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EXECUTIVE SUMMARY 

Population pressures, climate change, aging infrastructure, and funding limitations strain water 

resources and call for sustainable resource management solutions and circular economy over the 

next century. Wastewater treatment plants cannot operate merely as disposal facilities any 

longer. Instead, water resource recovery must become a cornerstone of facility operation, 

producing water fit for purpose, recovering nutrients, and reducing fossil fuel consumption by 

recovering the energy inherent in wastewater.  

One of WEF's objective is to develop a program to set strategic resource recovery goals for the 

U.S. and Canadian water sector. The first step of this effort is to establish a baseline for current 

resource recovery practices in the North American water sector, followed by quantifying and 

publicizing progress toward stated goals.  

The following figures summarize the results of the current status quo of resource recovery at 

Water Resource Recovery Facilities (WRRFs) in the U.S. for water, biosolids, nutrient 

(phosphorus and nitrogen), and energy recovery.  

In parallel to the database summary, a utility survey was conducted for this study to collect data 

on resource recovery practices. The results of this survey allow to quantify the recovery practices 

of WRRFs in more detail and compare practices by facility size across the U.S.  

Of the WRRFs petitioned for the WRRF resource recovery survey, 109 participated from the U.S., 

and 17 participated from Canada. The U.S. facilities covered about 22% of nationally treated 

municipal wastewater flow and about 20% of the total mass of biosolids produced in the U.S. 

The survey data is generally in agreement with the aggregated resource recovery trends 

summarized in Figure ES.1 through Figure ES.5. Survey results allow for a refined mass balance 

evaluation on current resource recovery practices for water, biosolids, phosphorus, and energy 

(electricity).  

The report finishes with specific recommendations on future work to help advance resource 

recovery practices in North America. Briefly these are summarized as follows: 

1. Databases. Existing databases do not capture information on phosphorus, nitrogen, 

and energy (other than that captured in biogas) resource availability, recovery practices, 

and recovery potential. 

2. Recoverable Resources. This data summary forms a basis for estimating resources that 

can be feasibly recovered by WRRFs. This needs to consider technological limitations as 

well as financial cost-effectiveness. In order to further advance resource recovery 

implementation it would be useful to conduct analysis on the techno-economic factors 

of different recovery options and geographical and policy related differences. 

3. Energy Resource Data. Little to no information is available on other forms of energy 

content in wastewater than biogas, such as thermal, hydraulic, compressed national gas 

injection, and fuel generation, which would allow for developing aggregate baseline 

data at the state and national level. 
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4. Carbon Recovery. Organic carbon in wastewater is closely related to its chemical 

energy content. Future utility survey efforts on resource recovery should include carbon 

mass balances. 

5. Updated Biosolids Database. The most comprehensive data for biosolids production 

and uses dates back to 2007. Since then, several states have issued updated reports, 

information that would be useful if it could be standardized and captured in an updated 

national database.  

6. Peer Facility Benchmarking. It would help to have current water reuse data by utility 

and state compiled into an up-to-date national database. 

7. Peer Facility Benchmarking. It is useful to differentiate resource recovery performance, 

not only by facility size as done in this study, but also by process type and the level of 

treatment employed at WRRFs. This could be achieved by combining several large 

existing databases and developing transparent and user-friendly query options to 

retrieve the necessary information.  

8. Canadian Resource Recovery Baseline. We recommend adopting the approach 

developed in this study to develop national aggregates for resource recovery baseline 

performance in Canada. We also recommend combining the surveys conducted for 

Canada and the U.S. into a single database tool to expand the benchmarking value for 

WRRFs. 

9. Institutionalize Survey. The utility survey collected valuable information allowing for 

resource recovery mass balances for individual utilities. In the future, we recommend 

institutionalizing this survey for broader participation and repeating it every 2-5 years. 

Combining the survey with a reporting tool of results could benefit participating utilities 

with a visual evaluation of relevant facility-specific statistics (e.g., performance 

benchmarking to other pier WRRFs, progress made towards goals since last data 

entries). 

10. Small Facility Potential. Capturing information on the group of smallest facilities in 

North America (less than 1 mgd) is inherently challenging. Efforts should continue to 

complete the necessary information for small WRRFs to help reach their full resource 

recovery potential. 
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Figure ES.1 Summary of Aggregated Water Flows to WRRFs by End Use in the U.S.  
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Figure ES.2 Summary of Aggregated Biosolids Mass from WRRFs by End Use in the U.S.   
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Figure ES.3 Summary of Aggregated Phosphorus Mass to WRRFs by End Use in the U.S.  
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Figure ES.4 Summary of Aggregated Nitrogen Mass to WRRFs by End Use in the U.S.  
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Figure ES.5 Summary of Aggregated Biogas Energy Potential to WRRFs by End Use in the U.S.  
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Chapter 1 

INTRODUCTION 

1.1   Background 

Five years ago, the National Association of Clean Water Agencies (NACWA), the Water 

Environment Federation (WEF), and the Water Environment & Research Foundation (WE&RF) 

published "Water Resources Utility of the Future … A Blueprint for Action," which described the 

progression of wastewater utilities into resource recovery facilities (NACWA, WERF, WEF, 2013). 

These “utilities of the future” follow the “N-E-W” paradigm for water management, recovering 

three key resources in wastewater: nutrients, energy, and water.  

Many facilities in North America have taken the steps to become utilities of the future. However, 

as more facilities invest in the necessary infrastructure for resource recovery, utilities across the 

U.S. continue to struggle with balancing investments in N-E-W infrastructure and competing 

financial investments. Thus, utility managers and other planners would benefit from a better 

defined industry standard for a "utility of the future" or "resource recovery facility" to guide them 

with decisions and funding justifications.  

This project is one important part of developing this new standard. The information in this report 

will help water resource recovery facilities (WRRFs) improve the way they benchmark utility 

achievements, track progress over time, and set achievable and defensible goals for resource 

recovery in the future. 

1.2   Objectives  

This project was implemented to compile baseline data on the state of resource recovery in 

North American WRRFs. Specifically, resource recovery industry metrics were developed for the 

following resources:  

• Water. 

• Nutrients. 

• Energy.  

As a first step, this study quantified recovery metrics for water, biosolids, and phosphorus (P); 

additional information was collected on nitrogen and energy recovery. This baseline is the first 

comprehensive data collection to understand the current status of resource recovery and help 

develop nationwide and utility-specific feasible resource recovery targets.  

Beyond this, the data compiled in this study provides the following benefits to the industry:  

1. Justify a standard level of resource recovery. With quantitative metrics on resource 

recovery in North America, this database can help utility managers justify recovery goals 

and funding requests. 

2. Benchmark resource recovery achievements among WRRFs. The database allows 

WRRFs to compare their operation to the performance of other peer facilities and 
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resource recovery industry leaders. This information can help set defensible quantitative 

facility objectives. 

3. Track the progress of resource recovery objectives each year. By documenting 

resource recovery metrics in the study's survey spreadsheet, WEF, policy makers, 

regulators, and WRRFs can track progress over time through regular updates. 

1.3   Study Approach 

The study was completed in the following two phases:  

• Phase 1: The existing databases and literature were evaluated to compile information 

on the current state of resource recovery at WRRFs. At the time this study was 

performed, limited information for Canada was available. As a result, the first step 

involved evaluating resource recovery in the U.S. to establish an analytical and data 

collection framework helpful in expanding the effort to Canada in the future. Available 

U.S. databases provided data on the current state of water reuse, biosolids recovery, 

and parts of energy recovery at WRRFs (i.e. beneficial biogas use).  

