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TO OUR READERS

This is the first npumber of a new title in the long-cstablished Monor Neres

The first Momitor was released in December 1981 and covered the subject of
microclectronics. This was closcly followed. in Febnumny 1982, by the
Biotechnology Monitor and later by the other 2 titles currently in the Sevies,
nanely Advances in Maierials and Marine Industrial Technology. The Nertes
is aimed at indusiry . government and the scientific: technological community

in developing countrices.

The main objective of the Monitor Series 1s 10 act as a vehicle for current
awarcness of and sensitization to the vanious aspects of industrial technol-
ogy —as such. the infformation is presented without evaluation or recommen-
dation. Presenting awareness of the potential (and limintations) of
technological advances is part of abroader UNIDO progranwue which assists
developing countrics to streagthen their technological capabilitics.

The concept of monitoring technological advances stems from the Vicnma
Conference on Science and Technology for Development. held inthe summer
of 1979 and subsequently endorsed by the goveming body of UNIDO

This title in the Neries will cover industrial “cnvironmertal technology "—
which has come centre-stage in the world consciousness since ihe prepani-
tions for and holding of thc United Nations Conference on Em ironmient and
Development (UNCED). commonly known as the Eath Sumnut. in June
1992. As readers may know. UNCED resulted in a wide-ranging programne
for action by the world community —Agenda 2 1—which has (rightly ) also
been called an agenda for information. Each of the 40 chapters recommends
that information be collected. stored. analvsed and disscminated for thair
respective subject arcas. Three of these chapters exclusively address issues
that arc reievant to this publication—icchnology transfer. industry and intor-
mation. Many of the other chapteis arc also relevant and will feature n future
numbers of the Series.

Ths first number of the Series is a special issuc. The full range of subject
headings will not be wtilized. rather. fifiv-five “genenc” (as opposed to
process-specific) waste managementtreatment technologics are described in
some detail In this casc. onc mav wish to refer 10 Chapters 20 and 21 of
Agenda 21, as these technologies are commonly -used for managing hasard-
ous as well as solid wastes/sewage. These technologics arc cqually imporiant
when considering other chapters dealing with the protection of: the atmios-
phere (Chapter 9). water resources {Chapters 17 and 1%): and human health
{Chapicr 6).

Each tcchnology description has been presented with the following headers

the prncipal of the process (gencral description); the aim of the processing —
the pollution/wastc strcams concemed: the technological preconditions—in-
chiding several sub-headings such as temperature. pressurc. concentration of
influcnts. additives required. capacity . the performance evaluation—includ-
ing inter alia rates of removal, efflucnt concentration. energy consamption,
cmissions and botticnccks: costs—invesiment and operation: ringe of appli-
cations. and practical expeniences

We owe our thanks to the National Institute of Public Health and Emv iron-
mcntal Protection (RIVM) of the Nctherlands. for allowing us to prepare
these fifty-five technology descriptions. which arc based on their rescarch
and publication scrics Monograficen mformatiessteem techmeken, issued in
1992, It was also RIVM that rccommended the structure for deseribing the
tcchnologics. allowing us to present cach ina consistent and concise manner,
providing much more than the more commonly -used. standard bibliographic

rcﬁrcnqc.sw

\ Jwbw——ér/_
Archalus Tcheknavorian- iscnban

Managing Dircctlor. Indusinal Scctors and Environment Division
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INTRODUCTION

RIVM. the Dutch Natioral Institute of Public Health and
Environmental Protection. is a centre of infornmatton and
know -how . whosc task it is to supply the govermment with the
information requircd for its health and environmental poli-
cics. Because rescarch lies at the heart of all REVAM s activ tties
Research for manand environment” is how RIVMdesenbes
its work.

The Laboratory for Waste Matcrials and Emissions (LAE) 15
onc of the laboratorics within the Environmicnial Rescarch
Division of thc RIVM. The remit of LAE 15 to suppon
govemnment policy on waste nutenals and cmissions To this
cnd. studics on the orgin and amount of wastc matcnals, and
on cmissions to water. soil and air. are carncd out. Ways of
preventing emissions and wastes. and of reusing or dispcsing
of existent wastes arc investigated

Besides reporting on the present sitwation. LAE is future-on-
cnicd in its studics on the effects of preventive and abatement
measures for different scenarios 1t is concerned with gaining
insight into social processcs. particularly those applyving to
production and consumption. and the resulting burden to the
cnvironment.

Collecting information. and building up and intcrpreting
know ledge 10 be used inadv ising on policy and env ironmental
forccasts arc important focal ponts of LAE activitics. Thisis
done in cooperation with yarious other (povemment) institu-
tions and research agencics

As technology plays an important role in solving environ-
mental problems. the Dircctorate General of Environment of
the Dutch Minisin of Housing. Phy sical Planning and Envi-
ronment ( VROM) commissioned RIVM/LAE to start withthe
development of the Environmental Technology System (IT)
in 1987, The aim of IT. for intermal usc only. is to colicct
scattered know ledge on environmental technology and make
it availablc in a user-fnendly war .

The first v ersion of the system has been opertional since July
19%9 and the sccond. 2 more uscr-fricndly version. since April
1992 Both arc in Dutch

The sy stem 1s based en monographs --descnptions of a tech-
nique-- consisting of 15 to 25 pages cach The winncerphs
are drawn up using a standard fonuat consisting of soverl
sections. At the moment 1T contans 35 monognphs wotten
by the Netherdands Orgamization for Applied Scicntiiic Re-
search (TNOY and RIVM during the penod 1982-1992 Those
monographs have also keen publishied i a senies of four
reports

Since 1992 UNIDO and RIVM LAE have been cooperating
informallh on the exchange of em imnmental technology
information.

In 1993 UNIDO made Enghsh-tanguage Emvironmental
Technology Factshects of the IT monographs to be used
theirdatabase A facishectis 1o 2 pages i lenathand consists
of the foltowine sections:

Principle of the process

o A of processimg. pellution. wiste streanes?

Technological preconditions
e Porformamce

e Cosls

e Range of apphiciinons

e Praciizal expenence

RIVAILAE developed the format of the Enmvironmental
Technology Factsheets and UNIDO translated and pre-
parcd them.

As ameans of dissemination of know ledsc on the fuctshects,
UNIDO and RIVM LAE decided in 1994 to include the 53
Environmental Technoiogy Facisheets in this quarterly pubh-
cation of UNIDO
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1. BIOFILTRATION

Principle of the process

Biofiltration is the acrobic comversion of sir-borne impuritics
into non- polluting components (prinanly CO:. H:O and inor-
eanic salts). Tix polluted gas is passcd through a filier consist-
ing of biologically actis ¢ matenal such as compost. containing
naturally occurring microorganisms which can decompose the
contaminans.

Aim of processing, pollution(s). wastc
stream(s)

To remove impuritics and odcurs from waste gases. Impuniics
arc mainly organic. with sonk inorganic components (H:S.
NH:. CS:) beng suitable.

Technological preconditions
Influent concentraiion
00014 g/m’ (usually - | ¢/m’) deocnding on impurity.

lemperature
10> C

Pressure
Aumosphence

Additives

Filter matenial. compost. turf ctc. somctimes mixed with
coasscr. incrt (raction ¢.g. bark. plastic. lava. Potassium of
calcium phosphates to speed reaction if necessany. C:N:P =
200:10-1; Insoluble alkalire material (hime. marl) §f neces-
sar_ .

Capacity
1-200 g/m’/h

(thers

Dry matter content < 20-50 mg/m’. Moisture content > 95%.
in some cases 99%. Filter must be Ieakproof for gas and fluid.
Aur load on filter < 600 m*/m’/h 10 keep cnergy costs low.

Performance
Removal rate
Depends on filter design,

I:Muent concentration
Usually 1-10% of influent concentration

I olume-flux
1-200 g/m'/h

Fnergy consumption
Elecrrical energy required for ventifator. Only substantial of
arrload - 600 m'/m’ /M
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Fmissions

Microorganisms in ¢xhaust gas (max 104 CFU/m’). Some
cmission of impunty or reactic n products 1o water may occur.
Afier 2-5 vears filier is replaced. producing waste wizh usually
ihe same composition as onginal filline (cempostable). Addi-
inves are usually recyelable.

Bottlencecks
P1ocess is scasitive to high and low temperaturcs. excessive
concentrations. and discontinuitics in cmissions.

Cosis
Invesmment

Installation DAl S00=7300/m’ filter surface. Filter mazenial
DR 7540 '

Operation
D 3.50-5/1000 m' gas.

Range of applications
Treatment of biodegmdable waste grses from odour-cmitting
industrics.

Practical experience

Uscd ina vanety of industnes. including sewage treatment. tar
distijlation. slaughterhouses. meat and fish treatment. food
processing. plastics. animal breeding. animal feedstufTs. paint.
niedicines. destniction processes. oil refining and compost
Processcs.

2.BIOSCRUBBING

Principle of the process

Impuritics in wastc gascs are adscrbed by water in a scrubbing
column and deccomposcd by microorganisms contained cither
in the colummn (trickling filicr) or in a scparatc reservoir (acti-
vated sludge tnstaltation) to produce harmless components.
primanly H.0 and CO.. A sludgc 1s produccd. some of which
must be removed in order (o guaranice conlinuous operation.
The punificd walcs can be recirculated.

Aim of processing, pollution(s), waste
stream(s)

To scparate and destroy biodcgradable pollutants such as or-
ganic matter. NH.. odour components from wastc gascs.

Technological preconditions
Influent comcentration
0.001-20 gim'

ph-range
63

Temperature
1040 C




Pressure

Atmospheric

Additives
Nutrients from microflora—ratio C:N:P=200:10:1. Acidifica-
tion must sometimes be compensated by addition of ¢.g. NaOH.

Capacity
1-200 g/m'/h

Others
Particle content 20-50 mg/m’. Air load 600 m Ym'/h.

Performance
Removal rate
50-90%.

Effluent concentration
1-40% of influen concentration.

Fnergy consumption
1.6-3 kWh/1000 m® treated gas.

FEmissions

Residual emission of contaminants determincd by process.
Sludge cmitted via waste water contains POs. dccomposition
products ctc.

Bottlenecks

Sensilive 1o cxcessive temperatures and impurity concentra-
tions. and fluctuations in impurity concentrations. Dry particles
can causc blockages.

Costs
Investment
Capacity 30-130 m/h, DRl 0.55=2.5x 10F

Operation
Capacity 30-130 m'h. Dfi 11-66/h

Range of applications
Odour removal, treatment of hydrocarbons.

Practical experience

At laboratory and pilot-plant stage. Examples include removal
of -dichloromethanc—capacity 200 g/m'/h (70%): dichlo-
rocthanc—capacity 80 g/m'h (70%). odour componcnts in
cocoa industry (65%). pigstics (50-90%). fat processing (75%).
foundrics (60%), solvents (90%). NH,, amincs. phenols. cic. in
various industrics.

3.

Y FLUE G
FICATION
¥ CHEM
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Principle of the process

Flue gas impurities react with chemical to form solid salts of
the acidic componenis or are ox.dized or reduced with the help
of a catalyst. Solid reaction products arc scparated before
cmission of the purified gas. In some cascs the reactor is
intcgrated in the combustion installation.

Aim of processing, pollution(s), waste
stream(s)

To ncutralise acidic contaminants from fluc gascs using basic
additives (adsorbents) to form solid salts and to convent them
catalytically into harmless gascs.

Technological preconditions
Influent concentration
100-10000 mg/Nm® (1-100 mg/Nm' for HF)

Temperature
300-1100 depending on impurity

Pressure
Usually atmospheric. For pressurized fluidised bed combus-
tion 10 bar.

Additives

Ncutralizing agent—usually CaCO..  Ca(OH)..
CaC0.MgCO:. Catalyst material—usually oxides of vana-
dium or tungsten. on titanium carrier. NH: for reduction of
NO.-0.5 kg per kg NO..

Capacity
1000-2000000 Nm*/h.

Performance
Removal rate
S0-Ha

Fffluent concentration
SO;. HCI. NO: 50-1000 mg/Nm'. HF < I mg/Nm’

Energy consumption

10-20 kWh/ton wastc (2=3 kWh 1000 Nm' fluc gas) for
ncutralisation of acid comporcents in wasic incincration. |
kWh/kg NO, (0.6 kWh/1000 Nm' gas) in NO. reduction.

Fiissions
Non-chemically-bonded acid componcnts emiticd to air
Solid reaction products and non-converted additives. often
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mixed with fly ash. In NO, reduction-old catalytic material
rencwed after 5 vears. treated as waste. Max. ca. 5 mg'/Nm® NH,
cscapes to air.

Jottlenecks
Blockages by powdery additives in dosing/transport sy stem.
Presence of flv ash can block catalyst and packed beds.

Costs
Integrated svstem

Total costs ca. Dfl kg SO; or HCL. of which investment less
than half

Secondary processes
ca. Dfl 1-10/kg acid component.

Range of applications
Treatment of flue gases from combustion of coal and waste.
Catalytic reduction of NOx.

Practical experience

Fluidized bed combustion of coal using limcstone for SO;:
AKZO (90 MW th). Pneumatic injection of Ca(OH); used in
wasic incineration to reduce HCl emission to below 5000
mg/Nm?. Also examples of other additives based on Ca, Mg
and Na used Selective catalytic reduction: widely used in
Germany and Japan. Coal-fired power station at Nijmegen—half
of flue gas treated. Sccondary system for HCI removal in waste
incineration and HF removal in glass, mincral and aluminium
works, Germany and Sweden.

4. ELECTRO
FILTRATION

Principle of the process

The gas stream is passcd through an clectric field whereupon
an clectric charge is induced in sofid and liquid particles in the
gas. These charged particles are precipitated on the positive
collcctor clectrode, and removed. The impurities can be reused
if desircd.

Aim of processing, pollution(s), waste
stream(s)

To concentrate/remove particulate matter (organic, inorganic.
metallic) from a gas strcam (usually N;, O, CO:, H:0).

Technological preconditions
Influent concentration

< 50 g/m*. For higher concentrations pre-scparation is nec-
cssary—c.g. gas cyclonc.

Tenperature
Up to 400° C at atmospheric pressurc. Up to 900° C at high
pressurc.

"ETM LNovember 1994
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Pressure

Usually atmospheric.

Additives

For wet electrofilters with water-misting. ca. 0.6 1 water/m’
gas occasionally SO, (15-20 ppm) added to improve efficiency
if particles have high resistivity.

Capaaty
200-> 100000 m*/h

Others

High moisture content increases separation efficiency. Re-
sistivity 1022108 ohm meters on collector electrode deposits.
Regular removal of deposits necessary, by tapping collector
plates. Deposit thickness 1-10 mm. Electrical charge 20-115
kw.

Performance
Removal rate
95-99.99%

Volume flux
0.5-2 Vs

Effluent concentration
Less than 5 mg/m’

Fnergy consumption
0.3-1 kWW1000 m’ gas

Emissions

Particulate impuritics—may be recovered for reuse. [n wet
filtcrs—waste walcr emissions must be treated. Ozone—pro-
duction limitcd by usc of two-stage system.

Bottlenecks
Deposit thickness too great, disturbance of current ortapping
mechanism, blockage of collector funncl.

