/. 

Pulping and bleaching technology must be matched with the quality and characteristics of the pulp and paper grades to be produced. No single pulping or bleaching process can produce pulp suitable for all uses. For instance, newsprint is a high-volume product of moderate strength, opacity and printability, and it has a relatively short life. Therefore, a high yield of pulp at the expense of maximum achievable strength and brightness can be manufactured from the raw materials, and there is a lower bleaching requirement due to the natural brightness of the pulps. On the other hand, packaging papers need strength if they are to be usable: here it is necessary to accept a lower yield via a different manufacturing route in order to obtain this strength, but once again the bleaching requirement may be low. The level of delignification and bleaching applied needs to be high in the case of writing and printing papers as well as outer packaging boards—their brightness and durability need to last for years without yellowing. The amount of effort required in bleaching can therefore vary widely.

29.2. Process description

29.2.1. Pulping methods applied

The main processes involved in making pulp and paper products are: raw material handling and preparation, storage (and preservation for non-woods), wood debarking, chipping and agricultural residue cleaning, de-knotting, pulping, pulp processing and bleaching if required and, finally, paper or paperboard manufacturing. 
The manufacture of pulp utilizes mechanical, thermomechanical, chemimechanical and chemical methods. Mechanical pulping processes use grinding for logs and disc refiners for chips. In these processes, mechanical shear forces are used to pull the fibres apart, and the majority of the lignin remains with the fibres, although there is still some significant dissolution of organics. The first step is followed by secondary disc refining and direct supply to a paper machine. Mechanical pulps can often be used without bleaching, but where brightening is applied it is achieved using compounds such as dithionite or peroxides /xxiii/.

In chemical pulping, the fibres are broken down chemically—chemicals are used in a cooking process to enter the fibre lumen and dissolve lignin in the cell walls to gain access to the compound middle lamella (CML). Lignin has to be removed from the CML to free the fibres. The lignin and many other organic substances are thus put into solution. This occurs in pressure vessels, called digesters, which are heated, pressurised vertical stationary vessels for wood-based raw material. Spherical rotary digesters or tumbling cylindrical digesters are used in batch pulping systems in various chemical processes for non-woods. In figures 1 and 2, typical flow diagrams for wood and non-wood-based processes are presented.
Figure 1. Typical flow diagram for modern kraft pulping process with bleaching /
/.


Figure 2. Typical flow diagram for wheat straw pulping using the Pandia continuous digester system /
/.

The main chemical, semi-chemical and chemimechanical pulping techniques are as follows:

· Sulphate (kraft) uses a mixture of sodium hydroxide and sodium sulphide under alkaline conditions to dissolve the lignin from wood and most non-wood fibres (chemical method).

· Sulphite: acid bisulphite, bisulphite, alkaline and neutral sulphite methods (Ca, Mg, NH4, Na); different bases, including anthraquinone, under a range of pH, to dissolve the lignins; most wood fibres (chemical and semi-chemical methods). 

· Lime, lime-soda: in particular, non-wood fibres. 

· Cold soda uses sodium hydroxide pre-treatment at ambient temperatures, alone or with sodium carbonate; in particular, hardwood and non-wood fibres (semi chemical).

· Soda AQ: sodium hydroxide alone or with sodium carbonate and a catalyst anthraquinone; hardwood and non-wood fibres (chemical, similar to kraft but without sulphur), reduced odour.

· Organosolv methods: wood and non-wood applications, some proven on mill-scale but not yet applied commercially.

The kraft or sulphate process is the dominating pulping process worldwide constituting 84% of the world’s chemical pulp production and 63% of total chemical and mechanical pulp production.

Non-wood pulps are almost exclusively produced using chemical and semi-chemical processes. Of the chemical pulping methods applied to non-wood materials, the soda process is the most important, followed by the kraft process and the neutral sulphite process. Mills based on traditional lime and lime-soda processes are still in operation /xxiv, 
, 
/. Many new processes are under investigation, and some solvent processes (e.g., Chempolis) are quite promising /xxvi, 
/. 

The Kraft (Sulphate) Pulping Process

The kraft process uses a sodium-based alkaline pulping solution consisting of sodium sulphide (Na2S) and sodium hydroxide (NaOH). Used cooking liquor (black liquor) is recovered to generate white liquor for the first pulping step. At mills with chemical recovery, most of the dissolved wood substances are combusted, and the wastewater mainly contains the organics in condensates and, at bleached mills, the substances dissolved during bleaching and the residues of the bleaching chemicals. Many small mills do not recover the liquor. 

The recovery of non-wood fibre liquors is problematic due to the high silica content of fibre materials and rapid increase of the liquor viscosity during evaporation, as well as difficulties in achieving high solids content in the concentrated liquor fed to the recovery system. However, this area of recovery technology is currently receiving considerable attention with some claims for viable processes.

Lime and Soda processes

These are processes which use simple alkaline cooking liquors in a similar process to kraft pulping but without the use of sulphur compounds. At mills with no chemical recovery, all the dissolved wood substances and pulping/bleaching chemicals remain in the wastewater, apart from the volatiles incidentally released to the atmosphere. The de-lignification ability is inadequate for producing wood-based pulps with low yield and high brightness.Its application to non-wood pulps is widespread, and it is also used with oxygen for straw pulping. In the soda process, the chemistry is simplified, as there is no added sulphur to form undesirable by-products, and the hydroxide can be recovered by lime causticization of the sodium carbonate smelt. After cooking, pulps that are not to be bleached are refined to separate the fibres.

Sulphite Pulping Processes

The sulphite pulping process is based on aqueous sulphur dioxide and a base—calcium, sodium, magnesium or ammonium. This method is losing its importance and only 10% of the world’s pulp is produced with this method. Alkaline sulphite mills for non-wood fibres are often operated as a batch process, and chemical recovery is generally not practised at such mills due to their small size and the complexity of chemical recovery from what is normally a sodium-based process. Compared to kraft pulps, sulphite pulps are relatively bright and are also relatively easy to bleach with oxygen-based chemicals, such as peroxides. 

29.2.2. Bleaching
Bleaching after pulping is a chemical process applied to pulps in order to increase their brightness. To reach the required brightness level, bleaching should be performed by removing the residual lignin of chemical pulps (delignifying or lignin-removing bleaching). All lignin cannot be removed selectively enough in a single bleaching stage, but pulp is usually bleached in three to six stages. The first two stages primarily release and extract lignin, and the subsequent stages remove the lignin residues and finish the product. These bleaching sequences are applied to maximize the bleaching effect of each component. Water is used to perform intermediate washes to remove extracted waste from the pulp /xxiii, 
/.

The commonly applied chemical treatments in bleaching and their shortage designations are as follows:

Chlorination (C)

Reaction with elemental chlorine in acidic medium
Alkaline extraction (E) 
Dissolution of reaction products with NaOH

Hypochlorite (H) 
 
Reaction with hypochlorite in alkaline medium

Chlorine dioxide (D) 
Reaction with chlorine dioxide ClO2

Chlorine and chlorine 
Chlorine dioxide is added in chlorine stage 

dioxide (CD)
Oxygen (O)
 Reaction with molecular oxygen at high pressure in alkaline medium

(EO) 


Alkaline extraction with oxygen

The bleaching sequences in which chlorine-based chemicals are used are called Chlorine Chemical Bleaching (CCB). If molecular chlorine and hypochlorite are excluded, the abbreviation is Chlorine Dioxide Bleaching (CDB) or Elemental Chlorine Free Bleaching (ECF). If the sequence only uses oxygen-based chemicals like oxygen, ozone, alkaline or acidic peroxide, the terms Oxygen Chemical Bleaching (OCB) or Totally Chlorine Free (TCF) can be used. 

For softwood kraft pulps, a number of bleach sequences utilizing four to six stages are commonly used to achieve full-bleach brightness (level 89–91%). Bleaching sequences (full brightness) like CEHDED and CEDED  were in operation in the 1960s and 1970s. Sequences more typical of more modern mills are (D+C)(E+O)DED; (D+C)(E+O)D; D(E+O)DD (full brightness). 

With an oxygen de-lignification stage or reinforced extraction stage, the bleaching sequences could be as follows: O(D+C)(EO)D, O(CD)EDED and O(D)(EO)DED.

Hardwoods are easier to bleach by non-chlorine methods due to their lower lignin content. Furthermore, less bleaching effort is required for sulphite pulps due to higher pre-bleach brightness.

For non-wood pulps, one-stage hypochlorite bleaching or conventional four-stage bleaching (CEHH, CEHD) is still very commonly used, depending on the final brightness requirements /xxiv,xxv,
/.

29.2.2.1. Bleaching with elemental chlorine and hypochlorous acid

Elemental chlorine and hypochlorous acid are electrophilic bleaching chemical agents which react with all unsaturated structures, namely lignin structures, with polysaccharide degradation products, such as hexenuronic acid, as well as with extractive structures that contain carbon-carbon double bonds. These electrophilic bleaching agents are able to react with different unsubstituted aromatic carbon atoms in lignin to either:

a) chlorinate (when the carbon is not bonded with an oxygen atom),

b) chlorinate and depolymerize (via displacement of an α-hydroxyl group), or

c) merely depolymerize without chlorination (via hydroxylation).

These chlorination or depolymerization reactions make lignin alkaline soluble, and it can be removed from pulp in the alkaline bleaching stages of the bleaching sequence.

29.2.2.2. Formation of 2378-TCDD/F

Most of the formation of the 2378-TCDD and 2378-TCDF is generated in the C-stage via the reaction of chlorine with precursors of TCDD, namely dibenzo-p-dioxin (DBD), and with the precursor of TCDF which is unchlorinated dibenzofuran (DBF). When these precursors are chlorinated, the key reaction is electrophilic aromatic substitution. The rate of this reaction will depend both on the concentration of the precursor and the concentration of chlorine. The levels of 2378-TCDD and 2378-TCDF are not determined by the content of the lignin in pulp/
/.

The chlorination of non-aromatic structures, such as hexenuronic acid, does not lead to the formation of polychlorinated aromatic degradation products. 

The unchlorinated dioxin precursors are prevalent in certain mineral oils, which are part of some defoamer formulations used in the pulp and paper industry and are the major source of precursors. Wood itself may act as the source of dioxin precursor. Compression wood in particular contains higher concentrations of precursors than normal wood. The compression of wood also entails higher levels of coumaryl-type lignin which may be a source of DBD- and DBF-like precursors.  

Elimination mechanisms for 2378-TCDD/F
Preventing the formation of 2378-TCDD and 2378-TCDF in the bleaching will be achieved mainly by decreasing the amount of chlorine used in the first bleaching stage. This can be accomplished by reducing the atomic chlorine multiple by improving washing prior to chlorination, by using an oxygen and peroxide-reinforced extraction stage as well as by increasing chlorine dioxide substitution /Error! Bookmark not defined., 
, 
/. Figure 3 demonstrates how the formation of 2378-TCDF will be reduced by increasing ClO2 substitution: when the ClO2 substitution level is higher than 85 %, 2378-TCDF is undetectable. 


Figure 3. 2378-TCDF formation with different chlorine dioxide substitution levels; 2378-TCDF formation will be reduced and ultimately eliminated by increasing chlorine dioxide substitution /Error! Bookmark not defined./.

The summary effect of active chlorine multiple and the chlorine dioxide substitution level can be see in Figure 4. The level of dioxin formation under these conditions, i.e., high active chlorine multiple and low chlorine dioxide substitution, is expected to vary, depending on the DBD content of the brownstock. 

Figure 4. The effect of active chlorine multiple and the chlorine dioxide substitution level on 2378-TCDD formation /Error! Bookmark not defined. /.

Elemental chlorine can be completely replaced by chlorine dioxide (Elemental Chlorine-Free bleaching [ECF]). In comparison with chlorine bleaching, ECF bleaching using chlorine dioxide leads to the formation of a relatively small amount of chlorinated compounds, but it does not lead to the formation of 2378-TCDD/F.

