Environmentalni aspekty pramyslovych Cinnosti
(09)
Destrukce POPs/1

Ivan Holoubek, Kare Karstensen, Hans-Ulrich Hartenstein

RECETOX, Masaryk University, Brno, CR

holoubek@recetox.muni.cz; http:/ /recetox.muni.cz

sV
\3\1 W(/

M usw S /) >< \ w Vi OP Vzdé&lavani
fondvCR EVROPSKA UNIE y

pro konkurenceschopnost 4/’“\'[\‘5\

INVESTICE DO ROZVOIJE VZDELAVANI

Ld
¢ * SNERSZZ,
L] .
L]
evropsky Sy ol
socialni
-

/VENS\S'C’

Inovace tohoto predmétu je spolufinancovana Evropskym socialnim fondem a stitnim rozpoc¢tem Ceské republiky




Reducing releases: “...promote available, feasible,

plZaCI].Cal measutres b b (]\

%  Low-waste technologies
&  Less hazardous raw materials

%  Recovery and recycling of wastes
%  Good housekeeping

Y% Improved waste management

Y% Improved product quality

%  Avoiding Cl bleaching
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Reducing releases: ¢¢...promote available, feasible
g P ) 5

practical measures...” (2)
L V4

Y% Improved flue-gas cleaning

% Treatment of residuals and wastes

%  Process changes — e.g. closed systems

%  Process modification — e.g. to improve combustion

All these approaches are set out as valid in the Convention.
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The Stockholm Convention and the Corporate
Strategy

Y%  The Stockholm Convention requires fundamental changes in
industry

- Industry that doesn’t change will be marginalised

% The Corporate Strategy assists those changes by
emphasising:

- productivity & market access as routes towards the
Millennium Development Goals

- the role of technology transfer and capacity building
towards these objectives

Research Centre for Toxic Compounds in the Environment
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The objective of SC

The objective of the Stockholm Convention is to protect human
health and the environment from persistent organic

pollutants. It differentiates between three categories of
POPs:

% Intentionally produced POPs that are slated for elimination;

% Intentionally produced POPs are to be reduced and ultimately
eliminated, except where there is a specified “acceptable purpose,” such
as disease vector control, or exempted usage, in which case the
production and/or use of the substance is restricted; and

% POPs that are unintentionally produced as the result of human activity
and which are slated for continued minimization and, where feasible,
ultimate elimination of total releases derived from anthropogenic
sources.
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Waste related provisions

Waste related provisions of the Stockholm Convention are found
in Article 6 of this Convention: “Measures to reduce or
eliminate releases from stockpiles and wastes’ which is the
central article pertaining to wastes. The article describes
and applies to three categories of POPs wastes:

%  POPs wastes per se ot POPs-containing mixtures/formulations.
Examples include POPs that were intentionally manufactured, such as
PCBs or a POPs pesticide, but which are now prohibited, deregistered,
ot, if covered by a use exemption in the Stockholm Convention, have
expired or been taken out of use;

%  Waste products and articles consisting of, containing or contaminated
with a chemical listed in Annex A, B or C; and

%  Stockpiles consisting of or containing chemicals listed in Annex A or

Annex once they are deemed to be waste.
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Waste handling and disposal

The provisions for waste handling and disposal stipulates that each Party shall:

Take appropriate measures such that wastes, including products and articles upon
becoming wastes, are:

%  Handled, collected, transported and stored in an environmentally sound manner;

G Disposed of in such a way that the persistent organic pollutant content is
destroyed or irreversibly transformed so that they do not exhibit the
characteristics of persistent organic pollutants or otherwise disposed of in an
environmentally sound manner when destruction or irreversible transformation
does not represent the environmentally preferable option or the persistent organic
pollutant content is low, taking into account international rules, standards, and
guidelines, including those that may be developed pursuant to paragraph 2, and

relevant global and regional regimes governing the management of hazardous
wastes;
%  Not permitted to be subjected to disposal operations that may lead to recovery,

recycling, reclamation, direct reuse or alternative uses of persistent organic
pollutants.
G Not transported across international boundaries without taking into account

relevant international rules, standards and guidelines;
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Transboundary moment of HWs

The Conference of the Parties of Stockholm Convention shall
cooperate closely with the appropriate bodies of the Basel
Convention on the Control of Transboundary Movements of
Hazardous Wastes and Their Disposal to, inter alia:

Y%, Establish levels of destruction and irreversible transformation necessary

to ensure that the characteristics of persistent organic pollutants are not
exhibited;

% Determine methods that constitute environmentally sound disposal for
stockpiles and for other POPs wastes;

% Work to establish, as appropriate, the concentration levels of the
chemicals listed in Annexes A, B and C in order to define the low
persistent organic pollutant content.
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Stockholm Convention

POP stockpiles, POP-containing waste and equipment
should be disposed of in such a way that the POP content
is destroyed or irreversibly transformed so that they do not
exhibit the characteristics of POPs.

Materials and equipment containing POPs are not
permitted to be subjected to disposal operations that may
lead to recovery, recycling, reclamation, direct reuse or
alternative uses of POPs.

