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Preface

Environmenlal pallu-

tion |5 one of the
worst side-effects of
the rapid economic
growth seen in this
century.

Liccer, gacbage, refuse. All these terms conjure up
visions of unsighdly heaps of obnoxious, foul-
smelling waste. Our of sighr is our of mind, and
our consciences are soon appeased once rthe rub-
bish, an unavoidable by-producr of modern civil-
isarion, is carted off elsewhere.

Industry and commerce generarte vast quantities
of waste. The more highly developed a society is,
the more rubbish it produces. The higher the
population density, the greater che environmental
burden. In areas where there are only limiced
facilicies for nacural waste disposal, the willing-
ness, the need and cven the obligation to dispose
of waste in a sensible and environmentally sound
way s becoming more and more pressing.

Polirical, social and industrial leaders all
acknowledge thart the problem exises, and are
now willing to take up the challenge. The solu-
tion must be effective and economical, bur envi-
ronmenrally friendly as well. The readition of
eliminating, destroying and breaking down waste
through incineration goes back many thousands
of years, but the development and refinement of
the required technologies bas only really advan-
ced over the last few decades, atempring 1o
provide a solution to the problem of clean and
practical disposal of hazardous wasce produced by
modern civilisation.

However, there arc increasing calls for more envi-
ronmentally sound inscallations rhar also sarisfy
aesthetic and cost/benefit requiremencs. Environ-
mental technology companies are therefore under
constant pressure to develop innovative and
high-performance processes.

This is where the challenge to insurers begins,
They musc not only be in a position to offer cli-
encs insurance cover to protect them from the
linancial consequences of losses, but they must
also have sufficient experience and know-how ro
play an active role in loss prevencion.

This publication gives a broad picruce of the
many differenc facecs of waste treatment, Alter
icroducing the various aspects of waste manage-
ment in industrialised nations, the aurhor pro-
vides a clear and detailed description of che mosr
common technologies currently used. He draws
on his extensive industnal experience o highlight
the potenvial dangers inherent in the conscruc-
tion and operation of municipal wasce creatment
plancs. This presenration is rounded off with
observarions on the insurance of technical risks
and some pracaical underwriting advice.

By tackling chis extremely topical subject, we
hope to improve the understanding of the way
municipal waste treatmenc (MWT) plancs oper-
ate, and suggest ways of reducing or even avoid-
ing loss exposure.

Richard Glickler

Engineering Departiment



Foreword

Since the dawn of indusctnalisacion our social
conditions have consistently improved to the
point where our marerial living standards are
now ar unprecedented levels as we approach the
end of che twentieth century. On the down side,
one of the worst consequences of this progress
has undoubtedly been the spread of pollution,
whose impact has led to a disturbing dececiora-
rion in our overall qualicy of life.

In che past, the interesces of induserialisation and
economic growth were in direcr conflict with the
preservacion of nature. Qur consumer society,
with its enormous energy demands, has finally
realised, however, that our natural resources ace
neicher inexhauscble nor durable. As it continues
to expand, industry is gradually paying more
atcention to che environment, both as cegacds
more efficient use of energy and the concrol of
hazardous emissions.

Although a return to naturce is obviously our of
the question, changing our behaviour is certainly
an imporrant step towards preserving the envi-
ronment. Environmenaal protection has become
an essential componenc in the management of
modern society. It is a basic principle which we
must respect in our behaviour and life styles.
However, the path we have to travel to achieve a
balance berween sustainable economic growth
and the conservation of the environment is long
and rortuous. Green policies should not be syn-
onymous with a slowdown in economic growth
and industrial acrivicy, but racher encourage a
search for more efficient use of existing finire
energy resources and raw maccrials.

However, avoiding pollution and hoping that
waste producrion will be cegulated merely by vic-
tue of individual awareness and through every-
day enforcement of basic rules is not enongh o
presecve our environment for future generations.
Maost of the problems connected with environ-
mental protection can only be solved with the
help of modern, high-performance technologies
thac also need to be economically viable.

In the past, waste trearment plants were suspect-
ed of being a major soucce of pollution — quite
justifiably, in some cases. Since the incroducton
of stricter environmental conrtrols, the design of
these plants has advanced enormously, however,
and they have now become a means of environ-
mental prorection, since they allow us to dispose
of the mountains of wasre we produce daily in an
ecologically responsible way.

In the past the usual rerm was municipal waste
incineracion (MWI) plant, buc nowadays icis
more common to encouncer names such as waste
recycling centres (WRC), municipal waste treac-
ment (MWT*) plants, or sometimes refuse to
energy systems. These terms ceflect the new
ambicions of this technology wichin che conrexr
of integrated waste management programmes.

*MWT ie che rerm wsed o thas publication



The aim of this publicacion is to provide a global
view of the problems associated with the manage-
ment and thermal trearment of waste in industri-
alised countries. Our goal has been to provide an
insight into cthe technologies available in munici-
pal waste treatment without excessive technical
detail. We have consciously avorded including
scienrific formulae or machemarical models, to
make the contenr easier ro digest.

This publicanion is divided into three sections. I
describes che problems presented by the thecmal
treatment of waste in induscrialised councries,
from a technical, environmental and insurance
viewpoint.

The firsc section provides an introduction to the
histary of waste disposal over the centurics: How
has the production of waste and its characteristics
evolved over nme? We also look at che objecrives
of modern waste management and the new role
played by MW plancs in our sociery.

The second section looks ac che technical design
aspects of the MW plant. There is a brief
description of tried and ctested processes and
technologies, Readers who want to find out more
abouc the individual components that make up
an MW planc and how they function will also
find useful informarion here.

T'he third section examines the insurance of engi-
neering risks associated wich the construcrion

and opcration of an MWT planc. The descrip-
rion of che various construcrion stages and the
plant’s commissioning, as well as the pocential
dangers during these periods, is intended to

make underwritees more aware of chis category of
business in cheir risk analysis and premium racing
approach.

We wish to thank all the companies kind enough
to provide us with cheir specialised publications
and phortographic matcrials. In parricular we
wish to chank Von Roll Environmental Technol-
ogy. Zurich, Widmer & Ernst Environmental
Technology, Zurich, Deursche Babcock in Kre-
feld, Germany and the Machinecy Loss Preven-
tion Service (MVD) of the Swiss Assaciarion of
Technical Insurers (SVTV) for their concrnibu-
rion. We would also like 1o extend our sincere
thanks to everyone whose hard work and input
heclped to bring this document inco print.



Waste disposal through the centuries

Ancient Times

Archaeological excavations on the sites of ancient
towns around the Mediterranean and in the
Indus valley have shown that many towns had
cheir own sewerage systems. In Crete, for exam-
ple, dirches were dug ro store solid waste and
were empried as required.

In Egypt and Greece human excrement was puc
in earthenware pots, presumably to be used as
fertiliser on the fields, alchough there is no evi-
dence 1o prove this. The Romans channelled
clean drinking water over long distances o sup-
ply towns, and siphoned off waste water through
drains leading into the "cloaca maxima”, che
main sewer thac was laid along the bed of a river,
into which the cffluent was eventually discharged.

Alchough palaces and public buildings which
already had coiler facilities were connected o the
sewerage system, the same was nor true of privace
houses: they had to collect cheir waste and excre-
ment in earthenware pors which staves would
then empry into the drainage canals.

After the Roman Empire was overrun by the
Germanic tribes, the sanitarion systems gradually
deceriorated. The drains were no longer cleaned
out and clogged up. Effluent began to seep our
into the streets, causing a rernble stench. One
dircct consequence of these conditions was the

spread of the plague.

Power and powerlessness in the Middle Ages
In che Middle Ages. the grear barons in cheir for-
tified castles disposed of food scraps and ather
refuse simply by chrowing them over the castle
walls. This is one reason why castle moats are
such valuable archaeological sites. But just ima-
gine the smell!

The situarion in the towns was hardly any becter:
people simply dumped thejr rubbish on the
streers.

A repoct on Paris in che eleventh cencury
descnbes chis sordid situacion: filthy, pot-holed,
unpaved streets, permanently covered in excre-
ment and liccer, no domestic sanitation systems,
so that waste wacer simply collecred in stagnant
pools on the streers, adding ro the general
squalor.

One story illuscrares just how bad things were:
Philip IT Augustus, king of France, was watching
heavily laden vehicles pass in front of the palace
window. The weighe of the convoy stirred up the
foul cockrail of excrement and rubbish on the
streecs, and the stench was so overpowering thar
the king fainted. He was so shocked that he
ordeced all the streets and squares around the
palace to be meralled.

Although this is an example of the auchorides -
in chis case the king of France — managing o
successfully improve the hygiene scandards of the
time, it was very much the exceprion rather than
the rule.

14th and 15th centuries

For rthe first time an edicc issued by the Provost
of Paris ordered all cirizens 1o take their waste to
sices specifically ser aside for this purpose. The
authorities stepped up ctheir effores, and saw to it
chac roads were meralled and paved in many
towns. Despite constant threats of punishment,
virtually noching changed: city dwellers refused
to dispose of their waste in the proper manner.
The situation was the same right across Europe,
from Paris to Nuremberg and Basle.

An even more squalid example:

* In 1840, Emperor Frederick ITT wanted o ride
across the town of Turtlingen, disregarding all
warnings thac the streets were virtually impass-
able. His horse had 1o pass down screets where
the licter was so deep it reached irs flanks.



During the vast plague
epidemics that swept
Europe, doctors ware

a mask with a long
nose shaped like 2
beak, fitled with fragrant
spices. Although a

hink was suspected
between poor hygienic
conditions and diseasa,
there was still no
understanding of how
these diseases were
transmitted.
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* Three years later the Emperor had an even
worse experience: as he entered the town of
Rutlingen his horse fell, and both the rider and
mount vanished under the mounds of rubbish!

Epidemics encouraged a temporary
improvement

[t was during the times of the plague thar prod-
ucts such as eau de cologne firsc appeared. The
popular belicf was thar rubbing ic on the body
could help to ward off the plague. Although peo-
ple were right to suspect a close link berween
poor hygiene and disease, the mistake was in
believing thac the plague was caused by the cer-
rible smell — just one of the many suppostitions
put forward to explain che origins of the epi-
demic.

Nevertheless, epidemics did tend to encourage
new hygicne measures. Unforcunately these
measures and decrees were only short-lived, and
people quickly forgor the plague and the terrible
loss of human life.

16th century

A "clean-up” was finally organised in Pans. A
rubbish collection service, financed by taxes, was
set up ducing the reign of Lous XII. Francois [
subsequently introduced the use of baskerts (pre-
decessor to our modern dustbin) ro collecr lirter
rather than have people dump it on che sereecs
awaiting colleccion by cart.

Despite this, these initiacives srill did not have
any long-term impact. People conrinued to
empty their chamber pors seraight into the
streets, warning passers-by with a shour of "Mind
your heads!"

During the same period waste disposal was prov-
ing to be more of a success in Holland. In Anc-
werp, for example, every citizen was obliged to
clean his own section of rhe streer and had o
deposit his rubbish ac che ciry gates. In Amster-
dﬂm Spc{:iﬂ] C(“‘l[ﬂinfrs WETC pruvided F()T Rl:Oring
rubbish, which were then empried outside the
ciry walls.

18th and 19th centuries

Paris

Legislation was introduced right accoss France to
make street cleaning compulsory. As a direct
result, routes and rimecables were drawn up for
regulac cubbish collections. In 1773 a police
edicr ordered all cesspools o be disinfecred and
deodorised with hydrochloric acid, and later on
with chlorine.

In the 19th century the Count of Rambuteau
designed the ficst cambeced toad 1o make it easier
for warer and litter to run off ro che sides cather
than accumulating in the middle of the street.

He also ordered che construction of che first con-
crete sewers in Paris.



When the first regular
sirect-cleaning sarv-
ices were introduced
in Europe, convicted
criminals or prosti-
tules were often requi-
sitioned 1o do the
work, which was can-
sidered to be degrad-
ing.

From 1853 onwards Haussmann, Prefect of the
Seine, creaced a traffic system combining three
networks:

* one for people

* one for rraffic

* one for water supply and waste collection.

[n 1883 Eugene Poubelle, who succeeded Hauss-
mann as Prefecc of the Seine, passed a decree

making it compulsory for all properry owners ro
supply cheir cenants wich boxes for purting cheir
rubbish in. Far ahead of his time, Poubelle intro-
duced a systern of waste separation: one box was
reserved for putrescibles, another for paper and a

third for glass.

Berlin

At the start of the seventeenth century the streets
of Berlin were notorious as being rhe dirtiest in
Continental Europe. Never cleaned atall, cheir
main function seemed to be somewhere to keep
pigs and household pers.
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In 1677 the Grear Elector issued a decree stipu-
lating thart all pigsties had to be located ourside
the city. It was not uncil the revolution of 1848
chac chere was any significant change in this sorry
state of affairs.

From then on, the municipal authoriries assumed
responsibiliry for cleaning the streets, secting up
an independent cleaning scrvice.

Vienna

The cicy began a regular streer cleaning service in
1782. To this end, prostirures convicred ac a
cursory trial were requisitioned to sweep the
streees. Their hair was shorn and thev were given
2 broom ro perform this arduous rask under the
supervision of guards.

[t wasn't until 1864 thar the municipal auchor-
ities assumed responsibiliry for organising and
cleaning the streces. Around 500 staff were
recruited to perform this service.

Berne

The city tackled the problem in the same way as
Vienna. Here the prisoners were organised into
street-cleaning reams. Six carts were pulled
around che city by women, a squad of 22 swept
the rubbish into piles while che ocher prisoners
Joaded it onro the cart.

Great Britain

Following an investigation ordered by the Royal
Commission on hygiene conditions in a number
of British towns, the government ordered city
councils to construct sewerage syscems to siphen
off warer and facilitare the removal of salid ‘wasre.
This era saw the appearance of the first wacer
closet (W.C.). Solid waste was stored in buckerts
and removed by the municipal waste collection
service for subsequent dumping. Waste incinera-
tion started in Britain. The firsc plants capable of
incineraring waste in a separare combustion
chamber dace from 1876.



Damestic refuse col-
lection carts using
transportable contain-
ars. Zurich's municipal
cleansing department
used these carls in the
period 1910-1930.

Before the use of
metal dusibins with
lids bacame common
practics, household
rubbish was pu! out in
all sorts of containers

11

20th century

Switzerland

By 1930 Switzerland had a daily refuse collection
service. In very small villages rubbish was only
collected when necessary. As a rule all the collect-
ed cubbish was dumped on waste ground not too
far from the rown. Organic waste decomposed
into humus and this was normally used in farm-
ing.

Swirzecland's firsc incineration plant was built by
the city of Zurich and came inro service on

10 May 1904. Jc is choughe to be only che fourch
plant of its type construcied on the Continent.
Davos built an incineration plancin 1914.

The search for the ideal dustbin

Everywhere the search was on for a conuiner
capable of storing waste thar was robust, resist-
ant, and waterproof. [t also had to have a right-
ficcing lid, a simple design and be affordable.

[t was ). Ochsner who came up with the solu-
cion, perfecting the design of the modern dustbin
chat carried his name in Swirzerland. Tt had a
sliding lid so that household refuse could be
upped in withour generating roo much dusr. It
was designed to fit the rubbish collecrion care
that he also invenced in 1904. This system of
refuse collection remained unchanged righc up 1o

the 1970s.

France

The French law of 15 July 1975 ser down rules
on wasre disposal and escablished the "polluter
pays’ principle. Municipal authoriries werce given
the responsibility of collecting and disposing of
household waste. A year lacer, the law of 19 July
1976 placed waste rrearment and disposal plants
under the supervision of the government, with
the aim of reduciug the volume of rubbish, and
organising its removal and recycling.



Nowadays many local
authorities in Switzer-
lend have adopted the
same systern for
financing municipal
waste collection and
disposal Sorting
tousehold rubbish at
source into recyclable
materials such as
paper and glass is
encouraged by impos-
ing a high tax on
refuse sacks.

Waste treatment plants, along wich che compost-
ing plants, incincration plancs and municipal
waste aps, are all treated as classified inscalla-
tions, i.e. they are subject to special regulations.
As classified plants, they arc governed by all the
regularions and procedures set down in the arti-
cles of the law goverming the creation, extension,
operation, modification and discontinuation of
all planc activities. One of the most recent laws
passed in this area provides foc the closure,
between now and the year 2000, of dumps that
accept untreated houschold waste.

The history of waste incineration
The first furnaces

The first waste incineration furnaces stacted to
appear towards the end of the 18th cencury. Not
only was their design very basic, burt chey had
many drawbacks both from a technical and envi-
ronmental viewpoint. Uncil the 1920s both the
loading of the furnaces and che removal of ash
was performed manually, exposing furnace opera-
cors 10 flames, dust, tumes and soot-laden smoke.

The technology developed ac the same pace as
industrialisanion, and these problems were grad-
ually oveccome by installing suitable machinery
that handled most of the tasks performed by
manual workers. The first mechanical combus-
tion grates appeared in the 1920s. The pioneer in
this ficld was the German, Joseph Martin, who
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patented a mechanjcal grate based on a counter-
flow system on 30 January 1926. From then on,
the different processes involved were gradually
mechanised and automaced: loading the furnace,
raking (oc agitating) the waste, and removing the
ash.

Alchough chere has been a cendency to equate
waste incineration furnaces wich coal-fired fur-
naccs commonly found in power stacions, the
design problems of the former are entirely diff-
ecent. Unlike coal, a combustible marterial whose
properties can be termed “stable”, the composi-
tion and the calorific value of waste is never con-
stant, and continuously changes in tandem witch
the life-style of modern consumers. Because
household waste has such a high inert content
(up to the sixties, ashes from domestic wood and
coal fives accounced for a subsandal proportion
of houschold waste), furnace designers spent a
long time solving the problem of how besc to
achieve auromacic combustion of waste with a
very low calorific value. The design of the fuc-
naces was simplc as far as the technology was
concerned, bur complicated in terms of waste
flow. Variations in the composition and calorific
value of the waste quickly disrupted smooth
operation. As a result, a plant chat functioned
perfectly well in one cicy would prove to be
totally useless in another ciry.

The boilees were not at all reliable, since the
waste in the furnace was agicated too vigorously,
creating large amounts of dusc, and the smoke
was excracted too quickly, so thac boiler linings
quickly worc out duc to the abrasive action. This
problem, which sdill exists today, was exacerbared
by the capid cocrosion of the boiler pipes because
of substantial changes in cthe composition of
waste since the end of the fifties. Plastic packag-
ing and ocher composites, which make up an
ever-increasing proportion of houschold rubbish,
release their acids on combustion.



A wastg incingration
plant ia Zurich's Josef-
strasse in 1906 There
wWas no waste storage
piL = the waste was
dumped in the open air
Many manual labourers
were on the payroll at
the time, but they were
gradually made redun-
dant 8s plants became
increasingly mechan-
ised.

Municipal waste treat-
ment plant in Trimmis,
Switzerland, which
also produces electric-
ity and hot water far
gistrict heating.
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Recent developments
We can identify four main periods in che recent
history of municipal waste incineration plants.

1st generation (1950-1965)

The main, and indeed the sole funceion of these
plants was to incinerate waste, Heat recovery was
only performed in very rare cases and creatmenc
of gases was practically non-existent. As a cule,
flue gases from the combustion process were sim-
ply passed theough a water-cooled tower located
above the combusnon chamber and then dis-
charged inco the atmosphere. By way of example,
the dust concentration of smoke emirced from

the stacks of thesc older plants was approximarely

1000 mg/Nm?. In modern systems this figure has
been reduced ro 3 mg/Nm?.

During this period the Swiss company Von Roll,
who have since become world leaders in this
ficld. constructed incineration plants in Lau-
sanne (1959), Berne (1954) and Brussels (1957),

some of which arc seill in service today.

2nd generation (1965-1975)

The main characeeristics of this generation of

technology are:

* an inicial step towards environmental procec-
cion: che installacion of new duse filcers
(cyclone or ¢lectrostatic precipitation) allowed
atmospheric dust emissions to be substantially
cut by reducing their concentration in the {lue-
gas to around 100 mg/Nm;

s growing interest in heat recovery. The first boil-
ers installed during this period had to overcome
many technical problems, such as abrasion, cor-
rosion and fouling of hear exchange surfaces.
Heart recovery from waste incineration, in the
form of steam or hot water, was first choughr to
be an economically viable idea from 1890
onwards in the UK and the USA, bur in 1980
most waste incineration plants in service had
still not been fitted with heac recovery boilers;
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¢ high-capacity installations were construcred
and new furnace manufacturers appeared on
the scene, including the German company
Deutsche Babceock with its system of roller
grates.

