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Rautenweg landfill
Vienna, 2002

Waste

Leachate

anaerob abbaubarer org. Stoff
SO4    H S, HS-- -

2

NO     N3 2
-

 HS     SO4   - --

Fe     Fe  (fällt aus)       ++ +++

~ 90 % of carbon
greenhousegas

CH4 = 21- 35 x CO2

Emissions from Landfills
Reactor Landfill (for Untreated Wastes)

~ 10% of carbon

3rd largest 
source

many other pollutants
(heavy metals, chemicals, 
organic compounds, ……)
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Construction of Landfills - Gas Management 
Active Gas Exhaust System

operation phase and active aftercare phaselandfill closure
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ca. 65 % > 90 %ca. 35 %

source: ABF-BOKU
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Emissions from Landfills
Phases of a Reactor Landfill

Hydrolysis and Acidification

Acetogenic Phase and start of methane formation

stable Methanogenic Phase

Leaching Phase

sum

sum methane

COD

BOD5

time

leachate

BOD, COD [mg/l]
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Emissions from Landfills
Leachate

fermentativ-anaerobe Phase
‘saure Phase’

stabile Methanphase
‚Methanphase‘

parameter
Einheit Bereich Mittelwert Bereich Mittelwert

pH --- 4.5 – 7.5 6.1 7.5 – 9 8

COD mg/l 6,000 – 60,000 22,000 500 – 4,500 3,000

BOD5 mg/l 4,000 – 40,000 13,000 20 – 550 180

Ca mg/l 10 – 2,500 1,200 20 – 600 60

SO4 mg/l 70 – 1,750 500 10 – 420 80

Zn mg/l 0.1 – 120 5 0.03 – 45 0.6

Fe mg/l 20 – 2,100 780 3 – 280 15

fermentative-anaerobic phase
“Acidogenic Phase”

range average

stabile methane phase
“Methanogenic Phase”

unit range average
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parameter Einheit Bereich Mittel

Total N mg/l 50 – 5,000 1,350

NH4-N mg/l 30 – 3,000 750

Chloride mg/l 100 – 5,000 2,100

Pb mg/l 0.008 – 1.02 0.09

Cd mg/l 0.0005 – 0.14 0.006

Cr mg/l 0.03 – 1,6 0.3

Cu mg/l 0.004 – 1.4 0.08

Ni mg/l 0.02 – 2.05 0.2

AOX g/l 320 – 3,350 2,000

fermentativ-anaerobe Phase
‘saure Phase’

stabile Methanphase
‚Methanphase‘

fermentative-anaerobic phase
“Acidogenic Phase’”

range average

stabile methane phase
“Methanogenic Phase”

unit

Emissions from Landfills
Leachate
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Emissions from Landfills
Organic Matter in Leachate

BOD5

COD

BOD5

COD

BOD5

ca. 0.5

“Acidic Phase”

“Methane Phase”

ca. 0.1

BOD5 is high

is low not easily biological 
degradable

95 % of TOC are low carbon acids, i.e. substances with 
low molecular weight (< 100 g/mol)

only a low percentage of 
substances with a high 
molecular weight
(>> 1,000 g/mol) 

most of TOC are substances with a high molecular weight

compounds similar to humic 
substance

easily biological 
degradable



3rd Symposium Waste Management La Molina                        
In Situ Aeration of Landfills

September 2013

ABF-BOKU / Erwin Binner page 5

9 © Erwin Binner LIMA 2013

Landfill Aftercare
How Long is the Rattail?

time for active aftercare?

EU-landfill directive: > 30 years 
(ensured financial security)

emissions: 
simulation and lab-data, modelling:

30 – 50 years for gas
150 – 200/300 years for leachate (N, COD)
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Pollution by
Inadequate Landfilling / Austria 1978

photo: Binner, 2001
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Evaluation of Landfill Status
FID-Measurement - Methane Emissions

-71100 -71050 -71000 -70950 -70900 -70850 -70800 -70750 -70700 -70650 -70600

260400

260500

260600

260700

fü
r 

O
b

er
fl ä

c h
e n

e
n

tw
äs

se
ru

n g
B

e
t o

n
ge

ri
n n

e
 D

N
 8

0
0

/4
0 0

Gasfackel

GSS8

GSS7

GSS6

189  

188  
187  

186  

301  

183  

182  

172
2

 

175
2

 

175
1

 

185
1

 

179  

908
3

 

202  

204  

.164  

206

 

M
ür

z-
Fl

uß

285
1

 

K
G

. M
ür

zh
o

fe
n 

60
2

25
K

G
.  

