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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International

organizations, governmental and non-governmental, in liaison with ISO, also take part in the wo
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters
electrotechnical standardization.

rk.
of

The procg¢dures used to develop this document and those intended for its further maintenance.:
described|in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed-for {
different fypes of ISO documents should be noted. This document was drafted in accordance with {
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may)be the subject
patent rights. ISO shall not be held responsible for identifying any or all such patént rights. Details
any patenf rights identified during the development of the document will be in the.Introduction and
on the IS{ list of patent declarations received (see www.iso.org/patents).

Any tradg name used in this document is information given for the conveniéence of users and does 1
constitutg an endorsement.

For an ejplanation of the voluntary nature of standards, the €eaning of ISO specific terms 4
expressiohs related to conformity assessment, as well as information about ISO's adherence to f{
World Tralde Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso0.04
iso/forewprd.html.

This document was prepared by Technical Committee JSO/TC 275, Sludge recovery, recycling, treatm
and dispoqal.

Any feedback or questions on this document should be directed to the user’s national standards body.

complete |isting of these bodies can be found @twww.iso.org/members.html.
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Introduction

Sludge treatment and management is globally a growing challenge for most countries:

— sludge is a by-product of water treatment process produced in large quantities as new wastewater
treatment facilities are built and the existing ones are upgraded to keep up with the population

growth;

— sludge treatment and disposal constitutes one of the most significant costs associated with water

and wastewater treatment;

—| stricter regulations on conventional outlets such as beneficial agricultural land; coi‘nposting,
landfilling require more treatment due to concerns about the long-term impacts-on’public health
and environment;

—| sludge is now being considered as a source of renewable energy, and also,'a source of valuable
components such as carbon and nutrients.

The growing trend to recover energy and resources from waste sludge ‘and stricter regulations on

ouflets have created interest in a number of thermal treatments and may.meet, under certain conditions,

th¢ circular economy principles.

Thie objective of this document is to pragmatically present the fmethods for thermal treatment of sludge

by|covering the different process fundamentals, the associated technologies and operationgl aspects,

the¢ management of energy, valuables and residues, the aspects related to impacts and integration of
indtallations referring to them.

Figure 1 highlights the thermal processes covered-according to their main function and |operating

terpperature.

Stabilization Pasteurization
Drying Drying
Thermal
processes Wet oxidation
o
Hydrolysis %
2
Pyrolysis g
=
Thermolysis
Conversion
Carbonization
Gasification
Incineration
Melting v
NOTE The processes listed in the right column and connected to conversion and drying as main functions
also achieve the sludge stabilization.
Figure 1 — Thermal processes covered by this document
© 1S0 2021 - All rights reserved vii
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Sludge recovery, recycling, treatment and disposal —
Guidance on thermal treatment of sludge

qecHeRtae thes-geod-practice he—ineireration—andotheroreanicmatte tmentby
th¢rmal processes of sludges.

ermal conditioning is excluded.

Thiis document applies to sludges specifically derived from:
—| storm water handling;

—| night soil;

—| urban wastewater collecting systems;

—| urban wastewater treatment plants;

—| treating industrial wastewater similar to urban wastewater.

Itipcludes all sludge that may have similar environmentaland/or health impacts but excludes hazardous
sludge from industry and dredged sludge.
2 [ Normative references

Thiere are no normative references in this'document.

3 | Terms and definitions
For the purposes of this dociment, the following terms and definitions apply.
ISQ and IEC maintain teérminological databases for use in standardization at the following addiresses:

—| ISO Online browsing platform: available at https://www.iso.org/obp

—| IEC Electropedia: available at http://www.electropedia.org/

3.1
melting
th¢rmal treatment which makes sludge or ash temperature raising over melting point|of sludge

i roanic cub ot onc
incrganiesubstaneces

3.2
drying
thermal treatment for evaporating water from dewatered sludge to control water content by heating

3.3
carbonization
part of pyrolysis (3.4), focusing on production of a solid secondary resource so-called bio-charcoal

© IS0 2021 - All rights reserved 1
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3.4
pyrolysis

thermal treatment without supply of oxygen

[SOURCE:

3.5
gasificati

CEN/TR 16788, 3.4]

on

thermal treatment with less than the stoichiometric supply of oxygen or air (partial combustion)

3.6

char
combinati

pyrolysis
3.7
bio-chard

biochar
solid seco

3.8
thermal {
treatment

39

3.4) or carbonization (3.3) process

oal

hdary resource, generated from carbonization (or pyrolysis) process

reatment
in which heat is applied to remove moisture, microbial content-and organic compounds

thermal process

technique

3.10

for the application of thermal treatment (3.8)

combined treatment

treatment

3.11
furnace
enclosed (

3.12
boiler
specific p
and energ

3.13

flue gast
any phys
treatment

3.14
bottom a

of sludge and other waste in the same device

hamber where combustion of organic matter takes place

irt of the thermal treatment plant where heat exchange takes place in view of recovering h
y

reatment
cal or chemical process aimed at cleaning the gas emission resulting from the thern
(3.8) withiregard to their discharge into the atmosphere

Kh

on of non-combustible materials and carbon produced from devolatization, gasification|¢3{5

pat

hal

combustion residue collected at the bottom of a combustion furnace

3.15
fly ash

solid material that is entrained in a flue gas stream

3.16

energy recovery
use of combustible waste as a means to generate energy through thermal treatment with recovery of

heat
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3.17

re

cycling

:2021(E)

activity in a production process to process waste materials for the original purpose or for other
purposes, excluding energy recovery (3.16)

3.18
slag

pa

rtially glassy by-product obtained by cooling a mineral liquid phase

3.19

en

rov efficiencv
5 r4

anjount of energy and/or heat recovery in relation to the energy content of input material

3.20
wadt oxidation
wat air oxidation

aq

3.21

sy

hgas

mifture of gases (including carbon monoxide, hydrogen, methane, eté)produced from gasific

(0]

—

pyrolysis (3.4) process

3.22

co
ch

mbustion
bmical and exothermic reaction with full oxidation of cembustible materials

3.23
aufothermal conditions

co

pditions that keep combustion without auxiliary fuel and/or other external energy

3.24
paste-like sludge

slu

sh
[S

bar resistance below a certain threshold

URCE: CEN/TR 15463, 1.2:b]

3.25

so

id sludge

slydge having a shear résistance above a certain threshold

[SOURCE: CEN/ERA15463, 1.2.¢]

leous-phase oxidation of organics under pressure, using either air or oxygen as the oxidant

ition (3.5)

dge capable of continuous flow under the effect of pressure above a certain threshold ang having a

4 | Abbreviated terms

BAT Best available technology

CFBF Circulating fluidized bed furnace
DM Dry matter

FBF Fluidized bed furnace

GCV Greater (or gross) calorific value
LCV Lower (or net) calorific value

LOI Loss on ignition

© IS0 2021 - All rights reserved
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MHF
MSW
PFBF
SCR
SNCR

3T

5 Slud

5.1 Ger

Sludge ch
technical

of therms
paramete
materials

5.2 Physico-chemical characteristics

521 G

The main

— DM (dr moisture content);

— losso

— calorific value;

— amou

Physical c
as the des|

522 D

The DM, o moisture Content, is of primary importance for thermal processes because it strongly affe

the LCV o

In therm

gas prodyction. Generally, any increase in DM is believed to be beneficial in the combustion for {

Multiple hearth furnace
Municipal solid waste
Pressurized fluidized-bed furnace
Selective catalytic reduction

Selective not catalytic reduction

Tembperature turhulence and (residencel time.
P tr-ES—ter ot eHrHe &t >

ge properties

jeral

and economic parameters. The main technical characteristics to_evaluate the suitabi
| process are DM or moisture content, calorific value, ash content. The main econoq
s are cost of processing, collection and transport, and the characteristics of the recove
and by-products.

bneral

physico-chemical characteristics to be taken into account are:

ignition;

t of grease, scum and screenings.

pnsistency, together withrheological properties, also play an important role, especially as
ign of feeding system i$ concerned.

'y matter

Forganic.material which decreases when the moisture content increases.

precessing of sewage sludge DM is a parameter affecting both fuel requirement and exha

aracterization for the assessment of thermal processes involves theevaluation of b;rth
i

ty
nic
ed

far

cts

1St

he

reduction in fuel requirement. When the condition for autothermal combustion, at a given temperature,
is reached the increase in DM corresponds also to a decrease in combustion gases production. Any
further increase of DM beyond the limit of autothermal combustion involves a more abundant gas
production, due to dilution air or water needed for the control of the combustion chamber temperature
depending on design of incineration plant. However, the use of water, reduces the quantity of recoverable
heat in the boiler.

5.2.3 Loss on ignition

The loss on ignition represents the portion mass escaping as gas as a result of the ignition of the dry
mass of sludge.

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=33b5778a6fda39c0f4337fc7273893f9

ISO/TR 20736:2021(E)

The loss of ignition is generally used as a measure of the volatile matter content but it should be noted
that inorganic substances or decomposition products (e.g. H,0, CO,, SO,, 0,) are released or absorbed
and some inorganic substances are volatile under the reaction conditions.

It is measured by heating sludge in a furnace at 550 °C * 25 °C (see Reference [4]) or 600 °C = 25 °C
(see Reference [18]) and expressed as percent of the dry mass. The loss on ignition can be used as an
assessment of the organic part of the sludge, and is therefore related to its heat value.

The presence in the sludge of iron with oxidation during ignition from iron (II) to iron (III), and of

calcium hydroxide or calcium oxide, when sludge is conditioned with lime, can involve decreasing of the
loss-on igniﬁnn value (cnn EN_1 '—'\'QQ':)

5.2.4 Calorific value

Cajorific value of sludge is a very important parameter for the evaluation of thiermal processes, as
it represents the heat quantity developed in the combustion process by the unit mass of npaterial in
stgndard conditions.

Thie calorific value can be expressed as (see EN 15170):

—| GCV at constant volume which is absolute value of the specific enérgy of combustion, in [oules, for
unit mass of a solid sludge burned in oxygen in a calorimetric fomb under the conditions|specified.
The products of combustion are assumed to consist of gasegusoxygen, nitrogen, carbon djoxide and
sulfur dioxide, of liquid water (in equilibrium with its vapouir) saturated with carbon dioyide under
the conditions of the bomb reaction, and of solid ash, alkat the reference temperature;

—| LCV obtained by calculation from the gross calorificvalue provided that either the hydrogen content
of the sludge or the amount of water found in the'eombustion test can be determined.

Slydge usually contains much water, combustible and incombustible solids. Therefore, their calorific
value, especially on the “as received” basis is.quite low.

Thie calculation of calorific value of sludge'can be expressed per LOI (loss on ignition) or DM.

Typical calorific values of municipal,wastewater sludge range from 22,1 MJ/kg LOI to 24,4 M]/kg LOI
(anaerobically digested primary)-to 23,3 MJ/kg LOI to 27,9 M]/kg LOI (raw primary). Secondary sludge
digplays values between 20,7.M}/kg LOI and 24,4 M]/kg LOL.

Giyen typical values of organic matter content (LOI), the calorific value of sludge would generally be in
the range of 12 M]/kg.toJ17 M]/kg DM for non-digested sludge, 10 M]/kg to 12 M]/kg DM for digested
sludge.

GV and LCV values can be calculated according to the standard method EN 15170, while the procedures
for| the theoretical calculation of GCV and LCV are reported in Annex A.

5.2.5 , \Grease, scum and screening

Grease, scum and screenings can be thermally treated together with sludge but generally Ithey pose
several problems.

Screenings clog feed mechanisms for certain types of furnace and therefore grinding or shredding is
advisable before feeding. Screenings also contain bulky and incombustible materials, which create
problems in the ash disposal system.

Skimmed material generally contains more than 95 % moisture and therefore should be dewatered
to at least 25 % solids before treatment. Skimming is difficult to handle in the dewatered state due to
its viscosity and a heating process to 70 °C to 80 °C is generally requested to get skimming pumpable.
After dewatering, scum solids should be ground to a size not exceeding 6 mm. GCV of skimming and
screenings are in the range 37 000 to 44 000 kJ/kg DM and 23 000 to 25 600 kJ/kg DM, respectively.

© IS0 2021 - All rights reserved 5
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Quantities of screenings are strictly dependent on the screen openings. They can vary in the range
of 3 x 10~ m3/m3 to 40 x 10~ m3/m3of sewage for openings of 12 mm to 25 mm (the upper limits apply
to the reduced openings). As dewatered sludge production can be approximately evaluated in 1 1/m3 of
sewage, the screenings production can be accounted in approximately 0,2 % to 4 % in mass of sludge
production, considering that the density of wet screenings is 640 kg/m3 to 1 000 kg/m3.

Quantities of scum are very much dependent on the quality of the sewage and on the collecting system
in the wastewater treatment plant. The highest values can be as high as 17 g of DM/m3 of sewage which
means up to 1,7 % of sludge production. At a concentration of 25 % this value increases to 6,8 %.

The quantityof any added material especia 2aSe,-ScL and-screeni is limited k
and the effficiency of the gas treatment.

5.2.6 Physical consistency and others

The physifal consistency of the sludge influences the selection and design of thermal processes.

=

Thereforg, the evaluation of specific parameters giving information on this aspéect (e.g. flowabil
solidity, pjling behaviour) appears useful in this designing step (see Reference [2Z]).

Y,

Other chafacteristics influencing thermal processes are particle size, bulk defisity and morphology.
5.3 Chegmical and microbiological characteristics

5.3.1 General

The main|characteristics to be taken into account are:
— sulfur;
— phosphorus;

— nitrogen;

— chlorine and other halogens;

— orgarlic micro pollutants;

— trace felements (especially mercury);
— pathdgens.

The presence of the above‘mentioned chemicals should be known in order to prevent or minimize toiic
emissiond (gaseous, liquid, solid) from thermal processes.

Typical elemental*composition depends also on the type of sludge, primary, activated or digested
primary sjudge(see Reference [13] for more details).

5.3.2 Sulfur
The sulfur content of sewage sludge ranges generally from 0,5 % to 2,1 % of DM.

In anaerobic digestion, sulfate is converted to sulphide by sulfate reducing bacteria. Some of it
precipitates with iron and other metals as insoluble sulphides, while some other is stripped as hydrogen
sulphide and is transferred to the biogas stream from which it can be removed by scrubbers. The amount
of residual sulphides in anaerobically digested sludge is proportional to the metal content in the raw
sludge. If sludge is not treated anaerobically, most of the sulfate remains in solution as such. If sulfate
containing compounds are used as inorganic conditioners in thickening and dewatering, sulfur content
increases. Sometimes, this can affect the cost of acid gas removal (e.g. in flue gas desulfurization).
Because a fraction of the sulfur is present in the oxidized sulfate form, not all of this sulfur is converted

6 © IS0 2021 - All rights reserved
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to sulfur dioxide during combustion. Sulfur dioxide then combines with moisture, either in the waste
gas treatment system or in the atmosphere, to form sulphuric and sulphurous acids.

5.3.3 Phosphorus

Phosphorus may be present in sewage sludge in concentration ranging from 1 % to 16 % DM.

However, phosphorus concentration in dry sludge can be widely changed, depending on wastewater
treatment system prior to sludge treatment. This concentration mainly depends on the phosphorus
load in the wastewater system and on the level of phosphorus removal accomplished in the treatment

pla
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5.3
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mi

8.4

ap

5.3

Or

aft
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ha

1nd
sey

ch

W3
foq

IIL.

ring combustion phosphorus and phosphorus compounds are converted to calcium phesph
1 be present in the furnace ash up to 15 % mass fraction of P,0; in certain conditions;
mbustion ashes represent a useful source of phosphorus and its recovery shouldbe’considg

4 Nitrogen

rogen content of sewage sludge ranges from 2 % to 12 % of DM; typical values are around

mbustion to molecular nitrogen or to NO,, depending on the temperature and atmosphere
nace. NO, formation from fuel bound nitrogen can be controlled by restricting the air fl
himum excess above the stoichiometric requirement and by$taging the air flow to the fu
). Nitrous oxide, N,O0, is generated as a result of reactiomiythermal oxidation processes,

pbroximately 300 times as high as CO, in terms of greenhouse gas effect.

.5 Chlorine and other halogens

banic and inorganic chlorine compounds gplay an important role in the combustion
er tendency of the chlorine radicals to bird active radicals, like O*, H*, OH*, RO*, thus de
ecrease in the combustion rate with.potential formation of toxic compounds. Chlorine

Jucing corrosion problems especially at high temperatures. The presence of organic c
vage sludge is generally negligible (less than 50 mg/kg DM) but the concentration of
orine may exceed some units per cent dry mass depending on the chlorine content in f{
ter and on the use of inorganic conditioners. The agroindustry sludge, similar to sewage sl
d and/or beverage transformation and production, do not contain organic chlorine. As fi

sludge, inorganic chlorifé can be present in such sludge after the use of FeCl; as conditioning

Br

thd

5.3
AlY

ph

bmine can exert(similar effects as chlorine but the organic compounds are more easily fqg
by can also be-more easily destroyed at high temperatures.

.6 Organic micro pollutants

hotgh the presence of biopersistent organic micro pollutants (such as chlorinated hydy

ate which
therefore,
red.

% to 7 %

volatile solids in a mixed primary and secondary sludge. Organic mitrogen can be converted during

inside the
ow to the
'nace (see
which has

processes
termining
and other

ogens are also responsible for the ptesence in the exhaust gases of undesirable acidic cgmpounds

hlorine in
inorganic
he sludge
idge from
br sewage
agent.

rmed and

ocarbons,

prols and polyphenols, polychlorinated biphenyls, pesticides and polycyclic aromatic hyd

rocarbons

and pharmaceuticals) in sewage sludge may be in some cases noticeable, they generally do not pose
relevant problems in thermal processing.

Formation of dioxins can be a serious problem depending on the gas treatment and the temperature
of incineration. Dioxins are rarely formed in sewage sludge mono-incineration process as the
concentrations of dioxin precursor and unburned carbon are very low. Dioxins can be formed again
(de novo synthesis) during the gas treatment, especially in the range of temperature 200 °C to 600 °C,
for sludge with a high content in organochlorine compounds, this can be avoided by a rapid quench of
the exhaust gas. Significant formation of particularly stable compounds has been evidenced in oxygen-
deficient environments. However, rapid quenching is not necessary when the concentration of chlorine
is low. Different reviews on quality of sewage sludge are available (see Reference [19]).
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5.3.7 Trace elements

The presence of trace element, such as mercury, arsenic, lead, cadmium and zinc, in sewage sludge
should be considered for their tendency to be transferred in the gaseous phase. Except for mercury,
they may be concentrated in fly ashes collected by commonly used particulate control devices like
impingement separators, cyclones, bag filters, ceramic filters and electrofilters. Mercury generally
escapes with flue gases but can be condensed in scrubbers or captured by activated carbon filters.