3rd generation (1975-1590)

The aim of chis genecation of technology was ro
improve the energy performance and above all
the environmental standard of M1 plants:

¢ the general public started to become more
aware of environmental problems and lobbied
for the installadion of flue-gas treatment
systems designed to reduce acidic gas emissions.
This led to the construction of the firsc flue-gas
treatment plant capable nor only of crapping
dusc but also of neutralising acids (hydrochloric
acid, sulphur dioxide, hydrogen fluoride) and
reducing the concentration of heavy metals jn
alr emissions. Initacives were also launched o
teduce pollurion in the area of solid waste and
effluent from MW Ts;

che furnace/boiler system was substantially
improved, chereby optimising encrgy perfor-
mance and ensuring complete combustion of
otganic mactet. A large number of technical
opcrating problems were successfully solved.
Almost the entire operacion of the plant was
centralised and automared;

the incineration plants have now become waste
UeRCMENL CENTES INCOLPOLATING eNergy (ecovery
based on a cogeneration procedure.



With tougher environ-
mental legislation,
waste Incinerators
have now evolved into
integrated waste treat-
ment plants based on
sophisticaled technol-
ogy.

4th generation (1990-present)

Under pressure from the Green movement, wasce
treatment plancs are now steiving for zero pollu-
rion. Flue-gas treatment systems have to do mote
than simply reduce the dust and acid contenc of
emissions, bue must also be able to remove other
pollucants such as nitrogen oxide, dioxins and
furans. By instalbng sophisticated technologies
and commicting substantial investments, ic is
now possible to reduce the concencration of some
pollucants in flue-gas emissions w almost unde-
tectable levels.
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These plants also incorporate advanced systems
for teeating the incineration residue. The uld-
mate purpose of these technologies is to obrain
an inert residue thar can be cither recycled or dis-
posed of wichout posing any long-term threat to
the environment.






3 Waste management in industrialised nations

Production of rubhish
is inevitable, but great-
er awareneass at all
levels of society would
encaurags a reguction
in volume.

3.1 Goals of modern waste management

[n recent years, waste disposal has become a mat-
ter of concern for all groups of society because of
the growing mouncains of rubbish creaced by
higher consumprion and rhe resulting environ-
mencal pollution problems.

Industrialised and densely populated nations have
finally acknowledged that therc is serious conflict
of interests between two of society’s goals: on the
one hand. 1o increase the production of consumer
goods, and on the other to ury o preserve the
environment by disposing of waste in an environ-
mentally sound manner.

The production of waste is an unavoidable by-
product of human and industrial activicy. We can-
not prevent it. However, we must try to manage it
in an acceprable manner, by limiting production
as much as possible and by disposing of any
"unavoidable” waste in a way thac is kind to the
environnent.

Becausc of greater public awareness, reducing the
burden we place on the environment has now
become one of the prime objectives of industrial-
ised nations,
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Obviously the main purpose of « modern waste
management plant is to reduce environmental
pollution. To achieve this we would need to pur-
sue the following strategies:

reducing waste production at source, by wying
to influence manufacturing processes and con-
sumption habics;

reducing pollutants created by the production
of consumer goods and making sure they are
Jess toxic

organising and limiring waste transport;

serting up peemanent stceuctuces (or keeping the
public informed;

reducing volumes of end-waste by greater reuil-
isation (recycling any reusable materials and
recovering the energy contained in waste);
reducing pollution by adopring environmentally-
friendly waste treatment;

banning uncreared discharge and auchorising
the dumping of end-waste only.



Basic principles of inte-
grated waste manage-
ment

3.2 Integrated waste management

This concepr is currently very popular wich many
local and municipal authorities. It involves avoid-
ing waste, recycling it, treating it and finally stor-
ing ic.

Obviously our top priority must be to avoid pro-
ducing waste. The best way of avoiding waste is
not to create any unnccessarily. A prime example
of this is the cardboard packaging around tubes of
toothpaste, which secves no pucpose at all and
which some discributors have done away with
quite successfully. This measure has allowed sever-
al hundred tonnes of cardboard packaging to be
saved every year without having any negative
eflecc on the sales of the product in question.

The second priority is to exploic the commercial
vaJue of waste by sorting and recycling it. Some
countries have achieved a very high rate ol cecy-
cling of glass and paper. for example. Laws and
regulacions governing waste management and
treatment are increasingly requicing that the reus-
able components of household and similar waste
(paper, glass, metal, organic waste, ecc.) are col-
lected separately and recycled.

Even so, the waste problem cannort be solved
merely by reducing the amount of waste pro-
duced and stepping up recycling efforts. Further-
more, waste trearment plants and the stocage of
cesidues from them are still essendal, cven
unavoidable to some extent. Wasce disposal
systems must transform waste into recyclable
materials or inerc residues, ensuring compliance
with local and national environmenrtal regula-
rions. It must be possible (o store these residues
safely, for an unlimited period of time.

The non-recyclabie pace of househoid or similar
waste, such as non-recyclable waste from building
sites and sewage sludge of no commercial value,
must be incinerated. The cesulting residues must
in turn be treated prior 1o subsequent disposal in
secure Jandfills thar do not present any threar 1o
the environment. But controlled dumping, a
complementary and indispensable technique,
must be reserved for the end-storage of residual
waste after recycling and crearment.

1. Avoid producing
waste at source

Production and consumpiion ‘

//

\J

Domestic waste Building rubble

Sewage sludge J ‘ Special waste

—‘ ‘ Miscellaneous waste

]
2. Sort and Separate Sorting Dehydeation/ Separate
recycle waste collection | Orying collection
\ vl }
l_ y v 4
— -
Recycling J |
\j
3. Commerctaily i ;
exploit and treat | Incineration Other treatment methods

4, Dispose
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Glass recycling rates
{source' OECD Environ-
mental Indicators).

Sorting domestic rub-
bish after collection is
not very effective.
Recyclable waste has
usually been contami-
nated by organic mate-
rial

By way of example, the French law governing
waste disposal stipulaces chat as of 1 July 2002,
landFill sites for waste disposal will only be
authorised to accept end-waste. Under the terms
of this law "end-waste” is aterial that may or
may not be the cesult of waste treatment, and
which is no longer capable of being treated
according to current technical and environmental
standards, in pardicular through the excraction of
any part that 1s of commercial benefir or by
reducing its pollutant or hazardous properdes.

Comments on the sorting of household
waste

Current standards for the sorting of raw domestic
waste after ic has been collected are rather poor.
Marerials cthar could be reclaimed or recycled are
contaminated by organic matrer. In futuce, sort-
ing will therefore need co be performed art source,
wich a selective refuse collection system. In a
number of countries this system has already proven
to be an essential tool in strategies for global
management of municipal waste.

Therc arc three main options for waste collection
and sorting: sorting at source (households sorc
their own rubbish by placing it in different bins),
door-to-door collection (such as collection of
waste paper in Switzecland) and householders cak-
ing recyclable materials o collection centres (bot-
cle banks, used batteries, metals, ecc.). Obviously
none of these solutions are effective or sufficient
individually: experiences in several countrics show
thar only a combinarion of the three is effective in
pracice.



Average annual pro-
duction of household
waste per person in
kgs (source: OECD
Environmental indica-
tors).

3.3 Waste production

From the 1960s onwards the standard of living in
industrialised nations has markedly improved, ro
the point where we have become a true consumer
society and enjoy affluent lifestyles. All sorts of
goods are thrown away, because they are old or
our-dated, even though they are srill in perfect
condidion or could be repaired for a small sum.

Studies have shown chart the bigger the ciry, the
higher the per capira figure for the production of
household waste. Other factors such as the social
envirovment, geographical location, living stand-
ards, etc. affect the production of household
waste. The example of Germany illustrates how
waste volumes are closely linked to levels of pros-
perity: in the former West Giermany, average per
capita waste production was as high as 380 kg/year,
whilst in the former GDR it was 174 kg — not
even half. Ac che momenc che average figure for
industrialised nations is 450kg of waste per
pErson every year.

Canada
USA

Japan
Belgium
Finland
France
Germany
Greece

ltaly
Luxembourg
Netherlands
Norway
Porugal
Spain
Sweden
Switzerland
UK

OECD

In France, according to stacistics from the Depare-
ment of che Environment, the quantity of waste
collected and processed by the auchorides is esti-
mated at 580 million tonnes per year, equivalent
to a per capita production of 10 tonnes/yeat.

This figure breaks down as follows: 30 m tonnes
of household waste, 150 m tonnes of industrial
waste and 400 m tonnes of generic or recycled
waste produced by agriculture or agro-food indus-
tries. Of the housebold wasce figure, around
700,000 tonnes is clinical wasce. In addicion o
cthis, there are 2 million tonnes of whart is classed
as hazardous industrial waste which require spe-
clal waste disposal methods.

These huge volumes of wasce cannot simply be
dumped in land(ills. On the one hand, there are
not many suitable sites, and on the ocher these
mountains of waste pose a long-term threar to the
enviconment. Pollution of groundwater and dis-
charges of gases and leachace chat have o be treai-
ed over several decades are just two examples of
the problems faced.

0 200

400 600 800
|kg per inhabitant, per yesar]



Comparison of the
growth in household
waste produced by the
population of Munich.
Per capita waste pro-
duction has doubled
since 1970 and currently
averages 415 kg per
yaar. The volumae of
household rubbish has
more than quintupled
since 1960,

Annual
household
waste
production (m®]

Population

Glass bottles (with
deposit paid) have
been replaced by all
sorts of containers,
some of thern suitabte
for recycling.

At sports events we
leave behind moun-
tains of rubbish, mainly
in the form of packag-
ing.
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At the moment the waste problem is no longer
limited solely to an increase in weighc and vol-
ume. A new facror has come inrto play: a change
in the composition of houschold waste. This is a
reflection of our modern lifescyles, which have
drastically changed over the last few years. For
example, the prevalence of packaging made from
synchetic or composite materials poses serious dis-
posal problems: they are difficult to recycle and
they release a number of toxic gases on incincra-
ton.

2000



3.4 Nature and composition of waste

[t is not casy to categorise waste, since even the
definition of waste is problematic. Furthermore,
each country has its own waste definitions and
regulations. For example, EU legislation provides
the following definicion for wasre: any material
which someone disposes of, plans o disposc of, or
is obliged to disposc of.

Waste is usually classed into three categories:
domestic waste (also referred o as municipal
waste), hazardous waste and industrial waste. In
this documenc we have decided to use che follow-
ing classification:

Harmless waste, including

* household waste (solid waste from private
homes, waste of this type collected {rom hospi-
cals, industry and workshaps)

* waste from municipal cleansing departments
{waste collecred by screet-cleaning services,
municipal dustbins, dead leaves, etc.)

* discarded bulky objects (furniture, matcresses,
household appliances, etc.)

* garden rubbish (leaves, branches, etc.)

* waste produced from forestry and farming
(wood, manure, liquid manure, etc.)

Main categories of
waste
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Inert waste (macerials char remain virtually

unchanged over cimne, such. as the rubble pro-

duced from civil engineering works)

* waste from demolition and building rubble

* residues from manufacturing processes, ren-
dered inerc by suitable treaument

Special waste (waste containing toxic products)

* sewage sludge (only in certain cases)

« waste from industry and workshops (solvents,
paints, used oils, batceries, composite macerials,
expired medicines, etc.)

Miscellaneous waste (ircated or recycled by
special processes)

« old cars

* used tyres

* animal caccasses

*» computer hardware

televisions, refrigerators, etc.

other waste collecced separately (paper, glass,
2luminium, fabric, cec.)

Radioactive waste (waste with low, medium or
high radiadon factor)

Main categories of waste

Municipal waste: Other types of waste:

« Waste from:
- private homes

- Used tyres

- hospitals™ » Special waste
- industry and
workshops « Radicactive waste

- Discarded bulky objects » Sewage sludge

» Garden refuse « Scrapped cars

« Waste from municipal » Animal carcasses
cleansing departments
« Waste from industry
and workshops

<« Waste produced fram
forestrv and farming

» Waste from demolition/
construction,

*uncontaminated and building rubbte



The table opposite
shows gives an idea of
the quantittes of waste
produced in Switzer-
land, broken down by
category (estimate for
1987, in millions of
tonnes) Source: OFPE

Municipal waste com-
prises a complex mix-
ture of objects and
materials each with
very different charac-
teristics. These pie
charts show the
approximate distribu-
tion, In weight, of the
various materials con-
tained in municipal
waste, which depends
mainly on a society's
living standard
(Source: Environmental
Resources Limited).

Munic_i_p_al waste 2.8

Reusable wastegriéin;ting_fro_m:
Industry and workshops:

scrap iron 0.7
_ old cars and_
metal waste B 0.35
used aluminium 0.025
Households and_smﬂl busine%es: T -
paper 0.5
glass 0.14
organic matter - 0.05
fabric 0.015
aluminium 0.0095
Demolition waste {skips) 20
Wgste_ from industry and
workshops 1.0
Special waste 0.3
Sewage sludge 4.3
Carcassés o
Miscellaneous 0.1
Total 125

Major industrialised
countries

Paper 31%

Textiles,
leather, rubber
and wood 5%

Metals 8%
80/0

Vegetabte
matter  25%

13%

Other

Plastics

Glass 10%

Countries with
average GDP

Vegetable
matter  47%¢

Paper 14%)
Metals

Ovher 10%

Textles, leather,
rubber and
wood 14%

Plastics 11%
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Countries with low GDP

Vegelable
matter  60%

Other 22%

20/0
2%

Plastics
Metals

Textiles,
leather, rubber
and wood 7%



In industrialised coun-
tries, packaging is the
biggest component of
municipal waste

The packaging problem

Packaging has played a significanc role in the
devclopment of waste. Seatistics show that over
the last chirty vears, dhe mass of used packaging
discarded by households trebled, while in global
terms domestic waste increased by 60% (meas-
ured by weight) over the same period.

Each year in France alonc people chrow away 80
billion packages, empry botdles, cartons, plastic
concainers, etc. Currently in excess of 6 million
tonnes a year, packaging accouncs for a chird of
konscheold waste in France and over 50% meas-
ured by volume, causing a real headache for the
authorities who have 1o dispose of it. The passing
of regulations to make induscrial producers
responsible for their packaging and its eventual
recovery should go some way rowards solving this
problem.

Annual packaging consumprion per head of pop-
ulation:

USA 250 kg
Frapce 180 kg
Burundi 4 kg

(Source: ATOCHEM, Packaging Conference 1930}

24

The sewage sludge problem

Source and quality of sewage sludge:

An EU directive governing the treatmeni of efflu-
ent specifies that over the nexc 10135 years efflu-
ent from urban zones will have t be processed in
sewage treatment plants and, in ecologically sensi-
tive ateas, any nitrogen and phosphorus temoved.
Sewage treatment plants have been constructed in
many countries, bur the type of treatmenc provid-
ed and the percentage of population served by
these facilities soll varies a lor from one councry
to the next.

Sewage treatment produces a sludge, whose qual-
ity and quandcy varies according to the type of
effluent treatment used, and of course the quality
ol the ¢fHluent being treated. Different water
treacment processes may resule in varying levels of
purification, which also have an influence on the
quanticty and qualicy of the sludge gencraied.

The basic conventional effluent treatment pro-
cesses include:

* simple primary clarification;

* physical/chemical cJacfication;

* biological rrcaument using suitable bacreria.

All these treatments produce sludge which rapidly
starts to fermenc unless treated. A distinction is
therefore made regarding "fresh sludge”. Fermen-
tation is prevented by “stabilising” the sludge.
There are three mechods used 1o achieve this:
anaerobic digestion, aerobic stabilisation and
chemical stabilisadion. The purposc of the first
two methods is to remove some of the volatile
substances, while the lasr process blocks fermenta-
tion by raising the pH.

All the sludges are extracted in liquid form. Since
this sludge is a by-producr of effluent trearment,
there has w be an economical way of disposing of
It



There are a number of possibilities:

* controlled dunmping;

* usc in agriculture, cither directly oc after com-
posting;

¢ lcineraron.

Conrtrolled dumping is becoming less common,
and furchermore landfill sites are being built in
increasingly remote locations.

Sewage sludge is much more frequently used as a
substitute for fertiliser in agriculture. The slhadge
has a high nutrient content (phosphorus and
nitrogen) which can cause serious pollution of
water courses and grOLlndW}]l:Cl', 2 phenomenon
known as eucrophication. In addivon, sludge
deawn off from creatment plants generally con-
wains pollutancs that have not been properly
removed and which can have a harm(ul effect on
the soil for many years. These pollutants mainly
include heavy mecals (zinc, copper, lead, cadmi-
um, mercury, etc.), pathogens and parasites. As a
resul, the use of sewage sludge in agriculture has
become a major problem for the environmeng,
and several countries are now starting co limit or
even ban its use in farming.

Incineration is now becoming the predominant
method for disposing of sewage sludge, mainly
because of cthe growing number of waste treat-
ment planes ficted with the technology required
to burn che sludge.

\Whatever the final destinadon of the sludge, there
is always a need o reduce its volume in order o
cut transport costs and also in che case of inciner-
ation to obtain, where possible, sludges that spon-
taneously combust. Volume reduction is achieved
by remaving the interscirial water.
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This operation is performed step by step, and ic is
always necessary to achieve the best possible yield
from one stage before proceeding 1o the next one.
Under these circumstances, investment and run-
ning costs can be reduced.

The first stages arc the convenrional ones:

* thickening the separated or mixed sludges by
static or dynamic means;

* dehydrarion by mechanical means, which can
take place after chickening, if fresh sludge is
being treated, or afier the sludge has been bio-
logically stabilised by undergoing an aerobic or
anacrobic process.

Thermal drying can be used to complement this
process, resulting in S|udg€5 with a dry matter
contenc of up to 90% or even grearcr.

The use of sewage
sludge In farming 1s
sometimes questioned
because of the poliu-
tants 1t may contain,
Special technology is
required to incinerate
sewage sludge.







4 Technical design aspects of a municipal waste
treatment (MWT) plant

Schematic diagram of
an MWT plant

Scrubbing tower fory
the flue gases pro-
duced by wasre Incin-
eration. Sophisticated
technologies have to
be implemented to

ensure environmenial-

ly sound waste treat-
ment

4.1 How an MWT plant works

Trucks collect the munjcipal waste and dump
their loads, alter weighing, in the storage pic. The
incineration furnace is constantly fed wich waste
by an overhcad travelling crane equipped wich a
grapple. The combustion gases produced as the
waste is incinerated on the grace of the furnace
are forced around a boiler to produce sceam.

This stcam is normally used to generate electri-
city by means of a curbine. The elecericicy pro-
duced is used for the plant's own needs, and any
surplus power is sold co the public grid. Alterna-
tively — if the plant's location allows i, and if the
infrascruccure exises — the steam can be used to
produce hoc wacer for district heating or for
industrial processes.

To start wich, all che dust is cemoved from che
combustion gases cooled in the boiler, and then
the gases are purified in a very sophisticated flue-
gas treatment system. Finally they are expelled
inco the atmosphere by an extracror fan chac
sucks them in and propels them up the stack.

The differenc residues produced by waste inciner-
ation and flue-gas treatment are collecred sepa-
rately and undergo suitable treatmenc before
cither being recycled or dumped.

Delivery & storage
ol waste

Incineraiion

Heat recovery

Flue gas purification Dis- 1Treated
charge

flue gases

Dedusting
of flue gases

S

Elecricity
generation

Final
residues

District heating
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Production
of hot water



Until 1950, incineration
plants only comprised a
furnace and a chimney
stack Modern MWT
plants have 10 perform
far more complex tasks
than simply reducing
the volume and weight
of waste through mcin-
eration.

incineration plant in 1950

4.2 Thermal waste treatment

Incineration: an essential component of
modern and environmentally sound waste
management.

The practice of waste incineration began over a
century ago in Bricain, as an actempt to find a
solution to the unbearable sicuation in big cities.
Incineration was supposed 1o improve public
health standards and prevent epidemics.

Like all technical installations, incineracion
plants have been continuously refined and
improved over che years. However, from an envi-
ronmental viewpoinr, it has 1o be said that the
firsc significanc advances were not made until the
mid-seventies, with the inscallation of che firsc
flue-gas tceatment systems, For over a century,
engineers and designers concencraced all their
efforts on improving the incineration furnace.

These plants consisted of nothing more than a
{urnace and a chimney stack, and were seen as
truly heinous polluters by the local population.

As public authorities and the general public have
become more environmentally aware, ic has
prompted major advances in plant design. Nowa-
days waste incineration is an integral part of
environmentally friendly waste management, and
could even be consideced to be the key element.

