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Bioreactor Landfill

» A sanitary landfill operated to transform
and stabilize the readily and moderately
decomposabl e organic constituents of the
waste stream by purposeful controlsto
enhance microbiological processes
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Refuse Decomposition

Cedllulose:
(CsH1Os),+H,O — 3nCO,+3nCH,

Hemicdllulose:
(CHO,),+H,O — 25nCO,+25nCH,
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Primary and Secondary Leachates Generated by Wastes
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Microbiological Processes

|. Polymer Hydrolysis

polymers N soluble sugars, amino acids
cellulose

hemicellulose
proteins

For example,

(CeH1005), + HO = CgH 1,04 + (CgH19O5) 1
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Microbiological Processes

)
Il. Fermentation

sugars - volatile fatty acids

(CeHp,0g) + 2H,0 —>  CH4CH,CH,COO+ 2 H,
+ 2HCO, + 3H*

11

Microbiological Processes

] - A
[11. Acetate Production

CH,CH,CH,COO" + 2 H,0 — 2CH,C00" + H* + 2H,

butyrate acetate
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Microbiological Processes

» Methane Production

> CH,COO +H,0 — CH,+HCO;

> 4H,+HCO; +H* — CH,+3H,0
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* Paper, yard waste and food waste are comprised

of cellulose and hemicellulose

» These compounds are converted to CH, and
CO, by bacteria under anaerobic conditions

» Severa groups of bacteria are involved
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Landfill Gas (Percent by volume)
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Refuse Decomposition

|. Aerobic Phase
— O, depletion
— temperature increase
— high CO, production
— minimal solids loss

Refuse Decomposition

II. Anaerobic Acid Phase
— no oxygen infiltration
— acids accumulate ——acidic pH
— little CO,, no CH, production
— possibly some H,
— minimal solidsloss
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Refuse Decomposition

II1. Accelerated M ethane Phase
— gas composition ~ 50%/50% CH,/CO,
— steep increase in methane production
— decreasing leachate BOD, COD
—pH~7
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Refuse Decomposition

V. Decelerated M ethane Phase
— gas composition ~ 50%/50% CH,/CO,
— asymptotic decrease in methane production
— low leachate BOD, COD
—pH>7
— significant solids decomposition
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Refuse Decomposition

V. Complete Stabilization (Theor etical)

— degradable solids completely consumed
— O, infiltrates the landfill and is not consumed
— may only occur over geologic time
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LANDFILL ORGANIC STABILIZATION PHASST
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Trends in Methane, COD, and
pH

CH, Production Rate

pH

COD
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Figure 1.3 Volumi: af water added and fysimatar leachale quaniities ovar ima, (After Funganll and Steines, 1979.)

Ref. Mulamoottil, G., McBean, E., and
Rovers, F. Constructed Wetlands for
the Treatment of Landfill Leachate, Lewis Press, 1999

13



Table 3: Leachate analysis
(parameters with differences between acetic
and methanogenic phase)

average range
acetic phase

pH (=) 6,1 4,5 - 17,5
BODs (mg/l) 13000 4000-40000
COD (mg/l) 22000 6003-60000
BODs /COD (=) 0,58 -

S04 (mg/l) 500 70- 1750
Ca (mg/l) 1200 10- 2500
Mg (mg/l) 470 50- 1150
Fe (mg/l) 780 20- 2100
Mn (mg/l) 25 g,3- 65
In (mg/l) 5 0,1- 120
methanogenic phase

pH (=) 8 7,5- 9
BODs (mg/1) 180 20- 550
COD (mg/l) 3000 500~ 4500
BODs /COD (-) 0,06 -

S04 (mg/1) 80 10- 420
Ca (mg/l) 60 20- 600
Mg (mg/l) 180 40- 350
Fe (mg/l) 15 3- 280
Mn (mg/l) 0,7 0,03- 45
Zn (mg/l) 0,6 0,03- 4

Table 4: Leachate analysis
(no differences between phases could be

observed)

average range
cl (mg/l) 2100 100- 5000
Na (mg/l) 1350 50- 4000
K (mg/l) 1100 10~ 2500
alkalinity
(mg CaCO31/1) 6700 300-11500
NHs (mg N/1) 750 30- 3000
orgN (mg n/l) 600 10- 4250
total N (mgN/l) 1250 50- 5000
NOs (mg N/1) 3 0,1- 50
NOz2 (mg N/1) 0,5 0- 25
total P (mg P/1l) ) 6 0,1- 30
AOX (ug Cl/1)* 2000 320~ 3500
As (ug/l) 160 5- 1600
cd (pg/l) 6 0,5- 140
Co (mng/l) 55 4- 950
Ni (pg/l) 200 20- 2050
Pb (pg/l) 90 8- 1020
Cr (pg/l) 300 30- 1600
Cu (pg/l) 80 4- 1400
Hg (pg/l) 10 0,2- 50

* adsorbable organic halogen




Theoretical C02 and CH4 Generation

€02 and CHy |Gas Composition
cu. fi/lb decomposed l/kg (%CHg)
Cellulose* 13.3 8.29 50.0
Protein** 15.9 9.88 51.5
faphes 22.9 14.30 71.4

*(CgH100g)x

**Assumed 53% C, 6.9% H, 22% O, 16.5% N, 1.25% S (S is not included
in calculation)

***Assumed C55H 04 as typical fat

Rate of CHs Production

2. Can assume half-lives of specific components and a
kinetic expression for rate of decomposition.* For
example, dividing organics in refuse as follows, and
assuming half-lives for first order equation:

Min. half life Max. half life

rapidly decomposable

(food, garden wastes) 1/2 yr. 1-1/2 yrs.
moderately decomposable

(paper, wood) 5 yrs. 25 yrs.
refractory (plastics, rubber) infinite infinite

First-order kinetic expression:

-dc¢ = kc where ¢ = amount decomposable matter
dt left at time t

k = constant and is a function of half-life

=_ 069
half-life
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Expectations
—

» With bioreactor processes

— improve environmental and economic operation
of landfills

— accelerate and enhance methane generation
— enhance economics of gas recovery projects
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