Trace elements are generally present in sewage sludge at variable concentrations depending on the
proportion of industrial effluents in the wastewater. Table 1 shows the typical concentration range of

trace elements-
Table 1 — Trace elements in sewage sludge ashes (DM)
Values in mgfkg
Min. Max. Mean Median

As 4,2 124,0 17,5 13,6
d <0,1 80,3 3,3 2,7
7,3 83,5 28,1 20,7

[r 58 1502 267 159,7
u 162 3467 916 785
Hig 0,1 3,6 0,8 0,5

Nin 334 6488 1914 1307
Nio 7,5 112 25,3 20,0
Ni 8,2 501 106 74,8
¥b <3,5 1112 151 117

7 552 5515 2535 2534

5.3.8 Pathogens

Sewage sludge contains a mixture of different organisms, both saprophytes and pathogens. Most
microorgdnisms originate from human faeces. Main pathogenic organisms found in sewage sluc

belong to|the groups of enteric bacteria, parasites, viruses and fungi. Their concentrations depend
the wastewater treatment method and the physico-chemical processes the sludge went through. Thieir
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6.1 General

This clause summarizes fundamentals related to each technology by covering:

the phenomena involved: reactions, reactants, products;
the requirements and optimal conditions for application;
the expected quality on sludge/products quality;

the possible positioning in the sludge treatment line.
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6.2 Drying

Thermal drying is a process in which thermal energy is delivered to the sludge in order to evaporate
water. Sludge drying process reduces the mass and the volume of the product, making its storage,
transport, packaging and retail easier and also enables further energy-efficient thermal treatment.

Water present in sludge may be of the following types.
— Free water

Free water includes two subcategories. On the one hand supernatant water which is removable by

naltllral gravity and thickening devices, and on the other hand bulk water which is trappdd in flocs
refnovable by dewatering devices.
—| Bound water
Bound water is only removable by thermal processes and could be divided in ‘three subgategories:
inlernal or capillary water, surface water and chemically bound water.
Thirough the process, the sludge passes by several phases (see Figure 2). The number of thefe phases’
chiinges according to the sludge quality and depends on the implemented drying methofl and the
opprating conditions. The different phases relate to decreasing evaporation rate when moistufe content
falls.
% 1 2 X
| 3
4 I
5 2 I
I
6 |
3 1 ! |
0 20 40 60 80 fo0 X X
a) Evaporationrates b) Physical changes
Key Key
X | moisture content (%) X time
Y | evaporation rate Y drysolid contents
1 | time 1 wetzone
2 | start 2 sticky zone
3 | end 3  granular zone
4 | free water
5 inferstitial water
6  surface water

Figure 2 — Status changes during sludge drying time

Dried sludge has solid content usually greater than 90 % when drying is applied as final treatment.
When sludge drying is applied prior to incineration, the solid content of dried sludge is generally 60 %
to 70 %. Drying achieves sludge hygienization.

Under atmospheric pressure, water evaporation starts at 100 °C. Evaporation of 1 kg of water at 100 °C
requires 2 257 k] (0,63 kWh). Energy requirements in addition include the energy needed to increase
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the sludge temperature to slightly above 100 °C, plus energy losses in the drying system. Consequently,
energy demands for all dryers range from 0,7 kWh/kg to 1,4 kWh/kg evaporated water.

The exchanges of mass and heat between sludge and air are essential for the drying process. The heat
exchange is achieved through radiation, convection, conduction and mixture thereof.

Drying constitutes an important stage among the sludge management options.

— It reduces the volume of sludge and consequently decreases the cost of handling, transport and
storage of the final product which is in addition sanitized.

— It incfeases the calorific value of the sludge which permits to use it, as a fuel or a co-fuel in cemént
kilns,|in coal-fired power plants, municipal waste incinerators and sludge incinerators of other
thermal treatments.

The wastg to energy approach is currently a growing solution for sludge management.

6.3 Hydrolysis

Thermal Bydrolysis disintegrates the cell structure of bacteria into an easily digestible and dewateraple
product by applying temperature.

It involved the application of heat above high temperature for a defined tifae period. One can distingujsh
thermal hydrolysis and thermal pressure-mediated hydrolysis. The préssure greatly favours the relegse
of both cafrbohydrates and proteins.

The optinal temperature is approximately 170 °C for a time period of 20 min to 40 min and a pressyre
in the range 600 kPa to 1 500 kPa.

The reactjons result in two sets of impacts depending on‘the temperature applied. Details are provided
in Table 2

Table 2 — Impacts of temperature application on sludge quality

For templerature up to optimum temperature range | For temperature beyond optimal temperature fo
sub-critical water range

— Impr¢vesdownstreamsludgeanaerobicdigestibility,|— Decreases downstream sludge anaerobic
thus biogas production and higher/digester loading digestibility
rates
— Significantly increases production of refractqry
— Improves dewaterability material and colour
— Decrdases apparentyiscosity — Further reduces apparent viscosity
— Decrgase pathegehic content — Further improves dewaterability

— Increpses,sglibility of carbohydrates

— Increpseés solubility of proteins, thus ammonia and
alkalinity

— Has negligible influence of solubility of lipids

— Reduces average particle size

The temperature increase is achieved using steam. The steam demand is determined by the energy
required to heat up the sludge from the inlet temperature to the outlet conditions and by the need to
make up any system losses. The thermal energy required is approximately 0,3 MWh/TDS under optimal
conditions. It varies according to influent sludge temperature, temperature difference, sludge physical
properties.
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6.4 Incineration

Incineration (or combustion) is an oxidation reaction carried out at high temperature which makes it
possible to reduce both the mass and volume of the materials being treated by reducing them to ash,
while taking advantage of their inherent energy potential. The contained water, converted into vapour,
and the organic matter converted into combustion gases are discharged into the atmosphere after
treatment.

The reaction of oxygen with carbon, hydrogen and sulfur yields energy and products of combustion,
namely, carbon d10x1de (COZ) water (H O) and sulfur d10x1de (SOZ) Organic mtrogen 1s preferentially
€O} H ® nitrogen
(0):4 de (NO) and to nltrous ox1de (NZO).

Thie nitrogen in the air is also candidate to be converted to oxides of nitrogen (NO,). ThiS ph¢nomenon
begins to be noticeable at temperatures higher than 1 100 °C and increases with anyfurther increase of
temperature.

Thie reactions taking place are:
C+ 0,— CO, + 393,5k]/mol (AH®)
Hy + (x+y/4) 0,- xCO, + y/2 H,0

In¢ineration produces a waste gas composed primarily of carbeh dioxide (CO,) and water (H,0). Other
airemissions include nitrogen oxides, sulfur oxides, etc. The-inerganic content of the waste is fonverted
to psh.

In|the case of lack of oxygen (generally referred>as starved-air combustion) the readtions are
characterized as incomplete combustion ones, where the produced CO, reacts with C that has not been
consumed yet and is converted to carbon monoxide (CO) at higher temperatures:

C + CO, + 110,5 kJ/mol- 2CO

Thle temperature achieved in the combustion process depends on the balance between the energy
inputs and the energy outputs. The temperature should be higher than 850 °C during a 2 s tinje period.

All oxidizing combustion reactions require some excess air to ensure that the reaction|proceeds
rapidly to completion. Air required for combustion is mainly a function of time of stay, temperature and
turbulence, commonly reféried to as the “3Ts of combustion”. Generally, as turbulence is maximized,
exgess air can be decreased. Turbulence provides more opportunities of contact between fuel apd oxygen
anfl changes substantially for various types of combustion units. High efficiency burners may employ
asjow as 15 % to 30-% (1,15 to 1,3 times the stoichiometric amount of air) excess air while legs efficient
fugnaces, like miultiple hearth and rotary kiln furnaces, need 100 % to 125 % (2,00 to 2,25|times the
stqichiometrig,amount of air) excess air at least. As excess air quenches the combustion tempjerature, it
is dlesirable'to minimize the quantity to be employed especially when auxiliary fuel is needed [to sustain
combustion: This effect can be reduced by air pre-heating. If insufficient excess air is added to the
furnace or if one or more of the “3Ts” concepts are lacking, the combustion operation generafes smoke
anfl products of incomplete combustion, thus making incineration operation not acceptable. r

The influence of cake concentration on fuel consumption, air requirements and flue gas production
in incineration of sewage sludge is known. It has been shown that fuel consumption, air and flue gas
production may be expressed as a linear function of cake concentration, with line slopes changing at the
two points identified by the operating modes of (i) minimum concentration for autothermal combustion
in the furnace, and (ii) minimum concentration for no air requirements in the afterburning chamber.

The ash consisting of inorganic material and incombustible organic substances, should be properly
managed for recovery or disposal.
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Incineration comprises three principal phases corresponding to three conversion zones:

— the first step of combustion is the drying of the waste through contact with hot gases and
decomposition into volatile materials which rapidly reach their ignition temperature;

— continuation of combustion as the waste moves or is moved through the furnace;
— gradual conversion into bottom ash which is then extracted and cooled down.

To avoid consuming make-up energy from fossil sources, it is desirable to achieve a thermal balance, i.e.
so that the heat supplied by the combustion of the organic matter is sufficient to evaporate the water, to
heat the chmbustion air and to raise all the combustion gases to a particular temperature (Taid down|by
national regulations). Combustion in the system is then said to be in autothermal condition. In ofdel| to
achieve aytothermal conditions, sludge should be sufficiently dewatered or dried.

6.5 Pyrolysis

Pyrolysis|is an endothermic thermochemical process where the organic matter/in Sludge is broken
down in gn environment lacking in oxygen compared to the stoichiometry requitred for the thermal
oxidation [of organic matter. It occurs in the absence of oxygen or in the presence of oxygen to such a
small ext¢nt that pyrolysis reactions significantly prevail over gasification féactions. While pyrolyjsis
reactionsfoccur in gasification and combustion processes as precursor rgactions, pyrolysis can also|be
operated §is a separate process. It operates at temperatures of 400 °C t0.800 °C. Pyrolysis treatment dan
be applied for a countermeasure for Hexavalent chromium (Cré*) emission control.

Pyrolysis|essentially devolatilizes the fuel. The products from pyrolysis are a solid residue (mainly
char) andfa synthetic gas (syngas), while some of the volatile components form tars and oils that can|be
removed @nd reused. Char is a combination of non-combustible materials and carbon. The syngas i a
mixture of gases (including carbon monoxide, hydrogen, methane, etc.).

The low femperature of operation eliminates the-formation of SO, and NO, and the gas and sdlid
fractions produced can be used as a fuel.

The initiall reaction is decomposition where'organic components of low volatility are converted ipto
other morile volatile ones:

CH,~CHy+C,H,

Reactions|occurring during the early stages include condensation, hydrogen removal and formation of
ring compgounds that lead to solid residues from organic substances of low volatility:

CH,—C,H, + Hy+coke
CO and CQ, are produged and the interaction with water is possible if oxygen is available to the procgss.

The relatiye proportions of the three products, i.e. gas, liquid and char, depend very much on the reactor
type and ppetating conditions. Basically, there are three types of pyrolytic reactions, i.e. conventiohal
or Slow Pyrelysis, Flash or Fast Pyrolysis and Catalytic Pyrolysis.

In general pyrolysis processes are operated at temperature ranges of 400-700°C, lower than gasification
or incineration processes (typically > 850 °C). Two general strategies can be distinguished, slow
pyrolysis and fast pyrolysis.

Slow pyrolysis utilizes low temperatures around 400 °C over a long period of time to maximize char
formation.

Flash/fast pyrolysis involves high heating rates (500 °C/s to 1 000 °C/s), moderate temperatures (450 °C
to 500 °C), short gas residence times (<2 s), and rapid quenching of the vapours. It favours reduction of
the solid waste volume and liquid yield depending on the temperature. The vapours are intensively
condensed yielding a so-called bio-oil.

The addition of catalysts to the pyrolysis system (catalytic pyrolysis) further increases gas yield.
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The main parameters affecting the product distribution and energy content of pyrolytic products
include temperature, heating rate, and residence time in the reaction zone. Most pyrolysis processes
operate at atmospheric pressure. Vacuum pyrolysis can shorten the residence time of volatile products
in the high-temperature zone, reducing the secondary decomposition and increasing the heat value of
the gas products. Its implementation is however difficult in practice.

Pyrolysis is not effective in either destroying or physically separating inorganics. By-products
containing heavy metals may require stabilization before final disposal. Volatile metals may be
removed as a result of the higher temperatures associated with the process, but they are not destroyed.

6.0 Gasification
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 sludge after mechanical dewatering and the heating value of the sludge, the heat dem4
ny cases be completely satisfied.

Thie main reactions taking place during gasification are:

C + 0,— CO, (oxidation, exothermi¢)

C + H,0 — CO + H, (water evaperation/ gas reaction, endothermic)
CO + H,0 - CO, + H, (exothermic)

C + CO,— 2CO (Boudquard reaction, endothermic)

C + 2H,—~ CH, (EH formation, exothermic)

M3
ga

in factors affecting the process are final temperature, residence time, rate of rise in tenjperature,
b atmosphereand pressure

Op
ap

eration.of the gasifier at slight overpressure (maximum 50 kPa) is adequate for heat a
blications. For autothermal gasification, a gasifying medium containing oxygen is sup

nd power
plied in a

co

ntrolled manner so that sub-stoichiometric conditions prevail in the reactor. Gasification

reactions

liberate CO, H,, CO,, H,0 and CH,. When air is used as a gasifying medium the resulting gas contains
a significant portion of inert nitrogen and is thus classified as a LHV (low heating value) product gas.
Typical heating values for a product gas generated from dried sewage sludge range from 3 MJ/m3 to
5 MJ/m3.

In principle, gasification offers some advantages over combustion; a gas has better burning properties
in relation to a solid; the burning process is easier to control, needs less air excess, allows for simpler
burner construction, causes no particle emissions, less air pollution and less fouling of the heat exchange
equipment. Further, gases can be burned in internal combustion engines and can be easily applied in
combined cycles.

Conventional gasification of sewage sludge also generates a solid residue (char) that still contains some

volatile material and inorganic pollutants depending of the quality of the input material and process.
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The disadvantages with respect to incineration include relatively complex system, and variable
costs; there is no clear evidence about the fate of heavy metals in conventional gasification systems.
Commercial plants are available, see Annex C.

Sludges are generally pre-treated before gasification. For most pyrolysis applications, drying and
size-reduction are required in the pre-processing steps. This may also include blending. The moisture
content is a key parameter. Gasification runs best at moisture contents between 5 % and 10 % of water
content. Thus, the thermal drying process represents a significant heat consumer in the thermal sludge
treatment process. From an energetic perspective, it is sensible to use the heat generated through
combustion of product gas in a combustion chamber to offset the heat demand of the dryer. Depending
on the drfed—sutidscontentofthestudgeafter mechamicatdewaterimgamd-—thereatingvatueof the
sludge, the heat demand can in many cases be completely satisfied.

Combustipn and gasification processes may employ a pyrolysis process upstream of the main-reacfor
as part of a staged thermal treatment process. The main advantage of a staged-combustien procgss
is the generation of a homogenous gaseous fuel allowing for a more controlled combustion. Staged
gasificatign processes for combined heat and power applications may use a pyrolysis‘geactor upstream
of the gas}fier in order to minimize the tar content of the product gas before combustion in a combired
heat and power motor, thus increasing the overall energy conversion in the motor>The main difference
between g separate pyrolysis process and staged-combustion or staged-gasifieation processes is thdt a
char prodpict is generated with the former, while the char is typically valorised'in the latter applications,
dischargipg an ash by-product.

6.7 Thermolysis

Thermolyfis constitutes an extreme pyrolysis process as it takes place in the absence of any exogenqus
oxygen.

6.8 Carjbonization

Carbonizdtion is a general name of process that is\focusing on production of a solid secondary resoufce
so-called pio-charcoal and it has been used for-production of wooden charcoal since long ago. When
sewage slhdge is heated under low or no,exygen supply, pyrolysis reaction is started by evaporating
moisture [content and releasing adsorbed’ gases and bio-charcoal that mainly consists of carbon
is generafed after completion of releasing synthetic gas (syngas or pyrolysis gas). The operatjon
temperatyre is between 250 °C and)800 °C, depending on a type of reactor and a targeted calorific
value of pio-charcoal. Products‘of carbonization process are bio-charcoal and syngas. For other
characterf|stics, refer to 6.5.

6.9 Wet oxidation

Wet oxidaltion, also-called wet air oxidation (WAO) is based on aqueous-phase oxidation of the organlics
in sewage|sludge,using oxygen from either air or oxygen gas as oxidant

The oxidafioh'reactions occur at a temperature above the boiling point of water (100 °C), but below the
critical pfl;'nt (374 °C) above which is the domain of supercritical wet oxidation (SCWQ). The oxidation

reactions occur at temperatures of 150 °C to 320 °C and at pressures from 10 x 102 kPa to 220 x 102 kPa.
Higher temperatures require higher pressure to maintain a liquid phase in the system.

For sludge, the oxidation takes place at 250 °C to 300 °C and 50 x 102 kPa to 100 x 102 kPa.
The process can involve any or all of the following reactions:

Organics + 0, CO, + H,0 + RCOOH (short chain organic acids)

Sulfur species + 0,— S0,2-

Organic Cl + 0,— CI1 + CO, + RCOOH

Organic N + O,— NH; + CO, + RCOOH
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Phosphorus + 0,— P0,3-

6.10 Melting

Sludge melting also called “sludge vitrification” is the technology which melts inorganic matters
(mainly its silica compound) in the sludge raising its temperature over melting point, typically found
in the range 1 100 °C to 1 250 °C. Consequently, melting is performed in furnaces generally operated
under 1 200 °Cto 1 350 °C and up to 1 500 °C.

There are two application points of melting, which are: dewatered sludge after drying and ash from

se{vage siudge incineration.

Uplon heating, moisture and organic matter in the sludge are evaporated and combusted |
indineration, furthermore low boiling point metals such as cadmium are also evaporated. Froi
bojling point substances are evaporated and transferred to the flue gas. The evaporated subs
solidified again during cooling of the flue gas for heat recovery and detoxication:

Mdlting sewage sludge produces melt-solidified slag. Depending on the cooliig method, slag is
as|granulated slag, air-cooled slag and crystallized slag. There are roughly two methods
melted slag which are rapid cooling and gradual cooling. In case of-rapid cooling, slag for
granular and in case of gradual cooling, slag forms crush stone-like-shape with a stronger
than rapid cooling. Both types of slag can be used for construction'material such as road m4d
regource as concrete secondary product (see JIS A5031:2006).and fertilizer.

melting process is more effective than the conventional incineration process for red
volume of sludge. The bulk density of slag is two and the half times that of the fly ash. Low bo
substances are evaporated under such high temperature and induced from melting furnace a
gas. The evaporated substances are solidified:again by cooling during flue gas heat rec
gas treatment. Though the bulk density of in¢inerated ash might be around 600 kg/m3 (a
that of the melting slag might be around 1 500°kg/m3. In case of treating heavy metals cont
sludge by chromium for example, melting-technology can be applied for the purpose of stg
that confined heavy metals into the slag. Itis easier to treat the slag than the fly ash from ind
anfl the hazardous substances are better fixed in the slag without leach.