• Phase 2: An industry survey was developed for WRRFs throughout the U.S. and Canada 

to collect information that can be used to develop facility-wide balances for water, 

biosolids, and phosphorus, as well as nitrogen and energy as available. Data from the 

survey complemented the database review in Phase 1 with up-to-date 2018 facility 

information and allowed for a comparison of resource recovery trends between facilities 

of different sizes.  

1.4   Report Overview  

The report is organized into the following eight chapters:  

• Chapter 1 provides a brief background of the study and its objectives.  

• Chapters 2 through 6 summarize the status of resource recovery at WRRFs in the U.S. 

based on an evaluation of existing databases and literature for water reuse, biosolids, 

phosphorus, nitrogen, and energy (in terms of beneficial biogas use). To make 

referencing easier, each chapter includes references and appendices with raw data used 

to generate summary graphs.  

• Chapter 7 summarizes the results from the 2018 WEF Resource Recovery Utility Survey 

conducted for this study. 

• Chapter 8 provides a final summary combining the findings of the database review and 

the 2018 survey results; it also offers some final recommendations for next steps.  

1.5   References 

National Association of Clean Water Agencies (NACWA), Water Environment Research 

Foundation (WERF), Water Environment Federation (WEF) (2013).  

Water Resources Utility of the Future - A Blueprint for Action. 

https://www.wef.org/globalassets/assets-wef/direct-download-library/public/03---

resources/waterresourcesutilityofthefuture_blueprintforaction_final.pdf 

 

https://www.wef.org/globalassets/assets-wef/direct-download-library/public/03---resources/waterresourcesutilityofthefuture_blueprintforaction_final.pdf
https://www.wef.org/globalassets/assets-wef/direct-download-library/public/03---resources/waterresourcesutilityofthefuture_blueprintforaction_final.pdf
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Chapter 2 

CURRENT STATUS OF WATER REUSE AT WRRFS  

IN THE U.S.  

2.1   Methodology for Developing National Aggregates for Water Reuse and 

Recovery  

The EPA estimated the total quantity of municipal wastewater produced in each U.S. state in the 

EPA Clean Water Needs Survey Database (CWNS, USEPA 2012a). For this study, all facilities that 

reported flow data in the database were included. In the database, 14,555 total facilities were 

located in the 50 states and the District of Columbia.  

The total quantity of wastewater produced was also cross-checked with independent estimates 

published by the Metropolitan Council (2017), the National Research Council (NRC, 2012), and 

Seiple et al. (2017).  

2.2   Wastewater Production in the United States  

According to the American Society of Civil Engineers (2017), the total number of wastewater 

facilities estimated in the U.S. in 2017 was 14,748, which is close to the number of facilities 

captured in the 2012 EPA CWNS Database. In the U.S., an estimated 94% of urban population is 

connected to piped sewer systems (EPA 2012).  

According to National Research Council (NRC, 2012), the total municipal wastewater flow 

estimated in the U.S. is 33 billion gallons per day. The Metropolitan Council (2017) also cited this 

figure, and Seiple et al. (2017) estimated a similar figure (34.5 billion gallons per day) for publicly 

owned treatment works in the U.S. Based on the 2012 CWNS, the total quantity of wastewater 

production by U.S. municipal facilities is 33 billion gallons a day, which is in close agreement with 

the other numbers.  

This flow represents the total amount of wastewater flow from WRRFs in the U.S. theoretically 

available for recovery. Figure 1 shows the amount of municipal wastewater production by state 

based on information from the CWNS.  

 



PREPARATION OF BASELINE DATA TO ESTABLISH THE CURRENT AMOUNT OF RESOURCE RECOVERY | WEF 

- 4 - 

 

 

Figure 1 Wastewater Production Estimated per State in the U.S. (adapted from USEPA 2012a)  
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2.3   Total Water Currently Recovered at WRRFs 

2.3.1   Definition of Water Resources Recovery  

For this study, water from WRRFs was defined as "recovered" if it was used for potable or non-

potable reuse or groundwater replenishment. Water contained in biosolids used for beneficial 

land application, although comprising a small quantity, was also considered recovered. Effluent 

discharged to surface waters (other than oceans) can be important for downstream uses such as 

environmental flow augmentation, aquatic life, or downstream drinking water or agricultural 

uses. This portion of effluent discharge was also considered recovered. 

The evaporation of wastewater during treatment or as a discharge method (such as in small 

lagoon facilities) was not considered for the study. According to National Research Council (NRC, 

2012) estimates, 12 billion gallons per day of municipal wastewater are discharged directly into 

an ocean or estuary, which this study does not consider recovered. Ocean discharge amounts to 

approximately 38% of total effluent in the U.S. and is considered by the National Research 

Council as potentially available to “directly augment available water resources,” since it is not 

used by another facility downstream (NRC, 2012).  

Figure 2 provides an overview of the recovered and disposed water streams defined for this 

study.  

 

 

Figure 2 Definition of Recovered and Not Recovered Water in this Study  
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2.4   Current National Water Reuse and End Use Estimates for the U.S.  

According to the USEPA (2012b), approximately 7-8% of all wastewater is currently being reused 

in the U.S. (Figure 3). The Metropolitan Council (2017) estimates that 2.5 billion gallons per day 

out of the 32 billion gallons per day of wastewater generated are currently reused in the U.S. Of 

that amount, approximately 90% is reused in California, Arizona, Texas, and Florida.   

 

 

Figure 3 Reclaimed Water in the U.S. (USEPA 2012b) 

According to the EPA (2012b), the additional advanced water reuse capacity for the U.S. is 

approximately 2.8 billion gallons per day, increasing the total projected water reuse fraction for 

the U.S. to 17%. This estimate originates from a 2010 study conducted by the Global Water 

Intelligence (2010), which assessed the regulatory, financial, and water demand and supply 

conditions in the U.S. to develop a water reuse market forecast. This study's definition of water 

reuse does not include water discharged to surface water used for environmental benefits, such 

as for habitat protection.  

Figure 4 provides an estimated breakdown of beneficial uses for reclaimed water in the U.S. in 

2011, according to the EPA (2012b). Among the largest uses are agricultural and landscape/golf 

course irrigation. 
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Figure 4 End Uses for Water Reuse in the U.S. (USEPA 2012b) 

Using data from the last comprehensive national Biosolids Database Summary published in 2007 

(Beecher, 2007), an estimated 17 million gallons per day (mgd) of water is contained within 

biosolids produced in the U.S. each day, assuming an average 20% dry mass solids in biosolids is 

produced. The estimated amount of water recovered via land application of biosolids is thus 

approximately 5 mgd. This value is not a significant fraction of the total daily national 

wastewater effluent flow (33 billion gallons). 

2.5   Current Water Recovery Estimates by State 

At this time, a complete database that quantifies water reuse and recovery in every state by 

facility size and end use does not exist. This is for several reasons: only a few states have 

established water reuse databases in recent years, and other states collect this information as 

part of surveys and permitting but have not yet synthesized the data and made it publicly 

available. For other states water reuse may not be a relevant consideration at this time.  

The estimates in this study are based on the databases published for 17 of the 50 U.S. states that 

had made detailed information accessible (Appendix 2A). Of the remaining states, 8 reportedly 

do not have reuse programs, and 24 U.S. states and the District of Columbia do not have 

accessible water reuse information. The total percentage of water reuse in these 18 states totals 

6% (or 1.9 billion gallons per day) of the total municipal wastewater production in the U.S. This 

data is therefore estimated to be approximately 75 to 85% complete (Figure 5).  
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Figure 5 Percentage of Municipal Water Reuse (Recovered) in U.S. (Source: see Appendix 2A)  

The water reuse estimates are shown by state in Figure 6, and the estimated percentage of 

water recovered by state is shown in Figure 7. 

