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Skladky — smetiska - deponie X~

Ked verejnost poduje SKLADKA
najCastejSie si predstavuje SMETISKO.

DUMPSITES

MARINE LITTER

CLIMATE CHANGE WASTE TRAFFICKING

WASTED HEALTH

THE TRAGIC CASE OF DUMPSITES

38 out of the 50 with the business $10/%12 billion represents 507
bigest landfills are as usual scenario annually is the of population
posing threat for dumpsites will turnover of illegal and 407 of the '
marine and account 8-10% of waste shipping waste of the -1
coastal pollution the anthropogenic to dumpsites planet

Greenhouse Gas

emissions in 2025




Technologicka evoliucia skladkovania

Biogas Collection

-10 000 B.C. - Deponie

1950 - Sanitary landfills
1970/1980 - Engineered landfills
1995/2000 - Bioreactor landfills

2005/2010 - Sustainable landfills

Leachate Recirculation




Technologicka evolucia skladkovania @
1950-: Sanitary landfill

- aspon minimalna starostlivost




Technologicka evolucia skladkovania

"

1970-1980: Engineered landfill

Gas Vent Pipe

— Top Liner System

Surface Vegetation

Surface Runoff
Collector Pipe

Anchor Trench

Side Liner System

Leachate Collection and Removal System

L Bottom Liner System

ORI

navrhuje STAVEBNY INZINIER (A*2)
prevadzka na zaklade LICENCIE (IPKZ)
kontrola nezavislym ORGANOM (SI1ZP)

- spodné aj horné tesnenie
- odvadzanie priesakov a plynov
- riadena prevadzka
- kontrola emisii
- nasledna starostlivost

Geosynthetic Erosion
Control System

Geotextile Filter
Geocomposite/Geonet Drain

e
T e
R

Geosynthetic Clay Liner

Lol o R e L Geomembrane
STEN i SOOI
SO AR -
=

o~ —"‘
‘‘‘‘

Geopipe or i)
Geocomposite %

. %
Drain

Gas Vent Layer

Geotextile e
Filter — Geotextile Filter

X Gravel, Geonet or Geocomposite
Geopipe
— Geotextile Protection
X J—Geomembrane(Primary)

e~ =—Geosynthetic Clay Liner

G| Geotextile Filter/Separator
L— Geonet or Geocomposite Leak Detection

Geomembrane (Secondary)

—— Compacted Clay Liner 5



Technologicka evolucia skladkovania @
1995-2000: Bioreaktor landfill

AEROBIC-ANAEROBIC BIOREACTOR
Aerobic-Anaerobic Bioreactors use both aerobic and non-aerobic
b ia to 1| the d dation of organic wastes, thus reducing
landfill mass and extending the life of disposal facilities.

Liquid
Injection

Infiltraciu priesakov reguluje PC
na zaklade

cidiel vlhkosti v telese skladky
atvorby LFG

Leachate/Liquids Addition
fGas Collection
Air Injection

kombinacia 3 v jednom:

,SKLADKY + BIOplynky + KOMPOSTérne*



Koniec doby skladkovej ? @

J. Budaj: Musime smerovat k
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je anachronismus
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Miera energetického zhodnocovania odpadu
musi na nejaky cas stupnut, aby sa ukoncila éra
skladkovania, mysli si minister Zzivotného
prostredia.
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nosti s nulovym odp
odpad nebude znesko
dy bude na 100% recy.

Dr. rer. nat. Karl Biedermann

je nemozn

Bundesministerium
filr Umwelt, Naturschutz,
Bau und Reaktorsicherheit

®

Die Deponie — unverzichtbares Element

der Kreislaufwirtschaft Biedermann, K. (2012). Die Weiterentwicklung der Deponieverordnung / die Zukunft der
Deponie in der Kreislaufwirtschaft. ABSCHLUSS UND REKULTIVIERUNG VON DEPONIEN
UND ALTLASTEN . Karlsruhe : 22. Karlsruher Deponie- und Altlastenseminar 2012 .
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Leiter des Referates WR Il 5 Schenk, K. (2012). Die zukiinftige Rolle der Deponie in der Technischen Verordnung Gber
Abfalle (TVA) der Schweiz. ABSCHLUSS UND REKULTIVIERUNG VON DEPONIEN UND
ALTLASTEN . Karlsruhe: 22. Karlsruher Deponie- und Altlastenseminar 2012 .