To favour disposal technologies with lower POPs releases
(BAT & BEP)
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Disposal of PCBs waste

Wastes and stockpiles have to be disposed of in such a way that
the persistent organic pollutant content is destroyed or
irreversibly transformed so that they do not exhibit the
characteristics of persistent organic pollutants or otherwise

disposed of in an environmentally sound manner when
destruction or itreversible transformation does not represent
the environmentally preferable option.
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RBA PTS Projekt
%, Prioritni problémy pokud jde o zdroje:

¢ Sklady nespotfebovanych pesticidii

Region3 ~ 80000 tun
Region5 ~ 120 000 tun

Dalsi regions ~ 50 000 tun ¥% o
Celkové ~ 250 000 tun

Nezahrnuje kontaminovana mista — 500 000 (Eu)
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RBA PTS Projekt

% Prioritni problémy pokud jde o zdroje:

¢ Sklady/pouziti PCBs

Kolem 1.7 milionu tin bylo vyrobeno

Transformatory, kondenzatory, hydraulické
kapaliny, skladovani v barelech....topné oleje !?

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



RBA PTS Projekt

% Prioritni problémy pokud jde o zdroje: nové typy polutanta

¢ Zameérné vyrabéné latky
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PBDEs, PFOS, SCCPs, ftalaty, alkylfenoly, HxBB
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Nejhorsi pfipad POPs odpadového hospodarstvi

14 r r
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Best environmental practise — best storage practise
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Best environmental practise — best storage practise

% Docasné feseni problémii s POPs odpady do doby nezZ bude
dostupna vhodna destrukéni metoda nebo dostupna
kapacita pro zneskodnéni

%  Ekonomicky v soucasné dobé pfijatelnéjsi a realnéjsi nez
vystavba novych zafizeni pro likvidaci (spalovacich ¢i
nespalovacich)
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Pozadavky na akceptovatelné zpusoby likvidace
POPs

Destrukce a/nebo nevratna transformace POPs odpada musi
dosahovat destrukéni acinnosti (DE)/ destrukéni a
odstrafiovaci uc¢innosti (DRE) 99.9999%

UNITED E P W W
NATIONS A—
DRE=—"_"21100
United Nations EEE'EML n
Environment - ,
UNEP/CHW/OEWG/1/INE/G . ,
Programme 25 March 2003 Wi aJ€ hmotnostni rychlost POHC
ENCLIHONLY (POHC Principle Organic
Hazardous Constituent) ve
OPEN-ENDED WORKING GROUP OF THE BASEL Hot
CONVENTION ON THE CONTROL OF VS tupu]ICIm Odpadu’ Wout
TRANSBOUNDARY MOVEMENTS OF 4 e 7
HAZARDOUS WASTES AND hmOtnOStnl rYChIOSt €muisi
THEIR DISPOSAL .
Firt sessin POHC v proudu spalin
Geneva, 28 April to 2 May 2003
Item 3 (d) of the provisional agend.a' ]dOUCICh Z¢€ zZarizenmni.
DEAFT TECHNICAL GUIDELINES ON THE ENVIRONMENTALLY SOUND
MANAGEMENT OF PERSISTENT ORGANIC POLLUTANTS AS WASTES
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Destrukcni a odstraniovaci u€innost (DRE)

Destruk¢ni a odstranovaci ucinnost (DRE)
DRE =100 x [1 - (celkové mnoZstvi polutanti v kominovych
emisich) + (celkové mnoZstvi polutanti vstupujici do

reaktoru)]

%  DRE ignoruje polutanty vystupujici jako tuhé nebo kapalné
zbytky (e.g. Skvara, odpadni vody)

Destrukéni ucinnost (DE)

DE =100 x [1 - (celkové mnoZstvi polutantu ve vSech typech
vystupui) + (celkové mnoZstvi polutantti vstupujicich do

reaktoru)]
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Procesy akceptovatelné Basilejskou umluvou pro destrukci a nevratnou
transformaci odpadii s obsahem POPs (Annex IVA and IVB of the Basel

Convention)

Proces DE/DRE (%) | Cena
Alkalicka redukce Ne
Bazicky katalyzovany rozklad 99.99-99.9999 7
Spolu-spalovani v cementarenskych pecich 99.99-99.9999 «—
Chemicka redukce v plynné fazi 99.99-99.9999 T
Spalovani nebezpecnych odpada 99.99-99.9999 7
Elektrochemicka oxidace 99.995
Oxidace stfibrem Ne
Plasma arcs 99.99-99.9999 1
Oxidace superkritickou vodou Ne
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Destrukcni technologie pro POPs

Oxidativni procesy:
Vysoko-teplotni spalovani
Cementarenské pece
Super-kriticka vodni oxidace
Oxidace roztavenymi solemi

Elektrochemicka oxidace

&< & & & & &

Pokrocilé oxidacni procesy
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Destrukcni technologie pro POPs

Reduk¢ni procesy:
% Katalyticka hydrogenace
% Technologie solvatovanych elektront
%  Redukce sodikem
% Dehalogenacni procesy
- Bazicky katalyzovana dechlorace
- Alkalicky polyethylen glykolatovy (APEG) proces
% Chemicka redukce v plynné fazi

% Pyrolyza roztavenymi kovy

Research Centre for Toxic Compounds in the Environment
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Destrukcni technologie pro POPs

Dalsi procesy:
L  Plasma arc

%  Fotochemicka degradace
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Vysokoteplotni spalovaci procesy

A chemical reaction in which a substance reacts rapidly with
oxygen with the production of heat and light.