6.11 Pasteurization

Thiis process really achieves sludge disinfection by destruction or inactivation of pathogenic
contained in the sludge~Destruction is defined as the physical disintegration of the organi
indctivation is defined-as’the cancellation of its ability to infect.

Thie survival of microorganisms is a function of a number of factors including the characterist
Sp
the lethal effect is gradual and the kinetics generally follow the exponential Chick’s law of di
where the-surviving fraction (Xt) is dependent on the starting population number (Xo) the
time interval (¢ - to) and the specific decay rate, k dependent on temperature:

ike under
m ash, low
fances are

classified
of cooling
ms brittle
hardness
terial and

ucing the
ling point
s a part of
pvery and
5 dry ash),
aminated
bilization
ineration,

rganisms
sm, while

cs of their

ecies, local_temperature and antagonistic conditions. For a population of specific microgrganisms,

sinfection
treatment

YfI/Yn = n'k(t- tO)

Consequently, the requirement for pasteurization is that all sludge be held above a predetermined
temperature for a minimum time period[12],

The process of pasteurization involves the heating of sludge to a relatively high temperature but below
water boiling point and often below the point of protein denaturation. Pasteurization at 70 °C for at least
1 h is an effective approach to eliminate most pathogens under detection limits but the method fails to
eliminate bacterial endospores using standard pasteurization procedures. For example, Salmonella is
killed within 30 min in sludge heated up to 70 °C. Typically, conditions range from four hour-treatment
at 55 °C to 30 min or longer at 70 °C for using the treated sludge on agricultural land to prevent any
health or environmental risks from residual pathogens according to national requirements[1sl.[16],
Pasteurization differs from sterilization that uses much higher temperatures, usually at or above the
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boiling point of water. Ideally, pasteurization should be included either before or after the regular
stabilization processes (digestion, composting, or liming) which are also able to lower to a certain extent
the pathogenic microbial content and alter the sewage sludge so that it becomes a less effective medium
for microbial (re)growth or recontamination and thus a product suitable for use as a crop fertilizer.
Pasteurization is typically combined with subsequent anaerobic digestion which may be at mesophilic
temperatures, which would result in the generation of energy rich biogas in the same facility to cover
the energy requirements of the pasteurization stage.

Pasteurization is employed extensively in Western Europe.

7 Technologies

7.1 General

An overvipw of each device based on each fundamental technology listed in Clause 6 is described in this
clause, inqluding general design aspects and auxiliary equipment.

7.2 Drying

In general, the dryers used are based on those found in chemical and:agro-processing industries.
Thermal drying typically needs to be preceded by, or done in conjunetion with a dewatering process,
A typical drying system includes the dryer itself, materials handling devices and storage equipment,
heat genefation and transfer equipment, air movement and distribution equipment, emissions contjrol
equipmenft, and ancillary systems. Drying systems are characterized according to different methods for
heat trangfer to sludge which are convection, conduction, radiation heating. Multiple methods can|be
involved ¢f heat transfer in hybrid systems which are generadlly categorized by their primary method
of heat trgnsfer. Depending upon the drying technology used, dried sludge is obtained in various forms
(granules| pellets, fines) and densities.

7.2.1 Dijrectdryers

Dryers that use convection for heat transfer are also referred to as “direct” dryers in which the moist
from the $ludge is removed by the carrier'gas. In such systems, the heat transfer occurs thanks to the
direct corftact of hot air/mixture of ainand exhaust gas with wet sludge. The hot air/gas is most offen
produced|by a gas or oil-fired furnace at high temperature. The drying process produces vapour that
is a mixtyre of steam, air, and released gases from the sludge. The vapour and gas mixture needs| to
be cleanefl. The treatment of the condensate may be complicated due to the presence of ammoniyim
hydroxidg (NH,OH) or volafile organic carbon (VOC). The dried sludge is separated from the hot
exhaust ghs, screened and processed for partial recycling back in some technologies to the dryer gnd
routing t¢ storage vessels. Intensive sludge recirculation implemented in some dryers enables|to
overcome|difficulties/due to the plastic phase occurrence but the uniformity of the mix and flow are
difficult tg controhin connection with the sticky behaviour of the sludge. After cooling for condensatipn,
the exhaupt airfgas is partly (70 % to 90 %) recycled back to the dryer. The rest of the air/gas is treated
in air pollutioh control equipment (filter or cyclone for dust removal, biofilter and thermal oxidatjon
for odouns—nd—otherundesired componen and—then—vented—he—Inain—direct—drHngs—units—are
rotary drum dryers, belt dryers and fluidized-bed dryers. The specific energy consumption ranges
from 700 kWh to 1 400 kWh per ton of evaporated water. The working capacity usually ranges from
5000 kg/h to 15 000 kg/h of evaporated water.

Representative schematic diagrams are shown in Figure 3 and Figure 4.
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Figure 3 — Rotary drum dryer system
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1 heating medium (oil or stream) 9 chopper

2 re-hgater 10 thin film evaporator

3 air fan 11 belt dryer

4 condensates 12 heatirecovery (vapour)
5 heat|export 13 airdooler

6 sizet 14 condenser

7 granjules 15 air exhaust

8 sludge pump 16 post-condenser

Figure-4.— Belt dryer system

In drum dfryer, the dewatered sludge-with a dry solid content in the range of 20 % to 35 % is introduged
via appropriate feeding devices into-a revolving drying drum. The material flows away from the entry
point thrqugh the drum internals.which can largely vary. The drum dryer can be single pass or multi-
pass. The [residence time in the,dryer depends on drum speed, drum inclination, flow rate of the drying
gas and the storage deviceCof'the drum end.

The belt dryer is a loWwer temperature system compared to a rotary drum system. In contrast to the
rotary drphm system,the thermal fluid used is hot water or flue gas supplied to air heat exchanger.
The belt drying system distributes dewatered sludge as a thick layer (4 cm to 15 cm) onto a horizonltal
perforatedl beltimoving slowly to offer a high surface area exposure to the hot air. The sludge can|be
introducednd shaped by an extruder before entering the belt zone to increase again the exposufre.
The dryingarea cam be divided mto Severat Sections equipped withr airimtetsto comntror at best the
temperature in the range of 90 °C to 150 °C. The lower temperature belt drying system can utilize lower
grade waste heat in addition to high temperature waste heat. Belt drying systems can have multiple
belts to help minimizing the unit volume size. The rate of air recirculation is commonly over 90 %. The
gentle sludge flow on the belt limits the dust generation. The condensate produced is extracted. Figure 4
shows a mixed arrangement in which the main hot air belt dryer is preceded by a thin layer drier. The
indirect method is used to condense the vapour emitted during the first drying stage and the vapour’s
latent heat is recovered for use in heating the hot air loop acting as the second stage heat exchange
fluid. This greatly reduces the dryer's energy consumption compared to other drying technologies.
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Figure 5 — Fluidized bed dryer system

Other dryefsiusing convection are of fluidized-bed type (see Figure 5). These operate on the basis of an
uppvard.dir flow passing through the bulk of sludge. Dewatered sludge is directly fed into th¢ fluidized
bef fifstifilled with dry granules. Fluidization gas is uniformly blown over the cross-section of the dryer
geherating a fluidized bed of dry granulates which are mixed at the same time. The granulgs become
free-floating and at the same time mixed thoroughly. Granulation occurs upon water evaporation and
particle movement in the dryer. The fluidized bed dryer itself consists of three main sections: a wind
box with a gas distribution plate, a middle section which holds the heat exchanger immersed in the
fluidized bed, a top dryer hood which separates particles lifted from the layer with the fluidization
gas. This may partly deagglomerate the solid and turns it into a fine powder. The gas leaves the dryer
carrying the evaporated water and the fine powder. The fine powder is separated in the cyclone and
the evaporated water is condensed out of the gas stream in a scrubber-condenser. The dust is fed to a
mixer with the inlet dewatered sludge. The dryer operates in a closed inert gas loop. The heat exchanger
transfers all the required heat for evaporating the water coming along with the wet sludge. Steam or
thermal oil is the usual transfer medium. The dry granules leave the fluidized bed unit through the
discharge opening.

© IS0 2021 - All rights reserved 19


https://standardsiso.com/api/?name=33b5778a6fda39c0f4337fc7273893f9

ISO/TR 20736:2021(E)

7.2.2 Indirect dryers

Systems that primarily use conduction for heat transfer are referred to as “indirect” dryers. In indirect
dryers, metal walls separate the wet sludge from the heat transfer medium which can be steam, hot
water or oil heated in a boiler fired with fossil fuel or biomass. The sludge is mechanically moved
through the dryer. Its temperature is raised by contact with the heat exchange surfaces. Some types
of indirect dryers are able to handle viscous fluids so that recycling of dry material is not required.
Following the dryer, the material handling equipment is similar to that used in the direct system. The
three main technologies used are: disc, paddle and thin film dryers. For all, a rotor whose design is key
serves for sludge conveying. The specific energy consumption varies from 800 kWh to 1 000 kWh per
ton of evgporated water witir a Specific Evaporation Tate oTe (P oTtart tram for Convective arying.
This range of dryer provide an evaporating capacity of up to 4 000 kg/h. A schematic diagram ‘of a
typical palddle drying system is shown in Figures 6 and 7.

Key

1 wet fake from dewatering system 12 storage silo

2 feed|bin 13 dried biosolids
3 feed[pump 14 dry solids

4 mixqr 15 condensate

5 recyfled dry solids 16 condenser

6 dry golids 17 cooling water
7 crusher 18 fan

8 sepdration‘hopper 19 indirect dryer
9 screen 20 steam or thermal fluid
10  water 21 heater

11 product cooler

Figure 6 — Typical paddle drying system

In the disc dryer, the rotor consists of a shaft with hollow discs shaped as plates and equipped with
transport paddles. The discs are heated by thermal fluid injected into the rotor axis and distributed
across the disks. The combined action of disc and stirring paddles ensures an excellent heat transfer
and a slow progression of the sludge. Wiper and paddles are required to clean the disc surface. To avoid
clogging, a part of the dry sludge might be mixed with the inlet dewatered sludge.
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According to the principle of paddle dryer, two shafts bear hollow paddles and rotate in opposite
directions. This overlap of movements ensures both a high shearing of the sludge and a self-cleaning
of the system. Consequently, full drying can be achieved without sludge recycling paddle dryers (see
Figure 7) usually equip with 1 to 4 rotating shafts with disk-shaped paddles. The shafts, the paddles
and casing jackets are heated by the heat transfer medium (e.g. steam) and indirectly transfer the heat
to sludge. As a heat source, middle pressure steam (0,7 MPaG to 0,9 MPaG, 170 °C to 180 °C saturated
steam) is generally applied. The dried sludge of paddle dryer might be 60 % to 80 % in solid content.
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a) Paddle side view system
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Figure 7 — Typical paddle dryer system
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b) Cross section of|paddles

Thiin-film dryers (see Eigute 8) use a horizontal cylindrical stator with a rapidly spinning rotor

(p
a
dy
ev
on
teq
an

eripherical speed of approximately 30 m/s of peripherical speed). The rotor is also equipped with
ariety of blades-with adjustable pitch. These take the sludge to the heated wall, where fit forms a
hamic film of 5mm to 15 mm thickness. Due to the excellent heat transfer in this thin film,{the liquid
hporates quiekly, resulting in a powdery, partially finely ground solid. As the thermal fluid |s only fed
the double(jacket of the housing, thin film dryers are less compact than other indirect dryers. The
hnicalcapacity of indirect dryer usually ranges from 750 kg/h to 4 000 kg/h of evaporated water
H can'reach 8 000 kg/h of evaporated water.
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Key

1 heqting medium
2 vapour

3 wef feed

4 dry product

Figure 8 — Typical horizontal thin-film drying system

7.2.3 Solar dryers

Solar dryfing systems use radiant energy fromiOthe sun. Drying is performed in open or cloged
greenhouses. Sludge is distributed uniformly ih-deep bed (40 cm to 80 cm) by mechanical means. The
sun’s radipnt energy passes through the greenhouse transparent enclosure (walls and roof) to heat
and evapprate moisture from the sludge~The greenhouse enclosure constitutes a semi-controlled
environmpnt, in which ventilation or‘wind produces air convection able to evacuate humid air and
odorous cpompounds released to an@dour treatment system. A mechanical system is commonly used to
spread, tyrn, aerate and convey the sludge along the greenhouse length in order to renew the surface
exposed and avoid formation of ¢rust (see Figure 9).
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1 dried sludge output

2 solar radiation

3 dewatered sludge intake
4 rotary scarifier

Figure 9 — Typical solar dryer system

Solar drying systems are very sensitive to local weather.conditions and require land availablg. Thermal
hefting through injection of fluids or using heat puthps can also be implemented into thg concrete
greenhouse floor to overcome these drawbacks. Solar drying processes can be designed are to provide
solids content ranging from 35 % to 85 % with*optimum at approximately 70 %. The sludge is then
trgnsformed into 1 cm to 4 cm diameter granules, free-flowing bio-solid with pathogenjc content
redluced. The total energy required typieally varies between 30 kWh and 200 kWh per ton of water
logs. There are multiple solar drying Systems available and vary in their equipment supply and how
they operate.

7.3 Hydrolysis

Thiermal hydrolysis of sewage sludge involves the application of heat at above high temperdture for a
defined time period prior to anaerobic digestion. In thermal pressure-mediated hydrolysis, the heat is
typically provided by live steam injection at design temperature under concomitant pressurg (600 kPa
to [l 500 kPa) which'is then rapidly released. More usual thermal hydrolysis configurations usg standard
heft exchange.{Ph€ optimal operating conditions involve a temperature around 170 °C in ord¢r to avoid

Typically, the'inlet sludge is pre-dewatered to approximately 15 % to 18 % dry solids content. Further

A ] i P ain _includes pulper vesse eacto ash tanlk, pulper
recirculation/reactor feed pump, digester feed pump, process gas cooler and process gas compressor
skid.

The feed pumps send the pre-dewatered solids to the pulper vessels. The sludge is then pre-heated
using steam recycled from the downstream flash tank. Sludge in the pulper vessel is mixed thanks to
pulper circulation pump. Plant water can be added to the pulper circulation pump loop to reduce the
pre-dewatered solids if necessary. The pulper circulation pump serve to homogenise the temperature
and concentration of the solids in the pulper. The reactor feed pumps transfer sludge from the pulper
vessel to the reactor. Following the reaction, thermally hydrolysed sludge (THS) is driven into the flash
tank by excess pressure. The flash tank reduces the temperature of the sludge by recovering steam into
the pulper vessel, and also functions as a reservoir for the digester feed pumps, which move solids to
the digesters. Upstream of the digester feed pumps, plant water is added to the hydrolysed solids. This
is done to adjust the DS content of the solids feed to the digesters as well as ammonia concentrations.
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The dilution system also cools the solids, reducing the temperature, which also reduces the wear on
the digester feed pumps. Dilution water is set as a ratio or a given flow through a control valve. The off-
gas and steam collected in the pulper vessel is considered foul gas due to malodorous state and water
saturation. Process gas is passed through a process gas cooler (heat exchanger) to cool down the gas
and condense moisture, with the condensate drained back to the pulper vessel. Cooled foul gas enters
foul gas compressor skids to increase gas pressure. The compressed foul gas is fed into the digester
feed system piping.

There are several benefits for thermal hydrolysis, like biogas production, volatile solids removal,
dewatering efficiency and quality of liquors returns.

7.4 Incijneration

7.4.1 Fluidized bed furnace

The fluidiged bed furnace (FBF) is by far the dominant technology. Other types are theumultiple hearth
furnace (MHF), the rotary kiln furnace (RKF), the electric furnace (EF), the cyclone furnace (CF) and
the grate|furnace (GF). For sludge co-incineration, stoker type incinerators afid power stations gre
commonly used.

It consistq of a cylindrical refractory lined shell containing a sand bed fluidized during operation by pir
through a|distributor system under plate or pipe installed below the bed.-The temperature of the bed is
controlled above 750 °C when incineration is applied after drying aridyabout 700 °C when applied affer
dewaterinjg. For dewatered sludge incineration, it is important té«control the bed temperature abgve
the combiistion temperature of auxiliary fuel. For oil, it should-be above 650 °C and for liquid natujral
gas, abovg 700 °C. A representative schematic diagram of FBE is'shown in Figure 10.

Concernirjg the combustion air, the stoichiometric amount is that which should be injected into the
furnace i order to provide the amount of oxygen required for achieving the combustion reacti(%s.

The differjent zones for introduction and distribution of the combustion air are particularly important.
Refractory linings are very important because they are employed to prevent damage to the structujral
steel shel|l and to reduce heat losses. They should be designed and installed to comply also wijith
“gas tight] parameters which can be criticakespecially in FBF. Anti-fire refractory materials such|as
alumino-dilicate backed up by insulating brick is most commonly used. Properties of interest are for
example ffesistance to chemical attackyhardness, heat conductivity, thermal expansion, bulk densijty,
apparent porosity, mechanical strength, thermal shock resistance, chemical composition.

Constructfion materials used inythe heat recovery section, should be carefully chosen, considering
maximumn operating temperature and actions exerted on them by different chemical species that can|be
encounterfed in combustion-gases.

Process alr distribution by nozzles is another key point in FBFs.

Sludge fedding ferxincineration can be achieved by:

— distrirauting onto a fluidized bed by feed system such as bulk fuel spreader or screw feeder,

— feeding to the fluidized bed through openings in the furnace top cover, or

— injecting into the furnace using screw pumps and injection lances at the fluidized bed level.
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1 | sludge 9 plume prevention air heater
2 | dryer 10  quencher
3 | steam 11  bagfilter
3a| steam to turbine 12 ash hopper
4 | fuel 13 scrubber
5 fluidized bed furnace 14  induced'draft fan
6 | fluidization blower 15  stack
7 | air heater 16 NaOH
8 | boiler 17 \\"waste water

As|a pretreatment upstream incineration, drying might be adopted to reduce the fuel con
The heat source for dryer is~recovered from flue gas. To utilize the heat of flue gas at ma
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A gross section of a FBF is shown in Figure 11.
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Figure 10 — Typical fluidized bed furnace system

overed heat, heat recovéry processes are adopted such as air heater (heat exchanger) and|
er the heat recoveryydust (ash) in flue gas is collected by a dust collector (e.g. bag filter/elg

sumption.
Ximum as

or boiler.
ctrostatic

pcipitator/ceramic filter). Most of gaseous acidic substances are removed from flue gas by using a
sciubber, and then®hie gas is induced by an induced draft fan to a stack.

