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Bringing the Ukrainian regulatory system in the field of hazardous waste in line with the norms and rules in force in the European
Union requires significant changes in both legislative and regulatory and methodological support of permitting procedures for ther-
mal disposal of hazardous waste. The first steps on this path have already been taken. The latest drafts of the Laws of Ukraine “On
Prevention, Reduction and Control of Pollution Arising from Industrial Activities” and “On Waste” reflect the mechanisms for regulat-
ing the thermal disposal of waste set out in Directive 2010/75 / EU on industrial emissions. Further steps should be aimed at regulatory
and methodological support for the implementation of these mechanisms in Ukraine. This article is devoted to the analysis of the nec-
essary changes in the normative and methodological support of the procedures for issuing integrated permits for hazardous waste incin-
eration. In particular, new requirements for the environmental efficiency of the combustion plant, requirements for monitoring the basic
parameters of the technological process, emissions and discharges.

Further limitation of emissions from waste incineration leads to a significant increase in the cost of equipment in gas purification
systems. But the achievement of emission standards can be achieved not only by improving the flue gas cleaning system, but also by
preventing the formation of secondary toxic compounds in the destruction of hazardous waste. This approach can provide the desired
result with much lower capital and operating costs. In particular, the destruction of chlorine-containing toxic components of waste
in the melt of alkali metal compounds prevents the formation of secondary toxic compounds, and the additional module in which
the destruction takes place is compatible with many conventional hazardous waste incineration systems. Key words. hazardous waste,
environmental efficiency, incineration plants.

PedopmyBanns cepu BuaaieHHs: Hebe3neuHux BigxoaiB B Ykpaini. bongap O.1., Puikenko H.O., YerBepukos B.B.

[IpuBeneHHs yKpalHCBKOT PEryIsITOPHOI CUCTEMH B rajy3i MOBOMKEHHs 3 HeOe3IeUHUMH BiIXOaMU Y BiJIIOBIJHICTB 10 HOPM
Ta TpaBWI, IO Jif0Th y €BpormeiickkoMmy Coro3i, HOTpedye ICTOTHHX 3MIH SIK Y 3aKOHOZABUOMY, TaK i HOPMAaTHBHO-METOANYHOMY
3a0e3MedeHH] Mpoeayp HaZaHHS J03BOJNIB HA AISUIBHICTH 13 TEPMIYHOTO 3HEIIKOKEHHsS HeOe3neuHux Biaxomis. [lepmri kpoku Ha
LOMY LIIAXY BKe 3pobneHi. B mpoekrax 3akoHiB Ykpainu «lIpo 3anobiranss, 3MEHIIEHHS Ta KOHTPOJIb 3a0pyIHEHHS, 1110 BUHUKAE
B pe3yJIbTaTi IPOMHUCIIOBOT TisuTbHOCTI» Ta «I1po Biaxoam» BigoOpaXkeHi MeXaHi3MH PEryiioBaHHs Chepr TePMiYHOTO 3HEIIKOKSHHS
BiZX0/iB, 110 BukiIageHi B Jupekrusi 2010/75/€C npo npomucinosi Bukuau. [Toxansii kpokn MaroTs OyTH HaIiJIeHI HA HOPMAaTHBHO
— MeToAnYHE 3a0e3nedyeHHs pearnizanii B YKpaiHi Takux MexaHi3MiB. CaMe aHaii3y HEOOXiIHHUX 3MiH Y HOPMAaTHBHO-METOAUYHOMY
3a0e3medeHi Npoueayp HaJaHHSA IHTETPOBAHHUX MO3BOJNIB IiJ 4Yac CHAJTIOBaHHS HEOE3MEYHUX BIAXONIB MPUCBSUCHA LS MHpAIls.
30Kpema, OKpecIeHi HOBI BUMOT'H I1[0/I0 €KOJIOTIYHOT €(peKTHBHOCTI CHAIOBaIbHOI YCTAHOBKH, 10 MOHITOPHUHTY 0a30BUX MapaMeTpiB
TEXHOJIOTIYHOTO HPOIIEeCy, BUKU/IIB Ta CKUIB.