ECF pulp bleached with chlorine dioxide holds the predominant position within the industry, accounting for roughly three-quarters of the bleached pulp produced worldwide. TCF pulp accounts for about 6% and is primarily produced in mills in Northern and Central Europe. Approximately 20% of the bleached pulp produced worldwide is bleached with some elemental chlorine.

As a summary, the following measures can be taken to eliminate or decrease the formation of 2378-TCDD and 2378-TCDF:

· Reduce application of elemental chlorine by decreasing the multiple or increasing the substitution of chlorine dioxide for molecular chlorine.

· Eliminate elemental chlorine by replacing it with chlorine dioxide (EFC-bleaching).

· Minimize precursors like DBD and DBF entering the bleach plant by using precursor-free additives and good washing.

30. Best Available Techniques (BAT) for production of pulp using elemental chlorine
30.1. Primary measures

The principal Best Available Techniques for minimizing or eliminating the formation of 2378-TCDD/F are as follows, and they are independent of the raw material (wood or non-wood) used in the process:

· reduction of the application of elemental chlorine by decreasing the multiple or increasing the substitution of chlorine dioxide for molecular chlorine

· elimination of elemental chlorine by replacing it with chlorine dioxide (ECF-bleaching) or with chlorine-free chemicals (TCF)
· utilization of DBD and DBF-free defoamers

· effective brown stock washing to enable the reduction of chlorine multiple

· maximization of knot and dirt removal to enable the reduction of chlorine multiple

· elimination of the pulping of wood chips contaminated with polychlorinated phenol.

30.2. Secondary measures

The following general measures are suggested:

· Substitution. The identification and substitution of potentially harmful substances with less harmful alternatives. Use of a detailed inventory of raw materials used, chemical composition, quantities, fate and environmental impact. 

· Investment planning/cycles; coordination of process improvements to reduce technical bottleneck delays in the introduction of better techniques.
· Training; education and motivation of personnel. Training staff can be a very cost-effective way to reduce discharges of harmful substances.

· Process control monitoring and optimization. To be able to reduce different pollutants simultaneously and to maintain low releases, improved process control is required. Raw materials specification and monitoring of raw materials for precursor materials.

· Adequate maintenance. To maintain the efficiency of the process and the associated abatement techniques at a high level, sufficient maintenance has to be ensured.

· Environmental management system. A system which clearly defines the responsibilities for environmentally relevant aspects in a mill. It raises awareness and includes goals and measures, process and job instructions, check lists and other relevant documentation. Incorporation of environmental issues in process change controls. 
· Development of environmental monitoring and standard monitoring protocols.

· Release monitoring for new facilities. Demonstrate the performance of combustion processes and releases to water.

31. Performance standards

The following table summarises this information as it is applied to bleached kraft pulp mills:

	New Plant
	2378-TCDD / 2378-TCDF ppq 

To Water
	2378-TCDD / 2378-TCDF ng/kg

To Sludge
	PCDD / PCDF ng/m3 STP TEQ To Air
	Defoamers

DBD and DBF ppb

	EU
	
	
	0.1
	

	Canada - Federal
	Non-measurable1 

- In treated final effluent
	
	0.1
	DBD <10 

DBF <40 

	USA Kraft and Soda 
	2378-TCDD <10 2378-TCDF 31.9

- in bleach plant effluent
	10 / 100
	
	

	USA Ammonium-based and speciality sulphite
	2378-TCDD <10 2378-TCDF <10

 - in bleach plant effluent
	
	
	

	Australia
	2378-TCDD <15 

- in treated final effluent
	
	
	

	Japan
	<10 pg-TEQ/L
	
	
	


1.     Non-measurable = a concentration lower than the level of quantification as defined in the Reference Method. The current level of quantification is 15 ppq.

32. Performance Reporting

Performance reporting is recommended as follows:

For dioxin and furan releases to water—a monthly testing period. A mill may adopt quarterly sampling if it has had no measurable concentrations in its three latest consecutive monthly samples, and if a mill has had no measurable concentrations in its three latest consecutive quarterly samples, it may adopt annual sampling. The testing period reverts back to monthly testing, if either a quarterly or an annual test exceeds the level of quantitation (LOQ). 

Treatment sludges used for agricultural benefit may also need to be tested before use. 

Where emissions testing is not possible (e.g., analytical capacity is not readily available), the use of PCDD/PCDF release factors associated with a similar mill type and operation is suggested as an interim performance reporting requirement until such time as annual emissions testing and analysis is available. Emission factors for releases of PCDD/PCDFs from mills are presented on page 184 in the UNEP Standardized Toolkit for Identification and Quantification of Dioxin and Furan Releases, May 2003 (URL:www.pops.int).

The commonality of this issue across all sector guides would indicate that it needs to be covered as a separate report, drawing on the information on performance levels and testing methods contained in each of the individual sector guides.
33. 
DEFINITIONS 

ADt & ODt
Air dried tonne of paper (paper contains around 7% of water under ambient conditions). ODt oven dried.

BAT 
Best Available Techniques

Bleaching Sequence letters :

C
is elemental chlorine Cl2

E 
is alkaline extraction NaOH

H 
is hypochlorite 

D 
is chlorine dioxide ClO2

(CD)
is mixtures of chlorine and chlorine dioxide

O 
is oxygen

(EO) 
is alkaline extraction with oxygen

P 
is hydrogen peroxide

(EOP) 
is alkaline extraction with oxygen and hydrogen peroxide

aP 
is hydrogen peroxide in acidic conditions

(PO) 
is peroxide pressurised with oxygen

(DN) 
is chlorine dioxide with subsequent neutralisation

Z 
is ozone

Ca 
is Caro’s acid (sulphuric acid and hydrogen peroxide)
Pxa 
is mixed peracids

Q 
is chelation stage

X 
is enzyme treatment

CTMP 
Chemi-thermo-mechanical-pulping processes (using sulphite or APP)

DBD
Dibenzodioxin

DBF
Dibenzofuran


ECF 
Elemental chlorine-free (pulp bleached without elemental chlorine)

EMS 
Environmental Management System

Kappa No
The Kappa number is an indirect measure of the residual lignin content in a pulp measured via the 

consumption of an oxidant chemical (e.g. potassium permanganate). Measure used for process control.

I-TEQ 
International Toxicity Equivalents or TEQ  (Toxic Equivalents)

I-TEF
International Toxicity Equivalency Factor or TEF (Toxicity Equivalence Factor)
PCDDs 
Polychlorinated dibenzo-para-dioxins

PCDFs
Polychlorinated dibenzofurans

PCP 
Pentachlorophenol

PCB
Polychlorinated biphenyls
RCF 
Recycled fibre

TCDD 
2,3,7,8 –tetrachloro-para-dibenzodioxin

TCDF 
2,3,7,8 – tetrachloro dibenzofuran

TCF 
Totally chlorine-free (pulp bleached without any chlorine compound
34. REFERENCES (please see end notes to Section V

D. The following thermal processes in the metallurgical industry: 

3. Secondary Copper Production
35. Process Description

Secondary copper smelting is comprised of pyro-metallurgical processes dependant on the copper content of the feed material, size distribution and other constituents. Feed sources are copper scrap, sludge, computer scrap, drosses from refineries and semi-finished products. These materials may contain organic materials like coatings or oil, and installations take this into account by using de-oiling and de-coating methods or by correct design of the furnace and abatement system. 
 Copper can be infinitely recycled without loss of its intrinsic properties.

“Secondary copper recovery is divided into 4 separate operations: scrap pre-treatment, smelting, alloying, and casting. Pre-treatment includes the cleaning and consolidation of scrap in preparation for smelting. Smelting consists of heating and treating the scrap for separation and purification of specific metals. Alloying involves the addition of 1 or more other metals to copper to obtain desirable qualities characteristic of the combination of metals.

Scrap pre-treatment may be achieved through manual, mechanical, pyrometallurgical, or hydrometallurgical methods. Manual and mechanical methods include sorting, stripping, shredding, and magnetic separation. Pyrometallurgical pre-treatment may include sweating (the separation of different metals by slowly staging furnace air temperatures to liquefy each metal separately), burning insulation from copper wire, and drying in rotary kilns to volatilize oil and other organic compounds. Hydrometallurgical pre-treatment methods include flotation and leaching to recover copper from slag. Leaching with sulphuric acid is used to recover copper from slime, a byproduct of electrolytic refining. 

Smelting of low-grade copper scrap begins with melting in either a blast or a rotary furnace, resulting in slag and impure copper. If a blast furnace is used, this copper is charged to a converter, where the purity is increased to about 80 to 90 percent, and then to a reverberatory furnace, where copper of about 99 percent purity is achieved. In these fire-refining furnaces, flux is added to the copper and air is blown upward through the mixture to oxidize impurities.

These impurities are then removed as slag. Then, by reducing the furnace atmosphere, cuprous oxide (CuO) is converted to copper. Fire-refined copper is cast into anodes, which are used during electrolysis. The anodes are submerged in a sulphuric acid solution containing copper sulphate. As copper is dissolved from the anodes, it deposits on the cathode. Then the cathode copper, which is as much as 99.99 percent pure,is extracted and recast. The blast furnace and converter may be omitted from the process if average copper content of the scrap being used is greater than about 90 percent.

In alloying, copper-containing scrap is charged to a melting furnace along with 1 or more other metals such as tin, zinc, silver, lead, aluminium, or nickel. Fluxes are added to remove impurities and to protect the melt against oxidation by air. Air or pure oxygen may be blown through the melt to adjust the composition by oxidizing excess zinc. The alloying process is, to some extent, mutually exclusive of the smelting and refining processes described above that lead to relatively pure copper.

The final recovery process step is the casting of alloyed or refined metal products. The molten metal is poured into moulds from ladles or small pots serving as surge hoppers and flow regulators. The resulting products include shot, wire bar, anodes, cathodes, ingots, or other cast shapes.” 
 

[image: image25]
Figure 1
Secondary Copper Smelting


36. Sources of Unintentionally Produced POPs

The formation of polychlorinated dibenzoparadioxins (PCDD) and polychlorinated dibenzofurans (PCDF) is probable due to the presence of chlorine from plastics and trace oils in the feed material. As copper is the most efficient metal to catalyse PCDD/PCDF formation, copper smelting is a concern.
36.1. General Information on Emissions from Secondary Copper Smelters
 

Airborne emissions consist of nitrogen oxides (NOx), carbon monoxide (CO), dust and metal compounds, organic carbon compounds and PCDD/Fs. Off-gases usually contain little or no sulphur dioxide (SO2) provided sulphidic material is avoided. Scrap treatment and smelting generate the largest quantity of atmospheric emissions. Dust and metal compounds are emitted from most stages of the process and are more prone to fugitive emissions during charging and tapping cycles. Particulate matter is removed from collected and cooled combustion gases by electrostatic precipitators (ESPs) or fabric filters. Fume collection hoods are used during the conversion and refining stages due to the batch process which prevents a sealed atmosphere. NOx is minimised in low NOx burners, while CO is burnt in hydrocarbon afterburners. Burner control systems are monitored to minimize CO generation during smelting. 

36.2. Emissions of PCDD/PCDF to Air

PCDD/PCDF are formed during base metals smelting through incomplete combustion or by de-novo synthesis when organic and chlorine compounds such as oils and plastics are present in the feed material. Secondary feed often consists of contaminated scrap.

“PCDD/PCDF or their precursors may be present in some raw materials and there is a possibility of de-novo synthesis in furnaces or abatement systems. PCDD/PCDF are easily adsorbed onto solid matter and may be collected by all environmental media as dust, scrubber solids and filter dust.

The presence of oils and other organic materials on scrap or other sources of carbon (partially burnt fuels and reductants, such as coke), can produce fine carbon particles which react with inorganic chlorides or organically bound chlorine in the temperature range of 250 to 500 °C to produce PCDD/PCDF. This process is known as de-novo synthesis and is catalysed by the presence of metals such as copper or iron.