 

 

Figure 6 Reuse Flows by U.S. State 
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Figure 7 Water Recovery as Percentage of Total Wastewater Flow by State 

Figure 8 shows the water flows currently being reused and not recovered by state.  

2.6   Water Recovery Trends  

2.6.1   United States 

Over the past few decades, diminishing water resources from climate change, drought, 

population growth, and water quality impairments have led to increased water reuse in the U.S., 

a trend projected to continue. Although there is significant potential for increased future water 

reuse from municipal water resource recovery facilities throughout the United States, the 

demand for new sources of potable and non-potable water is growing especially more rapidly in 

the western and southern states, where the climate is drier and the population is growing. In 

particular, EPA projects involving water recovery are expected to occur more frequently in 

Nevada, Colorado, Washington, Virginia, and Georgia (EPA, 2012b), in addition to Florida, 

California, Texas, and Arizona. Demand is growing in the private industry sector as well.  
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Figure 8 Total and Recovered Water Flows by State  
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Appendix 2A 

DATABASE SUMMARY ON WATER REUSE  

BY U.S. STATE  
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Chapter 3 

CURRENT STATUS OF BIOSOLIDS RECOVERY AT 

WRRFS IN THE U.S. 

3.1   Methodology for Developing National Aggregates for Biosolids Resource 

Recovery 

The annual biosolids production from domestic U.S. WRRFs per state (in dry tons) is estimated 

from two sources: the most recent comprehensive database published in in the U.S. in 2007 and 

state-by-state data on biosolids regulation quality, treatment, end use, and disposal (Beecher, 

2007). States issuing more recent data on biosolids production were researched, and the data 

was adopted as available (see Appendix 3A).  

3.2   Biosolids Production in the United States 

The aggregate total mass of biosolids by state totaled 6.71 million metric dry tons per year, 

which is close to independent estimates cited by Seiple et al. (2017) for tons of biosolids 

produced in the U.S. after solids treatment. This value represents the mass of biosolids 

theoretically available for recovery in the U.S. 

Figure 9 shows the biosolids production by state.  

3.3   Total Biosolids Resources Currently Recovered at WRRF 

3.3.1   Definition of Biosolids Recovery  

For this study, biosolids used for composting (Class A biosolids or equivalent) and land 

application (agriculture, ranch land, forest, reclamation, or landscaping) were defined as 

recovered. Biosolids routed to incineration, landfilling, landfill cover, or other non-beneficial uses 

were not defined as recovered (Figure 10).  
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Figure 9 Annual Biosolids Production by State  
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Figure 10 Definition of Recovered and Not Recovered Biosolids in this Study 

3.3.2   Current National Biosolids Recovery and End Use Estimates For the U.S. 

The estimated aggregated amount of recovered biosolids for all 50 states in the U.S. is 3.4 

million dry tons, or 51% of the total biosolids produced in the U.S. Figure 11 shows the 

distribution of biosolids recovery by state as a percent, and Figure 12 shows the same value as 

metric dry tons.  

Appendix 3A lists the biosolids end uses by state in tabular format. 
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Figure 11 Annual Recovered and Not Recovered Biosolids Production by State as a Percentage  
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Figure 12 Annual Biosolids Recovery and Total Biosolids Recovery Potential by State 
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Figure 13 summarizes the average national distribution of biosolids end uses. Figure 14 shows 

the biosolids end use for biosolids produced in each state in the U.S.  

 

Figure 13 National Distribution of Biosolids End Use  
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Figure 14 Annual Biosolids End Use by State (recovery shown as solid bar segments, disposal end uses with white fill)  
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3.4   Biosolids Resources Recovery Trends 

In recent years, the paradigm shift from wastewater to resource recovery has changed the way 

biosolids are employed for end uses (Beecher, 2016). As technology develops, higher quality 

biosolids products such as compost, soil amendments, and fertilizers can be generated, and 

more energy from biosolids can be recovered through drying, gasification, and incineration.  

In addition, diversifying markets open up new end uses for biosolids in agriculture, horticulture, 

soil reclamation, or carbon sequestration. Other organic co-substrates are entering the 

marketplace as well, creating new resource recovery opportunities for WRRFs. These 

opportunities include programs for fat, oil, and grease separation and for diverting organic food 

waste from landfills.  

Over the last thirty years, the amount of landfilled biosolids has consistently decreased while the 

amount of land applied and composted biosolids has increased. Figure 15 compares specific data 

from the EPA's Enforcement and Compliance History Online (ECHO) database for the United 

States' biosolids use in 2016 and 2017. As shown, the ECHO data base covers a total of 4.26 

million metric dry tons in 2017, representing 64 % of all biosolids estimated to be produced in the 

U.S. (EPA, accessed 2018).  

 

Figure 15 Comparison of 2016 and 2017 Biosolids End Uses in the U.S. (ECHO database, 2018) 
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Appendix 3A 

BIOSOLIDS PRODUCTION AND END USE  

BY U.S. STATE 
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Figures in red fond indicate that the values deviate from the cited references and were adopted from other sources.   
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Chapter 4  

CURRENT STATUS OF PHOSPHORUS RECOVERY 

AT WRRFS IN THE U.S.  

4.1   Methodology for Developing National Aggregates for Phosphorus Resource 

Recovery 

The annual total phosphorus (TP) load that can be recovered from domestic WRRF was 

estimated using the total quantity of wastewater produced from the CWNS, typical phosphorus 

wastewater influent concentrations in the U.S., and typical per capita phosphorus loads in 

wastewater. For more information on the CWNS, refer to Chapter 2.  

Phosphorus recovery from biosolids and effluent reuse for irrigation was estimated from the 

biosolids database sources discussed in Chapter 3. All phosphorus in biosolids used for land 

application and effluent used for irrigation was assumed recovered regardless of site specific 

agronomical rates. . Water reuse data used for irrigation was also used, as available by state.  

Phosphorus recovery for fertilizer production was estimated for WRRFs in the U.S. that currently 

produce struvite fertilizer full scale. This data was in part derived from the 2018 WEF Resource 

Recovery Survey conducted for this study and discussed in Chapter 7; other publications were 

used as well. All raw data is included in the appendices of this chapter.   

4.2   Phosphorus Mass in Domestic Wastewater in the U.S. 

As mentioned in Chapter 2, the estimated municipal wastewater generated in the U.S. is 

approximately 33 billion gallons per day. For this study, approximately 862 metric tons of 

phosphorus was estimated to enter WRRFs every day (319,000 metric tons P per year). This 

assumes that the average phosphorus wastewater influent concentration is about 7 milligrams 

per liter (mg/L) in the U.S.  

With a total U.S. population of about 326 million in 2017, the average TP wastewater influent 

concentration corresponds to an average per capita loading of 2.6 gram per day phosphorus 

(0.006 lbs P per capita per day), which is comparable to the average per capita load referenced 

by Metcalf and Eddie (2003) for the U.S. (0.007 lbs P per capita per day). (Note this neglects the 

year-round population not connected to public sewer systems). 

Figure 16 summarizes the phosphorus mass in domestic wastewater influent by state, based on 

these assumptions.  
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Figure 16 Annual Phosphorus Load in Wastewater Influent by State 
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4.3   Total Phosphorus Resources Currently Recovered at WRRF 

4.3.1   Definition of Phosphorus Recovery  

For this study, phosphorus in wastewater is defined as recovered for the following uses: urine 

source separation, water reused for irrigation, biosolids applied to land applications, and 

fertilizer production (struvite, vivianite, brushite, berlinite, etc.) from biosolids (Figure 17). The 

phosphorus content in effluent discharged to surface or groundwater, or used for potable reuse, 

was not defined as recovered. Likewise, phosphorus in biosolids disposed of in landfills or used in 

other ways than for land application or composting did not qualify as recovered.  