TTonanbiire 0OMeKeHHs! HOPM BUKHIIB ITi/l 4ac CIIAIFOBAHHS Bi/IXOIIB IPU3BOMTH JI0 3HAYHOTO [OJI0POXKIAHHS 00J1a/HAHHS B CHCTEMaX
OYHIICHHS Ta3iB. [IpoTe TOCATTH 3MEHIICHHS BHKUJIB MOXKHA HE JIMIIE 3aBASKH BIOCKOHAJICHHIO CUCTEMH OYHILCHHS IMMOBHUX I'a3iB,
ajie i IULIXOM 3ano0iraHHs YTBOPEHHIO BTOPHHHMX TOKCHYHHX CIOJYK IPU JECTPYKLUii HeOe3neyHux BiaxomiB. Takui miaxia Moxe
JIO3BOJIUTH OJIEp)KaTH  HEOOXIIHMIT pe3ysbTar 3a 3HAYHO MEHIIMX KalliTaJIbHUX Ta eKCIUTyaTalliiHuX 3aTparax. 30Kpema, JeCTPyKIis
XJIOPOBMIIIIYIOUYMX TOKCHYHUX KOMIIOHEHTIB BiJIXO/IIB Y PO3IUIABI CIIOIYK JIY)KHUX METAJiB 3a1o0irac yTBOPEHHIO BTOPHHHIX TOKCHYHUX
CIIONYK, & JOJATKOBUH MOJYIb, B SIKOMY 3IIHCHIOETbCS JECTPYKLs, € CyMICHUM 3 OaraTbMa KJIACHYHUMH CHUCTEMaMH CHAJIOBaHHS
HeOe31euHnX BiaxoaiB. Knouosi cnosa: HeOe3MeHi BIIXOIH, €KOJIOTiuHa e(heKTHBHICTh, CIIAIFOBAIIbHI YCTAHOBKH.

Introduction. Processes of hazardous waste thermal
disposal are accompanied by formation of a wide range
of new products, which can have even more hazardous

methods of mathematical modeling are increasingly used
in research. This allowed to determine the most effective
means of preventing formation and removal of toxic

properties than waste original components in case
of wrong organization of the technological process.
Mechanisms of hazardous products formation during
thermal disposal of waste hazardous components have
been subject of research for many years. Research
methods are constantly being improved. Recently,

products in thermal disposal of hazardous waste and to
summarize the practical experience of such technological
processes. In world practice, generalized experience
is embodied in reference documents on best available
techniques (BAT). Compliance of technologies for
hazardous waste thermal disposal with basic indicators

199



ExoJtoriuni Hayku N2 3(42)

HAYKOBO-TTPAKTUYHUI XKYPHAA

of environmental, energy and economic efficiency has
become a basic criterion for the issuance of permits for
activities that affect the environment in many countries
around the world. In Ukraine, the Verkhovna Rada is
considering a draft Law of Ukraine “On Prevention,
Reduction and Control of Pollution Arising from
Industrial Activities”, which should bring the regulation
of industrial impacts on the environment in line with
international practices. Enactment of this law should
radically reform the regulatory system and technological
base of hazardous waste thermal disposal.

Technical regulation of thermal disposal
of hazardous waste. The Association Agreement
between Ukraine and the European Union provides
for approximation of national legislation in the field
of environmental protection to EU legislation. One
of the main tasks of reforming the sector is to enshrine in
national legislation the provisions of Directive 2010/75/
EU on industrial emissions (integrated pollution
prevention and control). Implementation of Directive
2010/75/EU  provisions should radically change
permitting system for activities that impact environment,
and in particular licensing of hazardous waste disposal
activities [1]. In addition to organizational aspects
of application consideration for the implementation
of activities in the Ukrainian legislation should be
transferred the qualitative and quantitative requirements
for thermal disposal processes, formed on the basis
of best European techniques and practices.

Integrated permit for waste incineration plants in
accordance with Directive 2010/75/EC must contain
the following information:

— a list of all types of waste which may be treated is
compiled in accordance with the European Waste List
established by Decision 2000/532/EC;

— the total waste from incinerating or co-incinerating
capacity of the plant:

— the limit values for emissions into air and water;

— requirements for pH, temperature and volume of
discharges;

— procedures and frequency of sampling and
measurement;

— the maximum permissible period of any technically
unavoidable stoppages, disturbances, or failures of the
purification devices or the measurement devices, during
which the emissions into the air and the discharges of waste
water may exceed the prescribed emission limit values.

When incinerating hazardous waste, in addition
to the above information, permit must limit minimum
and maximum volumes of hazardous waste, their lower
and maximum calorific value and maximum content
ofpolychlorinated biphenyls, pentachlorophenol, chlorine,
fluorine, sulfur, heavy metals and other pollutants.

