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Executive Summary 
  

Over the past several years, there has been a paradigm shift in how 

wastewater solids are perceived, and today, biosolids are viewed as 

a renewable resource too valuable to waste. This perception reflects 

the widespread interest in sustainability, energy, climate change, 

resource depletion, materials cycling, and zero-waste goals.  

The evolving view of biosolids was highlighted in the Water 

Environment Federation (WEF) and the National Biosolids 

Partnership (NBP) 2011 report Charting the Future of Biosolids 

Management, which identified current trends, as well as the trajectory 

of change stemming from those trends.  

The journey toward meaningful change is further explored with 

Enabling the Future: Advancing Resource Recovery from Biosolids. 

Specifically, the document examines the unprecedented 

opportunities that now exist and are emerging for the organics, 

energy, and nutrients in biosolids. Lessons learned and documented 

experiences have also been captured in this publication as part of an 

effort to provide practical guidance for utilities embarking on the road 

to resource recovery.  

A first step on that journey is defining regulatory and policy 

requirements that might promote or hinder resource recovery. While 

regulations at the federal level do not appear to actively support 

resource recovery from biosolids, some states are developing 

regulations and policies that remove barriers to resource recovery. 

These activities are driven, in part, by ñzero-waste initiativesò in many 

cities, which seek to maximize the diversion of recyclables away from 

landfills. Key examples include Massachusetts regulations and 

policies intended to facilitate co-digestion and Californiaôs recent 

efforts to encourage composting. This regulatory evolution will need 

to continue to support resource recovery, and may soon need to 

address a portfolio of new products such as biosolids-derived 

bioplastics. 

In the absence of regulatory drivers, policies and market needs help 

shape resource recovery opportunities. With respect to policy and 

planning, the overarching driver for resource recovery is the broader 

focus on sustainability, viewed through the perspective of triple 

bottom line (TBL) analyses that reflect environmental, economic, and 

social concerns. This focal shift is reflected in the increasing use of 

TBL analyses for solids planning, but is also driving research, 

voluntary programs, and a renewed interest in the environmental 

benefits of biosolids. Many TBL focal points ï which are actually tools 

to forward resource recovery ï address multiple elements in the 

sustainability trifecta. 

The new view of a traditional beneficial use ï land application ï 

provides an example of our changing focus. Once viewed primarily 

as an approach to add nutrients and organics for soil improvement 

only, we now understand that biosolids can play a critical role with 

respect to climate change through a variety of mechanisms. First, the 

organic matter provided by biosolids can replenish soil organic 

carbon (SOC) lost through climate change-induced wind and water 

erosion. Additionally, biosolids can reduce agricultural carbon 

footprints through both fertilizer production offsets and biosolids use 

to meet plant nutrient requirements. A better understanding of the 

role that biosolids can play in carbon footprint reduction will serve as 

a catalyst for their recognition as a valued resource. 

Biosolids also play a key role in carbon footprint reduction through 

the conversion of the energy in solids to a useable form (heat or fuel) 

via biological or thermal processes. Energy recovery options range 

from mature, well established systems, such as anaerobic digestion 

and incineration, to emerging technologies, such as Supercritical 

Water Oxidation (SCWO) and hydrothermal gasification. Solids 

treatment provides the greatest potential for energy recovery and 

production, with the chemical energy embedded in biosolids greater 

than the energy needed for treatment. Recovering that energy is an 

opportunity for wastewater utilities to reduce costs and increase 

sustainability. 

In addition to organic and energy resources, nutrients in biosolids are 

also a focus for resource recovery, going beyond recycling of 

nutrients through land application to nutrient extraction and recovery. 

Extractive nutrient recovery provides a mechanism to both effectively 

remove nutrients from liquid streams and create a marketable 

product. At present, commercial technologies for extractive nutrient 

recovery primarily produce chemical nutrient products that are used 

in agricultural applications (because 85% of all nutrient products are 

associated with agriculture). Since food demand is expected to rise 

http://www.wef.org/cfbm_finalreport/
http://www.wef.org/cfbm_finalreport/
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with an increasing global population, it is expected that demand for 

chemical nutrient products will also increase. This represents an 

opportunity for the wastewater treatment market to develop niche 

products that can be used in this field.  

In exploring technologies to recover any of the resources discussed 

here, it is important to note that the evolutionary path for emerging 

technologies is not an easy one. New technologies must overcome 

tremendous obstacles to travel from ñemergingò to ñestablishedò 

status. Incentives to utilities by state and federal programs to test and 

implement innovative technologies would facilitate the development 

and application of these technologies by reducing the economic risk. 

To that end, a joint WEF/Water Environment Research Federation 

(WERF) initiative, the Leaders Innovation Forum for Technology 

(LIFT) program, was developed to help move innovation into practice 

in the water quality industry. The LIFT Technology Evaluation 

Program Working Group provides facility owners a forum for 

technology prioritization and evaluation. To date, the Working Group 

has selected five technology areas for evaluation: short-cut nitrogen 

removal (e.g., deammonification); phosphorus recovery; biosolids to 

energy; electricity from wastewater; and predigestion.  

Enabling the future will require enhancing the capacity, skills, and 

knowledge in the public and private sectors involved in biosolids 

management. As the focus on resource recovery from biosolids 

intensifies, the importance of the distributed network of support for 

biosolids professionals becomes even greater. Communication of 

research findings ï both historic and new ï is a specific pressing 

need, as it appears that existing research has been underutilized as 

a tool to communicate the safety of biosolids to the public. The 

increased complexity of biosolids management and the need for 

increased communications with more diverse audiences requires that 

these support mechanisms continue to grow and evolve to meet 

future needs.  

Engaging in effective communication continues to be a key tenet to 

successfully developing systematic, proactive response and 

education strategies in which public outreach ensures appropriate 

developmental materials and biosolids curriculums are in place, as 

well as ensuring that working relationships with key environmental 

and public health organizations are cultivated. The biosolids sector 

should also continue to leverage and build upon the existing 

communication structure, which includes WEF, NBP, WERF, regional 

associations, and utilities, and to emulate successful outreach 

programs (such as the documentary ñLiquid Assetsò, which was coȤ

funded by WEF).  

The theme of biosolids as a renewable resource is perhaps the key 

to repositioning both the role and value of biosolids. This document 

highlights ongoing activities in this area, existing and emerging 

opportunities, potential challenges, and activities required to fully 

leverage biosolids potential.
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Section 1 

Introduction 
 

Today, our concept of ñbeneficial useò for biosolids is being 

redefined ï both philosophically and literally ï reflecting an 

expanded vision of the resource recovery potential of 

municipal wastewater solids. This new perspective is reflected 

in the following WEF 2011 policy statement: 

ñThe Water Environment Federation supports a 

comprehensive approach to wastewater treatment and solids 

management that ensures the recycling and recovery of 

valuable resources including water, nutrients, organic matter, 

and energy.ò  

The paradigm shift in our view of beneficial use offers an 

unprecedented opportunity to reposition biosolids as a 

community resource too valuable to waste in the context of not 

only renewable energy needs, but also in terms of urban 

sustainability interests and soil depletion.  

Resource recovery was a focal point of the 2011 WEF/NBP 

report, titled Charting the Future of Biosolids Management, 

which identified both opportunities and challenges for resource 

recovery in biosolids. This report builds upon the findings of 

that 2011 effort, further exploring the frameworks, 

technologies, and outreach needed to fully leverage the 

resource potential of municipal wastewater solids. (It should 

be noted, however, that some of the principles and even 

technologies addressed in this report could be applied to other 

biomass sources, such as manures.) 