The lacesc generation of waste creatment plancs
meets the most stringent environmental protec-
tion requircments. The plants reduce pollutants —
whether in solid, liquid or gas form (carbon
monoxide, hydrochloric acid, sulphur dioxide,
nicrogen oxides and hydrocarbons) — to
quantities chat are well below the maximum
levels considered to be hazardous to human
beings and the environment.

MWT plant in 1990
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Reducing the volume
and weight of waste
by incineration

In order to meet the latest environmental con-
teols, modern waste treatment plants must pec-
form the following funcrions:

Reducing the volume and weight of waste
Since its inception, the purpose of waste inciner-
ation has been to reduce the quantiry of end-
waste.

Firstly, che volume is dramarically reduced: one
cubic mecre of houschold waste is converted into
0.1 cubic metre of solid residue afier incinera-
tion. In rerms of weight, 1000 kg of waste is con-
verred into 300 kg of solid residue. The reduc-
tion in volume also means that less land 1s need-
ed for public landfill sites.

Hygienic disposal

All the organic maceer, plus any pathogens, are
destroyed by combustion at temperatures in the
region of 900°C. Thus, incineration also prevencs
microbial contamination, since bacteria and
viruses are descroyed at temperatuces above
200°C.

1 m3 of waste is reduced to 0.1 m3 of solid residue

slag, fine dust,
salts

1000 kg of waste is reduced to 300 kg of sofid residue

1000 kg

slag. fine dust,
salts
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Energy recovery

Even if the incinerarion of household waste only
contribuces about 1% of the total energy of
industrialised nations, it would be inconceivable
nowadays to burn waste without recovering the
cnergy at the same rime.

Energy recovery can be applied in a number of

ways:

* to generaic electricicy;

* 10 produce hot water to supply district heating
systems for homes, hospicals, public swimming
pools, ecc;

* 1o supply steam for industrial processes;

e a2 combinacion of all these uses.

This aspect plays an important role when selece-
ing the construcrion site for 2 new incineration
plant. [n general, if the findings of the environ-
mental impact scudy peevent the plant being
sited near an end-user of steam or hor water, the
thermal energy is used solely to generate electric-

icy.

By way of information, the calorific value of a
tonne of household waste is equivalenc to 200 kg
of fuel, 250 kg of coal, 30 tonnes of hot warer or
500 kWh of electricity. The heat recovered dur-
ing incincration can cover 4—6% of the energy
needs of the popularion who produce the waste.



Materials flow separa-
tion in an MWT plant
equipped with a wet
scrubbing system for
flue gases

Separation of materials flow

Recent developments in waste — both as regards
quanticy and qualicy — plus tighter enviconmental
COntrOlS mean we ¢an no l()ngcr COnSidCI' inciner-
ation as a simple raechod for disposing of waste
by burning it, with the welcorne by-product of
energy rCC()VC‘l‘y.

It has been possible to integrate incineration into
m()dcl'n waste |T1€l|1ﬂ.gc|1]cnf S}"Sl'ems by giving
priority to che transformation and separation of
matecials.

Incineration allows complex chemical com-
pounds, such as polymers or paints, to be pardal-
ly broken down into basic constituents. By
optimising combustion and che carcful selection
of flue-gas treatment procedures, it is possible to
minimisc the poliurants emicted from the stack:
che different residues can then be treated sepac-
ately using appropriace techniques.

Heat
— | recovery

Incineration
Waste

1000 kg

Slag Ash
approx. 250 - 350 kg approx. 5 -156 kg
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—| filter

Apart from the treated flue-gas, ocher macter pro-

duced by the planc includes:

* incineration residues. The mass of slag consti-
futes, on average, 25% of che original mass of
the waste, and just 10% of iis original volume.

* dust, known as fly ash, capeured in the boiler
and by che dust filcer.

* flue-gas treatment residues (dried sludge. waste
wacer, residues from the evaporation of waste
wacer).

Rendering residual substances inert

Above all, separating the waste flow enables some
materials to be recycled, such as scrap iron, slag,
and depending on the flue-gas treatment used
gypsum, hydrochloric acid, or industrial-qualiry
salt.

Residual substances must firsc undergo various
treatments before they can be dumped in land-
fills:

After sujtable creacmenc, the slag can be used as
hard core for road construction.

Dedusting

Scrubbing
— | tower

Puritied
flue gases

l

Water +
5 - 15 kg of residues

Dust
20 - 40 kg



MWT plant: analysrs of
weights

[ Waste 1t

Fly ash contains unacceprable levels of chlorides,

sulphates and heavy merals. Current technology

offers 2 number of methods to render the fly ash

Inert:

* scrubbing followed by/or solidification with
cement

* Jeaching

s vitrification in an elecuric furnace

* inertisacion in bitumen

Residues from flue-gas treaiment (wet scrubbing)
only represent a tny fraction of incinerared
waste. These residues contain pollutants such as
heavy metals and are classed as roxic waste,
which means they should be governed by con-
trolled dumping regulacions.

4.3 Basic stages in the design of an
MWT plant

The design of a municipal waste treacment
planc has to satisfy many differenc criteria, some
of them very complex: the size of che collection
area which the planc serves. integration into irs
physical setting, composicion of the waste being
treated, proportions of the plant, choice of pro-
cesses for the various systems (incineration, flue-
gas punfication, residuc creacment), celiabilicy,
robusiness, optimisation of energy recovery, flex-
ibility and adaptability to constantly changing
technologies and cegulations, ease of operation
and maintenance, compliance with investment
and maintenance budgets, erc.

Atmosphere

Flue gases 8.6t

Incineration and treatments |

 E— - )

| Slag 0.341
‘ Fly ash 0.05 1
Residues fcom flue gas
trgatment 0.031
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Administrative constraints and obligations
The construction and operation of MYT plants
are governed by licensing procedures particular
to cach country or region. These procedures
impose legal and technical conscraints on the var-
ious phases of planning, construction, operaton
and discontinuation of waste treatment acciviries.

The application tor a licence initiates 2 proce-
dure, that entails in parcicular a public inquiry,
to hear the opinions of all the different parties.
Licensing procedures arte usually very complex
and vary immensely from one counury to ithe
nexr. A description of chese procedures is outside
the scope of this publication, and is not cherefore
included here.

Environmencal procection regulations stipulate
that an environmencal impacr study muse be
completed before a new MWT plant is built. The
documentadion submitted when applying for a
license to build and operate an MWT plancis
always required to include an environmencal
impact study whose main aims are;
* to inform the adminiscrative auchoriry issuing
the licence for the projece;
* to take inco consideration the environmental
dara and concerns associated with the project;
* 1o propose measures, where necessary, for the
elimination, reduction or making good any
harmful effects an the environment.

Choice of processes

Nowadays there is a wide range of cried and cest-
ed processes, ranging from incinerartion (grate
furnace, shelf furnace, oscillating furnace, tluid-
ised bed furnace, etc.) co flue-gas trearment (dry,
semi-wer, wet scrubbing, denitcification, ecc.)
and residue treacmenc (vitrificacion, solidificacion
with cement, washing with acid, etc.).
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The basic criteria for choosing the appropriate

procedure seem seraightforward:

* combustion must be correctly controlled to
avoid any transfer of pollution and associated
nuisance (in Switzerland, for example, slag
must not congain more than 3% unburnt sub-
seances);

* flue gases must be created so that they comply
with the maximum emission levels permirted
by environmental regulations;

* the energy recovered from the waste incinera-
tion process must be sufficient ro cover the
plant's own energy requirements;

the residues from the various systems must be
collected separately and then treated for subse-
quent recycling or dumping in a controlied

landfill.

Even so, the decision-maker's task is made
extremely difficule by the diversity of the proce-
dures available, local economic constraincs, obli-
gations towards the operator (who expects reason-
able constraints on the operartion and mainte-
nance of the plant), the pressure exerted by the
partisans of the new "miracle technology”, and
the moral obligation ro support an investment
with vision but one that is also sustainable.

Although there are already tens of modern
MWT plangs in service, there is no standard
planc design. A pragmacic approach wich the
benefit of experience is the only way of finding a
model thac offers the best compromise. To this
end, and as a uscful link to che next paragraph,
we quote the wording of a resolution passed on
7 May 1990 by the Council of the European
Communicics on waste management policy. This
specifies thar the main criterion in the selection
of procedures is to make every effort to reduce
pollution to levels which, by current scientific
standards, are considered to "make use of the
most appropriate methods and technologies to
guarantee a high level of procection for the
enviconment and public health, taking into
account besr available rechnologies not encailing
excessive cost’.



Choice of investment

In somc countries the financial aspecc is only of
relative importance because each new plant con-
scruceed must be capable of achieving "zero pol-
lution™” and the jovestment required to build a
new average-sized (150,000 tonnes p.a.) MWT
planc can casily exceed ECU 500 million. In
other countries, on the other hand, the idea of
“taking into account best available technologies
not entailing excessive cost” is still a decisive tac-
tor when choosing procedutes and cechnologies.
In chis case, che investment is unlikely to exceed
ECU 100 million. Chapter 6 provides more
derailed informacion on cost aspects.

Choice of location

At the moment there are two quire distinct
approaches for choosing the site for a new MWT
plant. The firsc is ro choose a location well away
from town centres or residental areas, preferably
near or on old waste dumps, in industrial zoncs
or swamp rcgions. The sccond approach atiemprs
1o give maximum consideration o the environ-
mental impact study. [n this case, a decision may
be taken to locate the MWT plant near the cen-
tre of town, to limic che nuisance caused by
refuse collection crucks and ocher private vehi-
cles. The enviromunental and architectural aspects
play an essential role here because, apart from
ensuring that the planc blends in acstherically
with its setring, controls on emissions, noise,
odour and pollution are obviously very impor-
tant. Although this second approach usually
entails a more substancial invescment, it also
offers significant benefits which are fully exploit-
ed in the choice of the site (reduction of trans-
port costs and nuisance, betcer integration into
the environmenc, proximity to end-users of heac,
eLc.).

Dimensions of the MWT plant

The capacity of an MWT plant is measured by
the chermal power (i.e. energy) produced during
the incineration process, which can then be har-
nessed and converted into steam or hot water by
means of a boiler.
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The thermal power of an MWT plant is the
product of the hourly throughput of incinerated
waste multiplied by che calorific value of the
waste, i.e. the energy contained in the waste.
Given thar the lower heating value (Huy)
depends entirely on the composition of the
waste, forecasts of waste trends are absolurely
essential when attempting to calculate the future
capacity of the new MWT planc.

Any changes in the composition of the waste to
be incinerated in the plant will depend mainly
on the waste management policy adopred by
local authorities, which in tucn requires chac
environmental policy is coordinaced at national
level.

Despiie major advances in waste analysis in
recent years, it is impossible to make accurace
forecasts as to the quantity and composition of
waste in 5—10 years' time. Such forecascs are
made even more difficult by che face chat cercain
factors have contradictory effects. The quantity
of waste to be incinerated should normally
increase, because che population is growing and
che ban on dumping untreated waste will be
extended. Furthermore, new deccees and legisla-
cion will come inco force in a number of coun-
cries which will encourage waste incineracion.

However, waste is increasingly being collected
separately and recycled chanks co better infra-
structures and the greater environmenral aware-
ness of the general public. This should lead to a
reducrion in the quantidies of waste being han-
dled. The gloomy economic outdook and the
introduction of waste collection taxes should also
have an impact on the production of municipal
waste. However, bearing in mind chat the average
Hy of waste will increase between now and the
year 2000, the incineration capacity of M\WT
plants will need o be about 10-15% higher in
terms of thermal power.



Impact of changes in calorific values on
incineration capacities

The average Ha of waste is a key factor for calcu-
lating che size of an MWT plant. At the dime
when most MWT plants were constructed, the
average Hy of waste was beeween 6,000 and
10,500 MJ/c. In Swirzerland ic 1s estcimaced thar
the current average Hu of 11,500 M)/t will
climb to 12,600 MJ/t by the year 2000.

With the huge increase in plastic as 2 component
of consumer goods (especially packaging), the
average Hy of waste has risen sharply over the
last 1S years or so. Sorting waste at source, recy-
cling by composting organic matter and incro-
ducing scparace collection of glass and metals
bave led to an increase in the average Huy of the
waste o be incinerated. As we already said, the
calorific value of synchetic marterials is very high,
whereas for organic waste ir is very low, and vir-
wally nil for glass.

Previous comments about the production of
household waste also apply to the Hy, i.e. the
bigger a city, the higher the Hy of the waste it
produces. Another point worth noting is that che
Hy, of waste produced in Northern ciries is high-
er than in the South. The main reason for this is
that Noctherners tend to consume more pack-
aged foods and goods, whilst Southerners con-
sume fresh produce bought in markers or grown
in their own gardens.
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Loading

Although the dimensioning of every new M\WT
plant must take into account numerous parame-
ters including chose described above, oversizing
the treaunent capacity will lead o an unsarisfac-
tory business cesult: annual debt servicing (inter-
est and valuacion readjustments) would be spread
over too low a volume of treated waste. Bearing
n mind the very high cost of modern MWT
plancs, too much reserve capacity could have a
negative impact on the opcrating quality.

Because of shuctdowns — whether scheduled ot
unscheduled — as a result of general overhauls oc
repairs, it is impossible for an installation to
operate 24 hours a day throughout the year. The
availability factor generally aimed for when a
project is drawn up is in the region of 85%. This
valuc is theoretical and assumes that a processing
line cannoc operare more than 7,500 hours a year

(8760 hours x 0.85).

As a general rule, che MWT planc is kept run-
ning seven days a week to prevent corrosion or
premature ageing problems in the installations.
1o ensure that che plant maintains operation,
even at a reduced capacity, for the whole year,
MYT plancs usually include several processing
lines. The service life of an MWT planc is around
20 yeacs.

If there is a serious faule thar takes longer to
cepair, thece are generally agreemencs for the
transfer of waste becween regions, which also
ensures chat excess capacity is morce cvenly dis-
tributed and uldimately provides a beteer return
on the capital invested in the construction pro-
jec.



Gross
thermal power (MW]

Combustion diagram

The combustion diagram represents che opera-
tional zone of the tuenace. The values on the Y
axis show the gross calorific value of the fuenace
in megawarts, while the X axis shows the capacicy
in cerms of mass (tonnes per hour) of incinerared
waste.
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12000 kJ/kg

PCi=8370 kd/kg

5000 kJ/kg

ol

Combustion diagram
of a grate furnace.

Main combustion
systems far different
types of waste

1 I Y S

Waste throughput {tonnes per hour]

The scraight lines cepresent che Hy of che waste
1o be treated. Point A s the plant’s nominal
opcration. Performance tesiing is usnally carried
ourt at chis point (combustion quality, calorific
outpur, treatment of flue gases, consumption,
erc.). Tests can also be performed at a minimum
operation leve] ro monitor the quality of com-
bustion when waste wicth a low Hy is incinerated
at low temperatures. Obviously che inseallarions
must be capable of operaring in compliance wich
technical specificacions, within the entire com-

busrion diagram. The shape of the diagram can
vary depending on the Hy cange of the waste
being incinerated, the rype of furnace and the
plant’s constructor.

4.4 Main processes available for waste
incineration

The thermal creacment of waste by incineration
involves burning the waste in special furnaces
suited to the composition, granulomerry, calorit-
ic value and moisture content of the waste. Com-
bustion must be correctly controlled to avoid any
damage to the installations and o ensure com-
plete combustion of the organic matrer.

There is no single solution to the problem of
incinerating the mountains of waste which we
produce every day. In fact, 2 wide range of
options is available for thermal creacment of
waste under environmentally sound conditions.

The table below provides an overview of the
main types of furnace used, depending on the
nature of the waste (o be incinerated. There are
of course ather processes, such as chose involving
oscillating furnaces, shelf furnaces, pyrolysis,
plasma furnaces etc. These technologics go
beyond the scope of chis report and so we shall
limic oursclves to the most commonly used
methods. Nevertheless, pyrolysis treatmenc offers
interesting prospects and is therefore described
briefly at the end of the chaprer.

Municipal and similar waste

Industrial and special waste
(solids, liquids and pasty).
contaminated soll

Dried sewage sludge,
used olls and production waste
(plastics, wood, etc.)

'

Grate furnace
Fluidised bed furnace

Rotary kiln

Fluidised bed furnace
Rotary kiln
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Principal types of
combustion grates

Roller grate

Waste Combustion gas

| l
.‘. N\

Co-current reciprocating grate

Waste Combustion gas

1oL

b

Primary air Slag

Counter-currant reciprocating grate

Waste Combustion gas

Vo |

Primary air Slag
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4.4.7 Combustion grate furnace

The most wide-spread theemal creatment of
waste involves incincration on a grate, and this
technique has also had the most proven success.
For many years, grate incineration has been
common for the thermal treatment of municipal
and similar waste in solid form. This mechod is
not suitable for incineraring liquid waste or
sludge because too much of the waste would fall
through the gaps in the gratc without being
Incinerated.

Grrare systems are divided into two groups

depending on the conveyor method used:

* continuous conveyor grates (e.g. roller grates)

* discontinuous conveyor grates (co-current
[€C1Procatlng gl—atc, councer-current rC‘.ClPl‘OCﬂ.(‘
ing grate)

Roller grate

The combusrion bed is situated on a number of
rollers arranged one on top of the other in suc-
cession to form a grace. The waste is conveyed
and stirred by a combination of gravity and the
rotaty movement of the rollers.

Co-current reciprocating grate

‘The waste is conveyed and stirred by the alternat-
ing movement of the grate bacs. With the co-cuc-
renc reciprocating grace, the grate does not have
to slope in che direction of the waste flow.

Counter-current reciprocating grate

The waste is conveyed by gravity down che slope
of the grate. Tt is stirced by the bacs which mave
in the opposite direcrion to the waste flow.



Grate furnace.
Cross-section of the
furnace/boiler

1 Charging hopper
2 Feeding device

3 Combustion cham-

ber

Combustion grate

Recovery boiler

Residue removal

Removal of grate

sifting

Removal of fly ash

9 Primary air system

10 Secondary air
system

~N oo e

o 7]

Illustration of a recip-
rocating grate furnace

Waste
m /v
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2
) ? A
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Flue gases

37



Remarks:

Since the firsc waste incineration plant was con-
structed in Bricain in 1876, many companies
have developed and built numerous varieries of
graces, some of which no longer exist. At the
present time in Furope, the most popular graces
are the roller grate (Babcock), the counter-current
reciprocaning grate (Mactin) and the co-cucrent
reciprocating grate (Von Roll). Ocher firms have
produced many variants of these basic grate
designs.

Different phases of incineration on a grate
A carefully controlled admission of air under the
grace (primary aic) enables the three phases of
combustion to take place, one after the other:
drying, degassing and gasification. The gases are
fully combusced chanks to a supply of secondary

air into the hearch above the grace.

The waste is pushed by the ram feeder as far as
the first zone of the grate — the drying zone —
where it is spread out and dried by the passage of
combustion air and by che intense heac from the
flames and the refraccory walls of the furnace.

Actual combustion takes place in the second and
third zones of the grate by means of the combus-
ton air injected across the grace. In the last zone,
combustion is completed and rhe surplus air
guarantees tocal combustion of che slag. Once
the waste has been completely burnc up, the
residual slag and ash fall through a shaft into che
ram discharger.
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4.4,2 Fluidised-bed furnace

Fluidised-bed incineration is an alternative pro-
cess to conventional incineration. It involves
combusrion of matter in a verrical furnace wich a
Jayer of sand in ics base. This sand is brought
into a srace of fluidisation by the combustion air
injected into the base of the furnace via a large
number of nozzles.

Compared with conventional incineration of
waste on grates, this technology has the tollowing
advantages:

Thanks to the high thermal ineccia of the fluid-
ised sand bed (800°C) it is possible to incinerate
waste with a highly variable and very low heating
value without any significant change in operating
parameters.

The properties of this bed, which are simjlar to
those of a fluid, guarantee good efficiency in
terms of thermal transmission and a good
exchange of macter, resulting in more thorough
combustion and enhanced thermal efficiency of
the installation.

Because of cthe lower temperatures, relatively less
nitrogen oxides (NOx) are formed. The costs of
rreating the flue gases can be reduced by injecting
dolomite or calcium carbonate directly into the
fludised bed, to partially neurtralise ¢he acid pol-

lutants such as SOx and HCL.