Such reactions are often free-radical chain reactions, which can
usually be summarized as the oxidation of carbon to form its
oxides and the oxidation of hydrogen to form water.

A Dictionary of Science (Oxford University Press, © Market
House Books Ltd 1999)
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Vysokoteplotni spalovaci procesy

Vétsi cast odpadit s PCBs a OCPs je v soucasnosti
likvidovana spalovanim. Hlavnim diavodem je fakt, Ze tyto
technologie jsou v soucasnosti technicky dobfe vyvinuté a
snadno dostupné v fadé priimyslovych zemi.

Vétsina téchto zafizeni se nachazi v Evropé a Severni
Americe.

Spalovny NO jsou v nékterych zemich zakazany (Japonsko
(PCBs) a Australia).
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Spalovaci technologie — spalovny

exhagg\:;sés (SO2, NO, HCl, HF, CO), CnHim,

PCBs, PAHSs, dioxins, furans, dust, heavy metals
)
combustion chumbcrgsteam boiler H electrofilter H flue gas scrubber |

slag fly ash filter dust flue gas
cleaning products
road construction with slag -
: v+ ¥3
leaching of dioxins, furans, ,
heavy metals heavy metals underground deposits

Figure 2.4.3 Pollutant flows during waste incineration
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Spalovaci technologie — spalovna NO

Incineration Gas cleaning plant

Chimney [§

Packed tower absorber Precipitalors

Shredder

Feed tower sample point

Rotary kiln

Slag quench unit

Inert slag to landfill

Effluent treatment
Chemical dosing [ P.%qp
-
e Input batching
tanks

Pump Reaction tanks Pump

Pump

Clarifier.

e
F Pump Sand Bag Carbon .—' ump
= Pump  fiter fiters fitters Discharge Cooling lower
1 5 sampling
ump tanks
S'L"'?k%e V notch tank

N — To outfall
Inert filter cake fo landfill

Filter presses

Nominal annual capacity: 35 000 tonnes
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Vysokoteplotni spalovaci procesy

Spalovani odpadi je metoda dostupna v pramyslovém méfitku, o
jejim provozovani je dostatek znalosti a informaci, jenz je
schopna sniZovat skodlivost fady chemickych latek.

Z.akladni charakteristika:

%  Likvidace tuhych, kapalnych a polokapalnych odpadu, jenz
nemohou byt skladkovany nebo zpracovany chemiky Ci
fyzikalné bez skodlivych vlivia na prostfedi, vzhledem k jejich
sloZeni a obsahu nerozloZitelnych latek,

Y%  Minimalizace potencialniho nebezpeci a obsahu skodlivych
latek v odpadech, zvlasté rozkladem organickych latek,

%  Podstatna redukce objemu a vahy,

% Vyuziti energetického obsahu odpadhi.
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Figure 4-1 Figure 4-3
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FS EPA Toxic Substances Control Act (TSCA) PC]j

Incineration Criteria

“...more complex organic halogens such as PCBs requires 1 200
°C and 2 seconds residence time ”

A DRE of 99.9999% is required by TSCA for the incineration of
PCB’s

Research Centre for Toxic Compounds in the Environment
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Spalovna nebezpecnych odpadu pro zpracovani

r r r o
BURNER  INCINERATION  FURNACE AcCID ALKALINE SUCTION  CHIMNEY
CHAMBER  PIPE BOILER WASHER WASHER DRAFT

rh

STEAM WASTE
l N WATER
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Spalovaci technologie — spalovna NO

R 4
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Spalovaci technologie — spalovna NO
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Spalovaci technologie — spalovna NO
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Spalovaci technologie — spalovna NO
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Piiklad zafizeni na Cisténi spalin

ROTARY KILN INCINERATOR

chimney

storage tanks for
liquid and pasty waste

LTIt .

Y

feedhopper

post combustion
chamber  steamboiler electrostatic filter 4-step
i gas washing dioxine
y filter

;
i

rotary kiln
incinerator nmmng
waste
drum elevator @
Lol Ll Ll m m m
drum storage incinerator ash boiler ash fly ash

INDA\!ER
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Priklady doporucovanych technologii pro prevenci

v ® l ] e N 7 l 14 ] ° r lg()l)s

Cyklony a multi-cyklony

Elektrostatické odlucovace — mokré, suché nebo

kondensacni

Rukavové filtry — vCetné katalytickych rukavovych filtri
Filtry se statickym loZem

Prackové zkrapéci systémy - mokré, rozprasovaci suché nebo
ionizaCni

Selektivni katalyticka redukce (SCR)

