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Abstract: 

The overall goal of this energy project is to aid water resource recovery facilities in quickly 

assessing their energy management performances (benchmarking) to move toward “net-zero” 

energy use through proven and available practices and technologies in the areas of energy 

conservation, demand reduction, and enhanced production. This project provides WERF 

subscribers with information on baseline energy performance for common wastewater treatment 

plant configurations and on opportunities for demand reduction, energy efficiency, and energy 

recovery/onsite energy production. 

The guiding principle behind net-zero energy was that neutrality had to be achieved by 

harnessing the energy contained in the wastes treated. Following this principle removed wind 

and solar power from consideration. These energy sources may contribute to a facility’s energy 

performance, but they are unrelated to the embedded energy contained in waste streams at a 

water resource recovery facility (WRRF). 

The results from this project confirm the hypothesis that energy-neutral wastewater treatment 

is within reach for a significant number of facilities via proven and available technologies. 

Benefits:  

 Provides information on the processes and management options that can be combined to 

enable WRRF to operate at “net-zero” energy.  

 Demonstrates the energy (chemical, fuel, and heat) flows and overall performance at 25 

common WRRF process configurations. 

 Identifies new process technologies that can be pioneered to enhance the potential for more 

WRRFs to become ‘net-zero’ energy facilities. 

 

Keywords: Energy efficiency, energy recovery, benchmarking, modeling, energy balance, case 

studies. 
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Find Your Facility Configuration: 

 

Code Configuration Description 

A1 Activated sludge (Basic secondary treatment) – with primary treatment, co-thickening in gravity thickener, anaerobic 
digestion, and dewatering 

B1 Activated sludge (Basic secondary treatment) – with primary treatment, primary sludge gravity thickening, waste-
activated sludge (WAS) mechanical thickening, anaerobic digestion, and dewatering  

B1E Activated sludge (Basic secondary treatment) – with primary treatment, primary sludge gravity thickening WAS 
mechanical thickening, anaerobic digestion, dewatering, and CHP 

B4 Activated sludge (Basic secondary treatment) – with primary treatment, primary sludge gravity thickening, WAS 
mechanical thickening, anaerobic digestion, dewatering and direct thermal drying 

B5 Activated sludge (Basic secondary treatment) – with primary treatment, primary sludge gravity thickening, WAS 
mechanical thickening, dewatering, and MHI 

B6 Activated sludge (Basic secondary treatment) – with primary treatment, primary sludge gravity thickening, WAS 
mechanical thickening, dewatering, and FBI 

C3 Activated sludge (BOD-removal only) – without primary treatment, and with WAS mechanical thickening, dewatering, 
and Class B lime stabilization 

D1 Trickling filter – with primary treatment, co-thickening in gravity thickener, anaerobic digestion, and dewatering 

E2 Activated sludge (nitrification) – without primary treatment, and with WAS mechanical thickening. aerobic digestion and 
dewatering 

E2P Activated sludge (nitrification) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, 
aerobic digestion, and dewatering 

F1 Activated sludge (nitrification) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, 
anaerobic digestion, and dewatering 

G1 Activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, 
anaerobic digestion, and dewatering 

G1E Activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, 
anaerobic digestion, dewatering, and CHP 

H1 Activated sludge (with BNR) – with primary treatment and chemical phosphorus (P) removal, primary sludge gravity 
thickening, WAS mechanical thickening, anaerobic digestion, and dewatering 

I2 Activated sludge (BNR) – without primary treatment, and with WAS mechanical thickening, aerobic digestion, and 
dewatering 

I3 Activated sludge (BNR) – without primary treatment, and with WAS mechanical thickening, dewatering, and Class B 
lime stabilization 

L1 Activated sludge (ENR) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, 
anaerobic digestion, and dewatering 

M1 Activated sludge (ENR) – with primary treatment and chemical phosphorus (P) removal, primary sludge gravity 
thickening, WAS mechanical thickening, anaerobic digestion, and dewatering 

N1 MBR (aerobic) – with BNR, with primary treatment, co-thickening in gravity thickener, anaerobic digestion, and 
dewatering 

N1P MBR (aerobic) – with BNR but no carbon addition, with primary treatment, co-thickening in gravity thickener, anaerobic 
digestion, and dewatering 

N2 MBR (aerobic) – with BNR, without primary treatment, and with WAS mechanical thickening, aerobic digestion, and 
dewatering 

N2P MBR (aerobic) – with BNR but no carbon addition, without primary treatment, and with WAS mechanical thickening, 
aerobic digestion, and dewatering 

O1 Pure oxygen-activated sludge with primary treatment, co-thickening in gravity thickener, anaerobic digestion, and 
dewatering 

P1 Mainstream two-sludge (A/B) activated sludge (two secondary systems in series – each with its own aeration, 
clarification and RAS),without primary treatment, WAS mechanical thickening, anaerobic digestion, and dewatering 

P1E Mainstream two-sludge (A/B) activated sludge (two secondary systems in series – each with its own aeration, 
clarification and RAS),without primary treatment, WAS mechanical thickening, anaerobic digestion, dewatering, and 
with CHP 
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EXECUTIVE SUMMARY 

Energy is often the second-highest operating cost at water resource recovery facilities 

(WRRF) behind labor costs. Additionally, fossil fuels are the basis of most purchased energy, 

which contributes to carbon footprints and public health risks due to air pollution by the 

wastewater sector. In recent years, the Water Environment Research Foundation (WERF) 

advanced knowledge and implementation of energy efficient best practices in the industry and is 

embarking on research to move WRRFs closer to achieving energy neutrality. Energy neutrality 

for the domestic wastewater industry is within reach, and this project contributes greatly to the 

industry’s understanding of the complexities, opportunities, and challenges that face WRRFs as 

they strive for energy neutrality.  

The overall goal of this project is to help WRRFs quickly assess their energy 

management performance and move toward “net-zero” energy use through current best practices 

and proven technologies in the areas of energy efficiency, demand reduction, and onsite 

renewable energy production. This study investigates the energy neutrality potential of WRRFs 

through detailed modeling of the energy flows around and between individual unit processes. It 

is to be read in conjunction with these additional WERF reports: 

 Triple-Bottom Line Evaluation of Biosolids Management Options (ENER1C12a). 

 Demonstrated Energy Neutrality Leadership: A Study of Five Champions of Change 

(ENER1C12b). 

 Utilities of the Future Energy Findings (ENER6C13). 

The core outputs of the study are energy balances generated for typical and best practice 

facility configurations commonly used for domestic wastewater treatment in the developed urban 

world. The research team identified 25 wastewater treatment process flow schemes 

(configurations) that are representative of most WRRFs in North America. In addition, the 

project team identified eight modifications to specific unit processes that could be applied to 

certain WRRF configurations. 

As a result of this analysis and the generation of the Sankey energy diagrams associated 
with the typical and best practice configurations, researchers made key observations and drew 
some universal conclusions. Most notably, the contribution of best practices to energy neutrality 
was greater than expected; however, best practices alone will not achieve energy neutrality at 
any of the WRRF configurations modeled. Other findings include: 

 The full combination of best practices resulted in approximately 40% lower energy 

consumption than “typical” performance. 

 Improving primary treatment and solids capture in thickening and dewatering processes had 

the most significant total positive impact of all the best practices modeled. 

 Significant savings in aeration blower electricity usage was achieved by reducing fouling in 

fine bubble diffusers through improved operation and maintenance procedures. This best 

practice is often overlooked. 

 Anaerobic digestion with combined heat and power (CHP) was the most advantageous 

approach to energy recovery, reducing energy requirements by up to 35% at WRRFs that 

have anaerobic digestion.  
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 Dewatered biosolids (cake) retained a significant portion of the influent chemical energy, 

~30% post digestion and ~50% for lime stabilization 

The research team identified 18 “pioneering” processes that made use of current and 

emerging technologies and process configurations to minimize energy use and/or maximize 

energy recovery. The team also generated energy flow diagrams for the pioneering processes and 

compared them to best practice configurations. Researchers used combinations of best practice 

and the most promising pioneering solutions to develop 10 hypothetical “model high-

performance facilities” that approach or exceed energy neutrality. As a result of this analysis, 

researchers made key observations and conclusions: 

 Conventional secondary treatment and nitrification facilities can be net-energy positive. 

 BNR and ENR facilities can only achieve as high as 50-60% energy neutrality. 

 Co-digestion of high-strength waste (HSW) in anaerobic digesters was a valuable approach 

to achieve energy neutrality. 

Several recommendations emerged as a result of the analyses performed during this 
study. These recommendations are presented in two groupings. The first set of recommendations 
is a guide for water resource recovery facilities embarking on energy management programs or 
advancing their position on the road to energy neutrality. Additional recommendations inform 
the future direction of research under taken by WERF and other organizations to advance 
understanding and technology options for the wastewater industry. The recommendations for 
further research focus on: 

 Enhance and optimize carbon management. 

 Advance low energy alternatives to typical nitrification/denitrification processes for nitrogen 

control. 

 Explore and expand the potential for heat recovery. 

 Develop technologies to extract more energy from biosolids. 

.
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CHAPTER 1.0  
 

PROJECT OVERVIEW, FINDINGS,  

AND RECOMMENDATIONS 
 

1.1 The Need for and Advancement of Net-Zero Energy Research  

Energy is often the second-highest operating cost at utilities behind labor costs. Forecast 

data from the Global Water Intelligence USA Market Report (GWI, 2009) projected that the 

municipal water and wastewater utility 

sector will spend more than $5.6 billion for 

energy in 2016. GWI data and results from 

Black & Veatch’s client surveys (Black & 

Veatch, 2012) indicate that energy costs at 

water and wastewater utilities account for 

well over 10% of total operating costs for a 

large majority of utilities, with a significant 

number of utilities having energy costs that 

exceed 30%. Additionally, fossil fuels are 

the basis of most purchased energy, which 

contributes to carbon footprints and public 

health risks due to air pollution by the 

wastewater sector. 

In recent years, the Water Environment Research Foundation (WERF) advanced 

knowledge and implementation of energy efficient best practices in the industry. These 

breakthroughs were accomplished through a number of tools, research products, and case studies 

that were published under the five-year Optimization of Wastewater and Solids Operations 

(OWSO) challenge. To further advance our understanding of energy utilization by the 

wastewater sector, WERF embarked on a five-year research program into Energy Production and 

Efficiency. WERF Energy Program’s technical advisors and others realized that net energy 

neutrality was achievable at many Water Resource Recovery Facilities (WRRFs) through a 

combination of energy demand reduction and energy 

recovery. 

1.2 Audience and Objectives of Study 

Energy neutrality is within reach, and this project 

contributes greatly to the industry’s understanding of the 

complexities, opportunities and challenges that face WRRFs 

as they strive for energy neutrality. Users of this research 

include industry leaders from all constituencies, from facility 

managers to federal agencies across the U.S. and the world. 

Any person with an interest in achieving or supporting energy 

neutrality will benefit from this study. 

WERF’s Energy Research 

Objective is to: 

 

“Provide research to develop 

new approaches that will 

allow wastewater treatment 

plants to be energy neutral 

and thus to operate solely on 

the embedded energy in the 

water and wastes they treat.” 

Figure 1-1. U.S. Water and Wastewater Utility Energy Costs.  
(USD Millions) 
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The overall goal of this energy project is to help WRRFs quickly assess their energy 

management performances (benchmarking) and move toward net-zero energy use through 

current best practices and proven technologies in the areas of energy efficiency, demand 

reduction, and onsite renewable energy production. This study is the first research project of its 

kind to investigate the energy neutrality potential of WRRFs through detailed modeling of the 

energy flows around and between individual WRRF unit processes. 

1.3 Study Approach 

To gain ground in energy neutrality, WRRFs have to first realize the energy potential of 

their operations. The research team identified 25 typical baseline process flow schemes, ranging 

from basic secondary treatment using activated sludge to advanced membrane bioreactors 

(MBRs) for nutrient removal, and included the A/B process used at the energy-neutral Strass 

WRP in Austria. For each of the configurations, a process model was developed using the GPS-

X (Hydromantis, Canada) process simulator with the energy outputs displayed in energy flow 

diagrams (also called “Sankey” diagrams after Sankey, 1898) using the software e!Sankey (ifu 

Hamburg GmbH, Germany). The project team ran simulations using input parameters to model 

expected “typical” performance; simulations were re-run with “best practice” input parameters to 

investigate improvements that were possible via use of these best practices. 

The research team identified 17 “pioneering” processes that made use of current and 

emerging technologies and process configurations to minimize energy use and/or maximize 

energy recovery. Energy flow diagrams were then generated for the pioneering processes and 

were compared to best practice configurations. 

Combinations of best practice and the most promising pioneering solutions were used to 

develop 10 hypothetical “model high-performance facilities” that approach or exceed energy 

neutrality.  

1.4 Overview: Typical and Best Practice Facility Configurations 

The core output of the study is the generation of energy balances for typical and best 
practice facility configurations commonly used for domestic wastewater treatment in the 
developed world. The research team identified 25 wastewater treatment process flow schemes 
(“configurations”) that are representative of most WRRFs in North America. In addition, the 
project team identified eight modifications to specific unit processes that could be applied to 
certain WRRF configurations.  

Multiple energy performance metrics should be used by utilities to track performance and 
make decisions on the road to energy neutrality. In this study and in the Sankey diagrams used 
throughout this report, electrical energy intensity (kWh/MG) measures efficiency in use of grid-
supplied electricity. Site energy intensity (MJ/MG) includes electrical and fuel energy and 
measures efficiency of total energy use onsite. 

As a result of this analysis and the generation of the energy diagrams associated with the 
typical and best practice configurations, researchers made key observations and drew some 
universal conclusions. Most notably, the contribution of best practices to energy neutrality was 
greater than expected; however, best practices alone will not achieve energy neutrality at any of 
the WRRF configurations modeled. Other findings include: 

 The full combination of best practices resulted in approximately 40% lower energy 

consumption than “typical” performance. 
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 Improving primary treatment and solids capture in thickening and dewatering processes had 

the most significant total positive impact of all the best practices modeled. This was due 

primarily because: 

o There was more concentrated energy available to recover in the biological and thermal 
processing of biosolids. 

o There was less energy required for mainstream biological treatment due to lower 
Biological Oxygen Demand (BOD), Total Suspended Solids (TSS), and Total Kjeldahl 
Nitrogen (TKN) concentrations exiting primary treatment. 

 Not surprisingly, given the superior effluent quality that can be produced, “typical” 

Membrane Biological Reactor (MBR) energy use was over 2.5 times higher than for all other 

configurations. It should be noted that the best practice electricity consumption that has been 

reported for MBR treatment more accurately reflects the current energy demand of this 

process. MBR plants commissioned in the past 15 years have not necessarily benefitted from 

the recent technology improvements for energy efficiency.  

 MBR showed the most improvement (approximately 50%) with application of best practices, 

such as intermittent air scour and improved control schemes.  

 Significant savings in aeration blower electricity usage was achieved by reducing fouling in 

fine bubble diffusers through improved operation and maintenance procedures. This best 

practice is often overlooked as being a major contributor to exemplary energy management 

performance. 

 Biological nutrient removal (BNR) and Enhanced nutrient removal (ENR) required 

significant addition of external carbon to meet effluent targets.  

o The electricity and natural gas required to produce an external carbon source, such as 
acetic acid, was approximately 2.5 times the chemical oxygen demand (COD) energy 
needed for nutrient removal. Only a very small portion of this chemical energy was 
recoverable for onsite energy production at the WRRF; most was converted to carbon 
dioxide (CO2) through the BNR process. 

 Anaerobic digestion with CHP was the most advantageous approach to energy recovery. 

o CHP reduced energy requirements by up to 35% for best practice configurations that 
include anaerobic digestion. 

o Employing best practices at a basic secondary treatment WRRF with anaerobic digestion 
and CHP can achieve near energy neutral performance (85%). 

o CHP produced waste heat that exceeded WRRF demand for thermal energy. Finding 
beneficial use of this waste heat can improve a WRRFs overall energy performance. 

 Dewatered biosolids (cake) retained a significant portion of the influent chemical energy, 

~30% for digestion and ~50% for lime stabilization 

 Incineration produced significant waste heat that far exceeded plant demand for thermal 

energy. Finding beneficial use of this waste heat can improve a WRRF’s total energy 

performance. 

 Odor control requires significant energy, and facilities often overlook this energy investment. 
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Summary of 10 Model 
Energy Neutral Facilities 

 
1. Basic secondary treatment, plus 

anaerobic digestion 
2. Basic secondary treatment, plus 

dewatering only (satellite to 
regional biosolids processing 
facility) 

3. BNR, nitrification, plus anaerobic 
digestion 

4. BNR, plus anaerobic digestion 
5. BNR, plus incineration 
6. ENR, plus anaerobic digestion 
7. Water reuse, plus anaerobic 

digestion 
8. BNR, plus anaerobic digestion, 

plus incineration 
9. Regional biosolids processing 

facility with anaerobic digestion 
10. Regional biosolids processing 

facility with anaerobic digestion 
and incineration 

1.5  Overview:  Model High-Performance Facilities 

The research team identified 18 pioneering processes 

that made use of current and emerging technologies and 

process configurations to minimize energy use and/or 

maximize energy recovery. The team also generated energy 

flow diagrams for the pioneering processes and compared 

them to best practice configurations (described in Chapter 

2.0).  

Researchers used combinations of best practice and 

the most promising pioneering solutions to develop 10 

hypothetical “model high-performance facilities” that 

approach or exceed energy neutrality. As a result of this 

analysis, the researchers made key observations and 

conclusions: 

 Primary energy is an energy performance metric widely 

applied in the energy industry to measure the efficiency 

of consumption of raw fuel sources but is not commonly 

used by the wastewater industry. Primary energy can be 

a useful metric for utilities to make tradeoffs between 

externally supplied energy sources. 

 A combination of best practices and multiple process 

technology additions (chemically enhanced primary treatment (CEPT), co-digestion, 

digestion pre-treatment (e.g., thermal hydrolysis process (THP), and sidestream 

deammonification) was required to make significant progress towards energy neutrality. 

 Conventional secondary treatment and nitrification facilities can be net-energy positive. 

 BNR and ENR facilities can only achieve as high as 50-60% energy neutrality 

o In order to push beyond this range at BNR and ENR facilities, an advanced approach 
such as mainstream short-cut nitrogen removal would be required to achieve energy 
neutrality. 

 Improved carbon management was a key contributor to maximizing energy performance at 

WRRFs. CEPT improved carbon management in all configurations with primary 

clarification. 

 Co-digestion of HSW in anaerobic digesters was a valuable approach to achieve energy 

neutrality. 

o Market availability of feedstocks (e.g., fats, oil, and grease (FOG) and food waste), not 

digester capacity constraints, was typically the limiting factor for energy recovery 

potential from co-digestion of HSWs.  

o THP increased digester capacity allowing addition of larger amount of HSW feedstocks 

and greater biogas production. 

 Low dissolved oxygen (DO) and simultaneous nitrification/denitrification (SND) operation 

achieved 80% energy neutrality at MBR facilities. This was a significant improvement in 

MBR energy performance.  
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 Fermentation at BNR and ENR facilities significantly reduced the need for an external 

carbon source and the energy required to produce it. The energy benefit of fermentation, 

however, was mitigated by a reduction in the energy available in biosolids and biogas. 