The floor of a station-
ary fluidised-bed fur-
nace showing the noz-
zles for injecting the
combustion {and fluid-
isation} afr

Stationary fluidised-
bed furnace

1 Fluidisation nozzies

2 Fluidised sand bed

3 Combustion cham-
ber

4 Refractory brick-
work

b Furnace feed

{njection nozzles

7 Start-up burner

o

to the boiler

l Flue gases pass

A

ARRN' ARRRANY
[T e e

g COMbuUSstion
and
tluidisation air
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Depending on the degree of fluidisation of the

sand bed, a distinction is made berween:

* scationary (dense) fluidised-bed tncinerarion;

* circulating fluidised-bed incineration;

* rapid fluidised bed, high-expansion fluidised
bed.

There are also intermediate examples such as che
“turbofluidised bed” which combines the advan-
tages of slow and rapid luidised beds.

Compared to a conventional furnace with a
combustion grate, waste incineration in a fluid-
ised-bed furnace has two major drawbacks:

* because of the technical difficulties of removing
sizcable residues from the fluidised bed (pieces
of stonce, metal etc.) the wasce must be sorted
and shredded before being fed into the furnace;
to avoid che risk of melding the sand bed, the
temperacure in the combusrion chamber is
maintained ac approximately 800°C. This
means that fluidised-bed furnaces cannoc be
used to incinerate industrial waste in councrics
where the minimum combustion iemperacure
must noc fall below 1200°C.

Fluidised-bed incineration is used mainly for

combustion of waste with a low heating value or

which can be easily shredded:

« production waste such as plastic residues, wood
chips etc.

¢ induscrial sludge and sewage sludge

* combustible materials obrained from process
waste, screened materials, cyres

» used oils, solvents.



4.4.3 Rotary kiln

Rorary kilns arc essentially used for incinerating
hazardous waste in liquid, pasty or solid form,
and for chermal reearment of contaminared soils.
They ace not used for incinerating municipal
waste, but since every one of us produces special
waste (barteries, used oils, expired medicines,
paints etc.) we believe it is worthwhile summaris-
ing the methods of eliminacing these dangerous
wastes.

The rotary kiln comprises the tollowing ele-
ments:

waste feed devices
for waste in solid, pasty and liquid form and in
barrels.

front wall

The primary combuston air is admitted via a
ring system, ar che same time cuccing off che aic
50 as (o seal off the rocary kiln. The fronc wall
contains 2 remavable chute with its own warer
coolant circuir.

Rotary kiln 1n an incin-
eration plant for haz-
ardous waste
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Rotary furnace with
waste feed system and
post-combustion
chamber

11

12

Feeding by means
of overhead travel-
ling crane

Barrel feeding
system

Primary air system
Booster burner
Injection of hquid
wasle

fnjection of pasty
waste

Socondary air
system
Combustion cham-
ber

Kiln drive system
Secondary com-
bustion chamber
Waste water injec-
tion

Slag removal

rotary kiln

The rotary kiln comprises a steel cylinder which
is slightly inclined (by approximacely 3°) with an
internal lining of refraccory bricks and an exrer-
nal drive syscem. The materials to be incineraced
are cranspocted from one end of the furnace (o
the other by a combination of che slight slope
and the rotary movement.

secondary combustion chamber

This section of the furnace is Jined with refracto-
ry bricks and is specially designed to ensure com-
plete combuscion of the gases. It narrows at the
point where the secondary combustion air is
admicted ac high speed to ensure that che gases
ace thoroughly mixed.

&

Drying, degassing, gasification and combustion
essentially take place in the rotary kiln, The gases
are burnt up in the secondary combusrion cham-
ber which is equipped with booster burners to
maintain the correct combustion temperacure ac
all cimes.

The main characteristics of rocary furnace incin-

eraqon are:

¢ good flexibility to deal with different types of
waste;

* high combustion cemperacure;

* slag removal in che dry or molcen srate;

* prolonged residence time (4 seconds) of com-
bustion gases at high temperature (1200°C).

exit 1o the baoiler

10

10
on
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4.4.4 Pyrolysis furnace

The incineration of municipal waste in tradicion-
al grate furnaces is based on proven technology,
buc there is limited scope for furcher perfor-
mance improvements. The new requitements
which waste treacment plants now have to sartisfy
have prompeed designers to steer their research
towards new mechods. Despite the excellent envi-
tonmental performance of modern MWT plants,
they have been crincised for producing excessive
quanuities of roxic residues and for being too
expensive.

A greac deal of research has been carried out over
the past 30 years into the use of pyrolysis tech-
nology for treating waste. Pyrolysis involves sub-
mitting a product (waste materials, coal ecc.) in
an oxygen-deficient atmosphece to temperatures
in the region of 500°C in order to convert it into
gas, hydrocarbons and carbonised residues. The
gas produced in this way is not burnc (lack of
flames) and chus has a cerrain Hy. The original
idea was to recover useful materials such as fuel,
coke erc. in so far as possible and to ucilise the
energy relcased by the pyrolysis gases. Many pro-
cesses based on this conceprt have been effected
and tesced n pilot installations. However, pyroly-
sis has yet to establish irself. Only a few special
installations designed for very specific types of
waste (plastics, tyres, electronic components) are
currently in service.

Pyrolysis is less suitable for the rreatment of
waste materials as hetcrogeneous as municipal
refuse. Pre-treatment (e.g. soxting, shredding or
compacting) is necessary to mect the minimum
Operatlng |'Cqul|'CantS.

However, despite adverse experience in the past
and che uncerraindes surrounding pyrolysis, the
process has by no means been abandoned. The
advancages ace such that many firms have wrned
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their attention to pyrolysis. To avoid being lefr
behind, some designers of convencional MWT
plancs have developed a combined pyrolysis/com-
bustion method for treating mixed heterogencous
waste. The installations have che actraction of
combining proven conventional technologies for
degassing waste. The pyrolysis gases are burnt in
a post-combustion chamber. Slag is vitrified at a
high temperature (>1200°C) o produce an inert
product which can be re-cycled withour further
cceatment.

Thermoselect pyrolysis installation for
treatment of municipal waste

The most innovative aspect of chis process is that
a car-crusher is used to compress unsorted waste
to a tench of its original volume before it is intco-
duced into the degassing channel. The major
advancage of this operadion is that a large part of
the oxygen contained in the wasce is extracted
(remember that degassing must be carried our in
an oxygen-deficient atmosphere).

The very densc mass of waste is continuously
pushed into che heated degassing channel in
which it is dried ac 600°C and ocganic matter is
carbonised. At the end of the channel, the
degassed waste falls into a high-temperature reac-
tor where organic substances are broken down
into their basic components at a temperarure of
2000°C. Reaction residues accumulate in the
bottom of the teactor in the form of a vitrified
producr and scrap meral. Metal musc be removed
from this residue before it can be re-cycled e.g. as
hacdcore maretial.

The admission of oxygen into che reactor leads to
the formation of a synthesis gas composed of car-
bon monoxide, hydrogen, warer vapour and car-
bon dioxide. This gas is rapidly cooled to 90°C
by the injection of water upon emergence from
the reactor to prevent the formation of dangerous
substances such as dioxins and furans. The next



Thermoselect pyroly-
sis Installation
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Crusher
Degassing channel
Reactor

Quench

Gas scrubbing
towers
Cooler/dryer
Activated carbon
filter

Treatment of gas
scrubbing water
Evaporation

phase involves treatment in scrubbing towers,
where compounds of sulphur and other pollu-
tants are caprured or neutralised. The energy
coniained in the synthesis gas is used to generate
clectricity and o hear the degassing channel.

Compared wich incineration in a convencional

furnace, this process has the following

advantages:

* a small volumc of flue-gas is produced, contain-
ing significantly less pollutancs;

* chere is minimal production of toxic residues
requiting controlled disposal or special treat-

ment;
* the syscem is more compact and in principle
less expensive.

IPropane

Despite these considerable advantages, one
should not overlook the drawbacks of the pro-
cess, which are essentially as follows:

¢ safety problems due 1o high temperatures, the
cisk of explosive gas compounds and marter
subject to high stresses;

* low overall chermal efficiency;

* uncereaintics regarding che efficiency and avail-
ability actually actainable wich an industrial-
scale plang

» difficulties in estimating operaring and mainte-
nance costs (rapid wear of refracrory, burner
nozzles, etc.).

Purificd
. Synthesis
' gas

|

Inert
residues
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Three aspects of air
purily

4.5 Flue-gas treatment

The main problem of waste incineration is the
production of flue gases laden with dusts and all
manner of pollutants, especially acids, nitrogen
oxides and heavy metals, which musc be elimi-
nated by means of flue-gas treavment sysrems.

The nacure and quantity of cthe pollutants con-
tained in che flue gases depend on the composi-
tion of the waste, the combustion system and the
incineration condicions.

The aic qualicy concrols that have to be complied
with are noching new, nor are they a passing fash-
ion: they represent a basic requirement for man
and che environment.

Incineration has long been regarded as one of the
main causes of aic pollution. This explains the
hostile response and adverse public opinion every
rime a new MWT plant is constcucted.

Emission: emission of poltutants

Transmission: dilution, transport and trans(ormation of
poliutants

Immission: concentration of pollutants damaging to
humans and the environment (dusts and rain)

N

[~
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4.5.1 Formation of pollutants in
combustion gases

The table opposite summarises the pollutants
present in combustion gases from municipal
waste incineration and some of che base marerials
from which they originace.

4.5.2 Pollutant concentrations in untreated
flue gases

In view of the hetecogeneous narure of municipal
wasre, the composition of the combustion gases
and thus the concentration of pollutants in these
gases vary widely. Trearment of che flue gases pro-
duced by MWT plancs is thercfore significantly
more complex than in, for example, coal or gas-
fired chermal power starions.

4.5.3 Emission controls

It is, of course, impossible to show in a single
table all the emission limits permitced in individ-
ual countries. The table opposite gives an idca of
the performance levels which must nowadays be
met by flue-gas rreatment systems in European

saste treatment plancs. Clearly these values arc
not definitive and they tend to evolve with
changing environmental regulations and techno-
logical developments.



Poltutants presentin
combustion gases
from waste incinera-
tion

Poliutant concentra-
tions 1in untreated flue
gases

Authorised emission
limits at the stack out-
let of MWT plants

Category Substance
Dusts soot, ash, salt
Gases HCI {hyd ro__chlaic acid)

SO, (sulphur dioxide)
HF {hydrogen fluoride)

NO, {nitrogen oxides)

HBr (hydrogen bromide)

Pb (lead)

Zn @inc)

Cd (cadmium)
Hg {(mercury)

Heavy metals

Organochlorines dioxins

Pollutant concentrations in untreated flue gases

all wastes

@oning_sar T
paper, dyes, slud_ge, rubber
insulators, Teflon, sprays, re(r@erar;s-
textiles, n_ylon, proteins, secondary reactions

_elect%nic Eymﬁonints, non—fiamr@ble_'fagric?

batteries, paint_s, curtains

Ba'ﬁeri"é'sl paints, éalvanised products
batteFi“é'-s, symhetic_fa_brig,inlg
batteries, tﬁermanefe_rs, amalgams

wood chips, secondary reactions

Substance R‘ange Unit

RO 10 - 18 “Vol. - %

co, 6 - 12 Vol ~%

0, 7 - 14 Vol. - % o

co ) 20 - 600 “mg/Nm® -

HCI - - ~ 400 -~ 1500 mg/Nm?

HE - T T T 2 - 20 “mg/Nm?

so, T T 200 - 800 “mg/Nm?

NOx - - 180 - 400 mg/Nm?

Dioxins / furans (TE) 1 - s ng/ﬁm3

Dusts 800 - 15000 “mg/Nm’

Emission firnits T

T 7 lRver "17.Bim.Schv RV 89 EU MWT plant EU MWI plant

T CH o NL BU Eu

Dusts - 1_6—_ T —‘id 5 W _5

HCI 20 10 R 50 5

HF 2 1 T 2 1

S0, 50 50 40 T 7300 25

NOx 80 200 70 N -

Hg 0.1 0.05 "0.05 T 0.2 (Hg+Ca) 0.05 -

cd 0.1 0.05 0.05 D N Y )

Sum of Tweavy metals 1 0.5 1 7/5 "7 0.05

co 50 50 50 “i00 B -

Ctot 20 10 10 20 T o

Dioxins TE (ng) = 0.1 0.1 = 0.1 -
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Schematic diagram of
flue-gas treatment by
dry scrubbing

1 Flue gases coming
from the baoiler
Reactor

Filter

Fan

Stack

Dust removal
Residue bin
Recycled lime
9 New lime

10 Compressed air
11 Lime silo

12 Injection of lime
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4.5.4 Principal methods of flue-gas treatment

Flue-gas trearmentc involves physical separation of
solid marcer (duses, fly ash, salts) and chemical
separation of gaseous pollutants (HCI, SO4, HE
NOx and certain heavy metals). There are essen-
tially chree different technologies cucrencly used
for chis purpose. These are as follows:

Dry scrubbing

In this process, a dry neutralisation agenc in the
form of lime (Ca(OH),) or limestone is sprayed
in a counter-flow system in a reactor. Contami-
nants are transferred from the gas co che surface
of solid particles.

The pollurants (HCL, SO; and HF) absorbed on
the surface ate converted inco ocher subscances
(calcium salcs), but the interior of the particles is
noc altered by this cransfer. This means thar the
larger the particle, the greater the loss of absor-
benc.

flue gases
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Dedusting of flue gases always takes place after
the neutralisation stage. In this way ic is possible
to simultaneously capture the dust and ash from
combusdon, the reaction products and the unre-
acted lime pacticles.

One of the drawbacks of this process is the high
quantity of reagent needed for the reaction (che
stoichiometric ratio is greater than two): more
than half of it ends up in the residue withour
having contcibuted to the flue-gas neutralisation
process. Furthermorc, dedusring must be carried
ouc using a bag fileer as this greatly improves the
relacively modest efficiency of the dry scrubbing
process (the dusts and reagents adhere to the fil-
cration fabric and increase the duration of con-
tact with che flue gases to be treated).

Capruring the heavy metals present in the {lue
gases in cheir gaseous and aerosol form remains a
problem, however, since thesc elements cannot
be neucralised by the lime nor intercepeed by the
Blrers. Installing a hear exchanger art the incake of
the fluc-gas treatment system in order to condense
certain gaseous heavy metals normally carries
tisks of corrosion and fouling withour guarantee-
ing satisfacrory results.



flue-gas treatment by
semi-dry scrubbing

1 Flue gases coming
from the bailer

2 Reactor

3 fiter

4 Fan

5 Stack

68 Dust removal

7 Residue bins

8 Recycled lime sHo
8 New lime silo

10 Lime milk prepara-

tion vessel
11 Injection of lime

Semi-dry scrubbing

This process is a variant of dry scrubbing. Te neu-
tralises the acid pollutancs conrtained in the flue
gases angd cools the flue gases by injection of
water 10 help the heavy merals condense.

lt involves spraying the lime in dissolved form
(hme milk) in an acomiser. The particles which,
in che firsc instance, help cool the flue gases are
reduced to the saruration limit of the absorbing
agenc by evaporadon of the excess water. It is
then thac accual cransformarion of marcer from
the gas phase to the fluid state takes place. The
residual water continues to evaporate until only a
totally dry, pollucant-laden particle remains. The
heavy merals are condensed on particles of dusc
and ncutralisation products which are presenr in
the flue gases.

Purified [
flue gasesl__
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Al these solid particles are caprured in a dedust-
ing filcer positioned downsiream of the reactor.
‘I'he filters used in chis flue-gas treatment system
are bag filters. Compared with clectrostatic bl-
ters, these filters have the advantage of improving
the overall efficiency of the treatment syscem,
since the flue gases are broughe into contact with
the sull active neurralisation praduce which is
deposited on the filrer fabric.

As with dry scrubbing, the removal of large
quantities of filteced residues poses serious prob-
lems since rhese are classed as toxic wasees in
mosc councrics. Therefore they must eicher be
taken 1o a controlled dumping facilicy for dan-
gerous wastes or undergo specialised and costly
Treatment.

Because of the serious technical drawbacks and,
above all, the low efhiciency of dry and semi-dry
scrubbing, flue-gas treatment systems based on
these methods are hardly 1n operation in coun-
tries wich stringent environmental concrols, such
as Swiwzerland or Germany.



Filtered residues fram
flue-gas treatment by
semi-dry scrubbing
present a real disposal
problem.

Wet scrubbing

This process involves removing pollutants from
the flue gases by intensive scrubbing with water.
These systems deliver the best cesults in terms of
flue-gas treacment, as they arc effective even
without chemical reagents.

To avoid fouling problems in the scrubbing
installacions, che tlue gases muse be dedusted on
leaving the boiler kiln. Eleccrosratic precipirators
ace normally used for chis. Bag filters are less
commonly used, being more sensitive to flue-gas
temperatures which are stll high at the outpur of
che boiler. Furtherinore, in this process che filcer
does not have to perform any ncucralisacion
function.
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Flue-gas treatment systems based on wer scrub-

bing include:

* an inidal conditioning stage called a "quench”
in which che flue gases are sarurated by injec-
tion of a lacge quantity of wateg

+ a multi-stage scrubbing tower in which pollu-
tancs are excracted from the flue gases in gaseous
form. Heavy mecals in the form of aerosols are
condensed and then carried away with the
scrubbing wacer.

Waste watee from che flue-gas treatment installa-
tion conrtains hydrochloric acid, sodium sulphace
(where sulphur oxides are neucralised wich caus-

tic soda), heavy metals and fine duscs.

According to current water pollution regulations,
these effluents may noc be discharged inco cthe
nacural environment. [n view of their very high
acidity and heavy metal content, they also are
probibited from discharging into a sewerage
system leading ro a municipal sewage plant. As a
result, part of the scrubbing effluent is drawn off
and then led to the intecnal effluent cleansing
planc, where che acids are neucralised by the
addicion of lime milk and form gypsum
(CaS0Oy), sodium chlocide (NaCl) and some
CaCl,. The heavy metals contained in the
effluent are flocculated and precipitated to form
insoluble slhudges in the water. These sludges are
finally separated in a filter press and the pH of
the water is adjusted before it is discharged into
the drainage system or rivers.



Wet scrubbing of flue
gases with trealment
of scrubbing water

-

Flue gases coming

from the boiler

Dust filter

Quench

Scrubbing tower

Fan

Stack

Water

Caustic soda

Water from the first

stage

10 Drawing off used
walter

11 Neutralisation

i2 Settling tank

13 Sand filters

14 Studge thickener

15 Sludge press

16 Toxic residues

o~ Ul AW N

Where effluent discharge is cither undesirable or
prohibiced, ic is possible co bypass the effluenc
ceaning planc. This is ceferced to as "effluenc-free
wet scrubbing”. The flue gas scrubbing warter is
directed to the top of the gas treatment system
where it is evaporated in a dryer/atomiser sicua-
ted becween the boiler and che dedusting fileer.
The considerable heat of the flue gases is used to
crystallise the salts contained in the scrubbing
water. These salts are partially recovered at the
base of the dryer and che remainder is intercepe-
ed during the dedusting of the flue gases carried
out prior to scrubbing.

] —

Wet scrubbing of cthe combusnion gases has major

advaniages over orher processes:

* maximum capcure of pollutants (HCI, HE
SO», heavy merals)

s selective capture of wndividual pollutants is pos-
sible

* extremely low residual emissions

* almosc stoichiometric consumption of chemical
products

* minute quanticdes of residue.

In view of increasingly stringenc air pollution
controls, flue-gas rreaiment systems using wet
scrubbing are becoming imperacive in many
countries.

Purified
flue gases
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Schematic diagram of
denitcification by the
SNCR method
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nia solution

Kitn combustion
chamber
Dedusling filter
Flue-gas scrubbing
tower

Extractor fan
Treatment of flue-
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Condenser
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4.5.5 NOx reduction {(denitrification)

Certain countries have imposed limits on nicro-
gen oxide emissions. This means that MWT
plancs must be equipped with systems for denic-
nfying the combustion gases (i.e. NOx reducrion
systems). Using such measures, it is possible to
reduce the concentration of nicrogen oxides in
the flue gases ac the outpuc of the stack to 80 mg

of NOx/Nms3,
Ac present the two most common processes are:

Selective Non-Catalytic Reduction (SNCR])
method

Seleccive non-catalytic rednction is a mechod for
the thermal reduction of NO (nitrogen oxide) by
NH; (ammonia). To reduce the nitcogen oxide
content of the combustion gases, ammonia is
injected in cthe form of an ammonia solution

(NH;) inco the first passage of the boiler. At tem-
peratures in the region of 900°C, the nicrogen
oxides (NOx) are reduced to give Ny and H,0.
The cxcess ammonia carried by the flue gases is
recovered in separadion columns. The majoc diffi-
culty with this process is the strong odour of
ammonia that pervades che arca surrounding the
installations.