Although PCDD/PCDF are destroyed at high temperature (above 850 °C) in the presence of oxygen, the process of de-novo synthesis is still possible as the gases are cooled through the “reformation window”. This window can be present in abatement systems and in cooler parts of the furnace e.g. the feed area. Care taken in the design of cooling systems to minimise the residence time in the window is practised to prevent de-novo synthesis.” 

36.3. Releases to Other Media

Process, surface and cooling water can be contaminated by suspended solids, metal compounds and oils. Most process and cooling water is recycled. Wastewater treatment methods are used before discharge. By-products and residues are recycled in the process as these contain recoverable quantities of copper and other non-ferrous metals. Waste material generally consists of acid slimes which are disposed of on site.

37. Recommended Processes

Process design and configuration is influenced by the variation in feed material and quality control. Processes considered as BAT for smelting/reduction include the Blast Furnace, Mini-Smelter (totally enclosed), Sealed Submerged Electric Arc furnace, and ISA Smelt. The Top Blown Rotary Furnace (totally enclosed) and Peirce-Smith converter are BAT for converting. The submerged electric arc furnace is sealed and cleaner than other designs if the gas extraction system is adequately designed and sized.

Clean copper scrap devoid of organic contamination can be processed using the reverberatory hearth furnace, the hearth shaft furnace and Contimelt process. These are considered to be BAT in configuration with suitable gas collection and abatement systems.

No information is available on alternate processes to smelting for secondary copper processing.

38. Primary and Secondary Measures

Primary and secondary measures of PCDD/PCDF reduction and elimination are discussed below.

38.1. Primary Measures

Primary measures are regarded as pollution prevention techniques to reduce or eliminate the generation and release of POPs. Possible measures include:

1. Pre-sorting of Feed Material:

The presence of oils, plastics and chlorine compounds in the feed material should be avoided to reduce the generation of PCDD/PCDF during incomplete combustion or by de-novo synthesis. Feed material should be classified according to composition and possible contaminants. Storage, handling and pre-treatment techniques will be determined by feed size distribution and contamination.  

Methods to be considered are: 

· Oil removal from feed (e.g. thermal de-coating and de-oiling processes followed by afterburning to destroy any organic material in the off-gas)

· Use of milling and grinding techniques with good dust extraction and abatement. The resulting particles can be treated to recover valuable metals using density or pneumatic separation.

· Elimination of plastic by stripping cable insulation (e.g. possible cryogenic techniques to make plastics friable and easily separable)

· Sufficient blending of material to provide a homogenous feed in order to promote steady-state conditions

2. Effective Process Control:

Process control systems should be utilized to maintain process stability and operate at parameter levels that will contribute to the minimization of PCDD/PCDF generation, such as maintaining furnace temperature above 850 °C to destroy PCDD/PCDF. Ideally, PCDD/DF emissions would be monitored continuously to ensure reduced releases. Continuous emissions sampling of PCDD/PCDF has been demonstrated for some sectors (e.g. waste incineration), but research is still developing in this field.  In the absence of continuous PCDD/PCDF monitoring, other variables such as temperature, residence time, gas components and fume collection damper controls should be continuously monitored and maintained to establish optimum operating conditions for the reduction of PCDD/PCDF.

38.2. Secondary Measures

Secondary measures are pollution control techniques. These methods do not eliminate the generation of contaminants, but serve as means to contain and prevent emissions. 

1. Fume and Gas Collection
:

Air emissions should be controlled at all stages of the process, from material handling, smelting and material transfer points, to control the emission of PCDD/PCDF. Sealed furnaces are essential to contain fugitive emissions while permitting heat recovery and collecting off-gases for process recycling. Proper design of hooding and ductwork is essential to trap fumes. Furnace or reactor enclosures may be necessary. If primary extraction and enclosure of fumes is not possible, the furnace should be enclosed so that ventilation air can be extracted, treated and discharged. Roofline collection of fume should be avoided due to high energy requirements. The use of intelligent damper controls can improve fume capture and reduce fan sizes and hence costs. Sealed charging cars or skips used with a reverberatory furnace can significantly reduce fugitive emissions to air by containing emissions during charging.

2. High Efficiency Dust Removal:

The smelting process generates high volumes of particulate matter with large surface area on which PCDD/PCDF can adsorb. These dusts and metal compounds should be removed to reduce PCDD/PCDF emissions. Fabric filters are the most effective technique, while wet/dry scrubbers and ceramic filters are also to be considered. Collected dust must be treated in high temperature furnaces to destroy PCDD/PCDF and recover metals.  

Fabric filter operations should be constantly monitored by devices to detect bag failure. Other developments include online cleaning methods and use of catalytic coatings to destroy PCDD/PCDF 
. 

3. Afterburners and quenching:

Afterburners (post-combustion) should be used at a minimum temperature of 950°C to ensure full combustion of organic compounds.
 This stage is to be followed by rapid quenching of hot gases to temperatures below 250°C. Oxygen injection in the upper portion of the furnace will promote complete combustion. 

It has been observed that PCDD/PCDF are formed in the temperature range of 250 to 500°C. These are destroyed above 850°C in the presence of oxygen. Yet, de novo synthesis is still possible as the gases are cooled through the reformation window present in abatement systems and cooler areas of the furnace. Proper operation of cooling systems to minimise reformation time should be implemented.

4. Adsorption on Activated Carbon:

Activated carbon treatment should be considered for PCDD/PCDF removal from smelter off-gases. Activated carbon possesses large surface area on which PCDD/PCDF can be adsorbed. Off-gases can be treated with activated carbon using fixed or moving bed reactors, or by injection of carbon particulate into the gas stream followed by removal as a filter dust using high efficiency dust removal systems such as fabric filters.  

39. Emerging Research

Catalytic Oxidation:

Catalytic oxidation is an emerging technology used in waste incinerators to eliminate PCDD/PCDF emissions.  This process should be considered by secondary base metals smelters as it has proven effective for PCDD/PCDF destruction in waste incinerators.

Catalytic oxidation processes organic compounds into water, carbon dioxide (CO2) and hydrochloric acid using a precious metal catalyst to increase the rate of reaction at 370 to 450°C. In comparison, incineration occurs typically at 980°C. Catalytic oxidation has been shown to destroy PCDD/PCDF with shorter residence times, lower energy consumption and 99% efficiency, and should be considered. Off-gases should be de-dusted prior to catalytic oxidation for optimum efficiency.  This method is effective for the vapour phase of contaminants. The resulting hydrochloric acid is treated in a scrubber while the water and CO2 are released to the air after cooling.
 

Fabric filters used for dust removal can also be treated with a catalytic coating to promote oxidation of organic compounds at elevated temperature. 

40. Summary of Measures

Table 6.1
Measures for Recommended Processes

	Measure
	Description
	Considerations
	Other comments

	New Secondary Copper Smelters

	Recommended Processes
	Various recommended smelting processes should be considered for new facilities. 


	Processes to be considered include: 

- The blast Furnace, mini-smelter, Top Blown Rotary Furnace, Sealed Submerged Electric Arc furnace, ISA Smelt, and the Peirce-Smith converter. 

- The reverberatory hearth furnace, the hearth shaft furnace and Contimelt process to treat clean copper scrap devoid of organic contamination.
	These are considered to be BAT in configuration with suitable gas collection and abatement 

The submerged electric arc furnace is sealed and cleaner than other designs if the gas extraction system is adequately designed and sized.


Table 6.2
Summary of Primary and Secondary Measures for Secondary Copper Smelters

	Measure
	Description
	Considerations
	Other Comments

	Primary Measures

	Pre-sorting of feed material
	The presence of oils, plastics and chlorine compounds in the feed material should be avoided to reduce the generation of PCDD/PCDF during incomplete combustion or by de-novo synthesis.
	Processes to be considered include:

- Oil removal from feed material

- Use of milling and grinding techniques with good dust extraction and abatement. 

- Elimination of plastic by stripping cable insulation 
	Thermal de-coating and de-oiling processes for oil removal should be followed by afterburning to destroy any organic material in the off-gas 

	Effective process control
	Process control systems should be utilized to maintain process stability and operate at parameter levels that will contribute to the minimization of PCDD/PCDF generation.
	PCDD/PCDF emissions may be minimized by controlling other variables such as temperature, residence time, gas components and fume collection damper controls after having established optimum operating conditions for the reduction of PCDD/PCDF.
	 Continuous emissions sampling of PCDD/PCDF has been demonstrated for some sectors (e.g. waste incineration), but research is still developing in this field.

	Secondary Measures

	Fume and Gas Collection
	Effective fume and off-gas collection should be implemented in all stages of the smelting process to capture PCDD/PCDF emissions.
	Processes to be considered include:

- Sealed furnaces to contain fugitive emissions while permitting heat recovery and collecting off-gases. Furnace or reactor enclosures may be necessary

- Proper design of hooding and ductwork to trap fumes. 
	Roofline collection of fume is to be avoided due to high energy requirements.

	High Efficiency Dust Removal
	Dusts and metal compounds should be removed as this material possesses high surface area on which PCDD/PCDF easily adsorb. Removal of these dusts would contribute to the reduction of PCDD/PCDF emissions.
	Processes to be considered include:

- Fabric filters (most effective method) 

- wet/dry scrubbers and ceramic filters. 


	- Dust removal is to be followed by afterburners and quenching. 

- Collected dust must be treated in high temperature furnaces to destroy PCDD/PCDF and recover metals.

	Afterburners and quenching
	Afterburners should be used at temperatures >950°C to ensure full combustion of organic compounds, followed by rapid quenching of hot gases to temperatures below 250°C.
	Considerations include:

- PCDD/PCDF formation at 250-500°C, and destruction >850°C with O2. 

- Requirement for sufficient O2in the upper region of the furnace for complete combustion.

- Need for proper design of cooling systems to minimise reformation time.
	- De novo synthesis is still possible as the gases are cooled through the reformation window.

	Adsorption on Activated Carbon
	Activated carbon treatment should be considered as this material possesses large surface area on which PCDD/PCDF can be adsorbed from smelter off-gases. 
	Processes to be considered include:

- Treatment with activated carbon using fixed or moving bed reactors

-injection of carbon particulate into the gas stream followed by removal as a filter dust.
	Lime/carbon mixtures can also be used.

	Emerging Research

	Catalytic Oxidation


	Catalytic oxidation is an emerging technology which should be considered due to its high efficiency and lower energy consumption. Catalytic oxidation transforms organic compounds into water, CO2 and hydrochloric acid using a precious metal catalyst.
	Considerations include:

- Process efficiency for the vapour phase of contaminants. 

- Hydrochloric acid treatment using scrubbers while water and CO2 are released to the air after cooling.
	Catalytic oxidation has been shown to destroy PCDD/PCDF with shorter residence times, lower energy consumption and 99% efficiency.

Off-gases should be de-dusted prior to catalytic oxidation for optimum efficiency.  


41. Achievable Performance and Emission Limits

Achievable performance for  emissions of PCDD/PCDF from secondary copper smelters are identified as follows:

Table 7.1
Achievable Levels for Secondary Copper Smelters

	Emission Limit


	<0.1 ng /Rm3 TEQ




4. Sinter Plants in the iron and steel industry

42. Process Description

Iron sintering plants are associated with the manufacture of iron and steel, often in integrated steel mills.  The sintering process is a pre-treatment step in the production of iron, where fine particles of iron ores and in some plants, also secondary iron oxide wastes (collected dusts, mill scale), are agglomerated by combustion.  Agglomeration of the fines is necessary to enable the passage of hot gases during the subsequent blast furnace operation.

Sintering involves the heating of fine iron ore with flux and coke fines or coal to produce a semi-molten mass that solidifies into porous pieces of sinter with the size and strength characteristics necessary for feeding into the blast furnace. Moistened feed is delivered as a layer onto a continuously moving grate or "strand." The surface is ignited with gas burners at the start of the strand, and air is drawn through the moving bed causing the fuel to burn. Strand velocity and gas flow are controlled to ensure that "burn through" (i.e. the point at which the burning fuel layer reaches the base of the strand) occurs just prior to the sinter being discharged. The solidified sinter is then broken into pieces in a crusher and is air-cooled. Product outside the required size range is screened out, oversize material is recrushed, and undersize material is recycled back to the process. Sinter plants that are located in a steel plant recycle iron ore fines from the raw material storage and handling operations and from waste iron oxides from steel plant operations and environmental control systems. Iron ore may also be processed in on-site sinter plants.