»Produktionsabfélle, gefahrliche Abfélle, Deponierung”
im
Bundesministerium fir Umwelt, Naturschutz,

. . Huber-Humer, M. (2012). Die =zukilnftige Rolle der Deponie in der Abfallwirtschaft
Bau und Reaktorsicherheit

Osterreichs. ABSCHLUSS UND REKULTIVIERUNG VON DEPONIEN UND ALTLASTEN .
Karslruhe: 22. Karlsruher Deponie- und Altlastenseminar 2012 .
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6. Conclusions

Thus far, however, with respect to the current situation and rich style of living adopted
in industrially developed countries, the idea of waste management systems functioning without
landfilling—at least in the foreseeable future within one generation—seems to be somewhat utopian.

From the literature review, it is evident that even if high levels of waste avoidance, reuse and
recycling are achieved, some waste materials will always need to be forwarded for disposal. Therefore,
the concept of sustainable landfill should be implemented. A truly sustainable landfill is one in which

the waste materials are safely assimilated into the surroundinﬁ environment. 9




Multidisciplinary
Journal for Waste
Resources & Residues

Aetritus

Editorial

WHAT ABOUT RESIDUES FROM CIRCULAR ECONOMY AND
ROLE OF LANDFILLING?

landfilling plays a much higher crucial role in waste
management strategy than generally recognised by au-
thorities;

« landfilling should be conceptually and technically re-
modelled in order to fulfil the fundamental strategic role
of acting as a sink in Circular Economy strategies; this

e refl ' se requlations.

“zero waste” (ZW) appears an even more unrealistic
proposal, and can be considered solely when viewed as
a conceptual trend;
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PROBLEMS IN TRADITIONAL LANDFILLING AND PROPOSALS FOR
SOLUTIONS BASED ON SUSTAINABILITY

Valentina Grossule "* and Rainer Stegmann ?

' DICEA, of Civil,
Z Hamburg University of
Hamburg, Germany

University of Padova, Via Marzolo 9, 35131 Padova, Italy
Energy Harburger 36-21079

Institute of

esveddeniu,

Rainer Stegmann

TuTech Innovation GmbH, Germany

ju za zastarany a pote
y systém OH -

+ not all materials can be recycled and recyclable prod-
ucts cannot be recycled endlessly;

+ contaminants contained in the products tend to accu-

i mulate in the recycled materials and residues; 11
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J. Budaj: Musime smerovat k
uplnému zastaveniu
skladkovania

Miera energetického zhodnocovania odpadu
musi na nejaky ¢as stupnut, aby sa ukongila éra
skladkovania, mysli si minister Zivotného
prostredia.

THE LANCET

COMMENT | VOLLIK

Offline: Science and the breakdown of trust

Richard Horton |

Published: October 03, 2000 « DOE https:/fdoLorg/10,1016/50140-6736(20) 32064 X
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Skladky a BAT <>

Co je cielom BAT ?

,,Pod BAT technologiou sa rozumie najiéinnejsi a najookrokovejsi
stav rozvoja ¢innosti, technoldgii a spdsob ich prevadzkovania...
...alebo aspori znizenie emisii a vplyvu
na zivotne prostredie.“

Aka je uloha skladok v XXI. storoci ?

,Udrzat' emisie pod kontrolou.*

13



Skladky a BAT

Ludrzat emisie pod kontrolou.*

[. konStrukeéné rieSenia
[I. prevadzkové postupy
[II. kontrolné limity

Figure 1-2 Aerial View of Payatas landfill (Philippines) failure (Source: Zekkos, 2005)

Approximate

limit of landfill |




Skladky a BAT

I.  konstrukéné rieSenia
II. prevadzkové postupy
III. kontrolné limity

@& )  MAINTENANCE TREATMENT

- % e

Waste from the community is Landfill systems and Waste degradation generates ™
safely collected, inspected, equipment are regularly landfill gas which is collected to control
and disposed of in the landfill inspected and maintained air emissions and provide green energy

Menitoring provides an additional Leachate is collected | I Groundwater resources

4

safeguard for protection of
environmental media

and treated onsite are protected by the

5 MONITORING

or transported offsite liner system
CONTAINMENT
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Skladky a BAT

Top
landfill:

Bottom
landfill:

INERT WASTE LANDFILL

>Tm

=>0.5m
k=10%m/s

>0,5m
k<10®m/s

INERT WASTE LANDFILL

>0.5m
k=10?m/s
d=16-64mm

>1m
k<107m/s

>0,5m
k<5x10°m/s

I. konstrukcné rieSenia

NON-HAZARDOUS WASTE LANDFILL

>Tm

>0.5m
k=10°m/s

>0,5m
k<10®*m/s

>0.5m
k=10°m/s

NON-HAZARDOUS WASTE LANDFILL

ora

Natural geological barrier

rtificial barrier

|

[ Nonwoven geotextile ]
B BGeomembranell MM ]