Selective Catalytic Reduction (SCR) method
Reduction of the mitrogen oxides NO and NO;
in cthe combustion gas, called selective catalytic
reduction, takes place when a solution of ammo-
nia is added to the gas as a reducing agent and
when chis mixture is fed into a catalyser where
the nitrogen oxides and the ammonia are con-
verred into nicrogen and water vapour.

Steam —
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Schematic diagram of
denitrification by the
SCR method

1 Arrival of flue
gases from the
flue-gas scrubber
Preheater

Booster burner
Ammonia injection
Ammonia reservoir
Catalyser

Extractor fan

Stack
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The catalyser is normally a complete catalytic
assembly of honeycomb design made from acti-
vated titanium dioxide as the basic ceramic mate-
rial, with catalytcally acrivated inserts that vary
depending on the manufacturer. The optinum
operating temperature foc the catalyser is
berween 320°C and 350°C.

For reasons of economy, the flue gases leaving the
scrubber at approximartely 60°C are reheated in
two stages. In the first stage, they are reheated co
between 290 and 320°C in a heat regenecator
where chey flow in the opposite direction to very
hot denitrified gases. In the second stage, 2 burn-
er or a heat exchanger raises che cemperature by a

further 30°C .
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4.5.6 Dioxins and furans

Studies have shown thar minurte rraces of com-
plex components called organochlorines are
formed during the incineration process. These
are made up of combinacions of hydrogen, chlo-
rine and oxygen. Hundreds of different combina-
tions exist, but che best known are dioxins
(PCDD) and furans (PCDF) (see p.92). These
products do not exist in nature and in principle
are not manufactured commercially. They occur
in MWT plants after combustion. They are
formed mainly by recombination from unburnt
tesidues of fly ash, in a temperature range
between 250 and 400°C.

At the present rime, only a few councries lay
down emission limits for dioxins and furans (in
Germany, their concenrration is limited to

I ng/Nm?). The concentration of dioxins in
waste combustion gases is so tiny that construc-
cors have grear difficulty mcasuring them: chey
have o filter thousands of cubic metres of flue
gases to capture a measurable quantity of dioxins.
The concentration of dioxins and furans in flue
gases is a few tens of a nanogram.

Bag filters are generally used to reduce the con-
centrations of these pollutancs in the flue gases.
Dioxins and furans are adsorbed tn the bag filter
by injecting acoivated carbon into the flue-gas
channel upstream of the filter. The particles of
activared carbon form a filtering layer on the fil-
ter fabric, and the adsorbent properties of the
carbon cause part of the dioxins and furans, in
the gascous state, to be caprured and then
removed along wich the dusc.



The bag filter is installed ar the end of the con-
venaonal flue-gas treatment systems. [ts purpose
is to reduce all residual emissions (mercury, diox-
ins, heavy mecals, dust) to che limir of detecrabil-
ity. A fixed-bed activated carbon adsorber can be
used as an alcernative to a bag filter.

Adsorbent bag filter
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o\ N [
Compressed air —
Rt

Sy

To the
¢combusuon -~
chamber

52

4.5.7 Outlook

State-of-the-art technologics make it possible to
intercept all pollucants presenc in flue gases pro-
duced by the combustion of municipal waste and
to reduce their concentrations to minimal or
almost undetectable levels. As a result, certain
operators have claimed that cheir MWT plaoes
actually purify che air in their towns and ciries.

The next stage, which has already been reached
in some countries, is to develop flue-gas treat-
ment systems which limic the quantity of resi-
dues requiring disposal to just a few grams per
con of incinerated waste. [n such systems, hydro-
chloric acid or gypsum is produced from the HCI
and $O;. Heavy mecals such as zinc and mercury
can be recovered, or industrial quality salt can be
produced in an installation for evaporating the
flue-gas scrubbing ¢ffluent. However, the addi-
tional investment needed (o atrain these perfor-
mance levels is so large as to make thesc recycled
products far too expensive io be marketed com-
mercially.

The biggest changes in che field of flue-gas treat-
ment may well come from new mechods of ther-
mal treaiment of waste such as pyrolysis or
plasma furnaces.

Arrival of flue gases from scrubbing system
Injection of activated carbon

Bag fifter

Dust silo

Activated carbon silo

Ul BN —



Production ol residues
in different flue-gas
scrubbing systems

4.6 Treatment of incineration residues and
flue gases

Modecn waste reatment complexes are able 1o
separate che flow of materials. This has the
advantage that cach macerial flow can be treated
in an appropriate manner and all pollutants can
be concentrated within a reduced volume of resi-
due at the end of the chain.

The residucs produced ar the various stages of

treatment are as follows:

* slag, which is che combustion residue recovered
at the outpur of che furnace;

* dust and fly ash carried along by the combus-
tion gases and intercepred by the dedusting
system and, to some excent, under the boiler;

* the flue-gas creatment residues which vary
according co the processes used.

Flue-gas treatmenc plants using dry or semi-dry
scrubbing produce residues containing ash,
soluble sales, chemical reagencs and heavy merals.

In wet sccubbing systems, the pollucants are
crapped in the scrubbing water which is purified
in the scrubbing tower to produce a solid residue
containing a high concentracion of toxic sub-
stances.

All these tesidues, resulcing from different scages
of waste treatment, must be treated so thar chey
can be reudlised or finally disposed ot without
posing any long-term danger to the environment.

On the MWT site, these residues musr be srored
separatcly and deposited in impervious contain-

ers protected from rain and wind, ensuring chat

any run-off warer is collecced.

Dedusting Wet
filter —»| scrubbing >,
| Dust Solid residues
| approx.30 kg approx. 5 - 15 kg
Waste Purified
1000 kg Incineration Heat Dry reactor Dedusting flue gases
— —— | recovery —» —FF | filter
l v
Slag approx. Ash approx Residues
250 - 350 kg 5-15 kg approx. 50 - 90 kg
Semi-dry Dedusting
reactor — | filter e
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Rastdues
approx. 40 - 70 kg



4.6.1 Slag

The slag collected at the output of the fucnace
has the appearance of a greyish gravel and is
made up of all cypes of materials such as glass,
stones, non-ferrous metals, iron, salts, unburnc
organic matter (2-5% by weight) and rraces of
heavy metals.

In the field of waste treatment, opinions vary
concerning the classificacion of this residue and
the regulations governing its urilisacion or dispo-
sal.

For example, depending on the standards in force
1 the countries where MWT plants ace buile, the
slag may in ceraain cases be recycled, particularly
in public works, with or without pre-treatment.
Tn other cases, it is regarded as induscrial waste.
In general, the minimum requiremencs ser down
by regulations stipulare that the slag be collecred
separately fron che fly ash and the Nue-gas treat-
menc residucs.

Here are some examples of treatment and/or

recycling:

* immediate use in public works as hardcore
material wichour special trearment, subject o
observance of certain precautions aimed at pro-
cecting groundwater tables;

» cxcraction of iron followed by recycling as hard-
core material in road construction, subject to
the conditions mentioned above. Such recy-
cling likewise depends on a thorough knowl-
edge of che characteristics of the slag and on
periodic mspecton (to detecruine the composi-
tion, unburnc macter, leaching etc.):
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* exrraction of iron followed by storage in an
intermediace dump where it can macure for sev-
eral months befoce being recycled as hardcoce
or taken away for non-controlled dumping;
screening and coarse extraction of iron, leach-
ing (to reduce the chloride and sulphate con-
tenc), macuring in an intermediate dump,

screening and fine excraction of iron followed
by use as hardcore, or dumping;

no recycling possible. The slag is regarded as
hazardous waste and musc be stored in con-

trolled dumps on a well-sealed site and protect-
ed from rain and surface water.

4.6.2 Fly ash and dusts

The fly ash and dusts carried by the flue gases
and capeured by the dedusting filter (electrostacic
or bag filter) conrain heavy merals soluble jn
water, namely lead, zinc, copper and cadmium.
Foc this reason, these ashes and dusts are rightly
considered in many countries as toxic industrial
wastes.

Various relatively simple processes exist for turn-
ing these ashes and dusts into inert residues, for
example:

Inertisation in cement or bitumen

In these processes, the residues ace mixed with
cement and addirives or with bicumen, a chemi-
cally inert macerial, and chen cast into blocks.
Once the mixture has solidified chese blocks are
dumped.



Scrubbing with acidic water

In this process, acidic water is drawn off from the
flue-gas treacment syscem. After scrubbing the
ashes and dusts, the materials in suspension are
separared in a filcer press or band filter. The
scrubbing wacer, conraining heavy merals and
sales, is discharged into the MWT plant’s efflu-

€Nt cleamng System.

The 3-R system

This system was designed at che nuclear research
centre in Karlsruhe, Germany. [he fly ash is
scrubbed with acidic warer as described above.
The insoluble fraction of the ash is introduced
into the furnace where it bonds with the slag.
The scrubbing wacer is treated in an effluent
cleaning station, and the filter cakes concaining a
high concentration of heavy metals are conveyed
to a recycling staton.

Vitrification

The dust and ash and also the solid residues
extracted from the (lue-gas sccubbing water ace
hecated to a high temperacure in an clectric fur-
nace until they reach vitrification temperature.
The inert, vitrified product can be used as hard-
core macenial. The gases, laden principally with
gaseous heavy merals, are led to the flue-gas treat-
ment S}'SCCm.

Treatment of solid res-
idues produced by
scrubbing Nue gases
with acidic water

1 Fly ash from the
boiler and from the
filter

Silo

Extraction reactor
Band filter
Treatment of
scrubbhing water

6 Filter press/dryer
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4.6.3 Solid residues extracted from the
flue-gas scrubbing water

The sludges produced by the flue-gas scrubbing
water (rearment system contain mainly gypsum
and heavy meral compounds insoluble in water
(hydroxides or sulphides).

The sludges resulting from the scrubbing of the
dusts and fly ash contain silicates (§103), calcium
compounds (CaSOs) and aluminium oxide

(ALO3).

They can be treated by a relatively simple process
enabling these coxic residues to be dumped with-
out posing any threat to the environmenc. This
involves adding cement and various reagents to
the sludges and mixing thoroughly.

Once the mixture has solidified, the marerial can
be dumped in the form of large concrece blocks.

Water for scrubbing
flue gases
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5 Description of a municipal waste treatment plant

Longitudingl section of
a3 modern MWT plant

The municipal waste treatment plant described
below tollows a modecn design based on proven
conventional technology. Despite greater interna-
rional harmonisation of rules governing waste
rreacment and environmental procection since
1990, ic 1s still impossible today to describe an
international “standacd” model for a municipal
waste creacment planc,

These installations are built and operaced accord-
ing to the standards applicable o plants for
incineration of domestic refuse and commercial
and industrial waste similar co domestic refuse,
and to installacions for incinerating uncontami-
nated waste from hospitals and similar escablish-
MEnts.

[n the following, we describe only the principal
elements of the MWT plant. A detailed desceip-
don of all the equipment is hardly feasible in
view of the diversity of available processes and
suppliers.

5.1 Structure of a conventional MWT plant

The main sections of a convencional plant for the
treatment and incineration of municipal waste
are as follows:

* entrance zone with weighe scale and refuse
recciving arca

shed for tipping and storing waste 1o be incin-
erated

¢ incineration furnace and auxiliary equipmenc
thermal equipment for heart recovery and recy-
cling

* flue-gas trecatment and evacuation system

* residue trearmenc installations
¢ electrical installacions and control system
auxiliary installations

« buildings

=

The concept of rub-
hish varies greatly,
and n particular
depends on a coun-
try’s levet of economic
development.

19

1 Unloading bay 5 Charging hopper 10 Combustion air fan 15 Water injection 20 Vats containing
2 Shredder for bulky & Combustion cham- 11 Post-combustion (quench) chemical reagents
waste ber chamber 16 Flue-gas sceubbing 21 Water purification
3 Wasie bunker 7 Hoppers balow 12 Heat recovery tower systeams
4 QOverhead travei- grate boiler 17 Bag filter
ling crane with 8 Slag discharger 13 Dedusting filter 18 Extraction fan
grapple 9 Start-up burner 14 Heat exchangers 19 Stack
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Generation

]7] of electricity = Electricity
Air Water Steam I — Reagents Water
4
|
|
Arrival, Incineration Energy Dedusting Pucification
weighing and ——— |recovery of flue gases |———| of flue gases |—= Purified
storage Waste for Combustion Cooled flue gases
incineration gases | flue gases
Scrap — Scrubbing
iron, giass, Slag Fly ash Dusts water
paper
!
Composting of Stag Treatment Scrubbing water Water .
organic waste treatment of ashes and Acidic water cleaning — Punfied water
dusts I —
Solid Gypsum
Scrap iron residues with or HCI
high pollutant
content |
Recyaling Recycling Recycling | Recycling
-
e — —
Schematic diagram of [
. > Temporary | Controlled
the various treatment disposal | disposal
stages in an MWT
plant == — = = ]
5.2 Description of principal equipment After registration, rhe collection lorries are direct-
ed o e unloading bay, where they empry their
5.2.1 Registration and storage of waste toad into che waste bunker. The volume of the
bunker is normally designed ro store sufficient
Weighbridge waste to enable the plant co run seven days per
Domestic refuse and ocher similar waste is week at nominal foad. This is why refuse storage
broughrt to the plaort by refuse collection lorries bunkers need to be so large. They are able to
and by individuals. Before being unloaded. the accept excess quandities of waste even on long

waste 1s weighed on a weighbridge situated at the  weckends or during breakdowns or inspections of
entrance to the plant. Weighing and regiscration  the inscallations.
are fully aucomaric thanks 1o a tag atrached

the municipal collection lorries. A registration There are normally one oc two additional bays
and weighing ticket is issued for each lorry-load.  not accessible 1o the collection lorries reserved

for stacking of waste. Stacking involves cransfer-
Unloading and storage of waste ring the waste using an overhead travelling crane
Following registration, individuals can unload mounted above the unloading platform ro where
their wasie in the refuse recciving area which has  the bunker extends into a shell burt has no dis-
suitable pics, bins and.storage areas. The sorted charge doors.

waste is generally made up of organic waste,
bulky metal objects, paper, cardboard, plastic
matecials, glass and bacteries.
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The waste 1s mixed
togather by the grap-
ple attached to the
overhead travelling
crane before being
dropped into the inci-
nerator's feed hopoper.

To avoid dust and unpleasant odours escaping
oucside, a slight vacuum is maintained in the
refuse storage pir by extracting the combustion
air required for the furnace.

Afrer being tipped into che bunker. che waste is
picked up by the grapple of the overhead travel-
ling crane, which usually operates semi-auroman-
cally.

An ovechead travelling crane normally comprises
two transverse beants, a crolley which runs along
these beams and a grab bucket called the grapple.
The operator loads che grapple and carries out
the stacking operations manually. The furnace
feed boppers are filled automarically as soon as
the grapple has picked up its load. MWT plants
are equipped wich ac least cwo overhead rtravelling
cranes. The second emergency crane remains idle
in the station situated ac the end of the bunker.
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Largc or bulky iteros of wasce (wooden doors,
bedsteads, matcresses ecc.) ace tipped into a spe-
cial hopper situated in rhe tipping area. So as not
to disturb the loading and feeding of waste to the
furnace, these bulky items are firsc shredded with
a shear positioned in such a way thar it can be
fed by the overhead travelling crane, and the
shredded waste is then fed by gravity down the
chute into the main pit.

5.2.2 Incineration furnace

The incineration furnace basically comprises a
waste feed system, a combustion grace, a combus-
tion chamber, a combustion air system, a slag
discharger sysrem and hydraulic control systems.

Furnace feed

The waste materials automarically cipped into the
furnace charging hopper fall by gravity into a
feed chure. This chute must be permanently
filled with waste to seal off che furnace combus-
tion chamber from the refuse pic.

Feeding device

The furnace is fed by a feeding device with alter-
nating and controlled movement cycles, running
on a horizontal cable sicuated at the botcom of
the feed chute. It works continuously, feeding
waste wichoutr manual intervention thanks co the
combustion power conrtrol system. The cycle
time, length of travel and speed of the hydrauli-
cally acrivated ram feeder can be concrolled
depending on the qualiry of the fuel (Fly of che
waste) and the desired thermal value (steam pro-
ducrion).



The interior of the com-
bustion chamber of a
grate furnace prior to
cladding with refractory
brickwork. You can see
the walls of the boiler
and the secondary wir
Injection nozzles

Combustion grate

(Von Roll reciprocating grate)

The mechanical grate is the central component
of che furnace. Each grate is made up of alternar-
ing fixed and moving bars. Hydraulic jacks pro-
vide alternating travelling mocion at low ampli-
tude o the bars causing the waste to progress
along the grare.

Before falling as char into the slag shaft situaced
at the end of che grate, the waste undergoes suc-
cessive phases of drying (by contact with the
combustion gases, the hot air injected under the
grate and by the heat radiated from the combus-
tion chamber), degassing and gasification
(decomposition into voladle and mostly com-
bustible materials), and combustion.
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To ensure complete combustion of the wasee and
of the gas produces in all phases of the incinera-
tion process, the following basic parameters must
bec respected:

+ the waste must remain in the furnace for a suf-

ficient period of time (approximately 45 min-

uces);

the combustion temperature must be sufficienty

high, 1.c. between 850°C and 1,050°C;

* turbulence musr be created in the post-combus-
tion zone by the addirion of secondary air to
ensurce complece combustion of unburnt mate-
rials in che gases.

Since the remperature in the combustion cham-
ber is maincained ar around 900°C, the grate
blocks made of refractory cast iron have an oper-
ating temperatuce in the region of 200°C. To
avoid high-temperaiure corrosion damage, these
blocks are cooled from che outside by che com-
bustion air and ace prorected from heart radiacion
in the combustion chamber by che layer of waste
op the grate (the refuse bed).

Hoppers under the grate

Chambers shaped like inverted pyramids are sicu-
ated under the combustion grace. These recover
the ashes and other products that fall through the
gaps berween the grate blocks. Also, it is through
these hoppers or chambers that primary combus-
tion air is Injected under the grate.

Hydraulic plant

A hydraulic planc supplies the jacks accuating the
ram thar feeds the furnace and the mobile bars of
the combustion grate. Even in an incineracion
plant withour aucomatic combustion control, it
is possible to automare the speed of the aliernar-
ing movement of the grate and of the ram feeder
by defining simple paramerers such as combus-
tion temperacure and the thermal load of the fur-
nace.



The combustion of
waste at temperatures
in the region of 800°C
means the equipment
Is exposed to chemaical
altack and enormous
thermal stress.

Combustion chamber

As its name suggests, the combustion chamber is
the parc of the furnace where combustion takes
place. Combustion stacts in the lower part above
the grate and reaches a height defined as che boil-
er intake. The combustion chamber is exposed to
high temperatures, cherical corrosion and abra-
sion (caused by the slag in its lower part and che
flue gases laden with solid particles above the
hearth). Therefore it must be lined wich refracro-
ry materials resistant to high temperatures and
abrasion. The lower part is normally lined wirh
refractory bricks and the upper part sprayed wich
refractory concrete.

Slag discharger

Once combuscion is completed, the incandescent

slag runs off the end of the grate via che slag shaft

into a metal channel filled wich water and

cquipped with a sloping conveyer belt. This belt

moves slowly to enable rthe slag to drain off. This

channel, called the slag removal channel, has the

following functions:

+ cooling che slag and removing it 1o the slag pit;

* scaling off the combustion chamber;

o Scrving as a SIIFC[)’ VR]VC in case OF EXCESS PI'CS—
sure in the combustion chamber.
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Note on the sealing of the furnace: The furnacc is
sealed off by the hoppers under the grates and
the slag shafe which extend into the wacer of the
slag remover, theceby ceeating a hydraulic scal
and enabling the furnace 10 be placed under a
vacuum by the flue-gas excractor fan. The feed
hopper is sealed by the plug of waste.

Start-up and booster burners

In Europe. every new incineration planc is
equipped with booster burners. To comply wich
current European standards, the burners must be
activated during the scart-up and shut-down
phases so as to ensure a minimum temperature of
850°C when waste is present (n the combustion
chamber. Furthermore, these burners aucomati-
cally ignite when the temperature falls below
850°C ducing normal operation.



Combustion air system

The combustion air system compriscs two sub-
systems:

Primary air system: provides both combustion aig
for incineration on the geare and cooling air for
the grate blocks (and for the side walls of the fur-
nace necxe to che grate, if necessary).

Secondary air system: ensures complete combus-
tion of the combustion gascs.

Primary air system

The primary atc is extracted from the refuse stor-
age bunker to prevent unpleasant odours escap-
ing and causing a nuisance o the surrounding
neighbourhood. The air is then blown inro the
fuenace via the grate blocks. To facilitate combus-
tion of wasce with a low Hy, the combuscion ajr
can be preheated in a steam air rcheater before
being injected into che furnace.