The flexibility of the sintering process permits conversion of a variety of materials, including iron ore fines, captured dusts, ore concentrates, and other iron-bearing materials of small particle size (e.g., mill scale) into a clinker-like agglomerate.

Waste gases are usually treated for dust removal in a cyclone, electrostatic precipitator, wet scrubber or fabric filter. 
Figure 1 below provides a schematic of an iron sintering plant using wet scrubber and Figure 2 provides a schematic for a typical iron sintering plant which uses an electrostatic precipitator for dust control.
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Figure 1: 
Process Diagram from a Sinter Plant (Source: K. Hofstadler et al., Dioxin at Sinter Plants and Electric Arc Furnaces – Emission profiles and removal efficiency: downloaded May 2003 http://g5006m.unileoben.ac.at/downloads/Dioxin.doc )
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Figure 2:
A Typical Iron Sintering Plant (Source: United-Kingdom Environment Agency, Integrated Pollution Prevention and Control: Guidance for the Coke, Iron and Steel Sector, Sector Guidance Note IPPC S2.01, 2001)

43. Sources of Unintentional POPs

Iron sintering has been identified as a source of polychlorinated dibenzoparadioxins (PCDD) and polychlorinated dibenzofurans (PCDF).  The formation and release of hexachlorobenzene (HCB) and polychlorinated biphenyls (PCB) are less understood from this potential source.

43.1. Releases to Air

43.1.1. General Information on Emissions from Iron Sintering Plants

“Emissions from the sintering process arise primarily from materials-handling operations, which result in airborne dust, and from the combustion reaction on the strand. Combustion gases from the latter source contain dust entrained directly from the strand along with products of combustion such as CO, CO2, SOx, NOx, and particulate matter. The concentrations of these substances vary with the quality of the fuel and raw materials used and combustion conditions. Atmospheric emissions also include volatile organic compounds (VOCs) formed from volatile material in the coke breeze, oily mill scale, etc., and dioxins and furans, formed from organic material under certain operating conditions. Metals are volatilized from the raw materials used, and acid vapours are formed from the halides present in the raw materials.

Combustion gases are most often cleaned in electrostatic precipitators (ESPs), which significantly reduce dust emissions but have minimal effect on the gaseous emissions. Water scrubbers, which are sometimes used for sinter plants, may have lower particulate collection efficiency than ESPs but higher collection efficiency for gaseous emissions. Significant amounts of oil in the raw material feed may create explosive conditions in the ESP. Sinter crushing and screening emissions are usually controlled by ESPs or fabric filters. Wastewater discharges, including runoff from the materials storage areas, are treated in a wastewater treatment plant that may also be used to treat blast furnace wastewater.

Solid wastes include refractories and sludge generated by the treatment of emission control system water in cases where a wet emission control system is used. Undersize sinter is recycled to the sinter strand.”

43.1.2. Emissions of PCDD and PCDF

The processes by which PCDD/PCDF are formed are complex. PCDD/PCDF appear to be formed in the iron sintering process via de novo synthesis.  PCDF generally dominate in the waste gas from sinter plants. 

The PCDD/PCDF formation mechanism appears to start in the upper regions of the sinter bed shortly after ignition, and then the dioxin/furan and other compounds condense on cooler burden beneath as the sinter layer advances along the sinter strand towards the burn through point. The process of volatilization and condensation continues until the temperature of the cooler burden beneath rises sufficiently to prevent condensation and the PCDD/PCDF exit with the flue gas. This appears to increase rapidly and peak just before burn through and then decrease rapidly to a minimum. This is supported by the dioxin/furan profile compared to the temperature profile along the sinter strand in several studies. 

The quantity of PCDD and PCDF formed has been shown to increase with increasing carbon and chlorine content.  Carbon and chloride are present in some of the sinter feed materials typically processed through a sinter plant. 

43.1.3. Research findings of interest:

It appears that the composition of the feed mixture has an impact on the formation of PCDD/PCDF i.e., increased chlorine content results in increased PCDD/PCDF formation while the replacement of coke as a fuel with anthracite coal appears to reduce PCDD/PCDF concentration.

The form of the solid fuel may also impact furan emissions. Coal, graphite, and activated coke in a Japanese laboratory research program reduced pentachlorinated dibenzofuran emissions by approximately 90 percent.

The operating parameters of the sintering process appear to have an impact on the formation of PCDD/PCDF.

43.2. Releases to Other Media

No information was identified on releases of unintentionally produced POPs or u-POPs from iron sintering operations to other media such as through wastewater or collected dusts.
 

44. Alternatives

In accordance with the POPs Convention, when consideration is being given to proposals for construction of a new iron sintering plant, priority consideration should be given to alternate processes, techniques or practices that have similar usefulness but which avoid the formation and release of the identified substances.  

Alternate processes to iron sintering include:

The FASTMET process:  This process converts iron oxide pellet feed, oxide fines, and/or steel mill wastes into metallic iron, and produces a direct reduced iron (DRI) product suitable for use in a blast furnace.   Emission concentration of PCDD and PCDF from the FASTMET process is reported to be <0.1 ng TEQ/m3.  Carbon contained in the wastes or added as coal, charcoal or coke is used as the reductant.
Direct reduction processes:  This technique processes iron ore to produce a direct reduced iron (DRI) product which can be used as a feed material to steel manufacturing electric arc furnaces, iron making blast furnaces, or steelmaking basic oxygen furnaces.  Natural gas is reformed to make hydrogen and carbon dioxide, where hydrogen is the reductant used to produce the DRI product.  The availability and cost of natural gas will impact the feasibility of using this technique.

Direct smelting processes:  Direct smelting replaces the traditional combination of sinter plant, coke oven and blast furnace to produce molten iron.  A number of direct smelting processes are evolving and are at various stages of development/commercialization.  

45. Primary and Secondary Measures

Primary and secondary measures for reducing emissions of PCDD and PCDF from iron sintering processes are outlined below.

The extent of emission reduction possible with implementation of primary measures only is not readily known.  It is therefore recommended that consideration be given to implementation of both primary and secondary measures at existing plants.

45.1. Primary Measures

Primary measures are understood to be pollution prevention measures that will prevent or minimize the formation and release of the identified substances (PCDD, PCDF, HCB and PCB).  These are sometimes referred to as process optimization or integration measures.  Pollution prevention is defined as: The use of processes, practices, materials, products or energy that avoid or minimize the creation of pollutants and waste, and reduce overall risk to human health or the environment.
Primary measures have been identified which may assist in preventing and minimizing the formation and release of the identified substances.  Emission reductions associated with implementation of the following primary measures only is not known.  It is recommended that the following measures be implemented together with appropriate secondary measures to ensure the greatest minimization and reduction of emissions possible.  Identified primary measures include:

1. Stable and consistent operation of the sinter strand:  Research has shown that PCDD/PCDF are formed in the sinter bed itself, likely just ahead of the flame front as the hot gases are drawn through the bed.  Disruptions to flame front (i.e., non-steady-state conditions) have been shown to result in higher PCDD/PCDF emissions.

Sinter strands should be operated to maintain consistent and stable process conditions (i.e., steady-state operations, minimization of process upsets) in order to minimize the formation and release of PCDD, PCDF and other pollutants.  Operating conditions to consistently manage include strand speed, bed composition (consistent blending of revert materials, minimization of chloride input), bed height, use of additives (e.g., addition of burnt lime may help reduce PCDD, PCDF formation), minimization of oil content in mill scale, minimization of air in-leakage through the strand, ductwork and off-gas conditioning systems, and minimization of strand stoppages.  This approach will also have beneficial operating performance improvements (e.g., productivity, sinter quality, energy efficiency).


2. Continuous Parameter Monitoring:  A continuous parameter monitoring system (CPMS) should be employed to ensure optimum operation of the sinter strand and off-gas conditioning systems.  Various parameters are measured during emission testing to determine the correlation between the parameter value and the stack emissions. The identified parameters are then continuously monitored and compared to the optimum parameter values. Variances in parameter values can be alarmed and corrective action taken to maintain optimum operation of the sinter strand and/or emission control system.
Operating parameters to monitor may include damper settings, pressure drop, scrubber water flow rate, average opacity, strand speed, etc.

Operators of iron sintering plants should prepare a site-specific monitoring plan for the CPMS that addresses installation, performance, operation and maintenance, quality assurance and record keeping, and reporting procedures.  Operators should keep records documenting conformance with the identified monitoring requirements and the operation and maintenance plan.

3. Recirculation of Off-gases:  Recycling of sinter off-gas (waste-gas) has been shown to minimize pollutant emissions, and reduce the amount of off-gas requiring end-of-pipe treatment.  Recirculation of part of the off-gas from the entire sinter strand, or sectional recirculation of off-gas, can minimize formation and release of pollutants.  The European Integrated Pollution Prevention and Control Bureau (EIPPCB) BREF document on Iron and Steel Production and the ECSC Steel Research and Technology Development Programme
 provide additional information on this technique.

Recycling of iron sintering off-gases can reduce emissions of PCDD, PCDF, NOx and SO2.

4. Feed material selection:  Unwanted substances should be minimized in the feed to the sinter strand.  Unwanted substances include POPs and other substances associated with the formation of PCDD, PCDF, HCB and PCB (e.g., chlorine/chlorides, carbon, precursors, oils, etc.).  

A review of feed inputs to determine its composition/structure and concentration of substances associated with POPs and their formation should be conducted.  Options to eliminate or reduce the unwanted substance in the feed material should be identified.  For example:

· removal of the contaminant from the material (e.g., de-oiling of mill scales);

· substitution of the material (e.g., replacement of coke breeze with anthracite);

· avoid use of the contaminated material (e.g., avoid processing ESP sinter dusts which have been shown to increase PCDD/PCDF formation and release
);

· specification of limits on permissible concentrations of unwanted substances (e.g., oil content in feed should be limited to less than 0.02 percent
).

Documented procedures should be developed and implemented to carry out the appropriate changes.

5.

Feed material preparation: Fine feed materials (e.g., collected dusts) should be adequately agglomerated before they are placed on the sinter strand and feed materials should be intimately mixed or blended.  These measures will minimize formation and entrainment of pollutants in the waste gas, and will also minimize fugitive emissions. 
45.2. Secondary Measures

Secondary measures are understood to be pollution control technologies or techniques, sometimes described as ‘end-of-pipe’ treatments.

Primary measures identified earlier should be implemented together with appropriate secondary measures to ensure the greatest minimization and reduction of emissions possible.  Measures that have been shown to effectively minimize and reduce PCDD and PCDF emissions include:

1.
Removal Techniques

a. Adsorption/Absorption and High Efficiency De-dusting:  This technique involves sorption of PCDD and PCDF to a material such as activated carbon together with effective particulate matter (de-dusting) control.

For regenerative activated carbon technology
 an ESP is used to reduce dust concentration in the off-gases prior to entry to the activated carbon unit.  The waste gas passes through a slowly moving bed of char granules which acts as a filter/adsorption medium.  The used char is discharged and transferred to a regenerator, where it is heated to elevated temperatures.  PCDD and PCDF adsorbed to the char are decomposed and destroyed within the inert atmosphere of the regenerator. This technique has been shown to reduce emissions to 0.1 to <0.3 ng TEQ/m3.