Costs
Imvestment
DAl < 5-150/m*h

Operation
DN 0.5-3/1000m’

Range of applications
Treatment of industrial wastc gascs. Air purification.

Practical experience

Treatment of industrial waste gascs—uscd in coal and oil-fired
power station, stecl, coke, non-ferrous metal. cement, chemical
and fibreglass industries. Flue gas purification in waste incin-
cration and wastcwater purification. Two-stage system used in
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work-place air purification (recirculation). and in small-scale
gas decontamination. ¢.g. grinding processcs. food industries.
softeners in textile and plastics industry.

§5.GAS CYCLONES

Principle of the process

Gas is blown or sucked through the cyclone. separating into an
upper and lower stream according to the difference in particle
sizc and spccific mass.

Aim of processing, pollution(s), waste
stream(s)

To remove/concentrate impuritics by separating solid particles
and/or liquid droplets with a specified particle size. from the
gas phase. The scparated particics may be wholly. partially or
not pollutcd.

Technological preconditions
Influent concentration
0.001-1 kg dry mattcr/m * gas. 0.02-0.5 g/m’ for droplct

scparation.

Temperatu;e
Upto 1000° C

Pressure
No cffect on process.

Additives
Water sometimes sprinkled in the cyclone to increase cffi-
ciency by causing agglomeration.

Capacity
Average 10000 m' gas/hour

Others

Particle size > 200 pm require pre-scparation. Constant input
gas spced and particle concentration for maximum cfficicncy.
Volatilc impuritics unsuitable.

Performance
Removal rate
80-99%. less if particle sizec <2 pm

Volume-flux
Input air 6-15 nv/s

Fnergy consumption
0.25-1.5 kWh1000 m'

Fmissions
Can occur depending on cyclone cfficicncy

Bottlenecks
Blockagcs can occur. often duc 10 too high moisturc content
or partially smoltcn particics.

t e

Costs
Investment
Capacity 9000 m'/h—D1 9000

Operation
D1 0.10-0.30/1000 m* air

Range of applications
Sepuration of solid matter from gas stream.

Practical experience

Many cxamples. including fly ash. non-metallic mincrals. steel.
chemical process and petroleum industrics. incincrators
{houschold wastc). catb~n trez* aent (thermal dryving). general
industrial applications.

6 ACTIVATED CARBON
ADSORPTION IN AIR
PURIFICATION

Principle of the process

Impurities arc adsorbed by activated carbon in granular or
fibrous form. the impurity being eventually concentrated in the
activated carbon, in a condensate stream or gas stream. At a
centain degree of saturation. the activated ca on is either
replaced or regencrated using stcam. hot gas. air or vacuum.

Aim of processing, pollution(s), waste
stream(s)

To scparatc and concentrate organic matier (usually volatile
organic substances). H:S. SO.. CS: from wasic gascs.

Technological preconditions
Influent concentration

Without activated carbon regencration < lomg/m’ gas.
With activated carbon regencration 10mg-1000g/m’.

Temperature
0=40°C

Additives

Activated carbon—in scparation of VOS. with regencration
of carbon. 0.5-1 kg/ton solvent. In odour removal. without
regencration. 2-5 kg/kg odour component.

Capacity
< 5000 => 20000 m'/h

Othery
Non-cxplosive matier. Moisturc conteni 0=70%

Performance
Removal rate

95~ 99%

$olume-fTux
350-1500 m*/Wm? absorber surface
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Eflluent concentration
For odour removal < | mg/m’. For volatile organic sub-
stances < 20-100 mg/m”.

Fnergy consumption
100200 kWh'ton VOS

Fmissions

To water if steam desorption used and scparated impurity is
watcr soluble. Condensate from regencration. or wasle carb-
on.

Bottienecks

Non-desorbable impuritics. Volatility > 70% lowcers ad-
sorption capacity. Hcat of chemical reactions can cause
adsorber buming.

Costs
For odour removal. w:thout activated carbon regeneration.
Invesmment

Carbon grains Dfl 4/kg. Installation DI 1000 - 3000 for gas
stream of 1000 m*/h

Operation
D 1-2/1600 m' gas

For separation of VOS, with regeneration.
Investnent
DN 10-15/m’ gas

Operation
D1 1.50-6 KO/1000 m' gas

Range of applications
Dcodorization of wastc gases. Reclamation of volatile organic
substances from waslc gascs.

Practical experience

Deodornization: removal of amines. ammonia. alcohols. mer-
captans. ctc in chemical. foodstuff and phammaccutical indus-
trics. bio-industry . air-conditioning. kitchens. ctc. Reclamation
of */OS: uscd in production of films. fibres and lacquer. chemi-
cal clcaning. chemical industry. cic.

7.FLUE
SCRUBB

GAS
ING
Principle of the process

Impuritics in fluc gas arc absorbed in a waten solution or
suspension. Depending on the composition of the solution.
neutralisation or oxidation can take place. In some cascs the

added chemicals can be regencrated and reused.

Aim of processing, pollution(s), waste
stream(s)

To scparate and destroy or concentrate acid components, SO:,
HC1. HF and NO, from fluc gascs.
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P

h n ol o g y U p d a t ¢

Technological preconditions
Influent concentration
HXX)-10 000 mg/m’

Temperature
< [00° C. usually 40-80° C

Pressure
Atmosphenc

Additives
CaCO:. Ca0 (Ca(OH):;) for ncutralisation

Capacity
< 500002000000 m'/h

Performance
Remaoval rate
85-90%. In waste incineration (HC 1. HF) - 90%.

Folume-flux
104-2106 m'/h

Energy consumption
20 kWhvton waste (3kWH 1000 Nnt® fluc gas)

Emissions
Reaction products (solid). waste water from scrubber. non-
chemically -bounded acid components may be emitted to air.

Bottlenecks
Comosion and erosion of cquipment. deposits in sprinkiers,
and heat oxchangers.

Costs
For flue gas desulphurisation
Operation

0.5-1 cvkWh (Dfl I/kg SO;)

For [IC] removal from waste incineration
Operation
DAl 20-45/0n waste (5-1/1000 m* fluc gas).

Range of applications

Houschold. chemical and incustrial waste incincration. Desul-
phurisation in coal-fircd power stations and oil fired industrial
plants.

Practical experience

Flue gas desulphurisation in clcctrical powecr stations: 6 plants
in thc Netherlands capacity 300-640 MWec. Wellman-Lord
desulphurisation plants: 33 plants in operation. Used inoil-fircd
industrial plants. Wet scrubbers predominantly used in coal-
fired installations
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8.GAS SCRUBBING

Principle of the process

The impurity is dissolved (absorbed) and concentrated in the
scrubbing liquid. The liquid is then treated by thermal desorp-
tion. rectification, pressure reduction or stnipping. to remove
the impurity. and can be rcused. Additives may be necded to
improve the solubility of the impurity (chemical scrubbing).

Aim of processing, pollution(s), waste
stream(s)

To separate/concentrate contaminants including organic sub-
stances. SO:. NO,. HC1_HF.NH;, C1.. H,S. SiF.. Br.. COand
CO: from waste gas.

Tecknological preconditions
Influent concentration
<1 mg/m’~100 g/m’

pll-range
Acid. ncutral or alkaline liquids used according to the impu-
rity 10 be removed.

Temperature
Up to > 100° C. usually 20—40°C.

Pressure
Usually atmospleric.

Additives

Scrubbing liquid—watcr or organic liquids c.g. glycols. par-
afTin oils. For chemical scrubbing. solutions of bascs. acids.
ammoniainwater. Chemicals to improve solubility of impurity.

Capacity
< 10 000-> 100000 m*/h.

Others
Impurity must be highly solublc in scrubbing liquid. ¢ g.
Henry cocfficient < 0.1 x 10°.

Performance
Removal rate
75-99 %

I olume-flux
0.3-2.5 m/s.

Fffluent concentration
<10 mg/m".

Fnergy consumption
Electricity—0.1-10 kWh/1000 m' gas. Hcat—up to 5 m’
natural gas/1Co0 m® gas.

Fmissions
Polluted scrubbing liquid and vapours.
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Bottlenecks
Blockages in scrubbing liquid recirculation process. Gas
containing sticky particles.

Costs
Investment

System without recovery Dfl 10-30 m' gas. Sysiem with
recovery Dfl 30-200/m’ gas.

Operation
Df1 0.5-> 5/1000 m’ gas.

Range of applications
Purification of industnal waslte gascs.

Practical experience

Used in the chemical. mining. paper. fertiliser. metal working.
food and leisure industries. laboratorics. incincrators. sulphuric
acid manufacture. and odour removal.

9. THERMAL
AFTERBURNING

Principle of the process

Combustibic components in waste gascs react with oxygen
at high tcmperatures to produce CO:. H:O and other prod-
ucts. The output gas is passed through a heat exchanger to
partially prcheat incoming gas.

Aim of processing, pollution(s), waste
stream(s)

To destroy components such as organic substances. H:S. CO.
NH,. COS. CS:. H; and HCN in waste gascs. In principle all
gascous compounds containing C. H. N or S which react with
oxvgen at 600-2000° C can be treated.

Technological preconditions
Influent concentration

Max. concentration of combustiblc components 25% of
lower cxplosion limit, i.c. for hydrocarbons 10—2-gC/m’
Bas.

Temperature
Input gas usually < 300° C. raised to 500° C in heat cx-
changer. 600-1200° C in comoustion chamber.

Pressure
Atmospheric.

Additives
Fucl to producc 0-2000 kJ/m' gas. Combustion air 10
m/m"* natural gas or kg oil.

Capacity
< 5000~ > 20000 m'/h.
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Others
Oxy gen content 10-100% higher than necessary for combus-
tion of the confaminant.

Performance
Removal rate
> 99%.

Fffluent concentration
CO < 100-1000 mg/m’. Hydrocarbons < 20-5G mg C/m’.
NOx < 40200 mg/m’.

Energy consumption
Electricity 0.001-0.003 kWh/m® gas. Fuel 0-2000 kJ/m’ gas
depending on degree of heat exchanger usc.

Emissions

Exhaust gas trcalment necessary 10 prevent excessive
amounts of organic compounds, Co. NO,. SO;. HC1. HF.
CO; etc.

Bottlenecks
Incrt and cembustible solid particles (dust. soot and coke).

Costs
Investment

Capacity 5000 m*/h. Dfl 60-150/m’h. Capacity 20000 m*/h,
Dft 25-70/m*/h.

Operation
D1 2.5-25/1000 m® gas.

Range of applications
Treatment of industnal wastc gascs.

Practical experience

Used in chemical. petrochemical and refining processes, sur-
face treatment processcs, solvent processes. food and leisure
industry, treatment of houschold. industrial, slaughterhouse
waste. soil cleaning. etc. Thermal afierbuming of vapour/gas
mixturcs ¢mitted from storage and transport opcration for
pumping of toxic volatile organic compounds (acrylonitrilc.
cthylenc dichloride, benzenc).

Pump capacity 1,000 m’ fluid’h.
Investiment
Df1 6 900 000 (1986)

Operation
Pl 1-5/m’ Muid.

10.CATA

LYTIC
AFTERBURNING
Principle of the process
Oxidation of contaminants is spceded up by the use of acatalyst.
so that the rcaction can take place at a reduced temperature. The

rcactants are adsorbed onto the catalyst surface, oxidation takes
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place at the phasc boundary. and the catalyst surface is free for
further oxidation.

Aim of processing, pollution(s), waste
stream(s)

To destroy hamful components found in waste gases. Con-
taminants include organic substances. CO;. H;S. CS.. COS.
SO:. H,. O;. HCN. NH; and NOx.

Technological preconditions
Influent concentration
Maximum generally 10-20 gC/m’ gas.

Temperature
Maximum 900° C for alumino-silicate catalysts. Maximum
600° C for gamma-aluminium oxide.

Pressure
In afierburner usually atmospheric. Pressure drop in cata-
lyser 0.1-0.5 kPa.

Additives

Fuel—air for combustion ca. 10 m*/m?® fuel gas. Catalyst—
active components metals from platinum serics and oxides of
less inert metals. For selective catalytic reduction of NO, ap-
prox. 0.65 kg NHy/kg NO..

Capacity
< 2000-> 20000 m*/h.

Others

Calorific value of waste < 750 kJ/m’ (ca. 35% of LEL).
Remove particles by pretreatment (filtration) if more than
2g/m’ gas.

Performance
Removal rate
90-99.9%.

Effluent concentration
Hydrocarbons < 200 mgC/m’. CO ncgligible.

Fnergy consumption

Electricity 0.001-0.002 kWh/m® gas. Fuel 0-1000 kJ/m’ gas
(depends on degree of heat recovery and calorific value of
contaminants).

Fmissions
NO, < 15 ppm, CO,. solid residuc containing (hcavy)
mctals.

Bottlenecks

Blockages by dust. fibres. highly-poly meniscd. organic com-
pounds. soot, ash and mctal oxidcs. Efficicncy is reduced as
catalyst ages (replacement) necessary after 2-5 years.
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Costs
Investment

Catalytic aftcrbumer Dl 30-60/m*h. Catalvst matcnal Dfi
3-35/m'M.

Operation
DAt 2.50-20/1000 m' gas.

Range of applications
Trcatment of wastc process gascs. and emissions from combus-
tion engincs.

Practical experience

Uscd intreating waste gascs from solvent processing industrics.
shudge processing. food and Ieisurc industrics. desulphurisation
works (Claus units). trcatment of hyvdrocarbons. combustion
engines. incinerators and chemical industrics.

11.FABRIC
FILTRATION

Principle of the process

Waste gascs are passed through woven or felt-ty pe fabric filters.
trapping solid particles. Filter operation is based on the ten-
dency of particles to adhere to filter fibres and other particlcs.
The particles are then removed from the filter fabric and can
often be reused.

Aim of processing, pollution(s), waste
stream(s)

To separatc/concentrate and recover solid particles from waste
gascs. Particles may be organic. inorganic or metallic.

Technological preconditions
Influent concentration

U to 200 g/m". At concentrations > S0 g/m* mechanical
scparation tcchniques arc used first.

Temperature
Up to 450° C depending on filter material,

Pressure
Usually atmospheric. Pressure drop across filter 0.5- 2
kPa.

Additives
Filter fabric, precoating matenal if necessan (c.g. calcium.
aluminium oxide. pulvensed coal).

Capacity
< 1000-> 100000 m'/h.

Others
Panicle diamcicr > 0.01 um.

Performance
Removal rate
95-99%,.
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Iffluent concentration
1-75 mg/m".

Energy consumption
0.5-2 0 KWh/1000 m’ gas.

Emissions
Solid residue of trapped particles—ofien recovered for reusc.

Bottlenecks

Filter blockage by sticky. hvgroscopic. strongly agglomer-
ated and/or small particles or at temperatures around the dew
point. (¢.g. at process start-up).

Costs
Imvestment

Dfl 3-25/m’ gas'h. Higher if system is thermally insulated in
stainless stcel. or if special fabric filier required.

Operation
DAl 0.50-3/1000 m* gas.

Range of applications
Treatment of gases from indusirial processes and incincra-

tion.