 Incineration technologies achieved relatively poor site energy (electricity and fuels metric) 

performance due to natural gas requirements to fuel the process.  

o The amount of electricity generated from fluidized bed incinerator (FBI) waste heat 

recovery boiler/steam turbine system was approximately 70% greater than the amount 

consumed in the incineration process.  

o FBI technology consumed 50% less natural gas as supplemental fuel than multiple 

hearth incinerators, but generated approximately 40% less electricity when electrical 

energy recovery through steam turbines was added. 

o Organic Rankine Cycle (ORC) electricity generation was approximately 55% lower than 

steam turbines. 

 Gasification did not allow onsite electricity generation due to insufficient energy beyond 

what could be recovered for biosolids drying. However, a major benefit of gasification over 

incineration was the lower natural gas requirement (about 83% lower). 

1.6 Recommendations 

Several recommendations emerged as a result of the analyses performed during this 

study. These recommendations are presented in two groupings. The first is a guide for WRRFs 

embarking on energy management programs or advancing their position on the road to energy 

neutrality. The recommendations in the guide for the utility leaders should be used with the 

companion report Demonstrated Energy Neutrality Leadership: A Study of Five Champions of 

Change (ENER1C12b). 

Since this is the first study in the WERF Energy Production and Efficiency research 

program, many of the recommendations inform the future direction of research under taken by 

WERF and other organizations to advance understanding and technology options for the 

wastewater industry.  

1.6.1 Recommendations for Utility Leaders 

 Identify an energy champion within your utility and connect that leader with a core energy 

management team from different departments (i.e. operations, engineering, and finance).  

 Start with a strategic energy plan with clearly defined key performance indicators (KPIs) and 

performance goals with specific target dates for achievement. 

 Consider using several energy performance metrics (i.e., electrical energy intensity, site 

energy intensity, primary energy intensity) as part of the energy management plan. 

 Support the plan with robust energy data collection and performance monitoring at multiple 

levels. 

 Use “Big data” and advanced analytics to optimize operations for minimum net energy 

consumption across multiple performance metrics. Big data is about seeing and 

understanding the relationships among pieces of information using new technologies have 

made it possible to analyze vast amounts of data rather than settling on smaller sets 



 

1-6  

 Implement best practices for a significant improvement in energy performance at relatively 

low capital cost. 

 Use natural gas in CHP to reduce primary energy use as an interim step towards energy 

independence. 

 Create an environment of innovation. Connect with academic institutions and with industry 

association innovation forums such as the joint Water Environment Federation 

(WEF)/WERF initiative the Leaders Innovation Forum for Technology (LIFT)
®
 to move 

innovative energy technology and operations solutions to practice.  

 Develop a WRRF-based Technology Roadmap that is holistic and phase-in synergistic 

technologies and processes to maximize energy performance over time. 

 Current and future BNR/ENR facilities should phase-in shortcut nitrogen removal, from 

sidestream processes currently available now to future mainstream anaerobic ammonium 

oxidation (anammox) processes. 

 Be prepared for opportunity. 

 Have a few ideas on the shelf with some level of feasibility study completed. The greater the 

pipeline of opportunities, the better. 

 Become knowledgeable about different project delivery methods and financing opportunities 

(public-private partnerships, power purchase agreements, energy services performance 

contracting, grant funding, etc.)  

1.6.2 Recommendations for Future Research 

Enhance and Optimize Carbon Management  

 Optimize carbon management to maximize energy recovery. 

 Explore new physical separation technologies to intensify and enhance primary treatment 

performance. 

 Advance mainstream anaerobic treatment to convert more of the wastewater embedded 

energy to biogas. 

Advance Low-Energy Alternatives to Typical Nitrification/Denitrification Processes for 

Nitrogen  

 Further short-cut nitrogen treatment process development and implementation. 

 Additional research on different carbon sources is needed to minimize the net energy impact 

of their use in BNR/ENR facilities.  

 Explore external carbon sources with low net energy requirements (more recoverable energy 

output from energy input). 

Explore and Expand the Potential for Heat Recovery 

 Maximize potential for heat recovery from excess heat generated onsite. 

 Identify low quality heat recovery technologies. 

Develop Technologies to Extract more Energy from Biosolids 

 Additional research into syngas cleaning technologies is needed for gasification to allow 

CHP for electricity production and heat recovery for drying of biosolids.  
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CHAPTER 2.0  
 

TYPICAL AND BEST PRACTICE 

FACILITY CONFIGURATIONS 

2.1 Introduction 

According to the report Utilities of the Future Energy Analysis (2014) ENER6C13 

prepared by Black & Veatch as an adjunct to this project, the total estimated available energy at 

WRRFs sized 5 million gallons per day (MGD) in the U.S. is 851 trillion British Thermal Units 

(Btu) annually, or approximately five times the energy consumed at these large facilities. 

Wastewater thermal energy accounts for 80% of this total amount; chemical energy accounts for 

most of the remaining 20%.  

Despite the embedded energy in wastewater, almost all treatment utilities procure large 

quantities of energy from electric and natural gas utilities. Although there are many opportunities 

for energy recovery, converting energy between different forms to perform useful work at 

WRRFs presents complex, site-specific challenges based on several factors such as facility size, 

operations, embedded energy content of the influent wastewater, and biosolids treatment 

processes. To help clear a pathway towards “net-zero” energy use, the research team developed 

quantitative energy management profiles to assist WRRFs in benchmarking their operations and 

envisioning changes in operations or processes to achieve energy neutrality. (Quantitative energy 

in this case means unit process energy flows for common (or “baseline”) wastewater treatment 

configurations). 

The Clean Water Needs Survey (CWNS, 2008) collected data on publicly owned 

domestic wastewater treatment facilities of all sizes in the United States. The research team used 

the data from 1,027 facilities larger than 5 MGD in the survey to determine how common each 

process configuration was in the industry. Of the more than 30 wastewater process 

configurations reviewed, 25 baseline configurations were selected and refined with input from 

WERF’s industry advisory panel issue area team (IAT) for energy. These configurations span the 

spectrum of wastewater treatment processes found at facilities in the United States sized over 

5 MGD, without consideration of effluent standards and regional differences.  

To codify the different configurations selected, letters were used to designate mainstream 

(wastewater) treatment, and numbers were used to designate solids treatment processes, as 

shown in Table 2-1. The mainstream and solids treatment processes were combined to produce 

the 25 baseline configurations listed in Table 2-2. 
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Table 2-1. Description of Typical and Best Practice Facility Process Coding. 

Number/Letter Description 

Letters Mainstream Treatment Process 

A Basic secondary activated sludge treatment with primary treatment; co-thickening 
of primary sludge and WAS in gravity thickener 

B Same as A, but with separate thickening of primary sludge in gravity thickener and 
WAS in mechanical thickener 

C Basic secondary activated sludge treatment without primary treatment; WAS 
mechanical thickening 

D Trickling filter biological treatment with primary treatment; co-thickening of primary 
sludge and WAS in gravity thickener  

E Activated sludge nitrification without primary treatment; WAS mechanical 
thickening 

F Activated sludge nitrification with primary treatment; separate thickening of 
primary sludge in gravity thickener and WAS in mechanical thickener  

G Activated sludge BNR with primary treatment; separate thickening of primary 
sludge in gravity thickener and WAS in mechanical thickener 

H Activated sludge BNR with primary treatment and chemical phosphorus removal; 
separate thickening of primary sludge in gravity thickener and WAS in mechanical 
thickener 

I Activated sludge BNR without primary treatment; WAS mechanical thickening 

L Activated sludge ENR with primary treatment; separate thickening of primary 
sludge in gravity thickener and WAS in mechanical thickener 

M Activated sludge ENR with primary treatment and chemical phosphorus removal; 
separate thickening of primary sludge in gravity thickener and WAS in mechanical 
thickener 

N Aerobic MBR for BNR with primary treatment; co-thickening of primary sludge and 
WAS in gravity thickener 

O Pure oxygen activated sludge 

P Mainstream two-sludge (A/B) activated sludge with primary treatment; co-
thickening of primary sludge and WAS in gravity thickener 

Numbers Solids Treatment Process 

1 Anaerobic digestion, dewatering 

2 Aerobic digestion, dewatering 

3 Dewatering, Class B lime stabilization 

4 Anaerobic digestion, dewatering, direct thermal drying 

5 Dewatering, MHI 

6 Dewatering, FBI 

Postscript Letter Process 

E CHP added for onsite energy generation 

P A variation on a mainstream-solids treatment combination (“P” for prime)  
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Table 2-2. Description of 25 Wastewater Treatment Baseline Configurations Used in Energy Models. 

Code Configuration Description 

A1 Activated sludge (Basic secondary treatment) – with primary treatment, co-thickening in gravity 
thickener, anaerobic digestion, and dewatering 

B1 Activated sludge (Basic secondary treatment) – with primary treatment, primary sludge gravity 
thickening, waste-activated sludge (WAS) mechanical thickening, anaerobic digestion, and 
dewatering  

B1E Activated sludge (Basic secondary treatment) – with primary treatment, primary sludge gravity 
thickening WAS mechanical thickening, anaerobic digestion, dewatering, and CHP 

B4 Activated sludge (Basic secondary treatment) – with primary treatment, primary sludge gravity 
thickening, WAS mechanical thickening, anaerobic digestion, dewatering and direct thermal 
drying 

B5 Activated sludge (Basic secondary treatment) – with primary treatment, primary sludge gravity 
thickening, WAS mechanical thickening, dewatering, and MHI 

B6 Activated sludge (Basic secondary treatment) – with primary treatment, primary sludge gravity 
thickening, WAS mechanical thickening, dewatering, and FBI 

C3 Activated sludge (BOD-removal only) – without primary treatment, and with WAS mechanical 
thickening, dewatering, and Class B lime stabilization 

D1 Trickling filter – with primary treatment, co-thickening in gravity thickener, anaerobic digestion, 
and dewatering 

E2 Activated sludge (nitrification) – without primary treatment, and with WAS mechanical 
thickening. aerobic digestion and dewatering 

E2P Activated sludge (nitrification) – with primary treatment, primary sludge gravity thickening, 
WAS mechanical thickening, aerobic digestion, and dewatering 

F1 Activated sludge (nitrification) – with primary treatment, primary sludge gravity thickening, 
WAS mechanical thickening, anaerobic digestion, and dewatering 

G1 Activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, WAS 
mechanical thickening, anaerobic digestion, and dewatering 

G1E Activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, WAS 
mechanical thickening, anaerobic digestion, dewatering, and CHP 

H1 Activated sludge (with BNR) – with primary treatment and chemical phosphorus (P) removal, 
primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, and 
dewatering 

I2 Activated sludge (BNR) – without primary treatment, and with WAS mechanical thickening, 
aerobic digestion, and dewatering 

I3 Activated sludge (BNR) – without primary treatment, and with WAS mechanical thickening, 
dewatering, and Class B lime stabilization 

L1 Activated sludge (ENR) – with primary treatment, primary sludge gravity thickening, WAS 
mechanical thickening, anaerobic digestion, and dewatering 

M1 Activated sludge (ENR) – with primary treatment and chemical phosphorus (P) removal, 
primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, and 
dewatering 

N1 MBR (aerobic) – with BNR, with primary treatment, co-thickening in gravity thickener, 
anaerobic digestion, and dewatering 

N1P MBR (aerobic) – with BNR but no carbon addition, with primary treatment, co-thickening in 
gravity thickener, anaerobic digestion, and dewatering 
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Code Configuration Description 

N2 MBR (aerobic) – with BNR, without primary treatment, and with WAS mechanical thickening, 
aerobic digestion, and dewatering 

N2P MBR (aerobic) – with BNR but no carbon addition, without primary treatment, and with WAS 
mechanical thickening, aerobic digestion, and dewatering 

O1 Pure oxygen-activated sludge with primary treatment, co-thickening in gravity thickener, 
anaerobic digestion, and dewatering 

P1 Mainstream two-sludge (A/B) activated sludge (two secondary systems in series – each with 
its own aeration, clarification and RAS),without primary treatment, WAS mechanical thickening, 
anaerobic digestion, and dewatering 

P1E Mainstream two-sludge (A/B) activated sludge (two secondary systems in series – each with 
its own aeration, clarification and RAS),without primary treatment, WAS mechanical thickening, 
anaerobic digestion, dewatering, and with CHP 

 

For each of these configurations, energy flow diagrams (Sankey diagrams) were prepared 

in two forms: 

1. Typical performance – Energy flows were determined generally using the mid-range of 

published literature values for wastewater treatment process performance and net energy 

usage. 

2. Best practice performance – A second set of energy flows were determined for each 

configuration using the published limit of ranges for wastewater treatment process 

performance and net energy usage, where limits could either be high or low depending on 

which favored higher energy efficiency, lower energy demand, or higher energy production. 

Most wastewater utilities will be able to select a baseline configuration similar to their 

own facilities and benchmark their energy management performance relative to the typical and 

best practice results, then develop a technology and operations road map to energy neutrality. 

To rigorously develop these energy diagrams, the research team adopted advanced 

wastewater modeling using the GPS-X (Hydromantis, Canada) modeling platform, which 

effectively addressed the complex energy and mass flow loops associated with each of the 

configurations. We selected a modeling platform that was generally available to the wastewater 

community, and provided the modeling assumptions so that interested agencies could conduct 

their own facility-tailored simulations.  

2.2 Assumptions and Methodology 

A systematic methodology was used to develop energy flow diagrams for each of the 25 

configurations. For each configuration, an influent flow rate of 10 MGD (38,000 m
3
/d) and COD 

concentration of 358 mg/l was used as the basis to allow a direct comparison between them. The 

methodology was as follows: 

 The research team set the energy flow boundary as the “fenceline” of the WRRF. For the 

purpose of this convention, production of the chemicals included in the energy analysis 

(sodium hypochlorite, acetic acid, methanol, and lime) was assumed to take place onsite.  
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 The research team constructed a process model using the GPS-X 6.2 simulator with the 

Mantis 3 library that included, where available, all energy inputs for processes. Input 

parameters were set to reflect typical performance for each unit process. 

 A steady-state simulation was conducted. 

 The research team generated a model output report file by GPS-X that included all available 

energy outputs, and exported it to an Excel workbook. 

 Additional pages were added to the workbook for processes not available in GPS-X (e.g., 

incineration, odor control) and to conduct overall energy calculations. 

 A Sankey diagram was generated using the software e!Sankey 3, with color-coding for the 

different energy types (COD, electricity, fuel, and heat). 

 The research adjusted input parameters to give best practice performance in the model. Steps 

2 through 4 above were repeated to generate outputs for best practice configurations. 

 Results for typical and best practice configurations were checked and analyzed.  

 A major goal of the analysis was to provide comparable results between each of the 

process configurations so that common factors driving energy use and recovery could be 

identified. Therefore, wherever possible, the same inputs and assumptions were used for all 

process configurations.  

A secondary goal was to focus the analysis on typical and best practice values for all 

parameters. To accomplish this, published values were used wherever possible; collective 

experience and team consensus was referenced when parameters were unavailable or they 

produced inconsistent results. When creating typical values, we referenced WEF Manuals of 

Practice (MOPs) and used other references as necessary.  

The most significant factors influencing COD energy flows were the influent 

concentrations and characteristics. For example, primary treatment was expected to remove more 

organics from a stronger waste with high TSS (more settled solids) than from a waste with lower 

TSS (fewer settled solids). Table 2-3 summarizes the values used as wastewater inputs for all 

configurations selected to match “medium” strength as reported for typical untreated domestic 

wastewater in Table 2-12 of WEF MOP 8 (WEF, 2010). Default values for raw influent from 

two of the most commonly used simulators, GPS-X and BioWin, are also shown. The selected 

values match the MOP 8 values well for BOD, TSS and volatile suspended solids (VSS). 

However the COD concentration is somewhat lower than the published sources due to the COD 

fractionation that was required to balance BOD, TSS and VSS in the influent. The complete 

influent fractionation can be found in the Appendix A. 
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Table 2-3. Selected Values for Raw Wastewater Influent Compared 
with MOP8 and Commercial Simulator Defaults.  

 (In mg/l) 

Symbol Description 
Selected 

Value 
MOP 8 

“Average” 

GPS-X 
Mantis 2 
Default 

BioWin3 
Default 

COD Chemical oxygen demand 358 430 430 500 

BOD Biochemical oxygen demand (5-day) 190 190 250 246 

TSS Total suspended solids 210 210 225 240 

VSS Volatile suspended solids 160 160 168 195 

TKN Total Kjeldahl nitrogen 40.0 40.0 40.0 40.0 

NH4-N Ammonia 25.0 25.0 25.0 26.4 

TP Total phosphorus 7.0 7.0 10.0 10.0 

OP Orthophosphate 5.0 5.0 8.0 5.0 

Table 2-4 lists several of the major process parameters and values that were assumed for 

most configurations. The right hand column gives the reference/basis for the assumed values. 

Variations from these values and values for additional parameters specific to individual 

configurations can be found in the descriptions for the specific configuration in Chapter 2.0. 

Details of individual model inputs and outputs are located in Appendix B. Full information for 

citations are in References. Tables throughout this chapter use a truncated citation.  

The research team understands that odor control, HVAC, and lighting could contribute 

significantly to a WRRFs overall energy use and that there are a variety of means to reduce 

energy use in these areas. However, this research focuses the best practices and technologies for 

reducing net energy consumption in those areas of the WRRF that move and treat wastewater 

and biosolids. Any effort to advance towards net-zero energy at a WRRF should consider all 

opportunities to reduce net energy consumption, not just in treatment and pumping. 
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Table 2-4. Assumed Process Parameters Common to Most Scenarios and Used as Baselines for Energy Modeling. 

Process Parameter Units Typical 
Best 

Practice Reference/Basis 

Multiple Pump efficiency % 60 85 Team consensus 

Grit removal Energy use hp 33.5 4.6 10 MGD design 
developed. typical = 
aerated grit; best 
practice = vortex grit 

Primary 
clarifiers 

TSS Removal 
efficiency 

% 60 70 MOP 8 WEF MOP 8 
(2010)  

Biological 
reactor 

Fouling constant – 0.6 0.95 Rosso 

Biological 
reactor 

Alpha – 0.3-0.8 0.3-0.8 Rosso 

Biological 
reactor 

Combined 
blower/motor 
efficiency 

% 70 80 Team consensus 

Biological 
reactor 

Standard oxygen 
transfer efficiency 
(SOTE) 

%/ft 2 2 MOP 8 (using 14 ft SWD 
for most reactors = 28% 
overall SOTE) 

Biological 
reactor 

Temperature °C 15.6 15.6 MOP 8 overall US 
average 

Gravity 
thickener 

Thickened sludge 
concentration

1
 

%TS 5 7 MOP 8 

Gravity 
thickener 

TSS Removal 
efficiency 

% 90 92 MOP 8 

Mechanical 
thickener 

Thickened sludge 
concentration 

%TS 5 6 MOP 8 Table 23.12 

Mechanical 
thickener 

Solids recovery % 95 98 MOP 8 pg 23-63 

Anaerobic 
digester 

Mixing power use hp/1000 cf 0.2 0.05 Massart 2008, typical = 
mechanical mixing; best 
practice = vertical disc 
mixer  

CHP Electric efficiency % 33 40 MOP 8, GE literature 

CHP Thermal efficiency % 40 45 MOP 8, GE literature 

Dewatering Cake concentration
1
 %TS 18 23 MOP 8 

Dewatering Solids capture % 90 95 MOP 8 

Odor control Electricity use kWh/d 3000 3000 EPRI report for 10 MGD 
facility  

Site lighting Electricity use kWh/d 600 600 EPRI report for 10 MGD 
facility 

Buildings Heating/cooling MJ/d 5000 5000  

Note:  

1 Gravity-thickened and dewatered (cake) sludge concentrations were adjusted depending on the type of 
sludge processed. The %TS shown for gravity-thickened sludge is for primary sludge only; the cake 
%TS is for an anaerobically digested mixture of primary sludge and WAS.  