 

 

Figure 17 Definition of Recovered and Not Recovered Phosphorus Mass Streams in this Study 

The most current and complete dataset was adopted from the EPA's CWNS (EPA 2012). 

According to this report, phosphorus removal has noticeably increased over past years in 

parts of the U.S. watersheds.  

Using CWNS data, Figure 18 shows the wastewater flows treated for phosphorus removal by 

state. As shown, an average 20% of all wastewater produced in the U.S. was treated for 

phosphorus removal in 2012. Figure 19shows the percent wastewater in each state that is 

treated for phosphorus removal (EPA 2012). 
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Figure 18 Wastewater Treated with Phosphorus Removal by State 
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Figure 19 Percent Wastewater by State Treated with and without Phosphorus Removal 
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4.3.2   Current Status of Phosphorus Recovery in the U.S. 

The current status of phosphorus recovery in the U.S. was estimated by aggregating the amount 

of phosphorus in water nationally reused for irrigation, biosolids used for land application and 

composting, and struvite production.  

4.3.3   Phosphorus Recovery through Water Reuse for Irrigation 

The water reused for landscape or crop irrigation was estimated for states with known reuse 

programs (Appendix 4A). For agricultural or landscape irrigation, the total estimated reclaimed 

water use in the U.S. per year was approximately 1,040 mgd. This value equates to about 54% of 

the estimated total annual water reuse (1.9 billion gallons per day) in the U.S.  

According to EPA estimates, 29% of all reclaimed water in the U.S. is used for agricultural 

irrigation, and 18% is used for landscape and golf course irrigation (USEPA 2012). This totals 

47%, which agrees strongly with state-by-state estimates developed for this study. According to 

other estimates, the average total phosphorus concentration in secondary treated effluent is 

approximately 3.3 mg/L across all states.  

Given these estimates, the amount of phosphorus estimated to be beneficially recovered 

through effluent irrigation in the U.S. is 5,000 metric tons per year. This value corresponds to 

about 1.6% of the total mass of P entering wastewater facilities in the U.S. (319,000 metric tons 

per year).  

4.3.4   Phosphorus Recovery through Biosolids Land Application and Composting 

The estimated total of potentially recoverable mass of phosphorus in biosolids was 

approximately 2% of the solids dry mass in biosolids in the U.S. Facilities that operate enhanced 

biological phosphorus removal processes will typically have a phosphorus content in their 

biosolids closer to 4-5% as dry mass.   

The total mass of biosolids produced in the U.S. to date is approximately 6.71 million metric dry 

tons per year (Chapter 3). Consequently, the estimated amount of phosphorus in biosolids is 

121,700 metric tons per year, which is about 38% of the total phosphorus entering WRRFs 

(318,488 metric tons per year). Nationally, 51% of all biosolids is recovered for beneficial use (see 

Chapter 3), including 31% for land application, 15% for Class A production and composting, and 

5% for other beneficial uses. This means that, as a national average, approximately 60,700 

metric tons of phosphorus are currently recovered beneficially with biosolids each year (about 

20% of the total available phosphorus for recovery).  

In a separate evaluation, Seiple et al. estimated the aggregate total mass of phosphorus 

recovered in the U.S. with biosolids (2017). Their estimate was 51,281 metric tons per year, 

which is relatively close to the estimate provided above, with a difference of 18%. 

4.3.5   Phosphorus Recovery through Fertilizer Production 

As of 2017, an estimated twelve WRRFs were on line in the U.S. recovering phosphorus full-scale 

to produce commercial struvite fertilizer. These facilities are listed in Appendix 4B, along with 

their estimated current average daily flows and annual recovery mass. In 2017, these facilities 

recovered an estimated ~ 5,499,000 pound of phosphorus for fertilizer production (2,500 dry 

metric tons), which is about 0.8% of the total recoverable P available. 

Figure 20 summarizes the aggregated percentage of phosphorus recovered by state. Figure 21 

shows current phosphorous mass recovered from wastewater by state. 



PREPARATION OF BASELINE DATA TO ESTABLISH THE CURRENT AMOUNT OF RESOURCE RECOVERY | WEF 

- 37 - 

 

 

 

Figure 20 Recovered and Not Recovered Phosphorus by State as a Percentage  
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Figure 21  Phosphorus Recovery and Total Recovery Potential by State   
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Figure 22 summarizes the national average distribution of phosphorus end use.  

 

Figure 22 National Distribution of Wastewater Derived Phosphorus  

 

Figure 23 shows the phosphorus end uses recovered by state. Figure 24 shows the recovered 

mass of wastewater derived phosphorus and its end uses by state. 

Figure 25 shows the mass balance check between the estimated influent phosphorus mass in 

wastewater by state and the sum of all estimates of phosphorus end points, both recovered and 

not recovered. Generally, the agreement is very good and within 10% error.
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Figure 23 Wastewater Derived Phosphorus End Use by State (Recovered fractions shown as solid bar segments, not-recovered fractions with white fill)   
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Figure 24 Wastewater Derived Phosphorus Recovery End Uses by State  
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Figure 25 Mass Balance Check between Phosphorus Entering WRRFs and the Sum of all Phosphorus End Uses by State (recovered and not recovered)  
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4.4   Phosphorus Resource Recovery Trends  

Most of the phosphorus available in wastewater influent is not yet recovered. Of all phosphorus 

currently recovered in the U.S. (21% of the total phosphorus mass available to WRRFs), almost 

90% is estimated to be recovered through biosolids land application and composting programs. 

About 8% is recovered through reusing effluent for irrigation, and 4% is reused through struvite 

fertilizer production. 

Given the continuous shift towards struvite recovery, phosphorus recovery is expected to 

continue to increase in the U.S. As a result, more U.S. WRRFs will need to convert their liquid 

stream treatment process to phosphorus removal and will be more likely to implement 

phosphorus sequestration. Many of these facilities are anticipated to implement phosphorus 

sequestration technologies for possible struvite, brushite, vivianite, or other fertilizer crystal 

recovery.  
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Appendix 4A 

WATER REUSE FOR IRRIGATION  

BY U.S. STATE 
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Appendix 4B 

CURRENT STATUS OF STRUVITE RECOVERY  

BY U.S. STATE 
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Appendix 4C 

PHOSPHORUS MASS RECOVERED AND NOT 

RECOVERED BY U.S. STATE 
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Figures in red fond indicate that the values deviate from the cited references and were adopted from other sources. 
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Chapter 5 

CURRENT STATUS OF NITROGEN RECOVERY AT 

WRRFS IN THE U.S. 

5.1   Methodology for Developing National Aggregates for Nitrogen Resource 

Recovery 

The annual total nitrogen (TN) load in domestic wastewater was estimated from the following: 

the total quantity of wastewater produced by the CWNS (see Chapter 2), typical nitrogen 

wastewater influent concentrations in the U.S., and typical per capita nitrogen loads in 

wastewater. For simplicity we assumed that all nitrogen present in biosolids used for composting 

or land application, and all nitrogen in effluent used for irrigation is recovered regardless of site 

specific agronomical rates. Nitrogen recovery from biosolids and effluent reuse for irrigation was 

also estimated from the biosolids database summary (Chapter 3) and reuse data (Chapter 2).  

5.2   Nitrogen Mass in Domestic Wastewater in the United States 

Approximately 4,360 metric tons of nitrogen (as total Kjeldahl, TKN) is estimated to enter 

WRRFs every day with domestic wastewater influent (1.6 million metric dry tons per year). This 

value assumes an average daily per capita TKN load of 0.029 pounds (Metcalf and Eddie, 2003) 

and a total population of about 326 million in the U.S. in 2017. (Note this neglects the year-round 

population not connected to public sewer systems). Neglecting industrial nitrogen production in 

wastewater, the average wastewater influent TKN concentration across all states is 

approximately 35 mg/L. 

