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From Concept to Commissioning
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Use Readily Available
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NREL is a national laboratory of the U.S. Department of Energy Office of Energy Effi
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U.S. Renewable Energy Resources
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Description
A bi di t bi f l b d dAnaerobic digester biofuels can be produced 
in various forms, including Biomethane or 
biohydrogen.  In this section, the focus is on 
Biomethane for electricity generation.

TechnologiesTechnologies
Anaerobic Digestion: Treatment  of waste 
dates back to the 10th Century BC.   

3 steps of AD:3 steps of AD:
Hydrolysis
Volatile Acid Fermentation
Methane Formation.

Digester 
Type

Solids 
handling

Total Solid 
Concentration in 

Feedstock

Solids 
loading

Biogas
Productyp g Feedstock g

APS Batch 30% High Continuo
Two-Phase Continuous 5-10% Medium Continuo

SEBAC Batch >10% Medium Discontinu
Plug Flow Continuous 5-10% Low Continuo
Complete 

Mi d Continuous 2-10% Low ContinuoMixed Continuous 2 10% Low Continuo

Solar Panels
Renewable Biogas

Solar Panels

s 
ion

Methane 
content in 

biogas

O&M 
costsbiogas

ous 60-75% Low
ous 40-60% Medium
uous 40-60% Low
ous 50-70% Medium

ous 50-70% Highous 50 70% High
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The Anaerobic DDigester Processg



The Anaerobic DDigester Processg






Biogas Fuel Ceells

City of Santa Barbara has a 500 
KW fuel cell cogeneration system 
operating on anaerobic digester ope at g o a ae ob c d geste
biogas at the El Estero 
Wastewater Treatment Plant. The 
project includes a fuel gas cleaning 
kid t 250 KW ltskid, two 250-KW molten 

carbonate fuel cell modules, and 
heat recovery systems to produce 
approximately 0.6 mmBTU/hr ofapproximately 0.6 mmBTU/hr of 
hot water from the fuel cell 
exhaust.

The facility was commercially 
available in December 2004. 
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For More Information:

htt // d i /http://www.dsireusa.org/
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Levelized Cost Comp

Solar PV (Commercial) 10%*

Solar PV (Residential)

Solar PV (Utility Scale)

Solar PV (Utility Scale) 10%*

Solar PV (Commercial)

Hydro Power (Small Hydro)

Hydro Power (Low Head)

Swine Waste (Anaerobic Digester

( y )

Wind (On-Shore)

Wind (Off-Shore)

Hydro Power (Conventional)
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Biomass (Co-fire Retrofit)**

Biomass (Stoker)

Biomass (Fluidized Bed)

Wind (On Shore)
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Landfill Gas ICE (>5 MW)

Landfill Gas ICE (<5 MW)

Biomass (Co-fire Blending)**

Biomass (Co fire Retrofit)O

$0 $50 $100

Landfill Gas ICE (>5 MW)

*Cost estimates include reduction of federal solar tax credits to 10% after 2008 for c
**Co-firing costs are calculated as incremental costs of avoiding coal consumption 

parison (2008$)

Combined-Cycle Unit with 
Natural Gas  @ $5-10/MMBtu

Supercritical Pulverized Coal 
Unit with Coal @ $2-3/MMBtu

$150 $200 $250 $300 $350 $400 $450 $500
commercial/utility scale installations.
for generation ($2.25/MMBtu (2007) coal cost assumed).



Financing Assumptio
Tax-exempt entity ownership is
scale generation, so tax incentscale generation, so tax incent

– CREBs financing is not included sinc

Exceptions to tax-exempt entity
d A bi Di tand Anaerobic Digesters.

Financial Assumption Tax Exempt 
Entity

M
Entity

Weighted Average Cost 
of Capital (WACC) 6.0%

7.0
eq

Project Life 20 years

Tax Credits None

Depreciation None 5-y
Discount Rate 6.0%
Calculated Carrying 
Charge 8.72% 6.6

ons Used
s assumed for most utility-
tives are not utilized.tives are not utilized.
ce availability after 2012 is uncertain.

y ownership are for Solar PV 

Merchant PV 
Owner

Residential PV 
Customer

Anaerobic 
Digester OwnerOwner Customer Digester Owner

0% (after-tax 
quity req. for 

100%)

4.8% (after-tax 
mortgage rate)

7.0% (after-tax 
equity req. for 

100%)
20 years 20 years 20 years

30%/ 
(10% after 

2012)

$2000 cap 
per panel

50% of PTC 
(~$10/MWh)2012) per panel ( $10/MWh)

year MACRS None 7-year flat
7.0% 7.0% 7.0%

63% (9.35%) 7.72% 11.08%
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