 

2-8  

 

Selected configurations provide different levels of treatment, in order to evaluate the 

energy impact of meeting ever lowering nutrient levels. Table 2-5 shows the target values that 

were used for the simulations. Due to the influent characteristics used for all simulations, 

primary effluent BOD concentrations were relatively weak in comparison to nitrogen and 

phosphorus; supplemental carbon was needed in the biological process to meet BNR and ENR 

limits. A tertiary treatment stage with intermediate pumping would be required for ENR. The 

addition of an external carbon source resulted in a substantial negative impact with respect to 

energy use due to 1) the energy required to produce the chemical; 2) energy required to treat any 

excess carbon; and 3) increased production of WAS that had to be treated.  

Table 2-5. Modeled Treatment Level Target Effluent Values. 

Treatment Level Target Effluent Values 

Basic secondary treatment BOD <10 mg/l TSS <15 mg/l 

Nitrification Ammonia <2 mg/l 

BOD <10 mg/l 

TSS <15 mg/l 

BNR Ammonia < 2 mg/l 

Total-N < 10 Mg/l 

Total-P < 2mg/l 

ENR Total-N < 5 mg/l Total-P < 1 mg/l 

 

2.3 Typical and Best Practice Baseline Configurations 

The 25 baseline configurations in their typical and best practice forms are detailed in this 

section. Each unique subsection describes the key elements of the configuration and the 

parameter inputs and assumptions used in the model. A second model run for each modeled 

configuration quantifies the impacts of implementing best practices. The results of the 

application of best practices are presented in energy impact tables and again in Sankey diagrams 

at the end of each section. Sankey diagrams include summary performance tables so that each 

configuration could be viewed as a stand-alone document. 

2.3.1 Overview 

Sankey diagrams are a specific type of flow diagram in which the width of the arrows is 

shown proportionally to the flow quantity. They are typically used to visualize energy or material 

or cost transfers between processes. By visually emphasizing the major flows within a system, 

Sankey diagrams are helpful in locating dominant individual unit process contributions to the 

overall net flow of a larger system, such as a WRRF.  

The net energy flow quantities of the overall WRRF and of individual unit processes was 

divided by 10 (for 10 MGD modeled facility) to determine facility energy performance in terms 

of electrical energy intensity (kilowatt-hours/million gallons, kWh/MG) and site energy intensity 

(mega-joules/million gallons, MJ/MG). Site energy accounts for both electricity and natural gas 

consumption by converting electrical energy in kWh to a common unit of energy, the mega-joule 

(MJ).  
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The Sankey diagrams generated for this project show four different types of energy 

flows, each color-coded and with distinguishing grey-scale for ease of identification:  

1. Chemical (embedded) energy in the wastewater, represented by the COD concentration, is 

shown in light blue.  

2. Electrical energy imported from the electricity grid and/or generated onsite, and used in 

each unit process is shown in purple.  

3. Fuel energy, whether it is digester gas produced onsite or natural gas supplied from the gas 

pipeline, is shown in green.  

4. Heat energy is shown in orange. Heat losses from unit processes are not represented in the 

diagrams. 

The Sankey diagrams prepared for this report do not represent complete energy balances, 

but instead attempt to show major sources of energy in their most recoverable and/or usable 

forms (chemical, electrical, fuel, and heat).  

The electricity and fuel consumption required for production of three selected chemicals 

is shown in the energy diagrams. These chemicals – sodium hypochlorite, supplemental carbon 

(acetic acid and methanol) for nutrient removal, and lime – were selected due to their energy-

intensive manufacture and because they all have non-chemical, energy-consuming alternatives 

that affect a facility’s energy performance (e.g., ultraviolet (UV) disinfection, endogenous 

denitrification, fermentation, and anaerobic digestion/stabilization). The fuel used for hauling 

dewatered biosolids (cake) away from the WRRF is not included in these energy flows. 

The first Sankey diagram for each configuration represents typical performance of the 

modeled facility assuming applicable process and equipment operating parameters shown in 

Table 2-3, or a characteristic facility with standard equipment and conventional operations. The 

second diagram represents best practice performance of the modeled facility assuming applicable 

process and equipment operating parameters shown in Table 2-3, or a characteristic facility with 

highly efficient equipment and with optimized operations, such as frequently cleaned diffusers.  

At the date of this writing, most facilities will more closely resemble the typical cases. 

The best practice cases show the potential energy savings that is achievable when low-cost 

capital improvements are implemented and operations are optimized. These model runs depict 

possible pathways towards energy neutrality at facilities, achieved through improvements, 

renewals, or upgrades implemented over time. 

2.3.2 Configuration A1  

Activated sludge (Basic secondary treatment) – with primary treatment, co-thickening in 

gravity thickener, anaerobic digestion, and dewatering. 

2.3.2.1 Introduction 

Baseline configuration A1 is a basic secondary treatment (BOD-removal-only) water 

WRRF with anaerobic digestion. The facility consists of the following major unit processes:  

 Influent pumping, screening and grit removal. 

 Primary clarifiers. 

 Activated sludge biological reactors with Return-Activated Sludge (RAS) pumping, designed 

to achieve basic secondary treatment effluent quality as shown in Table 2-4. 
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 Final clarifiers. 

 Hypochlorite disinfection. 

 Gravity thickeners (for co-thickening both primary sludge and WAS). 

 Anaerobic digestion. 

 Dewatering (mechanical). 

 Recovery of digester gas in boilers for process and building heating, with excess flared. 

In addition to these treatment processes, electricity consumption for odor control, site 

lighting, and miscellaneous uses were included.  

The Sankey diagrams showing typical and best practices configurations appear at the end 

of this section.  
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2.3.2.2 Modeling Discussion 

Table 2-6 summarizes the inputs for the major physical and operational parameters 

applied to the configuration A1 model. Refer to Table 2-3 for a summary of typical and best 

practice process parameters used in baseline configuration modeling. 

Table 2-6. Model Inputs for Configuration A1. 
Activated sludge (Basic secondary treatment) – with primary treatment, 
co-thickening in gravity thickener, anaerobic digestion, and dewatering. 

Model Inputs for Configuration A1 

Parameter Units Typical Best Practice 

Biological Reactor (Basic Secondary Treatment) 

Physical Parameters 

SRT days 2.0 2.0 

Volume MG 1.0 1.0 

No. of reactors in series – 6 6 

Volume fractions  Each reactor 1/6 of total volume Each reactor 1/6 
of total volume 

Tank depth ft 15 15 

Operational Parameters 

Aeration method  Fine bubble diffused aeration  

Alpha factor
1
 – 0.3 in reactors 1 and 2, 

0.4 in reactors 3 and 4, 
0.5 in reactors 5 and 6 

 

Fouling constant – 0.60 0.95 

SOTR
2
 % 28 28 

DO setpoint mg/l 2.0 2.0 

Height of diffuser from floor ft 1 1 

Influent fractions % 100 to reactor 1 100 to reactor 1 

Recycle influent fractions  none none 

Misc. energy use (mixers, etc.) hp 0 0 

Anaerobic Digester 

Physical Parameters 

Volume MG 0.85 0.85 

Headspace volume
3
 MG 0.085 0.085 

Depth below ground ft 5 5 

Operational Parameters 

Misc. power use
4
 hp 68 6.0 

Digester Heating Requirement 

Heat exchanger efficiency % 90 95 

Notes: 
1 Rosso, Table 1 
2 Assumed 2% per foot of submergence from WERF MOP 8 
3 10% of digester volume 
4 Massart et al., 2008  
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Table 2-7 shows the major changes in chemical energy for the typical and best practice 

cases. Of the chemical energy entering the plant, 27-28% remains in the cake, 11% in the 

effluent, and about 37-40% is converted to digester gas. Approximately 32-44% of the digester 

gas is used for digester and building heating and 56-68% is flared.  

Table 2-7. Major Chemical Energy Changes and Outputs in Typical and Best Practice Cases for Configuration A1. 
Activated sludge (Basic secondary treatment) with primary treatment, 

co-thickening in gravity thickener, anaerobic digestion, and dewatering. 

Chemical Energy Changes and Outputs in Configurations A1 

 Units Typical Best Practice 

Chemical Energy Changes 

Separation in primary clarifiers % 43 50 

Degradation in biological reactor and 
final clarifier 

% 35 36 

Degradation in anaerobic digester % 56 60 

Degradation across WRRF % 62 62 

Chemical Energy Outputs (as % of Inputs) 

Cake % 28 27 

Plant effluent % 11 11 

Digester gas % 37 40 

Since a significant portion of the influent chemical energy in configuration A1 is 

converted to biogas, and the processes consume relatively low amounts of energy, the 

configuration is an attractive candidate to achieve energy neutrality. However, it is limited in its 

current form due to inadequate recovery of biogas; the majority of the gas is flared.  

Table 2-8 summarizes the top five electricity-using processes for the typical and best 

practice cases. The major electricity users are the biological reactor, odor control, and influent 

pumping. The 51% improvement in electricity usage by the biological reactor (aeration blowers) 

in the best practice case compared with that of the typical case is from the assumed fouling 

constant: 0.60 for the typical case versus 0.95 for the best practice case, and an improvement in 

the combined blower/motor efficiency from 70% for the typical case to 80% for the best practice 

case.  

Significant savings in aeration blower electricity consumption can be achieved by 

reducing fouling in fine bubble diffusers through an optimized operations and maintenance 

regime and by employing high-efficiency blower systems with advanced DO control. Reduction 

in electricity consumption in anaerobic digestion can be achieved by replacing a conventional 

pumped mixing system with a low-power mechanical mixing system. Pumping electricity 

consumption can be reduced across the facility by use of higher-energy-efficiency motors.  

Natural gas imports are not required for the A1 configuration. Heat generated in digester 

gas-fueled boilers is sufficient, on average, to supply the facility’s building and process heat 

demands. Since there is no energy recovery in configuration A1 to offset any imported electricity 

and natural gas, energy neutrality is 0%. 
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Table 2-8. Energy Consumption and Production in Configuration A1. 
Activated sludge (Basic secondary treatment) – with primary treatment, 
co-thickening in gravity thickener, anaerobic digestion, and dewatering. 

Energy Consumption and Production 

 

Units Typical 
Best 

Practice 
Percent 

Improvement 

Major Electricity Using Processes 

Biological reactor kWh/MG 431 212 51% 

Odor control kWh/MG 300 300 0% 

Influent pumping kWh/MG 210 148 30% 

Anaerobic digestion kWh/MG 129 11 92% 

Final clarifiers and RAS pumping kWh/MG 103 75 27% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 1,416 937 34% 

Electricity generation kWh/MG 0 0 - 

Production as % of consumption  
(% neutrality) 

% 0 0 - 

Natural Gas Consumption 

Natural gas usage MJ/MG 0 0 - 
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Figure 2-1. Configuration A1 (Typical) Sankey Diagram of Plant Energy Balance. 
Activated sludge (basic secondary treatment) – with primary treatment, co-thickening in gravity thickener, anaerobic digestion, and dewatering.  
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Figure 2-2. Configuration A1 (Best Practice) Sankey Diagram of Plant Energy Balance.  
Activated sludge (basic secondary treatment) – with primary treatment, co-thickening in gravity thickener, anaerobic digestion, and dewatering. 
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2.3.3 Configurations B1 and B1E  

Activated sludge (basic secondary treatment) – with primary treatment, primary sludge 

gravity thickening, WAS mechanical thickening, anaerobic digestion, and dewatering (B1) – and 

with CHP (B1E). 

2.3.3.1 Introduction 

Baseline configuration B1 is a basic secondary treatment (BOD-removal-only) water 

WRRF with anaerobic digestion. The facility consists of the following major unit processes:  

 Influent pumping, screening and grit removal. 

 Primary clarifiers. 

 Activated sludge biological reactors with RAS pumping, designed to achieve basic secondary 

treatment effluent quality as shown in Table 2-4.  

 Final clarifiers. 

 Hypochlorite disinfection. 

 Primary sludge gravity thickeners. 

 WAS mechanical thickeners. 

 Anaerobic digestion. 

 Dewatering (mechanical). 

 Recovery of digester gas in boilers for process and building heating, with excess flared. 

In addition to these treatment processes, electricity consumption for odor control, site 

lighting, and miscellaneous uses were included.  

B1E is identical to B1 with the addition of CHP. The CHP system consists of gas 

cleaning and use of digester gas in engine generators with heat recovery. 

Configurations B1 and B1E are among the most common process configurations in the 

industry. Analysis based on the CWNS (2008), which collected information on 1,027 WRRFs 

larger than 5MGD, shows the following:  

 225 or 26% of facilities larger than 5MGD have activated sludge biological reactors 

achieving basic secondary treatment effluent quality. 

 Of all WRRFs, 476 or 46% have anaerobic digestion. 

 Of facilities with anaerobic digestion, 65 or about 14% have CHP. 

 The average treatment capacity of B1/B1E-type facilities is 30MGD. 

The Sankey diagrams showing typical and best practices B1 and B1E configurations 

appear at the end of this section. 

2.3.3.2 Modeling Discussion 

Table 2-9 summarizes the inputs for the major physical and operational parameters 

applied to the configuration B1/B1E model. Refer to Table 2-3 for a summary of typical and best 

practice process parameters used in baseline configuration modeling. 
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Table 2-9. Model Inputs for Configurations B1 and B1E. 
Activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, and dewatering; CHP for B1E. 

Model Inputs for Configuration B1 and B1E 

Parameter Units Typical Best Practice 

Biological Reactor (Basic Secondary Treatment) 

Physical Parameters 

SRT days 2.0 2.0 

Volume MG 1.0 1.0 

No. of reactors in series – 6 6 

Volume fractions  Each reactor 1/6 of total volume Each reactor 1/6 
of total volume 

Tank depth ft 15 15 

Operational Parameters 

Aeration method  Fine bubble diffused aeration  

Alpha factor
1
 – 0.3 in reactors 1 and 2, 

0.4 in reactors 3 and 4, 
0.5 in reactors 5 and 6 

 

Fouling constant – 0.60 0.95 

SOTR
2
 % 28 28 

DO setpoint mg/L 2.0 2.0 

Height of diffuser from floor ft 1 1 

Influent fractions % 100 to reactor 1 100 to reactor 1 

Recycle influent fractions  none none 

Misc. energy use (mixers, etc.) hp 0 0 

Anaerobic Digester 

Physical Parameters 

Volume MG 0.85 0.85 

Headspace volume
3
 MG 0.085 0.085 

Depth below ground ft 5 5 

Operational Parameters 

Misc. power use
4
 hp 68 6.0 

Digester Heating Requirement 

Heat exchanger efficiency % 90 95 

Notes: 

1 Rosso, Table 1 

2 Assumed 2% per foot of submergence from WERF MOP 8 

3 10% of digester volume 

4 Massart et al., 2008 
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Table 2-10 shows the major changes in chemical energy for the typical and best practice 

cases. Of the chemical energy entering the plant, 26% remains in the cake, 13% in the effluent, 

and about 36-39% is converted to digester gas. In the B1 configuration, approximately 33-42% 

of the digester gas is used for digester and building heating and 58-67% is flared. In the B1E 

configuration, all of the biogas is consumed in the CHP system; no gas is flared. The heat from 

the CHP supplies all of the heat required for building and process heating plus an excess amount 

equivalent to approximately 2.5% of the chemical energy entering the facility.  

Table 2-10. Major Chemical Energy Changes and Outputs in Typical and Best Practice Cases for B1 and B1E Configurations. 
Activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, and dewatering; CHP for B1E. 

Chemical Energy Changes and Outputs in Configurations B1 and B1E 

 Units Typical Best Practice 

Chemical Energy Changes 

Separation in primary clarifiers % 42 49 

Degradation in biological reactor and 
final clarifier 

% 36 36 

Degradation in anaerobic digester % 57 60 

Degradation across WRRF % 60 61 

Chemical Energy Outputs (as % of Inputs) 

Cake % 26 26 

Plant effluent % 13 13 

Digester gas % 36 39 

Configuration B1/B1E has the highest potential for energy neutrality of all the baseline 

configurations modeled because of the combination of its low electricity consumption for 

biological treatment and high production of recoverable energy in the form of biogas.  

Table 2-11 summarizes the top five electricity-using processes for the typical and best 

practice cases. The major electricity users are the biological reactor, odor control, and influent 

pumping. The 51% improvement in electricity usage by the biological reactor (aeration blowers) 

in the best practice case compared with that of the typical case is from the assumed fouling 

constant: 0.60 for the typical case versus 0.95 for the best practice case, and an improvement in 

the combined blower/motor efficiency from 70% for the typical case to 80% for the best practice 

case. Significant savings in aeration blower electricity usage can be achieved by reducing fouling 

in fine bubble diffusers through an optimized operations and maintenance regime and by 

employing high-efficiency blower systems with advanced DO control. Reduction in electricity 

usage in anaerobic digestion can be achieved by replacing a conventional pumped mixing system 

with a low-power mechanical mixing system. Pumping electricity usage can be reduced across 

the facility by use of higher-energy-efficiency motors. 

Natural gas imports are not required for the B1/B1E configurations. Heat generated in 

digester gas-fueled boilers or CHP is sufficient, on average, to supply the facility’s building and 

process heat demands. Use of biogas in CHP generates 45% of the total facility electricity 

consumption for the typical case. This number increases to 85% in the best practice case. Total 

facility electricity consumption and CHP electricity generation are summarized in Table 2-11.  
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Table 2-11. Energy Consumption and Production in Configurations B1 and B1E. 
Activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, and dewatering; CHP for B1E. 

Energy Consumption and Production 

 

Units Typical 
Best 

Practice 
Percent 

Improvement 

Major Electricity Using Processes 

Biological reactor kWh/MG 420 209 50% 

Odor control kWh/MG 300 300 0% 

Influent pumping kWh/MG 210 148 30% 

Anaerobic digestion kWh/MG 122 11 91% 

Final clarifiers and RAS pumping kWh/MG 103 75 27% 

Total Facility Electricity Usage and Generation 

Total electricity usage kWh/MG 1,412 948 33% 

Electricity generation (B1E only) kWh/MG 631 810 28% 

Production as % of consumption  
(% neutrality) 

% 45 85 89% 

Natural Gas Usage 

Natural gas usage MJ/MG 0 0 - 
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Figure 2-3. Configuration B1 (Typical) Sankey Diagram of Plant Energy Balance.  
Activated Sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, and dewatering.  
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Figure 2-4. Configuration B1 (Best Practice) Sankey Diagram of Plant Energy Balance.  
Activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, and dewatering.  
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Figure 2-5. Configuration B1E (Typical) Sankey Diagram of Plant Energy Balance.  
Activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, dewatering, and CHP. 
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Figure 2-6. Configuration B1E (Best Practice) Sankey Diagram of Plant Energy Balance. 
Activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, dewatering, and CHP. 
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2.3.4 Configuration B4  

Activated sludge (basic secondary treatment) – with primary treatment, primary sludge 

gravity thickening, WAS mechanical thickening, anaerobic digestion, dewatering and direct 

thermal drying. 