Figure 26 summarizes the TKN mass in domestic wastewater influent by state. This value was 

estimated using the wastewater flow by state (see Chapter 2) and the assumed average TKN 

wastewater influent concentration in the U.S. of 35 mg/L. The TKN mass represents the total 

amount of wastewater derived from nitrogen available for recovery, recognizing that not all of 

this nitrogen can be feasibly recovered.  

Note that the total mass by state is expressed as nitrogen rather than TKN. This is because the 

majority of wastewater influent total nitrogen is TKN. Nitrate and nitrite are typically not 

detectable in wastewater influent.  
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Figure 26 Annual Nitrogen Load in Wastewater Influent by State 
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5.3   Total Nitrogen Resources Currently Recovered at WRRF 

5.3.1   Definition of Nitrogen Recovery  

For this study, wastewater nitrogen was defined as recovered for the following uses: urine source 

separation, effluent water reused for irrigation, biosolids applied to land, and ammonia fertilizer 

production from concentrated recycle streams generated after anaerobic digestion and solids 

dewatering (see Figure 27). Nitrogen in effluent discharged to surface or groundwater or used for 

potable reuse was not defined as recovered, nor was nitrogen in biosolids disposed of in landfills 

or used in any way other than for land application or composting. WRRFs that remove nitrogen 

biologically through conventional nitrification and denitrification lose a significant portion of 

nitrogen through gaseous emissions.  

 

 

 

Figure 27 Definition of Recovered and Not Recovered Nitrogen Mass streams 

5.3.2   Current National Nitrogen Recovery and End Use Estimates for U.S. 

For an accurate estimate of nitrogen mass flows in WRRFs, one must have data on the amount of 

wastewater treated for nitrogen removal. Facilities that practice conventional nitrification and 

denitrification for nitrogen removal release approximately 50-65% of the influent nitrogen 

load as gaseous emissions from the aeration basins. Conversely, approximately 20% of the 

influent nitrogen load remains in the dewatered sludge and 15-30% remains in the treated 

effluent, mostly as nitrate. For WRRFs that do not remove nitrogen, approximately 80% of 

the influent nitrogen load remains in the liquid stream and is discharged in the effluent, 

mostly as ammonia. The remaining 20% of nitrogen resides in the dewatered sludge (WEF 

2014). 
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Complete and current data on the number of facilities in the U.S. practicing nitrogen 

removal is not available. However, the EPA is compiling this information from various 

sources to make it available in the coming years (EPA, accessed 2018).  

The most current and complete dataset was adopted from the EPA's CWNS (EPA 2012). 

According to this report, nitrogen and phosphorus removal noticeably increased over past 

years in parts of the U.S. watersheds.  

Using CWNS data, Figure 28 shows the wastewater flows treated for nitrogen removal by 

state. As shown, an average 15% of all wastewater produced in the U.S. was nitrified and 

partially denitrified in 2012. Figure 29 shows the percent wastewater in each state that is 

nitrified and partially denitrified (EPA 2012). 
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Figure 28 Wastewater Treated with Nitrogen Removal by State 
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Figure 29 Percent Wastewater by State Treated with and without Nitrogen Removal 
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The current status of nitrogen recovery in the U.S. was estimated by aggregating the estimated 

amount of nitrogen in water reused for irrigation, biosolids used for land application and 

composting for each state, and ammonia-N sequestered in fertilizer production. Although 

ammonia recovery as a standalone fertilizer product is technologically feasible, it is not yet 

commercially practiced in the U.S. at WRRFs.  

Ammonia is recovered at WRRFs commercially producing struvite, which was accounted for in 

this study. Nitrogen recovery with urine separation is currently only practiced at the 

demonstration-scale level and was thus not quantifiable nationally. It was therefore not included 

in the mass balance calculations.   

5.3.3   Nitrogen Recovery through Water Reuse for Irrigation 

The annual volume of effluent irrigation water used per state in the U.S. was developed from 

Chapter 4.  

Based on a blend of WRRFs that remove and do not remove N with their treatment process (see 

Section 3.2), a flow-weighted average effluent TN concentration was calculated for each state. 

This estimate assumed an average effluent TN concentration of 28 mg/L in facilities without N 

removal (80% of influent concentration) and 11 mg/L in facilities with N removal (30% of 

wastewater influent concentration). For more information on this topic, see Appendix 5B. 

Consequently, the amount of nitrogen estimated to be beneficially recovered through effluent 

irrigation in the U.S. is 37,400 metric tons per year (2.3% of the total estimated nitrogen load in 

wastewater influent.).  

5.3.4   Nitrogen Recovery through Biosolids Land Application and Composting 

The estimated total theoretically recoverable mass of nitrogen in biosolids was about 4.5% of 

the solids dry mass in biosolids in the U.S.  

The total mass of biosolids produced in the U.S. after liquid and solids treatment was adopted 

from data developed in Chapter 3 (6.71 million metric dry tons per year). Consequently, the 

estimated amount of nitrogen in biosolids is 302,000 metric tons per year, approximately 19% of 

the total nitrogen estimated to enter WRRFs (1,600,000 metric tons per year). On a national 

scale, a total of 51% of all biosolids was recovered for beneficial used (Chapter 3). Therefore, as a 

national average, approximately 113,900 metric tons of nitrogen is recovered beneficially with 

biosolids (about 7% of the total nitrogen entering WRRFs).  

5.3.5   Nitrogen Recovery through Fertilizer (Struvite) Production 

Chapter 4 described the approach to quantifying the current amount of struvite recovery from 

wastewater nutrients by state. The facilities recovering struvite are listed in Appendix 4A, along 

with their estimated current average daily flows and current annual phosphorus recovery mass. 

Based on this information, the estimated mass of ammonia-nitrogen recovered with struvite was 

1,130 metric tons per year, about 0.07% of the total nitrogen entering WRRFs every year. 

Figure 30 summarizes the aggregated current nitrogen recovered and not recovered by state as 

a percentage.  

Figure 31 shows the current nitrogen mass recovered and not recovered by state. 

The combined nitrogen recovered with water reuse for irrigation, land application and 

composting, and fertilizer production is therefore estimated to be 172,400 metric dry tons per 

year, about 11% of the total nitrogen estimated to enter WRRFs. 
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Figure 30 Nitrogen Mass Recovered and Not Recovered by State as a Percentage  
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Figure 31 Annual Nitrogen Recovery and Theoretical Recovery Potential by State  
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Figure 32 summarizes the national average distribution of nitrogen end uses. Figure 33 shows the 

nitrogen end uses by state.  

 

Figure 32 National Distribution of Wastewater Derived Nitrogen End Uses   

 

Figure 34 shows the current mass of nitrogen recovered by state and by end use.  

 shows the mass balance check between the estimate influent nitrogen mass in wastewater per 

state and the sum of all individual estimates of nitrogen end uses (recovered and not recovered). 

Generally, the agreement is very good, with less than a 5% error.  

Irrigation of Effluent 
2%

Biosolids Land Application
9%

Recovery as Fertilizer
0%

Not Recovered
81%

Nitrogen Loss through Gaseous 
Emissions

8%



PREPARATION OF BASELINE DATA TO ESTABLISH THE CURRENT AMOUNT OF RESOURCE RECOVERY | WEF 

- 67 - 

 

 

Figure 33 Annual Nitrogen End Use by State (recovery shown as solid bar segments, disposal end uses with white fill)  
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Figure 34 Wastewater Derived Nitrogen Recovery End Use by State  
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Figure 35 Mass Balance Check between Nitrogen Mass Entering WRRFs and the Sum of all Nitrogen Mass End Uses by State (recovered and not recovered)  
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5.4   Nitrogen Resource Recovery Trends  

The majority of nitrogen in wastewater influent is not yet recovered and is instead diverted for 

non-beneficial uses (about 90% as a national average). Of all nitrogen recovered for beneficial 

use in the U.S., 74% is estimated to be recovered through biosolids land application and 

composting programs. About 25% is recovered through effluent reclamation for irrigation, and 

only about 1% is reused as struvite fertilizer production. 