Practical experience

Widcly uscd.
12.SELECTIVE
CATALYTIC
REDUCTION
(for NO., control in
combustion processes)

Principle of the process

Ammonia. usuatly in solution. rcacts with nitrogen oxides to
producc molecular nitrogen and water vapour, as follows:
4NO + 4NH, + O, implies 4N; + 6H;0 6NO; + 8NH. implics
N: + 12H,0. In the presence of a metallic oxide catalysi. c.g.
vanadium pentoxide or tungsien trioxide. the reaction takes
place at a lower temperature (250—100° C).

Aim of processing, pollution(s), waste
stream(s)
To convert NO and NO:; in ffuc gascs into N: and H:0.

Technological preconditions
Influent concentration

No strict fimits. bui in practicc: NO, 600-2000 mg/m’" (at
2.5% 0:). SO: 7002600 mg/m'* (a1 2.5% O;). high dust 5-25
g/m’. low dust 0.01 g/m’.

Temperature

250=400° C. Low tcmpcrature units { 180° C) under construc-
tion.
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Pressure
Usually atmospheric or slight over pressure (tenths of
bar).

Additives
Ammonia (gas) ca. 0.37 toniton NO.. 25% ammoma (solu-
tion) ca 1.1 tonton NO,. Catalyst ca. 11-12 ton/yvear.

Capacity
Power stations up tc 2000000 m'/h. Waste incineration 100-
130 m'h.

Performance
Removal rate
75-90%.

Effluent concentration
Existing installations 100-200 mg/m* NO.. New installa-
tions 70 mg/m’. Pilot plants 20-70 mg/m’.

Fnergy consumption
6000-10000 kWh'ton NO,. Estimate for low-dust installa-
tion in waste incineration 1400 kWh/h incl. 3-6 vVh stcam.

Emissions

N. H:O plus N:Q if reaction temperature too high. Ammonia
max. 5 mg/m’. Solid residues—ammonium sulphate and bisul-
phatc. Fly ash. Spent catalyst.

Bottlenecks

Trregular distribution of NO. in flue gas. Deposition of am-
monium salts or fly ash in pipcs. Blockage of catalyst pores.
Equipment crosion in high-dust units.

Costs
Power stations
Investment

DM 66.3kW

Operation
DM 100-170/kW.

Waste incineration
Investment (estimated)

DA1 8000 - 13000/ton NO, removed (D1 6000 for activated
carbon catalytic reduction).

Range of applications
Teratment of fluc gas from power stations and wasic incinera-
tion installations.

Practical experience

Power stations—uscd in Germany . Switzcrland. Austna, Japan,
Netherlands. EPON (Nijmegen)—coal-fired power station,
manufacturer ESTS. 65MW, fluc gas consumption 210000
nm/h, honeycomb cataly st. removal raic 76% (planned 80%).
Waste incincration plant: Vienna-Spiticiau in operation since
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1990. also DSM (acry lonitrile works). others planned or under
construction.

13.COMPOSTING

Principle of the process
Composting is the acrobic biological degradation of organic
waste resulting in a usable product (compost).

Aim of processing, pollution(s), waste
stream(s)

To obtain an organic compost. reduce the volume of waste and
destroy weeds and disease germs in organic waste.

Technological preconditions
piH range
Initially 5-5.5. rising to 9 then falling to 7-8.

Temperature
Rises 10 55-80° C during heating phase.

Additives
Dzpending on consistency of waste—dry matter. bulk (e.g.
wood shavings). straw and paper.

Capacity
Examples of closed system: DANO-system 30-90 ton/day:
Thyssen Enginecring max. 300 ton/day.

Others

C/N ratio < 30 depending on composition of waste. Size of
heap up 10 4-5 m high. Oxy gen required for microbial activity.
Drv matter content at least $0%. Moisture content 30-70%
(average 40-50%). 20-80% organic material in waste.

Performance
Compost vield
40-50% of starting material.

Emissions

CO; and H:O from dcgradation proccss. Wastc paper ctc may
be blown by wind. Heavy metals and non-biodegradable com-
pounds Icached into soil and percolation water. Ammonia gas
cmission, sometimes H;S and mercaptans if anacrobic zoncs
arc formed.

Bottlenecks
Porosity too low. Insufficicnt acration.

Costs
Operation

Houschold waste Df1 30~1100/ton: vegetable, fruit and gar-
den waste D 140/ton; closed rotary drum method DAY 100/1on.

Range of applications
Reduction of organic houschold and garden waste.
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Practical experience

Open system—heaps e.g. Beltsville. Rutgers University.
Closed systems cell systeras—Knecr reactor. houschold waste
and slurry. 10 - 14 davs & 8 wecks maturing. Drum sy stems—
c.g. DANO small capacity. 3-6 davs. Multifloor systems—e.g.
Multibacto and Carel-Fouche. 2-6 days.

14 . ELECTROLYTIC
SEPARATION OF
METALS

Principle of the process

Using two clectrodes connected to a direct voltage source. an
clectric current is passed through the wasie water. Electro-
chemical reactions occur at the electrodes whereby at the anode
chemical substances are oxidised and at the cathode metal ions
are reduccd as metal.

Aim of processing, pollution(s), waste
stream(s)

Removal of impurities and concentration of impuritics from
polluted water. liquid waste and slurry. Mctals. metalloids and
their compounds may be separated.

Technological preconditions
Influent concentration

> 0.1 mg/1. Upper limit depends on solubility of mctal.

pH range
>3

Additives
Sometimes necessary to alter pH

Capacity
1-10 m*h.

Others
Presence of salts for good conductivity.

Performance
Removal rate
>99.9%.

P'olume-flux
1-3m'h

FEffluent concentration
<0.1ppm-100ppm.

Factor concentration (i.e. concentrate conceniration influ-
enl)
1-10.

Energy consumption
10.1-10 kWh/m’".

10 i
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Emissions
Salts. acids present in wasic water. Hvdrogen, oxygen and
chlorine depending on waste content.

Costs
Investment
Capacity 1 m'/h D 100000

Operation
10 m¥day wastewater comaining 100ppm Cu(ll) purified to
1 ppm DAl 3.00-Dfi 5.50.

Benefits
Some metals. c.g. silver in photographic industry. can be
reused.

Range of applications
Obtaining metals from raw matcnials. surfacc treatment of
metals and reclaiming metals.

Practical experience

Obuaining metals from raw matcrials: clectrorefining of AL Na.
Li. Mg from molten salts: Cu. Zn and others from solutions in
water. Surface treatment: metals in galvanic industry: lavers of
pure metals. alloys and composites (metals containing PTFE or
WC2). Reclaiming metals: Hg. Cd from batterics: Ni. Pt etc.
from catalyats: Au. Pt. Ag from precious metal working and
photographic industry. Cu. Ni. Zn. Cd. Pb and Co from ninsing
watcr from galvanic industry.

1S.LEACHING WITH
ACID/ALKALIL/
COMPLEXING AGENTS
(dissolving)

Principle of the process

Impuritics arc dissolved from solid waste using water. acid.
alkali. complexing or oxidising solvents. They can then be
removed from the solvent and both impuritics and punificd solid
may be rcused.

Aim of processing, pollution(s), waste
stream(s)

To remove/concentrate impuritics from solid waste in powder.
granular or pellct form, gencrally inorganic. metallic and not
incrt. In principle all inorganic compounds. and certain organic
salts. acids and bascs can be removed.

Technological preconditions
Influent concentration
No upper or lower limits.

pli range
No limits sct.
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Temperature

Generally room icmperatu. . 20° C. Can be raised to boiling
point of solvent. [n pressurc-suspension sy siem, icmperatures
of 90-236° L arc used.

Pressure
For percolation and suspension systems—atmospheric. For
pressurc-suspension sy stems—up to 2000 kPa.

Additives
Sohent depending on compound to be disolved. Acid. alkali,
complexing agent. water. oxidising solvents may be used.

Capacity
Ranges from grams to hundreds of tons per hour.

Others
Fluid content must be reduced if suspension or slurry istobe
processcd.

Performance
Removal rate
95%.

Fjfluent concentration
Optimally a few ppm.

Fnergy consumption
Low unless carried out at high temperature.

Fmissions
Somc harmful gas may be produced in pressure-suspension
system.

Costs
Depend on type and quantity of chemicals used. Example:
removing Al from fluidized bed from coal-combustion:

investments:
D270 k

Operation
Dfi 70.581 k/vcar (Dfl 441 13/ton ash).

Benefits
Reuse of sulphuric acid reduces costs.

Range of applications
Obtaining mctals from orcs and wastc.

Practical experience

Otaaining mctals from orc: widely uscd. Recovery of mcetals
from wastc: Hobokcen-Overpelt Co. Ni. Cu. Cd. Zn. cic Metal
wastc from metal-working industrics. Hy droxide sludge. Re-
scarch into treatment of coal ash, spent catalysl. baticnics &
clectronic wastc.
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16.SOLVYVENT
EXTRACTION

Principle of the process

Impuritics. mainly metal ions. arc scparated from a water phase
and concentrated. The result of the solvent extraction process
is a second strcam of water containing the extracted compo-
ncni(s). After treatment of this stream to scparate the desired
componcnts, the fluid can be reused.

Aim of processing, pollution(s), waste
stream(s)

To removc/concentrate metals and their compounds (excluding
alkali (carth) mctals) metalloids and their compounds and acids
from wastewater and liquid waste.

Technological preconditions
influent concentration
No limits in principle

pH range
<0-> 10 depending on extractant used.

Temperature
Generally 20-60° C.

Pressure
Atmospheric.

Additives

Extractant. solvemt and additives comprising the organic
phasc acids. bascs or salts for regenrating extraction medium.
Oxidising or reducing agents or complexing agents 10 extract
the scparated impuritics.

Canacity

Mixer-sctticr combination ®.2-2000 m*/hour. Scparators and
centrifugal extractors 1-180m'/hour. Column extractors 0.1-
6000 m'*/hour.

Performance
Removal rate
60-99%.

Fffluent concentrations:
ppm level.

fnergy consumption
Centrifugal cxtracior 0.25-9 kW/m'. Column extractor 0.1-
0.3 kW/m'. Mixer-scttler combination 0.2-0.8 kW/m*.

Fmissions
Treated Muid and regencration fluid.

Bottlenecks

Suspended particles, precipitation of ¢ g iron hydroxide,
calcmm sulphate and mangancsc oxide.
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Explicit plus-points
High sclectivity possible.

Costs
Depend greatly or: apparatus type. exrctant and process
conditions.

investment
USS 60200k (1974).

Operation
USS 1000-2000/1000 m' water (1974).

Range of applications
Extraction of metals. recovers of metals from waste water. ash.
spent catalysts and batterics.

Practical experience

Extraction of metals such as copper and gold. Recovery of
metals from waste: from metalworking opcrations. galvanisa-
tion and metallurgical industrics. Scparation of zinc from ravon
manufacture waste: AKZO (Fibre and Poly mer Division). ca-
pacity 40 mvhour. Zn concentration influcnt 300 mg/1. cffluent
15-20 mgA. Solvent Solvesso 15 and extractant DEHPA.

17.PRECIPITATION

Principle of the process

A chemical process in which components arc scparated from
waste water by forming an insoluble compound with an addi-
tive.

Aim of processing, pollution(s), waste
stream(s)

To remove/concentrate substances such as alkaline carth met-
als. heavy metals. scmi-precious and precious metals. other
metals. metalloids and their compounds from wastc water.

Technological preconditions
Influent concentration
No limits specificd.

pli range
Depends on the effect of pH on compound solubility. Gen-
crally not acid.

Temperature:
Usually 0-25° C.

t e

Additives

Substance required to form insoluble compound withdesired
impurity. Others may be required to alter pH or break down
scqucestering agents.

Capacity
Can be carried out on amy scale.

Performance
Removal rate
Over 99.5%.

Process time
< 1 min. to several hours depending on distribution of
solids.

Fffluent conceniration
A few mg/l (depending on treatment process).

Fnergy consumption
Low.

Fmissions
Besides precipitated substances. cmissions 10 3ir can occur
depending on chemicals used.

Bortlenecks
Pipework blockages. ¢ g by calcium deposits. formation of
undesired insoluble products.

Costs
Depend on technique. chemicals used and waste concentra-
tion. Examples:

For waste water comtaming 113 mg ! /n.
Investment

DA 200k (1978)

Operanon
DA 0.29/m’

For comcentrated chemical waste.
Operation

Dfl 100=3000/ton wasic (1989). DA 300-400/ton on the
average

Range of applications
Scparation and recovery of metals and metalloids from wasic
water and liquid waste.

Pressure
Not applicabic. Practical experience
Treatment of wastc water containing metals from metals and
surface treatment industrics. Scparation of cadmum from
12, " F/IM §--November 1994
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wastc water. Water purification—reducing hardness of drink-
ing water and removal of phosphates. Precipitation of gold by
reduction with Fe(I) sulphate solution. Cementation of copper
or lead with iron.

18.IMMOBILISATION

Principle of the ;rocess

Immobilisation is the solvhiication of liquid waste products by
physical confimement. ¢ © 1 preceded by chemical stabilisation
of the impurites.

Aim of processing, pollution(s), waste
stream(s)

To solidify impunitics witha view to removing or reusing waste
products. Impuritics arc gencrally inorganic and ionogenic such
as metal and metalloid compounds and inorganic salts. acids
and bases. Soil. slurrv. silt and solid or liquid waste can be
treated.

Technological preconditions
influent concentration
Too low to be otherwisc recovered but too high to be safely

dumped.

ptl range
6-11.

Temperature
Phy sical confinement 10-20° C Chemical stabilisation up
to 50° C.

Pressure

Atmospheric.

Additives

Binding agenis such as lime. cement and flv ash 100 10 1000
kg/ton. Chemicai stabiliscrs such as acids. bascs. oxidising
reducing or precipitation ageats arc in the region of kg per
ton.

( apacity
10~400m'/hour.

(thers

Minimal moisturc content desired (usually  10-50%4) but
liquid wast~ can be immobilised if cxtra binding agents arc
used. Concentration of organic compencnts is < 20-30%,

Performance
F(fhuent concentrations
Similar to influcat concentration

Fnergy consumption
Max. 3hWhiton for capacity 104 ton wastc/day.
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FEmissions
In sonx cascs small amounts of volatile organic componcnts.

Bottlenecks
Blockages in transport system.

Process time
Mixing time 2-3 minutes. hardeming ume scveral days to
scveral weeks.

Costs
For capacity of 20000 ton waste vear
Investment

DIt 10 M.

Operation
DAl 205/ton waste (DfI 4.100 k'vear)

Dumping costs
DAl 100-350/ton immobilisate

Range of applications
Treatment of industrial wastic Water punfication.

Practical experience

Treatment of soil containing heavy metals. cyvanide or oils: solid
maticr such as spent cataly sts. fly ash. asbestos waste: slurrics.
silts and filter beds including harbour silt, hydroxide silt. waste
from pharmaccutical. printing and dyc industrics and watcr
purification installations; liquid waste. mainly containing acids
and metal (ions). Capacitics range from 10000 to 100000
fonshcar.

I9.GRIN
SIZE RED

N

D
vLCT

G
1

o~

1
C N
Principle of the process

Reduction of the panticic size of solid materials, to cnable
optimal suitability for further processing and lowerning of trans-
port costs The term grninding is uscd for particle reduction 1o a
sizcof <5 mm

Aim of processing, pollution(s), waste
stream(s)

To reduce the particle sizc of a solid. non-clastic. low ductility
material. with starting sizc over 10 mm

Technological preconditions
Influcnt concentration
Not apphi ;ablc as componcnts not scparaied.