2.3.4.1 Introduction 

Baseline configuration B4 is a basic secondary treatment (BOD-removal-only) WRRF 

with anaerobic digestion and thermal drying.  

The B4 facility consists of the following processes:  

 Influent pumping, screening, and grit removal. 

 Primary clarifiers. 

 Activated sludge biological reactors with RAS pumping, designed to achieve basic secondary 

treatment effluent quality as shown in Table 2-4. 

 Final clarifiers. 

 Hypochlorite disinfection. 

 Primary sludge gravity thickeners. 

 WAS mechanical thickeners. 

 Anaerobic digestion. 

 Dewatering (mechanical). 

 Direct dryer. 

 Recovery of digester gas for direct thermal drying and in boilers for process and building 

heating, with excess flared. 

In addition to these treatment processes, electricity consumption for odor control, site 

lighting, and miscellaneous uses were included.  

A variant to this process is using an indirect dryer in lieu of a direct dryer. The indirect 

dryer operates at a lower temperature than the direct dryer and consumes slightly less energy. 

Configuration B4 is a relatively common process configuration in the industry. Analysis 

based on the CWNS (2008) which collected information on 1,027 WRRFs larger than 5MGD, 

shows the following: 

 225 or 26% of facilities larger than 5MGD have BOD-removal-only biological reactors.  

 Of all WRRFs, 476 or 46% have anaerobic digestion. 

In 2009 there were more than 50 drying facilities operating or under construction in the 

United States (WEF, 2010). 

The Sankey diagrams showing typical and best practices B4 configurations appear at the 

end of this section. 

2.3.4.2 Modeling Discussion 

Table 2-12 summarizes the inputs for the major physical and operational parameters 

applied to the configuration B4 model. Refer to Table 2-3 for a summary of typical and best 

practice process parameters used in baseline configuration modeling. 
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Table 2-12. Model Inputs for Configuration B4. 
Activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, dewatering and direct thermal drying. 

Model Inputs for Configuration B4 

Parameter Units Typical Best Practice 

Biological Reactor (Basic Secondary Treatment)) 

Physical Parameters 

SRT days 2.0 2.0 

Volume MG 1.0 1.0 

No. of reactors in series – 6 6 

Volume fractions  Each reactor 1/6 
of total volume 

Each reactor 1/6 
of total volume 

Tank depth ft 15 15 

Operational Parameters 

Aeration method  Fine-bubble diffused 
aeration 

Fine-bubble diffused 
aeration 

Alpha factor
1
 – 0.3 in reactors 1 and 2, 

0.4 in reactors 3 and 4, 
0.5 in reactors 5 and 6 

0.3 in reactors 1 and 2, 
0.4 in reactors 3 and 4, 
0.5 in reactors 5 and 6 

Fouling constant – 0.60 0.95 

SOTR
2
 % 28 28 

DO setpoint mg/l 2.0 2.0 

Height of diffuser from floor ft 1 1 

Influent fractions % 100 to reactor 1 100 to reactor 1 

Recycle influent fractions  none none 

Misc. energy use (mixers, etc.) hp 0 0 

Anaerobic Digester 

Physical Parameters 

Volume MG 0.85 0.85 

Headspace volume
3
 MG 0.085 0.85 

Depth below ground ft 5 5 

Operational Parameters 

Misc. power use
4
 hp 68 6.0 

Digester Heating Requirement 

Heat exchanger efficiency % 90 95 

Direct Dryer 

Physical Parameters 

Number of Units – 1 1 

Operational Parameters 

Electricity consumption
5
 kW/lb H2O 

evaporated 
0.043 0.043 

Fuel requirement
6
 Btu/lb H2O 

evaporated 
1550 1550 

Notes: 

1 Rosso, Table 1 

2 Assumed 2% per foot of submergence from MOP 8 

3 10% of digester volume 

 

4 Massart et al., 2008 

5 0.023 kW/lb H2O evaporated for indirect drying 

6 1400 Btu lb H2O evaporated for indirect drying 

 



 

2-26  

Table 2-13 shows the major changes in chemical energy for the typical and best practice 

cases. Of the chemical energy entering the plant, 26% remains in the biosolids, 13% in the 

effluent, and 36-39% is converted into a useable fuel: digester gas. In the B4 configuration, 

approximately 32-42% of the digester gas is used for digester and building heating, 58-67% is 

used for drying and <1% is flared. 

Table 2-13. Major Chemical Energy Changes and Outputs in Typical and Best Practice Cases for B4 Configuration. 
Activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, dewatering and direct thermal drying. 

Chemical Energy Changes and Outputs in Configurations B4 

 Units Typical Best Practice 

Chemical Energy Changes 

Separation in primary clarifiers % 42% 49% 

Degradation in biological reactor and 
final clarifier 

% 36% 37% 

Degradation in anaerobic digester % 57% 60% 

Degradation across WRRF % 60% 61% 

Chemical Energy Outputs (as % of Inputs) 

Cake % 26% 26% 

Plant effluent % 13% 13% 

Digester gas % 36% 39% 

Configuration B4 has a low potential for energy neutrality because the energy recovery 

from anaerobic digestion is used to support the thermal drying operations. Although this option 

makes energy neutrality unlikely, applying best practices does allow the biosolids to be dried and 

converted to a higher-value biosolids product while using little to no external fossil fuel. The 

reduction in mass and volume will also help reduce energy requirements for cake hauling from 

the facility, which is not accounted for in this analysis.  

Table 2-14 summarizes the top five electricity-using processes for the typical and best 

practice cases. The major electricity users are the biological reactor, odor control, and influent 

pumping. The 50% improvement in electricity usage by the biological reactor (aeration blowers) 

in the best practice case compared with that of the typical case is from the assumed fouling 

constant: 0.60 for the typical case versus 0.95 for the best practice case, and an improvement in 

the combined blower/motor efficiency from 70% for the typical case to 80% for the best practice 

case. Significant savings in aeration blower electricity usage can be achieved by reducing fouling 

in fine bubble diffusers through an optimized operations and maintenance regime and by 

employing high-efficiency blower systems with advanced DO control. Reduction in electricity 

usage in anaerobic digestion can be achieved by replacing a conventional pumped mixing system 

with a low-power mechanical mixing system. Pumping electricity usage can be reduced across 

the facility by use of higher-energy-efficiency motors. Improved dewatering performance will 

reduce the needed size of the thermal drying and reduce electrical energy requirements.  

Natural gas import is required for the typical B4 case at 15% of the plant influent 

chemical energy; supplemental natural gas is not required for the best practice case. Heat 

generated from digester gas used in the dryer heaters and in the boilers supply the majority of 

facility’s building and process heat demands. The energy performance for drying depends largely 
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on the performance of the upstream dewatering system. Total facility energy consumption and 

production are summarized in Table 2-14.  

Table 2-14. Energy Consumption and Production Configuration B4. 
Activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, dewatering and direct thermal drying. 

Energy Consumption and Production 

 Units Typical 
Best 

Practice 
Percent 

Improvement 

Major Electricity-Using Processes 

Biological reactor kWh/MG 420 209 50% 

Odor control kWh/MG 300 300 0% 

Influent pumping kWh/MG 210 148 30% 

Direct drying kWh/MG 175 127 27% 

Anaerobic digestion kWh/MG 122 11 91% 

Total Facility Electricity Consumption and Production 

Total electricity usage  kWh/MG 1,587 1,075 33% 

Electricity generation kWh/MG 0 0 – 

Production as % of consumption  
(% neutrality) 

% 0 0 – 

Natural Gas Consumption  

Natural gas usage  MJ/MG 2,751 0 100% 
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Figure 2-7. Configuration B4 (Typical) Sankey Diagram of Plant Energy Balance. 
Activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, dewatering, and direct thermal drying. 
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Figure 2-8. Configuration B4 (Best Practice) Sankey Diagram of Plant Energy Balance. 
Activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, dewatering, and direct thermal drying. 
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2.3.5 Configuration B5  

Activated sludge (basic secondary treatment) – with primary treatment, primary sludge 

gravity thickening, WAS mechanical thickening, dewatering, and multiple hearth incineration 

(MHI). 

2.3.5.1 Introduction 

Baseline configuration B5 is a basic secondary treatment (BOD removal-only) WRRF 

with MHI. 

The B5 facility consists of the following processes: 

 Influent pumping, screening, and grit removal. 

 Primary clarifiers. 

 Activated sludge biological reactors with RAS pumping, designed to achieve basic secondary 

treatment effluent quality as shown in Table 2-4. 

 Final clarifiers. 

 Hypochlorite disinfection. 

 Primary sludge gravity thickeners. 

 WAS mechanical thickeners. 

 Dewatering (mechanical). 

 MHI. 

In addition to these treatment processes, electricity consumption for odor control, site 

lighting, and miscellaneous uses were included.  

Configuration B5 is a relatively common process in the industry. Analysis based on the 

CWNS (2008), which collected information on 1,027 WRRFs larger than 5MGD, shows that 225 

or 26% of facilities larger than 5MGD have BOD-removal-only biological reactors. 

According to the EPA Federal Register 40 CFR Part 60 (2011) there are 144 MHI units in 

operation in the United States.  

The Sankey diagrams showing typical and best practices B5 configurations appear at the 

end of this section. 

2.3.5.2 Modeling Discussion 

Table 2-15 summarizes the inputs for the major physical and operational parameters 

applied to the configuration B5 model. Refer to Table 2-3 for a summary of typical and best 

practice process parameters used in baseline configuration modeling. 
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Table 2-15. Model Inputs for Configuration B5. 
Activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, dewatering, and MHI. 

Model Inputs for Configuration B5 

Parameter Units Typical Best Practice 

Biological Reactor (Basic Secondary Treatment) 

Physical Parameters 

SRT days 2.0 2.0 

Volume MG 1.0 1.0 

No. of reactors in series – 6 6 

Volume fractions  Each reactor 1/6 
of total volume 

Each reactor 1/6 
of total volume 

Tank depth ft 15 15 

Operational Parameters 

Aeration method  Fine bubble diffused 
aeration 

Fine bubble diffused 
aeration 

Alpha factor
1
 – 0.3 in reactors 1 and 2, 

0.4 in reactors 3 and 4, 
0.5 in reactors 5 and 6 

0.3 in reactors 1 and 2, 
0.4 in reactors 3 and 4, 
0.5 in reactors 5 and 6 

Fouling constant – 0.60 0.95 

SOTR
2
 % 28 28 

DO setpoint mg/l 2.0 2.0 

Height of diffuser from floor ft 1 1 

Influent fractions % 100 to reactor 1 100 to reactor 1 

Recycle influent fractions  none none 

Misc. energy use (mixers, etc.) hp 0 0 

Dewatering 

Physical Parameters 

Cake concentration
1
 %TS 25 28 

MHI 

Physical Parameters 

Number of Units – 1 1 

Operational Parameters 

Excess air % 90 90 

Flue gas temp ºF 1060 1060 

Center shaft air CFM/ton/day 100 100 

Center shaft air temp ºF 350 350 

% Center shaft air recycled % 50 50 

Electricity consumption
3
 kW/ton 290 290 

Notes: 

1 Rosso, Table 1 

2 Assumed 2% per foot of submergence from MOP 8 

3 MOP 30 – Appendix C + 50 hp/dt for sludge conveying 
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Table 2-16 shows the major changes in chemical energy for the typical and best practice 

cases. Of the chemical energy entering the plant, 68-71% is concentrated in the cake feed to the 

MHI, but none remains in the ash following incineration. The effluent contains 9% of the 

chemical energy entering the plant.  

Table 2-16. Major Chemical Energy Changes and Outputs in Typical and Best Practice Cases for B5 Configuration. 
Activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, dewatering, and MHI. 

Chemical Energy Changes and Outputs in Configurations B5 

 Units Typical Best Practice 

Chemical Energy Changes 

Separation in primary clarifiers % 43 49 

Degradation in biological reactor and 
final clarifier 

% 36 37 

Degradation in MHI % 100 100 

Degradation across WRRF % 91 91 

Chemical Energy Outputs (as % of Inputs) 

Ash % 0 0 

Plant effluent % 9 9 

Configuration B5 has a low potential for energy neutrality because a significant amount 

of external fuel is required for the incineration process and electricity is not produced from the 

waste heat. Although this option makes energy neutrality unlikely, the reduction in solids mass 

and volume by conversion to ash significantly reduces energy requirements for hauling from the 

facility, which is not accounted for in this analysis. 

Table 2-17 summarizes the top five electricity-using processes for the typical and best 

practice cases. The major electricity users are the biological reactor, odor control, and MHI. The 

51% improvement in electricity usage by the biological reactor (aeration blowers) in the best 

practice case compared with that of the typical case is from the assumed fouling constant: 0.60 

for the typical case versus 0.95 for the best practice case, and an improvement in the combined 

blower/motor efficiency from 70% for the typical case to 80% for the best practice case. 

Significant savings in aeration blower electricity usage can be achieved by reducing fouling in 

fine-bubble diffusers through an optimized operation and maintenance regime and by employing 

high-efficiency blower systems with advanced DO control. Pumping electricity usage can be 

reduced across the facility by use of higher-energy-efficiency motors. 

Significant natural gas import is required for the B5 configuration to supply the MHI and 

facility’s building heat demand. Improved dewatering performance will reduce the natural gas 

consumption in the MHI. The solids content of the cake is the major factor impacting the amount 

of natural gas required for the MHI process, followed by the cake’s volatile solids content. 
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Table 2-17. Energy Consumption and Production in Configuration B5. 
Activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, dewatering, and MHI. 

Energy Consumption and Production 

 Units Typical 
Best 

Practice 
Percent 

Improvement 

Major Electricity-Using Processes 

Biological reactor kWh/MG 436 215 51% 

Odor control kWh/MG 300 300 0% 

MHI kWh/MG 261 269 -3% 

Influent pumping kWh/MG 210 148 30% 

Final clarifiers and RAS pumping kWh/MG 103 75 27% 

Total Facility Electricity Consumption and Production 

Total electricity usage  kWh/MG 1,568 1,213 23% 

Electricity generation kWh/MG 0 0 – 

Production as % of consumption  
(% neutrality) 

% 0 0 – 

Natural Gas Consumption 

Natural gas usage MJ/MG 6,752 4,241 37% 

 
Note: Best practice value reflects increased primary sludge solids processing. For both typical and best practice cases, the electrical 
consumption for MHI is 290 kW/ton. 
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Figure 2-9. Configuration B5 (Typical) Sankey Diagram of Plant Energy Balance. 

Activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, dewatering, and MHI. 
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Figure 2-10. Configuration B5 (Best Practice) Sankey Diagram of Plant Energy Balance. 
Activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, dewatering, and MHI. 

 

Electricity 

Supply from 

Grid

Natural Gas 

Supply from 

Pipeline

Electricity 

Produced On-

Site

Electricity 

Consumption

1213 kWh/MG 4241 MJ/MG 0 kWh/MG 1213 kWh/MG

Configuration B5 – Best Practice
Energy Neutrality

% Electrical Neutrality % Site Energy Neutrality

0% 0%

 Energy Supply and Consumption



 

2-36  

2.3.6 Configuration B6  

Activated sludge (basic secondary treatment) – with primary treatment, primary sludge 

gravity thickening, WAS mechanical thickening, dewatering, and FBI. 

2.3.6.1 Introduction 

Baseline configuration B6 is a basic secondary treatment (BOD removal-only) WRRF with FBI.  

The B6 facility consists of the following processes: 

 Influent pumping, screening, and grit removal. 

 Primary clarifiers. 

 Activated sludge biological reactors with RAS pumping, designed to achieve basic secondary 

treatment effluent quality as shown in Table 2-4. 

 Final clarifiers. 

 Hypochlorite disinfection. 

 Primary sludge gravity thickeners. 

 WAS mechanical thickeners. 

 Dewatering (mechanical). 

 FBI. 

In addition to these treatment processes, electricity consumption for odor control, site 

lighting, and miscellaneous uses were included.  

Configuration B6 is a relatively common process in the industry. Analysis based on the 

CWNS (2008), which collected information on 1,027 WRRFs larger than 5MGD, shows that 225 

or 26% of facilities larger than 5MGD have BOD-removal-only biological reactors. 

According to the EPA Federal Register 40 CFR Part 60 (2011) there are 60 FBI units in 

operation in the United States.  

The Sankey diagrams showing typical and best practices B6 configurations appear at the 

end of this section. 

2.3.6.2 Modeling Discussion 

Table 2-18 summarizes the inputs for the major physical and operational parameters 

applied to the configuration B6 model. Refer to Table 2-3 for a summary of typical and best 

practice process parameters used in baseline configuration modeling. 
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Table 2-18. Model Inputs for Configuration B6. 
Activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, WAS mechanical 

thickening, dewatering, and FBI. 

Model Inputs for Configuration B6 

Parameter Units Typical Best Practice 

Biological Reactor (Basic Secondary Treatment) 

Physical Parameters 

SRT days 2.0 2.0 

Volume MG 1.0 1.0 

No. of reactors in 
series 

– 6 6 

Volume fractions  Each reactor 1/6 of total volume Each reactor 1/6 of 
total volume 

Tank depth ft 15 15 

Operational Parameters 

Aeration method  Fine bubble diffused aeration 
 

Fine bubble diffused 
aeration 

Alpha factor
1
 – 0.3 in reactors 1 and 2, 

0.4 in reactors 3 and 4, 
0.5 in reactors 5 and 6 

0.3 in reactors 1 and 2, 
0.4 in reactors 3 and 4, 

0.5 in reactors 5 and 6  

Fouling constant – 0.60 0.95 

SOTR
2
 % 28 28 

DO setpoint mg/l 2.0 2.0 

Height of diffuser from 
floor 

ft 1 1 

Influent fractions % 100 to reactor 1 100 to reactor 1 

Recycle influent 
fractions 

 none none 

Misc. energy use 
(mixers, etc.) 

hp 0 0 

Dewatering 

Physical Parameters 

Cake concentration
1
 %TS 25 28 

FBI 

Physical Parameters 

Number of units – 1 1 

Operational Parameters 

Excess air
3
 % 40 40 

Flue gas temp ºF 1560 1560 

Preheat temperature ºF 1200 1200 

Electrical consumption
4
 kW/ton 150 150 

Notes: 

1 Rosso, Table 1 
2 Assumed 2% per foot of submergence from MOP-8 
3 Based on MOP-8 criteria 
4 From MOP-8 Table 26-5, pgs. 26-49 & 26-50 
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Table 2-19 shows the major changes in chemical energy for the typical and best practice 

cases. Of the chemical energy entering the plant, 68 to 71% is concentrated in the cake feed to 

the FBI, but none remains in the ash after incineration. The effluent contains 9% of the chemical 

energy entering the plant.  