‘lo prevent molten slag (at 900°C) adhering to
the side walls of the combusnon chamber and so
as not to discurb the advance of refuse on che
grate, part of the combustion air can be injected
via perforared refractory panels fitted on the side
walls of the furnace.

Longitudmal cross-
section of a grate incin-
eration furnace/boiler

Incineration furnace:

1 Combustion cham-
ber

2 Combustian grate

Feed chute

4 Hoppers under
grate

W

Three-pass vertical

boiler

5 Superheaters

6 Evaporators

7 Economiser

8 Steam drum

9 Flue-gas output to
filter

10 Ash hoppers
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Secondary air system

The secondary air is injected at high velocity
above the refuse bed in the narrow section of the
hearth. Tts purpose is to ensure complete com-
buscion of the volatile components escaping from
the furnace.

Borth the air system and the hearth must be
designed in a way chat ensures intense agitation
dicectly above the refuse bed, resulting in rapid
decomposition of chose gases which have not
been complecely burnt, particulacly carbon

monoxide (CO).

This prevents any reduced atmosphere above the
zone protecred by the refractory concrete, there-
by avoiding the well-known problems of boiler
corrosion in che furnace.

The injection nozzles are arranged at the fronc
and rear of the furnace. They are dimensioned to
ensure air penecration to the necessary depch and
an optimum mixture of combustion gases.




Schematic diagram of
the thermal equipment
in an MWT plant
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Feedwater tank
Boiler feed pumps
Boiler

Economiser

Steam drum
Superheater
Tipper

Air-cooled conden-
ser

Condensate vessel
Condensate pump
Turbogenerator
Heat exchanger
Hot water ctrouit
Primary air re-
heaters

5.2.3 Boiler and thermal equipment

A steam generacor sicuared above che furnace
rccovers the thermal enecgy contained in the
combustion gases, cooling them to acound

200°C.

This sceam generacor is normally designed as a
nacural cicculation boiler, either of the vertical
three-pass gype or of the horizontal two-pass
type. Depending on size, the rwo passes of the
boiler may be equipped with an cconomiser,
evaporacor bank of tubes and superheacters. The
main body of the boiler is a self-supporring rigid
cubular assembly which rests on a frame. The
walls of the boiler are made up of welded gilled
pipes that form a membrane, i.c. a totally sealed
channel. The evaporating syscem, using nacural
circulacion, has the sceam druin situaced above

this. This is where warer/sceam separacion takes
place via the bank of tubes in the main body, cthe
evaporators and the connecting pipes.

Before being introduced into the sccam drum by
the feed pumps, the demineralised wacer from
the feed rank passes through che economiser,
whose temperacure is raised to a level slightly
below evaporation point. In rhe economiser, the
water circulates in che opposite direction to the
flue gases.

The steam is led from the sieam drum to the
superheaters in order 1o raise it o its operating
temperature. [he pressure of the sream is held
constant by the air-cooled condenser.

14

63

| |
112 13
=1




T'he risks of corrosion are in principle eliminated
by a suirable choice of materials and by the lay-
out and geometry of the boiler components.
These have to be optimised on the flue-gas side
by performing tests on scale models in the labor-
a[ory.

In horizontal-pass boilers, the convection
exchange surfaces are kept cJear by a mechanical
device which scrikes the side walls. In the case of
vertical pass boilecs, the surfaces are swept free by
compressed air or sccam.

The steam produced is normally supplied to a
turbogenerartor to produce electricity. Depend-
ing on the needs and configuration of the plaat,
condensation turbines or back-pressure turbines
may be used if part of the energy contained in
the sceam 1s o be utilised for hoc water produc-
tion or for an industrial process.

5.2.4 Flue-gas treatment system

Dust removal from combustion gases

Afcer being cooled in the boiler, the combustion
gases pass through a filter in which ac leasr 99%
of che fly ash is removed. Either bag filters or
electrostatic precipitators can be used.
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Electrostatic precipitators

The flue gases entering the electrostatic precipira-
tor pass through a powerful, high-voltage electric
field in which the particles of dusc are electrostat-
ically charged and are deposited on precipitation
plates and then fall into dust hoppers. The plates
are periodically stcuck in ocder to remove adher-
ing dust. Electrostaric precipitators normally
comprise two or three electric fields.

Electrostatic precipitators are highly efficient ac
scparating dusts, removing more than 99.9%,
but they are noc able to capture gaseous pollu-
tants such as hydrochloric acid (HCI), hydrogen
fluoride (HF), sulphur oxides (SO3), nicrogen
oxides (NOx) and aerosols. These substances
have o be removed in the flue-gas scrubbing
inscallacion sicuaced downscream of che fler.

Flue-gas scrubbing plant

(Von Roll system, sce also page 48)

‘T'he gas scrubbing system compeises a quench for

pre-treatment of gases (cooling by injection of

water) and a scrubbing tower which has berween

2 and 5 treatment stages in which the following

can be separated:

s gaseous pollucants such as HC, HEF, SO,

¢ ultra-fine qusts and heavy metals in the form of
aerosols.

Depending on the anti-pollution standards in
force in the country where the MWYT plant is
buile, the installation may also include a denir-
rification system (SCR or SNCR) and a bag or
activated carbon filter to improve the overall
flue-gas crearmenc efficiency. and to inteccept
dioxins and furans.



Flue-gas scrubbing
towers 1n an MWT
ptant with three treat-
ment lines

To prevent a plume of water vapour forming at
the oucpur of the stack, the purified flue gases
may be rehearted in a heat exchanger.

Pre-treatment of flue gases (quench):

Once the dusts have been removed, che combus-
tion gases pass through a quench where they are
cooled by the injection of water undal they reach
cheir sacuracion point. In chis first treatment
stage, pollutants such as HCl and HF are mostly
absorbed by the scrubbing wacer.

Mulci-stage Que-gas scrubbing tower:

The firsc stage of the scrubber actually const-
cutes the water reservoir of the quench ciccuir.

The second stage, comprising a tower packing
laycr, has several functions: condicioning of gases
in preparation for the following stage. thanks o
the very large contacrt surface area of the tower
packing (polyethylene brushes, see cover page),
promoting an optimum exchange of substances;
the absorprion of pollutants such as HICJ and HF
and, where necessary, neutralisation of SO, by
che injection of caustic soda (NaOH). Aerosols,
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certain heavy metals and alera-fine dusts are sep-
arated in the final zone of the sccubbing tower
which is equipped with a ring-jec (Ventuci)
syster.

The scages of the scrubbers are separated by de-
misters which prevent droplets of water being
caccied along by the flue gases.

This cascade system of flue-gas scrubbing pro-
duces a concentracion of pollutancs in the scrub-
bing wacer of the first stage of the tower. Part of
this water is drawn off co be rreated in an efflu-
cnr oreacment p|ant4

Treatment of scrubbing water

The main phases of trearment are neucralisation,
flocculacion, precipitation and decancation.
Heavy metals may be removed from rhe water
mechanically wich a filter press or a band fileer.
The fileer cakes are regarded as toxic waste and
the eated water may be discharged into (he sew-
ecage system after adjustment of the pH and the
temperature.






6 Waste treatment costs

Turnover and growth
rates in enviconmental
technology sectors

The problem of waste
disposal cannot be
solved simply by
waste incineration.
Incineration residues
{slag) must also be
treated properly be-
fore being either re-
cycled or disposed of.

6.1 Environmental technology

According to a study by the EC, the marker with
the potenuial for the highest annual growth rates
between now and the year 2000 is the envicon-
mental technology sector. This sectoc consists of
abour 20,000 companies employing over
600,000 people across Europe, and ics annual
growtch race of almost 5% ranks it eighth in the
economic secrors of the EC.

Germany js by far the biggest marker for envi-
ronmental products and environmencal procec-
cion services. Of the ECU 47 billion invested in
the EC in 1990, 36% was invesced in Germany.
It should be noted thar a substancial proportion
of chis investment was concentrated in the water
industry, waste wacer treacment and solid waste
frearment.

Country Turnover in ECU bn
T 71990
Germany 17.0
France 10.0
UK 7.0
I_taiy 5.0
Netherlands 27
Spain 18
Belgium 1.4
Denmark 1.0
I_Dortugal_ 0.4
Ireland 0.3
Greece 0.3
EU 463
USA T 78.0
World 200.0

Source: European Commission /OECD
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Whereas in the private sector cthe lion’s share of
investment is spent on environmental protection
measures to improve the quality of emissions into
the aumosphere, the public sector tends to invest
mainly in water weatment technology and plants.

There is a large scope for growch in the EU
member states, who, to date, have rended 1o
ignote envicopmental protection. In cerrain
industries there is likely to be stcong growth in
the areas of wasce treacment, soil decontamina-
don and ecological services (enginecring, envi-
ronmenial consultancy).

Annual growth rate

2000 in %

23.0 4.0

15.0 5.5 - T
11.0 8.3

7.0 6.0 N

37 a1

3.0 7.4

2.3 6.4

1.2 22

0.7 8.3

0.5 6.5

0.5 7.4

T 686 4.9 -

113.0 50 B -
300.0 55 -



Up until the end of the eighties, most invest-
ments in the ficld of environmental protection
were made in the public sector, and were gov-
erned by standards and directives. Over time the
privacc sector has also woken up to the face thar
it is in companies’ own interests 1o keep up with
and ahead of trends in environmental regula-
dions. Furthermore, industrial conglomerartes
have increasingly realised chac projecting a posi-
tive environmental image can considerably
enhance a company’s growth prospects. One only
nceds o look ac the big increase recendly in che
number of cleaning produces adverased as phos-
phate-free and biodegradable.

This new marketing angle has obliged companies
to nvest substantial sums in research and devel-
opment. In big multinacionals, R&D can
account for up 1o 8% of annual curnover. As a
result, cornpanies have perfected new “green”
products or environmental technologies which
have excellent growth potenual.

One of the obvious conclusions to draw from
this phenomenon is thart the escalating impor-
tance of R&D makes it more difficulc for smaller
companies to compete in new markets. Arcraceed
by che prizes, many smaller companies and engi-
neering offices have become involved in the
developmenc and design of new waste crearment
or flue-gas purification processes. However, they
have not managed to commercialise their prod-
ucts because of a lack of financial backing, such
as the funds needed to conscruct a pilot installa-
cion.
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6.2 Waste incineration costs

Adapring existiing MWT plants o bring them
into line with new cnvironmental protection legi-
slation — especially air emission controls —
requires massive investment, mainly for con-
structing fluc-gas creacment systems.

The investment needed co build an MWT plant
far exceeds the income eatned from the heac
recovered from the waste. Variabilicy is a key cle-
ment in the waste treatment seccor. Invesrment
basically depends on the following factors:

* the requirements specitied in the environmenial
regulacions of the country in question. The
development of standacds has a direct impact
on the technical complexity of installacions;

che required degree of matenals separation. If
the aim is 10 obrtain very small quantities of
end-residues and 2 maximum amounc of recy-
clable materials, the investment will be substan-
ually higher.

the desired level of opcrational convenience and
reliabilicy. The final cost will be pumped up
significantly if the system includes a lot of
redundancy and sophisticated operaring and
control mechanisms;

the need to ensure thac che planc blends in
aesthertically with its physical setting. Aparc
from rhe acchirectural design, care must be
raken to prevenc excessive noise and bad smells.



Approximate break-
down of main items of
total investments
texcluding tand) requi-
red for the consliuc-
tion of an MWT plant

Percentage of munici-
pal waste Incingerated
in each country

Given the current scate of available technologies
and the regulations that must be complied with,
the average investment required is normally in
the region of ECU 150 m (excluding the price of
the land) for constructing a new MWT plant
capable of processing 100,000 tonnes of waste a
year. A plant wich this sorc of capacity can secve a
region of about 200,000 people.

For technical reasons, building one large MWT
planc is less expensive than constructing several
smaller ones. In sparsely populated regions
municipal and rural auchoricies often have to
coordinate their waste treatmenc acrivities. [n
Lurope the current wend is no longer 1o con-
struct one MWT planc in each ¢jty, but to build
regional centres capable of processing up to
400,000 tonnes of waste a year.

item {% of total cost)
a-\/_i'l-_améiﬁeering and buildings 10 - 25
Boiler furnace and thermal systems 30— 40
Flue-gas purificationl T 20-40
Treatment of residues - 70-25
Electrical, control and

Er_)_erating systems 10-20

Spain

Norwvay
Austria

Belgium

Germany
Denmark
Netneclands
France

Switzerland

The total coses for running and majvoraining such
a planc can be as high as ECU 150 per tonne of
treated waste.

I[neernationally, there is a trend for countries with
limired space for landfills to resort inceeasingly o
waste incineracion. Whereas 20% of houschold
waste is 1ncinerated on average across the EU,
this percentage is more than 70% in Switzerland
and Japan.

Some EU member states have only recently set
maximum emission limits for MWT plants. Of
the 535 waste treatment plants operating in
Europe, only 15% or so are fitted wich high-
performance fluc-gas trearmenc systems. Most
of them only have one dust fileer system, and
almost 20% of chese plancs have no purifying
system, The need to modernise the MW" plants
by ficting flue-gas treatment technology requires
investments totalling several billion ECUs.

0 10 20 301 40
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7 Dangers and typical damage

MWT plantin La
Rochelle, France. During
the intermediate erec-
tion phase, installations
are more eéxposed (0
damage by storms and
wind.

The interior of a post-
combustion chamber of
a rotary furnace for
incinerating special
wastes. Settling claims
relating to the refracto-
ry brickwork often
presents problems for
companies offaring
engineering insurance.

For a long ime, waste incincrarion plants were
regarded as a source of pollution since they con-
sisred of little more than a furnace and a chimney
stack. Nowaday, however, modern MWT plancs
are well accepied by the populacion in maost
countries.

For this to bappen, the makers have had o invest
considerable sums in cesearch into new processes
and new producrs able to sarisfy ever more strin-
genc pollution conrrols.

The use of new rechnologies involving many disci-
plines such as chemistry, thermodynamics and
materials science has steadily increased che cisk

from the insurers’ point of view.
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7.1 Dangers in the construction, erection and
operating phases

Principal dangers during construction and

erection

* Problems relading to transpore and accidents
during unloading of bulky loads on the sice.

* High concencration of inflammable substances

on the site, parricularly bearing in mind chat

fire-lighting facilities are often inadequare oc

even non-existent.

Insufticient measures to prevent corrosion and

o protect materials stored on the sice and in

cemporary storage areas from the effects of

nature.

* Natural hazards, particularly storms, during the
intermediate phase of erecting the structure and
reactors.

Principal dangers during commissioning and

operation

* Lack of water in the boiler due 1o a leak,
human error or a fault in the concrol syscem.

* Explosion in che boiler.

* Fire in the flue-gas treatment system wirh con-
scquent damage to the cest of the installation
caused by acidic flue gases.

* Fire in the refuse storage pic and hopper, in the
cable ducrs, the control room and che trans-
formers.

* Ruprure of the pipes caceying steam and other
acidic fluids capable of causing physical injury.

¢ Escape of inflammable substances in liquid or
gas form and of combustible materials such as
fuel oil, lubricacing 01} or ammonia from the
denitrification inscallacion.



MWT plant in South East
Finistere, France: nstall-
ing the boilers. Work on
erecting the MWT equip- R AT TSI
ment started well before .
the completion of the
civil engineering and
building works.

Stage pumps in a flue-
gas scrubbing tower.
Most of the materials
used are inflarnmable
plastic. This repre-
sents an aggravated
firg risk
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MWT plantin Frank-
furt. the constcuction
of iIngustrial complex-
es in rasidential areas
can give rise to all
sorts of claims

* Fire, danger co the environment and surround-
ing arca caused by contaminated water used to
extinguish che firc and by flue gases containing
pollutants.

Ice, e.g. in the boiler, the refractory lining or
the water and steam pipes (parcicularly in che
commissioning phase when che plant is not yet
in continuous operation).

Control and/or handling error due 10 personnel
not being sufficiently familiar with the equip-
ment.

Interrupred operanon for a period of months or
even years following a fice or toral loss of a

major icem of machinery:

Dangers associated with the technical
maturity of the installations or their
prototype nature

* Error of design or fabrication, macerial defect
(risk is heightened by che rapid development of
processes and technologies).

* Risk of errocs in the ececting of new installa-
dons (the works normally have to be executed
wichin a short time and in a limited space).

* The difficuley of establishing limits beeween the
risk borne by rhe contractor and the insurable
risks.
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Miscellaneous dangers

* Deliberate damage, sabotage, strike, riot, popu-
lar movements (MWT plants are still not well
accepted by the population in cerrain regions).

* Nactural hazards (earthquakes, flood, scorms
etc.)

* Claims incurring civil liability: pollution, phys-
ical injury, damage to property and intangible
damage.

* Major delay in final commissioning following a
claim occurring at the end of the erection phase
or during tests. If Advanced Loss of Profits
cover is held, the damage may run 1o tens of

millions of ECUs.




7.2 Dangers associated with the process
7.2.1 Utilisation and handling of solid
products

The creatment and utilisacion of solids during
the processes creaces technical problems, because
these materials may be abrasive and they may
cause fouling and blocking when they absorb
moisture. [n che form of dust, they may cause
explosions. In waste treatment plants, it is neces-
sary to trear and handle a wide variery of solid
materials such as ash, gypsum, slag, sludges, acti-
vated carbon, highly toxic filrer cakes ete.

7.2.2 Corrosive substances and environments

The flue gases produced by the burning of waste
contain gascous acidic substances such as HCl or
SO;. Consequently the flue gases become highly
corrosive when theic temperatuce reaches che
condensation point of these acids ar around
150°C. This means thar all systems which come
into contact with the flue gases from the boiler
ourput onwards must either be mainrained ac a
temperature above 150°C or they must be cov-
ered with anti-corrosive material. In the case of
installacions equipped wich a wer scrubbing
sysiem, the acids are rransferred from the flue
gases to che scrubbing water. For chis reason, the
whole of the scrubbing water treatment system
has to be made from plastic materials such as
polyethylene ot polypropylene.

Corrosion risk

Corrosion due to combustion gases in the
furnace
[n refuse incinerarion processes, it is not always

Corrosion curve foc
boiler tubes

Wet corrosion High-temperature corrosion

— >

casy to guarantee 100% combustion chroughout
= the furnace. [f the organic matter does not
remain in the furnace for long enough, if the
oxygen concentration is insufficient and it the
necessary cemperature cannot be atrained, oxy-
gen-deficient zones may occur, leading to the for-
mation of carbon monoxide.

Experience shows that an oxygen-deficient
atmosphere may have an adverse effect on the
walls of the boiler tubes. The procective layer
cannort form on the pipes (the layer protecting
the pipes is attacked by combustion gases con-
taining CO). Furthermore, in view of che fact
that these gases contain corrosive macter, namely
chlorides, sulpbates and sulphides, cotrosion is
L liable to occur and will very quickly destroy the
steel pipes.

400 500 600|
Temperature of tube wall {in °C]

300 |
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Acidic corrosion on the
external walls of a
chimney stack. This
type of damage can
arise when the flue-gas
purification system is
by-passed due to tech-
nical problems,

The incineration grates of waste treatment plants
are exposed to bigh thermal and mechanical
stresses. Waste increasingly conrtains plastic mate-
rials which impose addicional sceess, both ther-
mal and chemical, on the incineration grate. A
high content of waste made from syntheric mate-

rials causes tocal hor-spots wichin the layer of
waste. As a resule, the copper, lead and alumin-
ium concained in cercain wastes melt and enter
the cooling channels where they solidity. The
cooling air cannot circulate and the bars of cthe
grate are damaged by the excessive heat. The
layer of waste on the grate aftects the service life
of the combustion grate in rwo impoctant ways:
it protects it against radjation and resises the
combustion aic which cools che grate. Bad man-
agement of che installacion creates holes in the
refuse bed causing localised destruction of the
bars of the grate duc o high-temperature corro-
sion.
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Corrosion due to combustion gases outside
the furnace

Corrosive combustion gases coming from the
furnace can, in the evenc of excess pressure on
the tlue-gas side. lead o severe corrasion damage
if they escape chrough fissures or leaks. In the
open air, these gases condense, cool and form
acids which actack their environment.

The Aue-gas duces are kepe under pressure.
Therefore they must be welded to ensure they are
impermcable o gases and o prevent any leaks
during operation.

Corrosion in the flue-gas treatment system
The risks of cocrosion vary depending on the
methods used.

Flue-gas treatment syscem based on dry or semi-
dry scrubbing:

In cthese insallations, the causes of damage arc
linked to che use of lime.