Addives
Watcr if wet gnnding 15 required Graphute, oily liquids,
volatile substances and water vapour among others
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Capacity
Up to 250 ton/h.

Others
Damp/vet material preferred.

Performance
Reduction ratio

4:1 to 100:1 depending on process. Final particle size: | cm
to < 10 pm

Fnergv consumption
0.5-10 kWh/ton (higher for ultrafine reduction)

Fmissions

Sometimes vapour and dust.

Bottlenecks
Blockage of mill grating.

Costs
Investment
Capacity 5 ton/h Dft 500 k. Capacity 200 ton/h DfI 1000,

Operation
Capacity 5 tonvh Dfl 15.03/ton. Capacity 200 on'h DAl
1.10/tom.

Benefits
Lower transport costs of wastc.

Range of applications
Reduction of waste prior to recycling

Practical experience

Waste from building and demolition work. carbreaking. house-
hold wastc. packaging. hospital wastc. wood. vchicle tyres.
Research into use in recveling of batterics.

20.PYROLYSIS

Principle of the process

Pyrolysis is the thermal splitting of organic matcrials in the
absence of oxygen. With the nisc in temperature. water and
organic mattcr is cvaporated. followed by the splitting of higher
hydrocarbons into lowcr hydrocarbons.

Aim of processing, pollution(s), waste
stream(s)

To remove impuritics from solid. liquid. chemical or silvslurmy
waste. This can lead to a reduction in dumping volume. and the
production of cncrgy carriers in the form of py rolysis gas and
cokes. and (petro) chemical raw matcrials (py rolysis oil/tan.

t e

Technological preconditions
Influent concentration

Varies by substance. c.g. maximum hy drocarbons 100%
maximum CL S.N.F < 1%

Temperature
500-1000° C.

Pressure
Autoclave processes 10-100 bar. othcr processes atmos-
pheric.

Additives

Sometimes fucl. air. additional material to prevent sintcring
clcaning agents.

Capacity
< 20000->1000(0) torvy car.

Performance
Removal rate
>99%.

Effluent ccncentration
Depends on composition of waste and varics by substance.

Fnergy consumption
5-20 KWe/MWth of waste.

P’rocess iime
Up to 120 minutes depending on reactor (ype

Emissions
Pyrolysis gascs. ninsing watcr.

Bottlenecks
Blockagcs and corrosion by deposits. Siutering at high tem-
peraturcs.

Costs
Varics according to reactor type and capacity. Example:
flnidized bed reacior. capacity 13000 ton/year:

Operation
DAl 356/ton

Benefits
DAl 404/ton.

Range of applications
Treatment of organic waslc.

Practical experience

Trcatment of houschold. industrial. hospital. agriculiural and
forestry waste including ty res and plastics
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Principle of the process

As waste matter is heated in a rotary drum kiln to temperatures
of upto 1200° C water and organic matter is evaporated. Further
organic matter and solid carbon burn in e kiln and the post-
combustion chamber. and the non-combustible components
(sand. ash. slag) remain in solid form.

Aim of processing, pollution(s), waste
stream(s)

To remove or destroy harmful or unusable organic impurities
in polluted soil. solid or liquid waste. siudge and slurries. thus
reducing the volume of solid residuc. In some cases the released
cnergy can be utilised. Impuritics may include pesticides. diox-
ins. oils and benzene. Waste includes metal components. tyres.
and filter cake.

Technological preconditions
Impurity concentration

Polluted soil/water < 1%. Solid and liquid waste including
slury > 50 - > 99%. Limits on ccrtain substances.

Temperature
9200-1300° C.

Pressure

Atmospheric.

Additives
Fucls. air and clcaning agents.

Capacity
< 3=> 12 tons/hour.

Others
No cxplosive or mdioactive material. Centain other sub-
stances limited.

Performance
Removel rate
99.999%.

Process time

Volatile substances 5 scconds in rotary kiln and post-com-
bustion chamber. Solid substances 30— 90 mittes in rolary
kiln and post-combustion chamber.

Fffluent concentration
Dcpends on substance.

Fnergy consumption

34 KWe/MWih
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Emissions

Besides solid residue, concentrations of ecmissions (o water.
air and soil arc less than the AVR recommended maximum.
Treatment of combustion gas is necessary.

Bottlenecks
Incent and combustible solids (dust. soot. coke).

Explicit plus-points
Encrgy can be recovered in some cases. No pre-treatment of
waste necessary . No strict requirements for waste.

Costs
Depend on ‘nstaliation size.

Investment
Dl 8-60 M.

Operation
DAl 60-270/ton waste (lowest at higher capacity).

Benefits
Dfl 0-210/0on.

Range of applications
Treatment of industrial waste with chemical impurity con-
tent.

Practical experience
Example: AVR Chemic capacity 6 tovhour

Investment
Dfi 80 M.

Net costs
Dfl S00/ton.

22.DRYING

Principle of the process
Air is heated. then passed through paper and plastic wastc.
removing the wa cr content in the form of vapour.

Aim of processing, pollution(s), waste
stream(s)

To remove the moisture content of paper and plastic layers from
houschold waste. This reduccs the potential fc r micro-organism
development. and the solid residuc may be used as refuse
derived fucl.

Technological preconditions
Moisture content
Paper 30-55%. Plastic 20-25%

Temperature:
Air input 350-400° C for paper in drum dryer. 100° C for
plastic in belt dryer.
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Pressure
Atmospheric.

Additives
Nonc.

Capacity
Drum dryer 100 kg/h to 300 ton/h. Usual capacity for paper
fraction is 4 ton/h.

Performance
Removal rate
100%.

Drang time
5-10 minutes.

Final moisturc content
Plastic %. Paper usuallv dried to normal 1% moisturc
conter..

Fnergy consumption

Per ton dricd paper—1 15 m” natural gas. 30 kWh clectric-
ity (125 m' natural gas cquivalen:). No data available for
plastics.

Fmissions
Water vapour and dust.

Bottlenecks
Accidental combustion caused by sparks.

Costs
Investment

Capacity 4 toh drum dryer DT 460000

Operation
DAl 56 per ton.

Range of applications
Trcatment of houschold wastc.

Practical experience

Treatment of houschold waste: drying paper waste in drum
drycr. capacity 4 tovh. process time 30 minutes. drying plastic
foil waste in belt drver. capacity 0.4 ton/h. drving time 70
minutes.

23.DISTILLATION

Principle of the process

Distiflation is a method of scparating two or morc componcnts
with different boiling points/volatility. The mixturc is heated
until onc component cvaporaics and can be removed and con-
denscd. The process can be repeated as different fractions are
rcleased from the mixturc.

Aim of processing, pollution(s). waste
stream(s)

To scparate organic compounds or mixtures of organic com-
pounds and water. from organic fluid waste and polhited
walcer.

Technological preconditions
Influent conceritration
Depend on differences in boiling points of fractions.

pll range
Only significant in conncction with cormosion degree of
apparatus.

Temperature
Generally 353-300° C. depending on boiling poini of lcast
volatilc component.

Pressure
0.01-2 bar.

Additives
Used in ascotropic and extractive distiliation only.

Capacity
1000 to 10000 ton/s car.

Others
Matcnal should be thermally stable.

Performance
Removal rate
< 75%> %%,

Fffluent concentration
0.01% or ppm region achicvable. depending on differences
in boiling points of fractions.

FEnergv consumption
Depends on type and conceniration of componcents.

Fmissionx
Besides recovered components and residuc. none

Bottlencecks
Presence of solid maticer. viscous or solid residuc. poly men-
sation of components

Costs
Operation
DA 400-600/ton.

Treatment of residue
DA 400-700/ton

Range of applications
Trcatment of organic waste. Watcr punfication.
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Practical experience

Treatment of organic waste: halogenated hy drocarbons used as
deercasing agents or solvents. non-chlonnated solvents suchas
alcohols and esters. otls suchas motor oils. Purificationof water
from production of dichloromethanc. chioroform. frcon 113,
I.2-dichMoropropanc. <ic . using stcam stripping.

24 .STEVING
MATTER

OF WASTE
(DRY)

Principle of the process
Pantickes arc scpariied according to sizc by passing through a
sicve. while the panticles are moving in rclation to the sieve.

Aim of processing, pollution(s), waste
stream(s)

To separate particles according to sizc. in order 10 remove
.mpuniics from solid waste. to concentrite panticle size frac-
uions for further processing or to fabricate fractions according
to specifications.

Technological preconditions
Particie size
OS5Smmio0.5m.

\fousture comtent
Matcrial should rot be wet. but up to 40%» moisture is
possible in naturally moist matter ¢.g. houschold waste.

Capacity
Up to 139 ton'h depending on type of matenal and panticle
Sly3

Performance
Uodume reduction
TO-90"% for constniction wasic.

Frergy consumption
Flat sicve ca. 0 3 k\Whion. Daum sicve 1-3 kWhiton.

famissions
Dust may be produced in addition to sicved matter.

Bottlenecks
Blockages in sicve mesh

Costs
Investment

DA 40-700 k

Operation
Flat sicve capacity 100 torvh DA 1 00/ton. Driin sieve ca-
pacity 25 ton'h DA 2 32100

Range of applications

Separtion aud concentration of organic and inorgamic fractions
from solid waste

PN November 1

U p d a t ¢

Pra-tical experience

Used in treatment of houschold. construction and demeolition.
wood. mdustrial. shredder and indusinal waste. compost and
combustion residuc. ¢.g. houschold waste. particie size 10250
mm. capacity 10— 15 on/h.

2S. HYDROCYCLONES

Principle of the process

A stream of matter in suspension cnters the conical or ey lindni-
cal lndrocyelene tangentiallv. and centnfugal force causcs
heav ier panticles to gravitate dow nwards while lighter particles
are sepanaied upwards.

Aim of processing, pollution(s), waste
stream(s)

To separatc/concentrate solid impuritics in suspension from
polluted sotl, water. sludge or slurmy.

Technological preconditions
Influent concentration
5-25% wi suspended matter

pli-range
Dcpends on matenial.

Pressure
Maximum 3 bar.

Addirves
Water for dilution

 apacity
Depends on separation diameter. Diameter 10 pm, capacity
1 m%h. Diamcter 5 pum. capacity 100 m'/h.

Mowsture covitent
Minimum 75%,

Others
Sieving neeessary to prevet blockages. Separation diameter
3=250 umat 2700 kg/m’ suspended matter.

Performance
Filtuent concentration

Dry matter content of upper stream 1-15%. Dry matter
content of lower stream 60-85%

Fnergy consumption
02-0 07 kWivm'

Fomissions
Washing water. slurny fractions (in soime cascs).

Bottlenec ks
Blockages. wear of cvelone wall

17!
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Costs
Capacity 100 m* hr,
Investment

DA1. 400 - 500.

Operation
DAl 120-150/m’.

Capacity 1000 m” hr.,
Investment
Dfl. 1000-1600,

Operation
DAi. 320-380/m’.

Range of applications
Water/liquid waste purification. Sand extraction. Sludge proc-
cssing.

Practical experience

Used in: sard extraction. clay processing. food and processing
industries; ¢ xtractive soil purification (capacity tens of m*/hr);
processing ¢ redged sludge (capacity hundreds of m*/hr): waste-
waler purification; scwage sludge processing.

26.SIEVING OF SO1L

Principle of the process

Particles of different sizes arc separated in a gravitational ficld
using a sicve. sometimes withshaking or vibration of the sieve.
Wet or dry methods arc possiblc.

Aim of processing, pollution(s), waste
stream(s)

To scparate wastc stream into two or more parts with different
particle size distribution. Reasons include the removal of
(large) particles which causc blockages or cannot be processed.
scparation of heavily polluted particles. optimal processing
treatments and achicving desired product specifications.

Technological preconditions
Influent concentration
Unlimited for non-fluid impuntics.

Additives

Somc processes require water or air. Wet sicving 5-20 m'
water/m’ solid material. Other methods 15 m* water/n’ solid
matcrial.

Capacity
1-50 m¥hr/m’ sicve surface. For slurry maximum 100
m'/hr/m width of sicve.

Others
Avoid material which will “stick™ duc to moiswre, humus,
tar, ctc. content.

t e

Performance
Sieve efficiency
90-95%. Wet sieving 95-99%.

Folume-flux
For slurry 3nv/s.

Fffluent concentration
Depends on impurity distnibution over different particle
SIZCS.

Inergy consumption
< I kWh/t soil (often < 0.1 kWh/t). Static sieving uscs no
energy.

Fmissions
Panticles of dust (o air. solublc impunitics to water.

Bottlenecks
Blockage of mesh by fibrous or adhesive particles. high
moisture or clay content.

Costs
Investment
Up to DAL 25k/m’ sicve surface.

Operation
Dy sicving. capacity 25 v/hr. DII. 0.99/4. Slurry sicving.
capacity 60 m® slury/hr. DL 0.13/m’.

Range of applications
Soil cleaning and scparation of polluted particles.

Practical experience

Soil cleaning—particle size 100-30{) mm using static or vibrat-
ing mesh sicves 40-100 mm using rod sicves. S—40 mm using
oscillating sicves. Scparation of oil and sand in coastal pollu-
tion—influcnt concentration 5-30% wt. oil cfflucnt concentra-
tion 0.25% wt. oil.

Principle of the process

The highly polluted fine fraction of the soil (diameter < 0.050
mm) is dissolved or dispersed in an extraction medium. which
can then be separated by scdimentation or in a hydrocyclone.
The extraction medium can be purificd for reusc.

Aim of processing, pollution(s), waste
stream(s)

To removce impuritics such as heavy mctals. cyanide, aliphatic
and aromatic hydrocarbons. chlorinated hy drocarbons and pes-
ticides from sandy soil or sand containing peat or loam with a
finc particle content of < 30%,
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Technological preconditions
Influent concentration

Content of finc particles (< 0 0530 mm) 30, Impunty con-
tent theoretically unhimited.

pli-range
For uncoated instaltation minimum pH 5 for coated installa-
tion minimum pH 2.

Temperature
o-l00° C.

Pressure
Atmospheric. Inhigh pressure water jet process 150-200bar.

Additives

Releasing agents (c.g.soaps). pH regulator (c.g. HCL.
FeClh): emuisificrs/demulsificrs (c.g. NaOH): coagulants (c.g.
FeCly): flocculants (¢.g. poh clectroly tes). 40-500 g NaOH/ton
soil.

 ‘apacity
< 10-> 20 tonhr.

Others
Moisture content < 20% for clay soils.

Performance
Remaoval rate
30-99%,

Efiluent concentration
No limits sct.

Fnergy consumption
2030 kWh/ton soil. For thermocoil installations ca. 200
kWh/ion.

Fmussions
Somctimes volatilc components to air. water with high con-
ceniration of dissolved salts (ca. 200 g/m’. mostly sulphates).

Bottlenecks
Too much coarse matier can cause blockages. too much finc
matcrial can lengthen processing time.

Costs
Investment

DA 25303950 K perycar (88=101/1on).

Operation
D 29.50-139/10n.