Table 2-19. Major Chemical Energy Changes and Outputs in Typical and Best Practice Cases for B6. 
Activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, dewatering, and FBI. 

Chemical Energy Changes and Outputs in Configurations B6 

 Units Typical Best Practice 

Chemical Energy Changes 

Separation in primary clarifiers % 43 49 

Degradation in biological reactor and 
final clarifier 

% 36 37 

Degradation in MHI % 100 100 

Degradation across WRRF % 91 91 

Chemical Energy Outputs (as % of Inputs) 

Ash % 0 0 

Plant effluent % 9 9 

Configuration B6 has a low potential for energy neutrality in the typical case because a 

significant amount of external fuel is required for the incineration process and electricity is not 

produced from the waste heat. Although energy neutrality is unlikely for this configuration, the 

reduction in solids mass and volume by conversion to ash significantly reduces energy 

requirements for hauling from the facility, which are not accounted for in this analysis. 
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Table 2-20 summarizes the top five electricity-using processes for the typical and best 

practice cases. The major electricity users are the biological reactor, odor control, and influent 

pumping. The 51% improvement in electricity usage by the biological reactor (aeration blowers) 

in the best practice case compared with that of the typical case is from the assumed fouling 

constant: 0.60 for the typical case versus 0.95 for the best practice case, and an improvement in 

the combined blower/motor efficiency from 70% for the typical case to 80% for the best practice 

case. Significant savings in aeration blower electricity usage can be achieved by reducing fouling 

in fine-bubble diffusers through an optimized operations and maintenance regime and by 

employing high-efficiency blower systems with advanced DO control. Pumping electricity usage 

can be reduced across the facility by use of higher-energy-efficiency motors. 

Significant natural gas import is required for the B6 configuration to supply the FBI and 

facility’s building heat demand. Improved dewatering performance reduces the natural gas 

consumption in the FBI to zero, leaving only the amount required to supply the boilers for 

building heat. The solids content of the cake is the major factor impacting the amount of natural 

gas required for the FBI process, followed by the cake’s volatile solids content. 

Table 2-20. Energy Consumption and Production in Configuration B6. 
Activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, dewatering, and FBI. 

Energy Consumption and Production 

 Units Typical Best Practice 
Percent 

Improvement 

Major Electricity-Using Processes 

Biological reactor kWh/MG 434 212 51% 

Odor control kWh/MG 300 300 0% 

Influent pumping kWh/MG 210 148 30% 

FBI kWh/MG 134 138 -3% 

Final clarifiers & RAS pumping kWh/MG 103 75 27% 

Total Facility Electricity Consumption and Production 

Total electricity usage  kWh/MG 1,439 1,079 25% 

Electricity generation kWh/MG 0 0 – 

Production as % of consumption 
(% neutrality) 

% 0 0 – 

Natural Gas Consumption     

Natural gas usage MJ/MG 2,591 595 77% 

 
Note: Best practice value reflects increased primary sludge solids processing. For both typical and best practice cases, the electrical 
consumption for FBI is 150 kW/ton. 
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Figure 2-11. Configuration B6 (Typical) Sankey Diagram of Plant Energy Balance. 
Activated sludge (Basic secondary treatment) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, dewatering, and FBI. 
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Figure 2-12. Configuration B6 (Best Practice) Sankey Diagram of Plant Energy Balance.  
Activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, dewatering, and FBI. 
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2.3.7 Configuration C3  

Basic secondary treatment – without primary treatment, and with WAS mechanical 

thickening, dewatering, and Class B lime stabilization. 

2.3.7.1 Introduction 

Baseline configuration C3 is a basic secondary treatment (BOD removal-only) WRRF 

with Class B lime stabilization.  

The C3 facility consists of the following processes:  

 Influent pumping, screening, and grit removal. 

 Activated sludge biological reactors with RAS pumping, designed to achieve basic secondary 

treatment effluent quality as shown in Table 2-4. 

 Final clarifiers. 

 Hypochlorite disinfection. 

 WAS mechanical thickeners. 

 Dewatering (mechanical). 

 Class B lime stabilization. 

In addition to these treatment processes, electricity consumption for odor control, site 

lighting, and miscellaneous uses were included.  

Configuration C3 is a relatively common process configuration in the industry. Analysis 

based on the CWNS (2008), which collected information on 1,027 WRRFs larger than 5MGD, 

show that 225 or 26% of facilities larger than 5MGD have BOD-removal-only biological 

reactors. 

It is estimated that there are more than 250 plants that use lime stabilization in the United 

States (WEF, 2010).  

The Sankey diagrams showing typical and best practices C3 configurations appear at the 

end of this section. 
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2.3.7.2 Modeling Discussion 

Table 2-21 summarizes the inputs for the major physical and operational parameters 

applied to the configuration C3 model. Refer to Table 2-3 for a summary of typical and best 

practice process parameters used in baseline configuration modeling. 

Table 2-21. Model Inputs for Configuration C3. 
Activated sludge (basic secondary treatment) – without primary treatment, and with 

WAS mechanical thickening, dewatering, and Class B lime stabilization. 

Model Inputs for Configuration C3 

Parameter Units Typical Best Practice 

Biological Reactor (Basic Secondary Treatment) 

Physical Parameters 

SRT days 2.0 2.0 

Volume MG 1.0 1.0 

No. of reactors in series – 6 6 

Volume fractions  Each reactor 1/6 
of total volume 

Each reactor 1/6 
of total volume 

Tank depth ft 15 15 

Operational Parameters 

Aeration method  Fine bubble diffused 
aeration 

Fine bubble diffused 
aeration 

Alpha factor
1
 – 0.3 in reactors 1 and 2 

0.4 in reactors 3 and 4 
0.5 in reactors 5 and 6 

0.3 in reactors 1 and 2 
0.4 in reactors 3 and 4 
0.5 in reactors 5 and 6 

Fouling constant – 0.60 0.95 

SOTR
2
 % 28 28 

DO setpoint mg/l 2.0 2.0 

Height of diffuser from floor ft 1 1 

Influent fractions % 100 to reactor 1 100 to reactor 1 

Recycle influent fractions  none none 

Misc. energy use (mixers, etc.) hp 0 0 

Lime Stabilization 

Operational Parameters 

Lime dosing rate
3
 lb/wet ton 85 100 

Electricity consumption kW/wet ton 4.4 4.4 

Notes: 

1 Rosso, Table 1 

2 Assumed 2% per foot of submergence from MOP 8 

3 Based on MOP-8 (2010) Figure 25.99 For Class B stabilization 
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Table 2-22 shows the major changes in chemical energy for the typical and best practice 

cases. Of the chemical energy entering the plant, 54-55% remains in the biosolids and 9% 

remains in the effluent. 

Table 2-22. Major Chemical Energy Changes and Outputs in Typical and Best Practice Cases for C3 Configurations. 
Activated sludge (basic secondary treatment) – without primary treatment, and with 

WAS mechanical thickening, dewatering, and Class B lime stabilization. 

Chemical Energy Changes and Outputs in Configurations C3 

 Units Typical Best Practice 

Chemical Energy Changes 

Degradation in biological reactor and 
final clarifier 

% 91 91 

Degradation across WRRF % 91 91 

Chemical Energy Outputs (as % of Inputs) 

Cake % 54 55 

Plant effluent % 9 9 

Configuration C3 has no potential for energy neutrality because the lime stabilization 

process does not produce recoverable energy.  
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Table 2-23 summarizes the top five electricity-using processes for the typical and best 

practice cases. The major electricity users are the biological reactor, odor control, and influent 

pumping. The 46% improvement in electricity usage by the biological reactor (aeration blowers) 

in the best practice case compared with that of the typical case is from the assumed fouling 

constant: 0.60 for the typical case versus 0.95 for the best practice case, and an improvement in 

the combined blower/motor efficiency from 70% for the typical case to 80% for the best practice 

case. Significant savings in aeration blower electricity usage can be achieved by reducing fouling 

in fine-bubble diffusers through an optimized operations and maintenance regime and by 

employing high-efficiency blower systems with advanced DO control. Pumping electricity usage 

can be reduced across the facility by using higher energy efficiency motors. Improved 

dewatering performance will reduce the size of the lime stabilization system and its associated 

electricity consumption. 

Natural gas import is required for building heat and to produce the lime needed for the 

lime stabilization process. 

Table 2-23. Energy Consumption and Production in Configuration C3. 
Activated sludge (basic secondary treatment) – without primary treatment, and with 

WAS mechanical thickening, dewatering, and Class B lime stabilization. 

Energy Consumption and Production 

 Units Typical 
Best 

Practice 
Percent 

Improvement 

Major Electricity-Using Processes 

Biological reactor kWh/MG 674 364 46% 

Odor control kWh/MG 300 300 0% 

Influent pumping kWh/MG 210 148 30% 

Final clarifiers and RAS pumping kWh/MG 107 78 27% 

Site lighting and miscellaneous kWh/MG 80 80 0% 

Total Facility Electricity Consumption and Production 

Total electricity usage  kWh/MG 1,558 1,102 29% 

Electricity generation kWh/MG 0 0 – 

Production as % of consumption  
(% neutrality) 

% 0% 0% – 

Natural Gas Consumption     

Natural gas usage MJ/MG 1,528 1,506 1% 
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Figure 2-13. Configuration C3 (Typical) Sankey Diagram of Plant Energy Balance. 
Activated sludge (basic secondary treatment) – without primary treatment, and with WAS mechanical thickening, dewatering, and Class B lime stabilization. 
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Figure 2-14. Configuration C3 (Best Practice) Sankey Diagram of Plant Energy Balance. 
Activated sludge (basic secondary treatment) – Without Primary Treatment, and with WAS Mechanical Thickening, Dewatering, and Class B lime stabilization. 
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2.3.8 Configuration D1  

Trickling filter – with primary treatment, co-thickening in gravity thickener, anaerobic 

digestion, and dewatering. 

2.3.8.1 Introduction 

Baseline configuration D1 is a nitrifying trickling filter WRRF with anaerobic digestion.  

The D1 facility consists of the following processes: 

 Influent pumping, screening, and grit removal. 

 Primary clarifiers. 

 Trickling filter attached growth biological reactor with recirculation pumping, designed to 

achieve nitrification to the effluent quality shown in Table 2-4. 

 Final clarifiers. 

 Hypochlorite disinfection. 

 Gravity thickeners (for co-thickening both primary sludge and WAS). 

 Anaerobic digestion. 

 Dewatering (mechanical). 

 Recovery of digester gas in boilers for process and building heating, with excess flared. 

In addition to these treatment processes, power usages for odor control, site lighting, and 

miscellaneous uses were included.  

Trickling filters have become less common in the municipal wastewater treatment 

industry, used by about 4% of WRRFs larger than 5MGD, according to CWNS (2008), which 

collected information on 1,027 WRRFs larger than 5MGD. Anaerobic digestion, on the other 

hand, is the most common solids stabilization process in plants greater than 5MGD.  

The Sankey diagrams showing typical and best practice cases for the D1 configuration 

appear at the end of this section. 
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2.3.8.2 Modeling Discussion 

Table 2-24 summarizes the inputs for the major physical and operational parameters 

applied to the configuration D1 model. Refer to Table 2-3 for a summary of typical and best 

practice process parameters used in baseline configuration modeling. 

Table 2-24. Model Inputs for Configuration D1. 
Trickling filter – with primary treatment, co-thickening in gravity thickener, anaerobic digestion, and dewatering. 

Model Inputs for Configuration D1 

Parameter Units Typical Best Practice 

Trickling Filter (Nitrification) 

Physical Parameters 

Trickling filter surface area
1
 ft

2
 101,813 101,813 

Trickling filter sludge thickness
2
 %TS 2.5 2.5 

Operational Parameters 

Miscellaneous energy use
3
 kWh/MG 1,344 1,344 

Anaerobic Digester 

Physical Parameters 

Volume MG 0.90 0.90 

Headspace volume
4
 MG 0.09 0.09 

Depth below ground ft 5 5 

Operational Parameters 

Misc. power use
5
 hp 72 6.0 

Digester Heating Requirement 

Heat exchanger efficiency % 90 95 

Notes: 

1 Based on HLR of 13 ft3/ft2.d from M&E Table 9-1 

2 From Mop 8 Table 23.2; used to adjust underflow of final clarifiers 

3 MOP 32 

4 10% of digester volume 

5 Massart et al., 2008 
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Table 2-25 shows the major changes in chemical energy for the typical and best practice 

cases. Of the chemical energy entering the plant, 27% remains in the cake, 9% in the effluent, 

and 26-30% is converted to digester gas. Approximately 41-58% of the digester gas is used for 

digester and building heating and 42-60% is flared. 

Table 2-25. Major Chemical Energy Changes and Outputs in Typical and Best Practice Cases for Configuration D1. 
Trickling filter – with primary treatment, co-thickening in gravity thickener, anaerobic digestion, and dewatering. 

Chemical Energy Changes and Outputs in Configuration D1 

 Units Typical Best Practice 

Chemical Energy Changes 

Separation in primary clarifiers % 43 49 

Degradation in trickling filter/final clarifier % 58 60 

Degradation in anaerobic digester % 48 53 

Degradation across WRRF % 64 64 

Chemical Energy Outputs (as % of Inputs) 

Cake % 27 27 

Plant effluent % 9 9 

Digester gas % 26 30 

Configuration D1 has perhaps the highest potential for energy neutrality, with an energy 

usage for biological treatment lower than activated sludge. However, trickling filters have 

inherent disadvantages that prevent their widespread use in the industry, including difficulty in 

accomplishing BNR and poorer effluent quality in terms of TSS concentration. Configuration D1 

was not modeled with CHP. However, if it had been, results would be expected to be similar to 

configuration B1. This is a significant finding, considering configuration D1 achieves both BOD 

removal and nitrification.  
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Table 2-26 summarizes the top five electricity-using processes for the typical and best 

practice cases. The major electricity users are the trickling filter with recycle pumping, odor 

control, and influent pumping. The reduction in electricity usage for the trickling filter with 

recycle pump is due to a 29% reduction in the recycle pump electricity, from 63 to 44 kWh/MG. 

Reduction in electricity consumption in anaerobic digestion can be achieved by replacing a 

conventional pumped mixing system with a low-power mechanical mixing system. Pumping 

electricity consumption can be reduced across the facility by use of higher energy efficiency 

motors. 

Natural gas imports are not required for the D1 configuration. Heat generated in digester 

gas-fueled boilers is sufficient, on average, to supply the facility’s building and process heat 

demands. Since there is no energy recovery in configuration D1 to offset any imported electricity 

or natural gas, energy neutrality is 0%. 

Table 2-26. Energy Consumption and Production in Configuration D1. 
Trickling filter – with primary treatment, co-thickening in gravity thickener, anaerobic digestion, and dewatering. 

Energy Consumption and Production 

 Units Typical Best Practice 
Percent 

Improvement 

Major Electricity-Using Processes 

Odor control kWh/MG 300 300 0% 

Influent pumping kWh/MG 257 181 30% 

Trickling filter with recycle pump kWh/MG 197 179 9% 

Anaerobic digestion kWh/MG 129 11 92% 

Screening and grit removal kWh/MG 61 10 84% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 1,155 890 23% 

Electricity generation kWh/MG 0 0 – 

Production as % of consumption  
(% neutrality) 

 0% 0% – 

Natural Gas Consumption 

Natural gas usage kWh/MG 0 0 – 
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Figure 2-15. Configuration D1 (Typical) Sankey Diagram of Plant Energy Balance. 
Trickling filter – with primary treatment, co-thickening in gravity thickener, anaerobic digestion, and dewatering. 
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Figure 2-16. Configuration D1 (Best Practice) Sankey Diagram of Plant Energy Balance. 
Trickling filter – with primary treatment, co-thickening in gravity thickener, anaerobic digestion, and dewatering. 
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2.3.9 E2 Configuration  

Activated sludge (nitrification) – without primary treatment, and with WAS mechanical 

thickening, aerobic digestion and dewatering. 

2.3.9.1 Introduction 

Baseline configuration E2 is a nitrifying activated sludge WRRF with aerobic digestion. 

The E2 facility consists of the following processes:  

 Influent pumping, screening, and grit removal. 

 Activated sludge biological reactors with RAS pumping, designed to achieve nitrification to 

the effluent quality shown in Table 2-4. 

 Final clarifiers. 

 Hypochlorite disinfection. 

 WAS mechanical thickeners. 

 Aerobic digestion. 

 Hypochlorite addition to aerobic digestion (Typical configuration only). 

 Dewatering (mechanical). 

In addition to these treatment processes, electricity consumption for odor control, site 

lighting, and miscellaneous uses were included. 

Configuration E2 is a relatively uncommon process configuration in the industry. 

Analysis based on the CWNS (2008), which collected information on 1,027 WRRFs larger than 

5MGD, shows that only about 6% of facilities larger than 5 MGD have nitrification without 

primary treatment and approximately the same percentage have aerobic digestion. 

The Sankey diagrams showing typical and best practices E2 configurations appear at the 

end of this section. 

2.3.9.2 Modeling Discussion 

Table 2-27 summarizes the inputs for the major physical and operational parameters 

applied to the configuration E2 model. Refer to Table 2-3 for a summary of typical and best 

practice process parameters used in baseline configuration modeling.  
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Table 2-27. Model Inputs for Configuration E2. 
Activated sludge (nitrification) – without primary treatment, and with WAS mechanical thickening, aerobic digestion and 

dewatering. 

Model Inputs for Configurations E2 

Parameter Unit Typical Best Practice 

Biological Reactor (Nitrification) 

Physical Parameters 

SRT days 6 6 

Volume MG 4.8 4.8 

No. of reactors in series - 6 6 

Volume fractions  Each reactor 1/6 of total volume Each reactor 1/6 of total volume 

Tank depth ft 15 15 

Operational Parameters 

Aeration method  Fine bubble diffused aeration Fine bubble diffused aeration 

Alpha factor - 0.6 in reactors 1 & 2 
0.7 in reactors 3 & 4 
0.8 in reactors 5 & 6 

0.6 in reactors 1 & 2 
0.7 in reactors 3 & 4 
0.8 in reactors 5 & 6 

Fouling constant - 0.60 0.95 

SOTR
1
 % 28 28 

DO setpoint mg/l 2.0 2.0 

Height of diffuser from floor ft 1 1 

Influent fractions % 100 to reactor 1 100 to reactor 1 

Recycle influent fractions  none none 

Misc. energy use (mixers, 
etc.) 

hp 0 0 

Aerobic Digester 

Physical Parameters 

SRT days 67 (no decanting) 105 (no decanting) 

Volume MG 3.0 3.0 

Tank depth ft 20 20 

Operational Parameters 

Aeration method  Coarse bubble diffused 
aeration 

Coarse bubble diffused 
aeration 

Alpha factor
2
 - 0.6 0.6 

SOTR % 14.25 14.25 

DO setpoint mg/l 2.0 Cyclic aeration represented as 
a continuous steady-state 

process with a DO setpoint of 
0.1 mg/L 

Height of diffuser from floor ft 1 1 

Misc. energy use (mixers, etc.) hp 0 0 

NaOH addition gpd 200 0 

Notes: 

1 Assumed 2% per foot of submergence from MOP 8 

2 Assumed 0.75%/ft. 
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Table 2-28 shows the major changes in chemical energy for the typical and best practice 

cases. Of the chemical energy entering the plant, 30% remains in the cake and 8% in the effluent. 