Unwanted chemical reactions, problems with the
dosing of the new and recycled lime and wich che
removal devices may lead to damage such as over-
heating of the filter bags, corrosion of the system
or mechanical cupture of the screw conveyors
and equipment for temoving the used lime.



In the case of the dry process, for example, where
treatment involves bringing the flue gases into
contact wich fine slaked lime (Ca(HQO)-), the

reactrion s as follows:
2 HCl + Ca {OH), > Ca Cly + 2 H;O

In theory, one molecule of lime bonds with two
molecules of hydrochloric acid to form one
molecule of calcium chloride and of wacer.

The calcium chloride chac is formed is very
hygroscopic (present in the flue gases and chus
produced by the reaction); it may therefore
become deliquescent if the temperacure of the
Huc gases falls below 90°C, leading to condensa-
tion. This phenomenon causes caking and diffi-
culdies wich handling the recycled producr,
mainly when sracang, stopping or slowing rhe
installacion.

Fluc-gas treatment system based on wet scrub-
bing:

To avoid corrosion, the internal walls of che
scrubbing tower and the ocher parts of che instal-
Jarion are coated wich rubber or ebonite, This
protective coaring is often permearcd by the dif-
fusion of actdic water vapour. This can lead to
the formation of pockers of acid behind che coat-
ing which in curn cause blistering and deep
corrosion to the wall of the metal shell. The
blistering is due to a variety of causes — possibly 2
manufacturing fault, a difference in temperarure
between the incernal and external walls of the
rcacior, chemical influences or repairs carried out
on sice under adverse conditions.
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Corrosion damage may also occur in the zone of
the hot gases, wherc it is impossible to re-cover
the incernal walls with rubber, or in the zove of
che purified flue gases, where anri-corrosion pro-
tection is sometimes absent.

As already mendoned. the gases produced on
combustion of waste contain, besides water
vapour, other corrosive substances capable of
condensing, such as the acids HCl and SO.,
which pose a majoc corrosion problem.

The dewpoinc of che gases is in the range of 150
10 340°C. Experience shows that for cerrain gas
compositions, even at high temperatures, che
dewpoint may be below the normal threshold,
causing corrosion to develop.

7.2.3 High pressures

Under the standards in force in mosr industirial-
ised countries, incineration plancs are only grant-
ed planning consent on condition thar cthe energy
contained in the waste is recycled. For this cea-
son, all new plants are equipped with recovery
boilers which normally operate wich superheated
steam between 30 and 60 bar. Such plants atce
regarded as true cogeneration power stations,
with toral outpur sometimes as high as 300 M.

7.2.4 Rotating machinery

Incineration plants contain a wide variety of
rotating machinery. The largesc and the most
sensitive arc undoubtedly the extractor fans and
the steam turbine, chough one should nort forger
the boiler feed pumps which, alchough small in
size, are essential to che operadon of the inscalla-
tion.



The extractor fans are normally situated down-
streamn of the flue-gas rreatment syscem. because
this system should preferably be kepc under a
slight depression to avoid any accident or extec-
nal corrosion in the event of a leak in a flue-gas
channel or in the scrubbing tower. This means
that the fans operate in 2 damp atmosphere, since
the gases are sacuraced wich warer when they
leave che scrubbing tower. For chis reason, all
parts which come into contact with the gases are
cbonised. Dimensioning and designing these fans
is a highly skilled cask. Because of the ebonising,
for example, the circumferential velocity of the
impeller must be limited. The most frequent
causes of accidenc are: corrosion of the carrier
marerial and damage to the ebonite lining by
forcign bodies carried by the flue gases, and
destruction of shafes caused by heavy vibration (if
the flue-gas treatment system is inefficient, dust
deposits form on the fan and cause vibracions).

7.2.5 Fire and explosion

Experience shows that fires and explosions arc
today by far the commonest causes of damage in
waste creatmenc plants. The main causes are as
follows:

Fires in the refuse bunker

The srorage of municipal waste in the pit poses a
latent danger. The pir can be obsecved from the
cabin of the overhead rtravelling crane, from
where the operator can detecr a fire starting as
soon as sinoke appears. But once a fire sraris,
dense smoke can spread in a matcer of minutes,
so that the only solurtion is to flood the bunker.
Operators are relucrant to resort to this solution,
since it resules in the rotal shucdown of the planc
for several days.
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Fires in the charging hopper

Particularly in smaller inscallacions, a fice can
spread from the hearth o the furnace feed hop-
per. This happens mainly during the scart-up
phase, when the feed chute is balf-empry, or dur-
ing the first cests under load, if the feeding device
is not working properly.

Fires in the flue-gas scrubbing system

In the past, many fires have occurred as a result
of plastics, coatings, rubberised marerials and
other inflammable substances catching fice.

Special attention should be paid during erection
and maintenance operations. Many flue-gas
treatment systems which use wet scrubbing are
incernally coated with inflammable materials.
One stage of the scrubbing tower contains tower
packings made of plastic. These macerials can
easily carch fire from welding sparks, for exam-
ple, oc because of faulry site heating o lighting
equipment.

Explosions caused by bulky waste

Fires and explosions can occur during the shred-
ding of bulky waste icems. Producrs contained in
the waste such as gas cylinders, atomiscrs etc. can
crigger explosions and fires in the bulky-waste
shredding installation or the combustion cham-

ber.



Damaged refractory
brickwork (shot con-
crete) on the walls of
the combustion cham-
ber, made up of boiler
tubes.

7.3 Typical damage

Possible damage to steam boiler tubes in munici-
pal waste treacment plants.

The combustion gases conrain large quandiries of
very fine solid parcoicles. Therefore che tubes of
preheaters, superheaters and evaporators arranged
perpendicular to the flow of gases are subject to
greater or lesser degrees of erosion (compacable
to fine sand-blascing). The severity of such ero-
sion mainly depends on the nacture of the solid
particles and che flow-rate of the combusdon
gases.

{c1s common for che tubes of a steam boiler in a
waste trearmenc plant to become damaged. How-
ever, in the evenr of a leak, a large volume of
water vapour can very rapidly spread within the
boiler, seriously damaging the refractory com-
pound inside the combustion chamber.

The greatest danger, in the evenrt of a leak, is that
the tubes of the combustion chamber will no
longer be cooled. They can only be cooled with
water under cercain conditions, and since it rakes
berween 15 and 30 minutes to exringuish the
hearch, these tubes are exposed o very high ther-
mal stress. In most cases, this overheating leads
to severe deformation of the uncooled tubes
which constituce che walls of the first pass of che
bosler.
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An accident in the boiler of an MW'I' plant
serves o llusteate the mechanisms giving rise to
this type of damage (corrosion of combustion
chamber cubes by hot gases, erosion of evapora-
tor tubes), and gives an idea of the disastrous
consequences. These include not only cthe cosc of
replacing the damaged tubes, bur also che costs of
temporary storage, transport and incineration of
municipal waste at another site while repairs are
being carried out and che loss of income from
sales of steam, hot water or electricity.

Damage to superheater tubes of a two-pass
recovery boiler (Berne MWT plant)

The tubes whose walls are directly exposed to the
combustion gases have been eroded o the poinc
of perforarion. From a metallurgical examination
and ap analysis of the deposits accumulating on
these tubes, it appears that che wear was caused
by acid cortrosion (corrosion at the dewpoint of
the acidic gases). The damage suffered by the
tubes, i.e. the heavy wear on cheir walls, was very
probably due to the combination of two types of
artack: firstly, corrosion caused by sulphuric acid,
and secondly crosion which wore down the sur-
face layer of deposits formed by the corrosion,
thereby ce-exposing the tube wall to che corrosive
ﬂgcnf.




Corroded tubes from a
boiler’s superheaters
These tubes, which
are nol protected by
refractory brickwork,
are extremely exposed
10 corrosive and abra-
sive combustion
qasas.

The corrosion process described above can only
take place if the cemperature is below the dew-
point of the sulphuric acid. The dewpoint of
gases containing water vapour and sulphuric acid
is cheoredically between 100°C (the dewpoint of
water vapour) and around 340°C (dewpoint of
pute sulphuric acid). The relatively large quancity
of sulphates conrained in the combustion gases
suggests a high concentration of acids; in the
present case we can cstimate that the temperature
of the cube wall was berween 250 and 300°C.
Such low temperatures are unusual in the lacer
part of the second pass.
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In the combustion chambec, vuprotected tubes
andergo considerable oxidation and coccosion.
The thickness of their walls diminishes by
approximately 1 mm per month. This is why the
entirety of the refractory compound must be
checked regularly (every three to six months).
This is an important and effeccive precaution
against damage. On the other hand, it is not
always easy ro detect damaged areas of this com-
pound, duc to the accumulacion of soor and
incandescent slag. Any idencified damage must
be repaired immediately by specialists.







8 Engineering risks associated with the construction
and operation of an MWT plant

Not many people are
really aware of the
vast amounts of waste
we produce, To pre-
vent us all being bur-
ied under our own
rubbish, efficient
waste management
and waste disposal
systems must he put
in place.

The fact thar environmentally responsible waste
managemenc and waste disposal has become a
growing concern in recenc years in industrialised
nations undoubtedly has many positive aspects.

The previous chapeers have shown that 1t is per-
fectly feasible to insiall systems thart provide effi-
cient waste management and disposal but which
are also totally environmencally friendly. This
implics, however, thar all the parties concerned
(public authorities, housebolds, indusery and
commerce) are willing to make an active concri-
bution.

In chis context the insurance industry must, as
always, strive to lend its support to society and,
in particular, to ics industrial cliencs that require
cover for all types of risk. The main characeeris-
tics ot MWT plant construction projects are
their complexity, which makes interdisciplinary
skills essendal, and the high political and finan-
cial stakes. Companies face a serics of problems jf
they are to fully sacisfy the increasingly demand-
ing requircments imposed by environmental
laws.

Insurecs, for their part, must be able 10 support
their clients in the development of new products,
offering chem insurance conditions that are tail-
ored exactly to cheir needs but without jeopardis-
ing josurability.

This chapter js designed to help underwriters
analyse the facrors affecting the construction or
operation of an MWT planc. For a full descrip-
tion of engineering insurance, please refer to
Swiss Re’s specialised publications.
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8.1 Main forms of engineering insurance

The most common engineering insurance vsed
for waste treacment plants can be divided into
two distinct categories:

Pre-operational cover

¢ Conrtractors’ All Risks (CAR)

s Erection All Risks (EAR)

s Advanced Loss of Profits™ (ALOP)

* Conrcactors’ Plant & Equipmenc (PLEQ)

Operacional cover

* Machinery Breakdown (MB)

* Machinery Loss of Profits (MLOP)
= Compurter All Risks

* Boiler Explosion

8.2 Main project stages in the construction of
an MWT plant

The construccion project foc an MVWT planc usu-

ally takes che form of 2 rurnkey contract between

the client who commissions the projecr — seldom

a private investor but more likely to be a group

of several cantons, a syndicate of local authoricies

or a large municipality, etc. — and the project

managet. who is usually a general conceactor. The

works involved in the construction, commission-

ing and operation of the plant carry diversified

risks both in terms of cheir size and nacure. In

addicion, many differenc professions and busi-

nesses are involved in the project, including:

* engineering consultants

« architects

* regulatory bodies

* different companies acting as a consortium

* a general contractor employing subconteaccors,
who in turn use their own subconrraccocs and
suppliers.

* anly possible in conjunction with Contractors’ All Risks or
Erection All Risks cover.



(¢ is essential that che insured parnes (the client 8.2.1 Civil engineering and building works

and the contracror) have insucance cover that is

tailored co their needs during every phase of con-  Excavation, laying out and foundation works
struction and operation. The technical risk often  The initial laying out and excavation work on the

represents a large propordon of the whole risk, building sice can starc as soon as the contractor

but ocher hazards, such as fire, natural phenome-  receives written instructions. The site chosen for
na and civil liabilicy must be taken inco account  the new MWT plant is often on the outskirts of
as well. a town, in an indusirial zone on pooc tecrain (old

landfill, swampland, etc.). To this end che soil
often has to be compacted or foundadon piles
nced to be driven in or implanted with a vibrat-
ing compactor, to ensure even load distribution
and a srable struccure.

Engineering insurance
during the ¢onstrue-
tion and operation
phases of an MWT

plant
Separate branches | Pre-operational cover Operational cover
- Transport - Contractors’ All Risks (CAR) - Machinery Brgakdown (MB)
- Liability - Erection Al Bisks (EAR) - Machinery Loss of Profits (MLOP)
- Contractors’ Plant & Equipment (PLEQ) - Computer All Risks
- Advanced Loss of Profits (ALOP) - Boller Explosion
I
I
|
I
|
|
I
I
|
|
2 Erection : Tests Maintenance
5 I
> |
Activities Duration in years
Order of service/building permit 2
Cwvil engineering/building works T =t '-.‘.-l = ]
Ecection of equipment [ =l
Works completion repon | b4
Commissioning/tests o
|
Semi-industrial production (==
Performance tests
Provisional acceptance (list of outstanding probtems) &
1-2years
Warranty period ===
Final acceptance (rectification of outstanding probfems)
1 2 3 4 5
Woarks + Erection Tests Maintenance
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The refuse storage bunker, whose effective vol-
ume can be as much as 20,000m?, is usually con-
structed below ground level. Quite often there is
a groundwater table. Although (t is not chat diffi-
culc co ensure thar che bunker remains warer-
proof while che plant is under construction, che
bunker could turn out to be a sensitive issue in
the decennial guarancee.

Anorher poinr to bear in mind about the con-
struction work is thatr more and more countries
are now insisting that the sire has a waterproof
barrier to prevent pollution contaminating the
soil, civers and groundwater. For this reason, the
drains for collecting rainwarer, waste water and
water used o extingunish fires muse be fed into a
retenirion basin based on the “Schweizerhalle™
model.

An MWT planc generates a loc of traffic. In addi-
tion to the supply network inside the plant
(roadways, patking, access ramp o the unloading
shed, manoeuvring zone foc trucks, etc.), access
roads to the MWT planc also have co be con-
structed or upgraded.

Buildings
There are two general crends:

The first is to site M\YT plants away from builr-
ap aceas. In chis case che building has a simple
design and js limited to a fucnace/boilerhouse, a
control room and administration and out-
buildings (offices, meeting rooms, changing
rooms, workshops, canteen, etc.). The flue-gas
treatment system and residue treatment sysiems
ave not covered over. The whole construction is
made of reinforced concrere and is no more than
one or two storeys high. The restis built as a
steel structure clad with panels.

The second type of building is intended foc
MWT plants located near residential areas. Here
the external design is complecely different and its
cost can amount to more than 25% of the cost
for the entire plant. All the equipment is housed
inside the building, which is a robust warertight
strucrure made entirely of reinforced concrete so
as to keep down noise pollution and odours.
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Greater care is usually taken wich the architectu-
ral design of the building, to ensuce that it blends
in with ics surroundings. These constraints on
the building design slow down construction,
firscly because the building work takes longer and
overlaps with the equipment erection phase, and
secondly because it is somectimes difficult co
install large componencs such as che boiler or
other bulky machinery in che building.

In che evenr of a serious accident this design can
also have unfortunate consequences because ic
complicares access to somc equipment, making it
more difficult to dismantle 2nd reassemble. So
repairs take longer, adding o the final cost of the
loss. Another negative aspect, from che insurer’s
point of view, is the catastrophic impact that a
fire can have inside a building, because pollurane
and corrosive gases can cause serious damage 10 a
large proportion of the installations.

The cjvil engineering and building works phase
does not end until the client provisionally accepes
the MWT plant. Although a subscantial percent-
age of the works are complete by the time the
erection stage starts, painting, metal work and
external Jandscaping continue up to the end of
the project.

8.2.2 Erection of equipment

As long as there are no exceptional problems wich
civil engineering and building works, a start can
usually be made on erecting the equipment about
12 monchs after rhe conscruction site opens.

Work usually commences by erecting the stecl
steuctuce of the fucnace/boiler unit at ground
floor level, Once assembled, the boiler and the
furnace constiruce a single element, which is also
the heaviest and bulkiest picce of equipment in
the whole plant (it can easily be 30 m high).
The furnace/boiler and other vical components
(reactors, filcers, air condenser, etc.) are trans-
ported to the site in scpararte scctions in special
convoys. Any handling operations (unloading,
hoisting, mounting) also require heavy lifting
gear.



To cut down the surface arca of the MWT plan,
thereby reducing its cose, the flue-gas treatmenc
system is not installed at ground level as a con-
tinuation of the incineracion line, but on a raised
platform within the building. This can pose a
shghtly aggravared risk in rerms of Erection All
Risks cover, because the reacrors, filcers and
chimney stacks are more susceprible to storm
damage while being erected.

Towards che end of che project, when all che fin-
ishing work is in progress (pipework, electrical
wiring, heat insulation, mecal gantries, painc-
work, ecc.), there may be several hundred work-
ers on site. This undoubredly poses an aggravared
risk as far as liability is concerned, and physical
injury is certainly not uncommon at this stage of
the operations.

8.2.3 Commissioning the plant

The period berween the completion of che erec-
tion phase and the clienct taking possession of the
plant is very important for insurers of engineer-
ing tisks. n the case of an Erection All Risks pol-
icy, capital exposure is ac its greatest once the
works have been completed. The consequences of
a fire, for example, could be disastrous. Furcher-
more, it is during chis period char che first tescs
under load are performed on the machinery, and
ic is obviously the time when most of the design
and erection errors come 1o light, along with any
marerial defects, erc. If Advanced Loss of Profics
cover has been taken out, this is a cricical phasc
in the project, because cover expires on the same
date as the provisional acceprance of the planc.

Even experienced underwriters sometrimes find it
difficult to decipher the concraccual documents
and pinpoint the exact duration of the various
opcrations thar take place during this delicate
period. We found it worthwhile to refer to many
of the deflinirions provided in the French version
of the Schedule of Special Technical Clauses
(CCTP) relating to these acrivities. Obviously
there may be variations between differenc coun-
tries, buc the overall chronology of events is very
similar.
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Works completion report

The contractor provides written notificarion to both
the conrract manager and the project manager of
the date the works ave expected to be completed,
with ar least one months notice, and will keep both
parties informed by issuing a provisional wecekly
schedule indicating the approximate waste volumes
that the plant will be able to handle during the
fine-tuning period.

Within one week of the date specified by the con-
tractor, the project manager will inspect the plant ro
check that everything has been properly execured
and complies with project specifications.

Afier completing rhe inspecrion the project manager
will draw up on site a works completion report
which both he and the contractor must sign. This
report will provide demils of omissions, imperfec-
tions or defects discovered (if any). The contractor
must vectify these as soon as possible.

Fine-tuning the plant

No later than two weeks afier the issuc of the works
complerion repors, the contractor will start to fine-

tune the plant, having first given the project man-

ager written notificarion of this.

During the fine-runing period, which must not
exceed 2 months, the contracror can stap the plant
or run 1t undes different regimes, for the purpose of
making any adjustments vequired and ensuring that
the plant operates at maximum efficiency. Prelimi-
nary testing is performed separately on each item of
equipment. Tests are carried out under the supervi-
sion and ar the expense of the contractor. They are
designed. to check that all the mechanical, electrical,
electronic, thermal and hydraulic equipment func-
tions correctly and satisfies the relevant norms, cur-
rent standards of professional workmanship and the
operating conditions prevailing in the market at the
time.



In addition, the consiructor of the plant will check
the cﬁ?cic’my of the various trearments (e operation at
nominal and minimum furnace capacity, efficiency
of flue-gas tyeatment. quality of the slag. eic.).
Whatcever bappens, the plant must come on stream
ar the end of this period.

Semi-industrial production

This phase is when the plant enters into service
under noyrmal operating condrtions, with the client
regularly transporting waste for incineration,

The purpose of this phase is not to verify the plants
performance characteristics - these are measured
dwring acceptance testing - bus 1o check that the
installation functions without any mechanical,
thermal or elecrrical faults and without any other
operating problems.

When the contractor believes that the plant is veady
10 commence the industrial-scale operation ir was
designed for, he gives written notification to both
Lhe contract manager and the project manager of
the date when this can starc.

No later than rwo weeks after this dare the project
manager must, ynless theve is a valid objection,
release the plant for industrial service. This will be
confirmed by an on-site veport drawn up by the pro-
Jject manager and signed by him and the contractor.
The date of commissioning is the dase the report is
signed.

Industrial-scale operation lasts for 2 months, on
condition that it includes a minimum operating
time for the installations, or the trearment of a
minimum quantity of waste stipulated in the

Schedule of Special Technical Clauses.