>0.5m
k=10"m/s
d=16-64mm

>2.5mm, HDPE
>1m
k<10°m/s
>1m
k<10°m/s

>0,5m
k calculated on the basis
of hydraulic equivalence

Nn——

HAZARDOUS WASTE LANDFILL

>1m

>0.5m
= k=10"m/s

M NGeomembranell MM I >1.5mm, HDPE

>0,5m
k<10®m/s

>0.5m
k=10"*m/s

HAZARDOUS WASTE LANDFILL

- >0.5m
k=10"m/s

d=16-64mm

>2.5mm, HDPE

>Tm
k<10°m/s

=5m
k<10°m/s

>0,5m
k calculated on the basis
of hydraulic equivalence
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Skladky a BAT [. konstrukéné rieSenia @

DRENAZ je kriticky faktor skladky !

hrubo zrnny Strk (16/32-64)
velky priemer rdry (min DN315)
rury ni€im neobalovat’ !
perforacia min. pr. 10 mm (plocha 3-5%)

Caste tlakové preplachovanie potrubia
rad8ej priame Useky dren. rar ako ,rybia“ kost
moznost inSpekcie rur pomocou kamery

zvislym Cerpacim Sachtam sa radSej vyhybat’ !

WASTE

12" GRANULAR DRAINAGE LAYER Fig. 1. (a) Cross section through a typical primary leachate collec-
19" INTERVEDIATE FILTER AGGREGATE tion system in a municipal solid waste landfill; (b) idealized loads
acting on a soil-pipe system with distant boundary stress ¢

WASTE

(31SYM HINOYHL
SIAON Y3LYM
SYIEINENER))
JIVHOVAT

12" COARSE AGGREGATE m:*

6" HIGH DENSITY POLYETHYLENE
SDR 11 PERFORATED LEACHATE (a) SOLID WASTE

>._COLLECTION PIPE

WASTE

08 T3R0S 04, — Gravel (16 - 32 mm)

. 0?&,03

T P B IR e T o Geotextle
Perforated Pipe

RN R e QIR TRERARE R R RIRTIR,
SESEIESERAERKATIVE  SOLSGRECAT UKL KA .
\\//>\//>//>\//>//>\//>//>\//>///?/>//§//>//}\//(\\\///\\\//\\ SRR 100z NON-WOVEN GEOTEXTLE e Geotextile
RIS ON. N\ TR e
) 60 MILLIMETER HIGH
DENSITY POLYETHYLENE LINER SYSTEM
LINER

24" CLAY BARRIER LAYER
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Skladky a BAT

ODPLYNOVACIE SACHTY - 15ks |
031- 0315

mE1:28 |

VODDTESNY
UZAVER

POKLOP 7 OCEL
PLECHU

STRH 64/128

RURA PEHD ON 315 nm

8 l PERFOROVANA min, 10 %
"T" DCELOVA RURA
ON 1000710

CESTNT PANEL 120 33/10

GEOTEXTILIA $5e8

.

konstruk¢éné rieSenia

e 2
LA

Nn——

Odplynovacia Sachta musi aj pocCas prevadzky skladky

1. umoznit’ odvadzanie LFG

2. zabranit’ vnikaniu vzduchu do odpadu (riziko poziaru 1)

loop for puling

Nexible, convolulad

opening 2
=

hose & 80 dragable steel pipe DN 800
GLIA PEHD 2 mm leved of waste
Bifore puling
' aihacd
) ;-// pas coliecting pipe
e p———— !""}-F'E O 80, slotied Elilill:.
insolalad PE-HD, OO 225
— E7N.B uPNC pipe (unshtted] 5
CLAY CAP - clay or
B cohegiongl sod
,-u.- . toam 3 ‘ -l
"“\\s ~ ‘ i \\\ N = ; Ievial afber
LIS . daily cover, 5 pulivg
: ;; I N -myery 2 m
“ 1 = TS e
SOLID WASTE - s
6" HBwelcme
LANDFILLING ™7 Ty
2 |
Concepts, Processes, Technologies H o o
RAFFAELLO COSSU . .
University of Padove, Department of Civil, Envirenmental
and Architectural Engineering, Padova, Raly . : k- = H 5
« 1 E NS
RAINER STEGMANN s 2 S
Hamburg University of Technology, Institute of Environmental é"‘-&
Technology and Energy Economics (retired), Hamburg, Germany oncrete base 1 9



Skladky a BAT [. konstrukéné rieSenia

tzv. ,,Odplynovacia vrstva“

Vertikalne odplynovacie vrty
alebo

Horizontalne drenazne rebra

hrubka 30-50 cm odpad. kamenivo fr. +32 mm
IL! &

=

as Well Components

LFG Wellhead Flow
Control Valve

Biogas Collection

hate Collection
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Skladky a BAT IL prevadzkové postupy

Figure 9.1

Placing of bales at the landfill. The open “front” of the landfill is about 500 m’. To the right, a
filled lane with top cover can be seen.