Range of applications
Punification of polluted soil and sand
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Practical experience

High pressure water jet installation (Bodemsancring Nederland
BV). capaciy 130 vdav for oil. hewy metsl. organochlonde
compounds and cyanide. Thermocoil installation (Ecotech-
nick)~<cleaning fucl oil from coastal sand. Alkali extraction
(Hevmans Milicutechnick BV, Hollandse Wegenbouw Zanen
BV). NaOh solution used. Acid extraction (Hey mans).

28. FLOTATION OF CON-
TAMINATED SOIL

Principle of the process

Contaminated soil is mixed with waterto form a sturmy withdny
maticr content 20-30%6. Surface-active chemicals are added to
develop differences in surface propertics so that impuritics will
adsorb air. Air bubbles arc passed through the mixture and the
impuritics adhere to the bubblcs 10 form a foam layer which is
then removed.

Aim of processing. pollution(s), waste
stream(s)

In principle all types of componcents can be scpurated. In soil
purification. has been used for removing Pb. Cu. cyanides.
certain aromatic compounds. poly ¢y clic hydrocarbons. chlorin-
ated hyvdrocarbons and mincral oils.

Technological preconditions
Influent conceniration
No limits.

pll-range
3-11

Temperature
Environmental temperature. If outdoors no more than a few
degrees of frost.

Addditives
Air as flotation gas; water 153%; chemicals (0.05 - 0.5 kg)—
collectors. regulating reagents: frothers.

Capacity
15=30 tow/hr.

Others
Drv matter content 20-30"_ Impurity grain diameicr (0.3-1
mm, depending on grain density

Performance
Removal rate
Maximum 95-99%,.

Fifluent concentration
Depends on influent concentration and tv pe of material.c g
cyanide S mg/kg. lead 50-150 mg/kg. ml 50 mg/kg.
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Energy consumption
10-15 kWh'ton soil.

Emissions
Volatile impuritics may be cmitted to air.

Bottlenecks
Blockages can occur in pipes and sicves.

Costs
Depend on capacity and degree of difficulty. c.g. capacity
120.000 ton/s T (40 ton/hr)

Investment
Dfl. 6840,

Operation
Dfl. 100A00.

Range of applications
Decomtamination of soil.

Practical experience

Mosmans Mincraaitcchnick BV—installation capacity 15 ton/hr
pius pilot plant 0.5 ton/hr. Heidemij Uitvocring BV milicutech-
nick - two flotation installations with capacity 15-30 ton/hr.
Jaansveld & Groen Milicutechnick-no information.

29. THERMAL
TREATMENT
OF SOIL 1|
INCINERATORS

Z

Principle of the process

After sicving (if nccessany) soil is heated to 300-700 © C,
whereby cvanides and organic compounds arc scparated and
cvaponated. the vapour then being treated in an afterbumer.

Aim of processing, pollution(s), waste
stream(s)

To remove contaminants such as complex cyanides. oils. aro-
matic hvdrocarbons. polycyclic aromatic hydrocarbons. phe-
nols and alkalized benscnes from soil.

Technological preconditions
Influent concentration

Maximum a few %.

Temperature
300-700° C (usually 500-650° C)

Pressure
1 bar.

Additives
Fucls (oil. gas)
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Canactty
5-50 ton/ir.

MMowsture content
Maximum 35%,

Performance
Remunal rate
>99%.

Eftluent concentration
A-alues achicved for all components

Energy consumption
21=70 liters oil'ton soil

Fmissions
CO:. H.0. somctimes HCL SO:. NO. and other toxic com-
poncnts if chlorinated hydrocarbons present.

Costs
Operation
Dfl. 75-250/ton soil.

Range of applications
Clcaning of soil contaminated by chemical spillages or
wastc.

Practical experience

Clecaning of soil from around gas works. petrol stattons from
sitcs of lcaky fucl tanks and soil contaminated with noa-chlo-
rinated pesticides. Use of rotary drum kilns with indirect. direct
and combincd direct and indircct heating. Fluidised bed method
used in pilot plant (no longer operational).

30.SECONDARY
COMBUSTION OF FLUEL

GAS IN SOIL
DECONTAMINATION

Principle of the process

Gascs produccd during the thermal treatmient of soil together
with fucl (if nccessary) and air are mined together in the
aftetburncr and heated to ignition. During combustion. harmful
components arc destroyed. if nccessary. particle scparation
using cyclones or filtcrs and gas scrubbing to remos ¢ remaining
impuritics. arc undertaken before the gas 1s cmitied.

Aim of processing, pollution(s), waste
stream(s)

To convert harmful components remaining in fluc gas after the
therma! treatment of soil into non-hamiful or less-hammful
products. Impuritics includc aliphatic compounds. aromatic
compounds. polycyclic hydrocarbons and chloninated com-
pounds.
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Technological preconditions
‘nfluent concentration

Must be between upper and lower explosion himits for the
particular substance.

Temperature
For non-chlorinated pollutants 700° C or higher. For com-
pounds difficult to decomposc or toxic compounds > 1200° C.

Pressure
Atmospheric.

Addinves
Fucl (oil or gas): air for combustion: caustic soda or calcium
for gas scrubber.

Capacity
< S000-> 20.000 m/hr.

Others
Oxygen content 1-10%,.

Performance
Removal rate
99-99 9999%.

Residence time
(in burner) 0.2-2 scconds

Fffluent concentration
Very low concentrations possibic.,

Fnergy consumption
Fuel 0-2000 kJ/m’ gas depending on concentration of com-
bustible components. Electricity 0.001-0.003 kWh/m' gas.

Fmissionys
Exhaust gascs: calcium or water from scrubbing. if used: and
solid noncombustible particles.

Bottlenecks
Blockages may be caused by inert. non-combustible particles
(dust. soot).

Costs
Investment
Df1 45-70/m’ gas.

Operation
DAY, 10-25/1000 m' gas

Rang: of applications

Treatment of gases produced from thermal combustion of con-
taminated soil.
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Practical experience

Used in treatment of soil contaminated with oil, polycyclic
aromatic hvdrocarbons. cvanides and non-chlonnated sub-
stanccs.

31.STEAM
STRIPPING

Principle of the process

Contaminated soil is heated by contact withstearn. cither in-situ
or ex-situ. whercby contaminants which are relauvely volatle
at about 100° C transfer to the vapour phasc and are discharged
together with the stcam. The contaminants are then emoved by
condensation.

Aim of processing, pollution(s), waste
stream(s)

To separate/concentrate volatile impunritics. usually organic
but also some inorganic ¢.g. NH:. H.S and Hg from soil.

Technological preconditions
Influent concentration

Theoretically no limits but other techniques more cost effec-
tive over 5% wi. concentrations.

Temperature
100° C (in-situ)-200° C (cx-sitw). depending on pressure.

’ressure
In-situ: overpressure ca. 30 kPa. underpressure < 20 kpa.
Ex-situ depends on cquipment and matenal,

Addinves

Stcam c.g.: 9.1 kg/kg soil contaminated with perchlo-
rocthvlene: 00.25 kg/kg soil contaminated with kerosene. Cool-
ing medium (15-50 m' water/ton stcam).

Capacity
1-20 m’ soil/hr.

Others
In-situ process minimum depth 1-2 m. Unsuitabic for clay
soils or watcer-saturated soils.

Performance
Removal rate
Up to > 99% possible. often much Icss.

Fffluent concentration

0.1 mg/kg—ens of mg/ke.

Inergy consumption
2000 MJ to gencrate | ton sicam. Actual consumption 10 -
204 higher.
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Emissions

Condensate: emitted air con coatain pollutants so purifica-
tion necessary. In-situ methods potential percolation of pol-
luted condensate.

Bottlenecks
Blockage by particles camed with steam; fatty components
in cold parts of svstem c.g. condenser.

Costs
In-situ capacity 5 m*-hr
Investment

DAfl. 1380k,

Operation
DAl 143/m’

Ex-situ capacity 5 m* hr
Investment
DAl 2000k

Operation
pfi. 216/m*

Range of applications
Purification of contaminated soil. Theoretically also solid.
liquid and slurry waste.

Practical experience

Only in development and pilot-plant stage at present. In-situ:
stratified soil with layers of cinders. clay. pcat and sand. Lighter
aromatic compounds 95-99% scparated in sand and cinder
laycrs, other pollutants 50-90% scparation. 20-70% scparation
in peat and clay lavers. Ex-situ: 40 kg batches of soil contami-
nated with perchlorocthy lene or keroserne. ¢a. 90% separation.

32.SUPERCRII
OXIDATI

TICAL
ON
Principle of the process
At high temperatures (500-700° C) and pressure (> 221 bar).
organic matcrials are oxidised to form H;O. CO; and other
products. Inorganic salts and oxidcs are scparated as sediment

and other inorganic componcnts such as sulphides and phos-
phor are converted to acids then deposited as salts.

Aim of processing, pollution(s), waste
stream(s)

To convert toxic organic compounds found in chemical waste
watcr, ¢.g. PCBs. DDT, lilanc, dioxins to lcss harmful sub-
stances.

Technaological preconditions

Influent concentration
Chemical oxygenr consumption of material 110-310 g/l.
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pH-range
Not important for process. Limited by material of reactor and
heat exchanger.

Temperature
S00-700° C.

Pressure
250 bar.

Additives
Oxygen/air. NHO:; (for sediment scparation). NaOH (to raise
pH. prevent sediment formation).

Capacity
Only pilot-plant scalc at present. 4-6 tonday wastewater of
which ca. 0.2 tonVday organic waste.

Performance
Removal rate
99.995% for PCBs: othcr components 99.5-100%.

1 olume-flux

23 Vhr.

Fnergy consumption
Heat of reaction is recycled via a heat exchanger so hittle
input encrgy required.

Emissions
Oxidation products. CO:. H;O and other gases. deposited
salts.

Bottlenecks
Possiblc blockages by deposited salts.

Fxplicit plus-points
Closed systcm. no cataly st necessary. ugh oxidation speeds

Costs
Investment

Capacrty 10 ton/day, US$S 5M. Capacity 100 tonvday US$
15M.

Operation
Canacity 10 ton/day US$ 650/m*. Capacity 100 ton/day US$
135/m’.

Range of applications

Purification of chemical wastewater. In principle also sludge
and clay soils and wastc strcams that can be brought into
suspension in watcr.

Practical experience

Modar—pilot plant, capacity 4-6 ton/day wastcwatcer. Experi-
ments with waste streams containing chloninated hydrocarbons,
transformer oil comaminatced with PCBs. Laboratory ¢xperi-
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ments with aliphatic compounds. halogenated (aromatic) hy -
drocarbons. dioxins. nitrotolucnc.

33.FLUIDIZED BED
INCINERATORS

Principle of the process

Wastc, pretreated if necessary, is fluidizcd by passing air
through. using fucl if necessary to reach a temperature of 700 -
900° C. Organic componcnts arc bumt to produce CO-: and H:O.
volatile components arc cvaporated. and other components are
removed during purification of cmission gases. Solid matter
can be passcd through the process again.

Aim of processing, pollution(s), waste
stream(s)

To break down and remove volatile and combustible compo-
ncnts. mainly organic. from solid or sludge waste strcams.

Technological preconditions
Influent concentration

No limits. If calorific valuc of waste low. then fuel nceded.
If calonific valuc high. incrt material c.g. water nceded.

Temperature
700-900° C.

Pressure
Atmospheric.

Additives

Fucl if necessary . Calcium (2.5 kg/kg waste) to limit acid gas
formation.N20H for gas scrubber. Coagulation/flocculation
agents for water purification.

Capacity
0-=30 tonhr.

(thers
High moisturc contcnt to be avoided.

Performance
Removal rate
Decpends on influcnt concentration.

F{fluent concentration
A-values achicved.

Fnergy consumplion
Fucl amount depends on organic matter content and moisture

content. 045 liters oil/ton wasic.

Bottlenecks
Blockages in input/output pipcs, pollution of water coolant.
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Costs
Investment
Capacity 5 towhr. Dfl. 15M. Capacity 30 towvhr, Dfl. 45M.

Operation
Capacity 15 ton/hr. Dl. 300-1350/ton soil. Capacity 30
ton/hr, DAL, 1150-1200/ton soil.

Range of applications
Treatment of houschold wastc. contaminated soil. mineral
sludge organic sludge.

Practical experience

Houschold waste treatment—usced widely in Japan (1900 in-
stallations) Sludge from water punfication—Thyssen, Lurgi.
Scghers. Stork and others. Contaminated soil—Boskalis Esdex.
Babcock. Thysscn Engincering: pilot plant with stationary
fluid bed installation for treatment of soif contaminated with
cyanide. oil or chlorinated hydrocarbons.

34. PLASMA
TECHNOLOGIES

Principle of the process

A plasma is generated by causing a voltage difference over an
oxidizing, reducing or ncutral camrier gas. If the plasma comcs
into contact with cold material (gas. liquid or solid), energy is
rcicased resuiting in high temperatures, thus causing organic
compounds to break down.

Aim of processing, pollution(s), waste
stream(s)

To remove organic compounds. particularly chlorinated com-
pounds. from gascous. liquid or solid waste. Sclid organic
waste is pyrolized. and heavy metals can be immobilized in a
malnx.

Technological preconditions
Influent concentration
No limits.

Temperature
Can reach 45000° C involtage arc. Free plasma 3000- 5000°
C. Temperature in reactor area 1200-1650° C.

Additives
Cammicr gas. ¢ g. hydrogen. oxygen. nitrogen. Calcium for
cleaning fluc gascs. Carbon or coke for reduction of metals.

Capacity
0-15 ton/hr.

Performance
Remaoval rate

> 99.999% for organic componcnls.

Fffluent concentration
< A-valucs.
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Fnergy consumption
Electrical encrgy roquired for plasma turch. Frergy man be
recovered from pn roly sis process.

Emissions
Fluc gases. Carbon contaminated with heavy metals. if used
in a reducing atmosphere.

Bottlenecks
Heterogencous matenals can cause problems in inputs/out-

puts.

Residence time
Fluids a few scconds. solids ca. 30 minutes

Costs
Installation for hquid treatment cestimated):
Investinent

DA 15-50M.

Range of applications
Proccssing of industrial and houschold waste.

Practical experience

/arious systems available, expenience with treatmeni of liquid
wastc containing PCBs. recovery of heavy metals from iron
works fly ash. Reports of production of RDF from houschold
waslc.

3S.HYDRO TH
1

RMAL
DECOMPOS 1 ‘

E
TION
Principle of the process

A liquid or solid wastc stream is mined with a hydrogen donor
at high temperature and pressure. The hy drogen reacts with
organochloride compounds to form hyvdrochloric acid and sim-
plc gases such as methanc and cthane w hich in large quantitics
can be reclaimed and reused.

Aim of processing, pollution(s), waste
stream(s)

To dechlorinate organic compounds occumng in wasic In
practice only liquid waste is processed. although theoretically
soils and studge can be rcated using fiiidized beds.

Technological preconditions
Influent concentration

No limits sct. With high content of (chlonnated) organic
compounds. the preduction of usable gas products 1s an advan-
tage.

Temperature
750-900° (.