Systémy rychlého zchlazeni

Adsorpce uhlikem
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Srovnani systému na sniZeni emisi PCDDs/Fs
Control option PCDDs/Fs Co-benefits
removal
efficiency
Cyclones Low efficiency Coarse dust removal
Electrostatic filters Low etficiency Designed for dust removal
Bag filters Medium Designed for dust removal
efficiency
Wet scrubbers Medium Designed for dust or acid gas removal
etficiency
Quenching and Medium to high | Simultaneous reduction of dust, aerosols,
subsequent high efficiency HCI, HE, heavy metals and SO,
efficiency wet
scrubber
Afterburners High efficiency | No residues, but quenching of flue gases
required

Research Centre for Toxic Compounds in the Environment
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Srovnani systému na sniZeni emisi PCDDs/Fs

(carbon particles
dispersed in a polymer

the amount
of installed

material

Control option PCDDs/Fs Co-benefits
removal
efficiency
Catalytic oxidation High No residues, simultaneous reduction of
(SCR) efficiency; NO,
destruction
of
PCDDs/Fs
and other
organics
Catalytic bag filters High Simultaneous dust removal and NO_
efficiency reduction
Dry absorption in resins | Depends on | Selective for PCDDs/Fs; Material can be

incinerated after use

matrix)
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Srovnani systému na sniZeni emisi PCDDs/Fs

Control option

PCDDs/Fs
removal
efficiency

Co-benefits

Entrained flow reactor
with added activated
carbon or coke/lime or
limestone solutions and
subsequent fabric filter.

Medium to
high
efficiency

Simultaneous reduction of various trace
pollutants. Material can be incinerated
after use?)

Fixed bed or circulating
fluidized bed reactor,
adsorption with
activated carbon or
open-hearth coke

High

efficiency

Simultaneous reduction of various trace
pollutants. Material can be incinerated
after usel

Research Centre for Toxic Compounds in the Environment
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BAT — vSeobecné pro spalovaci technologie

Design pece zavisi na charakteru spalovaného odpadu.

Teplota je udrZovana v plynné fazi spalovaci zony v
optimalnim rozmezi pro kompletni oxidaci odpadhi.

Poskytnout dostateCnou dobu zdtZeni (napf. 2s) a
turbulentni miseni ve spalovaci komofe pro uplné spalovani.

Pfedehfaty primarni a sekundarni vzduch napomaha
spalovani.

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz

40



BAT — vSeobecné pro spalovaci technologie

PouZiti kontinualnich systému spiSe nez vsadkovy systém
kterych se snaze minimalizuje vliv najiZdécich a
odstavovacich dob.

VyuZit systému pro monitoring kritickych parametra
spalovani v€etné rychlosti rostu a teploty, tlaku kapek a
mnozstvi CO, CO,, O,.

Provadéni kontrol adjustace pfivodu odpadii, rychlosti rostu,
teploty, objemu a distribuce primarniho a sekundarniho
vzduchu.

Instalace automatickych pomocnych hofakt pro udrZeni
optimalnich teplot ve spalovaci komofe(ach).

Research Centre for Toxic Compounds in the Environment
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BAT — pro spalovahy NO

Rotacni pece jsou velmi dobfe odzkousSeny pro spalovani
nebezpecnych odpadia mohou byt vyuZity pro zpracovani
tuhych, pastovitych i kapalnych odpadii.

Vodou chlazené pece mohou byt provozovany za vysokych
teplot a vyuZity pro odpady s vysokym energetickym
obsahem.

Konsistence odpadu (a spalovani) muZe byt zlepSena
rozfezanim bareld a dalSi zabaleného odpadniho material.

Systém pro pravidelny pfisun odpadii, napt. Sroubovy
(Snekovy) dopravnik drti odpad a zajiSt’uje pfisun
konstantniho mnozZstvi tuhého NO do pece.

Research Centre for Toxic Compounds in the Environment 42
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Kondenzacni elektrostaticky odlucovac

e
(©)
QO
25| =p Clean gas e
High vo:.og‘e E ={=p Cooling water
o - | il s 1) Spray
v electrode
Spray electrode - I -
Collecting } ==
surface (tube) ¢= Cooling water K
i -
¥ Cooling water
&
g
{
Crude gas d
(saturated vapour) Condensate 3 _ . Continually rinsing
discharge % ~V condensate layer
— —_— 2
t +  as passive electrode
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BAT - Cisténi spalin

Typ a rozsah pouZzitych procest pouZzitych pro CiSténi spalin poté
co opusti spalovaci komoru je daleZity pro optimalni
provozovani odlucCovacich zafizeni, stejné jako pro vybér
ekonomicky pfijatelného zafizeni.

Parametry duleZité pro spalovani odpadu, jenz ovliviluji vybér
typu odlu€ovaci technologie:

Typ, sloZeni a proménlivost odpada
Typ spalovaciho procesu
Rychlost priitoku spalin a jejich teplota

Dostupnost systému pro CiSténi odpadnich vod

Research Centre for Toxic Compounds in the Environment
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BAT - cisténi spalin — rukavovy filtr

Rukavové filtry jsou vyuZivany pro zachyt
tuhych castic, prachu, popilku apod. Tato
zafizeni na zachyt tuhych ¢astic mohou
ucinné odstranovat ze spalin POPs
vznikajici jako vedlejsi produkty
spalovacich procest a vazané na povrch
téchto castic unasSenych proudem spalin.

