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Lake Maggiore in the Italian Apls where Alessandro Volta discovered Methane Gas in 1776. He found it in 1776  by poking the mud bottom near the reeds with a stick and discovered bubbles rising to the surface. He captured it and then discovered it was flammable
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Co-Digestion Organlc
Material
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Turns to liquid during

Solid at room temperature  Liquid at room temperature cooking, but solidifies

Butter, shortening, margarine
Peanut butter
Meat trimmings
Uncooked poultry skin
Dairy: Cheeses. milk, cream,
S0Ur cream, lce cream

Canola oil
Olive oil
Corn ol

Salad dressings
Cooking olls

Vegetable oil

when cooled
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Presentation Notes
Co-Digestion – process of using energy rich organic waste material to digesters


Biogas Potential - VS

= WEF MOP 8
= VSLR =0.12-0.16 Ib/d-cf (1.9-2.5 kg/m3-d)
= Specific Digester Gas Yield = 13-18 cf/lb VSr ( 0.8-1.0 m3/kg VSr)
= CH, fraction = 60-70%
= Specific Methane Gas Yield = 7.8 - 12.6 ¢f / LB VSr (0.48 -0.7 m3/kg VSr)

30 69.9
20 60.0
15 56.0

Metcalf & Eddy 4t Edition (2003)
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Values are for TPS and TWAS


Biogas Potential - VS

How to do you get VS and VSr values
for co-digestion organic materials?

How to do you get Specific Digester
Gas Yield and Digester Methane
Fraction for co-digestion organic
materials?

e Lab Test — 550° muffle furnace
« Typically Empirical data

‘Waste Manag. 2010 Oct;30(10):1854-9. doi: 10.10164.wasman.2010.03.029. Epub 2010 Apr 18.

Anaerobic co-digestion of the organic fraction of municipal solid waste with FOG waste from a
sewage treatment plant: recovering a wasted methane potential and enhancing the biogas yield.
Martin-Gonzdlez L', Colturato LF, Fent X, Vicent T.

® Author information

Abstract

Anaerobic digestion is applied widely to treat the source collected organic fraction of municipal solid wastes (SC-OFMSW). Lipid-rich wastes
are a valuable substrate for anaerobic digestion due to their high theoretical methane potential. Nevertheless, although fat, oil and grease
waste from sewage treatment plants (STP-FOGW) are commoenly dispesed of in landfill, European legislation is aimed at encouraging more
effective forms of treatment. Co-digestion of the above wastes may enhance valorisation of STP-FOGW and lead to a higher biogas yield
throughout the anaerobic digestion process. In the present study. STP-FOGW was evaluated as a co-substrate in wet anaerobic digestion of
SC-OFMSW under mesephilic conditions (37 degrees C). Batch experiments carried out at different co-digestion ratios showed an
improvement in methane production related to STP-FOGW addition. A 1:7 (VS/\VS) STP-FOGW.SC-OFMSW feed ratio was selected for use
in performing further lab-scale studies in a 5L continucus reactor. Biogas yield increased from 0.38+/-0.02 L g VSifeed)(-1)to 0.55+/-0.05 L g
VS(feed)(-1) as a result of adding STP-FOGW to reactor feed. Both VS reduction values and biogas methane content were maintained and
inhibition produced by long chain fatty acid (LCFA) accumulation was not chserved. Recovery of a currently wasted methane potential from
STP-FOGW was achieved in a co-digestion process with SC-OFMSW.
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Biogas Potential - COD
CH4 + 202 -> C02 + 2H20

2 moles of O,/mole of CH, = 2 (32g O,/mole)/mole CH, = 64 g/mole CH,

At standard conditions (0 deg and 1 atm) 1 mole CH, = 22.414 L
22.414L moleCH, 0.35LCH,

X
mole CH, 64 g g CoD

Relationship holds for any type of anaerobically — digested material
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COD Balance 
In an anaerobic digester the COD loss is accounted for as methane., thus the COD of methane is the amount of oxygen is needed to oxidize the methane to carbon dioxide and water
 


Biogas Potential - COD

= Specific Methane Gas Yield = 5.61 cf/lo COD (0.35 L/g COD) at 0 deg C and 1 atm

= Methane Energy Projection = 960 BTU/cf ft
= Specific Energy Projection = 5,380 BTU/Ib COD removed

5,380 BTU y cf CH, 5.61cfCH,
lb COD 960 BTU b COD
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Biogas Potential - COD

= Conventional Sludge 2:1 TPS/TWAS - 1.56 g COD/ g VSS
= Specific Methane Gas Yield = 5.61 cf/lb COD (0.35 L/g COD)

1.56 g COD y 0.35LCH4 0.546LCH, 0.546m3CH,
gVss gcop —  gVSS  kgVsS

WEF MOP 8 - Specific Methane Gas Yield = 0.48 - 0.7 m3/kg VSr J
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Biogas Potential — Carbohydrates, Protein, Lipids

= Digester Gas Methane Fraction (Symons and Buswell , & McCarty)

S 242 g) CO, + c NH,HCO;

= Carbohydrates (CgH,,05) = approx. 50% methane
= Proteins ( C,Hg 4O, ,N) = approx. 42% methane
= Lipids ( C4gH350,) = approx. 72% methane
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Biogas Potential — Carbohydrates, Protein, Lipids

= Digester Gas Methane Fraction (Symons and Buswell, & McCarty)

CaHaOpN + (n =2 =24+ 2 0,0 — (34 5-2-2)cn, (3-5+2 ) €0, + ¢ NH,HCO,

= Doesn’t account for biomass yield or degradability

Biomass Yield
(g cells/g COD consumed)

Carbohydrates 0.35
Protein 0.20
Lipids 0.038

Speece, R.E. (2008)
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Co-Digestion Acclimation Period

120

== (anola oil == Glycerin

=~ Grease == Cheese whey
100 T e Stillage =®= Chicken manure

80

60
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20

Biogas increase due to organic wastes

0

Ll L L] L] 1
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-20
Time (hours)

David L Parry (2013)
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Digester Capacity - Organic Loading Rate

= Organic Loading Rate

Mass of VS added per day per unit volume
0.12-0.16 Ib VS/d-cf (1.9-2.5 kg/m3-d)

Metcalf & Eddy 4™ Edition (2003)
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Digester Capacity - Specific Energy Loading Rate
= SELR = energy loading/ reactor biomass (gCOD/d per gVS in digester)

Food waste alone
Codigestion with grease
WW solids alone | 0.60

Codigestion with glycerin

L | 0.55
2 050 2
2 £z
Sz 0.25_ 83
ez 298
25 020 52
22 o
o 0.15_ _gg
= 40 55 70 2
= 3

Percent solids in feed
David L Parry (2013)
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Presentation Notes
Use VS as a proxy for active biomass. 

By basing the organic loading rate on the biomass in the digester it becomes independent of the feed concentration to the digester. Otherwise a different loading rate would be needed for each solids concentration in the feed. 

The SELR is shown to be independent of the percent total solids in the feed because the amount of biomass in the digester is taken into account. In contrast, the allowable VS loading rate increasing with the amount of biomass in the digester.

Increase facilities confidence in higher loading rates. 


Example FOG - Loading Rate

100

Average daily gas flow rate (L/h)
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David L Parry (2013)

Percent COD loading
to the test digester 0% FOG

300
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Questions from the Audience?
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