Specific areas of focus for this report include the following 

resources explicitly noted in WEFôs definition above: organics 

(carbon), nutrients, and energy. New technologies, however, 

are extracting further value from biosolids ï using them as 

feedstock, for example for bioplastic production and other 

materials. These innovative biosolids-derived products are 

also discussed in the report.  
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Section 2 

Building a Framework for Resource Recovery:  

Regulations and Policy 
A sound regulatory framework and supporting policies are essential to 

leverage resource recovery potential. The impact of a strong regulatory 

foundation, especially, cannot be underestimated, as evidenced by the 

impact of 40 CFR 503 regulation (and its underpinning policies) on 

biosolidsô beneficial use in the U.S. As shown in the figure below, the 

proportion of solids directed to beneficial use more than doubled from 

1984 to 1998. While a variety of factors contributed to the shift away 

from disposal, the 503 rule created incentives for beneficial use and 

reflected the U.S. Environmental Agency (U.S. EPA) position that 

biosolids are an important resource (U.S. EPA, 1984).  

Conversely, regulations can constrain resource recovery as well: 

ñlegitimacy criteriaò for renewable fuels is a current example.  

This section explores regulatory and policy issues that have the potential 

to impact the trajectory of biosolids resource recovery in the U.S. and, 

based upon those issues, identifies foundational changes needed to 

advance the role of biosolids as a renewable resource. 

Regulatory Overview 
On the federal level, current regulatory trends and policies appear to 

constrict resource recovery, but other governmental agencies and 

voluntary efforts appear to be moving in the opposite direction, as 

described below.  

Federal Regulations and Policy 
Two recent changes at the federal level ï one in regulation and the other 

in policy ï appear to limit the full recovery potential in biosolids in some 

cases: the U.S. EPA clarification of the wastewater sludge definition and 

the adoption of a new U.S. Department of Agriculture (USDA) nutrient 

management standard.  

U.S. EPA Sludge Definition and Legitimacy Criteria  
In March 2011, U.S. EPA clarified the definition of wastewater sludge to 

expressly define sludge as a nonhazardous solid waste when used in a 

combustion unit. This clarification is of concern for processes that would 

combust wastewater solids to recover their energy and U.S. EPA 

ñlegitimacy criteriaò for consideration as a renewable fuel are at the heart 

of industry concerns. To meet these criteria, sludge must: 

Â Have meaningful heating value and be used as a fuel in a 

combustion unit that recovers energy,  

Â Be managed as a valuable commodity, and 

Â Contain contaminants at levels comparable to or lower than those 

in traditional fuels which the combustion unit is designed to burn. 

Per the U.S. EPA, wastewater sludge does not meet these criteria and is 

defined as a solid waste. Wastewater professionals contend that some 

sludges do, in fact, meet these criteria (especially sludges that have 

been dried) and that the use of sludge and biosolids as a renewable fuel 

should be encouraged as part of the nationôs effort to promote green 

energy. 

While U.S. EPA has not made a blanket determination that wastewater 

solids are renewable fuels when burned, the Agency recently 

promulgated a new, categorical non-waste determination rulemaking 

process that could potentially be used to seek a nationwide exclusion for 

wastewater solids burned for energy recovery (U.S. EPA, 2013).  

Additionally, some utilities have sought ï and received ï U.S. EPA 

approval of their solids as renewable fuels via a separate ñnon-waste 

petition processò (a process available for other solid wastes as well). 

This process allows generators or managers to demonstrate to U.S. 

EPA That their solids meet the legitimacy criteria, providing a pathway 

for individual solids to be classified as a renewable fuel. In some 

instances, where the generator and combustor are the same entity, the 

Figure 1: Historic proportion of solids to land application or other beneficial use (million 
dry tons/year) 
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legitimacy criteria and non-waste determination process can be ñself-

implementedò and do not require U.S. EPA approval (Hornback, 2012). 

The potential role of solids as a fuel lies not only in the hands of U.S. 

EPA but, potentially, in the hands of state regulators as well. States have 

the ability to set more stringent requirements than U.S. EPA, and the 

potential impacts of any state-specific requirements, as well as the 

potential basis of such requirements ï remain in question. Moreover, 

some states adopt policies that shape solids management strategies (as 

rulemaking can be a long and arduous process) and informal policies 

(that discourage incineration, for example) could also limit the role of 

wastewater solids as a renewable fuel. 

Nutrient Management Standard Revision 
A recent standard issued by USDA exemplifies both the potential 

constraints and complexities facing biosolids managers that wish to 

include land application in their resource recovery tool box. In January 

2012, the USDA Natural Resources Conservation Service (NRCS) 

revised its Code 590 Nutrient Management Standard (available at 

http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1046433.

pdf). This federal standard, essentially a template that states were to 

modify for their unique conditions by January 2013, defines approaches 

to manage nutrient sources such as manures and biosolids that are 

applied to the land. The new revision reflects USDAôs effort to bring 

more uniformity to state standards, most especially in the development 

and application of the primary tool used to assess risks from the over 

application of phosphorus (P): the Phosphorus Index (PI). And for the 

first time, the new standard explicitly includes biosolids in the materials 

that it covers.  

Although Code 590 was originally intended for use by farmers 

participating in NRCS assistance programs, it has been incorporated 

into regulations governing manure management and in some states, into 

biosolids land application regulations and/or permits as well. Thus, the 

standard has taken on the weight of law for biosolids applications in 

some states, especially those in the mid-Atlantic region; in these states, 

biosolids application rates generally reflect phosphorus management 

requirements.  

In general, the move toward P-based management poses a significant 

challenge to biosolids land application programs, as it can result in 

reduced application rates and, consequently, an increase in the land 

area required for such programs. The issue is exacerbated by the fact 

that most PIs do not account for the differing P availability from nutrient 

sources; this is especially critical, as research has shown that many 

biosolids products have lower P availability than fertilizers and manures. 

The following figure illustrates the differing P availability for these 

materials, as measured by Water Extractable Phosphorus.  

Phosphorus availability in biosolids should be ï and in some cases, 

already has been ï reflected in PIs through ñP source coefficientsò. The 

P source coefficient (PSC) ñquantifies the environmental availability of a 

P source relative to inorganic P fertilizerò, which has a PSC = 1 (Elliot, 

2012). Incorporating a product-specific PSC can both improve the 

predictive capability of a PI and keep P management requirements from 

being overly restrictive. As such, the adoption of source coefficients into 

Code 590 PIs is a critical element in sustainable nutrient management 

planning for biosolids. A dozen states now incorporate source 

coefficients in their PIs, and several of those states include a biosolids 

PSC of some kind. Additionally, Pennsylvania and Maryland allow for 

water extractable P testing to determine product-specific PSCs. The 

following table shows approaches to PSCs used in P Indices.  

 

It is important to note that the difference in statesô approaches to nutrient 

management extends well beyond their approach to PIs. Some states 

practicing P management rely on soil P threshold values to manage P in 

land-applied biosolids. Still others have no P-based requirements at this 

time and retain nitrogen-based application rates for nutrient 

management. This varied approach is expected to continue for the 

Figure 2: Relative phosphorus availability of biosolids and other nutrient sources 

Table 1: Select phosphorus source coefficients used in P indices 
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foreseeable future and should be considered when assessing potential 

impacts of P-based management in various locales.  

Regulatory Status of Biosolids-derived Products 
The focus on renewable-sourced products in general, coupled with an 

industry-specific need to diversify biosolids outlets, has led to innovative 

solids-derived products such as biodegradable plastics, which were 

never envisioned when the 503 rule was promulgated (Section 6 

provides additional detail on ñnontraditionalò products). While these 

products fall well within the paradigm of beneficial use, some diverge 

significantly from ñtraditionalò biosolids in both form and function: 

accordingly, the applicability of the 503 rule is in question and the 

regulatory status of these products is far from certain.  

Because of the relatively early development status for some of these 

products, the regulatory framework for their use has 

not been defined, but vendors of such products are 

seeking feedback from regulators to guide them as 

they seek to enter the marketplace. As the portfolio of 

new solids-derived products expands, defining an 

approach to regulations that reflects the diversity of 

these products will become increasingly important.  