Filtry maji obvykle 16 aZ 20 cm pramér
rukavu, 10 m délky, jsou zhotoveny z
tkanych sklenénych vlaken a zafazeny do
série.

J {
{
NI R W iy 1 -
B ——— e e @ A

Rukavové filtry jsou citlivé viici kyselinam;
proto jsou obvykle kombinovany s
rozprasovacim vysousecim adsorptnim
systémem pro odstranéni kyselin z
proudu spalin.

Research Centre for Toxic Compounds in the Environment
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Charakteristiky materialt pro rukavové filtry

Maximum Resistance
Fabric temperature (°C) Acid Alkali Physical

flexibility

Cotton 80 Poor Good Very good

Polypropylene 95 Excellent | Excellent Very good

Wool 100 Fair Poor Very good

Polyester 135 Good Good Very good

Nylon 205 Poor to | Excellent Excellent

fair

PTFE 235 Excellent | Excellent Fair

Polyamide 260 Good Good Very good

Fibreglass 260 Fair to Fair to Fair

good good

Research Centre for Toxic Compounds in the Environment
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Elektrostaticky odlucovac

K nezadoucimu vzniku POPs
muze dochazet v ESP pfi

teplotach v rozmezi 200 °C az
450 °C.

Collecting plate

Provozovani ESP v tomto
teplotnim rozmezi muZe vést
ke vzniku neZadoucich POPs
ve spalovacich plynech
vychazejicich z komina.

Figure 4.1 Electrostatic Precipitator Principle [source: EU BREF, 2004]
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Srovnani odlucovaci prachu

Typical dust emission | Advantages Disadvantages
Dust removal system concentrations
Cyclone and Cyclones: Robust, relatively simple and Only for pre-dedusting
multicyclone 200-300 mg/m? reliable Relatively high energy
Multicyclones: Applied in waste incineration consumption (compared to
100-150 mg/m? electrostatic precipitator)
Electrostatic < 5-25 mg/m? Relatively low power Formation of PCDD/ PCDF if
precipitator, dry requirements used in range 450°-200° C
Can use gas temperatures in the
range of 150°-350 °C but
effectively limited to 200 °C by
PCDD/PCDF issue (see right)
Electrostatic < 5-20 mg/m? Able to reach low pollutant Mainly applied for post-
precipitator, wet concentrations dedusting
Generation of process waste
water
Increase of plume visibility
Bag filter <5 mg/m? Layer of residue acts as an Relatively high energy
additional filter and as an consumption (compared to
adsorption reactor electrostatic precipitator)
Sensitive to condensation of
water and to corrosion
g‘qm%ﬂgﬂ Research Centre for Toxic Compounds in the Environment 48
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Kontrola odpadu

Waste type Techniques Comments
Mixed e visual inspection in bunker Industrial and commercial loads
municipal e spot checking of individual deliveries | may have elevated risks
wastes by separate off loading
e weighing the waste as delivered
e radioactive detection
Pre-treated e visual inspection
municipal e periodic sampling and analysis for key
wastes and RDF properties/substances
Hazardous e visual inspection Extensive and effective procedures
wastes e sampling/analysis of all bulk tankers are particularly important for this
e random checking of drummed loads sector.
e unpacking and checking of packaged | Plants receiving mono-streams

loads may be able to adopt more

assessment of combustion parameters | Simplified procedures

¢ blending tests on liquid wastes prior to
storage

e control of flash-point for wastes in the
bunker

e screening of waste input for elemental
composition e.g. by EDXRF

Sewage sludges | ¢ periodic sampling and analysis for key

properties and substances

e checking for stones/metal prior to
drying stages

e process control to adapt to sludge
variation

Research Centre for Toxic Compounds in the Environment
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Podavani odpadu

Sold wask= far &
irecineratics

Pumpablewaste
for incneraton

Incineration
proscess
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B 5 Research Centre for Toxic Compounds in the Environment
% z
7, &)
\?J}IANA ‘a%@

50
http:/ /recetox.muni.cz




Rotacni pec spalovhy NO

Combustion

Waste Liquids

Auxiliary Fuel

(\~

Waste Solids
Drummed Wastes
Sludges

Shroud

E

To Baghouse

i

@

Air
Auxiliary Fuel

Liquid Waste s:

Air

e

.1,000°C to
2,500°C

Incline g

Primary Combustion Chamber

Auxiliary
Fuel

Ash

Ash
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Cirkulujici fluidni loZe

» Steam

Steam Generated

Generator

Hot Water

Heat
— Exchanger

Incinerator

Cyclone
Separator

Heat
Exchanger

Liquid Feed Water—

Feed

Fluidized
Sand

High

Research Centre for Toxic Compounds in the Environment
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Probublavané fluidni loze

Sight Glass

=
To Air -
Pollution Seconda!’y
Control —<— ks Combustion
Devices
Preheat
g:gg \ / Burner
< < Thermo-
/ couple
_l;;‘e)ssure —nr

Access Lo R : Nozzle
Doors R :::7::: 1333 w:

Primary
Combustion
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TermicKy velmi