Pressure
30-180 bar.
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Additnes

Hydrogen donor. usially hydrogen gas. can be a nuxtun: of
hvdrogen and incrt gas or ssngas ca. 4 mol H- per me! O
Calctum to prevent HCHformatienal necessan

Capacily
O=10 m'/hr.

Performance
Removal rate

Depends oninflucat concentration—99.93% o for C-Clbonds:
999999492, for compounds with 4 Cl-bonds

Frtisstomns
Coomamincred water and sludze from s scrubber and waier
punfice Souill chance of cnvitted dioxins.

Bottiene ks
Biockages in feed pipes

Explicit plus-ponis
Usable products produced

Costs (estimated)
Investment
Capacity 2.5 tonhr (22000 toni ). DIT 50M

Operation
DA 200-300:10n liqind thigher for soi! and sludge wr2m-
ment;.

Range of applications
Treatment of chlorinaicd compounds in liquid and sohd
waslc.

Practical experience

Onl on laborton scale. Dechlonnation of hiquids —removal
rae 999999 for 1.2.3 d-ictrachloro-dibenso-p-diovin Test
installation bascd on flurdized bed under deyclopment at TU
Dclit.

36. PARTICLE
SEPARATION
TECHNOLOGIES

Principle of the process

Solid particles with a high concentration of impuritics are
scparated from soil and mineral wastes by gravitatin ¢ scpara-
tion. bascd on adifference in densits between contaminated and
uncontaminaicd particies. A vanciy of methods—jig. shaking
table. spiral. tlting frame Vanncr. and Baales-Movley tech-
niqucs. arc available. Particles arc brought into suspension with
water. and agitated causing heavicr prticles to sink
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Aim of processing, pollution(s). waste
stream(s)

To concentons and remove comtanunited particles from sotls
and other munerat wastes Impuntics uwlude hany mictals. slag.
ore or ceranue penicles. or ornmink unpunties such as carbon
or solid pohvey chie aromatic ndrxcarbons. where the contami-
mated pancles hane lugher or lower density than clean soil
particics

Technological preconditions
Iniducrt conzcestiration
No hauts sct

BTN

Opuawal pli 7

semperatre
O=100° C glumated by botling and free/mng of water).

fediintvey
Water.

i apacin
Jig precess 1N-1060 o hr Others 0110 tonhr depending
0T PrOCCSS

Otiers

Particle sive -0 010 mm. preferably -0 075 mm Den-
sty difference between clean and contaninated particles
mrmam e keom

Performance
Remencal rate
=970,

Fitluent concentratiom
Lower A-valucs possible fer soif punfication

[ nergy conpspmpiion
Afew KWhiton soil

Fisions

Process water can be seairculated after cleaming Small
amount of residue contnming impunties. 1n some ¢ases can be
reprocessed

Costs
S shaking tabic spiral teclungues. if combased with extrac-
tion flotation
Operation
DA T5<150/0on soil. DA 1562500100

Orher tedhmigues. combined sitiv extraction flofation
Operation
DA Joo=300/10n
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Range of applications
Scparation of heavy mctals and orzame particles from soil
Scparation of mincrals from ore

Practical expericnce

Sotl treatment” using jig technique with flotien carbon parti-
clos separated with 932 removal mte. particle size O 075 - 100
min Other methods used for scparating nincrats from ore

37.EXTRACTION WITH
COMPLENXNONES

Principle of the process

Inaheap leaching or basin teaching process. ey metals react
with i complevone such as EDTA to form a complex which is
thenremorved The extraction agent is punficd by neutmhisation
and ¢lectroly sis and rcused.

Aim of processing. pollution(s). waste
stream(s)

To remove metals such as kead. cadmum. mercun . znc. copper
and nickel from soil or water beds Arsenic can be emoved
wrer reduction conditions.

Technological preconditions
f:iTwent concentration

No himuts sct. Ai high hemvy metal concentrations. hugh
EDTA concentration required

pli-range
2-12. usually 6% (at pH 2 cormosion of cqumpment can
ocuur)

femperature
Emoronmental

Jedditives

EDTA=extraction iqud with 3mi”s EDTA m water 1s pre-
pared using a solugion of 40%a (memy i water HCH for pH
control NaOH and CaOH for pH control and <scdimentation

Cupacity
0-15 1on'hr

Particle size
- Smm U0 0050 mm pretreatment necessan by coagula-
tion and flocculation

Performance
e moval rate

S0-80% In stmple cases -0,

Folume-flux
4300 {1/ /hre

Ftiluent concentration
Typically B-values achieved
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Energy consumption
45 kWh/ton wet matenial. ca. 100 kWh/ton dnn matenal.

Emissions

Following extraction agent purification. residue with high
salt concentration. Zn/Fe hydroxide studge. Other metals sepa-
rated in metallic form.

Bottlenecks
Possible blockages in feed pipes and soil bed.

Costs (estimated)
Capacity 12000 ton vr. soil sludge containing heavy metals
Operation

Dfl. 150-170/0n.

If heavy melals and arsenic preseni

Operation
Dfl. 170-195/0n.

Range of applications
Purification of soil or watcr beds.

Practical experience
Only at laboratory stage. Research by Project Bureau voor
Industricel Avfal. (PBI).

38.ELEC

TR
RECLAMATI

0]
ON
Principle of the process

Electrically charged impuniics are separated in an clectnic field
by clectro-osmosis. clectrophoresis or electroly sis.

Aim of processing, pollution(s), waste
stream(s)

To remove electncally charged particles such as ions and ion
compluxes from clay soil, sand containing peat or sludge. etc..
also possibly from groundwater and industnial siudge. Impuri-
tics scparated include copper. lead. cadmium, nickel. zinc cic.
Mectals bonded in apolar form cannot be scparated. The emoval
of organic impuritics c¢.g. PCBs ard polycyclic aromatic hydro-
carbons is under investigation.

Technological preconditions
Influent concentration

In principle no limits. At high concentrations other processes
more suitablc.

pkl-range
In some cases HCI solutior: with pH 3—4 uscd to increasc
scparation efficicncy.

Temperature
0-70° C, usually riscs to ca. 40 C (locally up to 70° C).

i6
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Pressure
Environmental.

Additives
Water. chemical conditioners. salts. acids. acidificd water.
according to type of impuntics and soil.

Capacity
In-situ treatment time weeks to months. c.g 430 onrclay soil
over 3 months. On semi-technical scale 1-5 m/hr.

Performance
Removal rate
50-9%%.

Fffluent concentration
Depends on tvpe and heterogencity of soil. moisture content.
etc.

Energy consumption
100-500 kWh/ton soil.

Emissions
Filter cake treated before disposal. Possible evaporation of
volatile componcents in soil.

Rottlenecks
Sediment formation in clectrode casing.

Costs
Operation
Average Dfl 150-270/ton soil.

Costs increase with shorter treatment time.

Range of applications
In-situ treatment of contaminated land.

Practical experience
Loppersum project: 50 kg As scparated from 450 tons clay soil
over 3 months.

39.CHEMI L
I

CA
OXIDATION
Principle of the process
The waste stream (gas or liquid) is mixed with an oxidation
agent such that electron transfer takes place. Oxidation usually
takes place in stages. using a catalyst.

Aim of processing, pollution(s), waste
stream(s)

To break down dissolved impunitics in wasic walcr. or odour
componcnts in wasle gases. Impuritics include cyanides. or-
ganic compounds such as phenols. chloninated hydrocarbons
and biocides, metal complexces, and organic microimpuritics
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Technologicai preconditions
Influent concentranion

In pnnciple no limis. Duc to costs. maximum few hundred
ppm. If o/onc used mimmum few ppm.

pll-range
Usually low. For cy amde pH Y.

ddinves
Oxidizing agent. usually chiorine blcach. hy drogen peroxide
with iron catasvst. or ozone with UV cataly st

Capaciy
Up 1o several m'/day.

Others
Water required. apart from oxidation of gascs using ozonc
For U VOX sysicm. transparcnt reactor wall must be kept clean

Performance
Removal rate
Cvanide 100%.. Gas scrubbing 95° e of odour component.

[ flluent concentration
Phenols 1-1t0 ppm.

Energy consumption

Production and oxidation of ozonc/UV 2 3 kWhvm' waste
water dosing of oxidation agent 0.01-0.1 kWhim. Mixing
0.1-05kWh.

Fmissions

Oxidation products H.0. CO:. somethimes salts. Some undc-
sirable organic compounds may occur in the casc of organic
impuritics. Unuscd oxidation agent. or its reduced form

RBottlenecks

Dinving of rcactor wall in UVOX system  Undesirable
byproducts ¢ g. chionnated hydrocarbons. can affect proc-
css.

Fxphicit plus-poaats
Simple process.

Costs
Ozone UV process, capacity 25 m* hr polluted water
Invesiment

DAl 2 400 000,

(Jperation
Df14.5/m’ watcr

Oxidation agents

Chiorinc blcach Dt 1) 25-0 90/kg. Hyvdrogen peroxide DA
1.30/kg solution. Ozonc Dl S00/kg.
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Range of applications
Disinfection. Purification of industnal waste water. Gas scrub-
bing.

Practical experience

Punfication of industnial wastc watcr—galvamc industn.
breakdown of cyvanides to CO- and N: (aeemt Cl bleach or
H-0-). Removal of phenotls in coke processing. oil refining. tar
processing—influent concentration 100 ppm. effluent concen-
tration < { ppm (agent H:0:). Gas scrubbing— > 95% removal
of mercaptans. H:S and othcr odour components (agent chio-
nnc bicach. H:0.. o/one).

40 . FREEZE
CONCENTRATION

Principle of the process

Water is remosved from a waste stream by cooling unul ice
crystals are formed. which can be scparated by solid-liquid
scparanion icchneques such as a wash-column, and melied. The
waste strcam is thus scparated into purc water and a concen-
trated waste stream.

Aim of processing, pollution(s), waste
stream(s)

To concentrate impuritics such as metals. metallowds and their
compounds. salis. acids. bascs and organic substances from
wastc water. by recovering pure water.

Technological preconditions
Influeni concentration

10=30%> wt. dissols ed matter. Must be lower than that at the
cutectic pomt.

lemperature
-200° C.

Additivey
Cooling agent if direct cooling uscd.

Capacity
0.1-25 ton removed water/hr.

Others
Remove insoluble particles to prevent their separation with
icc cry stals.

Performance
Removal rate
> 99.9%

Fffluent concentration
ppm level.

I-actor concentration (1.e. concentrate concentration influ-

ent)
10-50.
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Fnenn comswmpiron
10-25 kWh'ion removed waker.

Fmssions

Besades pure water and residuc none.

Fxplicrr plus-points
Treatment of relatively concentrated waste possible. Not
dependant on i pe of dissolved matter. Pure water produced.

Costs
Imvestment
Capacity 25 thr. DAt 12 mullion.

Operatien
Ca. DAl 504ton removed water.

Range of applications

Treatment of drinking water and waste water. Concentrated
waste streams. ¢ g from membranc filtration processcs, can be
treated.

Practical experience

Pilot plant scale. Impuriticy. concentrated include organic acids
¢.g. acetic. 1-3% wi. Inorganic salts, organic compounds. hcavy
metal solutions ¢.g. from mordant baths.

41.PERVAPORATION

Principle of the process

Pcrvaporation is a2 membranc separation technique. whereby
the concentrate side of the membranc is in a liquid phase. the
permeatc side in avapour phase. The driving force is a chemical
poicntial diffcrence (usually partial pressure difference) across
the membranc. The waste stream is scparaied into purified
water and a concentrate waste which can be further processed
for reuse or combustion.

Aim of processing, pollution(s), waste
stream(s)

To scparatc/concentrate soluble. relatively volatile impunities
from waste water.

Technological preconditions
Influent concentration

No tcchnical limitations. On cconomic grounds < 100
mg/l.

pli-range
Decpends on membranc type.

Temperature
Depends on membranc ty pe, usually 50-70” .

28

Pressure

Concentrate side atmesphenc or slight overpressure ¢z |
bar Pcrmeate side atmosphernic or vacuum (y aCuum pen ape-
ration)

Additives
None.

Capac:n
5-50 m*/hr estimated for ground water punification.

Others

Remove suspended and colioidal particles. Concentration
polarisation may be significant under Inminar flow condi-
tions.

Performance
Removal rate
No details given.

Efjluent corcentraton

Depends on influent concentration. May require several
modulcs in series to achicve desired concentration. Maximum
concentration in permeate depends on solubility .

Fnergy consumption
Pumpca. 0.1 kWhm' water. Heat if necessary . ca. 6 kWh/m'
water.

Fmissions

In vacuum pervaporation some volatile compounds may be
emitied via vacuum pump. Otherwise none besides reientate
and permeate.

Bottlenecks

Membrane fouling. Sharp vanations in influncnt concentrii-
tion may affect performance. Freezing of permeate at low
condensor tcmperaturcs.

Costs
Investiment
Capacity 8 m'/hr. DIl 600000,

Operation
DA 1.46-1.85/m’ water.

Range of applications
Dewatering of alcohols: recoven of organic solvents from
gascous cfMlucnts. punfication of groundwater

Practical experience

Technique is sull under development Dewatening alcohols
using composiic micmbrancs of pols acn lonitril with thin fay er
of polvviny] alcohol Punficaion of groundwater—intlucni
concentration 50 g/m volatle hydrocarbons. Flow mte 1 g/’
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hr Retentite cone. | g'm’. penncate contains ™ 0% wt by dro-
carbons

42. ELECTRO
DIALYSIS

Principle of the process

A numbcr of membrancs. altermatch cation- and anion-selec-
tive. are placed betw een two electrodes. Under the influence of
an clectric ficld. ions are scparated {rom a wastewater stream
so that a high-ion and a low -ion stream are produced. Either or
both of these streams may be reused.

Aim of processing, pollution(s). waste
stream(s)

To scparate 1o substinces from wasic water. to concentrate
and recover jons. O 10 SCPArAC Ionic/non-1onIc corupounds.

Technological preconditions
Influeatt concentranon
Wide range possible. but for cconomic reasens ca 1-5 ¢/l

pli-range
-1

{emperaiure
16357 C. depending on membrane 1y pe

DPressuve

Low Drop of 1-3 bar can accur across membiane stack.

Aekditres
In pretreatment—{locculation agents. acids. activated carb-
on For membranc cleamng—acids. alkahs

Capac iy

For dnnking water production > 300 m*/hr Waste water
treatment up o fow m’hr. Modular construction. so almost am
capacity possible

Others
Remon e colloids. organic compounds. insolublc salts. iron
and mangangese ovides to prevent membrane fouling or damage

Performance
Removal raie
§0-93%,

I fuent concentranon
0 11 g/t Concentratc maximum 100-200 g1 Wider range

possibic but unccononuc

Factor concentrationt 11 ¢ concentrate concentration influent)
20100 for Ni
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FEnenn consumption
1-5 kWh/m" waste water. or 1-5 kWh'kg scparated metal.

Fmissions
Besides concentrate and punificd water. sometuncs small
wastc stream from membrane cleaning.

Bottlenecks
Mcmbrance fouling. biological fouling. Hard panicles may
danmage membrane.

Fxpheit plas-points
Modular construction so scaling up quite simplc

Costs
Capacine 3000100000 m ™ dav
Operation
$0.25-0.50'm’ (drinking walcr preparation).

licmjils
Less use of chemicals and water. lower discharge taxes
and sludge removal costs.