Given the ongoing shift from landfilling biosolids to land application and struvite recovery, 

nitrogen recovery is expected to continue increasing in the U.S. Furthermore, technologies that 

recover ammonia directly from wastewater concentrated streams or urine sources as fertilizer 

have shown to be technologically feasible and may gain traction in the future. 

5.5   References  

EPA (accessed 2018). National study of nutrient removal and secondary technologies. 

https://www.epa.gov/eg/national-study-nutrient-removal-and-secondary-technologies 

Metcalf L, Eddy H, Tchobanoglous G: Wastewater engineering: treatment, disposal, and reuse. 

New York: McGraw-Hill; 2003 

WEF (2014). Moving towards resource recovery facilities. A special publication. Alexandria, VA. 

 

 

https://www.epa.gov/eg/national-study-nutrient-removal-and-secondary-technologies


PREPARATION OF BASELINE DATA TO ESTABLISH THE CURRENT AMOUNT OF RESOURCE RECOVERY | WEF 

- 71 - 

Appendix 5A 

NITROGEN MASS RECOVERED AND NOT 

RECOVERED BY U.S. STATE 
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Chapter 6 

CURRENT STATUS OF BIOGAS ENERGY 

RECOVERY AT WRRFS IN THE U.S. 

6.1   Methodology for Developing National Aggregates for Energy Resource 

Recovery  

Wastewater contains chemical, thermal, and hydraulic (potential) energy (Figure 36). With 

today's technology, a portion of these energy forms can be recovered at WWRFs. Most 

commonly, a portion of the chemical energy in wastewater is recovered after anaerobic 

digestion as electric and thermal energy at WRRF operation biogas energy recovery systems.  

This study's database evaluation focused on this portion of energy recovery in WRRFs. The data 

was compiled mainly from the BioGas System Database (USDA, 2016), state profiles of the 

American Biogas Council (accessed 2018), and the EPA's CWNS (2012). 

Other forms of energy recovery besides biogas, such as direct pipeline injection and fuel 

conversion, are available and should be considered and evaluated for WRRFs in the future. 

Nonetheless, they were not covered in this database review for lack of national information. 

Recovery of hydraulic and thermal energy from wastewater also has potential, but it is not yet 

commonly practiced in the U.S. and should thus be evaluated in the future.  

 

 

Figure 36 Definition of Recovered and Not Recovered Energy at WRRFs 
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6.2   Biogas Energy Potential in Wastewater  

According to the EPA, every million gallons per day of wastewater flow can produce enough 

biogas in an anaerobic digester to produce 26 kilowatts (kW) of electric capacity and 2.4 million 

BTU per day (MMBTU/day) of thermal energy in a combined heat power (CHP) system (EPA 

2011). Thus, these two values were used to estimate the electrical capacity and thermal energy 

content in wastewater based on the wastewater flows by state (Figure 37 and Figure 38). The 

aggregated electric capacity for all U.S. states based on these figures totals 858 MW electric 

capacity and 79,200 MMBTU per day.  

In a previous evaluation, the EPA estimated that 1,351 WRRFs in the U.S. have a capacity larger 

than 1 mgd and have anaerobic digestion, but do not have a CHP system (EPA 2011). The 

combined wastewater flow from these facilities totals 15,795 mgd, resulting in an electric 

potential of about 400 MW. The thermal potential was estimated to be 37,908 MMBTU/day. 

According to this calculation, about half of the total electric and thermal potential in wastewater 

is available at facilities larger than 1 mgd with anaerobic digestion already in place.  
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Figure 37 Electric Capacity of Wastewater Biogas Potential by State 
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Figure 38 Thermal Energy in Wastewater Biogas Potential by State 



PREPARATION OF BASELINE DATA TO ESTABLISH THE CURRENT AMOUNT OF RESOURCE RECOVERY | WEF 

- 79 - 

6.3   Energy Currently Recovered through Biogas at WRRFs 

Figure 39 summarizes data from the Wastewater BioGas Database (USDA, 2016). This database 

contains detailed information on WRRFs in the U.S. that contain biogas systems and the type of 

energy recovery they employ, if any. The database included a total of 1191 WRRFs (about 7% of 

all WRRFs in the U.S.), covering a total wastewater flow of 15,260 mgd (about 50% of all national 

wastewater flow).  

Figure 39 splits the wastewater flow treated by WRRFs included in this database into two groups: 

• Group 1: wastewater flow from facilities operating advanced biogas energy recovery 

systems. These systems include direct pipeline injection or power generation through 

ICE, turbines, microturbines, fuel cells, or direct drive of process machines. 

• Group 2: wastewater flow from facilities operating either no energy recovery from 

biogas or only limited recovery systems, such as digester or building heating.  

The combined flow treated by the facilities in group 1 is 13,400 mgd or 40% of the total 

wastewater flow in the U.S. The equivalent electric capacity for these facilities is estimated to be 

350 MW. 

Figure 40 shows the capacity distribution for facilities listed in the USDA database that operate 

advanced energy recovery systems (Group 1). Interestingly, more than 50% of all facilities have a 

rated capacity of less than 10 mgd.   

Figure 41 summarizes the number of existing and potential WRRFs with biogas energy recovery 

systems by state, based on 27 state profiles published to date by the American Biogas Council 

(2018). Although some states have already achieved their recognized potential, others still show 

significant opportunities for growth.  

 



PREPARATION OF BASELINE DATA TO ESTABLISH THE CURRENT AMOUNT OF RESOURCE RECOVERY | WEF 

- 80 - 

 

 

Figure 39 Wastewater Flows by State with and without Biogas Heat and Power Recovery (USDS 2016 BioGas Database)  
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Figure 40 Treatment Capacity Distribution among WRRFs Operating Advanced Biogas Energy 

Recovery Systems (Group 1) (USDS 2016 BioGas Database)  
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Figure 41 Potential and Actual Number of Biogas Systems at WRRFs by State (American Biogas Council, 2018) 
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Appendix 6A 

USDA BIOSOLIDS DATABASE SUMMARY  

BY U.S. STATE  
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Figures in red font deviate from the cited references. 
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Chapter 7 

2018 WEF RESOURCE RECOVERY SURVEY 

RESULTS SUMMARY 

7.1   Survey Design  

The survey conducted for this study requested the following information from WRRFs in the 

U.S.: 

1. General facility information. 

a. Influent flows. 

b. Rated design capacity. 

c. Services area. 

d. Type and level of treatment. 

2. Information about process streams. 

a. Influent. 

b. Effluent.  

c. Biosolids. 

3. Types of resource use. 

a. Basic: Water, biosolids, and phosphorus. 

b. As available: Nitrogen, and energy. 

The data was requested as 2017 annual average values. Brief explanations were included with 

the survey to explain the data requested and its use in the study, and terms that required 

explanations were defined as well. The survey was conducted between May and August 2018.  

The following pathways were used to advertise and encourage participation in the survey:  

• WEF webpage announcement (https://www.wef.org/resources/topics/browse-topics-o-

z/resource-recovery-roadmaps/resource-recovery-data-collection-survey/).  

• WEF press release 

• Publicity through WateReuse Association, NACWA, and WEF. 