To support procedures of permits examination,
the European Commission Decision of 12 November
2019 adopted a list of recommended procedures
and operations arising from BAT analysis
and generalization for waste incineration. BAT are given

in the form of recommended procedures and operations
description. Specific data only apply to BAT-AELs
(associated emission levels) and the frequency of their
measurement. In total, the document contains 37 BAT,
which belong to the following sections:

— Methods of environmental management system
improving (EMS)

— Methods to increase incinerator environmental
efficiency

— Methods to prevent or reduce air emissions

— Methods to prevent or reduce discharges into the
water

— Methods to improve energy efficiency

— Methods to increase resource efficiency

— Monitoring of technological parameters, emissions
and discharges.

Methods of increasing the environmental efficiency
of the combustion plant. Improving the environmental
efficiency of incinerators can be done in two ways:

— improving of waste toxic components destruction
and neutralization;

— improvement of gas cleaning systems

The main requirements for waste incineration processes
are formulated directly in Directive 2010/75 / EU:

1. The combustion regime must ensure that content
of organic carbon in slag and ash residues is less than 3%.

2. When incinerating hazardous waste with
a chlorine content exceeding 1%, gases temperature
near the combustion chamber wall after the last oxidant
introduction (preheating zone) was maintained at least
1100 ° C for two seconds.

3. Each incinerator combustion chamber must be
equipped with at least one auxiliary burner which switches
on automatically when combustion products temperature
in the preheating zone falls below 1100 ° C. Burners are
also used during start-up and shut-down operations.

4. Incinerators must have an automatic waste
blocking system when starting the installation until
temperature specified in paragraph 2 is reached or as
a result of deviation from the technological mode is
not maintained at required level, as well as when due
to disturbances in gas purification system the maximum
content of any pollutant in flue gases is exceeded.

These requirements are reflected in the draft new
version of the Law of Ukraine “On Waste” and may soon
become mandatory [2].

Decision of the European Commission to implement
Directive 2010/75/EU does not contain specific
recommendations on the BAT for chlorine-containing
hazardous waste destruction and neutralization.
Many computational, analytical and experimental
studies have been devoted to the optimization of these
processes, the results of which may be difficult to
draw a few concrete conclusions, but they can provide
sufficient information on the procedure for examining
documentation for integrated permitting.

Enactment of the Law of Ukraine “On Prevention,
Reduction and Control of Pollution Arising as a Result
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of Industrial Activity” creates regulatory and legal
preconditions for improving gases cleaning systems
of incinerators.

In Ukraine, emissions of pollutants from stationary
sources are regulated by general standards of maximum
permissible emissions of pollutants from stationary
sources. In addition, for certain types of thermal equip-
ment, current and future technological standards are set,
which relate to pollutants inherent in the technologies
implemented on this equipment. To date, several tech-

nological standards have been developed for emission
sources in metallurgy and energy. There are no such
standards for the waste incineration yet. With introduc-
tion of integrated permitting systems in Ukraine, reg-
ulatory framework should reflect levels of emissions
and discharges specified in the Decision of the European
Commission of 12 November 2019 on BAT-AELs. The
list of pollutants emission limit values, means of their
removal, the frequency of their control, according to
BAT-AELSs, are shown in table 1.

Table 1

Emission levels for incinerators according to BAT-AELSs

Contaminant BAT-AEL mg/Nm?® | Averaging period | Measures and means of removal
Dust, metals and metalloids
Dust <2-5! daily average
Cd+Tl1 0,005-0,02 aslzre;a%e over the Bag filters, electrostatic
pling period -
Sb+As+Pb+Cr+Co+ average over the . precipitators, dry sorbent
CUMn NIV 0,01-0,3 lg iod injection, wet scrubber, fluidized
urvinT Nt Sampling perio bed or fixed bed adsorption and
Dust from the closed average over the combinations thereof
processing of slag and 2-5 T iod
bottom ash sampling perio
HCI], HF & SO,
New Existing
installation | installation .
HCI <26 <28 daily average Wet scrubber, semi-dry scrubber,
dail dry sorbent introduction, direct
HF <1 <1 arly average or average | joqyfurization (for fluidized bed)
over the sampling period
SO, 5-30 540 daily average
NOx & CO
NO, 50-120° 50-150¢ Flue gas recirculation, selective
non-catalytic reduction (SNCR),
co 10-50 10-50 daily average selective catalytic reduction