Another sorption technique is the use of lignite or activated carbon injection, together with a fabric filter.  PCDD and PCDF are sorbed onto the injected material, and the material is collected in the fabric filter.  Along with good operation of the sinter strand, this technique is associated with PCDD/PCDF emission concentrations ranging from 0.1 to 0.5 ng TEQ/m3.
 

b. Fine Wet Scrubbing System:  The Airfine scrubbing system, developed by Voest Alpine Industries (Austria), has been shown to effectively reduce emission concentrations to 0.2 to 0.4 ng TEQ/m3.  The scrubbing system uses a counter current flow of water against the rising waste gas to scrub out coarse particles and gaseous components (e.g., sulphur dioxide (SO2)), and to quench the waste gas.  (Note, an ESP may also be used upstream for preliminary dedusting.)  Caustic soda may be added to improve SO2 absorption.  A fine scrubber, the main feature of the system, follows, employing high-pressure mist jet co-current with the gas flow to remove impurities.  Dual flow nozzles eject water and compressed air (creating microscopic droplets) to remove fine dust particles, PCDD and PCDF.
,

This technique should be combined with effective treatment of the scrubber waste waters and waste water sludge should be disposed of in a secure landfill.

The following measures can assist in minimizing pollutant emissions, but should be combined with other measures (e.g., adsorption/absorption, recirculation of off-gases, etc.) for effective PCDD/PCDF formation and release.

2. General Measures
a. De-dusting of the sinter off-gases.  It has been suggested that effective removal of dust can help reduce emissions of PCDD and PCDF.  Fine particles in the sinter off-gas have extremely large surface area for adsorption and condensation of gaseous pollutants, including PCDD and PCDF.
  Best available technique for de-dusting is use of fabric filters to remove particulate matter.  Use of fabric filters for sinter plants is associated with particulate matter emission concentrations of <10 to <30 mg/m3.
,
 

Other dedusting options that are commonly used for sinter plant off-gases include ESPs and wet scrubbers.  Particulate removal efficiency is not as high as for fabric filters.  Good performance of ESPs and high efficiency wet-gas scrubbers is associated with particulate matter concentrations of <30 to 50 mg/m3. 
,
, 
 

Adequately sized capture and dedusting controls for both the feed and discharge ends should be required and put in place.

b. Hooding of the sinter strand: Hooding of the sinter strand reduces fugitive emissions from the process, and enables use of other techniques, such as waste gas recirculation. 

46. Emerging Research 

Catalytic Oxidation:  

Selective catalytic reduction (SCR) has been used for controlling NOx emissions from a number of industrial processes, including iron sintering.  Modified SCR technology (i.e., increased reactive area) and select catalytic processes have been shown to decompose PCDD and PCDF contained in off-gases, likely through catalytic oxidation reactions.  This may be considered as an emerging technique with potential for reducing POPs emissions from iron sintering plants and other applications.  

A study investigating stack emissions from four sinter plants, noted that those with SCR had lower concentrations of PCDD/PCDF (0.995 – 2.06 ng TEQ/Nm3) in the stack gases than a sinter plant without SCR (3.10 ng TEQ/Nm3), and that the PCDD/PCDF degree of chlorination was lower for plants with SCR.  It was concluded that SCR did indeed decompose PCDD/PCDF, but would not necessarily be sufficient as a stand alone PCDD/PCDF destruction technology to meet stringent emission limits. Add-on techniques (e.g., activated carbon injection) to SCR may be required. 

Further study of the use of SCR and other catalytic oxidation techniques at iron sintering applications is needed to determine its value and effectiveness in destroying and reducing PCDD/PCDF released from this source.

Urea Injection:

Tests using urea injection to suppress formation of dioxins and furans have been conducted at an iron sintering plant in the United Kingdom.  Controlled quantities of urea prills were added to the sinter strand, and this technique is thought to prevent/reduce both PCDD/PCDF and sulphur dioxide emissions.  The trials indicate that PCDD/PCDF formation was reduced by approximately 50%.  It is estimated that a 50% reduction in PCDD/PCDF would achieve a 0.5 ng TEQ/m3 emission concentration. Capital costs are estimated at £0.5 to £1.0 million per plant (UK) (approximately $0.9 million to $1.8 million USD). 
 

47. Summary of Measures

The following tables present a summary of the measures discussed in previous sections.

Table 5.1
Alternatives and Requirements for New Iron Sintering Plants

	Measure
	Description
	Considerations
	Other comments

	New Iron Sintering Plants

	Alternate Processes
	Priority consideration should be given to alternate processes with potentially less environmental impacts than traditional iron sintering.
	Examples include:

-FASTMET

-direct reduction of iron

-direct smelting
	

	Performance Requirements
	New iron sintering plants should be permitted to achieve stringent performance and reporting requirements associated with best available techniques.
	Consideration should be given to the primary and secondary measures listed in Table 5.2 below. 
	Performance requirements for achievement should include:

- <0.2 ng TEQ/Rm3 for PCDD/PCDF

-<20 mg/Rm3 for particulate matter 


Table 5.2
Summary of Primary and Secondary Measures for Iron Sintering Plants 

	Measure
	Description
	Considerations
	Other Comments

	Primary Measures

	Stable and consistent operation of the sinter plant.  
	The sinter strand should be operated to maintain stable consistent operating conditions (e.g., steady-state conditions, minimization of process upsets) to minimize formation of PCDD, PCDF and other pollutants.
	Conditions to optimize operation of the strand include:

-minimization of stoppages

-consistent strand speed

-bed composition

-bed height

-additives (e.g., burnt lime)

-minimization of oil content

-minimization of air in-leakage
	This approach will have co-benefits such as increased productivity, increased sinter quality and improved energy efficiency.

	Continuous Parameter Monitoring
	A continuous parameter monitoring system (CPMS) should be employed to ensure optimum operation of the sinter strand and off-gas conditioning systems.

Operators should prepare a site-specific monitoring plan for the CPMS and keep records that document conformance with the plan.
	Correlations between parameter values and stack emissions (stable operation) should be established.  Parameters are then continuously monitored in comparison to optimum values.  System can be alarmed and corrective action taken when significant deviations occur.
	

	Recirculation of Waste Gases
	Waste gases should be recycled back to the sinter strand to minimize pollutant emissions and reduce the amount of off-gas requiring end-of-pipe treatment.
	Recirculation of the waste gases can entail recycling of part of the off-gas from the entire sinter strand, or sectional recirculation of off-gas.
	This technique will result in only a modest reduction of PCDD/PCDF. 

	Feed material selection:  Minimization of feed materials contaminated with POPs or leading to POPs formation.
	A review of feed materials and identification of alternate inputs and/or procedures to minimize unwanted inputs should be conducted.

Documented procedures should be developed and implemented to carry out the appropriate changes. 
	Examples include: 

-removal of the contaminant from the material (e.g., de-oiling of mill scales)

-substitution of the material (e.g., replacement of coke breeze with anthracite)

-avoid use of the material (e.g., collected sinter ESP dust)

-specification of limits on permissible concentrations of unwanted substances (e.g., oil content in feed should be limited to less than 0.02 percent )
	

	Feed material preparation 
	Fine material (e.g., collected dusts) should be agglomerated before being placed on the sinter strand. Feed materials should be intimately mixed before placement on the sinter strand.
	
	These measures will help reduce entrainment of pollutants in the waste gas, and minimize fugitive emissions.

	Secondary Measures

	The following secondary measures can effectively reduce emissions of PCDD/PCDF and should be considered as examples of best available techniques.

	Adsorption/ Absorption and high efficiency dedusting.
	Use of this technique should include an adsorption stage together with high efficiency particulate control as key components of the off-gas conditioning system.
	Two adsorption techniques have been demonstrated:

(1) regenerative activated carbon technology where off-gases are first cleaned by ESP, and passed though moving adsorption bed (char) to both adsorb PCDD, PCDF, and to filter particulates.  Adsorptive material is then regenerated.

(2) injection of activated carbon, lignite or other similar adsorptive material into the gas stream followed by fabric filter dedusting.
	These techniques are associated with the following emission concentration levels:

(1) <0.3 ng TEQ/m3
(2) 0.1 to 0.5 ng TEQ/ m3

	Fine wet scrubbing of waste gases
	Use of this technique should include a preliminary counter current wet scrubber to quench gases and remove larger particles, followed by a fine scrubber using high pressure mist jet co-current with off-gases to remove fine particles and impurities.
	
	The fine wet scrubbing system under the trade name Airfine ® as developed by Voest Alpine Industries, has been shown to reduce emission concentrations to 0.2 to 0.4 ng TEQ/m3.

	The following secondary measures should not be considered as BAT on their own.  For effective minimization and reduction of PCDD, PCDF and other POPs, the following should be employed in concert with other identified measures.

	De-dusting of waste gases.
	Waste gases should be dedusted using high efficiency techniques, as this can help minimize PCDD/PCDF emissions.  A recommended BAT for dedusting is the use of fabric filters.

Feed and discharge ends of the sinter strand should be adequately hooded and controlled to capture and dedust fugitive emissions. 
	Fabric filters have been shown to reduce sinter off-gas particulate emissions to <10 to <30 mg/m3.
	Other dedusting techniques used include ESPs and high efficiency scrubbers.  Good performance of these technologies are associated with particulate concentrations of <30 to 50 mg/m3.

	Hooding of the sinter strand
	The sinter strand should be hooded to minimize fugitive process emissions.
	
	Hooding of the strand will enable use of other measures, such as waste gas recirculation.


48. Achievable Permformance and Emission Limits

Achievable levels were identified for emissions of PCDD/PCDF only.  No levels were identified for the other unintentionally produced POPs or for releases to other media.

48.1. Achievable Performance for Emissions of PCDD/PCDF

Achievable performance for emissions of PCDD/PCDF from iron sintering plants are identified as follows:

	Source Type
	Emission Limit Value

	New Plants
	
<0.2 ng TEQ/Rm3

	Adsorption/Absorption and High Efficiency De-dusting
	
0.1 to 0.5 ngTEQ/Rm3

	Fine Wet Scrubbing System
	0.2 to 0.4 ng TEQ/Rm3


48.2. 
Country Emission Limits for Iron Sintering

The following provides a brief overview of emission concentration limits that have been established for or are applicable to iron sintering operations.

	Country
	Emission Limit

(PCDD/PCDF)
	Comment

	Austria
	0.4 ng I-TEQ/m3
	Applicable to new plants built after 2001

	Canada
	0.2 ng I-TEQ/Rm3
	For new plants

	
	<1.35 ng I-TEQ/Rm3
	For existing plants, to be achieved by 2002

	
	<0.5 ng I-TEQ/Rm3
	For existing plants, to be achieved by 2005

	
	<0.2 ng I-TEQ/Rm3
	For existing plants, to be achieved by 2010

	Germany
	0.1 ng I-TEQ/m3
	Target

	
	0.4 ng I-TEQ/m3
	Upper limit

	Japan
	0.1 ng WHO-TEQ/m3
	For new plants

	
	1 ng WHO-TEQ/m3
	For existing plants

	Netherlands
	0.1 ng I-TEQ/m3
	Desirable

	United Kingdom
	0.1 – 0.5 ng I-TEQ/m3
	Benchmark emission values

	Other 
	(PLEASE PROVIDE ANY ADDITIONAL INFORMATION ON EMISSION LIMITS)
	


5. Secondary aluminum  production
49. Process Description

Processes used in secondary aluminium smelting are dependent on feed material. Pre-treatment, furnace type and fluxes used will vary with each installation. Production processes involve scrap pre-treatment and smelting/refining. Pre-treatment methods include mechanical, pyro- and hydrometallurgical cleaning. Smelting is conducted using reverberatory or rotary furnaces. 

Feed consists of process scrap, used beverage cans (UBC), foils, extrusions, commercial scraps, turnings, and old rolled or cast metal. Skimmings and salt slags from the secondary smelting process are also recycled as feed. Pre-sorting of scrap into desired alloy groups can reduce processing time. Scrap is often contaminated with oil or coatings which must removed to reduce emissions and improve melting rate.
 

“Most secondary aluminium recovery facilities use batch processing in smelting and refining operations. The melting furnace is used to melt the scrap, and remove impurities and entrained gases. The molten aluminium is then pumped into a holding furnace. Holding furnaces are better suited for final alloying, and for making any additional adjustments necessary to ensure that the aluminium meets product specifications. Pouring takes place from holding furnaces, either into molds or as feedstock for continuous casters.