[Fs can have'a ctross section from 1,5 m to 9 m and height from 6 m to 16 m for a bed expansion of
1,9 to 2 times the fixed bed height. Excess air counts for 25 % to 100 %.
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1  exhaupt and ash 9 Wind box

2 pressyre tap 10  fluidizing air inlet
3  sightdlass 11  reftactory arch

4  burnef 12 .. (fluidized sand bed
5 tuyerds 13- freeboard

6  fuel (dnd water) injection lances 14  sludge inlet

7  pressyre tap 15  thermocouple

8 start-:[p preheat burner for hot wind box 16  sand inlet

Figure 11 — Bubbling fluidized bed furnace (typical cross section)

Advantages of FBFs are\low excess air requirement, due to the high turbulence, low NO, productipn,
due to effpctive control of combustion temperature, reliability (no moving parts), flexibility for shack
load, adaptability<to'sludges at different moisture content (dewatered, partially dried, full drigd),
heat stordge capacity by sand bed, and possible abatement of acidic compounds within the bed using
additives,|likélimestone and dolomite.

The FBF cambe designed with a hot wind box (400 °Cto 700 °CJwith distribution piate or ait preheating
with distribution pipe that reduces the auxiliary fuel consumption in case of wet sludge feeding. Hot
wind box means, that the incineration air is warmed up by means of a flue gas pre-heater. Disadvantages
include sand carry-over with the ash, and possible formation of a block of vitrified sand when salts with
low melting points are present. This problem can be solved by an addition of chemicals to inhibit the
binding of certain salts or by filling in fresh sand at a proper time. In the urban sludge treatment, the
risk of vitrified block sand is very low.

FBF are usually designed to operate in autothermal conditions (neither use of oil nor natural gas)
when applied after drying. FBF is currently recognized as BAT for sludge incineration. There are many
existing systems in operation.
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Pressurized fluidized bed furnace is operated under 150 kPaG, then fluidizing air is compressed by
using turbo charger installed in the flue gas duct. Additionally, flue gas can be emitted without induced
draft fan by its containing pressure. Therefore, this system can decrease electrical power consumption
of fans and is considered as energy saving technology (see Annex C).

The capacity of FBF usually ranges up to 6 000 kg DM/h and 40 MW thermal.

FBFs fall into two categories: single (non-circulating) FBF and CFBF. They are based on the same
principle, but in the circulating bed unit application of a velocity above the fluidisation one creates very
intensive mixing of air and fuel. Particles are carried out of the vertical combustion chamber by the flue

ga

s and are removed in a r‘yr‘]nnn tohe roeturned to the EBE H'\rnngh 2 ]nnp sealCirculating fluidized

be
co

] furnaces are common for firing coal or other high-calorific fuels in power station and
mmercialized for sewage sludge more recently (see Annex C for more information).

A yepresentative schematic diagram of CFBF is presented in Figure 12.
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1  fluidiging air inlet 7 burnér

2 pyrolysis zone 8 thermocouple
3 circuljting sand 9 pressure tap

4  pyrolysis gas 10/ sight glass

5  complete combustion zone 11  combustion air
6  exhaukt gas and ash 12 sludge inlet

Figure 12 — Circulating fluidized bed furnace

Advantagp of advancéd two-stage incinerator (CFBs) is N,0 reduction without extra fuel, due to two
stage conjbustion/THe operation and furnace are robust against fluctuation in sludge condition gnd
load, due to as the'pyrolysis zone is in the CFB (see Annex C for more information).

7.4.2 Multiple hearth furnace (MHF)

A representative schematic diagram of MHF plantis presented in Figure 13. Sludge is fed at the top of the
MHEF, so-called the “drying zone”, and incinerated in its lowest part, so-called “combustion zone”. Ash
is discharged from the bottom hearth. Flue gas is treated using a water scrubber, an alkaline absorber
and a wet electrostatic precipitator and then released to a stack thanks to an induced draft fan.
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1 | sludge 8 treated water

2 | fuel 9 NaOH

3 | burner fan 10  alkali absorber

4 | air heater 11  wet electrostatic precipitator;
5 | multiple hearth furnace 12 induced draft fan

6 | bottom ash 13 Stack

7 | water scrubber

Figure 13 — Typical multiple hearth furnace system

A ¢ross section of a multiple hearth furnace is-shown in Figure 14. It consists of a vertical cylindrical-
refractory lined reactor containing a number'of horizontal hearths. Rabble arms, supported by a single
central shaft, rake the sludge radially acress the hearths from the top to the bottom, in counter current
with air and hot gases.
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1 sludge cake screenings and grit 11  clinker breaker

2 burnlers 12 gas flow,

3 suppllemental fuel 13  rabble-arm (2 or 4 per hearth)
4 combustion air 14  auxiliary air ports

5 shaft cooling air return 15..(scum

6 solids flow 16 exhaust gas

7 drop|holes 17  cooling air discharge
8 rabble arm drive 18  damper

9 shaft| cooling air 19  in hearth

10  ash discharge 20  outhearth

Figure 14 — Multiple hearth furnace (typical cross section)

Three zores can'be distinguished in the furnace: drying, with gas temperature up to 400 °C, burning
(temperatiures of gas and solid phases of 850 °C to 900 °C), ash cooling (temperatures of ashes and pir
genera11y1lower than 200 °C. Common technical data of a MHF are diameter (2 m to 8 m), numbei] of
hearths (4 to 14), hearth loading rate (30 kg to 60 kg wet sludge/m?.h), excess air (100 % to 125 %).

Advantages are flexibility with respect to feed quality and loading rates, durability, low fuel
consumption due to effective heat recovery inside the equipment.

Disadvantages are possible odour problems and emissions of volatile substances, due to the low
temperature of exhaust gas, high need of excess air, due to the low turbulence and high maintenance
costs, due to many moving parts. Moreover, high fuel consumption is needed, if afterburning of exhaust
gases should be accomplished, to take their temperature from 400 °C to 450 °C to at least 850 °C.

The capacity of MHF usually ranges up to 3 000 kg DM/h.
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7.4.3 Hybrid furnace

The fluidized bed technology can be combined with the multiple hearth furnace (see Figure 13). In
this configuration, the flue gases from the fluidized bed dry the sludge as it moves down through the
multiple hearths.

A cross section of a hybrid furnace is shown in Figure 15.
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Key
1 sludge supply 8 fluidized bed
2 auxiliary fuel 9 after-burner chamber
3 atmospheric oxygen 10  start-up incineration chamber
4 waste gas 11  circulation blower
5 cool air 12 inspection glass
6 pre-dried zene 13 air preheater
7 incineration zone
Figure 15 — Hybrid furnace

Essentially, it consists of a cylindrical brick-faced vertical combustion chamber, in whose lower part
a sand bed is kept fluidized with the aid of combustion air. The fluidized bed is operated with hot air
from below via the wind box and the tuyeres. The degree of drying of the MHF can be easily regulated,
thus improving the overall performance of the process reducing the excess air amount.

As a result of the described process there is an extremely stable, self-sustaining incineration process
characterized by low nitrogen oxide and carbon monoxide values in the flue gas. An advantage of this
combination is also the possible reduction of the grate surface of the FBF, in comparison with a process
where only a FBF is applied. The multi-layer fluidized bed furnace can be operated with an incineration
air quantity which is dependent only on the CO and NO, content of the flue gas and is thus relatively
small.

The above conditions can, however, be performed by pre-drying the sludge with different equipment.
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7.4.4 Others

Rotary kiln furnace consists of a refractory-lined cylindrical shell mounted at a slight incline from the
horizontal plane (2 % to 4 %) which slowly rotates (lower than 5 r/min). Variation of rotational speed
allows to control solids residence time and to ensure adequate mixing. Excess air requirement ranges
50 % to 200 %.

This technology is particularly suitable for incineration of hazardous wastes, due to its ability to treat a
great variety of materials of different consistence and size.

Operatio

involves low combustion efficiency, high need of excess air and high fuel consumption

The elect
through a
by 6,1 m1
range 30

energy.

Fic furnace (EF) (or radiant heat, or infrared) is basically a conveyor belt system_ pass
long rectangular refractory-lined chamber. EFs are available in sizes ranging from 1;2:m w
bng to 2,9 m by 29,3 m. Combustion air flows counter-currently to the sludge. Excéssair ra
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o to 70 %. No auxiliary fuel is required, because electricity is used to providé supplemenital

This tech

The cyclopic furnace (CF) is a single hearth unit where the hearth moves:and the rabble teeth 3
stationary.
sprayed radially toward the heated walls of the chamber: combustion occlr's rapidly enough that slug
does not ddhere to the walls.

Grate furhace (GF), so-called stoker furnace, consists of step, grates, brick wall and ceiling (3
Figure 16|). Step grates are divided into fixed part and travelling part. These two types of grates §
alternatelly lined and reciprocating movement. Step grates generally consist of drying stage, combust

stage and
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1 | sludge inlet 5 step grate

2 | feeder 6 secondary air
3 | flue gas and dust 7 burner

4 | primary air 8 ash

Figure 16 —:Grate furnace

7.5 Pyrolysis

Seyeral types of pyrolysis units are available, including the fluidized bed furnace, the multiple hearth
furnace (see Figure 13), and the rotary kiln. These units are similar to incinerators except] that they
opprate at lower temperatures and with less air supply.

Other processes/devices arethe Ablative process pyrolyser, the Rotating cone reactors, and the molten-
salt oxidation.

In the ablative processes the biomass particles are moved at high speed against a hot metal SL:LI;face' The
process is dependént on surface area and the use of mechanical drivers, making it more cofnplex and
mqre expensiveto/scale up to larger facilities.

In |[rotating{Cone reactors, pre-heated hot sand and biomass particles are introduced into p rotating
cone. Like-other shallow transported-bed reactors relatively fine particles are required t¢ obtain a
gopd liquid yield.

In motterr=sattoxidatiom,combustible waste s oxmdizedat 506 to950—CTmabatirof molten salts.
There is no direct flame, and this prevents many of the problems associated with incineration.

7.6 Gasification

Commercially available furnaces include fixed bed reactors, entrained bed, fluidized bed, multiple
hearth, rotary kiln, and some other patented processes. The basic types have only one stage whereas
the more developed ones have two or even three stages. Additionally, there is a process called plasma
gasification which is more a gas treatment system than an entire gasification system.

Fixed bed and fluidized bed gasifiers can be considered as dry processes (where the ash does not melt)
while entrained flow and plasma gasifiers can be seen as slagging gasifiers (where slag is a vital part to
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the functioning of the process). The occurrence of the slag depends on local temperatures and the so-
called ash melting point.

Looking to the applications, a further distinction can be made between power gasifiers and heat
gasifiers. Power gasifiers require a more or less tar- and dust-free gas, while heat gasifiers are not very
sensitive to these types of impurities.

Ul s W N =

34

Fixed bed gasifiers: have a stationary reaction zone typically supported by a grate and operate
at low temperatures (400 °C to 650 °C) for the outlet gas and have high thermal efficiency. Small-
scale gasifiers are generally of this type. Up-draught or counter-current gasifier (see Figure 17),
is theroldestand-simples pe-of gasifier-The airintake | e and-the gasleavesatthe
and volatiles produced during this process are carried in the gas stream. Ashes.are
remoyed from the bottom of the gasifier. In the down-draught gasifiers primary gasificationlair is
introqluced at or above the oxidation zone in the gasifier. The producer gas is removed at.the-bottpm
of thel device, so that fuel and gas move in the same direction, as shown in Figure 18, Downdraught
gasifiprs have the potential of producing a tar-free gas suitable for engine applicatiens.
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feedstiock 6 hearth zone
gas 7 grate
drying zohe 8 ash
distillatieh zone 9 air
reduction zone

Figure 17 — Up-draught or counter-current gasifier (typical cross section)
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1 | feedstock 6 reduction zgne
2 | dryingzone 7 grate

3 | distillation zone 8 gas

4 | hearth zone 9 ash pit

5 | air

Figure 18 — Down-draught or co-current gasifier

—| In the entrained flow ‘gasifiers, the feedstock (fuel) is suspended by the movement of gds to move
it through the gasifier. Finely pulverized fuel (100 um to 600 um) is gasified within seconids at high
temperatures (1500 °C to 1 900 °C). The feed is entrained with oxygen and steam in a qo-current
flow, which pequires an air separation unit which increases costs and energy use. The gasification
process qui€k’reaction time allows for a very high throughput, less problem with caling fuels,
and highly efficient carbon conversion. Due to the high temperature of the outlet gas (1/250 °C to
1 600-2C, the product gas contains no tar or methane, but requires a large effort in gas cpoling.

In fluldlzed bed gasifiers the turbulent mixing results in umformlty of the product gas and gives a
hiroughput,
although not quite the level of entrained flow ga51f1ers Operating temperatures are around 500 °C to
1000 °C depending on heating methods, indirect heating being the lower. Depending on design, biomass
can be fed into the top, bottom, or middle of the fluidized bed. Heat to drive the gasification reaction
can be provided in a variety of ways in fluidized bed gasifiers.

A commercial gasification treatment plant on a basis of fluidized bed technology is described in Annex C.

7.7 Thermolysis

Thermolysis mostly involves a twin casing, rotating drum type reactor; the heat is injected exclusively
through this twin casing. A flow diagram of thermolysis is presented in Figure 19.
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1 hopper 15 emergency flare
2 input{sluice 16  gasometer
3 thernpolysis-coke hot 17  CHP
4 therﬂolysis-coke cold 18  raw oil tank
5  thermpolysis raw gas 19  thermolysis oil, raw
6  permpnent gas 20  desulfuring
7 permpnent gas, cleaned 21  oil-CHP
8  GPL /natural gas 22 off-gas filter
9 off gap 23 filter dust
10 rotary kiln unit 24 off-gas
11 condgnsation 25  distillation
12 coolef 26  super fraction
13 filter 27 W\ light oil fraction
14  activdted carbon filter 28" heavy oil fraction

Figure 19 — Flow diagram of thermolysis with usual rotary kiln unit

7.8 Carjbonization

Several tyjpes of<carbonization units are available, as referred to in 7.5, including FBF, multiple hearth
furnace (MHE),rotary kiln furnace and so on. A case study is presented in D.3. The rotary kiln furnace
is used in| many cases including large scale projects, while FBFs have many references as well. Some
good references are mcorporated In the case study In this guideline.

Generally, the drying process is required prior to the carbonization process. Bio-charcoal generated
from the process could be pelletized, depending on its application. Syngas (or pyrolysis gas) is
combusted in a post-combustion process with enough high temperature and residence (or residence)
time and the acidic substances in the flue gas are removed in a scrubbing process after a dust-collector.
The excess heat recovered from the post-combustion process is reused for drying and carbonization
processes.

7.9 Wet oxidation

Commercial systems typically use a bubble column reactor, where air or pure oxygen is bubbled through
a vertical column that is full of the hot and pressurized fluid to be treated. Fresh fluid (wastewater or
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sludge) enters the bottom of the column and oxidized fluid wastewater exits the top. The heat released
during the oxidation is used to maintain the operating temperature, together with the use of heat
exchangers. Other systems use fully/perfectly mixed reactor.

A diagram is presented in Figure 20.
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gases

effluent outlet
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sludge inlet
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7.10 Melting

Mdlting is net\frequently used in Europe and has been used in Japan.

sludge pump

separator

steam and flue gas outlet
heat exchanger

pressure relief valve
reactor

air inlet

compressor

Figure 20 — Schematic diagram of wet oxidation sludge

A fepresentative schematic diagram of a vortex melting system is shown in Figure 21 and a diagram of
vortex'melting furnace is shown in Figure 22.

Sludge is dried and then fed into the melting furnace. Melting slag is discharged from the melting
furnace to slag cooler. The heat of flue gas is recovered and utilized for combustion air heating and
dryer heat transfer medium (air or steam) heating as heat source. The flue gas treatment process for
melting system is almost the same as that of FBF.
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Figure 21 — Typical vortex melting system
vortex melting, surface melting, coke béd melting and rotary kiln as typical melting furna

ectrical melting furnace but this type of furnace is not popular for sewage sludge melting.

dewatered sludge melting, sludge is pre-dried to optimize fuel usage in order to maintain {

p 1 250 °C. Because melting furnace is operated under higher temperature than incinerati
excess combustion air.at the high temperature zone makes nitrogen in the air oxidiz
gen oxide (NO,) is~easily formed. Therefore, at the high temperature zone, combust

s is completely combusted with enough oxygen which is called two stage combustion a
npplied forsladge melting. Considering flue gas emission regulation, flue gas de-NO, such|
be appli€d'if necessary.

incineration, flue gas heat is recovered as combustion air preheating source and/or drj
ferincinerated ash is collected and toxic material in the flue gas is treated. A part of metals
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Such metals are cooled and solidified again at the stage of heat recovery and flue gas treatment, then
discharged as melting fly ash. Because the melting fly ash contains heavy metals, the fly ash is disposed
after heavy metal leach out prevention treatment to prevent secondary pollution at the final disposal

area.
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1 | air heater 7 sludge inlet
2 | vortex melting zone 8 primary inlet
3 | slagseparation zone 9 secondary air inlet
4 | secondary combustion chamber 10+, ~refractory
5 | flue gas outlet 11 slagflow
6 | slagport
Figure 22 — Vortex melting furnace
7.11 Pasteurization
Slydge pasteurization is usually carried out under low temperature up to 70 °C for about 30| min. Two
mgthods exist €or 'such purpose: the first one consists in applying steam by means of direct injection
anfl the other'one involves indirect heat exchange. Direct steam injection seems to be a mofe feasible
approach-as+use of heat exchangers often leads to scaling, fouling and especially clogging raused by
bujld-up/of organic matter over time. Steam injection is moreover preferred because hedt transfer
thi ough the sludge slurry is slow and not dependable A typical sludge pasteur1zat1on system using the

°C and then
mixed W1th incoming steam before diverting it to reactors and mamtamed for spec1f1c time period. In
order to ensure efficient heat transfer so that operating cost can further be lowered, in-line mixing
should be incorporated into the design which also helps to maintain a uniform heating. Incomplete
mixing either increases heating time, reduces process effectiveness, or both. Overheating or extra
detention times are not desirable, however, because trace metal mobilization may be increased, odour
problems are exacerbated, and unneeded energy is expended. Batch processing can be preferable to
avoid reinoculations if short circuiting occurs.
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1 untrepted or digested sludge from storage 9 in-line mixer
2 raw sjudge feed pumps 10 boiler
3 heat ¢xchanger 11 fuel
4 pasteprization reactions 12 make up Water
5 157 °F (70 °C) 13 pre heated sludge 135 °F (57 °C)
6 pasteprized sludge pumps 14 sludge for utilization
7 heated sludge 157 °F (70 °C) 15 pasteurized sludge storage
8 stean} 345 °F (174 °C) 16 pasteurized sludge

Figure 23 — Typical pasteurization system

The flow scheme for a sludge pasteurization system also includes heat recuperation system. System
componejts include a steam boiler, a preheater, a sludge heater, a high-temperature holding tank, blgw-
off tanks, pnd storage basins for the untreated and treated sludge (see Figure 23).

Pasteurizftion is employed ektensively in Western Europe, where heat pasteurization is a proyen
technologly, requiring skills such as boiler operation and understanding of high-temperature and
pressure processes. Pasteurization can be applied to either untreated or digested sludge with litftle
pretreatmjent.