Landfill or Storage ???

...zneskodneny / ulozeny ? ... trvalo/docasne.... ?
Smernica o skladkach je eSte z roku 1999.

Nutne potrebujeme pre skladkovanie
novu terminolégiu !!!




Skladky a BAT II. prevadzkové postupy

Meni sa aj technoldgia skladkovania.

“REINFORCED WASTE” EMBANKMENT
CAVAGLIA — BIELLA, ITALY

S Waste_ Vegetative Soil—

S

Nonwoven Geotextile —"
Geogrid Reinforcement =N
%

Drainage Composite —
Geosynthetic Clay Liner —_
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Skladky a BAT II. prevadzkové postupy

Minimalizovat’ aktivhu cast’ skladky !
Rozdelit’ plochu skladky na ,bunky“ — ako Sachovnicu.

ZavéZanie sekcie 6 - 7 - 8 AKTIVNA SEKCIA

Smer zavd2ania sklddky

Ry N w kladon i odposdu 7

El

G|

&l -
. ® ™
2 5 :
| k k!




Sklédky a BAT II. prevadzkové postupy

Rozdelit’ plochu skladky na ,bunky*
— ako Sachovnicu.

4. Dovoz odpadu a hutnenie, prekryv inertom po 2,0 m hribky odpadu




Skladky a BAT I1I. kontrolné limity @

Udrzat’ emisie pod kontrolou = FSQ
FSQ =???

Tab.C1 k pril.c1 ¢.382/2018 7?7?77

Smernica €. 1999/31/ES o skladkach odpadov v €l. 13
"Postupy uzatvarania skladok a starostlivosti o skladky po skonceni ich prevadzky "

Aj na$ technicky popis uzavretia a rekultivacie v §8 vyhlasky ¢. 382/2018 Z.z.

le zamerany len na vybudovanie fyzickych bariér (tesniacich vrstiev) + 30r.,

ale neobsahuje ziadne stanovenie limitov, ktoré by mala skladka spifiat po jej rekultivacii.

neobsahuje ziadne konkrétne limity (FSQ) tykajuce sa dlhodobej kontroly emisii.

25



Skladky a BAT

Ssusl

SZ max |
)

III. kontrolné limity “ @
—7"

Aby sme mohli kontrolovat, musime v ramci principu de minimis
stanovit tzv. Final Storage Quality (FSQ)

t.j. meratelné parametre emisii zo skladky,

ktoré su uz povazované za prijatelné a zanedbatelné pre okolie.

\ @ No pretreatment and
in situ treatment

In situ treatment
(during operation/aftercare)

@ Pretreatment

(during operation/afercare)

@ Pretreatment + in situ treatment

Unsustainable
landfill

Sustainable
landfill

Potential emission of waste, (S;)

ta t te t
Finantial provision i
c ) ;
Pretreatment  Operation Aftercare

Y

FSQ = ? m3ly
FSQ = ? %CH4

m? CH,/year (x1.000x)

700

600

500

400

300

200

100

2005

CH, generation, recovery and oxidation (per year)

100%

90%

80%

- 70%

- 60%

50%

40%

30%

20%

- 10%

— — T T 0%
2010 2015 2020 2025 2030 2035 2040 2045 2050
Year

Generation Oxidation Emission =-=--ILFG
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Skladky a BAT III. kontrolné limity x @

Skladky bez vyraznych emisii LFG
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Skladky a BAT ITI. kontrolné limity

Skladky s vyraznymi emisiami LFG

Air

—7"

aerobic o 100 anaerohic
3-zloZkovy diagram LFG
+ 2020 LFGp ® 2020 LFGg
¢ 2021 LFGp @ 2021 LFGg

+ 2022 LFGp » 2022 LFGg

+ 2023 LFGp » 2023 LFGg
+ 2025 LFGp ® 2025 LFGg
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Hotel Atrium, Vysoké Tatry v:

8.-10.december 2025

Skladky a BAT

Ak chceme funkéné OH

musime sa este stale venovat aj skladkam.

Ing. Marek Hrabcak
Environmentalny konzultant
Tel 0952 033 207
Email: m.hrabcak61@gmail.com 29



