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Introduction

Many dairy digesters currently operating in the United States
practice co-digestion. During co-digestion, off-farm organics
(also called substrates), are added to anaerobic digesters along
with dairy manure to produce renewable energy and other
products. The primary motivation for co-digestion is usually
increased biogas production, though tipping fees, tax credits,
and fiber sales are also generated in many cases (Atandi and
Rahman 2012). Because of the potential for increased revenues
(Innovation Center for U.S. Dairy 2013), many anaerobic
digestion (AD) facilities are considering utilizing co?digestion.
These benefits are especially important when received
electricity rates for AD are notably low across the nation.

Along with potentia revenue increases, costs associated with
practicing co-digestion must also be considered by farmers,
project developers, regulatory agencies, and others who are
evaluating whether co-digestion is aviable option for dairy
digesters. The main objective of thismanual isto aid decision-
making by providing an overview of the engineering design
and management issues associated with co-digestion at dairy
AD fecilities.

To provide an insider’s ook at design and management
considerations, five individuals with extensive
experience in co-digestion at dairy digesters were
interviewed. The sample sizeis relatively small because
few individuals have technical expertise with co-
digestion in the United States, and some of those
candidates were not willing to be interviewed. Several of
the sources work primarily in the Pacific Northwest
where the authors are located; however, to the extent
possible, individuals with broader experience throughout
the United States were included.

Interviewees included:

[A] ascientist with in-depth knowledge of AD and co-
digestion;

[B], [C] two systems engineers who have designed
numerous digesters that incorporate substrates;

[D] adairy farmer who owns and operates a co-digestion
facility; and

[E] a project developer who has successfully
implemented co-digestion at a number of dairy digesters.

To preserve anonymity, interviewees are labeled as A, B,
C, D, and E. Tips from these industry experts are
included throughout the manual, cited by the letters
denoted above.

This manual assumes aworking knowledge of AD, co-
digestion, and nutrient recovery. Readers interested in an
overview of AD can refer to Anaerobic Digestion Effluents
and Processes: The Basics (Mitchell et a. 2015). Readers will
also likely be interested in a companion publication that
discusses considerations relating to choice of substrate,
On-Farm Co-Digestion of Dairy Manure with High Energy
Organics (Kennedy et al. 2015a). More detailed information
on permitting and nutrient considerations are covered in
Anaerobic Co-Digestion on Dairiesin Washington Sate: The

Solid Waste Handling Permit Exemption (Yorgey et al. 2011)
and The Rational e for Recovery of Phosphorus and Nitrogen
from Dairy Manure (Y orgey et al. 2014).
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Comparing manure-only AD with
co-digestion

For co-digestion to be viable, increased revenues must be
greater than the added capital and operating costs incurred by
co-digestion. To help determine viability, Figure 1 illustrates
how the main factors typically associated with co-digestion
compare financially to a manure-only baseline scenario. Figure
1 presents the most common co-digestion scenario described
during interviews with industry experts. Refer to Table 1
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for the accompanying assumptions and related factors that
affect the costs and revenues.

To go with Figure 1, Table 2 summarizes the major costs that
should be considered when implementing co-digestion. Project
developers and others should use Figure 1 and Tables 1 and 2
together, along with the accompanying text, to deepen their
understanding of the factors they will need to take into account
for feasibility studies or other project-specific analyses.
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Figure 1. Comparing a typical co-digestion operation (top) with a manure-only AD baseline (bottom) demonstrates differences in both costs and revenues.
Increases in costs are noted in red (negative dollar signs), while increases in revenues are noted in green (positive dollar signs). Note the assumptions and
related factors (Table 1) that affect the magnitudes of costs and revenues. (Graphic by Nicholas Kennedy.)



Table 1. Assumptions and Related Factors that Affect Costs and Revenues

Table 2. Capital and operation costs typically encountered when co-digestion is added to a dairy manure AD project

Capital costs

Whether co-digestion is planned from the outset at a new
anaerobic digestion facility or added to an existing manure-
only digester, co-digestion will likely require many or al of
the following additional one-time expenditures to upgrade or
install infrastructure or equipment compared to a manure-only
baseline.

Screening and pre-treating wastes

Pre-consumer food scraps and food processing wastes are
excellent substrates for AD because they generally result in
high energy and good synergies when co-digested with dairy
manure (e.g., carbon-to-nitrogen ratio, micro- and

macronutrient content).

Unfortunately, some pre-consumer materials may be contained
within packaging or mixed with inorganic material and are
thus inappropriate for direct mixing with manure. One way to
ensure that unwanted materials are removed prior to arriving at
adigester isvia off-farm source separation (Figure 2; [A]).
Crushers, shredders, oscillating augers, magnetic separators,
bio-separators, screw presses, pulpers, and hydrocyclones are
some common technol ogies used to separate out unwanted
material (Sullivan 2012). Technologies like these are used in
series to shred packaging (feed hopper), remove inorganics
(bio-separator), and blend the leftover material into
homogenized, predominately organic, slurries for easy hauling
and introduction into digester receiving pits.

Figure 2. Substrates can contain unwanted material such as plastics and bottles (left); prescreening facilities (right) use separation equipment to remove
inorganics from organics prior to AD. (Photos courtesy of American Biogas Council.)