State Regulation and Policy 
While ongoing federal regulatory activity does not 

generally appear to support resource recovery from 

biosolids, some state-level regulatory actions and 

policies are specifically attempting to remove 

regulatory barriers to resource recovery. These 

activities are driven, in part, by ñzero-waste initiativesò 

in many cities, which seek to maximize the diversion 

of recyclables away from landfills. Key examples of 

state-based regulations and policies intended to facilitate co-

digestion and Californiaôs recent efforts to encourage 

composting, are discussed below.  

Co-Digestion Regulations 
The trend toward digesting fats, oils, and grease (FOG) and source-

separated organics (SSOs) such as food scraps at water resource 

recovery facilities (WRRFs) has created a regulatory conundrum: should 

WRRF digesters processing these materials be treated as solid waste or 

wastewater processing facilities? The conflict stems from the traditional 

handling of FOG and food waste treatment under solid waste regulations 

(specifically the Resource Conservation and Recovery Act Subtitle D, 

which covers nonhazardous solid wastes, and 40 CFR Part 258, which 

covers landfills) versus biosolids digestion, which is typically regulated 

by Clean Water Act requirements. In some states, the processing of food 

waste and other organics in a WRRF digester may result in the 

designation of the digester as a solid waste processing facility.  

The question of how to permit such facilities is complicated by the fact 

that neither solid waste nor water-quality regulations were intended ï or 

are well equipped ï to accommodate mixed biomass recovery in 

digesters.  

Because solid waste and wastewater permitting are generally state-level 

activities, solutions to this conundrum are appearing at a state level as 

well. States can also be more agile and flexible than the federal 

government, and are better positioned to enact changes to support local 

conditions and demands.  

Although many states are believed to be grappling with this issue, 

several have already identified paths to facilitate resource recovery in 

digesters. As described below, the approaches vary, but all reflect a 

recognition of the opportunities to meet both solid waste reduction and 

biogas optimization goals through mixed biomass digestion.  

Ohio: Multi-Agency Permitting Framework 
The digestion of wastewater solids at Ohio WRRFs is regulated by the 

Ohio Environmental Protection Agencyôs Division of Surface Water 

through the National Pollutant Discharge Elimination System (NPDES) 

program, while foodwaste processing is regulated through the Division of 

Solid Waste and Infectious Waste Management. Faced with requests to 

process foodwaste in WRRF digestion facilities, the state has assigned 

primacy to the Surface Water Division for permitting involving biosolids, 

but provides for feedback from other relevant divisions during the 

permitting process. This general permitting framework (primacy for one 

agency, in collaboration with others) is also applied for digesters at 

Concentrated Animal Feeding Operations, with the Department of 

Agriculture leading the permitting effort; facilities digesting other 

materials (i.e., that do not include biosolids or manures) are usually 

permitted through the Solid Waste Division (BioCycle, 2009).  

Massachusetts: Policy-Driven Rule Modifications 
The Massachusetts Department of Environmental Protection (DEP) is 

now focusing a great deal of attention on SSOs and, as part of the 

Figure 3: State regulatory approaches to mixed biomass digestion 

http://yosemite.epa.gov/r10/owcm.nsf/RCRA/nonhaz_waste
http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&tpl=/ecfrbrowse/Title40/40cfr258_main_02.tpl
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Massachusetts Organics Action Plan, the agency has announced its 

intention to ban certain large scale (e.g., institutional) SSO from landfills 

in 2014. While waste diversion is a primary goal, a cornerstone of its 

policy is supporting renewable energy in the state through its Clean 

Energy Results Program. Through this program, the state hopes to have 

50MW of biogas-derived power in place by 2020. The processing of 

SSOs in digesters is a primary tool to accomplish these objectives.  

Toward this end, two significant regulatory changes were enacted in 

November 2012, one to the solid waste regulations and one to the 

wastewater regulations. The solid waste rules were changed to allow for 

streamlined siting of facilities that process SSO (e.g., compost or 

anaerobic digestion facilities). The wastewater rules were changed to 

allow for WRRFs with anaerobic digesters to accept and process SSO 

(Beecher, 2012).  

California: Rule Modifications to Eliminate Regulatory 

Overlap 
CalRecycle, the primary solid waste regulatory agency in California, is 

proposing to exclude WRRFs that process select organics from its solid 

waste transfer/processing and in-vessel digestion regulations. The 

proposal recognizes that the Regional Water Quality Control Board  

oversight may ñadequately address the receipt, handling, anaerobic 

digestion and residual solids management of specific types of organic 

material for co-digestionò. Proposed revisions exempt a ñPublicly Owned 

Treatment Works Treatment Plant that receives vehicle-transported solid 

waste that is an anaerobically digestible material for the purpose of 

anaerobic co-digestion with POTW wastewaterò (CalRecycle, 2012). The 

definition of ñanaerobically digested materialò includes inedible kitchen 

grease and specific vegetative food material. CalRecyle may approve 

other organic feedstocks on a case-by-case basis, via a multi-agency 

process that includes consultation with the State Water Resources 

Control Board and the California Department of Food and Agriculture. 

Additional details on the changes, which were proposed in September 

2012, can be found at 

http://www.calrecycle.ca.gov/laws/Rulemaking/Compost/1stDiscDraft/Iss

ue5.pdf. 

Policy and Planning 
With respect to policy and planning, the overarching driver for resource 

recovery is the broader focus on sustainability, viewed through the 

perspective of TBL analyses that reflect environmental, economic, and 

social concerns. This focal shift is reflected in the increasing use of TBL 

analyses for solids planning, but is also driving research, voluntary 

programs, and a renewed interest in the environmental benefits of 

biosolids. As shown in the figure below and described below, many of 

these focal points ï which are actually tools to forward resource 

recovery ï address multiple elements in the sustainability trifecta. 

State-level Programs to Advance  

Energy Recovery:  

The Massachusetts Clean Energy  

Results Program 

This program is a ñfirst-of-its-kind partnershipò between 

Massachusetts DEP (MassDEP) and the Massachusetts Department 

of Energy Resources. Launched in November 2011, it ñbuilds on 

MassDEPôs unique regulatory expertise and authority to support the 

Massachusetts Department of Energy Resources in advancing the 

permitting and development of renewable energy and energy 

efficiency projects across the Commonwealthò. For more information, 

see: http://www.mass.gov/dep/energy/cerpprogram.htm. 

 

 

Figure 4: Biosolids sustainable management focal 

http://www.calrecycle.ca.gov/laws/Rulemaking/Compost/1stDiscDraft/Issue5.pdf
http://www.calrecycle.ca.gov/laws/Rulemaking/Compost/1stDiscDraft/Issue5.pdf
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Partnerships 
The paradigm shift to resource recovery is being thwarted by the harsh 

economic reality that capital funding budgets are being stretched to the 

breaking point and that economics continue to influence (if not dominate) 

decision-making and, in some cases, prevent the investment in biosolids 

management choices that offer the greatest long-term environmental 

benefit. One trend that has developed in response to these dual 

pressures is the growth of partnerships that benefit all participants. 

Partnership opportunities can take several forms, including private 

enterprise funding; collaboration with Energy Service Companies; and 

the development of synergistic relationships between wastewater utilities 

and other municipal departments, industry, and manufacturers of new 

technologies.  

Product Marketability Criteria 
Diversity is a key tenet of sustainable solids management, and toward 

that end, utilities are seeking multiple outlets for their renewable-sourced 

products, which today include biosolids, biogas, and specialty fertilizers. 