Smelting and refining operations can involve the following steps: charging, melting, fluxing, demagging, degassing, alloying, skimming, and pouring. Charging consists of placing pre-treated aluminium scrap into a melted aluminium pool (heel) that is maintained in melting furnaces. The scrap, mixed with flux material, is normally placed into the furnace charging well, where heat from the molten aluminium surrounding the scrap causes it to melt by conduction. Flux materials combine with contaminates and float to the surface of the aluminium, trapping impurities and providing a barrier (up to 6 inches thick) that reduces oxidation of the melted aluminium. To minimize aluminium oxidation (melt loss), mechanical methods are used to submerge scrap into the heel as quickly as possible.

Demagging reduces the magnesium content of the molten charge. In the past, when demagging with liquid chlorine, chlorine was injected under pressure to react with magnesium as the chlorine bubbled to the surface. The pressurized chlorine was released through carbon lances directed under the heel surface, resulting in high chlorine emissions. A more recent chlorine aluminium demagging process has replaced the carbon lance procedure. Chlorine gas is metered into the circulation pump discharge pipe. It is anticipated that reductions of chlorine emissions (in the form of chloride compounds) will be reported in the future. Other chlorinating agents or fluxes, such as anhydrous aluminium chloride or chlorinated organics, are used in demagging operations. 

Degassing is a process used to remove gases entrained in molten aluminium. High-pressure inert gases are released below the molten surface to violently agitate the melt. This agitation causes the entrained gasses to rise to the surface to be absorbed in the floating flux.

Alloying combines aluminium with an alloying agent in order to change its strength and ductility. The skimming operation physically removes contaminated semisolid fluxes (dross, slag, or skimmings) by ladling them from the surface of the melt.” 
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Figure 1
Secondary Aluminium Smelting

50. Sources of Unintentionally Produced POPs
The generation of polychlorinated dibenzoparadioxins (PCDD) and polychlorinated dibenzofurans (PCDF) is probable due to the presence of organic contaminants and plastics in the feed material with the addition of chlorine and chlorides during the smelting process.
50.1. General Information on Emissions from Secondary Aluminium Smelters 

Potential emissions to air include dust, metal compounds, chlorides, nitrogen oxides (NOx), sulphur dioxide (SO2) and organic compounds such as PCDD/PCDF and carbon monoxide (CO). Ammonia can also be generated from the improper storage, treatment and transport of skimmings. Chlorine compounds can be removed using wet/dry scrubbers and their formation minimised by good control and the use of mixtures of chlorine and inert gases. Low NOx burners and low sulphur fuels can be used to decrease emissions of NOx and SO2.

“After burning is used to destroy organic materials that escapes the combustion zone, while injection of treatment materials such as lime, sodium bi-carbonate and carbon is also practised. Most installations then use (high efficiency) bag filters or ceramic filters to remove dust and emissions can lie in the range 0.6 to 20 mg/Nm3. A spark arrester or cooling chamber often precedes them to provide filter protection. Energy recovery can be practised, most commonly re-cuperative burners are used.”

50.2. Emissions of PCDD/PCDF to Air

PCDD/PCDF are formed during base metals smelting through incomplete combustion or by de-novo synthesis when organic and chlorine compounds such as oils and plastics are present in the feed material. Secondary feed often consists of contaminated scrap.

“The presence of oils and other organic materials on scrap or other sources of carbon (partially burnt fuels and reductants, such as coke), can produce fine carbon particles which react with inorganic chlorides or organically bound chlorine in the temperature range of 250 to 500 °C to produce PCDD/PCDF. This process is known as de-novo synthesis and is catalysed by the presence of metals such as copper or iron.

Although PCDD/PCDF are destroyed at high temperature (above 850 °C) in the presence of oxygen, the process of de-novo synthesis is still possible as the gases are cooled through the “reformation window”. This window can be present in abatement systems and in cooler parts of the furnace e.g. the feed area. Care taken in the design of cooling systems to minimise the residence time in the window is practised to prevent de-novo synthesis.” 

“Poor combustion of fuel or the organic content of the feed material can result in the emission of organic materials. The provision of effective burner and furnace to controls is used to optimise combustion. Peak combustion rates from included organic materials needs to be taken into account if they are fed to the furnace. It is reported that pre-cleaning of scrap removes much of the organic material and improves the melting rate. The use of chlorine mixtures for degassing and magnesium removal and the use of chlorides (salt flux) will provide a source of chlorine for the potential formation of PCDD/PCDF.” 

50.3. Releases to Other Media 

“Production of aluminium from secondary raw materials is essentially a dry process.

Discharge of wastewater is usually limited to cooling water, which is often re-circulated and rainwater run-off from surfaces and roofs. The rainwater run-off can be contaminated by open storage of raw materials such as oily scrap and deposited solids.

Salt slags arise when mixtures of sodium and potassium chloride are used to cover the molten metal to prevent oxidation, increase yield and increase thermal efficiency.  These slags are generally produced in rotary furnaces and can have an environmental impact if they are deposited on land. Skimmings are used as a raw material in other parts of the secondary aluminium industry and are sometimes pre-treated by milling and air classification to separate aluminium from aluminium oxide. Spent filters from metal treatment are usually disposed. In some cases when sodium bicarbonate is used for gas cleaning, solid residues can be recovered with the salt flux. Alternatively filter dust can be treated thermally to destroy dioxins. Furnace linings and dust can be recovered in the salt slag treatment processes or disposed.”

51. Recommended Processes

Process design and configuration is influenced by the variation in feed material and quality control. Processes considered as BAT are the Reverberatory Furnace, Rotary and Tilting Rotary Furnaces, the Induction Furnace, and the Meltower Shaft Furnace. All techniques should be applied in conjunction with suitable gas collection and abatement systems.

No information is available on alternate processes to smelting for secondary aluminium processing.

52. Primary and Secondary Measures

Primary and secondary measures of PCDD/PCDF reduction and elimination are discussed below.

52.1. Primary Measures

Primary measures are regarded as pollution prevention techniques to reduce or eliminate the generation and release of POPs. Possible measures include:

Pre-sorting of Feed Material: 

The presence of oils, plastics and chlorine compounds in the feed material should be avoided to reduce the generation of PCDD/PCDF during incomplete combustion or by de-novo synthesis. Sorting of feed material should be conducted prior to smelting to suit furnace type and abatement and to permit the transfer of unsuitable raw materials to other facilities better suited for their treatment. This will prevent or minimise the use of chloride salt fluxes during smelting.

Scrap material should be cleaned of oils, paints and plastics during pre-treatment. The removal of organic and chlorine compounds will reduce the potential for PCDD/PCDF formation. Methods used include the swarf centrifuge, swarf drying or other thermal de-coating techniques. Thermal de-coating and de-oiling processes for oil removal should be followed by afterburning to destroy any organic material in the off-gas.
  

Scrap sorting using laser and eddy current technology is being tested. These methods could provide more efficient selection of materials for recycling and the ability to produce desired alloys in recycling plants. 

Effective Process Control:

Process control systems should be utilized to maintain process stability and operate at parameter levels that will contribute to the minimization of PCDD/PCDF generation, such as maintaining furnace temperature above 850 °C to destroy PCDD/PCDF. Ideally, PCDD/DF emissions would be monitored continuously to ensure reduced releases. Continuous emissions sampling of PCDD/PCDF has been demonstrated for some sectors (e.g., waste incineration), but research is still developing in this field.  In the absence of continuous PCDD/PCDF monitoring, other variables such as temperature, residence time, gas components and fume collection damper controls should be continuously monitored and maintained to establish optimum operating conditions for the reduction of PCDD/PCDF.

52.2. Secondary Measures

Secondary measures are pollution control techniques. These methods do not eliminate the generation of contaminants, but serve as means to contain and prevent emissions. 

Fume and Gas Collection
:

Fume and off-gas collection should be implemented in the control of air emissions from all stages of the process. The use of sealed feeding systems and furnaces should be practiced. Fugitive emissions should be controlled by maintaining negative air pressure within the furnace to prevent leaks. If a sealed unit is not possible, hooding should be used.  Furnace or reactor enclosures may be necessary. Where primary extraction and enclosure of fumes is not practicable, the furnace should be enclosed so that ventilation air can be extracted, treated and discharged.

High Efficiency Dust Removal:

Particulate matter generated during the smelting process should be removed as this material possesses large surface area on which PCDD/PCDF can adsorb. Proper isolation and disposal of these dusts will aid in PCDD/PCDF control. Collected particulate should be treated in high temperature furnaces to destroy PCDD/PCDF and recover metals. Methods to consider are the use of fabric filters, wet/dry scrubbers and ceramic filters. 

Scrubbing off-gases with sodium bicarbonate will remove chlorides produced by the salt flux, resulting in sodium chloride, which can then be removed by fabric filters to be recharged to the furnace. In addition, use of a catalytic coating on fabric filter bags could destroy PCDD/PCDF by oxidation while collecting particulate matter on which these contaminants have adsorbed. 

Afterburners and quenching:

Afterburners (post-combustion) should be used at a minimum temperature of 950°C to ensure full combustion of organic compounds.
 This stage is to be followed by rapid quenching of hot gases to temperatures below 250°C. Oxygen injection in the upper portion of the furnace will promote complete combustion. 

It has been observed that PCDD/PCDF are formed in the temperature range of 250 to 500°C. These are destroyed above 850°C in the presence of oxygen. Yet, de novo synthesis is still possible as the gases are cooled through the reformation window present in abatement systems and cooler areas of the furnace. Proper operation of cooling systems to minimise reformation time should be implemented.

Adsorption on Activated Carbon:

Activated carbon treatment should be considered as this material is an ideal medium on which PCDD/PCDF can adsorb due to its large surface area. Off-gas treatment techniques include using fixed or moving bed reactors or injection of carbon into the gas stream followed by high efficiency dust removal systems such as fabric filters. Lime/carbon mixtures can also be used. 

53. Emerging Research

Catalytic Oxidation:

Catalytic oxidation is an emerging technology used in waste incinerators to eliminate PCDD/PCDF emissions.  This process should be considered by secondary base metals smelters as it has proven effective for PCDD/PCDF destruction in waste incinerators.

Catalytic oxidation processes organic compounds into water, carbon dioxide (CO2) and hydrochloric acid using a precious metal catalyst to increase the rate of reaction between 370 to 450°C, whereas incineration occurs typically at 980°C. Catalytic oxidation has been shown to destroy PCDD/PCDF with shorter residence times, lower energy consumption and 99% efficiency, and should be considered. Off-gases should be de-dusted prior to catalytic oxidation for optimum efficiency.  This method is effective for the vapour phase of contaminants. The resulting hydrochloric acid is treated in a scrubber while the water and CO2 are released to the air after cooling.

54. Summary of Measures

Table 6.1
Measures for Recommended Processes

	Measure
	Description
	Considerations
	Other comments

	New Secondary Aluminium Smelters

	Recommended Processes
	Various recommended smelting processes should be considered for new facilities. 


	Processes to be considered include: Reverberatory Furnace, Rotary and Tilting Rotary Furnaces, the Induction Furnace, and the Meltower Shaft Furnace. 
	All techniques should be applied in conjunction with suitable gas collection and abatement systems.


Table 6.2
Summary of Primary and Secondary Measures for Secondary Aluminium Smelters

	Measure
	Description
	Considerations
	Other Comments

	Primary Measures

	Pre-sorting of feed material
	The presence of oils, plastics and chlorine compounds in the feed material should be avoided to reduce the generation of PCDD/PCDF during incomplete combustion or by de-novo synthesis. 
	Processes to be considered include:

- Prevention or minimisation of the use of chloride salts where possible.