7.12 Emprgingtechnologies

7.12.1 General

Emerging technologies relates to technologies studied at pilot scale but with few full-scale applications.
7.12.2 Oxidation technologies

7.12.2.1 Supercritical water

Supercritical water treatment, also called hydrothermal treatment is based on the property of water
above 374, 20 °C and 22,1 MPa to reach a super critical instability that is similar to a condition of
vapour and liquid in one plasma like fluid. The characteristics of solutes in water and reaction kinetics
completely change in the hydrothermal range. Treatment of sludge in supercritical water can be
performed according to three methods: supercritical water gasification (SCWG), supercritical water
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partial oxidation (SCWPO) and supercritical water oxidation (SCWO) technologies with increasing
amounts of oxidants. Hydrogen-rich gases can be generated from by SCWG or SCWPO technologies
using oxidants less than stoichiometric ratio while organic compounds can be completely degraded by
SCWO technology using an oxidant excess. The addition of an oxidant secures immediate and complete
oxidation with the formation of high-quality effluents, capture of CO, through formation of carbonate
salts, formation of inert ashes and release of air emissions. The different process variables are sludge
properties, moisture content, temperature, oxidant (peroxide, oxygen) amount and catalysts. Few
commercial plants were built. Corrosion or plugging problems, especially during the preheating of
sludge, restrict this technology. Therefore, decomposition of organics with hydrothermal flames using
auxiliary fuel instead of preheating may be an alternative.

7.12.2.2 Wet peroxide oxidation

Wet peroxide oxidation (WPO) constitutes an alternative to the basic WAO teChnology| by using
hyfirogen peroxide in addition to oxygen as oxidant, possibly associated to a catalyst. This process is
adapted from the classical Fenton's reaction but operates at a temperature of abeut 120 °C. Thifis process
originates from the wastewater treatment field.

7.12.3 Enzymatic sludge hydrolysis

Low temperature (<100 °C) thermal pretreatment enhances sliidge floc hydrolysis by eénzymatic
activity. In Japan, some full-scale operating plants exist.

7.12.4 Plasma gasification

Pldsma gasification is a non-incineration thermal proeess that uses extremely high temperatures in an
oxygen starved environment to decompose input waste material completely into very simple nolecules.
Thle main product of the process is a gas, knownsas synthesis gas, which can be used, among ¢thers, for
th¢ production of energy and an inert vitreousdy product material, known as slag. The plasnja furnace
is fthe central component of the system where the gasification process takes place. Twq graphite
eldctrodes, as a part of two transferred arc¢torches, extend into the plasma furnace. An electific current
is passed through the electrodes, and an-electric arc is generated between the tips of the electirodes and
th¢ conducting receiver, i.e. the slag in the furnace bottom. The gas introduced between the|electrode
anfl the slag that becomes plasma is commonly air. At the temperatures maintained within the plasma
fugnace, the organic moleculésicontained in the sewage sludge begin to break down and rfeact with
the air to form carbon menoxide, hydrogen and carbon dioxide. Water contained in the sludge feed
aldo dissociates and reacts’with other organic molecules. As a result of these reactions, gll organic
copstituents and water-are transformed into a synthesis gas containing mostly hydrogen, carbon
mqnoxide and nitregeir.

7.12.5 Ultrasound pretreatment

around the world.

7.12.6 Microwave irradiation

In the electromagnetic spectrum, microwave (MW) irradiation occurs in wavelengths of 1 m to 1 mm
at corresponding frequencies of 300 MHz (3 x 108 cycles/s) to 300 GHz (3 x 101! cycles/s), respectively.
The mechanism of MW irradiation includes a thermal effect and a thermal effect. In recent years, many
investigations were devoted to MW irradiation as an effective thermal method for sludge treatment,
mainly due to its rapid and selective heating, energy efficiency, capacity to enhance the yield and
quality of product and diminished hazardous product formation and emissions. System design and
development inhibit the wider application of MW technology to industrial processes. Most of the work
undertaken in this field has been restricted to the laboratory.
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7.12.7 Infrared radiation

Infrared radiation (IR) is defined as the electromagnetic radiation with a wavelength comprised
between 0,8 pum and 1 000 pm. It has the property to transmit heat, so it can be used as a heating
source during drying. Compared to conventional convective drying systems, the heat transfer during IR
drying can be more efficient, leading to shorter processing time, lower energy costs and more compact

equipmen
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7.13 Design aspects
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7.14.2 Transport, receiving area, storage and feeding systems

Treated sludge can be transported by barge, rail truck, road or pipeline. The most suitable method
depends on the dry solid content of the sludge and transport duration and length. Transport by trucks is
the most widespread method due to its relatively low investment costs and the high degree of flexibility.

The receiving area includes unloading equipment and storage vessels. DM content and physical
consistency of the sludge influence their selection and design.

To avoid emission of malodorous, sludge should be stored in closed systems from which air is extracted

and treated. Attention should be paid to the explosive and fire risks related to handling sludge and
carbonized materials. It can be advantageous to store sludge on the thermal treatment plant site,
betause this provides a buffer between the sludge production and its treatment.

Pafticular attention should be paid to appropriate planning of maintenance operations.

7.14.3 Heat supply and recovery

7.14.3.1 General

The systems for heat recovery include boilers, with production“of hot water or steam,|and heat
exthangers used for air heating and/or flue gas after-heating, heat'exchanger on thermal oil Heating.
7.14.3.2 Heat exchangers

Seyeral types of exchangers are used and involved in Several thermal processes for sludge tireatment.
Thie major concerns in applying a heat exchanger on dirty or sticky media like sludge are

—| fouling and plugging of the tubes or plates due the solid accretion;

—| abrasion by the entrained solids;

—| corrosion due to vapours.

A particular attention should be‘dfawn to the design and material composition of heat|exchange
suffaces and the provision of cleaning systems.

7.14.3.3 Boiler

Thie boiler can be provided with a dust hopper fitted with a screw conveyor for removing| dust that
seftles out.

Sopt blowers.are required for cleaning the tubes. Due to structure of the fire tube boilers, with many
lorjg tubes ©fyrelatively small diameter connected to a tube sheet, soot blowers might not b¢ effective
in pliminating deposits from the inside of the tubes. The use of high gas velocity could limit Quild-up of
solids:

In tombimatiom withrdrying process as a pre-treatment; the extraust gases enter thre boiter at 850 °C

to 950 °C in the radiant section, then pass through the convective section and leave the boiler from
the economizer. Exit flue gas temperature from economizer can be as low as 250 °C when electrical
energy is recovered. Corrosion should be controlled taking into consideration acid dew point in relation
to this flue gas temperature. It can be also as high as 500 °C when steam is produced. However, the
temperature of the exhaust gases into the boiler can be changed in different process configuration such
as direct dewatered sludge incineration.

Steam production from the boiler can be estimated in the range of 3 kg/kg to 8 kg/kg dry solids to
be processed. Electric energy conversion can be estimated in the range 0,2 kWh/kg to 1,6 kWh/kg
dry solids depending on process configuration. The use of an induced draft fan after the scrubber is
desirable with a waste heat boiler installation to prevent gas and dust leakage. If the steam demand
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is highly variable, the use of a hot gas by-pass duct to the scrubber inlet is advisable; otherwise, a
condenser is required.

The use of produced steam depends on local conditions and plant size.

Steam can be used for electricity generation by conventional turbines, sludge drying in indirect contact
steam-sludge devices, air preheating in finned exchangers, exhaust gas post-heating to prevent the
plume appearance and to ensure sufficient dispersion of the effluent gases, and district heating or
industrial use.

7.14.4 Ggs dcauiug

Air pollution control is required for the reduction of emissions which include particulate,(volatile
trace elements, organic pollutants (volatile and products of incomplete combustion or drying), aciflic
compounds, nitrogen and sulphuric oxides. The main goal of any flue gas cleaning systety’is to cpol
down the fexhaust gas thus condensing most of the evaporated pollutants.

More detdils of equipment for gaseous emissions cleaning are reported in Clause %

7.14.5 Agh and other residues handling

The solid [residues of sludge combustion are generally classified as bottom (if they are taken diredtly
from the |furnace) or fly ashes (if they are collected in the flue gas treatment devices). In sludge
treatment by MHF bottom ashes are generally prevalent, while in&BF incineration fly ashes are mych
more abuhdant. Larger particles such as sand can be evacuated directly from the sand bed using|an
evacuatioh valve placed at the base of the sand bed.

In some HBF installations, however, discharging of heawvj{ materials from the bed is also considered
when the head losses in the bed reach unsuitable values:does requiring the replacement of sand.

More detdils of equipment for solid residues treatment are reported in Clause 9.

7.14.6 Wastewater treatment

Wastewaj::r is originated from wet scrubbers or condensation systems. It can contain pollutants, ljke
trace elements, acidic compounds, odorous compounds and solids at levels that require treatment to
meet efflyent standards for discharige. Chemical-physical processes like neutralization, oxidation, trace
elements precipitation, suspended-solids removal can be used.

More detdils on wastewaterttéatment are reported in Clause 10.

7.14.7 Process monitering

To maintdin steady-state conditions and to guarantee high process efficiency, key operating parameters
like tempé¢rature, pressure and oxygen concentrations should be properly controlled and continuoufly
measured in’the thermal system (e.g. furnace) and in different sections of the full treatment plant.

In addition, the measurement of other operating parameters like the gas flow rate at the stack exit can
indirectly give information on residence time and turbulence in the system.

A periodic monitoring of toxic metals of sludge should be carried out to ascertain the standard limits are
respected. Control of trace elements and some organic micropollutants should be also accomplished.

In all cases, it is particularly important to determine the ranges within which change is acceptable and/
or unacceptable for parameters of interest. Among all of these parameters, a selection of those, which
should be regularly monitored and/or inspected, should be proposed.
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7.14.8 Safety systems

Sludge thermal treatment units should be subject to appropriate safety measures because they
can represent many risks, particularly in the event of malfunctions; The following risks should be
particularly managed: risks due to the self-heating properties of dried sludge, risks associated to the
gas emissions like pyrolysis gases, risks of explosions, risks of sparkling phenomena.

According to these considerations, each plant needs to undergo a hazard and risk analysis.

Usual related safety systems include explosion-proof, water shower for chemical exposure, thermal
insulation, firefighting. Safety parameters should be included in the functional analysis of the system
anfl should be part of its automation.

8 | Operational aspects

8.1 General

Thiermal treatment processes should be operated continuously as this leads to a minimum|of energy
copsumption and wear costs.

Thiermal processes generally require appropriate preliminary tréatments to improve the freatment
quplity of sludge. Thickening, conditioning and dewatering are the'most common processes fof reducing
mdisture. Anaerobic digestion also plays an important role.

Ingrganic conditioners determine a decrease in volatileXcontent (reduction in sludge heaf content)
anfl an increase in dry solids quantity (increase of ash*amount) to be processed. Further, slagging and
clinkering can occur when metal salts are present,while chlorine and other halogens are r¢sponsible
for the presence in the exhaust gases of acidic compounds which are undesirable for corrosion|problems
inyolved, especially at high temperatures. The mse of polymers as dewatering aids is very effgctive, and
their adoption instead of lime and ferric chloride when the sludge is to be incinerated.

Addition of lime to slow down sludge fermentation may have a positive impact on transport arjd storage,
buf the life cycle of the refractoriesscan be reduced due to alkaline degradation at these temperature
leviels, and additional clogging occurin the furnace's boiler unit.

Thie advantages of thermal drying when coupled with incineration consist of the possibility fto control
th¢ solids concentration teg-the right value, which allows an autothermal combustion with a[minimum
exhaust gas productionste be obtained.

Drjed and dewatered'sludge can be mixed, if necessary, to avoid DM concentrations higher thdn needed.

Addition of a supplemental combustible material at low cost, like appropriate biomass, is another option
to reduce fuel\consumption.

Operating.and safety problems can arise from addition of scum and grease because, due to [their high
energy.content, an increased volume of exhaust gases is suddenly produced in the heating space.

Induced draft fans should be able to draw off the developed explosive gas immediately to prevent any
escape in the ambient air.

Thermal processing plants should be inspected and cleaned on a regular basis to detect the presence
of slagging and clinker deposits, preventing natural circulation of air, and of cracked refractory
with possible loss of material. The burner operation without impingement of any surface should be
warranted.

Anaerobic digestion reduces organic content of sludge, and therefore its calorific value, but also produces
biogas which can be a source of energy for the thermal treatment process. Further organic compounds
containing organic sulfur are degraded by anaerobic digestion and together with organic compounds
are reduced to ammonia nitrogen and sulphide sulfur. Such forms of N and S are easily released from
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sludge into sludge liquor (N) and into biogas (S) thus reducing the amount of such compounds in the
flue gas.

In the following subclauses, specific aspects of thermal processes are discussed.

8.2 Drying

Drying of the sludge follows mechanical dewatering. Principal arguments for implementing drying are:
a further reduction of the sludge amount to be handled, a further increase of the calorific value, a further
stabilization and increased hygienic safety, an improved storage and transportability, an elimination of
the probl¢§ms with handling paste-1ike substances.

Some tecljnologies are inappropriate when a high viscosity phase occurs during the sludge dfying]In
this case, fecirculation of dried sludge is commonly used so that the feed is above the critical-dry soljds
content leel, close to 60 %.

Thermal firying can be required to allow auto-thermal incineration in monovalent-Sewage sludge
incineratipn plants depending on the composition of the sludge (energy content of the-dry solids, largely
related tq the content of organic material). Pre-drying should only be carried\out up to the point at
which thq sludge contributes positively to the energy balance of the following incineration procgss.
Dried sewjage sludge represents a free-flowing granulate with low to meditinycalorific value which dan
be used ag added fuel especially in power plants and cement kilns.

8.3 Hydrolysis

Thermal |hydrolysis of waste activated sludge is a robustYpretreatment, leading to significant
improvenjents in anaerobic digestion (up to 70 % increases(n methane production) operating in quiite
a wide range of experimental conditions. The key mechanisms and variables of the process are: heating
(temperatjure and time) and decompression mechanism{slow or steam explosion). The efficiency of the
pretreatnjent is mainly influenced by temperature.

In the coupling of thermal hydrolysis with downstream digestion, the energy balance is relatively neutral
as additional biogas produced during digestion is partly counteracted by the energy requirements| to
provide r¢action temperature for treatment;

In the cofipling with other downstream thermal technology, improvement in sludge dewaterabillity
reduces dpwnstream transport and.sludge handling, especially for drying.

8.4 Incjneration

8.4.1 General

Generally| the prithary variables affecting incineration performance and costs are the waste calorific
value, the|fuel consumption and in some cases the air requirement.

An autotheérmal combustion is obtained when the calorific value of sludge and the heat content| of
combustion air, 1If preheated, balances the heat content of exhaust gases and the heat losses at the
combustion temperature.

Fuel requirement strictly depends on DM and excess air needed to ensure a complete combustion.
Generally, fuel requirement lower than 70 m3 of methane (measured under normal conditions of
temperature and pressure) per wet ton of sludge is considered suitable for an incineration process.

The stoichiometric quantity of air (in kg) is 4,31 times that of oxygen. Depending on incinerator type,
3 % to 6 % O, residue in the flue gas is generally required to ensure effective operation.

The temperature is controlled by acting on the fuel, if sludge is not autothermal or by feeding surplus
air or by injecting water in the opposite case.
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Typical operational problems of incineration systems can include corrosion, metal fatigue, slagging and
blocking of feeding systems.

Maintenance operations should be carried out with regard to the burners, the firebricks, the exhaust
gas duct (especially the elbows), all the moving mechanical elements, and the exhaust gas cleaning
system.

Different procedures for start-up and shut-down should be adopted depending on furnace type. In any
case, the refractory drying before the first start-up is one of the most delicate and important operations
to be carried out.

Spgcific operational aspects for the most used furnace types are discussed in the followingsybclauses.

8.4.2 Fluidized bed furnace

Stqtionary fluidized bed incineration plants make up about 90 % of the capacity of municipal mono-
indineration plants. For about 30 years, stationary fluidized bed furnaces as)well as multiple hearth
fugnaces have proven to be very well suited for incinerating sewage sludge,.a fuel with very specific
characteristics.

It {s very responsive to variations in feed quality and rate. The sahd bed acts as a heat resefvoir thus

Orle of the advantages of the FBF is the ability to operate with a higheér flexibility than other systems.
redlucing the temperature drop when the furnace is temporarily, out of service.

However, the FBF is limited by fluidizing air requirements;svhich means the unit should opg¢rate near
depign loading even for short periods.

Mdchanically dewatered sludge can be incinerated if‘fluidized bed furnaces after prelimindary partial
drying or in combination with pre-heating of combustion air to > 500 °C. Sludge incineration i$ typically
combined with drying as pre-treatment, however other combinations exist. Preliminary drying for
aufothermal combustion is not necessary, if the heating value of the sludge is increased to 4 0p0 k]/kg -
4 300 kJ/kg by adding coal or other high-calorific substances. However, detailed engineering cplculation
is fequired for actual achievement of autothermal combustion.

A very even distribution of the sludge over the entire furnace cross section is achieved by ysing bulk
fugl spreaders. When expanded, the hot fluidized bed offers ideal conditions for mass and heat transfer.

If, in addition to sludge, also.screenings are to be incinerated, these should be comminuted and bulk
mdterials should be removed beforehand.

Thie air is fed in the-wind-box or thanks to a distribution pipe to ensure a proper air distribution below
the orifice plate.Fluidizing air is passed through this plate by nozzles and fluidizes the sand bed. The
depth of the staticbed is usually 0,5 m to 1 m. During fluidization this depth approximately dqubles and
the¢refore reachies 1 m to 2 m.

Thie pressure drop of the bed ranges from 7,5 kPa to 28 kPa. The total pressure drop strictly depends on
nogzlé deSIgn and the quantlty and bulk density of sand. Quartz sand has abulk denSIty ofapproximately
g ] rate. The
particle size in the bed determlnes the maximum span that prevents transport of the bed out of the
reactor.

The fluidized bed sand is subject to abrasion, which means that very fine dust-like sand particles are
discharged with the ash in the flue gas. Normally, the removed amount of sand is replaced by the sand
contained in the incinerated sludge. If the sludge does not supply sufficient sand quantities, then extra
sand should be added. If the amount of sand in the fluidized bed increases above a certain permitted
level, it should be reduced to the permitted amount using a special fluid bed ash discharge system. This
process is controlled by measuring pressure drop in the fluidized bed.

Fluidized bed furnaces are equipped with injection lances, which can be used to add auxiliary fuels
such as oil or gas directly to the fluidized bed, in order to raise combustion temperature. These
lances can also be used to inject water, if temperatures are too high and the fluidized bed needs to be
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cooled. Next to a preheat burner for start-up, fluidized bed furnaces are normally also equipped with a
freeboard burner. During the start-up phase, the freeboard burner is used to ensure that combustion
temperatures are raised above 850 °C as required by emission rules.