For biogas, access to markets such as vehicle fuel is a function of gas 

cleaning and compression, while specialty fertilizers (such as the 

phosphorus fertilizer resulting from Ostaraôs Pearl process) generally are 

marketed by process vendors. Requirements for entering retail biosolids 

markets (typically with a composted or heat-dried biosolid) are more 

complicated, however, as utilities need to satisfy customers that range 

from homeowners to farmers. Toward that end, biosolids products must 

meet not only regulatory criteria, but also ñmarketability criteriaò ï i.e., 

those characteristics that are critical to targeted customers.  

Biosolids marketability criteria include two basic parameters: consistency 

(of both supply and quality) and product characteristics. Desired 

characteristics generally vary by product and are highlighted in the table 

below. Additional information on specific criteria can be found in Design 

of Municipal Wastewater Treatment Plants (WEF, 2011).  

Compost Heat-dried Product 

pH 
Soluble salts/Salt index 
Nutrient content 
Water-holding capacity 
Bulk density 
Moisture content 
Organic matter content 
Particle size 
Maturity (phytotoxicity) 
Stability 
Odor 

Particle size 
Nutrient content 
Durability (hardness) 
Dust 
Odor  
Bulk density 
Soluble salts 
Heating value  
 

Table 2: Product quality criteria (Source: Derived from WEF, 2010) 

  

Case Study: The USCC Seal of Testing 

Assurance (STA) Program Role in Texas 

Compost Market Development  

STA testing is the foundation requirement for all composts used 

by the Texas Department of Transportation (TxDOT). Soon after 

the STA program was developed, TxDOT, working with the 

Texas Commission on Environmental Quality (TCEQ) 

incorporated STA testing requirements into new specifications 

for a variety of compost products used in their projects. To 

ensure that they had access to the large TxDOT market, nearly 

all Texas compost producers joined the STA program, 

participating in required testing. The stringent quality 

requirements in the specifications were critical to TxDOT and to 

contractors bidding on TxDOT projects, as they provided them 

with the assurance that the composts they purchased would be 

suitable for their needs. Today, TxDOT is believed to be the 

largest user of compost in the nation, purchasing about 300,000 

cubic yards annually for its construction projects. 
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Few of the parameters noted are regulatory in nature, although stability 

and odor criteria in some respects are intended to be addressed by the 

503 ruleôs Vector Attraction Reduction (VAR) requirements. VAR 

requirements are not market-based, however, and for composts, at 

least, a robust approach to measure ï and uniformly compare products 

with respect to ï marketability criteria has been developed by the U.S. 

Composting Council (USCC). The USCC effort, which culminated in its 

Seal of Testing Approval (STA) program and the testing method manual 

that supports the program, Test Methods for the Examination of 

Composting and Composts (USCC, 2002). The USCC effort, many 

years in the making, was initiated on the simple principles that: (1) 

material testing is needed to verify product market (and safety) claims 

and (2) that product data should be truly comparable for all customers in 

order to be meaningful. The resulting program is an example of criteria ï 

and, critically, associated testing ï developed to support product 

markets that might serve as a model for other biosolids products.  

In Québec, the Bureau de normalisation du Québec (BNQ) offers a 

biosolids quality certification program for biosolids composts and pellet 

fertilizer. Several biosolids programs in Québec (and other provinces) 

have had their biosolids products certified. The Québec environment 

ministry removes all regulation from the use of any product certified by 

BNQ. 

Research (Odor and Safety) 
Public acceptance is critical to maximizing the recovery of nutrients, 

organics, and other resources through land application. Two key 

impediments to public acceptance are odors and the perceived safety of 

biosolids, and WERF recently brought research addressing these issues 

together into a single comprehensive project known as the Regrowth, 

Odors, and Sudden Increase Project. The project is comprised of two 

separate but interrelated research trains: 

¶ Biosolids Odors ï Building on a decade of research on 

biosolids odors, the research team is investigating short-term 

and long-term odor characteristics and approaches to reduce 

those odors. The researchers found that odors do, in fact, 

change with time, reflecting the release of different compounds 

(WERF, 2012). Volatile organic sulfur compounds are largely 

responsible for odors after dewatering, but indole, skatole, p-

cresol, and butyric acid contribute to odors that might be 

emitted over the long term during storage. The research 

further found that shear during dewatering and conveyance 

contributes to short-term odors and that higher shear 

operations (centrifuge dewatering, screw conveyance) and 

polymer can have an impact as well. Lastly, the researchers 

determined that while digestion in general decreases odors, 

the improvement may not meet odor reduction objectives. The 

project team is currently working with utilities to assess 

mitigation measures for broader future application.  

¶ Sudden Increase/Regrowth ï The terms ñsudden increaseò 

and ñregrowthò refer to increases in fecal coliform counts 

observed in some types of dewatered and anaerobically 

digested biosolids. Specifically, sudden increase (SI) is 

defined as an increase observed in freshly dewatered cake, 

while regrowth is defined as an increase observed in stored 

biosolids. Researchers found that the higher shear that 

contributes to cake odors is also a factor in both SI and 

regrowth in digested cake (WERF, 2012). Digestion processes 

had differing impacts on SI, however, with the phenomenon 

observed more frequently with thermophilically digested (and 

centrifuged) biosolids (WERF, 2012). The project team has 

identified strategies to address both SI and regrowth, and is 

currently assessing the effectiveness of those strategies in the 

field.  

Because of the importance of odor and perceived safety concerns to the 

sustainability of land application as a biosolids recycling approach, 

WERF has invested and continues to invest in additional research in 

these issues. Appendix A lists additional research in these areas. As 

noted in the appendix, the research extends into emerging issues such 

as trace organics and nanoparticles. 

Carbon Footprint 
Some have noted that climate change may be a key driver of biosolids 

management strategies in the future. While neither the federal 

government nor most states require greenhouse gas (GHG) reductions 

at this time, there is nonetheless an increased focus on both quantifying 

and reducing carbon footprints from biosolids operations, and a 

corresponding emphasis on renewable fuels. This interest may reflect a 

sense that regulations are pending, as well as a growing awareness of 

our role in a sustainable urban ecology. The term ñcarbon footprintò is 

often used to discuss GHG impacts, as their emission rates are typically 

quantified in terms of carbon dioxide (CO2) equivalents. This measure 

reflects the varying global warming potential of different greenhouse 

gases.  

GHG (tons) CO2 Equivalents (tons) 

Carbon Dioxide 1 

Methane 23 

Nitrous Oxide 296 

Table 3: Carbon dioxide equivalents of greenhouse gases 

Figure 5: Biosolids odor production over time (WERF, 2012) 
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Solids treatment and disposal/use operations are potential emitters of 

GHGs, but biosolids management programs also offer opportunities to 

reduce net greenhouse gas emissions through the use of biosolids as a 

resource. Biosolids themselves do not impact a carbon footprint, as they 

are ñnewò carbon, created from photosynthesis and biogenic in origin. 

(Biogenic CO2 originates from the decomposition of organic matter that 

was created by recent photosynthesis; the emission of biogenic CO2 

does not create a net increase in CO2 since the carbon is recently 

derived from atmospheric CO2.) 

Biosolids processing and management activities can reduce or increase 

a facilityôs carbon footprint, however, as shown in the figure below. 

Chemicals, fuel, and electricity used in processing can increase GHG 

impacts if they require the combustion of fossil fuel. Another source of 

GHG impacts from biosolids operations is the conversion of CO2 or 

nitrogen into more potent GHGs. This might occur via the conversion of 

biogenic carbon to methane in digesters (if the methane escapes), or via 

the release of nitrous oxide from the application of biosolids to soils or 

biosolids combustion. Biosolids management can provide significant 

opportunities for GHG reductions through the generation and use of 

biogas, replacing mineral fertilizer, and sequestering carbon in the soil 

(carbon sequestration and fertilizer replacement are discussed further in 

Section 3). 