- Cleaning scrap material of oils, paints and plastics during pre-treatment. - Using thermal decoating techniques such as the swarf centrifuge or swarf dryer 
	Sorting of feed material should be conducted prior to smelting to suit furnace type and abatement and to permit the transfer of unsuitable raw materials to other facilities better suited for their treatment.

Thermal de-coating and de-oiling processes for oil removal should be followed by afterburning to destroy any organic material in the off-gas 

	Effective process control
	Process control systems should be utilized to maintain process stability and operate at parameter levels that will contribute to the minimization of PCDD/PCDF generation.
	PCDD/PCDF emissions may be minimized by controlling other variables such as temperature, residence time, gas components and fume collection damper controls after having established optimum operating conditions for the reduction of PCDD/PCDF.
	Continuous emissions sampling of PCDD/PCDF has been demonstrated for some sectors (e.g. waste incineration), but research is still developing in this field.

	Secondary Measures

	Fume and Gas Collection
	Effective fume and off-gas collection should be implemented in the capture of air emissions from all stages of the process.
	Processes to be considered include:

- Use of sealed feeding systems and furnaces. 

- Control of fugitive emissions by maintaining negative air pressure within the furnace to prevent leaks. 

- Use of hooding if a sealed unit is not possible.

- Use of furnace or reactor enclosures. 
	Where primary extraction and enclosure of fumes is not practicable, the furnace should be enclosed so that ventilation air can be extracted, treated and discharged.

	High Efficiency Dust Removal
	Particulate matter generated during the smelting process should be removed as this material possesses large surface area on which PCDD/PCDF can adsorb. Proper isolation and disposal of these dusts will aid in PCDD/PCDF control. 
	Processes to be considered include:

- Fabric filters, wet/dry scrubbers and ceramic filters. 

- Catalytic coatings on fabric filter bags to destroy PCDD/PCDF by oxidation while collecting particulate matter on which these contaminants have adsorbed
	Collected particulate should be treated in high temperature furnaces to destroy PCDD/PCDF and recover metals. 

	Afterburners and quenching
	Afterburners should be used at temperatures >950°C to ensure full combustion of organic compounds, followed by rapid quenching of hot gases to temperatures below 250°C.
	Considerations include:

- PCDD/PCDF formation at 250-500°C, and destruction >850°C with O2. 

- Requirement for sufficient O2in the upper region of the furnace for complete combustion.

- Need for proper design of cooling systems to minimise reformation time.
	- De novo synthesis is still possible as the gases are cooled through the reformation window.

	Adsorption on Activated Carbon
	Activated carbon treatment should be considered as this material is an ideal medium on which PCDD/PCDF can adsorb due to its large surface area. 


	Processes to be considered include: 

- Treatment with activated carbon using fixed or moving bed reactors 

- injection of carbon into the gas stream followed by high efficiency de-dusting methods such as fabric filters.
	Lime/carbon mixtures can also be used.

	Emerging Research

	Catalytic Oxidation 
	Catalytic oxidation is an emerging technology which should be considered due to its high efficiency and lower energy consumption. Catalytic oxidation transforms organic compounds into water, carbon dioxide (CO2) and hydrochloric acid using a precious metal catalyst.
	Considerations include:

- Process efficiency for the vapour phase of contaminants. 

- Hydrochloric acid treatment using scrubbers while water and CO2 are released to the air after cooling
	Has been shown to destroy PCDD/PCDF with shorter residence times, lower energy consumption and 99% efficiency.

Off-gases should be de-dusted prior to catalytic oxidation for optimum efficiency.  


7.0
Achievable Performance and Emission Limits

Achievable performance for emissions of PCDD/PCDF from secondary aluminium smelters are identified as follows:

Table 7.1
Performance Standards for Secondary Aluminium Smelters

	Emission Limit


	<0.1 ng/Rm3 TEQ




6. Secondary zinc production

55. Process Description

Secondary zinc smelting involves the processing of zinc scrap from various sources.  Feed material includes dusts from copper alloy production and electric arc steel-making, residues from steel scrap shredding, and scrap from galvanizing processes. The process method is dependent on zinc purity, form and degree of contamination. Scrap is processed as zinc dust, oxides or slabs. The three general stages of production are pre-treatment, melting, and refining.

During pre-treatment, scrap is sorted according to zinc content and processing requirements, cleaned, crushed and classified by size. A sweating furnace is used to heat the scrap to 364°C. At this temperature, only zinc is melted while other metals remain solid. The molten zinc is collected at the bottom of the sweat furnace and recovered. The leftover scrap is cooled, recovered and sold to other processors.

Pre-treatment can involve leaching with sodium carbonate solution to convert dross and skimmings to zinc oxide, to be reduced to zinc metal. The zinc oxide product is refined at primary zinc smelters.

Melting processes use kettle, crucible, reverberatory, and electric induction furnaces. Impurities are separated from molten zinc by flux materials. Agitation allows flux and impurities to float on the surface as dross, which can be skimmed off. The remaining zinc is poured into moulds or transferred in a molten state for refining. Alloys can be produced from pre-treated scrap during sweating and melting.

Refining removes further impurities in clean zinc alloy scrap and in zinc vaporizedduring the melt phase in retort furnaces. Distillation involves vaporization of zinc at temperatures from 982 to 1249°C in muffle or retort furnaces and condensation as zinc dust or liquid zinc. Several forms can be recovered depending on temperature, recovery time, absence or presence of oxygen, and equipment used during zinc vapour condensation. Pot melting is a simple indirect heat melting operation where the final alloy cast into zinc alloy slabs is controlled by the scrap input into the pot. Distillation is not involved. 

Final products from refining processes include zinc ingots, zinc dust, zinc oxide, and zinc alloys.
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Figure 1
Secondary Zinc Smelting

56. Sources of Unintentionally Produced POPs

The formation of polychlorinated dibenzoparadioxins (PCDD) and polychlorinated dibenzofurans (PCDF) may be possible if plastics and oils are present in the feed material.

56.1. General Information on Emissions from Secondary Zinc Smelters
 

Air emissions from secondary zinc smelting can escape as stack or fugitive emissions depending on the facility age or technology. Main contaminants are sulphur dioxide (SO2), other sulphur compounds and acid mists, nitrogen oxides (NOx), metals, especially zinc, and their compounds, dusts and PCDD/PCDF. SO2 is collected and processed into sulphuric acid in acid plants when processing secondary material with high sulphur content. Fugitive SO2 emissions can be controlled by good extraction and sealing of furnaces. NOx can be reduced using low NOx or oxy-fuel burners. Particulate matter is collected using high efficiency dust removal methods such as fabric filters and returned to the process.

56.2. Emissions of PCDD/PCDF to Air

PCDD/PCDF are formed during base metals smelting through incomplete combustion or by de-novo synthesis when organic and chlorine compounds such as oils and plastics are present in the feed material. Secondary feed often consists of contaminated scrap.

“The processing of impure scrap such as the non-metallic fraction from shredders is likely to involve production of pollutants including PCDD/PCDF. Relatively low temperatures are used to recover lead and zinc (340 and 440°C). Melting of zinc may occur with the addition of fluxes including zinc and magnesium chlorides.” 

The low temperatures used in zinc melting falls directly within the 250 to 500°C range in which PCDD/PCDF are generated. The addition of chloride fluxes provides a chlorine source. Formation is possible in the combustion zone by incomplete combustion of organic compounds and in the off-gas treatment cooling section through de novo synthesis. PCDD/PCDF adsorb easily onto particulate matter such as dust, filter cake and scrubber products and can be discharged to the environment through air emissions, wastewater and residue disposal.

“Although PCDD/PCDF are destroyed at high temperature (above 850 °C) in the presence of oxygen, the process of de-novo synthesis is still possible as the gases are cooled through the “reformation window”. This window can be present in abatement systems and in cooler parts of the furnace e.g. the feed area. Care taken in the design of cooling systems to minimise the residence time in the window is practised to prevent de-novo synthesis.” 

56.3. Releases to Other Media

Wastewater originates from process effluent, cooling water and runoff and is treated using wastewater treatment techniques. Process residues are recycled, treated using downstream methods to recover other metals, or safely disposed.
57. Recommended Processes
Variation in feed material and desired product quality influences process design and configuration. These processes should be applied in combination with good process control, gas collection and abatement systems. Processes considered to be BAT include:

· “Physical separation, melting and other high temperature treatment techniques followed by the removal of chlorides.

· The use of Waelz kilns, cyclone or converter type furnaces to raise the temperature to volatilise the metals and then form the oxides that are then recovered from the gases in a filtration stage.” 
 

No information is available on alternate processes to smelting for secondary zinc processing.

58. Primary and Secondary Measures

Primary and secondary measures of PCDD/PCDF reduction and elimination are discussed below.

58.1. Primary Measures

Primary measures are regarded as pollution prevention techniques to reduce or eliminate the generation and release of POPs. Possible measures include:

1. Pre-sorting of Feed Material:

Oils and plastics in zinc scrap should be separated from the furnace feed to reduce the formation of PCDD/PCDF from the incomplete combustion of organic compounds or by de-novo synthesis. Methods for feed storage, handling and pre-treatment are influenced by material size distribution, contaminants and metal content.  

Milling and grinding, in conjunction with pneumatic or density separation techniques, can be used to remove plastics. Thermal de-coating and de-oiling processes for oil removal should be followed by afterburning to destroy any organic material in the off-gas.
 

2. Effective Process Control:

Process control systems should be utilized to maintain process stability and operate at parameter levels that will contribute to the minimization of PCDD/PCDF generation, such as maintaining furnace temperature above 850 °C to destroy PCDD/PCDF. Ideally, PCDD/DF emissions would be monitored continuously to ensure reduced releases. Continuous emissions sampling of PCDD/PCDF has been demonstrated for some sectors (e.g. waste incineration), but research is still developing in this field.  In the absence of continuous PCDD/PCDF monitoring, other variables such as temperature, residence time, gas components and fume collection damper controls should be continuously monitored and maintained to establish optimum operating conditions for the reduction of PCDD/PCDF.

58.2. Secondary Measures

Secondary measures are pollution control techniques to contain and prevent emissions.

These methods do not prevent the formation of contaminants. 

1. Fume and Gas Collection:
Effective fume and off-gas collection should be implemented in all stages of the smelting process to capture PCDD/PCDF emissions.

“The fume collection systems used can exploit furnace-sealing systems and be designed to maintain a suitable furnace [vacuum] that avoids leaks and fugitive emissions. Systems that maintain furnace sealing or hood deployment can be used. Examples are through hood additions of material, additions via tuyeres or lances and the use of robust rotary valves on feed systems. An [effective] fume collection system capable of targeting the fume extraction to the source and duration of any fume will consume less energy. BAT for gas and fume treatment systems are those that use cooling and heat recovery if practical before a fabric filter….” 
 
2. High Efficiency Dust Removal:

Dusts and metal compounds generated from the smelting process should be removed as this particulate matter possesses high surface area on which PCDD/PCDF easily adsorb. Removal of these dusts would contribute to the reduction of PCDD/PCDF emissions. Techniques to be considered are the use of fabric filters, wet/dry scrubbers and ceramic filters. Collected particulate matter is usually recycled in the furnace.

Fabric filters using high performance materials are the most effective option. Innovations regarding this method include bag burst detection systems, online cleaning methods, and catalytic coatings to destroy PCDD/PCDF. 

3. Afterburners and quenching:

Afterburners (post-combustion) should be used at a minimum temperature of 950°C to ensure full combustion of organic compounds.
 This stage is to be followed by rapid quenching of hot gases to temperatures below 250°C. Oxygen injection in the upper portion of the furnace will promote complete combustion. 

It has been observed that PCDD/PCDF are formed in the temperature range of 250 to 500°C. These are destroyed above 850°C in the presence of oxygen. Yet, de novo synthesis is still possible as the gases are cooled through the reformation window present in abatement systems and cooler areas of the furnace. Operation of cooling systems to minimise reformation time should be implemented.