The temperature of the bed is generally maintained at 650 °C to 820 °C. For controlling the combustion
temperature without auxiliary fuels, either steam or flue gas pre-heaters are used. Above the fluidized
bed incineration of CO and combustible dust takes place and the temperature increases to 850 °C
to 950 °C in the freeboard. The combustion gases, with the entrapped ashes, exit with freeboard
temperature. The combustion zone above the fluidized bed should be large enough to allow the
complete burnout of all combustible material. According to emission rules, a minimum gas residence
time of 2 p=>850—*CisTequired-Renmaimmg fly astrsdischarged-fromrthe furmacewithr threftoegas.
Flue gase$ are then passed to the heat recovery system, the dust separation step and further flue\gas
purificatipn processes.

In order tp keep carbon monoxide and nitrogen monoxide formation as low as possible,flidized Hed
furnaces ¢ould be equipped with a staged air supply system. Therefore, the fluidized.bed furnacg is
operated pt sub-stoichiometric combustion, which produces a minimal NOy-fractionf aid an increaged
carbon mpnoxide fraction. The carbon monoxide is then incinerated in the aftetburner chamber by
adding sefondary air. This type of staged combustion enables to keep the limit\values for NOy and [CO
stated in ¢mission rules without requiring additional NOy removal measures:

Fluidized [bed furnaces for sludge incineration have been designed for-combustion capacities up|to
6 000 kg/h DM and 40 MW thermal.

The advaptages of CFBF only become apparent for combustion heat capacities above 50 MW and for
fuels with higher heating values.

8.4.3 Multiple hearth furnace

Autotherral combustion can be accomplished with DM of about 25 % to 30 %, because in this systerh a
drying prfcess is integrated.

Sludge fe¢ding rate should be as much constant-as possible to avoid flame extinction and migration of
the combuystion zone upward (in the case pf'\a-surplus heat in feeding sludge) or downward (increasg of
the moistfire content).

Good operating mode implies that gombustion zone should be kept in the lower part of the furnace.

Problemsfencountered with the-internal parts of MHF include failure of rabble arms and teeth, hearths
and refragtories.

It is quiteldifficult after@'yariation to reach again stationary conditions because sludge requires m¢re
than one lhour to reach4¢he combustion zone. Therefore, the effects of control measures can be detected
with delay.

Combustipn catrbe controlled by several means. The most used parameters include hearth and oufflet
temperatlllre, oxygen content in the outlet gases and air flow rate, centershaft rotational speed.

Temperature on the different hearths is measured by thermocouples. It can be varied rapidly if a burner
is present at that location or at the hearth below it.

A drier cake requires addition of supplemental dilution air to avoid a migration of the burning zone
upward with a corresponding increase of the outlet temperature, while a less concentrated sludge
implies consumption of auxiliary fuel in the burning zone.

Oxygen content in the outlet gases is indicative of the excess air amount entering the furnace. For a
non-autogenous sludge, oxygen concentration in the outlet gases should be higher than 6 % by volume
which means operation at an excess air of about 60 % with respect to the stoichiometric value. Oxygen
concentration shows a remarkable increase when DM overcomes the limit for autothermal combustion
due to dilution air.
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Combustion air is generally controlled considering an excess air with respect to the stoichiometric
value of about 100 % and more. It follows that exhaust gas production in MHF is more abundant than in
FBF.

The cooling air of the shaft is partially used as combustion air at 180 °C to 230 °C. Centershaft rotational
speed can be manually controlled to move the burning zone downward (increase in rotational speed)
or upward (decrease in rotational speed) and to control the sludge blanket on the hearths.

8.5 Pyrolysis

generally makes its further purification economically not viable so that its energy must b¢ recycled

Gasification

control of reaction temperature of gasifier is more important ©r€qual to that of othdr thermal
trgatment technologies. The volume of air supplied should be carefully controlled by th¢ reaction
temnperature as well as the composition of fuel gas generated, This process generates not qnly a fuel
ga$ but also a scrubbing wastewater. As the fuel gas contains€combustible gases such as hydfrogen and
carbon monoxide, it is recommended to be properly treated’ The scrubbing wastewater shoyld be also
properly treated because it contains some toxic substanges to be further controlled like cyapnide (CN-)
anfl hydrogen sulfide (H,S). See 10.2.1. The scrubbing*wastewater can be returned to the head of the
wdstewater treatment process directly or after pre-treatment or fully treated separately. The number
of gasification plants is low but one can refer to cases studies in Annex C.

8.7 Thermolysis

On| thermal and technological grounds;thermolysis is implemented with sludge dried at more than
90(%. Depending on the temperature,thermolysis results in liquid biofuel obtained by cond¢nsing the
syhthetic gas or syngas which purification is difficult.

8.8 Carbonization

As|the bio-charcoal is-a-self-heating substance, it is necessary for operation and maintenapce of the
carbonization system-to consider a comprehensive and reliable safety measures from thg planning
anfl designing phase, with well-understanding of the characteristics and heating mechanigm of bio-
charcoal. Bio-charcoal can be stored longer than dried sludge or so, while a strict daily management for
its|storage and transport is essential against the prevention of heating. In addition, the management of
sludge quality and the carbonization temperature are important because the quality of bio-dharcoal is
mych influenced by fluctuation of sewage influent and seasonal change.

Thie—carbonization-system-is-generally maintained through annual regular maintenance-works and
usual repair works. Its operation rate should be kept higher because the consumption of auxiliary fuel
as well as power is higher when it is operated in low load or intermittently.

Other characteristics are described in 8.5.

8.9 Wet oxidation

Wet oxidation is used on sludge of DS concentration above 5 % and possibly up to 15 %. Its application
is in addition restricted due to problems arising from pressure conditions and from deposition due to
precipitation. The pressure-temperature combination should be adjusted to the sludge type.
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The wastewater produced contains ammonia in high concentration, that requires downstream
treatment.

8.10 Melting

As the melting furnace is operated under high temperature, the furnace consists of heat resistance
structure by using brick or refractory. Melting slag directory contacts with refractory and the refractory
can be eroded by the reaction of both sludge components and refractory components. Therefore, it is
necessary to repair regularly even applying anti reaction material for refractory component and/or
protection by adequate refractory cooling. Since raising operation temperature to more than necessary
temperatyire erodes refractory rapidly, it is necessary to monitor and control furnace inner temperatyre
not to raige too much over melting point of inorganic matter.

Too frequent starting up and shutting down cause thermal contraction of refractory, which might
crack or fpll down. It is therefore better to ensure continuous operation plan. The component whjch
is evaporated into flue gas in the furnace is solidified again through flue gas heat xecovering and
treating, then melting fly ash is produced. The melting fly ash is easily accumulated.in the heat recov¢ry
equipmenft, flue gas treatment equipment and flue gas duct, so it is recommendédto monitor flue gas
temperatyre and flue gas pressure drop and to remove fly ash by using soot blew\in order to prevent|fly
ash accunjulation problem.

8.11 Pasteurization

Operatior| requires skills such as boiler operation and understanding of high-temperature and pressure
processes

Pasteurizftion is mainly applied when a higher hygienic quality is required for sludge reuse.

8.12 HaZards
Hazards tp be considered include:

— Hazajdous gaseous emissions: an important constituent of produced gas is carbon monoxide (¢O)
whicl is extremely toxic and dangereus. However, for gasification/pyrolysis systems generdlly
working under suction, in case_of gas leak no dangerous gas escapes from the device during
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type. Amounts from down-draft gasifiers are generally small, so tar/phenol contamination is
relatively minor, while large quantities derive from up-draft and open-core systems, thus requiring
introduction of appropriate disposal systems.

9 Management of energy and secondary resources

9.1 General

In addition to electricity and heat, a large number of products can be recovered, depending on the
process, from sludge, including phosphorus, oils, liquid and solid residues, gases, building materials,
coagulants, etc.
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9.2 Drying
Energy is supplied for drying. Requirements depend on technologies.

To reduce auxiliary heat energy, it should be important to recover heat from dryer system. Moreover it
should be considered to supply waste heat such as low temperature hot water and natural heat source.
Generally, drying process involves several heat recovery methods.

9.3 Hydrolysis
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9.4 Incineration

Thie combustion of organic matter is an exothermic process, i.e. heat is generated and is tranisferred to
the flue gases which can allow heat to be potentially recovered before being discharged into atinosphere.

Thie recovered energy can be used for several applications, including.:
—| pre-treatment of sludge;

—| in-process heating;

—| steam production;

—| electric energy production.

Prpducts from the sludge thermal processes contain resources such as phosphorug at high
cohcentration. For instance, phosphorus can be recovered from incinerated ash using aci¢l and can
be|concentrated into slag through melting process. When these recovered materials are processed
as [fertilizer ingredients, the content of harmful substances including heavy metal needs td meet the
quplity standards in each country or regiom;

wn

Ash can be also valorised as construction material, filling product and additive in cement prodluction by
mgans of treating through suitabletechnologies.

In |particular, bricks produced.from incinerated sludge ash do not show heavy metals leacH from the
finfished bricks, even in adverse environments with pH levels as low as 3. The moulding pro¢ess is the
ke} to success in making the’brick from 100 % ash without any additives, therefore it should b¢ carefully
cafried out. Also temperature should be carefully controlled to prevent “black core”, the ph¢nomenon
that occurs when prganic substances are poorly oxidized. A slow cooling cycle is then ne¢essary to
avpid breaking from’ thermal strain. The properties of the sewage sludge brick are superiofr to those
of traditional Brieks in all respects, including compression strength, water absorption rate} abrasion
stilength, and bending strength; however, problems of moss growth, ice, and whitening appedred.

sigving.processes. Pumice is a possible substitute of volcanic gravel used for the underlayer pf athletic
fields

Pl;F\ice issmanufactured using the same approach as sewage bricks, with the addition of crushing and

When volume reduction and the immobilization of heavy metals are the primary aims, slag is a possible
solution because the volume can be reduced to only 4 % of the original one. Operational data showed that
80 % of the metal elements included in the sludge cake remain in the ash, provided that an appropriate
temperature of the incinerator is maintained. Two different kinds of slag can be manufactured: water-
cooled slag and air-cooled slag. Both varieties are vitreous, and meet the standards of the crushed gravel
used for concrete, but their compression strength is not comparable to that of natural gravel. Air-cooled
slag is used as a substitute for natural coarse aggregate, including concrete aggregate and back-filling
material, ready mixed concrete aggregate, roadbed materials, permeable pavement, interlocking tiles
and other secondary concrete products.

Other obtainable product is an artificial lightweight aggregate (ALWA). Compared with commercially
lightweight aggregates, this ALWA has greater sphericity, lower specific gravity, and less compressive
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strength. Major reuses include fillers for clearance between kerosene storage tanks and room walls,
planter soils, flower vase additive, thermal insulator panel, substitution of anthracite media of rapid
sand filters, water-infiltrating pavement. Because of its elasticity, attractive appearance and avoidance
of rainwater pooling, this material can be used for walkways pavement.

A further potential use for the sludge is as a substitute raw material for Portland cement in replacement
of portion of major ingredients, such as Ca0O, SiO,, and F,03, traditionally supplied in the form of
natural limestone and clay. Manufacturers accept incinerated ash, dried sludge, or dewatered sludge
cake, depending on the operation type; the concentration of P,05 is the most important factor to be
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In addition, to syngas use for directly manufacturing products, each individual component of syngas
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solated and purified for other purposes, such as:

— hydrogen: electricity generation, transportation fuels;

— nitrogen: fertilizers, pressurizing agents;

— carbo

— carbo

n monoxide: chemical industry feedstock, fuels;

n dioxide: injection into sequestration wells;

— minerals and solids: slag for road beds;
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— sulfur: chemical industry.

The volatiles from the process (vapours, permanent gases, tars) can be directly combusted to offset
the heat requirement of the upstream sludge dryer or the pyrolysis reactor. Since a large portion of the
energy content of the sludge remains in the char, a notable overall heat deficit can exist in the combined
drying and pyrolysis treatment system when applied to dewatered sewage sludge (with e.g. 75 %
moisture at dryer inlet).

Liquid or gaseous products are easier to handle in the combustion process and this is particularly
1mportant in retroflttmg ex1st1ng equlpment w1thout ma]or reconstructlon of the umts Wh11e bio-oils,

: » : ations of the
io-oil and

[y.

vhich is a
ion water.

h3, can be
gtural gas,

Thie direct use of the gas in a furnace is the simplest application as it generally requires littld or no gas
trgatment, except for dust removal. For efficiency reasons, a‘close coupling of the gasifier to the furnace
is required.

The gas product can be used directly as fuel in centbustion engines or can be further pro¢essed for
che¢micals or liquid fuel synthesis.

Combustion in a gas turbine is potentially-very attractive due to the favourable propertjes of gas
turbines themselves, such as low cost of m@intenance, potential high inlet temperatures favoyiring high
th¢rmodynamic efficiencies and the pessibility of using the exhaust gas in a steam generdtion cycle
(cdmbined cycle).

Using of gas in internal combustion engines is possibly the most attractive way of generating shaft
poper or electricity from bientass, unless minimum gas quality requirements are got, with special
reference to dust and tar.

Acfording to operators”of wastewater treatment plants, the recovered energy, the plgnts’ own
consumption for sewage sludge drying and operation of the gasifier can almost be covered. The
gasification pro€ess, finally, has an almost equal energy balance for the thermal treatment of
anperobically.stabilized and mechanically dewatered sewage sludge. No surplus energy can bg exported
frgm the proeess.

Mynicipal-sewage sludges contain significant portions of ash (20-50 %w dry), which reprgsents the
mdircby-product of the gasification process. Adequate solid residence time in the reactor rhaximizes
the-earbon—eonversioneof-the—char-and-thustmproves-the-overaleenversien—efficterey—he! produced
solid residue has high adsorption property when a proper activation is carried out. Ash from municipal
sewage sludge contains high concentrations of phosphorus comparable to a low-grade phosphate rock
ore, and can so be considered as a possible fertilizer feedstock.

Most gasifiers also produce a glass like by-product, called slag. The occurrence of the slag depends on
local temperatures and the so-called ash melting point.

With gasification, sulfur is removed as elemental sulfur or sulphuric acid. Other secondary products
from gasification include methanol, fuel alcohol, and ammonia.
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9.7 Thermolysis

Thermolysis may produce synthetic gas or biofuel.

9.8 Carbonization

Bio-charcoal can be utilized in and outside the treatment plant because it is odourless and porous.

The easiest way to utilize bio-charcoal is as fuel in combustion process (see 9.5). It can also be utilized
for soil reclamation material and fertilizer because it contains more phosphorous than wooden-charcoal
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AH +ee-Srae Aerea-SraH+ tH-eaHito-tRe-caSHHo RS- SHHeHH e IS Ve a B S Ao

cooling

mould etc. and cooled by atmosphere. |ness is better than water cooled slag.

time. stone like.

Slow cooled slag |While radiation heat from melted slag|A part of slag structure forms mineral
is controlled and/or slag temperature|crystal therefore hardness is more
is controlled, slagis cooled during long|than air cooled slag. The shape is crush

Crystallization Water cooled slag or air cooled slag is|Dense crystal is formed in the sl

certain period and is crystalized. resistance.

kept under 900 °C to 1 000 °C while a|and slag has strong hardness and acid

ag

9.11 Pasteurization

Pasteurized sludge may be used as fertilizer in agricultural lands.
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Thermal treatments can be compared according to criteria related to a circular economy as aggregated
in Table 4.

Table 4 — Energy production, nutrient recovery and product valuable out of the plant by

technology
Technology Energy Nutrient recovery Product valuable out of the plant
production Products with low/no Valuable product
market value
Difying Biosolid as fertilizpr
Hyldrolysis Through biogas pro- Carbon resource for
duction in down- denitrification
stream digestion
Infineration |From heat recovery|P recovery under|Ash used as material |Residual heat
in flue gas phosphate in fly ash | construction Electricity
Pyrolysis Electricity and heat|Biochar as soil con-|Sulfur Bio-oil
from syngas ditioner or fertilizer
Syngas
Char for sorbent production
Gdsification  |Electricity and heat|Biochar Slag used in construction|Residual syngas
from syngas materials
THermolysis Biofuel
Cqrbonization Bio-charcoal
Wet oxidation |Processheatfrom hot
water
Melting Slag used in construction | Possibly, slag as raw matter
materials for fertilizer
Pasteurization Stabilized pasteurized sludge
for land applicatiop
10 Management of residues
10.1 General
Repidues include€lu€ gas, ash, and wastewaters. They are discussed in the following subclausefs together
with equipment for their treatment which are all relevant to thermal processes, unless differently
stdted.
10.2 ¥lue gas

10.2.1 Characteristics and parameters

Pollutants in flue gas include particulate matters, carbon monoxide, sulfur oxides, hydrogen chloride,
nitrogen oxides, toxic organic compounds, H,S, CN and trace elements.

Particulate matter

Particulate production from sludge thermal processing varies widely, depending on sludge nature and
feed rate, device type, operating temperature, turbulence and residence time. Additionally, if semi-dry
or dry systems are used, the separated particulate matter includes also the reaction products.

Either wet systems or dry systems can be used to remove particulate.
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Sulfur oxides (SO,) and hydrogen chloride (HCI)

Wet scrubbing systems, like those used to capture particulate, and packed towers can be used to absorb
acidic gases. Alkaline products are often added to water for enhancing removal efficiency of SO,; the
mechanism of removal is absorption with chemical reaction. Reductions in the effluent up to 15 mg/
m3 measured under normal conditions of temperature and pressure for SO, and 7,5 mg/m3 measured
under normal conditions of temperature and pressure for HCI are easily obtainable. In FBF operation
a capture of SO, and in lesser extent of HCl can be performed directly in the furnace by an addition of
lime and calcium carbonate to the bed.

Alternativ n]y’ the ahatement of sulfur derivatives may be based on r‘afn]yﬁr‘ processes thus chemic l]y

reducing the pollutants to the elemental state.

Nitrogen gxides (NO,)

Nitrogen ¢xide production in sludge combustion depends mainly on temperature, air distribution gnd
nitrogen doncentration in the solids and water matrix of feed sludge.

Nitrogen pxides (NO,) in exhaust gases are mainly constituted by NO and in.much minor quantjity
by N,0 atd NO,, which, conversely, is much more toxic. The main mechanisms responsible for NO,
productiop are:

— oxidation of nitrogen gas at high temperature that becomes noticeablé when temperature riseq to
1200[°Cto 1300 °C;

— oxidalion of organic nitrogen compounds present in sewage sludge.

The relegse of N,0 during sludge incineration could significantly contribute to the problem| of
greenhouse gases emissions. Nitrous oxide, N,O, productiofi:during sludge combustion depends alsofon
temperature, air distribution and nitrogen concentration in the solid and water matrix of feed sludges.
N,0 has a}proximately 300 times as high as CO, in gkeenhouse gas effect. N,O can be degraded using
high temperature combustion over 850 °C. Countermeasures such as raising temperatures in the
secondary chamber (free board temperature in FBF) and multi-air blowing in FBF are adopted.

Organic cqmpounds (including odours)

They can |be reduced through afterbutning which is particularly recommended for MHF, possibly not
necessary] for FBF, if proper operating modalities are guaranteed.