(SCR), bag filters with catalyst,
wet scrubber

Total volatile organic carbon

9

PCDD/F and dioxin-like PCBs

Total volatile organic

carbon, mg/Nm? <3-10 <3-10 daily average Rapid cooling of the flue gas
from a temperature above 400 °C
<0,01-0,04 | <0,01-0,06 averagl?noverrtih siisam— to below 550 °C to prevent the
PCDD/F, ng I-TEQ/nm’ 1 png petio B synthesis of PCDD / F,
<0,01-0,06 | <0,01-0,08 ong-term_sa(limp ng introduction of dry sorbent,
pero adsorption in fluidized or fixed
o <0.01-0.06 | <0.01-0.08 | 2averageover thesam- | peq selective catalytic reduction,
PCDD/F + dioxin-like ' i ' i pling period bag filters with catalyst, carbon
PCBs, of WHO-TEQ/Nm? <0.01-0.08 <0.01-0.1 long-term ;ampling sorbent in wet scrubber
’ ’ i ’ period
Mercury
<590 <520 daily average or average | Wet scrubber (low pH), intro-
over sampling period | duction of dry sorbent, introduc-
Hg, mkg/Nm? ] tion of special highly activated
1-10 1-10 long-term sampling carbon, adsorption in fluidized or

period

fixed bed

! For existing plants dedicated to the incineration of hazardous waste and for which a bag filter is not applicable, the higher end of the

BAT-AEL range is 7 mg/Nm’.

>The lower end of the BAT-AEL range can be achieved when using a wet scrubber; the higher end of the range may be associated with the

use of dry sorbent injection.

3The lower end of the BAT-AEL range can be achieved when using SCR.
*For existing plants fitted with SNCR without wet abatement techniques, the higher end of the BAT-AEL range is 15 mg/Nm’.
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Monitoring of basic parameters of technologi-
cal process, emissions and discharges. An important
factor in preventing pollution during thermal disposal
of hazardous waste is to obtain prompt and reliable
information about technological process. Therefore,
in pursuance of Directive 2010/75/EU, the European
Commission has established a list of basic process
parameters and a list of pollutants to be controlled during
waste heat treatment.

Basic technological process parameters that affect
emissions and discharges from the incinerator and should
be controlled in accordance with the BAT are given in
Table 2.

Processes in which air emissions are controlled,
the frequency of measurements are shown in table 3.

When burning hazardous waste containing persistent
organic pollutants (POPs) it is necessary to determine
POPs content in final products (slag and ash, flue gases,
wastewater) both during incinerator commissioning
and after each change that may significantly impact on
the POPs content in final products.

Application of measures and means of flue gas clean-
ing from pollutants recommended by the BAT requires
a significant increase in capital and operating costs for
gas cleaning systems. Therefore, in order to reduce load
on the gas cleaning system and, accordingly, to reduce

Table 2
Basic parameters of the technological process

Parameters

Flow, oxygen content, temperature, pressure,
water vapour content

Temperature

Measurement object Measurement frequency

Flue gases from the incineration of waste

Combustion chamber
Wastewater from wet gas cleaning
devices
Wastewater from bottom ash treatment
plant

Continuous measurement
Flow, pH, temperature

Flow, pH, conductivity

Table 3
Processes in which air emissions are controlled and frequency of measurements

Compound / parameter Process Minimum measurements frequency
NO Waste incineration Continuously
NH Waste incineratioq with SNCR and/or Continuously

3 SCR is used
Incineration of waste in a fluidized bed
furnace

N,O Incineration of waste when SNCR is Once a year

operated with urea
CO Waste incineration Continuously
SO, Waste incineration Continuously
HCI Waste incineration Continuously
HF Waste incineration Continuously '

Battom ash treatment Once every year

Dust — : -

Waste incineration Continuously

Metals and metalloids, except
mercury (As, Cd, Co, Cr, Cu, Mn,
Ni, Pb, Sb, T1, V)

Waste incineration Once every six months

Hg Waste incineration Continuously
TVOC Waste incineration Continuously
Once every six months for short-term
PCDD/F Waste incineration sampling

Once a month for long-term sampling
Once every six months for short-term
sampling 2
Once a month for long-term sampling
Once every year

Dioxin-like PCBs Waste incineration

Waste incineration

Benz[a]pyrene

' The continuous measurement of HF may be replaced by periodic measurements with a minimum frequency of once every six months if
the HCl emission levels are proven to be sufficiently stable. No EN standard is available for the periodic measurement of HF.
>The monitoring does not apply where the emissions of dioxin-like PCBs are proven to be less than 0,01 ng WHO-TEQ/Nm®.
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capital and operating costs, research is being carried out
to improve waste thermal destruction technology.