Termicky méné stabilni stabilni organické

organické latky latky jako jsou POPs
100 /
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Teplota [°C]
(C Termicka destrukce organickych latek

http:/ / tecetox.munt.cz

1000

54




POPs destrukce a zvovuvytvafeni ve spalovné

Rota¢ni pec /  Vyménik tepla

Vysokoteplotni spalovna odpadu

|
| dopalovani Produkce pary :
I
| | Zbytkové
. | : POPs v
s- » ! :> emisich,
odpad | : napf.
: = PCDDs/Fs
| |
| |
|
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Vznik a rozklad PCDDs/Fs

Rychlost rozkladu
|
I
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Teplota
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Komercné dostupné spalovaci technologie

Vysokoteplotni spalovaci technologie pro likvidaci POPs

1. Rotacni pece ve spalovnach

Y% Pece pro spalovani nebezpecnych odpadii
%  Spalovani v cementarenskych pecich
% Spalovani v pecich vapenek

2. Zplyinovani
%, Zplynovani s pevaym loZem
% BGL zplyfiovani
% Vsazkové pritocné zplynovani

3. Vstfikovani kapalin
& Vstfikovani
L  Ko-vstfikovani

Research Centre for Toxic Compounds in the Environment
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Komercné dostupné spalovaci technologie

Spalovaci teplota Typy POPs odpadii
Typ spalovny
Sekundarni L Sou | Smp | Sut Spt
Primarni komora komora
Pec pro spalovani NO 1000 - 1200 °C 1100 - 1400 °C X X X X X
Typ rotacni peceé | Cementarenska pec* 1600 - 2000 °C - X X X - X
Vapenky* 1600 - 2000 °C -
Zplyiiovad s fixnim loZem 800 - 1300 °C - - X X X X
Typ zplynovani BGL zplynovaé 1400 - 1600 °C - - X X - X
VsazKkovy pritocny
zplynovac 1600 - 1800 °C - X X - - -
Piimy nastiik 1500 - 1900 °C - X - - - -
Typ vstrikovani
kapaliny Spolu-vstiikovani 1400 - 1800 °C - X X - - -
L: kapaliny s obsahem tuhé faze < 5%wt.
Spu: kal, pumpovatelny za atmosférické teploty
Snp: pumpovatelny za atmosférické teploty
S,: tuhé, netfidény, smésny typ
Spt: tuhé, predtiidény, granulovy typ
——*typickylimitované-ve vstupuCl
f\ I%Zn (@)ﬂ Research Centre for Toxic Compounds in the Environment 58
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Tank pro Bunkr na tuhé a Vyménik tepla Elektrostaticky Rukavovy filtr SCR Systém

kapalné odpady kalové odpady Vyroba pary odlucovac pro pro pro
zachyt popilku odstrafiovani odstrafiovani
POPs NOx a POPs
f=f=h - ]
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. , . y . Mokré pracky pro . .
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nebezpecnych dopalovaci vysouseci komora e vyménik tepla pro
odpadu komora pro odpafovani plynu znovu-ohfivani
odpadni vody plynu
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. 2 e
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Procesy v Cisticich stupnich

Clean gas

Bag Filter
Electrostatic Section
Precipitator
Section | =TT
Synergism
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4
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Rotary Kiln Units:

Capacity Per Unit:
Afterburner Temperature:

{ Final Product:

Residue:

Start of Operation:

¥ Pretreatment Requirements:

Input Limitation:

Waste-POPs Type Accepted:

6t/h

1100 - 1200 °C
Electricity,
Steam
Vitrified Slag
1993

Liquid, Sludge
and Solid
Waste-POPs
none

no explosives

AVG Hamburg Hazardous Waste Rotary Kiln
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Rotary Kiln Units: 2

Capacity Per Unit: 6t/h
Afterburner Temperature: 1100 — 1200 °C
Final Product: Electricity,
| Steam
\ Residue: Vitrified Slag
| Start of Operation: 1989

: i Waste-POPs Type Accepted: Liquid, Sludge

i | and Solid Waste-

‘ | POPs
Pretreatment Requirements: none

Input Limitation: no explosives
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HIM Biebesheim — Hazardous Waste Rotary

Kiln E



Rotary Kiln Units: 1

(apacity Per Unit: 6t/h
Afterburne empera : D0 —=1200°
Final Product: Electricity,

Steam

Residue: Vitrified Slag
Start of Operation: 1981

Waste-POPs Type Accepted: Liquid, Sludge
and Solid Waste-

Pretreatment Requirements:

a
RY
i\

G Loy pt
. | v e A "o
I, SR, . A, L RPN

RZR Herten — Hazardous Waste Rotary Kiln
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Rotary Kiln Units:

Capacity Per Unit: 6t/h
1100 — 1200 °C

Afterburner Temperature:

Final Product: Electricity, Steam

Residue: Vitrified Slag

Start of Operation: 1996

Waste-POPs Type Accepted: Liquid, Sludge and Solid Waste-POPs
Pretreatment Requirements: none

Input Limitation: no explosives

SAVA Brunsbiittel — Hazardous Waste Rota;y
Kiln
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ntrained Flow Gasifiers:

apacity Per Unit:

Gasification Reagents:
Reducing Agent:
Gasifier Temperature:
Final Product:
Residue:

Start of Operation:

Waste-POPs Type Accepted:

Pretreatment Requirements:

Input Limitation:

: N i ol
1 LR X
L ; o .
{ -y W
. PU o i o Yy !
e S e B
R 4 "‘l )
&= dk v % )7_L_‘ X e
o G LA
=y, Y

SV

0O,, Steam

Natural Gas, Light Fuel Oil
1600 — 1800 °C
Methanol (CH;OH)
Vitrified Slag

1995

Liquid & Sludge Waste-
POPs

Pumpable

PCB: = 5 %wt.
PCDD/PCDF: < 200
wgTEQ/kg

Halogens: < 6 %wt.
Solid Content: < 5 %wt.

Schwarze Pumpe — Entrained Flow

Gasification

Natural gas
Tar/oil/slurry o e 0il

staam
oxygen/steam

Burner Q

Cooling watar .o | Copling water

Reactor

Cracked
Q gas

Quenching
water

Quencher

Airlock

5

Slag
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ixed Bed Gasification Units: 7
apacity Per Unit:

asifier Reactor Pressure:

15t/h
25 bar

Gasification Reagents:
Reducing Agent:
Gasifier Temperature:

Final Product:

Residue:
Start of Operation:
Waste-POPs Type Accepted:

Pretreatment Requirements:

Input Limitation:

O, and Steam
Coal

800 — 1300 °C
Methanol
(CH,OH)

Solid Slag

1995

Solid Waste-POPs
None

PCB: £ 0.5 g/kg
PCDD/PCDF:
none

Halogens: none

Bunker

StEAM MAEING w—

ArioCK (as

Feed arlock \
Steam coQawor
Washing

injaction of
watar

DSt ano tar

Watar mantie
M'mmu ZOM »
Drying
Degassmy

Low-tamperature ...
carbonisation 20n8

(asdication
Combustion 20ne

(as watsr/tar/oust

Creygen

Stsam

SVZ Schwarze Pumpe — Fixed Bed Gasification &



0O
Slag

Waste bunker

Waste airlock

'} Gas outlet

Scrubber
cooler

/' Gasification zone,
approx. 1400 *C
«-Basing agent nozzles
Slag extraction,
approx. 1400 *C
Annular burner

Slag airlock

BGL-Gasification Units:
Capacity Per Unit:
Gasifier Reactor Pressure:
Gasification Reagents:
Reducing Agent:

Gasifier Temperature:
Final Product:

Residue:

Start of Operation:

Waste-POPs Type Accepted:

Pretreatment Requirements:

Input Limitation:

30 t/h
25 bar
O,, Steam

Coal

1400 — 1600 °C
Methanol (CH;OH)
Vitrified Slag

2003

Solid Waste-POPs
Granular

PCB: < 0.5 g/kg
PCDD/PCDF: none

Halogens: none

SVZ Schwarze Pumpe - Fixed Bed Gasification



SPOVO Ostrava
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SPOVO Ostrava

ROTACNT PARNI TRISTUPHOVA PRACKA SYSTEM
PEC KOTEL | EKTROSTATICKY garpent TRANINOVY DENOX
ODPAD: DOHORIVACT ODLUCOVAL FILTR KOMIN

KOMORA

“‘ L ‘ “E‘_

pmihﬂt

wApenna substance

pomocna zpel do procesi
latky W Cisbéni spalin

voda na nerozpustneé soli  sadrovec
COV MCHZ téZkych kowi

Research Centre for Toxic Compounds in the Environment
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SPOVO Ostrava

Pfijem odpadu - odpady lze pfijimat v autocisternach,
kontejnerech i sudech. Soucasti vybaveni spalovny je i drtic,
ktery umoznuje upravu odpadu o vétSich rozmérech.

Laboratof spalovny zajist’uje analytické rozbory vSech dodanych
odpadui.

Spalovaci Cast - tvofi rotacni pec a sekundarni dospalovaci
komora, kde se odpady odstranuji pfi 1100 - 1200 °C.
Nespalitelny zbytek odchazi ve formé strusky.

Zajisténi potfebné teploty spalovani pfi najizdéni, béhem provozu
i odstavovani je dosahovano pfidavaymi plynovymi hofaky.
Sekundarni dospalovaci komora s dobou zdtZeni cca 2 s zajiSt’uje

uplnou destrukci nebezpelnych vysoce stabilnich latek (napf.

PCB, freont).

Research Centre for Toxic Compounds in the Environment
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SPOVO Ostrava

Parni kotel - vyuZiva tepla spalin k vyrobé pary, ktera je vyuZivana
jednak na spalovné a jednak ke komercnim uceliim.

Cisténi spalin - soubor nékolika technologii, umoZtiujicich
odstranovat skodliviny ze spalin.

Dvoustupnové mokré prani - v pracce prvniho stupné jsou spaliny
skrapény vodou a dochazi zde k odstranéni HCl, HF, CasteCné
1 SO, a také k odstranéni zbyvajicich téZkych kovl.

Odpadni vody jsou CiStény v systému Cisténi odpadnich vod.