4. Adsorption on Activated Carbon:

Activated carbon treatment should be considered for PCDD/PCDF removal from smelter off-gases. Activated carbon possesses large surface area on which PCDD/PCDF can be adsorbed. Off-gases can be treated with activated carbon using fixed or moving bed reactors, or injection of carbon particulate into the gas stream followed by removal as a filter dust using high efficiency dust removal systems such as fabric filters. 

59. Emerging Research

Catalytic Oxidation:

Catalytic oxidation is an emerging technology used in waste incinerators to eliminate PCDD/PCDF emissions.  This process should be considered by secondary base metals smelters as it has proven effective for PCDD/PCDF destruction in waste incinerators.

Catalytic oxidation processes organic compounds into water, carbon dioxide (CO2) and hydrochloric acid using a precious metal catalyst to increase the rate of reaction at 370 to 450°C. In comparison, incineration occurs typically at 980°C. Catalytic oxidation has been shown to destroy PCDD/PCDF with shorter residence times, lower energy consumption and 99% efficiency, and should be considered. Off-gases should be de-dusted prior to catalytic oxidation for optimum efficiency.  This method is effective for the vapour phase of contaminants. The resulting hydrochloric acid is treated in a scrubber while the water and CO2 are released to the air after cooling.

60. Summary of Measures

Table 6.1
Measures for Recommended Processes

	Measure
	Description
	Considerations
	Other comments

	New Secondary Zinc Smelters

	Recommended Processes
	Various recommended smelting processes should be considered for new facilities. 


	Processes to be considered include:

- Physical separation, melting and other high temperature treatment techniques followed by the removal of chlorides.

- The use of Waelz kilns, cyclone or converter type furnaces to raise the temperature to volatilise the metals and then form the oxides that are then recovered from the gases in a filtration stage.
	These processes should be applied in combination with good process control, gas collection and abatement systems.


Table 6.2
Summary of Primary and Secondary Measures for Secondary Zinc Smelters

	Measure
	Description
	Considerations
	Other Comments

	Primary Measures

	Pre-sorting of feed material
	Oils and plastic in zinc scrap should be separated from the furnace feed to reduce the formation of PCDD/PCDF from incomplete combustion or by de-novo synthesis. 

  
	Processes to be considered include:

- Milling and grinding, in conjunction with pneumatic or density separation techniques, can be used to remove plastics.

- Oil removal conducted through thermal de-coating and de-oiling processes
	Thermal de-coating and de-oiling processes for oil removal should be followed by afterburning to destroy any organic material in the off-gas.

	Effective process control
	Process control systems should be utilized to maintain process stability and operate at parameter levels that will contribute to the minimization of PCDD/PCDF generation. 
	PCDD/PCDF emissions may be minimized by controlling other variables such as temperature, residence time, gas components and fume collection damper controls, after having established optimum operating conditions for the reduction of PCDD/PCDF.
	Continuous emissions sampling of PCDD/PCDF has been demonstrated for some sectors (e.g. waste incineration), but research is still developing in this field.

	Secondary Measures

	Fume and Gas Collection
	Effective fume and off-gas collection should be implemented in all stages of the smelting process to capture PCDD/PCDF emissions.
	Processes to be considered include:

- Furnace-sealing systems to maintain a suitable furnace vacuum that avoids leaks and fugitive emissions. 

- Use of hooding 

- Hood additions of material, additions via tuyeres or lances and the use of robust rotary valves on feed systems. 
	BAT for gas and fume treatment systems are those that use cooling and heat recovery if practical before a fabric filter except when carried out as part of the production of sulphuric acid

	High Efficiency Dust Removal
	Dusts and metal compounds should be removed as this material possesses high surface area on which PCDD/PCDF easily adsorb. Removal of these dusts would contribute to the reduction of PCDD/PCDF emissions. 
	Processes to be considered include:

- Use of fabric filters,  wet/dry scrubbers and ceramic filters. 
	Fabric filters using high performance materials are the most effective option.  Collected particulate matter should be recycled in the furnace

	Afterburners and quenching
	Afterburners should be used at temperatures >950°C to ensure full combustion of organic compounds, followed by rapid quenching of hot gases to temperatures below 250°C.
	Considerations  include:

- PCDD/PCDF formation at 250-500°C, and destruction >850°C with O2. 

- Requirement for sufficient O2in the upper region of the furnace for complete combustion.

- Need for proper design of cooling systems to minimise reformation time.
	- De novo synthesis is still possible as the gases are cooled through the reformation window.

	Adsorption on Activated Carbon
	Activated carbon treatment should be considered as this material is an ideal medium for adsorption of PCDD/PCDF due to its large surface area. 
	Processes to be considered include:

- Treatment with activated carbon using fixed or moving bed reactors, - Injection of carbon particulate into the gas stream followed by removal as a filter dust.
	Lime/carbon mixtures can also be used.

	Emerging Research

	Catalytic Oxidation
	Catalytic oxidation is an emerging technology which should be considered due to its high efficiency and lower energy consumption. Catalytic oxidation transforms organic compounds into water, CO2 and hydrochloric acid using a precious metal catalyst.
	Considerations include:

- Process efficiency for the vapour phase of contaminants. 

- Hydrochloric acid treatment using scrubbers while water and CO2 are released to the air after cooling.
	Catalytic oxidation has been shown to destroy PCDD/PCDF with shorter residence times, lower energy consumption and 99% efficiency.

Off-gases should be de-dusted prior to catalytic oxidation for optimum efficiency.  


7.0
Achievable Performance and Emission Limits

Achievable performance for emissions of PCDD/PCF from secondary zinc smelters are identified as follows:

Table 7.1
Performance Standards for Secondary Zinc Smelters
	Emission Limit


	
<0.1 ng /Rm3 TEQ
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� Basel Convention on the control of transboundary movements of hazardous wastes and their disposal (adopted on 22 March 1989): Technical Guidelines on the environmentally sound management of biomedical and health-care waste, UNEP, Geneva 2002


� The interpretation of the definition of infectious health-care waste varies according to national circumstances, policies and regulations. International organizations (WHO, the United Nations, etc.) have specific interpretations of the definition. Infectiousness is one of the hazardous characteristics listed in annex III to the Basel Convention and defined under class H6.2 .





� e.g. in “Handbook for safe management of wastes from health care activities”, WHO, 2000; Basel Convention on the control of transboundary movements of hazardous wastes and their disposal (adopted on 22 March 1989): Technical Guidelines on the environmentally sound management of biomedical and health-care waste, UNEP, Geneva 2002?


� Cost data on the various techniques can be obtained from the following publication: Health Care Without Harm, Non-Incineration Medical Waste Treatment Technologies, 2001, Washington, � HYPERLINK "http://www.noharm.org/nonincineration" ��http://www.noharm.org/nonincineration� (Chapter 11)


� from Basel Convention Technical Guidelines on the environmentally sound management of biomedical and health-care waste, Chapter 2, Figure 2 (adapted)


� See Guidelines on municipal waste incineration for further information


� which represent BAT in the European Union, Canada, ….


� European Directive 2000/76/EC on the incineration of waste


� Canadian Council of Ministers of the Environment (CCME), Canada-wide Standards for PCDD and Furans


� National Emission Standards for Hazardous Air Pollutants: Proposed Standards for Hazardous Air Pollutants for Hazardous Waste Combustors (Phase I Final Replacement Standards and Phase II)


 (The Administrator of EPA signed this proposed rule on March 31, 2004 and EPA has submitted it for publication in the Federal Register; no official version; official version in a forthcoming Federal Register  publication; http://www.epa.gov/fedrgstr


� 40 CFR Part 60 Standards of Performance for New Stationary Sources and Emission Guidelines for Existing Sources: Hospital/ Medical/Infectious Waste Incinerators; Final Rule; http://www.epa.gov/hwcmact/newmact/hazmact.htm


� 40 CFR Part 62 Federal Plan Requirements for Hospital/ Medical/Infectious Waste Incinerators Constructed On or Before June 20, 1996; Final Rule; http://www.epa.gov/hwcmact/newmact/hazmact.htm





� Toxicity equivalents are not indicated.


� The dry process is only appropriate in the case of limestone as a raw material feed. It is possible to utilize preheater/precalciner technology to process chalk, with the chalk slurry dried in a flash drier at the front end of the process.


� European Commission, Integrated Pollution Prevention and Control Reference Document on Best Available Techniques in the Non Ferrous Metals Industries, December 2001, p. 201-202.


� US Environmental Protection Agency, Background Report AP-42 Section 12.9, Secondary Copper Smelting, Refining and Alloying, January 1995. URL: www.epa.gov/ttn/chief/ap42/ch12/final/c12s09.pdf


� European Commission, Integrated Pollution Prevention and Control Reference Document on Best Available Techniques in the Non Ferrous Metals Industries, December 2001, p. 217.





� European Commission, Integrated Pollution Prevention and Control Reference Document on Best Available Techniques in the Non Ferrous Metals Industries, December 2001, p. 218-229.


� European Commission, Integrated Pollution Prevention and Control Reference Document on Best Available Techniques in the Non Ferrous Metals Industries, December 2001, p. 133.


� European Commission, Integrated Pollution Prevention and Control Reference Document on Best Available Techniques in the Non Ferrous Metals Industries, December 2001, p. 232.


� European Commission, Integrated Pollution Prevention and Control Reference Document on Best Available Techniques in the Non Ferrous Metals Industries, December 2001, p. 187-188.


� European Commission, Integrated Pollution Prevention and Control Reference Document on Best Available Techniques in the Non Ferrous Metals Industries, December 2001, p.139-140.


� Hübner C., et. al., State-Of-The-Art Measures For Dioxin Reduction In Austria, 2000. URL: www.ubavie.gv.at/publikationen/Mono/M116s.htm


� European Commission, Integrated Pollution Prevention and Control Reference Document on Best Available Techniques in the Non Ferrous Metals Industries, December 2001, p. 189.


� European Commission, Integrated Pollution Prevention and Control Reference Document on Best Available Techniques in the Non Ferrous Metals Industries, December 2001, p. 133.


� Parvesse, T., Chemical Processing, Controlling Emissions from Halogenated Solvents, April 2001. URL: www.chemicalprocessing.com/Web_First/cp.nsf/ArticleID/NJEC-4VPKAW/


� Rm3 indicates a reference volume at 298 K (25°C), 101.3 kPa (1 atmosphere), dry gas basis and operating O2 levels.


� United Nations Environment Programme (UNEP), Standardized Toolkit for Identification and Quantification of Dioxin and Furan Releases, (Switzerland: UNEP Chemicals, 2003), p. 60


� Environment Canada,  Environmental Code of Practice for Integrated Steel Mills – CEPA 1999 Code of Practice,  (Canada: Public Works and Government Services, 2001), p. 18.


� William T. Lankford Jr., Norman L. Samways, Robert F. Craven, and Harold E. MacGannon, eds.,  The Making, Shaping and Treating of Steel,  10th Edition,  (USA: Association of Iron and Steel Engineers, 1985), p. 305-6.


� Environment Canada,  Environmental Code of Practice for Integrated Steel Mills – CEPA 1999 Code of Practice,  (Canada: Public Works and Government Services, 2001), p. 23-25.


� William Lemmon & Associates Ltd., Research on Technical Pollution Prevention Options for Iron Sintering, Draft of 2003/05/17 (Canada: prepared for the Canadian Council of Ministers of the Environment, 2003), p.20-21


� Ibid.


� European Integrated Pollution Prevention and Control Bureau (EIPPCB),  Best Available Techniques Reference Document on the Production of Iron and Steel, (Seville, Spain, 2000), p.47.


� U.K. Environment Agency, Integrated Pollution Prevention and Control (IPPC) Guidance for the Coke, Iron and Steel Sector, (United Kingdom: Environment Agency, 2001), p. 39.


� U.S. Environmental Protection Agency, National Emission Standards for Hazardous Air Pollutants: Integrated Iron and Steel Manufacturing; Final Rule, (United-States: 40 CFR Part 63, Federal Register/ Vol. 68, No. 97, May 20, 2003), URL: www.epa.gov
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