A promising direction for improving of chlorine-con-
taining hazardous waste thermal disposal technology is
destruction in molten salts of alkali metals.

Preliminary studies of of POPs-containing wastes
thermal disposal have shown that, after destruction in
the melt, chlorine is completely bound to alkali metal
chlorides, thus eliminating formation of secondary
chlorine-containing toxic compounds [3]. Accordingly,
resulting synthesis gas does not require purification
and can be discharged as an auxiliary fuel in conven-
tional incinerators. Destruction of highly concentrated
POPs can be performed in an additional module to
the incinerator. The module will create almost no addi-
tional load on the incinerator’s gas purification system,
and capital costs for this module will be much lower
than for gas purification system creation with traditional
technology of thermal disposal of highly concentrated
chlorine-containing waste.

Destruction of POP-containing pesticides and PCB-
containing oils in molten salts of alkali metals is car-
ried out according to the technological scheme shown
in Figure 1.

Sodium and potassium carbonates and sodium
sulphate are loaded into the pyrolysis chamber 1
preheated to 950 ° C through the gateway chamber 2.

There is a constant recirculation of the melt between
the pyrolysis chamber and the bubbling chamber as
a consequence of the airlifting effect from the operation
of the submerged burner [4].

Loading of solid waste POPs begins when temperature
in bubble chamber 3 reaches 950 °C. Solid wastes in
paper bags are fed by a belt conveyor to the gateway
loader. Through it, by alternately opening gates, bags get
inside the oven. Loading of liquid and bulk materials is
carried out continuously from the tank 4 and the hopper
with screw dispenser 5 through the lance 6.

For their transportation air with the addition of water
vapor, formed by cooling the fused melt in the tank 9 can
be used. Gasification of POPs can begin in the lance 6
and continue in the melt bath.

In the melt bath at temperatures around 950°C POPs
compounds participate in several subsequent reactions.
Initial reaction is pyrolysis and partial oxidation with
sulfate to form a coke residue, water vapor, CO, some
hydrocarbons and acid gases. Acid gases are neutralized
by alkali salt. Coke residue remains in sulfate melt in
first zone until completely reacted with sulfate. Reaction
of the coke residue with sodium sulfate to produce
sodium sulfide is endothermic. Sulfide on the bath
surface reacts with oxygen in the air regenerating back
into sodium sulfate. Chlorine in the melt binds to sodium
chloride and remains in the melt.

Synthesis gas

- |
to the afterburner

Flue gases

to the rotary kiln

Dt

Fig. 1. Module of destruction of concentrated POPs. I — pyrolysis chamber; 2 — gateway
chamber; 3 — bubble chamber; 4 — container for liquid waste; 5 — screw dispenser; 6 — lance;

7 — upper drain hole; 8 — lower drain hole; 9 —

tank for draining the melt; 10 — compressor;

11 — conveyor; Pl — submerged burner;
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Gaseous destruction products leave destruction
module through the window in the pyrolysis chamber
and are fed to rotary kiln afterburner. Flue gases from
bubble chamber enter the rotary kiln as additional coolant.

As previous studies have shown, the destruction
of PCBs in the melt of carbonates and chlorides of alkali
metals can reach 99.999999% [5]. Concentration
of dioxins and furans in obtained products, was at level
of picograms. Thus, completion of the technological
complex with an additional module for concentrated
POPs destruction will effectively neutralize almost
all types of chlorine-containing waste. Specific costs
of disposal in such an upgraded version of technological
complex will be much lower than when using one large
universal rotary kiln or several specialized installations.

Conclusions

1. The harmonization of the Ukrainian legal
framework for the regulation of hazardous waste
management with FEuropean directives requires

radical changes in procedures and criteria used for
permits issuance for activities related to negative
environmental impacts.

2. Expansion of pollutants list that must be
controlled during hazardous waste thermal disposal
and establishment of emission limit values based on
the best available techniques s and practices require
significant improvements in gas purification systems
used in domestic incinerators.

3. Reduction of pollutant emissions can be achieved
not only by improving gas cleaning systems, but also by
preventing secondary toxic compounds formation from
destruction products.

4. Destruction of  chlorine-containing  toxic
components of waste in the molten salts of alkali metals
compounds prevents formation of secondary toxic
compounds. Inclusion of the destruction in the melts
module in the technological chain can significantly
reduce the load on the gas purification system.
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