Utilities are increasingly scrutinizing their operations to assess ways to 

reduce their carbon footprints but, to date, a consistent approach for 

estimating GHG emissions has proven to be elusive. A number of 

organizations around the world have developed protocols for GHG 

estimates, and although many follow the general approach adopted in 

the 2006 Intergovernmental Panel on Climate Change (IPCC) 

Guidelines for National Greenhouse Gas Inventories (IPCC, 2006), the 

protocols vary in many ways. In North America, it appears that efforts 

may be focusing on a protocol published by The Climate Registry (TCR) 

General Reporting Protocol (2008), which attempts to integrate several 

existing state protocols.  

Based upon the TCR protocol, the Canadian Council of Ministers of the 

Environment (CCME) has developed an emissions model specifically for 

biosolids management programs, the Biosolids Emissions Assessment 

Model, or BEAM (SYLVIS, 2009). To our knowledge, this is the first 

government agency-sponsored model for biosolids GHG estimates that 

has been developed. CCME (2009) notes that the BEAM can be used to 

define existing GHG emissions, assess GHG reduction opportunities, 

and document GHG reductions for emerging carbon markets (with 

independent verification).  

The desire to take advantage of emerging carbon markets has 

presented a quandary for some utilities. At present, the value of carbon 

credits is low. Some utilities may choose to postpone proposed GHG 

reduction measures until those markets mature, fearing that 

implementing them earlier would change their baseline footprint and 

make them ineligible for such credits. That being said, the general push 

for sustainability and resource recovery has minimized the focus on 

credits at this time, but an improved credit value could incentivize utilities 

to pursue resource recovery programs. 

  

Figure 6: Biosolids carbon accounting 
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Voluntary Programs 
As indicated by the discussions above, meeting existing regulatory 

requirements is not always sufficient to ensure public acceptance. 

Toward that end, several programs have been developed that focus on 

optimized biosolids quality, management practices, and/or public 

outreach, with the goal of alleviating public concerns. Through improved 

public acceptance, these programs advance the goal of resource 

recovery. Examples of programs that fall into this category are the 

National Biosolids Partnership (NBP) Environmental Management 

System (EMS) and voluntary programs to divert pharmaceuticals and 

personal care products (PPCPs) from wastewater and biosolids.  

National Biosolids Partnership BMP (EMS) 
The NBP Biosolids Management Program (BMP) (EMS) is a voluntary 

program that uses a flexible framework to help public and private sector 

organizations improve the quality of their biosolids management 

programs. The BMP framework is designed to accommodate all types of 

biosolids management practices and is based on elements that 

encompass all levels of a program, including policy-making, 

management planning, program implementation, measurement and 

corrective action, and management review.  

Organizations that achieve BMP certification 

are committed to the use of best management 

practices and conform to the NBPôs Code of 

Good Practice. Over 30 organizations, 

representing more than 12% of the biosolids 

generated in the U.S., have achieved 

certification.  

One of the key features of the BMP program is 

the use of third-party audits to improve the 

credibility of the biosolids program with the public. The audits also help 

participants identify areas of strength as well as areas of weakness that 

can be improved upon.  

Though initially offered as a certification program only, the BPM now 

offers a tiered system that includes recognized programs (bronze 

through gold) as well as the traditional platinum-certified programs. This 

change was made to recognize, in particular, those organizations that 

that have committed to and trained for NBP goals, but have not had the 

ability to meet financial commitments for the program. The following 

table provides an overview of the different BMP tiers.  

It should be noted that while the NBP program was developed primarily 

to focus on environmental and social issues, the program can also offer 

financial benefits to participants in terms of improved and more efficient 

operations. 

Additional information on the program can be found at: 

http://www.wef.org/Biosolids/page.aspx?id=7554&ekmensel=c57dfa7b_

127_0_7554_3.  

Product Stewardship Programs 
Concerns regarding microconstituents (originating from pharmaceuticals 

and personal care products) persist among the public, although research 

to determine the effects of biosolids-borne microconstituents is still 

underway. Moreover, research-based regulations are likely years away. 

In the interim, product stewardship and pollution prevention programs 

(PPPs) offer an approach to minimize microconstituents entering the 

wastestream and maximize both biosolids quality and resource recovery 

potential.  

The ñSMARxT DisposalTMò campaign is an 

example. Created by the U.S. Fish and Wildlife 

Service, the American Pharmacists Association, 

and the Pharmaceutical Research and 

Manufacturers of America, the program 

promotes environmentally protective alternatives 

to flushing medications or pouring them down 

the drain. Wal-Mart is a participating partner in the program and is 

promoting the campaign through its pharmacies. Additional information 

on the program can be found at: http://smarxtdisposal.net/index.html. 

The Product Stewardship Institute, a Boston-based nonprofit group, is 

also promoting environmentally protective disposal, but is also working 

to encourage manufacturers, legislators, and others to support such 

NBP BMP Tier Summary 

 
Table 4: BMP tier summary 

 

http://smarxtdisposal.net/index.html
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programs as part of a broader initiative to reduce the health and 

environmental impacts of a variety of consumer products. 

Summary of Needs 
As evidenced above, a wide range of actions are required on regulatory 

and policy levels to advance resource recovery in biosolids.  

The theme of biosolids as a renewable resource is perhaps the key to 

repositioning both the role and value of biosolids. This could involve 

recognizing biosolids as a source of recyclable nutrients (N, P), as well 

as achieving formal designation as a renewable fuel resource on a 

federal level ï a critical step not only to expanded use of wastewater 

solids as a renewable fuel, but also to positioning utilities to take 

advantage of Renewable Portfolio Standards. 

Other critical activities include 

Â Continued efforts to promote and facilitate multi-agency 

coordination, which will be critical to addressing overlapping 

regulations and responsibilities as the lines between solid waste 

management and wastewater treatment blur. Additionally, 

coordination will be required to emphasize the concept of 

ñmaximum environmental benefitò in regulatory development to 

minimize regulations that shift pollutant issues from one medium to 

another (i.e., air to water), rather than effectively and holistically 

managing pollutants.  

Â Collaboration between experienced biosolids practitioners and 

regulators as new products emerge from wastewater and biosolids 

processing (such as fertilizer derived from struvite) and questions 

arise as to how (or if) those products should be regulated.  

Â The development of ñmarketability criteriaò for value-added products 

using the USCC Seal of Testing Approval and BNQ program as a 

model. Previous WERF studies on the subject of biosolids stability 

(Switzenbaum et al., 1997; Switzenbaum et al., 2002) could provide 

a springboard for test methods and protocols that will be required.  

Â Continued expansion of voluntary programs that support biosolids 

quality such as the NBP EMS and PPPs.  

Â Continued research to address public uncertainties regarding 

biosolids safety. Though this research is critical, it is equally 

important to ensure the research findings are effectively 

disseminated to practitioners and the public. Specific education and 

outreach needs and potential solutions are addressed in Section 7 

of this report. 
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Section 3 

Organics Recycling: A New Perspective 
The recycling of organics through application to the land has been 

practiced for millennia, with farmers long recognizing the benefits of the 

organic matter and nutrients in manures, night soil ï and more recently, 

biosolids ï to soil and crop systems. While these benefits are still a focal 

point, our perspective has expanded to include benefits associated with 

carbon footprint and climate change, as biosolids provide opportunities 

for GHG reductions through carbon sequestration and fertilizer 

production offsets. They can also play a role in sustainable soil 

management by building better soils. This section explores 

these relationships.  

Soils and Climate Change  
The relationship between biosolids applied to the land and 

climate change is best viewed in the broader context of 

sustainable soil management, considering not only how our 

soils have changed with intensive cultivation, but also predicted 

soil impacts due to climate change. One soil parameter 

impacted by both agricultural practices and climate change is 

SOC. SOC comprises about 50% of soil organic matter (SOM), 

which also includes materials from plants, animals, or 

microorganisms (living or dead) (Overstreet and DeJong-

Hughes, 2009).  