Table 2-28. Major Chemical Energy Changes and Outputs in Typical and Best Practice Cases for E2. 
Activated sludge (nitrification) – without primary treatment, and with 

WAS mechanical thickening, aerobic digestion and dewatering. 

Chemical Energy Changes and Outputs in Configurations E2 

 Unit Typical Best Practice 

Chemical Energy Changes 

Degradation in biological reactor and 
final clarifier 

% 45 45 

Degradation in aerobic digester % 34 37 

Degradation across WRRF % 62 63 

Chemical Energy Outputs (as % of Inputs) 

Cake % 30 29 

Plant effluent % 8 8 

Configuration E2 has low potential for energy neutrality because of the high electricity 

consumption of the aeration blowers for nitrification and aerobic digestion, as well as the 

absence of any recoverable energy in the form of biogas or heat.  
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Table 2-29 summarizes the top five electricity-using processes for the typical and best 

practice cases. The major electricity users are the biological reactor, aerobic digestion, odor 

control, influent pumping, and screening and grit removal. The 45% improvement in electricity 

usage by the biological reactor (aeration blowers) in the best practice case compared with that of 

the typical case is from the assumed fouling constant: 0.60 for the typical case versus 0.95 for the 

best practice case, and an improvement in the combined blower/motor efficiency from 70% for 

the typical case to 80% for the best practice case. Significant savings in aeration blower 

electricity usage can be achieved by reducing fouling in fine-bubble diffusers through an 

optimized operations and maintenance regime and by employing high-efficiency blower systems 

with advanced DO control. 

Reducing electricity usage in aerobic digestion can be achieved by cycling the air. When 

the air is cycled, denitrification of nitrified ammonia results in reduced aeration demand in the 

digester and alkalinity recovery, resulting in lower alkalinity addition to maintain pH in the 

digester. This denitrification additionally reduces the ammonia load in the dewatering sidestream 

that is returned back to the biological reactor, thereby reducing electricity requirements to 

achieve nitrification. Pumping electricity usage can be reduced across the facility by use of 

higher-energy-efficiency motors. 

Natural gas import is required for building heat. 

Table 2-29. Energy Consumption and Production in Configuration E2. 
Activated sludge (nitrification) – without primary treatment, and with 

WAS mechanical thickening, aerobic digestion and dewatering. 

Energy Consumption and Production 

 Unit Typical 
Best 

Practice 
Percent 

Improvement 

Major Electricity-Using Processes 

Biological reactor kWh/MG 944 519 45% 

Odor control kWh/MG 300 300 0% 

Influent pumping kWh/MG 210 148 30% 

Aerobic digestion kWh/MG 349 215 38% 

Screening and Grit removal kWh/MG 61 10 84% 

Total Facility Electricity Usage and Generation 

Total electricity usage  kWh/MG 2,137 1,435 34% 

Electricity generation kWh/MG 0 0 33% 

Production as % of consumption  
(% neutrality) 

% 0 0 – 

Natural Gas Consumption 

Natural gas usage MJ/MG 625 595 5% 
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Figure 2-17. Configuration E2 (Typical) Sankey Diagram of Plant Energy Balance. 
Activated sludge (nitrification) – without primary treatment, and with WAS mechanical thickening, aerobic digestion and dewatering. 
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Figure 2-18. Configuration E2 (Best Practice) Sankey Diagram of Plant Energy Balance. 
Activated sludge (nitrification) – without primary treatment, and with WAS mechanical thickening, aerobic digestion, and dewatering. 
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2.3.10 Configuration E2P  

Activated sludge (nitrification) – with primary treatment, primary sludge gravity 

thickening, WAS mechanical thickening, aerobic digestion, and dewatering. 

2.3.10.1 Introduction 

Baseline configuration E2P is a nitrifying activated sludge WRRF with aerobic digestion.  

The E2P facility consists of the following processes:  

 Influent pumping, screening, and grit removal. 

 Primary clarifiers. 

 Activated sludge biological reactors with RAS pumping, designed to achieve nitrification to 

the effluent quality shown in Table 2-4. 

 Final clarifiers. 

 Hypochlorite disinfection. 

 Primary sludge gravity thickeners. 

 WAS mechanical thickeners. 

 Aerobic digestion. 

 Sodium hydroxide addition to aerobic digestion (Typical configuration only). 

 Dewatering (mechanical). 

In addition to these treatment processes, electricity consumption for odor control, site 

lighting, and miscellaneous uses were included.  

Configuration E2P is a relatively uncommon process configuration in the industry. 

Analysis based on the CWNS (2008), which collected information on 1,027 WRRFs larger than 

5MGD, shows that only about 10% of facilities larger than 5 MGD have nitrification with 

primary treatment and approximately 6% have aerobic digestion. 

The Sankey diagrams showing typical and best practices E2P configurations appear at the 

end of this section. 
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2.3.10.2 Modeling Discussion 

Table 2-30 summarizes the inputs for the major physical and operational parameters 

applied to the configuration E2P model. Refer to Table 2-3 for a summary of typical and best 

practice process parameters used in baseline configuration modeling.  

Table 2-30. Model Inputs for Configuration E2P. 
Activated sludge (nitrification) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, aerobic digestion, and dewatering. 

Model Inputs for Configuration E2P 

Parameter Unit Typical Best Practice 

Biological Reactor (Nitrification) 

Physical Parameters 

SRT days 6 6 

Volume MG 2.4 2.4 

No. of reactors in series – 6 6 

Volume fractions  Each reactor 1/6 of 
total volume 

Each reactor 1/6 
of total volume 

Tank depth ft 15 15 

Operational Parameters 

Aeration method  Fine bubble diffused 
aeration 

Fine bubble diffused aeration 

Alpha factor – 0.6 in reactors 1 & 2 
0.7 in reactors 3 & 4 
0.8 in reactors 5 & 6 

0.6 in reactors 1 & 2 
0.7 in reactors 3 & 4 
0.8 in reactors 5 & 6 

Fouling constant – 0.60 0.95 

SOTR
1
 % 28 28 

DO setpoint mg/l 2.0 2.0 

Height of diffuser from floor ft 1 1 

Influent fractions % 100 to reactor 1 100 to reactor 1 

Recycle influent fractions  none none 

Misc. energy use (mixers, etc.) hp 0 0 

Aerobic Digester 

Physical Parameters 

SRT days 9.2 (no decanting) 9.2 (no decanting) 

Volume MG 0.5 0.5 

Tank depth ft 20 20 

Operational Parameters 

Aeration method  Coarse bubble 
diffused aeration 

Coarse bubble diffused aeration 

Alpha factor – 0.6 0.6 

SOTR % 14.25 14.25 

DO setpoint mg/l 1.0 Cyclic aeration represented as a 
continuous steady-state process 
with a DO setpoint of 0.1 Mg/L 

Height of diffuser from floor ft 1 1 

Misc. energy use (mixers, etc.) hp 0 0 

NaOH addition gpd 325 0 

Notes: 

1 Assumed 2% per foot of submergence from MOP 8 

2 Assumed 0.75%/ft. 
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Table 2-31 shows the major changes in chemical energy for the typical and best practice 

cases. Of the chemical energy entering the plant, 37% remains in the cake and 8% in the effluent. 

Table 2-31. Major Chemical Energy Changes and Outputs in Typical and Best Practice Cases for E2P. 
Activated sludge (nitrification) – with primary treatment, WAS aerobic digestion, and dewatering. 

Chemical Energy Changes and Outputs in Configurations E2P 

 Unit Typical Best Practice 

Chemical Energy Changes 

Separation in primary clarifiers % 43 49 

Degradation in biological reactor and 
final clarifier 

% 44 45 

Degradation in aerobic digester % 41 44 

Degradation across WRRF % 54 55 

Chemical Energy Outputs (as % of Inputs) 

Cake % 37 37 

Plant effluent % 8 8 

Configuration E2P has low potential for energy neutrality because of the relatively high 

electricity consumption of the aeration blowers for nitrification and aerobic digestion, as well as 

the absence of any recoverable energy in the form of biogas or heat.  
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Table 2-32 summarizes the top five electricity-using processes for the typical and best 

practice cases. The major electricity users are the biological reactor, aerobic digestion, odor 

control, and influent pumping. The 48% improvement in electricity usage by the biological 

reactor (aeration blowers) in the best practice case compared with that of the typical case is from 

the assumed fouling constant: 0.60 for the typical case versus 0.95 for the best practice case, and 

an improvement in the combined blower/motor efficiency from 70% for the typical case to 80% 

for the best practice case. Significant savings in aeration blower electricity usage can be achieved 

by reducing fouling in fine-bubble diffusers through an optimized operations and maintenance 

regime and by employing high-efficiency blower systems with advanced DO control. 

Reducing electricity usage in aerobic digestion can be achieved by cycling the air. When 

the air is cycled, denitrification of nitrified ammonia results in reduced aeration demand in the 

digester and alkalinity recovery, resulting in lower alkalinity addition to maintain pH in the 

digester. This denitrification additionally reduces the ammonia load in the dewatering sidestream 

that is returned back to the biological reactor, thereby reducing electricity requirements to 

achieve nitrification. Pumping electricity usage can be reduced across the facility by use of 

higher energy-efficiency motors. 

Natural gas import is required for building heat. 

Table 2-32. Energy Consumption and Production in Configuration E2P. 
Activated sludge (nitrification) – with primary treatment, WAS aerobic digestion, and dewatering. 

Energy Consumption and Production 

 Unit Typical 
Best 

Practice 
Percent 

Improvement 

Major Electricity-Using Processes 

Biological reactor kWh/MG 704 365 48% 

Odor control kWh/MG 300 300 0% 

Aerobic digestion kWh/MG 533 279 48% 

Influent pumping kWh/MG 210 148 30% 

Final Clarifiers and RAS pumping kWh/MG 102 74 28% 

Total Facility Electricity Usage and Generation 

Total electricity usage  kWh/MG 2,087 1,353 35% 

Electricity generation kWh/MG 0 0 – 

Production as % of consumption  
(% neutrality) 

% 0 0 – 

Natural Gas Consumption 

Natural gas usage MJ/MG 625 595 5% 
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Figure 2-19. Configuration E2P (Typical) Sankey Diagram of Plant Energy Balance. 
Activated sludge (nitrification) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, aerobic digestion, and dewatering.  
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Figure 2-20. Configuration E2P (Best Practice) Sankey Diagram of Plant Energy Balance. 
Activated sludge (nitrification) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, aerobic digestion, and dewatering. 
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2.3.11 Configuration F1  

Activated sludge (nitrification) – with primary treatment, primary sludge gravity 

thickening, WAS mechanical thickening, anaerobic digestion, and dewatering. 

2.3.11.1 Introduction 

Configuration F1 is a nitrifying activated sludge WRRF with anaerobic digestion.  

The F1 facility consists of the following processes:  

 Influent pumping, screening, and grit removal. 

 Primary clarifiers. 

 Activated sludge biological reactors with RAS pumping, designed to achieve nitrification to 

the effluent quality shown in Table 2-4. 

 Final clarifiers. 

 Hypochlorite disinfection. 

 Primary sludge gravity thickeners. 

 WAS mechanical thickeners. 

 Anaerobic digestion. 

 Dewatering (mechanical). 

 Recovery of digester gas in boilers for process and building heating, with excess flared. 

In addition to these treatment processes, electricity consumption for odor control, site 

lighting, and miscellaneous uses were included.  

Configuration F1 is a relatively uncommon process configuration in the industry. 

Analysis based on the CWNS (2008), which collected information on 1,027 WRRFs larger than 

5MGD, shows that only 92 or 9% of facilities larger than 5MGD have nitrification biological 

reactors with primary treatment, while 476 or 46% have anaerobic digestion.  

The Sankey diagrams showing typical and best practice cases for configuration F1 appear 

at the end of this section. 

2.3.11.2 Modeling Discussion 

Table 2-33 summarizes the inputs for the major physical and operational parameters 

applied to the configuration F1 model. Refer to Table 2-3 for a summary of typical and best 

practice process parameters used in baseline configuration modeling.   
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Table 2-33. Model Inputs for Configuration F1. 
Activated sludge (nitrification) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, and dewatering. 

Model Inputs for Configuration F1 

Parameter Units Typical Best Practice 

Biological Reactor (Nitrification) 

Physical Parameters 

SRT
1
 days 6.0 6.0 

Volume MG 1.0 1.0 

No. of reactors in series – 6 6 

Volume fractions  Each reactor 1/6 
of total volume 

Each reactor 1/6 
of total volume 

Tank depth ft 15 15 

Operational Parameters 

Aeration method  Fine bubble diffused 
aeration 

Fine bubble diffused 
aeration 

Alpha factor
2
 – 0.6 in reactors 1 and 2, 

0.7 in reactors 3 and 4, 
0.8 in reactors 5 and 6 

0.6 in reactors 1 and 2, 
0.7 in reactors 3 and 4, 
0.8 in reactors 5 and 6 

Fouling constant – 0.60 0.95 

SOTR
3
 % 28 28 

DO setpoint mg/l 2.0 2.0 

Height of diffuser from floor ft 1 1 

Influent fractions % 100 to reactor 1 100 to reactor 1 

Recycle influent fractions  none none 

Misc. energy use (mixers, etc.) hp 90 14.5 

Anaerobic Digester 

Physical Parameters 

Volume MG 0.85 0.85 

Headspace volume
4
 MG 0.085 0.085 

Depth below ground ft 5 5 

Operational Parameters 

Misc. power use
5
 hp 68 6.0 

Digester Heating Requirement 

Heat exchanger efficiency % 90 95 

Notes: 

1 Increased until nitrification was achieved. 

2 Rosso, Table 1 

3 Assumed 2% per foot of submergence from MOP 8 

4 10% of digester volume 

5 Massart et al., 2008 
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Table 2-34 shows the major changes in chemical energy for the typical and best practice 

cases. Of the chemical energy entering the plant, 29% remains in the cake, 9% in the effluent, 

and 34-37% is converted into digester gas. In the F1 configuration, approximately 34-47% of the 

digester gas is used for digester and building heating and 53-66% is flared. 

Table 2-34. Major Chemical Energy Changes and Outputs in Typical and Best Practice Cases for Configuration F1. 
Activated sludge (nitrification) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, and dewatering. 

Chemical Energy Changes and Outputs in Configuration F1 

 Units Typical Best Practice 

Chemical Energy Changes 

Separation in primary clarifiers % 42 49 

Degradation in biological reactor and 
final clarifier 

% 44 44 

Degradation in anaerobic digester % 53 57 

Degradation across WRRF % 62 63 

Chemical Energy Outputs (as % of plant influent) 

Cake % 29 29 

Plant effluent % 9 9 

Digester gas % 34 37 

Configuration F1 has moderate potential for energy neutrality. Though recoverable 

energy is produced in the form of biogas, the aeration blowers for the nitrification activated 

sludge process require a relatively large amount of electricity.  
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Table 2-35 summarizes the top five electricity-using processes for the typical and best 

practice cases. The major electricity users are the biological reactor, odor control, and influent 

pumping. The 47% improvement in electricity usage by the biological reactor (aeration blowers) 

in the best practice case compared with that of the typical case is from the assumed fouling 

constant: 0.60 for the typical case versus 0.95 for the best practice case, and an improvement in 

the combined blower/motor efficiency from 70% for the typical case to 80% for the best practice 

case.  

Significant savings in blower electricity usage can be achieved by reducing fouling in 

fine-bubble diffusers through an optimized operations and maintenance regime and by 

employing high-efficiency blower systems with advanced DO control. Reduction in electricity 

usage in anaerobic digestion can be achieved by replacing a conventional pumped mixing system 

with a low-power mechanical mixing system. Pumping electricity usage can be reduced across 

the facility by use of higher energy-efficiency motors.  

Natural gas imports are not required for the F1 configuration. Heat generated from 

digester gas used in boilers is sufficient, on average, to supply the facility’s building and process 

heat demands. Since there is no energy recovery in configuration F1 to offset any imported 

electricity or natural gas, energy neutrality is 0%. 

Table 2-35. Energy Consumption and Production in Configuration F1. 
Activated sludge (nitrification) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, and dewatering. 

Energy Consumption and Production 

 Units Typical 
Best 

Practice 
Percent 

Improvement 

Major Electricity-Using Processes 

Biological reactor kWh/MG 783 414 47% 

Odor control kWh/MG 300 300 0% 

Influent pumping kWh/MG 210 148 30% 

Anaerobic digestion kWh/MG 122 11 91% 

Final clarifiers & RAS pumping kWh/MG 102 74 28% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 1,755 1,133 35% 

Electricity generation kWh/MG 0 0 – 

Production as % of consumption  
(% neutrality) 

% 0 0 – 

Natural Gas Consumption 

Natural gas usage MJ/MG 0 0 – 
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Figure 2-21. Configuration F1 (Typical) Sankey Diagram of Plant Energy Balance. 
Activated sludge (nitrification) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, and dewatering. 
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Figure 2-22. Configuration F1 (Best Practice) Sankey Diagram of Plant Energy Balance. 
Activated sludge (nitrification) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, and dewatering. 
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2.3.12 Configurations G1 and G1E  

Activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, and dewatering (G1) – and with CHP (G1E). 

2.3.12.1 Introduction 

Baseline configuration G1 is an activated sludge BNR WRRF with anaerobic digestion. 

The G1 facility consists of the following major unit processes:  

 Influent pumping, screening, and grit removal. 

 Primary clarifiers. 

 Activated sludge biological reactors with recycle pumping, designed to achieve BNR effluent 

quality as shown in Table 2-4.  

 Final clarifiers. 

 Hypochlorite disinfection. 

 Primary sludge gravity thickeners. 

 WAS mechanical thickeners. 

 Anaerobic digestion. 

 Dewatering (mechanical). 

 Recovery of digester gas in boilers for process and building heating, with excess flared. 

In addition to these treatment processes, electricity consumption for odor control, site 

lighting, and miscellaneous uses were included.  

G1E is identical to G1 with the addition of CHP generation. The CHP system consists of 

gas cleaning and use of digester gas in engine generators with heat recovery. 

Configurations G1 and G1E are common process configurations in the industry. Analysis 

based on the CWNS (2008), which collected information on 1,027 WRRFs larger than 5 MGD, 

shows that 211 or 21% of facilities larger than 5MGD have BNR biological reactors with 

primary treatment and 476 or 46% have anaerobic digestion. Of the 476 facilities with anaerobic 

digestion, 65 or 14% have CHP. 

The Sankey diagrams showing typical and best practices G1 and G1E configurations 

appear at the end of this section.  
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2.3.12.2 Modeling Discussion 

Table 2-36 summarizes the inputs for the major physical and operational parameters 

applied to the configuration G1/G1E. Refer to Table 2-3 for a summary of typical and best 

practice process parameters used in baseline configuration modeling.  

 

Table 2-36. Model Inputs for Configurations G1 and G1E. 
Activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, and dewatering (G1) – and with CHP (G1E). 

