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Digested Fiber Solids: Methods for Adding Value

Introduction

Anaerobic digestion (AD) of dairy manure and other organic 
residuals produces biogas, a source of renewable power and 
fuel, while also benefitting the environment by capturing and 
converting methane, destroying pathogens and odors, and 
stabilizing organic matter (Informa Economics 2013; EPA 
2008). Unfortunately, costs can be sizable, with capital costs 
estimated to be $2,000 per cow in 2011 for combined heat and 
power (CHP) projects in Washington State (David Paul Rosen 
and Associates 2011). While revenue generated from the sale 
of electricity from biogas can offset these costs, the value of 
electricity has decreased in many parts of the US. In some 
places, it has been valued so low that electricity sales do not 
even cover operation and maintenance costs (Costa and Voell 
2012).

These lower electrical revenues have threatened profitability 
for both existing and planned dairy digester projects (Novak 
2012; Coppedge et al. 2012), leading AD project developers to 
focus on increasing value from all of the other digester revenue 
streams (Gorrie 2014). These can include tipping fees (as well 
as increased biogas or power) from accepting off-farm 
organics to be digested, various environmental credits, and 
sales from the digested fibrous solids or its value-added 
products (Figure 1).

This publication describes the composition and separation 
process for fibrous solids that result from the digestion of dairy 
manures. It also reviews both current and future potential uses 
of fiber.

Figure 1. The focus on solids separated from digestate after anaerobic digestion. (Image courtesy of EPA AgSTAR.)
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Fibrous Fraction of Dairy Manure 
and AD Effluent

Up to 40–50% of excreted dairy manure solids consist of 
fibrous matter that has been only partially digested by the cow 
(Liao et al. 2010; MacConnell et al. 2010). During manure 
management, dairy manure is typically diluted. Afterwards, 
prior to storage and field application, it is frequently separated 
into liquid and solid fractions. Unfortunately, the undigested or 
untreated separated solids are coated with organics that readily 
putrify, decompose, and can host pathogens and other disease 
vectors. Thus, additional downstream treatments, such as 
composting, are normally needed before the solids can be 
utilized as animal bedding or as a soil amendment (Terre-
Source 2003).

Effluent from dairy AD projects also contains a considerable 
fraction of fibrous material, and AD effluent is also separated 
into liquid and solid fractions prior to storage and field 
application using the same approaches and technologies as 
those used for undigested manure. However, unlike undigested 
manure, the separated fibrous solids contain very few readily 
biodegradable organics because attached carbohydrates, 
proteins, lipids, and even pathogens have been biodegraded 
and removed by microorganisms during the AD process. The 
result is a quite stable, largely pathogen-reduced (EPA 2008) 
fibrous product that can be used to create numerous value-
added products (Figure 2).

Approaches for Separating Fiber

Fiber separation methods may involve one or more sequential 
technologies (Katers 2008). The most common approaches use

Figure 2. Screened and pressed fibrous solid from AD effluent. (Photo 
courtesy of Craig Frear.)

screens or presses (i.e., stationary-inclined, vibrating, rotary, 
screw) of varying pore size or pressures to separate and 
dewater the bulk of coarse fibrous solids from the liquid 
stream. Many digesters will use a single screen or press; 
however, if demand for separation or fiber warrants and costs 
allow, a sequence of screens and presses in a series can remove 
smaller particles and accomplish greater total solids recovery 
(Figure 3).

Figure 3. (A) AD fiber processing facility under construction (AA Dairy, 
Jerome ID) and (B) the same facility after construction of building cover 
and beginning of operation. (Photos courtesy of Regenis.)

The separated solids leaving these systems contain up to 90% 
moisture, so additional dewatering systems, such as roller or 
additional screw presses, are frequently used to reduce 
moisture to levels of approximately 70–75% (Frear and Ma 
2015). This allows for a stackable material that is easy and 
more cost effective to transport and meets the needs of 
dairymen wishing to use the product as a bedding material, a 
primary use for the product (The Minnesota Project 2010; 
Alexander 2012).

A typical Holstein cow, often described as a wet cow 
equivalent (WCE), produces approximately 9–12 cubic yards 
per year of screened and pressed wet digested fiber with 
primary screening (Frear and Ma 2015). Approximate fiber 
separation costs as of late 2015 were on the order of $45–80 
per cow in capital costs, with $8–16 per cow, per year in 
operating and maintenance costs (Regenis, personal 
communication). Capital costs vary based on scale, the degree 
of screening and dewatering achieved, and whether and how 
additional factors are incorporated—for example, covered 
buildings, automatic washers on timers, or vibrating stands 
(Regenis, personal communication). Meanwhile, operating and
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maintenance costs, which vary primarily based on scale, are 
incurred from transportation of product, replacement parts, and 
regular wash downs and periodic acid scrubs to remove 
accumulated salts and precipitates.

These separation processes reduce the solids content of AD 
dairy effluent by approximately 25–40%, and its water content 
by 7–10%, depending upon the degree of screening used (Frear 
and Ma 2015). The resulting effluent thus still has a 
considerable fraction of suspended solids. Approaches for 
recovery of these smaller-sized particles produce solids that 
are clay-like in form rather than fibrous (Ma et al. 2013), and 
are thus not covered in this publication. Those interested in 
additional information on these nutrient-rich products can refer 
to The Rationale for Recovery of Phosphorus and Nitrogen 
from Dairy Manure (Yorgey et al. 2014).

Physical and Chemical 
Properties of the AD Fiber

Screened and pressed AD dairy fiber has physical and 
chemical properties that differ from undigested dairy fiber and 
allow for its use within multiple value-added markets. 
Researchers have measured a wide range of characteristics of 
the AD fiber material (Figure 4 and Tables 1–4).

Figure 4. Size distribution of AD fiber particles after separation with 1/2-
inch screen. (Source: MacConnell and Collins, unpublished data.)

Values reported in Tables 1–4 can inform assessments of 
potential uses and whether additional processing is needed to 
achieve desired markets.

In interpreting these values, it is important to understand that 
the nutrient content and other characteristics can be influenced 
by the makeup of an animal’s feed, as well as the makeup of 
any co-digestion feedstock. For additional discussion of the 
impact of co-digestion on fiber and other products, see On-
Farm Co-Digestion of Dairy Manure with High Energy 
Organics (Kennedy et al. 2015a).

Table 1. Elemental composition of AD fiber. Source: MacConnell and Collins, unpublished data.
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