Other optlon is the adsorption of,organic substances on adsorptive media, such as activated carbon (the
most wid¢ly used due to its dow affinity for moisture), active coke, lime and their mixtures, silica gel,
aluminiuth oxide and maghesium silicate.

This operjation can beé{performed either in dedicated vessels (which allow also the regeneration| of
media) or|by directaddition into the gas stream before the particulate removal devices.

H,S, CN and apimonia

Toxic gasds in combustible gas generated in pyrolysis, carbonization and gasification processes.

Toxic gaseous substances such as cyanide (CN-), hydrogen sulfide (H,S), ammonia (NH;) are, especially,
co-existing in the combustible gas generated in the process of pyrolysis, carbonization and gasification
because the oxidation reaction is minor in such thermal treatment processes. These toxic gases should
be removed from the gas stream by means of a proper combination of after-burning, catalytic reaction,
water scrubbing. Residual waste and wastewater stream should be also appropriately treated because
of their toxicity.

The concentration of the toxic substances washed out into a wastewater stream should be properly
monitored and controlled in accordance with the discharge limits of each country or environmental
impact.

Trace elements
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Heavy metals are generally associated to particulate matter, and emission depends on their volatility,
combustion temperature, and presence of other chemical species, like chlorine, which are able to form
volatile compounds.

Metal volatility, typically decreases according to the sequence Hg, As, Cd, Zn, Pb and Cu. Metal
and compound volatilisation is likely to occur when boiling temperatures do not exceed operating
combustion temperature by more than 90 °C. Beyond temperature, other factors have influence on
metal volatilisation with particular regard to the presence of chlorine, which can increase volatilisation
of Cd, Zn, Pb and Cu, and to the presence of pyrolysis pockets in the combustion chamber, which could
be a critical factor for Zn.

Mdrcury is the most volatile metal and can pose severe problems depending on concentratién|in sewage
sludge. Implementation of special removal system is recommended at the installation.

Co| Cr, Cu, Fe, Mn and Ni can be considered non-volatile metals and their appearan¢e in the emissions
that can be accounted for 2 % to 11 % of the feed metal, is linked to the partiCulate presepce. Their
concentrations in the bottom and fly ashes of the incineration furnace do not'depend on its|operating
mqde.

10,2.2 Equipment

Equipment for flue gas purification can be classified in two main groups:
—| units which are able to separate solid particles;

—| units which reduce gaseous contaminants by absorptien, adsorption and/or chemical redction.
Thie equipment for solid particle entrapment includes:
—| impingement separators;

—| cyclones;

—| electrostatic precipitators;

—| bag filters/ceramic filters.

Abjove equipment are generally*able to remove particulate down to 5 to 40 mg/m3 measufed under
nofmal conditions of tempeérature and pressure, mainly depending on the particle size.

Impingement separators’ are essentially a series of baffles placed in the gas stream wljich allow
particulate to be deposited on.

Cyflones are cylitidrical or conical static chambers, where flue gases enter tangentially and solids
particles are.¢ollected on the walls due to centrifugal force and then discharged from the bgttom. The
effectivenéss’of dry cyclonic separators on particles smaller than 15 um is negligible, so theyf are often
used cotipled to other devices.

Electrostatic precipitators involve formation of gas jons, charging of particles, migration af charged
particles toward a collecting electrode, neutralization of charge and collection of separated particles.
Between emitting and collecting electrodes a voltage of 20 kV to 100 kV is applied and this determines
a strong electric field close to the emitting electrode (about 20 kV/cm) and a lower field in the vicinity
of the collecting one (about 2 kV/cm). A strong ionization of dust particles is induced and they move
towards the collecting conductive electrodes. System efficiency is strictly connected to the removal of
particles from the collecting surface. The most common removal devices are rappers; another method
is to wet the collecting surfaces down. Electrostatic precipitators are effective for particulate removal
including small size particles down to sub-micro metres range. Another key parameter is the particle
resistivity: if it is high, particles are unable to get electrically charged.

Fabric filters or baghouses are a series of permeable bags; for this application polytetrafluoroethylene
(PTFE) is the typical material used to make the bags, which allow the passage of gas but not of
particulate matter. Because of the pressure drop increase with filtering time due to dust accretion
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on the bag cloths, systems for surface cleaning are necessary: they include shaker mechanisms,
compressed air, re-pressurization and sonic apparatuses. Particles larger than 1 pm can be caught by
fabric filters or baghouses. A temperature control of the inlet gas stream is needed to avoid possible
damage of the filtering cloth. Meanwhile several kinds of ceramic filter were made available for higher
temperature resistance.

The systems used for gaseous contaminant abatement are generally subdivided in dry, semi-dry and
wet systems.

In the dry systems, dry chemicals (generally lime or sodium bicarbonate and activated carbon) are
introduced-nto-a-ductwork or a reactiontowergra rnr‘irr‘n]afing cycfnm tohave minimum twaga secand
of reactioh time. The gaseous pollutants are removed by adsorption and chemical reaction. Chemicpls
and reactjon products are then removed by a system for particle separation.

In semi-dfy system, slurry is introduced into the reactor. The significant heat of the exhatst gases
produces h complete evaporation of the liquid (water) in the slurry and therefore no liquid side-streams
are generated. The mechanism of removal of contaminants is the same of that of the dry-system. Botl in
dry and s¢mi-dry systems careful control of material dispersion in the reaction zefie and the recycling
of the refiction products and of the excess reagent minimize chemical consuniption and prevent
abundant|production of fly ashes. In this case chemicals consumption can be lawered to 1,5/2 times the
stoichiomgtric need.

In wet dejvices, particles are firstly wetted by contact with liquid dtoplets and then impinged op a
collecting|surface. Acidic compounds in presence of water can resulf in significant acid formation wijith
corrosionfproblems.

Wet cyclone collectors are basically dry cyclones provided with a water spray. Venturi scrubber if a
throat where gases pass at high velocity in the range of 50~1/s to 180 m/s, through a contracted area
which is fpllowed by an expansion section for separation of particles; water is injected at the throat{or
just upstream of the Venturi section. The area ratio bétween the inlet and the throat typically is 4:1.
The high [elocity gas atomises the liquid into the-gas stream. This type of device can be used both
for gaseoyis contaminant and for particulate remval. The collection of the fine particles by the liquid
droplets is accomplished by inertial impact daring the time the droplets are being accelerated until
their velogity approaches that of the gas. At-this point the probability of inertial impaction (downstream
from the throat) decreases rapidly?.

Tray and packed towers can be used-for gaseous pollutant removal by liquid scrubbing which involyes
bringing the dirty effluent gas ifito contact with the scrubbing liquid. High interfacial surface arga,
turbulence and large mass diffusion coefficients accelerate absorption. Both in tray and packed
towers gals enters the bottefmand the clean gas exits at the top of the tower. Conversely, clean lighid
enters th¢ top and is withdrawn from the bottom. Tray scrubbers consist of a tower equipped wijith
perforatedl plates and_ target baffles; while packed towers are columns with one or more zones full of
packing e]Jements. Thepurpose for scrubbers is gas cooling, trace elements condensation, due to the
low tempg¢rature of exit gases (60 °C to 70 °C), HCI, HF and SO, scrubbing, residual particulate removal,
odour corjtrol and, to a lesser extent, Volatile organic carbon removal.

The chemjcals consumption in wet device systems is only 10 % higher than the stoichiometric need.

Activated carbon adsorption can be used to remove organic micropollutants, with molar mass higher
than 200, and mercury emissions. The adsorption process is discontinuous. The advantage of the
physical adsorption is that the process is reversible. By lowering the pressure of the absorbate in
the gas stream or by raising the temperature, the adsorbed contaminants can be desorbed without a
change in chemical composition. Regeneration process is nowadays not carried out in the incineration
plants because of economic aspects.

1) The corrosive effect exerted by the gas/liquid mixture passing through the throat should be considered.
This problem can be controlled by a careful addition of water together with a proper design of the Venturi throat
(velocity, use of synthetic material).
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The general characteristics to be considered in the design or selection of suitable adsorption equipment

include:

— provision for sufficient residence time;

— adequate pre-treatment to remove high concentration of competing gases by other more effective

and less expensive process;
— good distribution of flow through the bed;

— provision for renewing or regenerating the adsorbent bed after it has reached saturation

In pther processes addition of coke/activated carbon with lime is carried out together orsep
a spray dryer. This allows to reduce the problems of possible ignition of pure coke or activdte

NQ, emission control can be performed by catalytic processes (SCR) or by nom:¢atalytic
(SNCR).

arately in
d carbon.

[processes

SCR is conducted by impacting in the gas stream a reducing agent, genérally ammonia
presence of a catalyst, which is generally based on the use of metals such @swnickel, platinum,
vapadium, with formation of H,0 and N,.

Chemical reactions occurring in the process are the same of the SNCR one, but at a lower ter
(ranging about 300 °C to 400 °C) and with higher performances’(about 80 %). Denox systems
opgrate at lower temperature (around 170 °C to 180 °C) are available on the market.

Thie catalyst has the tendency to become poisoned by theformation of ammonium sulfate that
on|the catalyst in the presence of SO,. A preliminary abatement of this contaminant is, therg
important.

SNCR is based on the reaction of ammonia @rurea with NO, with production of nitrog
temperatures of 800 °C to 1 100 °C. The dilutg'solution is injected, atomised with pressurized|
hof gases. This produces radicals NH, which react with NO, bringing to formation of N,, H,
mipor quantities of NH;. Efficiency of the process depends on the dosage of the reactive che
th¢ injection point and on the mixing cenditions between the reactive chemicals and the gas {

Pefformance of SNCR is considerably lower than that of SCR. NO, concentration in the treat
can be hardly reduced downa<to 150 mg/m3 measured under normal conditions of temper
pressure.

r urea, in
alladium,

nperature
which can

is formed
fore, very

en gas at
air, in the
D, CO, and
micals, on
tream?).

bd stream
ature and

Flye gas recycle, or oxygen control, can help in reducing NOy production. Normally, more sec¢ndary air
is required to provide turbulence than is needed for supplying oxygen. Flue gas re-circulatioh replaces
10(% to 20 % of s€cpndary air, reducing oxygen and peak temperatures thereby reducing NO, formation.
Thie injection efammonia can avoid the formation of dioxins in the cooler parts of the circuit{ However,
th¢ productien of N,O can increase.

10.3-Ashes

10.3.1 Composition/parameters

Typical composition of ash is shown in Table 53).

2) A capture system of NH; should normally be considered with respect to current and future limits at the
emissions.

3) Attention to the quality of the bottom ash from a MHF should also be paid as far as TOC content is concerned.
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Table 5 — Matrix elements in sewage sludge ashes (DM)

Values in %

Min. Max. Median

Al,O;, 1,3 38,1 9,7 9,1

Ca0 8,5 52,9 19,3 14,7

Fe,0, 2,6 29,0 14,1 13,6

K,0 <0,008 2,0 1,0 1,1

MgO 0,5 6,5 2,3 2,2

N#,0 0,2 3,6 1,0 0,8

P30¢ 3,4 30,0 16,8 18,1

SP3 0,8 171 3,6 2.4

S10, 5,2 51,8 26,4 26,3

Ti0, 0,1 2,5 0,6 0,6

Zno 0,1 0,7 0,3 0,3
Metals liKely condense onto fine particulate matter and therefore small,respirable-sized partidles
tend to hpve the highest metal concentrations. Moreover, toxicity might*alSo depend on the actpal
form in which the metal is present (see different carcinogen potential©f chromium VI and III) and,

consequeItly, on its availability.

The met
enrichme
emissions

Frequent

concentration of ashes is generally different from that of feed sludge: there may be
ht, due to the reduction of loss of ignition, and in some gases a reduction, due to the loss in {
in gaseous form or in particulate.

hnalysis of ash is needed to confirm effective burnout (1 % to 3 % residual carbon or 5 %

loss of ignjition is common in incineration processes,-but 0,1 % could be achieved).

In some ir
— ashes
— acidid
10.3.2 P

Bottom a
hydraulic

The dry a
plant and

Dry syste
proper co

cinerator the flue gas treatment is a twosteps process:
separation (e.g. cyclone or ESP);

gas neutralization and capitation of reaction products (e.g. baghouse filter).

rocesses and equipment

th can be discharged from the furnaces by mechanical or pneumatic (dry methods)
(wet method) systems.

5h handling systems are particularly suitable when the ultimate disposal site is far from f{
d long sterage time before disposing of occurs.

ms should ensure that dust does not become airborne. This can be accomplished either
htainment or by dust suppression sprays. Spraying should be limited to ensure they moisf

and agglo

an
he

of

or

he

by
en

bhevate the ashwithont leading to leachate problems U handledwel the ach should be draid

ed

before lea

ving the site.

Wet handling systems can create several problems, such as wear of pumping and piping equipment, plug-
ups at bends or restrictions and corrosion above slurry vessels. Control of trace elements concentration
in the wastewater to be disposed of is very important to respect standard limits.

Fly ash should be stored and transported in a manner that prevents fugitive dust releases. During silo

and conta

iner filling, displaced air should be ducted to suitable dust arrestment equipment.

In generally and especially for P recovery in view of a recovery of valuable elements (P, K and metals)
from sludges, it is appropriate to keep fly ash and bottom ash separated.
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10.4 Wastewater

Wastewater is mainly originated from bottom ash quenching and wet gas treatment (e.g. by scrubbers).

Wastewater may also derive from several other points, such as the fly ash handling system, various
sluice-ways and fly ash conveying.

Depending on the liquids used and the gaseous contaminants removed, wastewater can contain
chlorides, sulphites, sulphates, phosphates, particulate matter, heavy metals and trace elements, at
levels that require treatment to comply with standards for discharge into sewer systems or receiving

w

ter bodies

Ift
us
1S (
su
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ap
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did
thd

11

11[.1 General

Sel
an
ing

hally enough to achieve the required quality standards for the effluent. The usual treatment

bstances, a specific treatment should be applied.

case trace organics are present (such as dioxins, furans, polychlorinated Hydrocarbong

charged. Wastewater from bottom-ash quenching is recycled afterchemical-physical treat
b make-up water is in the order of 20 % maximum the total water consumption.

Decommissioning of installations

1 maintenance. This clause describes the\aspects to be considered in the decommissio
ineration facility.

D
by
co
he
co
of
me
co

a)

11.2 Specific considerations

incineration, for example,)in case of the fluidized bed furnace which can achieve the
mbustion. In addition, the concentration of dioxins in flue gas and ash is not at a level th
hlth hazard under néorimal operation. However, there is possibility for accumulation of t

ntioned parts.0f the incineration facility, the demolition work should be done with care not
htaminantsinto the surrounding environment.

Thepurpose of the prevention of exposure in decommissioning covers the following.

— (Confirmation ofthe contamination hy dioxins

b)

©lI

he stream contains little biologically degradable organic substances, physical-chemical progesses are

sequence

oagulation, flocculation and settling. In the case of higher amounts of biologically ‘degradable organic

phenols)

bropriate treatments, e.g. filtration and subsequent activated carbon adsorption units, arefrequired.

circulation which is not a dilution process can be adopted to minimize the amount of wpter to be

ment and

vage sludge incineration facility can be operated during 15 years to 20 years by proier repair

ing of an

e to little chlorine component content in sewage sludge, the synthesis of dioxins seldonp happens

complete
causes a
e slightly

ntaminated substarices by a type of furnaces or at some specific parts where might have qtagnation
the flue gas suchas ducts or scrubber. Therefore, in case of the decommissioning work for the above-

to spread

— Prevention of the dioxins contaminant exposure into the environment other than the decom-

missioning facility area.
— Prevention of the dioxins contamination from persons working for decommissioning.
— Prevention of exposure to particulates for workers.
The procedure of decommissioning includes the following.

— Planning of the decommissioning work.
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12 Co-mpanagement with other organic wastes

12.1 Ger

From a g
cases hig
combusti
value high

Common

However,
character
possible g
discussed

Further, ¢
incinerati

In additio
treatment

— Implementation of the decommissioning work.

Based on the decommissioning work plan, the work should be implemented, preventing any con-
tamination of the environment and workers by enclosing its work area and using an appropriate
protective equipment and any other necessary tools such as artificial breathing apparatus.

— Appropriate treatment of the decommissioning waste.

In order to prevent the exposure into the surrounding environment, the following treatments are
necessary; an appropriate treatment of exhaust gas, waste water, and waste materials discharged

f
T4

the iI[)lpossibility to apply any other process or the availability of alternative already exist
i

solut
the gg
the p

network;

the ey

the v

dpcommissioning work.

OTT deCOMIMISSIONINE WoTR area. 1 addition, an appropriate treatment for contaminated
rials is also required, such as protective suits and any other tools which are used during

jeral

bneral point of view, wastewater sludge generally has a high water content, and in so

le materials in a co-management scheme a feed having both a-Jow water content and a h
enough to sustain combustion with little or no supplemental fuel could be created.

materials for co-management schemes are MSW,sagriculture wastes, coal and wo
each case is differing from others as a consequence<of different qualitative and quantitat
stics of wastes involved; it is, therefore, impossible to make considerations applicable to
ituations, so in the following the co-management of sludge with MSW is more extensiv

bn, depending on supply and transport factors.

h to above general considerationsg, reasons which lead the decision-makers to choose combir
of sludge and other organic waste derive from several considerations including:

ns, throughout whole orpart of the year, in particular in the case of technical shutdown;
ographical, economit and social contexts, as well as the expected developments;

Foximity of the Sewage treatment plant to the thermal treatment plant and the local rd

Ariations due to seasonal activities and production peaks both in sludge and other orga

tent te-which the thermal treatment plants are used (capacity of devices, charge levels, etd.);

a_
he

me

levels of inert materials, so its calorific value is often low. By ‘combining sludge with other

pat

hd.
ve
all

ely

o-incineration of sewage sludge with MSW or coal may have cost advantage over mono-

ed

ng

ad

nic

waste-

Considering combined treatment as one of the options for sludge management, two approaches are
possible:

— the treatment site accepts over the course of time materials of different origin, type, and quantity,
and should be readily adaptable to guarantee in any case optimum performance;

— the treatment site does not offer any flexibility, so a quantitative or qualitative limitation is be
demanded on the site, and a reflection, taking into account the technical and economic constraints,
should be conducted in order to examine the influence of any modification in sludge production to
achieve a perfect material/process match.
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Finally, it is worthwhile specifying that thermal plants are installations which, for technical and
maintenance reasons, operate between 7 000 h/y and 8 000 h/y, so it is advisable to provide for a
selective and appropriate organization with the water treatment site administrator during the plant
shutdown periods, particularly in the case of a plant equipped with one treatment line only.

Under these conditions, it is then a question of knowing the sludge parameters and characteristics
which can influence the combined treatment process with a view to making provision for the necessary
installations, the behaviour and flexibility of the equipment to be implemented, as well as the possible
additional maintenance and wear (see Annex B).