Druhy stupen prani pomoci vapenného mléka slouZzi k odstranéni
SO,.

Z. dtivodu vysokého podilu SO, je tento stupefi prani rozdélen na
dvé praci jednotky.

Research Centre for Toxic Compounds in the Environment
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SPOVO Ostrava

Prvni praci jednotka slouZzi hlavné pro vyrobu sadrovce a druha
pro dosazZeni poZadovanych hodnot emisi.

Mokry sadrovec je zbaven prebyteCné vody v odstfedivce.
Odpadni voda se pouZiva na ostfik demistri (odluCovacu kapek).

Dioxinovy filtr - ¢astice dioxint a téZkych kovtl jsou adsorbovany
aktivnhim koksem, ktery se vstfikuje do proudu spalin pfed
tkaninovym filtrem.

Castice znecisSténého aktivniho koksu se pak zachyti na
tkaninovém filtru.

DENO, katalyzator - z diivodu sniZeni obsahu NO_ pod limitni
hodnotu jsou spaliny vedeny do oblasti vstfikovani Cpavku a
katalyzatoru SCR (selektivni katalyticky reaktor DENOx)
zafizeni, kde dochazi k odstranéni NO_.

Research Centre for Toxic Compounds in the Environment 72
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SPOVO Ostrava

Pifed SCR zafizenim je instalovan tepelny vyménik typu
spaliny/spaliny a hofak na zemni plyn pro zajiSténi provozni
teploty v SCR zafizen.

Po odstranéni Skodlivych latek ze spalin, spaliny vychazeji
kominem do ovzdusi.

Jesté pfed vstupem spalin do komina, analyzuje kontinualné

automaticky monitorovaci systém obsah polutanta (HCI, CO,
SO,, NOx, TOC, prach) ve spalinach.

Research Centre for Toxic Compounds in the Environment
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Odstranovani POPs adsorpci — aktivovany uhlik

adsorbent ma vétsi
vnitini povrch pro
\ adsorpci POPs

Prach z koksoven nebo aktivovany uhlikovy prach

Research Centre for Toxic Compounds in the Enviro 74
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boileru nebo z Tkaninov}’, ﬁltr — komlna
rozpraSovacih nebo do dalsiho
o absorbéru) Cisticiho procesu

Cisténi plynu

Adsorbent ’
(e.g. HOC)

Adsorbent
silo

Popilek, reakcni

» produkty, pouZity
adsorbent

Vzduch ~ Wp—CO— )

POPs adsorpce — vstfikovani praskového
adsorbentu
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POPs adsorpce — adsorbér

Cisty plyn z
predcisténi

Cerstvy adsorbent

Piepravni vzduch

Rukavovy
filtr

O

Recirkulacéni
zasobnik

»—C

Komin

Pouzity adsorbent
pro spalovani
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Cerstvy adsorbent

Systém pro distribuci
vstupniho plynu

*
Vstup surovych plyna =
N\
Perforovana ochrana

S\

Vypoustéci cylindr

¥
iﬂ

11 14
TIlAdVdAd ITARLIOUL U

Perforovana kovova ochrana

= Vystup Cistych plynii

StlaCovaci typ separatoru

<

Prostor pro expanzi plynt

Pouzity adsorbent

POPs adsorpce — reaktor s aktivovanym uhlikem
(ACR)




Reaktor s -
fluidnim loZem
N Ttidic
adsorbentu
Vstup surového | T - ©__|§|—» Cisty plyn
plynu
éerstv;’r
adsorbent

Recirkulace adsorbentu

EAAA
Piiprava adsorbentu

l I #® Zbytky
Pifepravni N ,
vzduch i

POPs adsorpce — adsorbér s fluidnim loZem ]




Rozklad POPs — katalyticka oxidace

= 12 CO, + 4HCI
Katalyzator

| = 12 CO, +4HCI
Katalyzator
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SCR

\ DeNOx/DeDiox-
>v< reaktor
—_—l
.... -+ Katalyzator
———
S>=2 ]
Zemni plyn i duct
Vzduch n burner
[ ]
( Vyménik
Spaliny =) 7 tepla
7
7 é ]
Ventilator

Komin

Rozklad POPs — SCR DeNO_/DeDiox Reaktor
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Ucinnost spalovacich technologii

50 1

Annual Average Emissions

O EU Emission Limit
B RZR Herten IM 1
O RZR Herten IM 2

0 SAVA Brunsbiittel
O AVG Hamburg

L

f_

PM HCI

SO2

CO

HC
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Ucinnost spalovacich technologii

Annual Average Emissions

O EU Emission Limit
B RZR Herten IM 1

0,5 1 ORZR HertenIM 2

U SAVA Brunsbiittel
0,4 O AVG Hamburg
E
Z 0,3
(@)
S
0,2
0,1
0 [ T L T ‘
Hg Cd, Tl Sh, As, Pb, Cr, Co,
Cu, Mn, Ni, V, Sn
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Ucinnost spalovacich technologii

ng TEQ/Nm?®
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Annual Average Emissions
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[0 SAVA Brunsbiittel
O AVG Hamburg

PCDD/PCDF
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