Range of applications

Obiaining salt from scawater. prepamtion of dninking water
from brackish water: food indusiry. ¢ g desalination of cheese
whey . recovery of metals from wasic water. treatment of power
station cooling watcr.

Practical experience

Prepamtion of salt from scawater: iargest application. nuniy
in Japan Preparation of dnnking watcr—aover 10K installa-
tions. total capacity > Y0000 m'/day

Scparation of metal from waste water: Ni nnsing bath. capacity
0.55 m'/hr. influcnt concentration 26 ¢/l N efMuem 35 1

concentrate. 3151 purified water’hr.

Investment
S1O100e

Operation
$ 231650y

Benefits
$118 000 savings on chenucals

Aquatcch sy sicm punfication mordant wastc water, 6400 m/vr.
Investment
$22M

Operation
$1MAcar

Benefits
$1. 5Mnacar
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43 . WET AIR
OXIDATION

Principle of the process

A waste stream is passed. together with an oxygenated gas. at
high pressure through a heat exchanger. then into a reactor
where oxidation takes place. Output gases arc discharped. afier
treatment if necessary. and effluent is retumed to the heat
exchanger.

Aim of processing. pollution(s), waste
stream(s)

To break down organic molkecules in soil. water. sludge and
shurries. by hvdrolysis. pyrolysis and (partial) oxidation. Cer-
tain inorganic compounds. ¢.g. cvanides. sulphides and ammo-
nia can also be processed.

Technological preconditions
Influent concentration

Maximum depends on apparatus and oxy gen source—under-
ground pipe reactor with heat exchanger 50 g/l. underground
pipe reactor without heat exchanger 20 g/l: above ground
svsicm at least 100 g/1.

pll-range
Depends on impurity.

Temperature
240-340° C. lowcr for sludge conditioning.

Pressure
30250 bar. lower for sludge conditicning.

Additives
(Air) oxy gen. nitric acid (dcposit scparation). NaOH (deposit
prevention). Catalyst if nccessary.

(apacity
1.3-65 m'/hr. depending cn reactor type.

Others
Remove salt deposits regularly. High chlorine content can
causc corrosion.

Performance
Removal rate
99.9%.

Fffluent concentration
Depends on impurity. tcmperature. process time. Inpanciple
in the order of mg/l. but often not cconomical.

Fnergy consumption

For pump and compressors, depending on pressure and per-
formance, 11-25 kWlvm® wastc.

R}
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Fmissions

Depend on applications. Efflucnt and output gas usually
require treatment. Inorganic ash from sludge/slurry. dissolved
metals. suspended matter.

Botilenecks
Salt deposition on reactor wall and heat exchanger. Somic-
times deposits of organic maticr.

Costs
Above ground svstem: capaciny 133001 3.
Investment

$.25M

Operation
$ 130-530N waste water

Below ground system: capaciy 20000 kg aav
Investment
$1621M

Operation
$ 150-250/1000 kg impuriiy.

Range of applications

Conditioning of scwage sludge: oxidation of purification
sludge and "night soil . regencration of activated carbon: ox-
dation of paper siudgc. waste water purification. chemical
wasle processing.

Practical experience

Conditioning scwage sludge: Zimpro/Passavant ca. 80 installa-
tions. oxidation cfficiency 3-10%., 180-220° C. Oxidation
sludge and “night soil”: Zimpro/Passavant ca. 40 instaliations.
50-80% reduction. organic matter 90%. 210-280° C. Wasic
waler purification: Osaka Gas. treatment of water containing
cyanide. from gasification of heavy crude oil.

44 HIGH GRADIENT
MAGNETIC
SEPARATION

Principle of the process

Wasie water or slurry is passcd through an inhomogenous
magnetic ficld. with or without a filter matrix. to produce a
purified cffluent stream and a magnctic sludge.

Aim of processing, pollution(s), waste
stream(s)

To scparate/concentrate ferromagnetic, ferrimagnetic or
paramagnetic (or magnetizable) panticles from poliuted water.
sludge or slurry. Dissolved or suspended nron-magnetic impu-
ritics can be scparated if pretreated by coagulation. flocculation
or (co)-precipitation, ¢ g. with Fe(OH)..
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Technological preconditions
Iafluent concentranon

No theoretical limits. Suitable for large streams with rela-
tivels few panicles to be wmoved. For scparation of mag-
netic/non-magneiic particlkes < 23%,.

pil-range
Depends on filter matenal.

Temperature
Not significant.

Pressure
Generalh atmospheric. High pressure used (or process waicr
punfication.

Addiives
Magnctite (if used) man_ | kg/m”. P.E. 1-5 g'm’: Fordephos-
phating scwage cfflucnt fime ca 200 g/m’.

Capaciv
102000 m' hr

Others
Pankie size 0 1-1 m For filter matrin system. particle size
ca. 20, of averge distance between filter openings.

Performance
Removal rare
> S

Eiluen: concentration
10 mg/1. For phosphate scparation - 0 2 mgl.

Fuctor come cniration
(1 ¢. conceptrtc/concentration influcnt) 6OOO

Frergy consumption
Capacin 225 mYhe. magnetic induction 1-2T—0.9 - 1 8
kWIVm' for dephosphating sewage water. 0 08-0 09 kWh/m'

Emisions
Magnctic sludee. solid content ca 30% chenicals. ¢
if used. cooling agent

¢ g lime,

Battlenecks
Open gradicnt system—none Filter matni sy siem—block-
age by large purticles

Costs
Clav procossing. capacin 225m" hr
Investment

£ K00000

Sewage water, capacity 5’ hr

Investorent
DA 2600000
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Operation
Dfl 0.23/m’ magnetic cfflucnt.

Range of applications
Purification of kaolin (clav ). trecatment of industrial and housc-
hold wastc: orc purification.

Practical experience
Punification of kaolin: 2 um panicles containing iron. scparated
from 30% slurmy —capacitn 64 1 drv clav/hr. Industrial waste:
uscd in paper industry. power stations. steel industry. others
under rescarch. Dephosphating of Iuschold waste: at research
slage.

E! I !
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TRIFUG
PARTICLE
EPARATION
Principle of the process
Mechanical scparation of particles takes place under the influ-
ence of centrifugal foite. according to the density differential.
Pretreatment by coagulation or flocculation may be necessan

1o increase particle size and separation cfficiency .

Aim of processing, pollution(s).
stream(s)

To scparatc/concentrate suspended particles such as metals and
their compounds. salts and organic impuritics. from polluted
water. sludge or slurry. to produce a punficd water stream and
a concentrated waste stream.

waste

Technological preconditions
Influent concentration
Few mg/l to scveral tens kgp/m’.

Temperature
Dcpends on cquipment Hign temperatures could have ad-
vantage of causing lower viscosity.

Pressure
Usuatly atmosphenc Slight ov cr- or under-pressure possible
with decanter centrifuge

Additives

Only if conditioning required. Additives may be inorganic.
cg FeCh. ororganic. ¢ g policlectrohvics Amounts depend
on 1y pe of wastc.

Capacity
1-90 m'/hr.

Others
Remove abrasive particles. ¢ g sand

Performance

Remeval rate
- 96% for sludge concentrition

Vi
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Effluent concentration
Minimum 10 mg/1 for sludge concentration < 1 mg/t for
clarification applications.

Energy consumption
Sludge concentration 1-2.5 kWhm' sludge.

Fmixsions

Solid residuc. treated as chemical waste. Water may contain
non-scparated particles. salts if chemnical conditioning uscd.
Noisc: 80-835 dbA at 14X) rev/minimum. 97-102 dbA at 2700
rev/minimum.

Bottlenecks
Fat deposits. coarse particles. More likely with disc centn-
fuges.

Costs
Investiment

Capacity | m“hr. Dl 90000, Capacity 4050 m*/hr. DA
650000,

Operation
DAl 150-200/ton drv content sludge.

Range of applications
Conccntration of communal and industrial sludge.

Practical experience
No details given.

46 . FILTRATION

Principle of the process
Suspended particles are scparated from a waste strcam by
passing through a filter bed or sicve. Pressurc is necessary 1o
cnsure a continuous flow of waste.

Aim of processing, pollution(s), waste
stream(s)

To scparatc/concentrate suspended particies. such as metals and
their compounds. salts and organic substances. from polluted
watcr. liquids. sludge or slurry. Dissolved. colloidal and cmul-
sificd particles may be also scparated if first brought into
suspension by pretreatment.

Technological preconditions
Influent concentration

From a few me suspended solids/ (c.g. cfMucnt polishing).
to several 10s kg’ (studge concentration).

Temperature
Upto few 10s° C.

Pressure
0.4-20 bar depending on cquipment tv

12
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Additives

Polvmers and inorganic flocculation agents For dnanking
water preparation. pulvensed coal. potissium penmEingaikie,
filter aids. alkali or lime.

Capacity
25-125 m'/hr depending on process type.

Others
Regular cleaning of filter necessan .

Performance
Removal rate
> 99%.

Fffluent cunceniration
For cfTlucnt polishing < I mg/l

Energy consumption
<2 kWhm". For vacuum filicrs 6-12 kWh'm',

Fmissions
Non-scparated. suspended particles in filtrate. Acid from
filter cleaning. Solid residuc

Bottlenecks

Sicve/filter fouling. pump blockage. biological growth in
sand filters.

Costs
Sludge processing. capacity 3000 ( vr.
Operation

Df1 300/t

Sludge dry content, sand filtration, caracitv 0000 mir
Operation
DAl < 0.10/m’"

Range of applications

Concentration of sewage and industrial waste water punifica-
tion sludge. Waste water purification (cfflucnt polishing)
Groundwater pu-ification.

Practical experience

Industrial waste sludge concentration—uscd in c.g. gahvanic.
Icathes and food industrics. slaughterhouscs. No details
given,

47.EVAPOR-ZTION

Principle of the process

A solution of non-volatilc component(s) in a volatile solvent
(usuaily water). 1s heated to boiling point so that the sohent
converts to the vapour phasc The vapour is scparated and
condensed.
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Aim of processing. pollution(s). waste
stream({s)

To concentrate impuritics present 1o water. such as salts. and
Jther inorganic or orgagic compounds if m soluble form and
tess volatile than water

Technological preconditions
Influent conceviration
Depends on impurnitics

pll-range
Dcpends on impunty . Can affect volatidiey

Temperature
Usualh 70-1100°C

Pressure
Usually -1 bar

Additives
Conditioners to prevent scaling. ¢.p
cooling water 0 8-09 mm’

in desalimation; acid.

Capacily
1-1600 m*/hr.

Performance
Remewal rate
Depends onty pe and volatilits of component. Up 1o 100%

I tiuent concentration
Depznds on component. Forinorganic salts canbe 1 mgA.

Fuergy eonsumption

Depends on namber of stages——single-stage §1-1.25 kg
stcanvkg cvaporated water. S-stage 025 ke/kg cvaporaied
WILCT.

Foussions
Dissolved. volatile components cvaporited with waler.
odourous gascs may be produced

ttlenecks
Fouling of hcated surface may hinder heat transfer and
CYaApOLation capacty.
Costs
Imvestment

D 3500001 T0O0OOMK)

Opceration
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Range of applications
Desalination Treatment of waste water. Concentration of proc-
€SS Waste.

Practical experience

Uscd in food industries. ¢.g. dain . and chemical provess indus-
in . Concentration of metal salts in galvanic industry. Wastc-
water from texule industry: pilot plant capacity 230 m/day.
Oreanic wastc from \cast and alcohol industry : 70-85% waste
concentrated. Ammonium sulphate scparation from caprolac-
tum production—capacity 25-1.%) nvhr.

48.SOLID 10N
EXCHANGER

Principle of the process

An ion exchanger consists of solid material (mostly syathetic)
which is able to combinc. more or less strongly. with ions.
Solid. charged groups (mostly sy nthetic). are bonded to the basc
material. and the strength of the clectrochemical bonding
causes ions to be exchanged

Aim of processing, pollution(s), waste
stream(s)

To separatciconcentrate dissolved. ionic particles from waste
water.

Technaological preconditions
Influent concentration
Maximum ion concentration 10-20 g/t water.

pi{-range
Strongly basic or acidic ion exchanger 0~14 \Weakhy basic
ion exchanger < 10, Weakly acidic ron exchanger - 4.

Temperature
Cation cxchanger (polysulphonate) 120 C
changer (pols sty rene-based) 0-100° C

Amon ¢\-

Pressure
0.15<0.25 MPa

lddives
Regencration solution=avith high concentrtion of cations or
anions_c.g HCL H.SO.. NaCl. NaOH. NH.

Capacity

0.5-2 5 cq/kg ion cxchange matenal
Performance
Remeval rate

80— .- Q9%

Eflluent concentration
To (sub) ppm lcvel

n



U p d a

ol o g ¥y

Energy consumption
Low. mainly electricity for pump dnive.

Emissions

Waste water from regeneration; metallic ions comverted 1o
solid residue by eloctroly sis or chemical precipitation: possibly
radioactive components.

Bottlenecks

Blockages by suspended particles. precipitation of calcium
sulphate. iron oxide. mangancse oxide. bactenal growth. or
certain organic material. ¢.g. aromatic compounds.

Costs
Imvestment

Cation exchanger Dfl 3000—~000/m’ . Anion exchanger Dfl
8000-13 000/m’. Chelating exchanger Dfi 25000/m’

Operation
DAl 1-40/m’ water

Range of applications
Purification of industrial waste water. Separation/recovery nf
metal ions in industrial processes.

Practical experience

Purification of industriai waste water used in: food. pharmaceu-
tical. nuclear, galvanic industries. Industrial processes include:
scparation of metal ions, phenols and ammonium bisulphide,
ammonium nitrate, cyanide complexcs. and reclamation of
valuable metal ions. Treatment of drinking waier.

NTATION

Principle of the process

Particles arc scparated from a liquid in a gravitational ficld, the
scparation taking place according to differences in density or
volumic mass between particlcs and liquid. or mutually be-
tween particles. Flocculants may be needed to cause sedimen-
tation of small particles.

Aim of processing, pollution(s), waste
stream(s)

To scparate solid particics, c.g. metals. metalloids and their
compounds, salts, organic impuritics. from water (clarificr) or
to concentrate solid particles (thickener).

Technological preconditions
Influent concentration

Solid content—clarificr < 5% wt., thikener < S0% wi.

pli-range
Only of significance if polyclectrolyte flocculants used.

M
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Additives

Polvmers and inorganic floccufants (c.g. AICL. FeSO..
Fex(SOs). and polyelectrolytes). in solid. liquid. emulsion or
suspens’ . form.

Capacity
In princip:c no limits.

Others
Particle size and density is signific nt. Very smal) panicles
arc not separated unless flocculants us. d.

Performance
Removal rate
50-99%.

Effluent concentration
Ciarnifier < 0.5% wt solid matter. Thickener < 3% wt solid
matter.

Energv consumption
Ca. 12 kW for thickener with diameter 60 m.

Emissions
Unscparated dissolved and suspended panticles. Precipitated
studge residuc.

Bottlenecks
Blockages in pipes. problems in pump system, corosion
erosion. lcakage. flotation occurrence.