Agriculture takes a heavy toll on SOM, and thus studies indicate that the 

heavily farmed Midwestern U.S. soils have lost 30 to 50% of their SOC 

level since they have been cultivated (Lal, 2002). As shown in the figure, 

intensive agricultural practices can lead to a ñsoil degradation spiralò: 

increasing cultivation can ultimately lead to poor soils and declining crop 

yields, and therefore ever increasing cultivation needs, which further 

degrade soils. 

As shown below, climate change can exacerbate soil degradation via 

three mechanisms: higher temperatures can increase microbial 

decomposition of SOM, drought can lead to wind erosion and loss of 

SOM, while flooding can scour the soil surface and reduce SOM (van 

den Born et al., 2000). Of these degradation processes, erosion ï by 

wind or water ï has the most severe impact on soil SOC content (Lal, 

2004).  

The impact of erosion on soils cannot be underestimated. Erosion can 

remove the most fertile part of soil, reducing productivity up to 50% and 

in the U.S. alone, the annual cost of erosion loss is estimated to be $44 

billion/per year (Eswaran et al., 2001). 

Climate change impacts on soil are not limited to loss of fertility: soil 

compaction is also a critical issue. Compacted soils can increase energy 

costs for tillage by 50% (Raper et al., 2000) and can reduce yields by 10 

to 20% (Iowa State University, 2009).  

Biosolids can play a critical role with respect to climate change and its 

impacts on soil by providing the SOC and organic matter to build soils. 

The addition of biosolids can also sequester carbon in the soil. Lal 

(2002) estimates that about 60 to 70% of the SOC lost from U.S. mid-

western soils could be re-sequestered through the adoption of 

recommended soil and crop management practices, such as the 

conversion from plow till to no till, the ñliberal use of biosolidsò, and other 

practices.  

Figure 8: Soil degradation spiral (adapted from Magdoff and Van Es, 2009) 

Figure 7: Climate change impacts on soil organic matter (SOM) 
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In addition to SOC loss, the increased reliance on fertilizers to maintain 

soils productivity has a strong carbon footprint impact, as fertilizer 

production, distribution, and use contribute 2.5% to global GHG 

emissions (IFA, 2009). As shown in the figure below, biosolids contain 

macronutrients (nitrogen, phosphorus, potassium) ï albeit in lower 

concentrations than mineral fertilizers ï and their use can offset fertilizer 

requirements (biosolids also contain micronutrients, such as iron and 

zinc).  

The potential role of biosolids in carbon footprint reduction ï via fertilizer 

replacement and carbon sequestration ï is described below.  

Biosolids and Carbon Accounting 
As noted in Section 2, protocols to estimate GHG emissions from 

biosolids processes are still evolving, but the development of BEAM 

provides a strong foundation for such assessments. Developed at the 

request of the CCME, BEAM can be used to define existing GHG 

emissions, assess GHG reduction opportunities, and document GHG 

reductions for emerging carbon markets (SYLVIS, 2009). Key processes 

addressed in the model are shown in the following figure, which also 

indicates GHG impacts and offsets associated with solids processing.  

 

  

Table 5: Biosolids, manure, and fertilizer macronutrient content 
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For the purposes of this report, key areas of focus include fertilizer 

replacement and carbon sequestration, both described below.  

Fertilizer Replacement 
Biosolids can reduce agricultural carbon footprints through fertilizer 

production offsets to meet plant nutrient requirements. The reported 

GHG offset values for fertilizer replacement vary in literature, but based 

upon the data presented in Table 6, the BEAM model assumes values of 

4 and 2 kg CO2e/kg for nitrogen (N) and P, respectively (Brown et al., 

2010). The default values are expected to be conservative, as they do 

not distinguish between plant available and total nutrient content and do 

not account for the micronutrients (and macronutrients such as 

potassium) that are present in biosolids (Brown et al., 2010). 

Carbon Sequestration 

Atmospheric CO2 has increased by more than 30% since 1750, with 

losses of SOC contributing significantly to the increase: of the estimated 

240 to 300 billion tons of CO2 emitted since the industrial revolution, and 

an estimated 66 to 80 billion tons have been contributed by the SOC 

pool (Lal, 2004). 

  

Figure 9: Biosolids GHG impacts and offsets (Brown et al., 2010) 
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Author Title Journal Nitrogen Phosphorus Comments 

Brown and  Leonard 

(2004) 

Biosolids and global 

warming: Evaluating the 

management impacts 

BioCycle, Aug.  3 g CO2 per g 

P 

Used sitting 1979 to calculate 

energy required for P production, 

and IPCC factor used for N for 

multiplier to take into account 

transport and production 

inefficiencies 

 

Murray et al. (2008) Hybrid life-cycle 

environmental and cost 

inventory of wastewater 

sludge treatment and 

end-use scenarios: a 

case study from China 

Environ. Sci. Technol. 

Published online 3/20/08 

3.6 g CO2 

per g N 

4.86 g CO2 

per g P 

 

 

Kim and Dale (2008) Effects of nitrogen 

fertilizer application on 

greenhouse gas 

emissions and 

economics of corn 

production 

Environ. Sci. Technol., 42, 

6028ï-6033 

3.1-4.7 g of 

CO2 per g N 

 Total emissions from all other 

fertilizer use (P, K, S, lime, 

pesticides and herbicides) similar 

to N fertilizer emission  

Intergovernmental 

Panel on Climate 

Change (IPCC) (2006) 

Guidelines for National 

Greenhouse Gas 

Inventories 

http://www.ipcc-

nggip.iges.or.jp/public/200

6gl/index.html 

1.3 g of CO2 

per g N 

 Manufacture only 

Recycled Organics 

Unit (2006) 

Life-cycle inventory and 

life-cycle assessment for 

windrow composting 

systems 

University of New South 

Wales, Sydney, Australia. 

http://www.recycl 

edorganics.com/publication

s/report 

s/lca/lca.htm 

 

3.96 g of 

CO2 per g N 

1.76 g of CO2 

per g P 

Potassium, factor of 1.36 given 

 

Schlesinger (1999) Carbon sequestration 

soils: some cautions 

amidst optimism 

Agriculture, 

Ecosystems Environ. 

,82, 121ï127 

4.5 g CO2 

per g N 

 1.436 moles of CO2-C per mole of 

N 

Table 6: Reported values for energy required to produce, transport, and apply synthetic fertilizers (Brown et al., 2010) 
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In his comprehensive report on soil carbon sequestration and climate 

change, Lal (2004) cited replenishing the soilôs carbon supply as a 

strategy to offset (but not eliminate) increases in atmospheric CO2, and 

estimated the cumulative potential of soil carbon sequestration to be 30 

to 60 billion tons over 25 to 50 years. Because other factors ï 

specifically fossil fuel use ï contribute so heavily to CO2 emissions, 

however, he also notes that carbon sequestration has a limited (albeit 

critical) potential to impact climate change; nonetheless, because it also 

improves soil quality, soil ñC sequestration is something that we cannot 

afford to ignoreò.  

Recognizing the role that biosolids can play in sequestering carbon, 

research on this topic has intensified over the last decade or so and, 

while information remains sparse, data were identified and included in 

the BEAM model (see below).  

 

The table illustrates a critical consideration when quantifying carbon 

sequestration from biosolids amendments: the amount of carbon 

sequestered will vary according to land use and management practices, 

with surface applications apparently yielding lower C storage than single 

one time applications (such as might be seen for vegetation 

establishment on roadway embankments or reclamation).  

C storage is also impacted by climate and soil type (Lal et al., 2007). 

The following figure illustrates the impact of differing climates and soils 

on sequestration. 