• Advertisement through WEF Committees. 

• Utility contacts of Carollo and Stantec. 

• Announcements at conferences. 

The survey results were then combined in a master spreadsheet, and mass balance calculations 

were completed to quantify each facility resource recovered and not recovered. Aggregate 

summaries were prepared for the U.S. as a whole by facility size. For this analysis, the four rated 

capacity size brackets defined were <5 mgd, 5-20 mgd, 20-50 mgd, and > 50 mgd. 

https://www.wef.org/resources/topics/browse-topics-o-z/resource-recovery-roadmaps/resource-recovery-data-collection-survey/
https://www.wef.org/resources/topics/browse-topics-o-z/resource-recovery-roadmaps/resource-recovery-data-collection-survey/


 PREPARATION OF BASELINE DATA TO ESTABLISH THE CURRENT AMOUNT OF RESOURCE RECOVERY | WEF 

- 90 - 

7.2   Survey Participation Statistics 

A total of 109 US WRRFs participated in the survey. The combined 2017 annual average flow 

from these facilities equaled 7, 220 mgd, representing about 22% of the total estimated 

wastewater flow production in the U.S. (33 billion gallons a day, see Chapter 2). Figure 42 

provides an overview of the geographical distribution of WRRFs participating in the survey and 

breaks down each facility by treatment capacity.  

The survey was customized for distribution in the U.S. and Canada. The Canadian response was 

notable, but ultimately limited (a total of 17 WRRFs participated). While this response does not 

allow for a statistical evaluation of resource recovery in Canada, integrating the evaluation of 

Canadian WRRFs with U.S. facilities in the future is recommended. 

 

 

Figure 42 Geographical Distribution of Survey Participants  

7.3   Survey Data Quality and Resource Recovery Mass Balance Accuracy 

For most of the 109 U.S. facilities that participated in the survey, mass balances for water, 

biosolids, and phosphorus closed with less than a 10% mass balance error. Facilities with a higher 

mass balance error than 15% were removed from the analysis unless the cause of the error could  

be identified and the underlying data entries corrected. 
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7.4   Survey Results  

7.4.1   Water Resource Recovery  

Figure 43 shows the average percent distribution of water end uses for all participating utilities in 

the survey. About three-quarters of water from these WRRFs is discharged into surface waters. 

No environmental benefit was reported to be associated with this discharge, and there were no 

requirements for minimum return flow obligations. As a result, this category was not considered 

recovered.  

Approximately 20% of the water discharged into surface waters reportedly satisfied an 

environmental benefit or was dedicated to downstream use. A total of 9% of all WRRF influent is 

used for potable or non-potable reuse, which is only slightly higher than the national wastewater 

reuse average identified based on state database reviews (see Chapter 2).  

For this study, effluent discharged to streams or rivers was assumed to be recovered if the 

effluent flow constituted more than 50% of the annual average in-stream flow. Effluent 

discharged to surface waters was defined as a "disposal" if the annual average effluent flow was 

smaller than 50% of the annual average stream flow. The 50% threshold was selected as an 

arbitrarily criteria, however representing a significant flow contribution to the surface water. . 

 

Figure 43 Distribution of Water End Uses for all Survey Participants  

Figure 44 breaks down water end uses by facility size (rated capacity). All facilities larger than 

5 mgd recovered a similar fraction of water and showed a similar distribution of recovery end 

uses. Notably, smaller sized facilities showed a slight trend toward higher water recovery. For 

larger facilities, surface water discharged for environmental benefits was the major water 

recovery end use. Smaller facilities showed a more even distribution among recovery end uses.  
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Figure 44 Distribution of Water End Uses by Facility Size for Survey Participants   

7.4.2   Biosolids Recovery  

The total itemized solids mass of all facilities participating in the survey totaled 1.32 million 

metric dry tons year. This amount covers about 20% of the national biosolids generation at 

WRRFs (6.71 million metric dry tons per year, as detailed in Chapter 3).  

Figure 45 shows the average distribution of biosolids end uses among all surveyed facilities. Of 

all biosolids, 64% are being recovered (solid filled segments in Figure 4). Land application 

accounts for almost half of all generated biosolids, which is more than what was estimated given 

the 2007 national database results from Chapter 3. Composting and incineration fractions 

coincide well with the 2007 data. Landfill cover and surface disposal account for approximately 

21% in our 2018 survey, which is less than what was calculated from the 2007 data. In part, this 

may reflect the continued shift over the past 10 years from biosolids landfill disposal to land 

application.  

 

Figure 45 Distribution of Biosolids End Uses for all Survey Participants  
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Figure 46 breaks down biosolids end uses by facility size. Facilities larger than 50 mgd in capacity 

have a more diverse split among different biosolids end uses. Larger facilities (> 20 mgd) 

generally recover about 10-20% more biosolids than smaller facilities. Composting is more 

prevalent in facilities larger than 20 mgd in size. The fact that many facilities in the 20 to 50 mgd 

range use incineration for biosolids disposal may be an artefact of the small number of surveyed 

facilities in this category as well as their specific geographical location in the U.S.   

 

Figure 46 Distribution of Biosolids End Uses by Facility Size for Survey Participants  

7.4.3   Phosphorus Recovery  

The total itemized phosphorus mass of all facilities participating in the survey amounted to 

66,683 metric tons per year. This amount covers approximately 21% of the estimated national 

biosolids generation at WRRFs (318,488 metric tons per year, see Chapter 3).  

Figure 47 shows the average distribution of phosphorus end uses among all participating 

facilities. Of all phosphorus in wastewater influent, approximately 45% is being recovered (solid 

areas in Figure 43), primarily though biosolids land application.  

Among survey participants, struvite recovery and phosphorus recovery with effluent reused for 

irrigation play a minor, but quantifiable role. Compared to the national estimate of phosphorus 

recovery from Chapter 4, the survey results reflect a larger fraction of phosphorus recovery in 

biosolids used for land application (41% compared to 18%).  
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Figure 47 Distribution of Phosphorus End Uses for all Survey Participants  

Figure 48 breaks down phosphorus end uses by facility size. Facilities larger than 20 mgd in 

capacity that participated in this survey recovered approximately 60% phosphorus on average, 

mainly through biosolids land application and struvite recovery. Smaller sized facilities recovered 

almost 40% phosphorus on average through biosolids land application and non-potable water 

reuse for irrigation.   

 

Figure 48 Distribution of Phosphorus End Uses by Facility Size for Survey Participants   

Figure 49 shows the box-and-whisker plot of the phosphorus recovery distribution among the 

surveyed utilities. While all size classes showed a large spread, the overall phosphorus recovery 

performance was best in the medium sized facilities between 5 and 50 mgd as indicated by the 

median (60-70%) which is significantly higher than for the smaller or larger facilities.  
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Figure 49 Box and Whisker Plot for Phosphorus Recovery by Facility Size  

7.4.4   Nitrogen Recovery  

About half of the utilities did not have influent and/or effluent nitrogen data available so that 

mass balance calculations could not be conducted. For most of the surveyed utilities, the 

nitrogen mass balances showed significant errors when evaluating the survey data (greater than 

50%). One contributing cause was likely the unknown nitrogen concentrations in the biosolids 

another one the unknown amount of nitrogen off-gassing from the process. These difficulties 

should be considered when continuing the survey application. It is recommended to add mass 

balance data checks at the time of data entry to assure the data collected is consistent.  