Model Inputs for Configurations G1 and G1E 

Parameter Units Typical Best Practice 

Biological Reactor (BNR) 

Physical Parameters 

SRT
1
 days 10.7 10.7 

Volume MG 4.7 4.7 

No. of reactors in series – 6 6 

Volume fraction 1  0.014 0.014 

Volume fraction 2  0.130 0.130 

Volume fraction 3  0.148 0.148 

Volume fraction 4  0.148 0.148 

Volume fraction 5  0.280 0.280 

Volume fraction 6  0.280 0.280 

Tank depth ft 15 15 

Operational Parameters 

Aeration method  
Fine bubble diffused 

aeration  

Alpha factor
2
 – 

0.6 in reactors 1 and 2 
0.7 in reactors 3 and 4 
0.8 in reactors 5 and 6 

0.6 in reactors 
1 and 2 

0.7 in reactors 
3 and 4 

0.8 in reactors 
5 and 6 

Fouling constant – 0.60 0.95 

SOTR
3
 % 28 28 

Height of diffuser from floor ft 1  

DO setpoint 1 mg/l 0.0 0.0 

DO setpoint 2 mg/l 0.0 0.0 

DO setpoint 3 mg/l 0.0 0.0 

DO setpoint 4 mg/l 0.0 0.0 

DO setpoint 5 mg/l 2.0 2.0 

DO setpoint 6 mg/l 2.0 2.0 

Influent fractions 1 % 0 0 

Influent fractions 2 % 80 80 

Influent fractions 3 % 20 20 
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Model Inputs for Configurations G1 and G1E 

Parameter Units Typical Best Practice 

Influent fractions 4 % 0 0 

Influent fractions 5 % 0 0 

Influent fractions 6 % 0 0 

Internal recycle 1  
40MGD from zone 6 to 

zone 3 
40MGD from 

zone 6 to zone 3 

Internal recycle 2  
0MGD from zone 4 to 

zone 1 
0MGD from zone 

4 to zone 1 

Kinetic Parameters 

Saturation coefficient  mgCOD/l 1.00 1.00 

Reduction factor for denitrification on 
nitrate  0.64 0.64 

Reduction factor for denitrification on 
nitrite (2-stage)  0.96 0.96 

Reduction factor for denitrification on 
nitrite (4-stage)  0.32 .032 

Saturation coefficient for nitrate mgN/l 0.20 0.20 

Saturation coefficient for nitrite mgN/l 0.40 0.40 

Operational Parameters 

Misc. energy use (mixers, etc.) hp 90 14.5 

Carbon Addition 

Carbon  Acetic acid Acetic acid 

Flow
4
 gph 25 25 

Anaerobic Digester 

Physical Parameters 

Volume MG 0.95 0.95 

Headspace volume
5
 MG 0.11 0.11 

Depth below ground ft 5 5 

Operational Parameters 

Misc. power use
6
 hp 88 7.8 

Digester Heating Requirement 

Heat exchanger efficiency % 90 95 

Notes: 

1 Increased until nitrification was achieved  

2 Rosso, Table 1 

3 Assumed 2% per foot of submergence from MOP 8 

4 Adjusted to reach target effluent nutrient concentration 

5 10% of digester volume 

6 Massart et al., 2008 
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Table 2-37 shows the major changes in chemical energy for the typical and best practice 

cases. Of the chemical energy entering the plant, 25-26% remains in the cake, 7% in the effluent, 

and 28-32% is converted into a useable fuel: digester gas.  

Table 2-37. Major Chemical Energy Changes and Outputs in Typical and Best Practice Cases for G1 and G1E Configurations. 
Activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, and dewatering (G1) – and with CHP (G1E). 

Chemical Energy Changes and Outputs in Configurations G1 and G1E 

 Units Typical Best Practice 

Chemical Energy Changes 

Separation in primary clarifiers % 42 49 

Degradation in biological reactor and 
final clarifier % 55 57 

Degradation in anaerobic digester % 51 56 

Degradation across WRRF % 67 68 

Chemical Energy Outputs (as % of inputs) 

Cake % 26 25 

Plant effluent % 7 7 

Digester gas % 28 32 

Configuration G1 has moderate potential for energy neutrality. Although recoverable 

energy is produced in the form of biogas, the aeration blowers for the activated sludge BNR 

process require a relatively large amount of electricity. In addition, a very large amount of 

natural gas is consumed to produce acetic acid as the supplemental carbon source to drive 

denitrification. Only 40% of that energy input is actually added to the process in the form of 

chemical energy (COD). 

As increased nutrient limits drive more facilities toward increased levels of BNR, it 

becomes critical to understand how G1-type facilities can minimize their energy usage and 

optimize their energy recovery.  

Table 2-38 summarizes the top five electricity-using processes for the typical and best 

practice cases. The major electricity users are the biological reactor, odor control, and influent 

pumping. The 49% improvement in electricity usage by the biological reactor (aeration blowers) 

in the best practice case compared to that of the typical case is from the assumed fouling 

constant: 0.60 for the typical case versus 0.95 for the best practice case, and an improvement in 

the combined blower/motor efficiency from 70% for the typical case to 80% for the best practice 

case.  

Significant savings in blower electricity usage can be achieved by reducing fouling in 

fine-bubble diffusers through an optimized operations and maintenance regime and by 

employing high-efficiency blower systems with advanced DO control. Reduction in electricity 

usage in anaerobic digestion can be achieved by replacing a conventional pumped mixing system 

with a low-power mechanical mixing system. Pumping electricity usage can be reduced across 

the facility by use of higher energy efficiency motors.  

  



 

2-76  

Natural gas consumption is significant for the G1/G1E configurations due to the large 

quantity needed to produce acetic acid as the supplemental carbon source, as described above. 

Heat generated in digester gas-fueled boilers or CHP is sufficient, on average, to supply the 

facility’s building and process heat demands, so natural gas import is not required for those 

purposes. Use of digester gas in CHP generates 31% of the total facility electricity consumption 

for the typical case. This number increases to 69% in the best practice case. Total facility energy 

consumption and production are summarized in Table 2-38. 

Table 2-38. Energy Consumption and Production in Configurations G1 and G1E. 
Activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, and dewatering (G1) – and with CHP (G1E). 

Energy Consumption and Production 

 Units Typical 
Best 

Practice 
Percent 

Improvement 

Major Electricity-Using Processes 

Biological reactor kWh/MG 963 494 49% 

Odor control kWh/MG 300 300 0% 

Influent pumping kWh/MG 210 148 30% 

Anaerobic digestion kWh/MG 158 14 91% 

Final clarifiers and recycle pumping kWh/MG 65 48 26% 

Total Facility Electricity Usage and Generation 

Total electricity usage  kWh/MG 2,254 1,565 30% 

Electricity generation (G1E only) kWh/MG 576 785 36% 

Production as %of consumption  

(% neutrality) 

% 26% 50% 92% 

Natural Gas Consumption 

Natural gas usage MJ/MG 8,251 9,628 -17% 

 
Note: Natural gas was required to generate external carbon to meet carbon demand associated with BNR as a result of increased 
capture by primary treatment and reduced availability of that carbon to support nutrient removal. Carbon was only increased for 
cases that did not meet the plant effluent requirements and needed the additional carbon to stay below the set standards.
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Figure 2-23. Configuration G1 (Typical) Sankey Diagram of Plant Energy Balance. 
Activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, and dewatering. 
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Figure 2-24. Configuration G1 (Best Practice) Sankey Diagram of Plant Energy Balance. 
Activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, and dewatering. 
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Figure 2-25. Configuration G1E (Typical) Sankey Diagram of Plant Energy Balance. 
Activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, dewatering, and CHP. 
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Figure 2-26 Configuration G1E (Best Practice) Sankey Diagram of Plant Energy Balance. 
Activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, dewatering, and CHP. 

 

Electricity 

Supply from 

Grid

Natural Gas 

Supply from 

Pipeline

Electricity 

Produced On-

Site

Electricity 

Consumption

780 kWh/MG 9626 MJ/MG 785 kWh/MG 1565 kWh/MG

Configuration G1E – Best Practice
Energy Neutrality

% Electrical Neutrality % Site Energy Neutrality

50% 19%

 Energy Supply and Consumption



 

A Guide to Net-Zero Energy Solutions for Water Resource Recovery Facilities 2-81 

2.3.13 Configuration H1  

Activated sludge (BNR) – with primary treatment and chemical phosphorus (P) removal, 

primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, and 

dewatering 

2.3.13.1 Introduction 

Baseline configuration H1 is an activated sludge BNR WRRF with anaerobic digestion.  

The H1 facility consists of the following major unit processes:  

 Influent pumping, screening, and grit removal. 

 Primary clarifiers. 

 Activated sludge biological reactors with recycle pumping, designed to achieve BNR effluent 

quality as shown in Table 2-4. 

 Chemical phosphorus removal. 

 Final clarifiers. 

 Hypochlorite disinfection. 

 Primary sludge gravity thickeners. 

 WAS mechanical thickeners. 

 Anaerobic digestion. 

 Dewatering (mechanical). 

 Recovery of digester gas in boilers for process and building heating, with excess flared. 

In addition to these treatment processes, electricity consumption for odor control, site 

lighting, and miscellaneous uses were included.  

Configuration H1 is similar to configuration G1, with the major difference being addition 

of phosphorus removal through chemical addition. BNR facilities are common in the industry. 

Analysis based on the CWNS (2008), which collected information on 1,027 WRRFs larger than 

5 MGD, shows that 211 or 21% of facilities larger than 5MGD have BNR biological reactors 

with primary treatment and 476 or 46% have anaerobic digestion. However, the CWNS doesn’t 

indicate clearly how many of the BNR facilities employ chemical phosphorus removal. 

The Sankey diagrams showing typical and best practice cases for configuration H1 

appear at the end of this section. 
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2.3.13.2 Modeling Discussion 

Table 2-39 summarizes the inputs for the major physical and operational parameters 

applied to the configuration H1 model. Refer to Table 2-3 for a summary of typical and best 

practice process parameters used in baseline configuration modeling.  

Table 2-39. Model Inputs for Configuration H1. 
Activated sludge (with BNR) – with primary treatment and chemical phosphorus (P) removal, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, and dewatering. 

Model Inputs for Configuration H1 

Parameter Units Typical Best Practice 

Chemical Feed 

Chemical  Ferric ion  

Chemical dosage, concentration 
based 

mg/l 19  

Biological Reactor (BNR) 

Physical Parameters 

SRT
1
 days 9.1 9.1 

Volume MG 3.7 3.7 

No. of reactors in series – 6 6 

Volume fraction 1  0.115 0.115 

Volume fraction 2  0.115 0.115 

Volume fraction 3  0.314 0.314 

Volume fraction 4  0.314 0.314 

Volume fraction 5  0.115 0.115 

Volume fraction 6  0.027 0.027 

Tank depth ft 15 15 

Operational Parameters 

Aeration method  Fine bubble diffused 
aeration 

 

Alpha factor
2
 – 0.6 in reactors 1 and 2 

0.7 in reactors 3 and 4 
0.8 in reactors 5 and 6 

0.6 in reactors 
1 and 2 

0.7 in reactors 
3 and 4 

0.8 in reactors 
5 and 6 

Fouling constant – 0.60 0.95 

SOTR
3
 % 28 28 

Height of diffuser from floor ft 1  

DO setpoint 1 mg/l 0.0 0.0 

DO setpoint 2 mg/l 0.0 0.0 

DO setpoint 3 mg/l 2.0 0.0 

DO setpoint 4 mg/l 2.0 0.0 

DO setpoint 5 mg/l 0.0 2.0 
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Model Inputs for Configuration H1 

Parameter Units Typical Best Practice 

DO setpoint 6 mg/l 2.0 2.0 

Influent fractions % 100 to reactor 1 100 to reactor 1 

Internal recycle  30MGD from zone 4 to  
zone 1 

30MGD from zone 4 
to zone 1 

Kinetic Parameters 

Saturation coefficient  mgCOD/l 1.00 1.00 

Reduction factor for denitrification 
on nitrate 

 0.64 0.64 

Reduction factor for denitrification 
on nitrite (2-stage) 

 0.96 0.96 

Reduction factor for 
denitrification on nitrite (4-stage) 

 0.32 0.32 

Saturation coefficient for nitrate mgN/l 0.20 0.20 

Saturation coefficient for nitrite mgN/l 0.40 0.40 

Operational Parameters 

Misc. energy use (mixers, etc.) hp 67 7.0 

Carbon Addition 

Carbon  Acetic acid Acetic acid 

Flow
4
 gph 10.2 12.6 

Anaerobic Digester 

Physical Parameters 

Volume MG 1.10 1.10 

Headspace volume
5
 MG 0.11 0.11 

Depth below ground ft 5 5 

Operational Parameters 

Misc. power use
6
 hp 88 7.8 

Digester Heating Requirement 

Heat exchanger efficiency % 90 95 

Notes: 

1 Increased until nitrification was achieved  

2 Rosso, Table 1 

3 Assumed 2% per foot of submergence from MOP 8 

4 Adjusted to reach target effluent nutrient concentration 

5 10% of digester volume 

6 Massart et al., 2008 
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Table 2-40 shows the major changes in chemical energy for the typical and best practice 

cases. Of the chemical energy entering the plant, 28% remains in the cake, 6% in the effluent, 

and 30-34% is converted to digester gas. In the H1 configuration, approximately 40-56% of the 

digester gas is used for digester and building heating and 44-60% is flared. 

Table 2-40. Major Chemical Energy Changes and Outputs in Typical and Best Practice Cases for Configuration H1. 
Activated sludge (with BNR) – with primary treatment and chemical phosphorus (P) removal, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, and dewatering. 

Chemical Energy Changes and Outputs in Configuration H1 

 Units Typical Best Practice 

Chemical Energy Changes 

Separation in primary clarifiers % 39% 51% 

Degradation in biological reactor and 
final clarifier 

% 54% 56% 

Degradation in anaerobic digester % 51% 55% 

Degradation across WRRF % 66% 67% 

Chemical Energy Outputs (as % of Inputs) 

Cake % 28% 28% 

Plant effluent % 6% 6% 

Digester gas % 30% 34% 

Configuration H1 has moderate potential for energy neutrality. Though recoverable 

energy is produced in the form of biogas, the aeration blowers for the activated sludge BNR 

process require a relatively large amount of electricity. In addition, a very large amount of 

natural gas is consumed to produce acetic acid as the supplemental carbon source to drive 

denitrification. Only 40% of that energy input is actually added to the process in the form of 

chemical energy (COD). 

As increased nutrient limits drive more facilities toward increased levels of BNR, it 

becomes critical to understand how H1-type facilities can minimize their energy usage and 

optimize their energy recovery.  

Table 2-41 summarizes the top five electricity-using processes for the typical and best 

practice cases. The major electricity users are the biological reactor, odor control, and influent 

pumping. The 50% improvement in electricity usage by the biological reactor (aeration blowers) 

in the best practice case compared to that of the typical case is from the assumed fouling 

constant: 0.60 for the typical case versus 0.95 for the best practice case, and an improvement in 

the combined blower/motor efficiency from 70% for the typical case to 80% for the best practice 

case.  

Significant savings in blower electricity usage can be achieved by reducing fouling in 

fine-bubble diffusers through an optimized operations and maintenance regime and by 

employing high-efficiency blower systems with advanced DO control. Reduction in electricity 

usage in anaerobic digestion can be achieved by replacing a conventional pumped mixing system 

with a low-power mechanical mixing system. Pumping electricity usage can be reduced across 

the facility by use of higher-energy-efficiency motors.  
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Natural gas consumption is significant for the H1 configuration due to the large quantity 

needed to produce acetic acid as the supplemental carbon source, as described above. Heat 

generated in digester gas-fueled boilers is sufficient, on average, to supply the facility’s building 

and process heat demands, so natural gas import is not required for those purposes.  

Table 2-41. Energy Consumption and Production in Configuration H1. 
Activated sludge (BNR) – with primary treatment and chemical phosphorus (P) removal, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, and dewatering. 

Energy Consumption and Production 

 Units Typical 
Best 

Practice 
Percent 

Improvement 

Major Electricity-Using Processes 

Biological reactor kWh/MG 918 464 50% 

Odor control kWh/MG 300 300 0% 

Influent pumping kWh/MG 210 148 30% 

Anaerobic digestion kWh/MG 158 14 91% 

Final clarifiers and recycle pumping kWh/MG 65 48 26% 

Total Facility Electricity Usage and Generation 

Total electricity usage  kWh/MG 2,020 1,323 35% 

Electricity generation kWh/MG 0 0 – 

Production as % of consumption  
(% neutrality) 

% 0 0 – 

Natural Gas Consumption 

Natural gas usage MJ/ MG 3,366 4,150 -23% 

 
Note: Natural gas was required to generate external carbon to meet carbon demand associated with BNR as a result 
of increased capture by primary treatment and reduced availability of that carbon to support nutrient removal. Carbon 
was only increased for cases that did not meet the plant effluent requirements and needed the additional carbon to 
stay below the set standards. 
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Figure 2-27. Configuration H1 (Typical) Sankey Diagram of Plant Energy Balance. 
Activated sludge (BNR) – with primary treatment and chemical phosphorus (P) removal, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, and dewatering.  
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Figure 2-28. Configuration H1 (Best Practice) Sankey Diagram of Plant Energy Balance. 
Activated sludge (BNR) – with primary treatment and chemical phosphorus (P) removal, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, and dewatering. 
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2.3.14 Configuration I2  

Activated sludge (BNR) – without primary treatment, and with WAS mechanical 

thickening, aerobic digestion, and dewatering. 

2.3.14.1 Introduction 

Baseline configuration I2 consists of activated sludge biological reactors (BNR) with 

WRRF with aerobic digestion.  

The I2 facility consists of the following processes:  

 Influent pumping, screening, and grit removal. 

 Activated sludge biological reactors with recycle pumping. 

 Final clarifiers. 

 Hypochlorite disinfection. 

 WAS mechanical thickeners. 

 Aerobic digestion. 

 NaOH addition to aerobic digestion (typical scenario only). 

 Dewatering (mechanical). 

In addition to these treatment processes, power usages for odor control, site lighting, and 

miscellaneous uses were included. 

The Sankey diagrams showing typical and best practice I2 configurations appear at the 

end of this section.  

2.3.14.2 Modeling Discussion 

Table 2-42 summarizes the inputs for major physical and operational parameters applied 

to configuration I2. Refer to Table 2-3 for a summary of typical and best practice process 

parameters used in baseline configuration modeling.  
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Table 2-42. Model Inputs for Configuration I2. 
Activated sludge (BNR) – without primary treatment, and with WAS mechanical thickening, aerobic digestion, and dewatering. 