Generally, depleted soils (those with low SOM) and disturbed lands offer 

particular promise for C sequestration, and the use of biosolids on 

reclaimed lands has therefore been a focus. Studies of three U.S. and 

two Canadian mines demonstrated that biosolids addition enhanced 

carbon storage in reclaimed mine soils, finding that every Mg of biosolids 

applied resulted in 0.03 to 0.31 Mg of carbon stored in soil. (Trlica, 

2010). In a longer term study covering decades of biosolids applications 

for land reclamation in Fulton County, Illinois, Tian et al. (2009) found 

that the mean net C sequestration in amended fields was 1.73 Mg C/ha-1 

yr -1, compared to values ranging from -0.7 to 0.17 Mg C/ha-1 yr -1 in 

fertilizer control fields.  

Despite the promising role of biosolids for sequestering carbon, 

additional research is needed to better support carbon footprint 

accounting tools such as the BEAM model and to reflect the broad 

diversity of biosolids management practices currently employed. 

Additionally, GHG impacts from land application must be considered 

when considering the overall carbon footprint of this practice. These 

include transportation impacts (which can be minimal in many cases) 

and nitrous oxide emissions.  

It is also critical to remember that even if carbon accounting tools show 

that land application does not offer the greatest carbon footprint 

reductions (or lowest cost), the value of biosolids for improving soil SOC, 

SOM, and soil tilth should not be ignored.  

Land use Summary 

Change in Soil 

C Storage 

(Mg CO2 per dry 

Mg biosolids) 

Dryland wheat, 

conventional tillage 

Cumulative loading rate of 18ï40 

Mg ha-1 . Site 14 years old 1.25ï1.6 

Surface application to 

fescue  

Annual application from 1993ï

2000, sampled in 2008, cumulative 

loading rates 67ï201 Mg ha-1  0.15ï0.3 

Roadside, incorporated  

Single 147 Mg hað1 application 2 

years prior to sampling  1.74 

Table 7: Carbon sequestration in biosolids-amended soils (Kurtz, 2010) 

Figure 10: Impact of differing climates and soils on sequestration 
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Enabling Organics Recycling 
Fully leveraging the resource potential of biosolids applied to the land 

requires the following key areas of focus:  

Â Research to address persistent uncertainties regarding biosolids 

safety, 

Â Further demonstration of the benefits of biosolids as amendments, 

with a focus on their role in restoring depleted and disturbed soils, 

Â Further research and documentation of the carbon footprint impacts 

of land application activities, and 

Â Broad-based and effective communications regarding all of the 

above.  

Research to Address Uncertainties 
Focusing on land application (rather than product marketability issues 

discussed in Section 2), research is required to address both existing 

and emerging concerns regarding biosolids safety.  

Specific research areas requiring attention include: 

Â Odor ï Continued research into processes to reduce biosolids odor, 

a primary public concern and a driver of resistance to biosolids use, 

is warranted. This information would supplement the significant 

work done by WERF over the last decade or so on the mechanisms 

of odor generation.  

Â Stability ï Stability is closely related to odor and is therefore a 

recommended focus going forward. Key focus areas for further 

investigation should build upon existing research and, as noted in 

Section 2, result in new stability measurements and methods.  

Â Emerging Pollutants ï Interest in the future will continue to center 

on the fate and significance of emerging contaminants, including 

personal care products, pharmaceuticals, emerging pathogens, and 

nanoparticles. 

Â Surrogate Indicators ï Research is also needed to support the 

development of new surrogate indicators (for pathogens), as 

research in this area, described in Charting the Future of Biosolids 

Management (WEF and NBP, 2011) reveals potentially improved 

approaches to demonstrate effective pathogen reduction. 

Demonstrating Biosolids Benefits 
Recycling of biosolids to the land is clearly not new, yet the 

demonstrated benefits that biosolids provide to our soils do not seem to 

be well understood by the public. Moreover, these benefits are often 

overshadowed by persistent uncertainties about the safety of biosolids. 

While additional research to demonstrate benefits to the soil could be 

helpful, effective dissemination of the multiple success stories and 

research regarding biosolids benefits is essential. The need to 

communicate what we know about biosolids in order to foster resource 

recovery is critical enough to be the topic of a separate discussion, and 

is the focus of Section 7 of this report.  

Carbon Footprint Documentation 
The BEAM model discussed above provides a solid foundation for 

quantifying the carbon footprint of biosolids operations, but additional 

data are needed to expand and strengthen the model. Specifically, 

additional data on carbon sequestration, reflecting the depth and breadth 

of biosolids practices across the continent, are needed. Additionally, 

additional information regarding nitrous oxide emissions from land 

application and combustion are needed to strengthen the model.
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Section 4 

Energy Recovery 
Because the energy contained in wastewater and biosolids exceeds 

the energy needed for treatment by a factor of 10, energy neutrality 

isnôt just a pipe dream. It is a challenging, yet reachable, goal when 

wastewater facilities are designed and operated for this objective 

through a combination of energy efficiency best practices and energy 

production technologies. Solids treatment provides the greatest 

potential for energy recovery and production, with the chemical 

energy embedded in biosolids greater than the energy needed for 

treatment. Recovering that energy is an opportunity for wastewater 

utilities to reduce costs and increase sustainability. Recognizing this 

potential, the number of utilities recovering energy is growing rapidly; 

today, nearly 300 of the more than 1200 WRRFs equipped with 

anaerobic digestion convert their biogas to electricity (Beecher and 

Qi, 2013).  

The expanded resource recovery potential of biosolids is reflected in 

the North East Biosolids and Residuals Associationôs (NEBRA) 

definition of beneficial use: 

ñPutting a particular biosolids product to 

its best and highest use by maximizing 

the utilization of nutrients, organic 

matter, moisture and/or other qualities ï 

including extracting the maximum 

amount of energy possible.ò 

This chapter focuses on energy recovery. It 

presents the extensive menu of technologies 

available to optimize, extract, and use energy from 

biosolids, their benefits and limitations, and 

research and implementation initiatives that are 

needed to realize biosolidsô energy potential. 

Drivers 
Energy is the second or third most expensive item in a wastewater 

utilityôs operations and management budget. Any effort to reduce 

purchased energy requirements benefits the utility by not only 

lowering operational costs, but also by decreasing its carbon footprint 

and increasing the sustainability of the operations. The impacts go 

beyond the utility; when a utility decreases its net energy use, the 

local and national communities also benefit from increased energy 

security and fewer greenhouse gas emissions. The following figure 

illustrates the numerous factors driving utilities to reduce their net 

energy demand. 

Figure 11: Factors driving utilities to reduce net energy consumption (Fillmore et al., 2011) 
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Energy in Wastewater and Biosolids 
As noted earlier, the energy contained in wastewater and biosolids 

has been estimated to exceed the energy needed for treatment by a 

factor of 10. Based on this premise, WERF has developed an 

initiative to achieve net-zero energy in WRRFs.  

The energy in 

wastewater exists in 

three forms: thermal 

energy, hydraulic 

energy, and chemical or 

calorific energy. The 

following table illustrates 

the energy content of wastewater. Thermal energy is controlled by 

the temperature of the wastewater entering the plant. Heat can be 

recovered from the raw influent using heat exchangers and the 

resulting low-grade heat energy can be used to satisfy some of the 

building and process heating needs of the plant. Hydraulic energy is 

the energy of the moving water. Low head turbines on gravity flow 

can be used to convert kinetic energy into electricity (WERF Fact 

Sheet, 2012).  

 

Constituent Value Unit 

Average heat in wastewater 41,900 MJ/10 

ÁCÅ103m3 

Chemical oxygen demand 

(COD) in wastewater 

250ï800 

(430) 

mg/L 

Chemical energy in 

wastewater, COD basis 

12ï15 MJ/kg COD 

Chemical energy in primary 

solids, dry 

15ï15.9 MJ/kg TSS 

Chemical energy in 

secondary biosolids, dry 

12.4ï13.5 MJ/kg TSS 

Table 8: Energy in wastewater (Tchobanoglous and Leverenz, 2009) 

The embedded chemical energy in wastewater is on average 2-10X 

times the energy needed for treatment, with the values ranging from 

0.4 to 6.3. In many cases, recovering the chemical energy in solids 

alone is sufficient to achieve energy neutrality.  