The contractor will supply the project manager with
operating and waintenance structions, the plans
of the plant and will provide details of adjustment
and safety parameters.
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Plant management up to acceptance

Until the point of acceptance, the plant is managed

under the supervision and responsibility of the con-

tractor:

o All the fine-tuning, repairs or modificarions
required are carried out under his supervision
and ar his cost.

s Energy, liguids and other consumables are provid-
ed free of charge by the client in limited guantities
that satisfy the plant’s requirements as defined in
the provisional operating assessment. Nevertheless,
the contracior is responsible for operating the
plant, and will cover the cost of this, from the
date that the operating contract comes into force.

¢ The conrracior will pay the wages of the operating
personnel.

Acceptance testing
Acceprance tests ave performed once the industrial-
scale trial is complete.

The purpose of these tests is to determine the nomi-
nal and minimal treatmen: capacities, the trewt-
ment quality, the consumprion and output of the
different equipment under industrial operating con-
ditions.

The tests involve the incinervation, under a constant
regime and for a specific number of hours, of a
quantity of pre-weighed waste that is as close as possi-
ble to the ronnage processed ut nominal and mini-
mal capaciry. The narure of the tests and their
frequency, as well as the timetable for perform ing
them, are mutnally agreed by the contractor and the
client, taking into account all the operating possi-
hilities and exigencies. During the test period the
contractor and the operating pevsonnel supervise the
plant’s operation.

If a test control body needs to be called in at any
time, the client will bear the cost.

The client, or any agent appointed by him, is
responsible for supplying, installing and removing
any temporary devices rc’quirm’ to perform the tests.



The liguids and other consumable materials needed
for the test phase are provided free of charge by the
client in quantities lymited to whatever is needed
Jor the plant ro operate while testing goes on.

If the results of the teste ave dispused, an officially
approved test body will be commissioned to perform
another series of tests. The cost of the second batch
of tesis will be borne by whichever party the final
results prove to be wrong.

1he sequence of events leading up to the acceptance

of the plant is illustrared in the following table:

* The conrractor provides writien notification to
both the contiact manager and the project managy-
er of the works completion date

* Date of works completion indicated by the con-
rractor

» Works completion report indicated by the project
manager

* Start of rhe fine-tuning period

* Contractor requests that the plant enters indus-
trial service

e Project manager dyaws up report on the plans’s
industrial operation phase

» Works completion dare '/

* End of Industrial operation phase and start of
acceptance testing. Once testing Is oves, the accep-
tance is confirmed and the works completion
date ) is fixed by the client ar the suggestion of
the project manager.

s Client takes possession of the plant

* Additional acceprance testing, rectification of out-
standing problems.

Warks completion does not imply that all the finish-
ing work has been done, especially exrernal land-
scaping (access routes, green spaces, fencing, eic.)
and any works that are best performed after certain
Lests arve over (painting, insulation, etc.).

(1) acceptance of the works takes ¢ffect on the date that the
plant begins indusirial operation.
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8.2.4 Industrial operation

Once acceptance testing is complere and che
results are conclusive, the ownership of the plant
cransfers o the client. The chient and che plant
operator are then responsible for planc manage-
ment. The operating personnel have been trained
and have had the opportunity to familiarise
themselves with the installations over che two-
monch industrial operacion phase, under che
guidance of the project manager’s skilled person-
nel.

The first year of industrial operation is tricky,
ficstly because some of the machinecy has not
been fully run in and there are often tecthing
problems thac disruprt che plant’s operation, and
secondly because the operator has not yer
acquired enough experience to fully master the
qulll)me[lt.

During this peniod, which is in fact che period of
warranty provided by che concractor and his sub-
conrractors, the latter often visit the sice regularly
to fulfil their conuactual obligarions: recrifying
outstanding problems, fine-tuning processes and
adjusting machinery, as well as performing
rcp:ul’S.

These constanc third-party intervencions during
the industrial operation of the MWT plant rep-
resent an aggravated risk 1n the event of a loss
(fire, explosion, machinery breakdown, physical
injury, ec.).

8.3 Comments on the business risks

The business risk ts an unpredictable peril which
cannot be machematically calculated; it relares o
dangers char are inherent in the commercial risk.

One of the principles of our economic system
stares that anyone pursuing an economic activity
must, within the limirts of their capabilities, meet
any obligations cnsuing from their acrivicics.

This responsibility must not — indeed cannot —
be transferred co the insurance company. It is
cherefore up o the contractor to take every
appropriate measure to avoid any loss event, even



if he incurs additional costs in doing so. The role
of the insurer is to assume responsibility, wichin
well defined limits, for losses which, despite all
che precautions taken, occur as a result of sud-
den, unforeseeable and accidental events.

The business risk is influenced by subjecrive fac-
tors such as the level of competition, che search
for new markets, the development of new prod-
uces, expertise in the sector of activity and the
rendency to take financial risks in relation to
acquiting new business.

In che field of engineering insurance, the expres-
sion “business risk” is often accompanied by the
attribute “uninsurable”. It is ceraainly difficule o
draw a clearly defined line between the pure
business risk and insurable risks. The role of a
company that offers engineering insurance is to
protect the insured against the economic conse-
quences of a material loss caused by a sudden and
unforeseen evenc over a fixed period. The insured
is nNOT in a position — since it is not his job — to
sarisfy the demands of the construccor who wants
to protect himself from the financial consequen-
ces of contractual guarantees chat excended in che
course of his business actvities. But in the envi-
ronmenta) rechnology sector these sorts of
demands do somecimes oceur.

The sudden escalation of environmencal aware-
ness and pollution concrols has encouraged rapid
technological advances over the last decade or so.
Whereas in the eighties waste incinerarion plancs
in most countries were practically limired o a
furnace, a filter system and a chimney scack,
nowadays these installations are based on a whole
range of high-tech processes designed to produce
“zero” pollution. Furthermore, cogeneration
plants fuelled by biogas, waste sorung and recy-
cling plants, pyrolysis or plasma furnaces should
all help 1o reduce environmental pollucion co a
minimum.

Contractors have had to make epormous efforcs
to keep up with the frantic pace of technological
progress. They have accepred conteacts with per-
formance guarancees which they are not certain
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they can meer. The time taken to perfect new
processes or equipment has had 1o be drascically
cut. A good many products are nort able to be
properly tested until they encec industrial serviee,
wich all the risks and surprises this encails.

[n view of tougher environmental legislation and
fierce competitive pressure, the contracror is
obliged o assume new cisks which are becoming
more and more onerous. In addition, regulations
are still ar the evolutionary stage, which makes
the task of constructors and investors even more
difficulr. Frequent announcemencs of revolurion-
ary proccsses on the marker also increase che
pressure on contractors.

Given these circumstances, an insurer who offers
conventional cover, or pethaps slightly excended
cover, is inevitably confronted with che same
problems as his client, i.c. having 1o provide
cover for risks of an entirely innovative nature.

Among the different types of engineering insu-
rance cover there are a number of borderline
cases where the insurer faces the following dilem-
ma:

“What are the risks that T can cover withourt
exceeding the point where [ take the contracror’s
place?” The essential role of the contracior is to
run risks inherent jn every industrial and com-
mercial undertaking (research and development
into new producrs, production, sales, etc.) with
the aim of assuring the success of his business. Tf
the insurec is encouraged to cross chis barrier,
should he noc automatically share in che profits
generaced by his clients activity?

One of these borderline cases involves providing
cover for the consequences of a macerial loss
caused by a design fault, poor execution of
works, or a material defect in che prototype
inscallacions. This limic is sometimes even
exceeded when che insurer agrees to pay the cost
of repairing the faulty part.



Contractual gnarantees accepred by the contrac-
tor on signing the contract ate rypically business
risks that cannor be rransferred to che insurer.
Examples include:

* Performance guarantees relating to production
capacities, output, electricity consumprion, and
other consumable materials (warter, chemical
rcagents, etc.), Operanng parameters (pressu te,
temperature, throughput, etc.), noise pollution,
emissions, etc.

Product guarantees (granulometry, water con-
tent, resistance 1o corrosion and hear, insulac-
ing properties, appearance, colour, toxicity,
etc.)

Guarantees of availability and reliability
Meeting deadlines for completing the works

and commencing industrial operation

Any other guarancee concained in the contract
that is particular to a product, a piece of work,
or a service.

In order to cover the consequences of these guar-
antees not being met, the client fixes contractual
penalties which can be as high as ten percenc of
the tora) marker value. Furchermore, the client
may even refuse to accepr the instadlations.

8.4 Underwriting recommendations

Modern waste treatment plants are complex
installacions, which makes risk analysis and pre-
mium rating difficule. From a technical view-
poing, these installations can be grouped, in cer-
tain respects, in the samc class as power stations
and may also present similarities wicth facilicies
found in the chemical and petrochemical indus-
try. e is noc easy for insurers to evaluace wich suf-
ficient accuracy the technical problems and the
claims potential inhetent in each new business,
50 as 10 take these into account when pricing che
risk and formulacing the insurance coves. In our
opinion undecwriting this class of business
requires close collaboration berween insurers and
their clients.

New treatment systems and processes are being
continuously developed by industrialiscs, and are
advancing much more rapidly than the premium-
rating tools available to underwriters. In chis
respect, it must be pointed ouc thar the premium
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rates shown in the taciff guides are based on
cxperience o dace and cherefore need w0 be
adapied co reflect specific parameters. Even for
experienced underwriters, icis difficulc to evalu-
ate the truc price of che risks inherent in this
technological evoluton. Furchermore, fierce
competition berween insurers is a dominant fac-
tor, so that the prudence gencrally advisable for
risk assessment often takes second place.

When performing a risk analysis of new business,
we recommend thac underwrirers pay special
attention to the following aspects:

Does the contractor have sufficient experience in
this domain? How many similar MWT installa-
tions has he alceady complered?

This question is equally applicable to designecs
and constructors of the principal equipment (fur-
naccs, boilers, flue-gas trearment systems, caraly-
sers, residue creatment systems, erc.). Municipal
waste (s a very heterogeneous mix of combustible
materials that constantly brings surprises in the
combustion process and subsequently in the
composition of the flue gases. Extensive experi-
ence is required 1o be able to master all the com-
plex techniques involved (choosing the right
materials, dimensioning the cquipment correccly,
defining the conrol and operating systems, etc.).
A high degree of theoretical and pracrical exper-
tise in complementary technologies is cercainly
an imporrtant faccor buc in itself does not general-
ly encail a complete mastery of the subject from
the outser. A leading internacional constructor in
chis field believes that a specialist in this industry
must allow ac least 6 years berween the concep-
tion of a2 new product and its industrial commec-
cialisacion.

The choice of suppliers and subcontractors plays
quite a significant role in the quality of the pro-
ject. Equipmenc such as electroscatic precipita-
tors, bag filters, acrivared carbon filters, cataly-
sers, steam turbines, extractor fans, etc. are also
key components in the trearment line. Damage
or malfunction in any one of cthem will inevitably
cause a serjous delay in the commissioning of the
MWT plant.



Cerrain specialised services can only be per-
formed by a limited nuraber of suppliers. Specific
examples include the incerior lining of flue-gas
wet scrubbing systems, or even the refraccory
bricks and pneumatic transport systems that han-
dle che Aue-gas residues after dry or semi-dry
scrubbing. Subcontracring work to small local
companics can also have disastrous consequences
on the final outcome of the project.

The posicioning of certain equipment also
requires carefu) checking. For example, the caral-
yser must normally be installed downstream of
the flue-gas trearmenc system to prevent it from
becoming prematurely fouled (remember that the
catalyser opecates at temperatures around 350°C
and cherefore requires a source of energy to
reheat the fluc gas). Positioning che cacalyser
upstream of the flue-gas reavment system, i.e.
before the gases are cooled, must be avoided ac all
costs. It should also be noced thar, as far as the
process is concerned, other equipment can be
installed in posirions that are unsuitable purely
on grounds of economy. One example is che
extractor fan, which is positioned in a hot area so
that it does not have to be protecred against
water corrosion (in this case, the fue-gas treat-
ment system OPCI'RICS undcr pl'CSSll(’C and [[16 fﬂ[l
is exposed to corrosion when the plancis idle).
Another is the bag flcer: if chis is sitnaced in an
excessively hor area close o the bojler outlet,
there is a risk of the filcer bags being destroyed
{(depending on the type of fabric, operating tem-
pecatures range between 120°C and 220°C).

Obviously a lot of negative experiences have been
recorded as a result of chese problems, which — ic
must be emphasised — were in cach case caused
mainly by deciding to run a nsk in order to
reduce the overall cost of the MW T plant.

lc is imporrant to remember thar these experiences
apply almosc exclusively to countries such as
Germany, Switzerland or Sweden, where the con-
struction of high-performance flue-gas treatment
systems commenced several years ago. It would
be unforrunace if the same crrors were o be
repeated in other countries where chesc technol-
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ogies ace only jusrt being introduced. In ¢his
respect, it is interesting o note that loss preven-
tion is one of the services offered by insurance
companies thar is often appreciated by cliencs. In
a good many cases loss prevencion benefits not
only the insurer, buc primarily the owner and the
operator of the plant, because financial losses fol-
lowing material damage are only insured in very
rare cases and can jeopardise the company’s very
existence.

The list would be incomplere without looking at
protection against fire during the construction
and opcration phase. Solely on the basis of major
fires chat have broken out in flue-gas treacment
systems in recent years, the premium needed to
cover this class of business (Erection All Risks)
has o be significancly higher than the premiums
currenily encountered on the marker. Given the
difficulties involved in setting 2 premium that
reflects the risk, ic is absolutely viral to impose
fire prevention measures in the special condicions
of insurance policies (for mote informarion,
please refer to Swiss Re’s publication “Fire protec-
tion on building sites”). These conditions must
be verified by regular sice inspections.

Aparc from che enginecring risks just described,

the plant’s exace geographical location also plays

an impoctant role, both as regards geological and

weather conditions, such as whether it is:

* in an carthquake region

* directly on the coast

* in a region that experiences heavy storms

* near a water course or in an area susceptible to
flooding

built on poor terrain (old fandfill, hardcore,

swamp, erc.)

One of the interesting engineering insurance
aspects connected with this class of business is
nisk analysis and underwriting for Advanced Loss
of Profits and Machinery Loss of Profits policies.
Encouraged by cheir financial backers, clients
who commission MWT plants are now showing
a greater interest in taking out these types of
insurance policies.



If a new plant is being construcred, che client can
take out Advanced Loss of Profics cover in com-
bination with Contractors’ Al Risks or Erection
All Risks cover. If the MWT planc is already in
service, the owner can insure himself againsc
financial losses resulting from production shut-
down by taking out Loss of Profics cover for loss-
es caused by machinery breakdown or fire.

The sum insured (annual gross profic) usoally

comprises the following elements:

¢ The profit from operating the plant

* Fixed costs such as provisions foc rent, insu-
rance peerniums, interest on loans, employees’
salaries, crc.

[n che area of waste treatment plants, there are
numerous difficulries associated with Loss of
Profits policies.

Firsc of all chere are problems with the definicion
of the interests to be insured, which can vary
substancially from one project 1o the next (with
Advanced Loss of Profits policies, only the plant
owner can be insured and sometimes the finan-
cial backers as well).

I is often difficulc ro accurately decermine che
real loss in gross profit because there are fre-
quendly agreements berween regional opecatocs of
MYT plants to allow a municipal authority o
continue refuse collection even if its own MWT
plant suffers a major breakdown that rakes time
to repair. In such cases the losses will be limired
to additional transporc costs and the loss of reve-
nue from che sale of surplus heat.

[n the erection and testing phases, the risk is sub-
stannally higher than during the operating phasc.
This is because no stock of spare parcs exists yer,
fire-fighting systems are not operational and the
operating personnel ace not yet sufficiendy famil-
iar with the jostallations.

Marerial damage often occucs — even minor dam-
age — that causes 2 serious delay in insralling
machincry or a prolonged shutdown (o allow a
process to be improved o a fault repaired.
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Unfortunarely noc all the factors that influence
the time taken to complete the repair, and conse-
quently the ttal business interruption sum, can
be idencified in advance and are difficult co assess
at the cime the policy is taken our.

Any party taking out Advanced Loss of Profits or
Machinery Loss of Profits policies musr realise
that insurance cover cannot be granted without
cercain limications on cover and that the price
charged — which may appear racher high ac times
— is pucely a reflection of che substandial risk
carried by the insurer.

To complement chis informartion and advice, we
include a few conclusions drawn from the loss
scaaistics for MWT plants:

* flue-gas reatment systems are by far the biggesr
cause of claims;

fire losses, some of them with catastrophic con-
sequences, have been covered by Ercceion All
Risks policies because they often occur ar the
end of the erecrion and testing period;

a lor of damage has been caused by design
errors and defective materials;

with machinery breakdown, jc is the furnace/
boiler unit and more specifically the evaporator
tubes of the boilers which are che most comumon
cause of losses. Here again, damagc is usually
the resulc of design errors (gas flow, abrasion,
corrosion);

with Advanced Loss of Profits policics, there is
still not enough business co enable conclusions
to be drawn on the results of this branch,



8.5 Special clause

Erection All Risks insurance: special clause foc
the construction of MWT plants.

With the commencement of commissioning and
testing activities, any damage to cacalysers, refrac-
tory bricks, equipmenc made from polymers and
other linings such as ecbonice, rubber, ecc. will
only be reimbursed if they are:

* The direce result of a loss sustained by other
insured parts that is covered by Erection All
Risks cover.

» Caused by mechanical effects thac are not the
diffﬁct COnSCqUCnCC OF PCTmﬂnCl‘l[ Opcrating
conditions in the installacion.

* Caused by a fire, lightning or an explosion, on
condition that all the fire prevendion measures
have been respecred.

Remarks: catalysers are considered to be damaged

if:

* There is a modification to che original condi-
tion of che catalytic elements

¢ Their efficiency is significantly reduced, as long
as this is supported by measurements.

The measurement procedures for determining
che degradacion of the catalyser’s performance are
to be stipulated in the policy before it comes inro
force.

The indemnity sum is based on the current mar-
ket value.
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Special exclusions

Corrosion damage to the linings’ support maceri-
al (cladding, pipework, steel casing, etc.) arc not
coveced in any event.

Performance degradation in che catalysers is not
covered if this is due o fouling or pollution,
unless this is the direct resulc of 2 loss included in
the Ecection All Risks cover raken our on other
insured parts.

Damage or performance degradation co the caral-
vsers are not covered if they are due o cthe cataly-
sec being incoccectly positioned in the flue-gas
treatment plant.



Glossary

Symbol

Chemical formula

Ca0
Ca(OH),
CaCl,
CaCOs
CO,
CoO
HCI
HF
H,0
NaC)
NaOH
NH,
NOx
PP

PE
PVC
PCOD
PCOF
S0,

Chemical elements
Element

Arsenic
Carbon
Cadmium
Calcium
Chlorine
Chromium
Copper
Fluorine
Hydrogen
Mercury

Chemical products
Scientific name

calcivm oxide

calcium hydroxide

calcivm chloride

calcium carbonate

carbon dioxide

carbone monoxide

hydrogen chloride

hydrogen fluoride

hydrogen oxide

sodium chloride

sodium hydroxide

ammonia

nitrogen oxides
polypropylene

polyethylene

polyvinyl chloride
polychlorodibenzoparadioxins
polychlorodibenzoparafurans
sulphur dioxide
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Element

Manganese
Nitrogen
Sodium
Nickel
Oxygen
Lead
Sulphur
Tin
Vanadium
Zinc

Common name/form

quick lime
dead lime

gypsum
carbonic gas

hydrochloric acid

water
cooking salt
caustic soda

dioxins
furans
sulphuric acid



Adsorption

Emission

Fiy ash

Heavy metals

Hu

mmission

Leak air

Primary air

Scrubbing residues

Secondary air

Slag

Tertiary air

Unburnt substances

Definitions

Retention, on the surface of a solid, of molecules of a gas or
a substance in solution or suspension

Discharge of pollutant substances

Ash, soot and dust contained in the combustion gas as it leaves
the combustion chamber

Mainly lead, chromium, copper, manganese, cadmium, mercury,
nickel, arsenic

Lower heating value

Concentration of pollutants damaging to human beings
and the environment

Air penetrating parts of the installation that are not
completely air-tight

Air forced under the grate to assist waste incineration

Residues from the scrubbing of flue gases produced during the
incineration of municipal waste

“Post-combustion” air, needed for the combustion of unburnt
gases and for the initial cooling of combustion gases

Combustion residues recovered from the boiler output

Air used to cool the combustion gases prior to purification or air for
cooling the interior side walls of the furnace

Organic matter that was not burnt during the combustion process
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