S
öl

sn
i tz

 6
02

2
9

N O R D

535,61

535,55

535,55

535,55

535,45

535,45

535,20

535,20

535,00

534,95

535,20

535,50
535,40

535,30

535,20

534,95

G8

G7

DN63
 H

DPE 
ge

lo
ch

t

G12

G11

G10

G14

G15

G16

G17

G27

G21

G20

G19

G22

G23

G26

G25

G24

GSS7

10m Sicherheitsradius
DEPONIEBEREICH IV

DEPONIEBEREICH I - III

BESTEHENDE ABLAGERUNG

HP2

Kompost-
filter

EP 54
2054  535.20

Aufgabe

BGB

Komposthalle

HB1
Trafo

Altstoff-
zentrum

534,80

534,70

534,40

G31

G30

G33

U
P.

53
3,

76

DN63
 H

DPE 
ge

lo
ch

t0,
6%

3,0%

3,0%

3,0%

3,0%

0,
6%

534,96

534,75

538,62

538,85

source: Huber-Humer et al., 2012

12 © Erwin Binner LIMA 2013

Evaluation of Landfill Status 
Sampling - Analyses of Samples

source: Huber-Humer et al., 2012
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Evaluation of Landfill Status 
Sampling

photos: ABF-BOKU
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Evaluation of Landfill Status 
Sampling

photos: ABF-BOKU
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Landfill Remediation
Question to be Answered

digging out all the waste???

in situ remediation???
encapsulation (time frame!)

immobilisation (how?)
stabilisation (aeration)

emissions during digging
costs

how to dispose residues
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Landfill Remediation
In-situ Aeration

stabilisation of waste
• anaerobic process is slow

• lots of compounds not degradable 
(lignin) 

• aerobic process much faster

• enhancing degradation by blowing in air 
and optimising conditions for aerobic 
microbes

 (M)BT in the landfill site
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Landfill Remediation
In-situ Aeration / Investigations

lab-scale (LSR) pilot-scale

photo: ABF-BOKUphoto: ABF-BOKU
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Landfill Remediation
In-situ Aeration / Investigations

photos: ABF-BOKU
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Landfill Remediation
In-situ Aeration

gas (diffusiv)

leachate leachate 
treatment

landfill gas

water Infiltration

leachate

solid waste

exhaust 
gas

gas 
treatment

forced 
aeration

leachate

mineralisation                       stabilisation
↓ TOC
↓ mobile organics         
↓ reactivity
↑ stability

↓ methane-emissions
↑ TOC-loss (CO2)

↓ org. content 
↑ org. + inorg. pollutants

↓ CH4
↓ CH4 / CO2
↓ gas formation

source: ABF-BOKU
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Landfill Remediation
Water Addition - Horizontal Infiltration

source: ABF-BOKU

horizontal 
drain-pipe supply-pipe

plug

biodegradable 
landfill body

surface sealing

equalising layer
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scheme of a 
vertical 
infiltration lance

Landfill Remediation
Water Addition - Vertical Infiltration

source: ABF-BOKU

water meter

plug

water tube or pipe

lance

surface
sealing

equalising layer

biodegradable 
landfill body
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Landfill Remediation
In-situ Aeration / Results and Conclusions

• In-Situ aeration is possible and effective also to 
remediate rather old MSW-landfills (> 25 years)

• cost effective remediation technology (2 - 5 Euro / m3)

• proposed remediation duration: 4 - 6 years

• monitoring the quality of the aerated waste material is 
suitable for process control

• identification of most suitable parameters for process 
control: BOD, COD, NH4-N, RA4 and infrared
spectroscopy

• definition of target values for properties of solid waste 
material, leachate and the exhaust gas
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Landfill Remediation
In-situ Aeration / Results and Conclusions
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total C (anaerobic)
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total C (aerated)

total C
discharge:
+ 530%

methane
emissions:
- 485%

source: Prantl et al., 2005

gas phase: increased C - discharge

mainly  CO2

strongly decreased CH4
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“Sustainable MBT-Landfill”

0,5 m non calcareous gravel

1-2 m mature compost

Miscantus

mechanical-biological
pretreated waste

drainage system for surface runoff
“free leachate discharge”

landfill liner (DVO)

e.binner@boku.ac.at
http://www.wau.boku.ac.at
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