Energy in Biosolids 
There are many opportunities to convert the chemical energy in 

solids to a useable form (heat or fuel) through biological or thermal 

processes. Biosolids typically contain approximately 6500 to 9500 

British thermal units per pound (Btu/lb) on a dry weight basis (2.3 

kWh/lb), which is similar to the energy content of low-grade coal. The 

following table shows a comparison of the energy in biosolids to the 

energy in other fuels. For comparison, the average daily residential 

energy use in the U.S. is 31 kWh per home, which would require the 

energy equivalent of 13.4 lb of dry biosolids (Stone et al., 2010). 

 

Fuel Energy (Btu) 

1 lb dry biosolids 8000 

1 kWh electricity 3412 

1 cu ft natural gas 1028 

1 cu ft biogas 600ï700 

Table 9: Biosolids energy in perspective (Stone et al., 2010) 

Energy Optimization and Recovery 

Technologies 
Energy recovery options range from mature, well established 

systems, such as anaerobic digestion and incineration to emerging 

technologies, such as SCWO and hydrothermal gasification. This 

section provides a description of optimization and recovery 

technologies, including advantages and disadvantages, and the 

current status of each technology (stated as embryonic, innovative, 

or established). 

 

The energy contained in wastewater 

and biosolids exceeds the energy 

needed for treatment by a factor of 10. 
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Bioconversion: Anaerobic Digestion 
The bioconversion of biosolids energy is typically accomplished using 

anaerobic digestion. In high rate anaerobic digestion (AD), the readily 

biodegradable portion of the volatile solids in sludge is converted into 

biogas by microorganisms in the absence of oxygen. The biogas is 

composed primarily of methane (60 to 65%) and carbon dioxide (30 

to 40%), with small concentrations of nitrogen, hydrogen sulfide, and 

other constituents. The methane portion of the biogas is a valuable 

fuel and, with conditioning, can be used in place of natural gas for 

many energy needs.  

As shown in a recent WEF Survey (Beecher and Qi, 2013), 

approximately 10% of all U.S. WRRFs employ this process. Section 

8 provides additional information on the WEF survey. Anaerobic 

digestion is more common in plants larger than 5 mgd. 

There are a variety of technologies to recover energy from the biogas 

generated by AD systems, as well as multiple uses for that gas.  

Maximizing Biogas Production 
Biogas production through anaerobic digestion is limited to 

conversion of the readily biodegradable portion of the solids. To 

overcome this limitation, and thus maximize biogas production, 

pretreatment processes and co-digestion have become rapidly 

growing practices in recent years. Pretreatment processes break 

open the bacterial cells in the waste activated solids (WAS), 

releasing the cell contents, making them available to the anaerobic 

bacteria for conversion to biogas. Co-digestion, on the other hand, 

consists of adding readily biodegradable feedstocks directly into the 

digester, to co-digest them with the biosolids. FOG, for example, are 

readily biodegradable by anaerobic bacteria. Other high-strength 

wastes can also be co-digested to increase biogas production. Co-

digestion of high-strength wastes and digester pretreatment 

technologies are discussed in the following sections.  

  

Figure 12: Percentage of facilities sending solids to AD, including an indication of the 
level of uncertainty in the survey data (comparing WEF 2012 survey data to Clean 
Watershed Needs Survey [CWNS], 2008, total WRRFs) 

Table 10: Percentage of facilities of different flow sizes that send solids to AD (based on total 
number of U.S. WRRFs in each size grouping according to CWNS, 2008) 
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Co-Digestion 
Co-digestion of high-strength wastes in anaerobic digesters has 

been a rapidly growing practice to meet WRRF goals of 

maximizing biogas production for energy recovery. 

Approximately 17% of U.S. WRRFs with anaerobic digestion 

take in outside wastes and feed them directly into the digesters. 

FOG is the most common high-strength organic waste co-

digested with biosolids. High-strength wastes from food 

processing, breweries, cheese production, animal farming, 

biodiesel production, and de-icing operations (glycols) can also 

be co-digested to increase biogas production in anaerobic 

digesters with spare capacity. Aside from increased biogas 

production, the plant benefits from the tipping fees that can be 

charged for the service of processing the waste.  

Since co-digestion increases biogas production, it can improve the 

economies of scale for on-site power generation, especially at small 

facilities. At the Village of Essex Junction Wastewater Treatment 

Plant in Vermont, co-digestion improves biogas production, allowing 

this small 2-mgd plant to run a successful combined heat and power 

(CHP) system. Fueling two 30-kW microturbines with biogas, the 

plant has reduced its electricity costs by 30% and is receiving 

renewable energy credits (RECs) for the electricity it generates 

(Willis et al., 2012).  

Digestion Pretreatment 
Digestion pretreatment processes improve 

the digestibility by making internal cellular 

matter of biological solids more available for 

digestion. This increases the volatile solids 

reduction (VSr) achieved in anaerobic 

digestion and consequently increases the 

biogas production. Since pretreatment 

typically results in little improvement in 

digestion of primary solids, many of these 

processes are applied only to the WAS 

portion. Pretreatment processes modify the 

microbial cells by making the cell walls 

ñleakyò or by completely lysing (breaking 

apart) the cells.  

Pretreatment technologies include thermal 

hydrolysis (THP) (Cambi, Biothelys, Exelys), 

sonication, mechanical disintegration (Crown 

Biogest. MicroSludge), and electrical pulse 

treatment (OpenCEL). Pretreatment 

technologies have the potential to more than 

double the readily biodegradable fraction of 

the volatile solids (VS), resulting in a 30 to 

60% increase in biogas production compared to digestion without 

pretreatment. With the exception of thermal hydrolysis, most digester 

pretreatment technologies are relatively simple and have small 

footprints, making them fairly easy to retrofit into an existing facility. A 

summary of pretreatment technologies is presented below.  

Thermal Hydrolysis (THP)  
Thermal hydrolysis involves injecting steam at high temperature and 

pressure to rupture cells and improve the conversion of organic 

matter to biogas in the digestion process. THP is a proven and 

reliable technology with full-scale installations that date back to 1995. 

There are 24 installations of the Cambi® THP system in Europe and 

the UK. There are five installations of the Veolia process (marketed 

under the Biothelys name) in operation or under construction in 

 

 THP Sonication 
Crown 

Biogest  

Micro 

Sludge 
OpenCEL 

Development 

Status 
Established Innovative Established Innovative Innovative 

Reported 

Improvement in 

VSr and Biogas 

Production 

Yes No Yes No Yes 

Complexity High Low Low Medium Low 

Dewatering 

Benefits 
Yes No Unknown Unknown Yes 

Class A Product Yes No No No No 

Table 11: Comparison of digester pretreatment technologies (from Qi, 2011) 

Cost estimates for the various technologies are based on vendor-provided information for 
thermal hydrolysis, Crown Biogest , and OpenCEL treatment. MicroSludge estimated costs 
are based on information from literature (Gary et al., 2007). Costs are based on equipment 

costs only. 

ñDC Water chose to implement an innovative technology and is 

building a thermal hydrolysis system that will be the first in North 

America and the largest in the world. This decision, along with 

the choice to go with a design-build model to compress the 

schedule and the calculated future savings ($28 M/yr) has given 

our board the confidence to fund this discretionary project and 

set a precedent for renewable energy production, resource 

recovery, and sustainability.ò  

ï Chris Peot, Biosolids Manager at DC Water 

ò 






















































