The-operational departmentsofthe treatment plants should reserve the right torefuse as
can present one or more abnormal parameters, e.g. a particularly high content of one of
elgments and for which the unit's equipment:

udge, which
pore trace

—| does not allow to guarantee safe operations and compliance with current emission limits;

—| generates residues whose quality does no longer allow a disposal in conformity to the prqvisions in
force (regulation and/or current technical-economic conditions).

With specific reference to their dryness, sludge types that can be envisaged for combined management
inqlude mechanically dewatered sludge, and partially or totally heat-dried sludge using thernjal dryers.

12.2 Specific considerations

Cofincineration plant can be defined as any stationary-or mobile plant whose main purpose is
the¢ generation of energy or production of material products and which uses wastes as a regular or
adglitional fuel or in which waste is thermally treated forthe purpose of disposal.

Fopr furnace types can be mainly used for sludge/ MSW combined incineration. These are:

—| stoker type furnaces containing mechanical components (bars or grates) driven by a translational
motion (linear movement); the grate isweither inclined or horizontal (see Figure 17);

—| roller furnaces comprising stepwiSe arranged rotating cylinders (circular movement);
—| reciprocating or rotary kilns: The axis is slightly inclined to the horizontal;

—| fluidized bed furnaces, which can comprise two types: bubbling fluidized beds (see Figure 12) and
circulating fluidized bed (see Figure 13).

Whatever the furnacé-type involved, two essential functions should be combined:

—| treatment of.\waste either alone or in mixed form, in order to convert it into ash with the lowest
possible pefcentage of Total Organic Carbon, while avoiding the formation of more or lgss melted
blocksofibottom ash (caking);

—| distribution of the air used for combustion and cooling down of the mechanical comporlents or of
the'sole plate according to two types of air versus current or combined air-current desigllls.

In the case of co-combustion, main advantage is that the excess heat from MSW can be recovered
for sludge drying, thus allowing the need of auxiliary fuel to be reduced or avoided. Generally, a heat
balance is reached when the per-capita quantities of MSW and sludge at 25 % to 30 % solids are
combined. Unlikely, particulate emissions are higher, although their abatement is not a problem with
modern technologies.

In any case, considered that the calorific value of MSW is usually situated between 7 000 kJ/kg and
11 000 kJ/kg, a LCV caused by the sludge/household waste mixture less than 7 000 k]J/kg should be
avoided, because of the subsequent problem of complex mixing of the two wastes.

The introduction of sludge into a household waste furnace results mainly in an increase in the volume
of the combustion gases, in their humidity and in their SO, content.
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Besides the sludge characteristics, the possible different waste-sludge combined treatment depends
on the constraints resulting from the complete treatment line, taking into account the design and
flexibility of the furnace-boiler-waste gas treatment facility.

The technical means for introduction wastes into the furnace are designed so as to mix in the most
appropriate manner possible the sludge with the household waste and to avoid all concentration points
and all risks of clogging on the refractoried surfaces of the furnace.

In all cases, the introduction of an additional waste material into the thermal treatment system should
not interfere in any significant manner with the initial performance of the system.

In order tp maintain satisfactory conditions and to avoid any adverse effects on the resistance of the
refractory materials, it is desirable not to exceed a thermal overload and therefore an increase il wapte
gas enthalpy in the region of 5 %, this figure being dependent on the LCV of the sludge.

A distinctjion is also made between the introduction of a sludge in a paste-like physicalstate in a sqlid
one (see JEN/TR 15463).

In the cade of a paste-like sludge the amount of sludge which can be incinerated{depends mainly|on
the quantjty of excess air available if it is wished to maintain the furnace's thermal capacity. The qulite
rapid vapg¢rization of the large quantity of water contained in the sludge incréases the volume of the gas
in the furhace and thus contribute to “locally cooling down” the temperature of the gases. In the cjse
of a pre-dfied sludge (around 60 % for example, an interesting case for which the calorific value of the
sludge is ¢lose to that of household waste), the quantity of sludge which can be incinerated depends|on
the availaple thermal capacity, the furnace type and its mechanical fanctioning. At nominal operatipn,
all additidns of sludge are made to the detriment of the householdwaste.

In the cade of sludge dried to about 90 %, the calorific valué of the resultant mixture is consideraply
increased|and only the combustion chart allows a reasonable ratio to be defined. This type of combirled
incineratipn is only used insofar as the quantity of household waste treated is less than the furnade's
nominal cppacity.

Particulafly for this latter case, the distribution eof the sludge over the bed of household waste should
be well carried out in order to avoid the emetgence of oxygen starved zones which can give rise tolan
increase ip the quantity of unburned residues in the bottom ash and in the CO content in the combustjon
gases and|a possible not homogeneous,téemperature in the furnace. This remark is not valid in the case
of fluidizgd beds.

New instdllations are, therefore, dimensioned so as to take into account a total volume of waste gas
greater than the volume given off by the combustion of household waste alone.

Concernirjg all the pollutants to be treated, each installation has its own limitation thresholds [or
maximum pollutant lgad“values at the entry of the purification system). It is advisable to verify the
compatibfility of thetreatment process with the addition of sludge. Likewise, if the combined incineratjon
is not continuous(e.g. only operates on one or two units, namely 8 h to 16 h a day) particular attentjon
should be|paidite the relevant local regulations in force for pollutant emissions - continuous, avergge
rate per hput per day, etc.

In this latter case, care is taken to see that the furnace's regulation system manages these periods, with
or without sludge, so as not to disrupt combustion and the resulting elements (gaseous, liquid and solid
effluent).

Finally, in sludge co-incineration in MSW incinerators and power plants, P recovery might not be
feasible, due to the dilution of the P-containing sludge ash with as from the co-fuel and to the presence
of other pollutants in MSW.

Summarizing, each case is in fact a specific case, whether it is a question of existing or new installations,
defined by:

— the combustion chart;
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the furnace type;

the possible location of the introduction system (s);

the compliance with the “3T rule”;

the combustion gas treatment capacity;

the dividing up of the sludge mineral ashes into bottom ash and fly ash;

observance of the regulations.

2021(E)

Adlditional specific considerations on co-gasification and co-pyrolysis are at the moment.nef
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b to scarcity of experiences and lack of documented data.
.3 Additional storage and transport aspects

3.1 General

addition to storage and transport aspects already described, the follopwing apply in the
nagement of sludge and other organic waste, especially MSW.

3.2 Storage

dge can be stored with MSW either directly by tippinginto the pit, or by using spray, or
thod in order to spread it right through the pit. Any choice depends on local situation.

iquid or paste-like sludge, there is a risk of MSWbecoming wet and water accumulating by
 bottom of the pit. An identical gravity phemgmenon can occur with solid sludge of low pa

hl] cases, tipping sludge into a pit createsan additional work for the crane operator so that th
hs homogeneous as possible. This:swork should be carried out in parallel with the mana
W in pits and therefore requires.a’ dual function for the crane driver.

fact, this is a possible solution where sludge quantity is low compared to the MSW an
ective basis. Dependingon-how dry the sludge can be and the proportions anticipated, a sty
envisaged, even prior-characterization tests.

ention should also.be paid to the explosive and burning risks related to dried sludge, as
 odour problemms; which are directly linked to the quality of the sludge (e.g. raw sludge) w
the calculations of the unloading hall system being revised: additional deodorization
Cessary.

s adwantageous to store sludge on the thermal treatment plant site, because it provide
fween the sludge production and its treatment, which can sometimes be discontinuous. If t}

available
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feed the treatment plant by pipeline.

The storage facility area regroups sludge of different origins, irrespective of its condition. It can
therefore take the form of a pit, a tank or silo. It is located within the treatment plant site perimeter in
a separate properly identified area, different from the storage area where other wastes treated on the
site are stored. Input to the storage facility should be either by pipeline (for liquid or paste-like sludge)
or by skips (for paste-like or solid sludge).

Mention should be made of the particular case of solid sludge arriving at the site for treatment, for
which a possibility of direct tipping into the waste pit can be examined.
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The sludge container should be equipped with a level measurement system or (except when it is merely
a pit for which a simple visual inspection by the operators should prove sufficient) a filling system and a
draining-off connection device.

Provision should be made for sludge recovery from the bottom of pits, tanks or silos. Likewise,
consideration should be given to recovering water used for cleaning working areas and the containers
themselves.

The storage containers should be adequately dimensioned. It is wise to have at least one storage volume
equivalent to the quantities of sludge, which is treated by combined treatment over a 72 h period. This
volume sheuwld-be calculated on the basis of treatment device furnace npnrnfinn at-the constructar's
rated capfcity and confirmed by the operator, taking into account a nature of waste which is always
highly variable and on the basis of a ratio of treated sludge to domestic refuse which is dependent(on
the size of the furnaces and on the principle adopted for combined treatment. The hazards relating to
the supply of sludge is also taken into consideration.

Sludge mifking can also be taken into consideration, as the combined treatment plantsheuld be capaple
of treating all the sludge brought to the site, i.e. from different origins and sewage plants.

The constjtuent materials of the equipment should be insensitive to the productsbeing stocked in ordler
to avoid ahy premature ageing.

Prior to irfstallation, particular attention should be paid to the maintenahee of the equipment.

12.3.3 Transport

Transpor{ consists of conveying the sludge from the sewage treatment plant to the co-treatment plant,
if possiblg in a single stage. It includes the sludge loading and-inloading operations.

The trangport system should be designed so as to-guarantee maximum containment and limited
nuisance fdue to smells. Transport should not give TriSe to any accidental spillage of sludge onto the
roadways| and the various manoeuvring areas, n the event of the travelling distances being lopg,
modificatjon of the sludge should be taken inte/consideration.

Vehicles used should be suited to the diffetent categories of roads.

It is not t be forgotten that transportican be carried out via pipeline where the plant and treatment
plants ar¢ close enough to one another for this to be technically and economically feasible. The pumping
condition$ and the outputs to be applied are then particularly examined.

Transport by barge or railways should also be considered depending on specific local situations.

13 Asselssment of sustainability

13.1 General

Slmllarly o gcanomic QCY\D{‘"C ll’\F{\l‘melnn Q‘YQI]Q]’\]D fatal CIIP]’\ L’ln!’l r\Faccnccmnnf FI'\\" fhnrma] Y\Tﬂ!‘DCC ng

of sludge is quite llmlted espec1ally for less conventional technologies, to allow general and reliable
conclusions to be drawn.

Generally, in the course of the operation of incineration installations, emissions and consumptions
arise, whose existence or magnitude is influenced by the installation design and operation.

The potential impacts of thermal treatment installations involve environmental, economic, and social
aspects.

Within this framework, appropriate decisions should be based on the BAT concept taking into
consideration the technical characteristics of the installation concerned, its geographical location and
local environmental conditions to ensure a high level of protection for the environment as a whole.
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13.2 Environmental aspects

Th

ey include (see Reference [5]):

2021(E)

the evaluation of the overall process emissions to soil, water and air (including odour, greenhouse

gases, dioxins and other emissions);

the consumption and nature of raw materials and resources used in the process and their energy

efficiency;

the amount and quality of end products, process residues and/or secondary resources;

13
Th

the process noise and vibration;
the reduction of the storage, handling and processing risks of hazardous wastes;

the need to prevent accidents and to minimize the consequences for the enviroiiment.

.3 Economical aspects

e advantage to adopt thermal process is mainly;

drastic reduction of final disposed quantity;

utilization of final products such as bio- charcoal and bigsolids; and

energy recovery (energy generation) such as electricity and bio-fuel.

Thie cost analysis for any thermal treatment should take into account the following:

the overall energy balance (consumption and:production) of the system considering availz
cost of energy;

the raw material (reagent) consumption;

the reliability of the technology;

the recovery and recycling ‘of substances generated and used in the process;
the marketability of enid; products;

the transport of incoming sludge and outgoing residues;

the requirements for extensive sludge pretreatments;

the needs/in maintenance and repairing and related intensity;

the requirement in operation staff;

the asset management.

13.4 Social aspects

Th

©lI

ey include:

the formation of a public consensus on the facilities installation;

bility and

the evaluation of the level of applicability of existing regulations, rules and recommendations in the

specific geographical and social contexts;

the acceptance by local population.
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Within this framework, appropriate decisions should be based on the BAT concept taking into
consideration the technical characteristics of the installation concerned, its geographical location and
local environmental conditions to ensure a high level of protection for the environment as a whole.

The life-cycle assessment (LCA) technique can help avoiding a narrow outlook on environmental
concerns. It allows the impacts associated with all the stages of a product life from raw material
extraction thru materials processing, manufacture, distribution, use, repair and maintenance, and
disposal or recycling to be assessed by:

— compiling an inventory of relevant energy and material inputs and environmental releases;

— evalupting the potential impacts associated with identified inputs and releases;
— interpreting the results to help you make a more informed decision.

The mainjaspects to be considered in a life-cycle assessment are energy consumption andyelated cpst
and migration and transformation of pollutants both in the thermal process itself and, in applicatjon
or use of|by-products. Furthermore, assessment of direct emissions of CO,, CHy, NO, and indirpct
emissiond derived from energy consumption, chemical agents, etc. from originak sludge to applicatjon
of product is also important.
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Annex A
(informative)

Calorific values calculations

:2021(E)

As a first approximation the Greater calorific value (GCV) can be evaluated by the Du Long equation, if

thd

wh
thg

t elemental analysis of combustible material 1S Known:

GCV=32810C+ 142246 (H - 0/8) +9273S

 loss of ignition.

The above formula gives an overestimation of the heat value of sludges.with high organi

co
nit

—

Th

wh
to

Th
tot

wh

itent because a) the nitrogen is associated with the hydrogen as an@mine, and b) the pro
rogen oxide in the amine combustion reduces the hydrogen heat rélease.

e following equation can be used to take into account the abové.effects:
GCV=32810C+142246 (H-0/8) +9273S — [2189NA1 — p) + 6 4894N p]

ere | represents conversion (mass fraction) of nitrogen to nitrogen oxide, generally in the

7 %.

e Lower calorific value can be evaluated by measuring the chemical oxygen demand CO
al Kjeldahl nitrogen (TKN) (ammoniacal +organic nitrogen) and using the formula:

LCV =13 700 COD + 19 000 TKN

ere LCVisin kJ/kg LOI, and COD and TKN are expressed in kg/kg LOI.

COD of sludge generally varies in the range of 1,5 kg to 1,8 kg 0,/kg LOI and TKN in the rang

kg
Ty

LO[l (anaerobicallydigested primary) to 23 300 kJ/kg LOI to 27 900 k]/kg LOI (raw primary).

slu

LOI to 0,09 g/kg LOL

pical calorific valuésiof municipal wastewater sludges range from 22 100 kJ/kg LOI to 24

dges displayvalues between 20 700 kJ/kg LOI and 24 400 kJ/kg LOL.

Thie variability of the calorific value mainly depends on the elemental analysis of sludges:

hy
co

irogeritcontent is higher also the calorific value displays higher values as for primary
mparison with secondary and with digested sludge.

(A1)

ere GCV is in kJ/kg LOI (organic matter), and C, H, O and S are the mass fraction of the elements in

[ nitrogen
duction of

(A.2)

range 2 %

D and the

(A.3)

e 0,02 kg/

100 kJ/kg
econdary

when the
sludge in

LC
sol

FCar be estinmated considering the water presennt i the studge {T—=X); being X the fract
ids, and the combustion water (9 H LOI):

LCV (KkJ/kg sludge) = GCVXLOI — 2440 (9 HLOI +1 - X)

where LOI is the loss on ignition with respect to dry solids (kg/kg).

ion of dry

(A4)

If the lower calorific value of loss on ignition is known (LCVLOI) the lower calorific value of wet sludge
can be easily evaluated by:

As

©lI

LCV = LCVLOI X LOI — 2440 (1 - X)

a first approximation for LCVLOI a value of 23 000 kJ/kg LOI can be assumed.
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Annex B
(informative)

Various systems to input sludge into a household waste
incineration plant

B.1 General

In order tp complement this document, it is worthwhile pointing out some input systems. Tle list is fot
exhaustive and can be complemented at any time.

[t can be divided into two major parts:

— the i:]zut of sludge whose DM content < 35 %);

— the injput of sludge whose DM content > 65 %.

B.2 Sludge whose DM content < 35 %

There is a]lot of feeding systems:

— throulgh a crane (mixed waste);
— thro:E

h a hopper;

— into the furnace, at various points;
— pipe;
— side wall or ceiling;

— outpyt of post combustion;

— post dombustion.

According to the systems, thesludge is:
— injectied in form of *edkes”;

— pulvefised in‘ferm of drops;

— cut inro slices.

B.3 Sludge whose dryness is > 65 %
There are several methods to input sludge into a furnace:

— sludge can be directly discharged from the pit into the drop chute through an air conveyor, a screw
or bucket conveyor. The hopper is fed as regularly as possible in order to mix small quantities of
household waste with sludge;

— sludge can be directly discharged into the furnace;

— sludge can be directly dumped into the household waste pit.
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B.4 Sludge whose DM content is between 35 % and 65 %

Storage and transfer technologies are not yet mastered for this kind of sludge.

B.5 Drying the sludge in the household waste incineration plant

Drying the sludge in the plant changes the sludge whose dryness is about 20 % into sludge of 60 % to

90

% dryness by using the energy recovered from household wastes. In this way, solid and incinerated

sludge generate power.

De|
be
did

pending on the drying method, the sludge drying can generate a polluted liquid effluenft that has
bn treated. Some problems can occur if drying is carried out an incineration plant limited in its liquid
charges.

©lI
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Annex C
(informative)

Case studies

C.1 Indineration

C.1.1 Pressurized fluidized bed incineration system

C.1.1.1 Background and results

Fluidized [bed furnace (FBF) can combust sludge easily and completely, therefore‘is the most popu‘ﬂar
furnace fdr sewage sludge. However, the process has disadvantage of large power eonsumption becayse
it requirep huge capacity of fluidization fan to fluidize sand bed and induced(draft fan for flue gas)In
addition, 3 technology that can decrease production of N,0 which has been reteéntly attracting attentjon
as GHG is|required. The pressurized fluidized bed incineration system lpcated in Tokyo (Japan), depls
with energy saving and global warming measuring. Its power consumption is 132 kWh/ton DS and the
N,0 formgtion is 0,82 kgN,0/ton-DS.

Conventidnal FBFs are operated under minus pressure. On*the other hand, the pressurized fluidized
bed furndce is operated under plus pressure due to fluidizing air compressed by using turbo charger
operating| in flue gas pressure. Additionally, flue ga&’ can be emitted without fan by its contained
pressure.|Therefore, fans which consume large pewer are not required and the whole system power
consumpfiion can be reduced to 40-60 % compared to FBFs. N,O production can also decrease|to
ca.50 % cpmpared to conventional FBFs because oxygen and organic matters reaction becomes actjve
and high gemperature zone, 900 C, is formed'in the furnace.

The capadity is 300 tons/day for 1 traili: The operation started in April 2014. The equipment is mainly
composed of an incinerator (I.D 5,4'm/x 11 mH, 850 °C to 900 °C), a sludge pump, an air preheater, a hag
filter, a tufbo charger, a scrubber ‘and a stack (see Figure C.1).
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