Costs
Investment
Df10.425-11 k/m’ (depends on typc and amount of wastc).

Operation
Dfi 0.05-30/m’ waste watcr (occasionally > Dfi 100).

Range of applications
Water purification. Mctal ore processing. Industrial wasic treat-
ment.

Practical experience

Pretreatment in houschold waste water treatment (scparation
60~ 80%). Industrial uses include: potato processing (removal
of starch). iron orc processing and uscs in the paper industry.

SO.ADSORPTION

Principle of the process

Waste watcer s brought into contact with a solid adsorbent
(usually in granular or powdcr form). Dissolved impuritics arc
adsorbed and concentrated on the surface of the adsorbent, by
means of Van der Waal. dipele or ionic bonding forces. The
adsorbant is usually activated carbon, withresin lessoftenused.
Regeneration of the adsorbent is possible in some cascs.
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Aim of processing, pollution(s). waste
stream(s)

To scparateiconcentrate dissolved impuritics from wasie water.
Enwlsified matter. if present in low concentrations. canalso be
separaied Impuritics are mainly organic. also heavy metals.
metalloids and their compounds. Cl compounds and H:S.

Technological preconditions
Influent concentration
For activaied carbon, a few g/m’. For resin. up to 100 g/m”.

pH-range
Acid or alkah pH can increasc polarity of organic matter.
lowering adsorption

Yemperature
High tcmperatures decrease adsorption of volatile com-
pounds.

Additives

Besides adsorbent. coagulation/flocculation agents if re-
quired. Regeneration agents—steams. acids or bases. sol-
yents.

Capacity
Maximum 100 m7h.

Performance
Removal rate
Inorganic matter - 90"a. higher for organic matier

I fHluent cemcentration
Orgamic matier. a few ppb - Inorganic matter. a few hundred
mg/m’

Foergy consimption
Pumping. ca © 1 kWh/m' wastc water

Frussions
SOMIC CHINSIoNs 10 M OF water may occur during regencr-
tion. dependine on matenals and cquipment,

Bottlenecks

Blockages by suspended or emulsificd matter or bacicria
Presence of competitn ¢y adsorbent subsidian impuntics De-
activation by carbon-contanmating subsidiany impuritics

Costs
Capacity 0" h
Investment
DI 3000/m’ (non-regencrable activated carbony DA
F100/m' {regenerable activated casbon)

Operation
D1 8Y/m' water (DA 189/Ag scparated impurity )
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Range of applications
Treatment of waste water. drinking water and groundw ater.

Practical experience

Activated carbon adsorption mainly uscd in water punification.
Resin adsorption used in petrochemical and related industnes
for recovery of valuable materials ¢.g. phenols from process and
waste water. No detailed information given.

e
P

Principle of the process

Wastc water is scparated into a small concentrate stream and a
large purified stream by passing through a scmi-permeable
membrane. The driving force is the pressure difference across
the membranc.

Aim of processing, pollution(s), waste
stream(s)

To scparatc/concentrate colloidal and suspended molecules
such as organic components with molecular weight > 560,
metal hyvdroxides. and other particles > 0.01 um in diameter.
Metal ions may be removed after precipitation as hydroxides or
sulphides. or complexing.

Technological preconditions
Influent concentration
Up to - 100 g/1. No lower limit.

pll-range
{1 - 14 depending on membranc ty pe.

Temperature
Organic membrancs up to 90” C. Inorganic membranes 100
-150° C.

P'ressure
Microfiltration 0 1=2 bar Ulirafiliranon 1-10 bar

Additives

Limited use acids to prevent deposition. NaOH. CaOH 10
separate heavy aictals. detergents. acids. complexing agents (o
clean membrancs

Capacity
0.SmYdav- - 100 m'/h

Others

Hard panticles. C1. solvents. oxidising compounds. may dam-
age membranc. Particle size: ulirafiliration (.005-0.2 jum (mo-
lecular wi S00=100000), microfiltration 0 1-10 um

Performance
Removal rate
9M-99%
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L olume-flux
20-1000 Vm'/h.

Eflluent conceniration

Few mg/l o several hundred mg/l.

Factor concentranion ri.e. concentrate concentration influent,
Up to several hundred.

Energy consumption
0.5-20 kWm' wastewater.

Fmissions
Besides concentrate and purificd water nonc.

Bonlenecks
Membranc fouling. leakages.

Costs

Capacin

Investment
Dl 10600~ 10000/m° membranc surface.

Imh

Operation
Dfl < 1-> 20/m waste walter.

Benefits
Savings in chemical and water consumption. Lower dis-
charge taxes.

Range of applications
Electrophorctic deposition. Purification of wasie water and
recoven of valuable companents.

Practical experience

Purification of industrial waste water: oil-contaminated watcr
concentrated to > factor 100, concentrate containing 30-060%
oil. Also used in food. textile. paper. clectronics. pharmaccuti-
cal industries. etc. Scparation of heavy metals.

S2.REVERSE OSMOSIS

Principle of the process

Reverse osmosis is a filtration process whereby scparation
takes placc across a scmi-pcrmeablc membrane. with high
pressure (20 - 100 bar) as the driving force. Waste water is
scparated into a concentrate and a permeate. In some cases
permeate and concentraic can be reused.

Aim of processing, pollution(s), waste
stream(s)

To removc/separate simall particles (up to ca. 0.1 nm), such as
metals. metalloids and their compounds. salts, acids, bascs and
organic substanccs from wastc water. Larger pasticles will also
be removed

16

Technological preconditions
Influent concentration
No lower hmit. Maximum usuallhy 30-100 /1

pli-range
3 - 13 depending on membrane i pe

Temperature
Maximum 80° C.

Pressure
10-100 bar.

NAdditives

Limited usc: acids to provent salt deposition. somietings
complexing agents and poh phosphates used: detergents. acids.
compicxing agents in low concentration to clean membranes:
sometimgs disinfected wath chlonre or biocides.

Capacity
0.53300000 m*/day .

Others

Pretreatment to remove larger (colloidal. suspended) pari-
cles by e.g. scdimentation. coagulation. filtration or chemical
means. Presence of hard particics. chlonne. softencrs. solvents
and oxidants must be limited to avoid damage to membrane

Performance
Remaoval rate
920-99.99%4

Folume-flux
5-50 Vm- /.

Fffluent concentraiion
A few mg/l 1o a few hundred mg!.

Factor concentration 1 ¢ concentrate concentration influent,
2-10

Fnergy consumption
1-10 kWh/m.

Fmussions
Besides concentraic and permeate none

Bostlenecks
Mecmbranc fouling,

Fxplicii plus-pomts
Modular constniction so scaling-up simple

Costs
Capacity - I'm' hr
Investiment
DO 1000 - S006/m° membrane surface.
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Operation
Dft 1 S0-1i/m’ wasic water.

Benefits
Savings in usc of chcmicals and water
Lower dischage taxcs.

Range of applications

Dcsalination of drinking water. punfication of industrial and
houschold waste water. Purification of percolation water from
rubbish dumps.

Practical experience

Purification of indusinal waste water. Used in: food. metal
finishing. papcr. textile and petrochemical industnes. No de-
tailed information gin en. Purification of percolation water from
rubbish dumps~V AM-Wijster. capacity 35 m*/hr. producing 27
m'/hr purificd water. § m’ concentraic.

Operation
DAl 8.06'm’ purificd watcr

S3.FLOTATI
SEPARA

N
1

o IFOAM
TION

Principle of the process

As air bubblcs arc passed through wastc water. hvdrophobic
impuritics adhcre prefercentially to the bubbles and are concen-
trated in a laver of foam on the surface. The foam can then be
separaied and removed.

Aim of processing, pollution(s), waste
stream(s)

To scparatc/concentrate from waste water. dissolved. sus-
pended. colloidal or floating particles which arc surface-active
tor thus modificd with Additives). Impuritics include metals.
mctalloids and their compounds. salts and organic com-
pounds.

Technological preconditions
Influent concentration

No lower limit Maximum for particle and flakc scparation
1% dny matter (m/m). for shudge thickening > 5 kg/m'/hr. for
dissolved matter a fow hundred mg/l

pli-range
-1

Temperature
At > 50° C clectroflotation or induced air flotation better
than dissolved air flotation

Pressure
DAF bubblc gencration 400-500 kPa
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Additives

Gas (usually air. sometimes N:. CO.. O-/H.0). pH rcgula-
tors: collcctors. coagulants, flocculants: precipitants: foam
formers.

Capacity
< 10=-> 100 m*/hr.

Others

Specific density of impunitics must be less than water. Dis-
solved salts can cause corrosion. Limit macro-mixing as this
lewers efficiency.

Performance
Removal rate

Decpending on impurity 60-99%.

Fflluent concentration
Usually onc or two orders of sizc less than influent concen-
tration

Energy consumption
(.02-1.8 kWh/m' fluid depending on process.

IFmissions

Stripped impuritics and odour componcnts. Some flotation
agents may remain in purified effluent. Chlonine released if
present in water.

Bottlenacks
Fat. oil. fibres may causc pipe blockages

Costs
Investment

Average sizc system DAl 5000-20000/m”. Small units DAl
JO000-60000/m*

Operation
Dl 1-2/m'

Range of applications
Punfication of :ndustnal wastc water. Activated sludge proc-
cssing

Practical experience

Punification of industrial wastc water Uscd in refinenics. wasic
otl processing. slanghterhouscs. food. metal. glass. paint. paper.
chemical. cosmctics. textile. brewing industrics. ctc .

S4. CARVER-
GREENFIELD
DRYING PROCESS

Principle of the process

A multi-step cvaporation process in which a carsricr oil is added
to thc wastc strcam before the first cvaporation step. This
increascs the viscosity so that continuous pumping and heat
transfcr is possiblc. Aficr drving the oil is scparatcd in a
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centrifuge and by steam stnipping. The oil can be recirculated.
Vapour produced at each step is uscd (0 heat the next step. the
final step vapour being condensed.

Aim of processing, pollution(s), waste
stream(s)

To concentrate dissolved. colloidal. suspended or emulsified
particles such as metals. metalloids and their compounds. salts.
acids. bases and organic impuritics. in sledge. slumcs. and
wastc water.

Technological preconditions
Influent concentration
4-45%dry matter.

pll-range
In principlc no limit. but depends on construction material.

Temperature
Evaporation stage ca. 80-100° C. Hydroextractor and stcam
stripper 120-180° C.

Pressure

0.4-1 bar.

Additives

Carmricer oil (naturally present in animal waste). For other
waste: 0.5 kg oil/m* wet sludge for light oil: 5 kg oil/m > wet
sludge for heavy oil. Cooling water.

Capacity
8-265 t drv matter/dav.

Others
Limit presence of abrasive materials.

Performance
Removal rate
Almost 100%.

Fffluent concentration
98—99% dry matter.

Energy consumption

For 4-step installation 320-675 BTU/Ib cvaporated water
(745-1570 kJ/kg). Electrical encrgy 400 kW (24 kWh/ton
cvaporated water). Combustion of extracted oil can produce
cnergy. Combustion valuc of sludge oil 43.5 MJ/kg

I'missions

Condcnsate can contain volatile componcnts. volatilc com-
poncnts and hydrocarbons cmitted as gascs. SO;. NO. and dust
from combustion of cxtracted oil; dricd product comains non-
volatilc componcnts: dust may need processing for casier han-
dling.

a8
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Rottlenecks

Al cntical dn content cmulsion can form (gummy phasc).
causing pipc blockages. Coarse impuntics in oo dn suspen-
sion may alsc causc blockages.

Expilicit plus-points
Energy cfficicnt—energy consumption fower than comven-
tional dryving sy stems by factor 4.

Costs
Investment
Capacity 265 t drv matier/day S 24M.

Operation
Capacity 265 t drv matier/day S 394

Range of applications
Processing animal wastes. sewerage. industrial sludge.

Practical experience

Used in meat and fish processing. coffec. chocolate. pharma-
ceutical. dairv. brewing. paper industnies. Treatment of scwage
sludge. Problems with HERS (Hyperion Encrgy Recovery Sys-
tem—sludge drying USA). but Japancse expeniences good.

SS.PELLET REACTOR

Principle of the process

A cylindrical vessel is partially filled with pelicts of sand or
other matenial. Waste water is added at speed so that the pellcts
are fluidized. Soluble impunitics are crystalized as salts on the
pellets. with the help of chemicals as necessary . As the peliets
increase in size they sink and are periodically removed. Reusc
of pelicts is sometimes possible. Purificd water is emoved from
the top of the reactor. Filtering often improves remosal rate.

Aim of processing, pollution(s), waste
stream(s)

To scparalc/recover impurnitics such as heavy metals. Ca. Mg,
phosphatcs and fluorides from wastc water.

Technological preconditions
Influent concentration
Heavy metals 10-100000 ppra. Phosphates 10-1i4's ppm.

pll-range
For heavy metals 8-10. for phosphates 10—

Temperature
Environmental (> 1° C)

Additives

For heavy metals soda, Na.$S or NaHS solution for precips-
1ation as sulphide. For phosphates Ca(OH); or NaOH H;SOqif
pH comcction nceessary. Sand or other pellet matenal, ca
3-5Sg/inhabitant cquivalent (1 ¢ ¥day.
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Capacity

Heavy metals 0. 1-10 m*/hr. phosphatcs—pilot plants 0.3-15
m/hr. operational plant 200 m'hr. water softening—8500
m'/hr.

Others
Prescnce of (bixarbonates (in phosphate removal). sus-
pended maticr and ions (metal separation) should be fimited.

Performance
Removal rate
Less than 60- > 99 9%,

Folume-flux
40-125 m'h

Effluent concentration
Heavy metals 1-10 mg/l (with filtration < 1 mg/1) phosphates
few me/l (with filtration < 0.5 mg/D).

Fnergy consumption
Phosphatc removal—0. 1 kWm® cffluent: heavy metals—
few kKWhvkg separated metal.

Fmissions

Salt pelicts. In some cases pelicts recovered and reused.
Phosphatc removal Cax(PO»): crystallised. CaCO: deposition.
somc organic components. Heavy metals—mcetal salt peliets
(carbonatcs. sulphides. phosphates).

Bottlenecks

Crysuallization on suspended particles. Presence of (bi)car-
bonates and ions.

ETM 1--November 1994

Explicit plus-points
Simplc to operate.

Costs
Phosphate removal from sewage effluent. Installation 50000
inhabitant equivalent (i.e.)
Investment
Df1 5.5 million.

Operation
Dfi 17.52/1.e Acar.

Heavy metal separation
Operation
Df 5-> 50/kg metal.

Benefits
Reusc of metal and water. less chemical waste. lower punfi-
cation costs.

Range of applications
Soficning dninking water. Phosphate removal from scwage
cfflucnt. Heavy metal recovery from industrial waste.

Practical experience

Softening drinking water: municipal waterworks Amstcrdam.
10 reactors. total capacity 8500 mYhr. Phosphatc removal:
Waesterbork. capacity 200 m'/hr. Influcnt concentration 5-12
mg P/1. cffluent 0.75 - 3 mg/l. (after filtration 0.5 mg/h). Heavy
mctals: Ni recovery from galvanic waste. removal rate 80-99%.
Zn. Te. Ni scpanation from rubber additive waste water. re-
moval rate 60% +.
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