7.4.5   Energy Recovery  

The survey data included information on annual average electric consumption and production at 

participating WRRFs. Figure 50 shows the specific electric consumption per wastewater flow 

treated by facility size. The economy of scale is clear: larger facilities are able to treat the same 

amount of wastewater flow at a specific smaller energy input. This type of data allows to rate the 

energy performance for facility size against peer facilities. A larger survey basis in the future 

would allow to differentiate and benchmark energy performance also by process type and 

treatment level.  
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Figure 50 Specific Electric Consumption at Surveyed Utilities per Treated Wastewater Flows 

(Annual Average)  

Of the 109 surveyed facilities 

• 48 produce biogas. 

• 32 recover  heat from their process (18 able to quantify heat recovery). 

• 28 produce electricity. 

• 0 recover kinetic energy. 

• 0 produce biofuels.  

Table 1 summarizes the statistics for the degree of electric self-sufficiency among the 

participating WRRFs. Generally, surveyed facilities smaller than 5 mgd do not produce electricity 

onsite. About 10-25% of the larger utilities produce electricity and are able to cover 11 to 99% of 

their annual electrical demand. 10% of the surveyed facilities with treatment capacities larger 

than 50 mgd are approaching electric energy self-sufficiency. 

Table 1 Degree of Electric Self-sufficiency among Survey Participants  

Facility Size, mgd 0 < x ≤ 5 5 < x ≤ 20 20 < x ≤ 50 x > 50 

Minimum  0% 0% 0% 0% 

25th Percentile  0% 0% 0% 0% 

Median  0% 0% 0% 0% 

75th Percentile  0% 0% 11% 37% 

90th Percentile 0% 17% 37% 82% 

Maximum  0% 55% 50% 99% 
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Chapter 8 

STUDY SUMMARY AND RECOMMENDATIONS 

FOR NEXT STEPS 

8.1   Study Summary  

Population pressures, climate change, aging infrastructure, and funding limitations strain water 

resources and call for sustainable resource management solutions and circular economy over the 

next century. Wastewater treatment plants cannot operate merely as disposal facilities any 

longer. Instead, water resource recovery must become a cornerstone of facility operation, 

producing water fit for purpose, recovering nutrients, and reducing fossil fuel consumption by 

recovering the energy inherent in wastewater.  

One of WEF's strategic objective is to "collaborate with water sector partners to define and 

create a bold, aspirational, and public call to action to accelerate resource recovery." To help 

achieve this objective, WEF is developing a program to set strategic resource recovery goals for 

the U.S. and Canadian water sector. The first step of this effort is to establish a baseline for 

current resource recovery practices in the North American water sector, followed by quantifying 

and publicizing progress toward stated goals.  

This report establishes this baseline data to help develop resource recovery targets for water 

reuse, nutrients, and energy in the future. The current status of resource recovery was quantified 

through a mass-balance approach for water, nutrient (phosphorus and nitrogen), and energy 

recovery at WRRFs in the U.S. 

Note that insufficient data was available to expand the analysis to Canada. As a result, the report 

discusses only U.S. WRRFs. For this study, data was collected from available national and state 

agency databases, other publications, and a utility survey conducted among North American 

WRRFs between May and August of 2018. 

Table 2 summarizes the aggregate annual U.S. baseline of resource recovery performance by the 

wastewater sector.  
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Table 2 Aggregate Annual U.S. Baseline of Resource Recovery Performance by the U.S. 

Wastewater Sector 

Resource  
Total Amount of 

Resource Available to 
WRRFs 

Total Amount 
Currently Recovered 

by WRRFs 

% of Resource 
Currently Recovered 

by WRRFs 

Water, mgd 33,000 
1,900 (Accountable 

Reuse)  
+ 15% unknown reuse 

6.3% 

Biosolids, million dry 
metric tons per year 

6.71 3.4 51% 

Phosphorus, dry 
metric tons per year 

319,000 68,220 21% 

Nitrogen, dry metric 
tons per year 

1,600,000 172,400 11% 

Biogas Energy 
Potential in 
Wastewater, MW 

858 350 41% 

Of the WRRFs petitioned for the WRRF resource recovery survey, 109 participated from the U.S., 

and 17 participated from Canada. The U.S. facilities covered about 22% of nationally treated 

municipal wastewater flow and about 20% of the total mass of biosolids produced in the U.S. 

With the data collected from the surveys, the recovery practices of different facility sizes across 

the U.S. were compared. For example, facilities with a capacity larger than 20 mgd recovered 

20% more biosolids and phosphorus on average compared to smaller sized facilities. Still, 

percentage-wise, larger facilities recovered less effluent water for potable, non-potable, or other 

beneficial uses (e.g., environmental support of aquatic life habitats in receiving streams) 

compared to small facilities. Electric self-sufficiency through on-site energy production is 

generally pioneered by larger facilities in the U.S. 

8.2   Data Needs and Recommended Next Steps 

Today, several state and national agencies are developing and updating databases that will help 

fill key data needs in the future when updating resource recovery statistics. The following are 

some data needs that became apparent during this study:  

1. Databases. In general, existing databases cover water and biosolids end uses at WRRFs, 

but do not explicitly capture information on phosphorus, nitrogen, and energy (other 

than that captured in biogas). 

2. Recoverable Resources. This study quantified the total amount of resources entering 

WRRFs but did not differentiate between the "total amount of resource available to 

WRRFs" and the "amount of resources available for recovery". This needs to consider 

technological limitations as well as financial cost-effectiveness. Although this analysis 

was not in the scope of this project, it is a critical step in setting achievable and 

defensible recovery goals at the federal, state, and facility level. In order to further 

advance resource recovery implementation it would be useful to conduct analysis on the 

techno-economic factors of different recovery options and geographical and policy 

related differences. 
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3. Energy Resource Data. While database information is available on the power and heat 

energy content of biogas that can be produced from wastewater after anaerobic 

digestion, little or no information is available on other forms of energy content in 

wastewater and their status of recovery, such as thermal, hydraulic, compressed 

national gas injection, and fuel generation, which would allow for developing aggregate 

baseline data at the state and national level. 

4. Updated Biosolids Database. Nationally, the best information was available for 

biosolids production and uses. However, the most comprehensive data dated back to 

2007. Since then, several states have issued updated reports, information that would be 

useful if it could be standardized and captured in an updated national database.  

5. Peer Facility Benchmarking. No complete national database on water reuse exists. 

Some states are collecting information on reuse practices informally, and a few 

comprehensively. However, it would help to have data compiled into a national 

database and made available to the public. 

6. Peer Facility Benchmarking. It is useful to differentiate resource recovery performance, 

not only by facility size as done in this study, but also by process type and the level of 

treatment employed at WRRFs. This could be achieved by combining several large 

existing databases and developing transparent and user-friendly query options to 

retrieve the desired information.  

7. Canadian Resource Recovery Baseline. Few databases were accessible to this project 

team for Canada. Thus, we recommend adopting the approach developed in this study 

to develop corresponding national aggregates for resource recovery baseline 

performance in Canada. We also recommend combining the surveys conducted for 

Canada and the U.S. into a single database tool to increase the statistical value as a 

benchmarking tool for WRRFs. 

8. Institutionalize Survey. The utility survey collected valuable information allowing for 

resource recovery mass balances for individual utilities. In the future, we recommend 

institutionalizing this survey for broader participation and repeating it every 2-5 years. 

Combining the survey with a reporting tool of results could benefit participating utilities 

with a visual evaluation of relevant facility-specific statistics (e.g., performance 

benchmarking to other pier WRRFs, progress made towards goals since last data 

entries). 

9. Small Facility Potential. Capturing information on the group of smallest facilities in 

North America (less than 1 mgd) is inherently challenging. As a result, this group is 

generally underrepresented in national databases and survey results collected in this 

study. However, a substantial number of WRRFs in North America falls within this group 

of facilities often located in environmentally sensitive areas. As such, efforts should 

continue to complete the necessary information for small WRRFs to reach their resource 

recovery potential. 
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