Model Inputs for Configuration I2 

Parameter Unit Typical Best Practice 

Biological Reactor (5-Stage Bardenpho) 

Physical Parameters 

SRT days 12.3 12.3 

No. of reactors in series – 6 6 

Reactor 1 volume – anaerobic zone MG 0.63 0.63 

Reactor 2 volume – pre-anoxic zone MG 1.5 1.5 

Reactor 3 volume – aerobic zone MG 2.0 2.0 

Reactor 4 volume – aerobic zone MG 2.0 2.0 

Reactor 5 volume – post-anoxic zone MG 2.3 2.3 

Reactor 6 volume – re-aeration zone MG 0.21 0.21 

Tank depth ft 15 15 

Operational Parameters 

Aeration method  Fine-bubble diffused aeration Fine-bubble diffused aeration 

Alpha factor – 0.6 in reactors 1 & 2, 
0.7 in reactors 3 & 4, 
0.8 in reactors 5 & 6 

0.6 in reactors 1 & 2, 
0.7 in reactors 3 & 4, 
0.8 in reactors 5 & 6 

Fouling constant – 0.60 0.95 

SOTR
1
 % 28 28 

DO setpoint
2
 mg/l 2.0 2.0 

Height of diffuser from floor ft 1 1 

Influent fractions % 100 to reactor 1 100 to reactor 1 

IMLR Regime – From reactor 4 to 2 From reactor 4 to 2 

IMLR Flow
3
 MGD 30 30 

Misc. energy use (mixers, etc.)
4
 hp 314 97 

SRT days 61 (no decanting) 61 (no decanting) 

Aerobic Digester 

Physical Parameters 

Volume MG 2.4 2.4 

Tank depth ft 20 20 

Operational Parameters 

Aeration method  Coarse-bubble diffused 
aeration 

Coarse-bubble diffused 
aeration 

Alpha factor – 0.6 0.6 

SOTR
5
 % 14.25 14.25 

DO setpoint mg/l 1.0 Cyclic aeration represented as a 
continuous steady-state process 
with a DO setpoint of 0.1 Mg/L 

Height of diffuser from floor ft 1 1 

Misc. energy use (mixers, etc.) hp 0 0 

NaOH addition gpd 120 0 

Notes: 
1 Assumed 2% per ft of submergence from MOP 8 
2 Aerobic and re-aeration 
3 ~300% rate 
4 71 hp/Mg (typical); 22 hp/Mg (best practice) 
5  Assumed 0.75%/ft 
6 Massart et al., 2008 
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Table 2-43 shows the major changes in chemical energy for the typical and best practice 

cases. Of the chemical energy entering the plant, 28% remains in the cake and 8% in the effluent.  

Table 2-43. Major Chemical Energy Changes and Outputs in Typical and Best Practice Cases for I2. 
Activated sludge (BNR) – without primary treatment, and with WAS mechanical thickening, aerobic digestion, and dewatering. 

Chemical Energy Changes and Outputs in Configurations I2 

 Unit Typical Best Practice 

Chemical Energy Changes 

Degradation in biological reactor and final 
clarifier 

% 49 51 

Degradation in aerobic digester % 25 27 

Chemical Energy Outputs (as % of Inputs) 

Cake % 28 28 

Plant effluent % 8 8 

Digester Gas % 0 0 
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Table 2-44 summarizes the top five electricity-using processes for the typical and best 

practice cases. The major electricity users are the biological reactor, odor control, and influent 

pumping. The 53% improvement in electricity usage by the biological reactor (aeration blowers) in 

the best practice case compared to that of the typical case is from the assumed fouling constant: 

0.60 for the typical case versus 0.95 for the best practice case, and an improvement in the 

combined blower/motor efficiency from 70% for the typical case to 80% for the best practice case.  

Significant savings in blower power usage can be achieved by reducing fouling in fine 

bubble diffusers through an optimized operations and maintenance regime and by employing high-

efficiency blower systems with advanced DO control. Reducing electricity usage for aerobic 

digestion can be achieved by cycling the air. When the air is cycled, denitrification of nitrified 

ammonia results in reduced aeration demand in the digester and alkalinity is recovered, resulting in 

reduced reliance of alkalinity addition to maintain aerobic digester pH. This denitrification 

additionally reduces the ammonia load conveyed back to the biological reactor in the dewatering 

side-stream, thereby reducing mainstream nitrification and energy requirements. Pumping 

electricity usage can be reduced across the facility by use of higher energy-efficiency motors.  

Natural gas consumption of 595-625 MJ/MG is required for the I2 cases to supply the 

facility’s building heat demands.  

Table 2-44. Energy Consumption and Production in Configuration I2. 
Activated sludge (BNR) – without primary treatment, and with WAS, aerobic digestion, and dewatering. 

Energy Consumption and Production 

 

Units Typical 
Best 

Practice 
Percent 

Improvement 

Major Electricity Using Processes 

Biological reactor kWh/MG 1454 690 53% 

Odor Control kWh/MG 300 300 0% 

Influent pumping kWh/MG 210 148 30% 

Aerobic digestion kWh/MG 205 119 42% 

Final clarifiers and RAS pumping kWh/MG 106 77 27% 

Total Facility Electricity Usage and Generation 

Total electricity usage kWh/MG 2,501 1,510 40% 

Electricity generation kWh/MG 0 0 - 

Production as % of consumption 
(% neutrality) 

kWh/MG 0% 0% - 

Natural Gas Usage 

Natural gas usage MJ/MG 625 595 5% 
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Figure 2-29. Configuration I2 (Typical) Sankey Diagram of Plant Energy Balance. 
Activated sludge (BNR) – without primary treatment, and with WAS mechanical thickening, aerobic digestion, and dewatering. 
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Figure 2-30. Configuration I2 (Best Practice) Sankey Diagram of Plant Energy Balance. 
Activated sludge (BNR) – without primary treatment, and with WAS mechanical thickening, aerobic digestion, and dewatering. 
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2.3.15 Configuration I3  

Activated sludge (BNR) – without primary treatment, and with WAS mechanical 

thickening, dewatering, and Class B lime stabilization. 

2.3.15.1 Introduction 

Baseline configuration I3 is an activated sludge BNR WRRF with Class B lime 

stabilization.  

The I3 facility consists of the following processes:  

 Influent pumping, screening, and grit removal. 

 Activated sludge biological reactors (BNR) with recycle pumping. 

 Final clarifiers. 

 Hypochlorite disinfection. 

 WAS mechanical thickeners. 

 Dewatering (mechanical). 

 Class B lime stabilization. 

In addition to these treatment processes, electricity usages for odor control, site lighting, 

and miscellaneous uses were included. 

A variant to this process is adding more lime for Class A lime stabilization. Class A lime 

stabilization requires more chemical energy for lime production and increases electrical 

requirements for the larger mixing system. 

The CWNS (2008), which collected information on 1,027 WRRFs larger than 5MGD, 

found that BNR facilities account for 21% of facilities overall, and 30% of facilities larger than 

5MGD. A certain number of these facilities perform chemical phosphorus removal. Anaerobic 

digestion is the most common solids stabilization process of plants larger than 5MGD, 476 or 

46% of plants have anaerobic digestion. Of the facilities with anaerobic digestion, 65 or about 

14% have CHP. It is estimated that there are more than 250 plants that use lime stabilization in 

the United States. According to a 2007 Northeast Biosolids Management Associated survey, 

18% of the facilities surveyed used lime stabilization (MOP-8; WEF, 2010). 

The Sankey diagrams showing typical and best practices I3 configurations appear at the 

end of this section. 
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2.3.15.2 Modeling Discussion 

Table 2-45 summarizes the inputs for major physical and operational parameters applied 

to configuration I3. Refer to Table 2-3 for a summary of typical and best practice process 

parameters used in baseline configuration modeling. 

Table 2-45. Model Inputs for Configuration I3. 
Activated sludge (BNR) – without primary treatment, and with 

WAS mechanical thickening, dewatering, and Class B lime stabilization. 

Model Inputs for Configuration I3 

Parameter Units Typical Best Practice 

Biological Reactor (BOD-removal only) 

Physical Parameter 

SRT days 6.0 6.0 

Volume MG 3.66 3.66 

No. of reactors in series – 6 6 

Volume fractions  Each reactor 1/6 of total 
volume 

Each reactor 1/6 of 
total volume 

Tank depth ft 15 15 

Operational Parameter 

Aeration method  Fine bubble diffused 
aeration 

Fine bubble diffused 
aeration 

Alpha factor
1
 – 0.6 in reactors 1 and 2 

0.7 in reactors 3 and 4 
0.8 in reactors 5 and 6 

0.6 in reactors 
1 and 2 

0.7 in reactors 
3 and 4 

0.8 in reactors 
5 and 6 

Fouling constant – 0.60 0.95 

SOTR
2
 % 28 28 

DO setpoint mg/l 2.0 2.0 

Height of diffuser from floor ft 1 1 

Influent fractions % 100 to reactor 1 100 to reactor 1 

Recycle influent fractions  none none 

Internal recycle
3
    

Misc. energy use (mixers, etc.)
4
 hp 314 97 

Class B Lime Stabilization 

Operational Parameter 

Lime dosing rate
5
 lb/wet ton 85 100 

Electricity consumption kW/wet ton 4.4 4.4 

Class A Lime Stabilization (Variant) 

Operational Parameter 

Lime dosing rate
6
 lb/wet ton 326 320 

Electricity consumption kW/wet ton 10 9 

Notes: 
1 Rosso, Table 1 
2 Assumed 2% per foot of submergence from MOP 8 
3 30MGD from zone 4 to zone 2 
4 Mixing ratio of 70.9 hp/Mg as per prop mixer sizing criteria 
5 Based on MOP-8 (2010) Figure 25.99 For Class B stabilization 
6 Based on MOP-8 (2010) Figure 25.99 For Class A stabilization 
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Table 2-46 shows the major changes in chemical energy for the typical and best practice 

cases. Of the chemical energy entering the plant, 38% remains in the cake and 8% remains in the 

effluent.  

Table 2-46. Major Chemical Energy Changes and Outputs in Typical and Best Practice Cases for I3 Configuration. 
Activated sludge (BNR) – without primary treatment, and with 

WAS mechanical thickening, dewatering, and Class B lime stabilization. 

Chemical Energy Changes and Outputs in Configuration I3 

 Units Typical Best Practice 

Chemical Energy Changes 

Degradation in biological reactor % 49% 51% 

Degradation across WRRF % 54% 54% 

Chemical Energy Outputs (as % of Inputs) 

Cake % 38% 38% 

Plant effluent % 8% 8% 

Digester gas % 0% 0% 
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Table 2-47 summarizes the top five electricity-using processes for the typical and best 

practice cases. The major electricity users are the biological reactor, odor control, and influent 

pumping. The 53% improvement in electricity usage by the biological reactor in the best practice 

case compared to that of the typical case is from the assumed fouling constant: 0.60 for the 

typical case versus 0.95 for the best practice case, and an improvement in the combined 

blower/motor efficiency from 70% for the typical case to 80% for the best practice case.  

Significant savings in blower power usage can be achieved by reducing fouling in fine 

bubble diffusers through an optimized operations and maintenance regime and by employing 

high-efficiency blower systems with advanced DO control. The screening and grit removal 

electrical energy consumption also is significantly reduced in the best practice case. Improved 

dewatering performance will reduce the needed size of the lime stabilization system and reduce 

electrical energy requirements. 

Natural gas import is required for building heat and to produce the lime needed for lime 

stabilization. 

Table 2-47. Energy Consumption and Production in I3 Configurations. 
Activated sludge (BNR) – without primary treatment, and with WAS mechanical thickening, dewatering, and Class B lime 

stabilization. 

Energy Consumption and Production 

 Units Typical 
Best 

Practice 
Percent 

Improvement 

Major Electricity-Using Processes 

Biological reactor kWh/MG 1,464 692 53% 

Odor control kWh/MG 300 300 0% 

Influent pumping kWh/MG 210 148 30% 

Final clarifiers & RAS pumping kWh/MG 106 77 27% 

Screening and grit removal kWh/MG 61 10 84% 

Total Facility Power Usage and Generation 

Total electricity usage kWh/MG 2,351 1,435 36% 

Electricity generation kWh/MG 0 0 - 

Production as % of consumption (% 
neutrality) 

% 0% 0% - 

Class A Lime Stabilization Variant 

Class A lime stabilization kWh/MG 9 9 0% 

Class A energy increase % 115% 122% -6% 

Total electricity increase with Class A 
lime stabilization 

% 1% 1% 0% 

Natural Gas Usage 

Natural gas usage MJ/MG 1,343 1,321 2% 
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Figure 2-31. Configuration I3 (Typical) Sankey Diagram of Plant Energy Balance. 
Activated sludge (BNR) – without primary treatment, and with WAS mechanical thickening, dewatering, and Class B lime stabilization. 
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Figure 2-32. Configuration I3 (Best Practice) Sankey Diagram of Plant Energy Balance. 
Activated sludge (BNR) – without primary treatment, and with WAS mechanical thickening, dewatering, and Class B lime stabilization. 
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2.3.16 Configuration L1  

Activated sludge (ENR) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, and dewatering. 

2.3.16.1 Introduction 

Skipping the letters J and K, baseline configuration L1 consists of a mainstream treatment 

process (ENR) WRRF with anaerobic digestion.  

The L1 facility consists of the following processes:  

 Influent pumping, screening, and grit removal. 

 Primary clarifiers. 

 Activated sludge biological reactors (ENR) with recycle pumping. 

 Denitrification filter. 

 Final clarifiers. 

 Hypochlorite disinfection. 

 Primary sludge gravity thickeners. 

 WAS mechanical thickeners. 

 Anaerobic digestion. 

 Dewatering (mechanical). 

 Recovery of digester gas in boilers for process and building heating, with excess flared. 

In addition to these treatment processes, power usages for odor control, site lighting, and 

miscellaneous uses were included.  

Configuration L1 is a relatively rare process configuration. Analysis based on the CWNS 

(2008), which collected information on 1,027 WRRFs larger than 5MGD, shows that only 14 or 

1.4% of facilities larger than 5MGD perform ENR. Anaerobic digestion is the most common 

solids stabilization process of plants larger than 5MGD, 476 or 46% have anaerobic digestion. 

The Sankey diagrams showing typical and best practice cases for configuration L1 appear 

at the end of this section. 

2.3.16.2 Modeling Discussion 

Table 2-48 summarizes the inputs for major physical and operational parameters applied 

to configuration L1. Refer to Table 2-3 for a summary of typical and best practice process 

parameters used in baseline configuration modeling.  
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Table 2-48. Model Inputs for Configuration L1. 
Activated sludge (ENR) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, and dewatering. 

Model Inputs for Configuration L1 

Parameter Units Typical Best Practice 

Biological Reactor (ENR) 

Physical Parameters 

SRT
1
 days 10.7 10.7 

Volume
2
 MG 4.7 4.7 

No. of reactors in series – 6 6 

Volume fraction 1
2
  0.014 0.014 

Volume fraction 2
2
  0.130 0.130 

Volume fraction 3
2
  0.148 0.148 

Volume fraction 4
2
  0.148 0.148 

Volume fraction 5
2
  0.280 0.280 

Volume fraction 6
2
  0.280 0.280 

Tank depth ft 15 15 

Operational Parameters 

Aeration method  Fine bubble diffused 
aeration 

Fine bubble diffused 
aeration 

Alpha factor
3
 – 0.6 in reactors 1 and 2 

0.7 in reactors 3 and 4 
0.8 in reactors 5 and 6 

0.6 in reactors 1 and 2 
0.7 in reactors 3 and 4 
0.8 in reactors 5 and 6 

Fouling constant – 0.60 0.95 

SOTR
4
 % 28 28 

Height of diffuser from floor ft 1 1 

DO setpoint 1
2
 mg/l 0.0 0.0 

DO setpoint 2
2
 mg/l 0.0 0.0 

DO setpoint 3
2
 mg/l 0.0 0.0 

DO setpoint 4
2
 mg/l 0.0 0.0 

DO setpoint 5
2
 mg/l 2.0 2.0 

DO setpoint 6
2
 mg/l 2.0 2.0 

Influent fractions 1
2
  0.00 0.00 

Influent fractions 2
2
  0.80 0.80 

Influent fractions 3
2
  0.20 0.20 

Influent fractions 4
2
  0.00 0.00 

Influent fractions 5
2
  0.00 0.00 

Influent fractions 6
2
  0.00 0.00 

Internal recycle 1
2
  40 MGD from 

zone 6 to zone 3 
40 MGD from 

zone 6 to zone 3 

Internal recycle 2
2
  0 MGD from 

zone 4 to zone 1 
0 MGD from 

zone 4 to zone 1 
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Model Inputs for Configuration L1 

Parameter Units Typical Best Practice 

Kinetic Parameters 

Saturation coefficient for sac mgCOD/l 1.00 1.00 

Reduction factor for denitrification 
on nitrate 

 0.64 0.64 

Reduction factor for denitrification 
on nitrite (2-stage) 

 0.96 0.96 

Reduction factor for denitrification 
on nitrite (4-stage) 

 0.32 0.32 

Saturation coefficient for nitrate mgN/l 0.20 0.20 

Saturation coefficient for nitrite mgN/l 0.40 0.40 

Operational Parameters 

Misc. energy use (mixers, etc.) hp 90 14.5 

Carbon Addition Parameters 

Carbon  Acetic acid Acetic acid 

Flow
5
 gph 20 20 

Denitrification Pump 

Operational Parameters 

Avg. daily pumped flow rate MGD 10.25 10.25 

Operational Parameters 

Hydraulic head ft 8 8 

Pump efficiency % 60 85 

Denitrification Filter 

Physical Parameters 

Filter bed surface m
2
 240 240 

Specific surface of media 1/m 656 656 

Operational Parameters 

Solids capture fraction % 95 95 

Backwash duration per 24-hr 
period 

hr 24 24 

Backwash flow MGD 0.25 0.25 

Operational Parameters 

Misc. energy use kWh/d 585 585 

Carbon Addition Parameters 

Carbon  Methanol Methanol 

Flow
5
 gph 12 13 

Ferric Denitrification Parameters 

Chemical  Ferric ion Ferric ion 

Chemical dosage, concentration 
based

5
 

gMe/m
3
 25 30 
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Model Inputs for Configuration L1 

Parameter Units Typical Best Practice 

Anaerobic Digester 

Physical Parameters 

Volume MG 1.20 1.20 

Headspace volume
6
 MG 0.12 0.12 

Depth below ground ft 5 5 

Operational Parameters 

Misc. power use
7
 hp 88 6.0 

Notes: 
1 Increased until nitrification/denitrification was achieved; same as G1 
2 Same as G1 
3 Rosso, Table 1 
4 Assumed 2% per foot of submergence from MOP 8 
5 Adjusted to reach target effluent nutrient concentration 
6 10% of digester volume 
7 Massart et al., 2008 

 

Table 2-49 shows the major changes in chemical energy for the typical and best practice 

cases. Of the chemical energy entering the plant, 27% remains in the cake, 4-5% in the effluent, 

and 26-30% is converted into a useable fuel: digester gas.  

Table 2-49. Major Chemical Energy Changes and Outputs in Typical and Best Practice Cases for Configuration L1. 
Activated sludge (ENR) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, and dewatering. 

Chemical Energy Changes and Outputs in Configuration L1 

 Units Typical Best Practice 

Chemical Energy Changes 

Separation in primary clarifiers % 43 50 

Degradation in biological reactor and 
final clarifier 

% 43 41 

Degradation in denitrification filter % -6 -14 

Degradation in anaerobic digester % 48 52 

Degradation across WRRF % 61 61 

Chemical Energy Outputs (as % of Inputs) 

Cake % 27 27 

Plant effluent % 4 5 

Digester gas % 26 30 

 

  



 

2-104  

Table 2-50 summarizes the top five electricity-using processes for the typical and best 

practice cases. The major electricity users are the biological reactor, odor control, and influent 

pumping. The 49% improvement in electricity usage by the biological reactor in the best practice 

case compared to that of the typical case is from the assumed fouling constant: 0.60 for the 

typical case versus 0.95 for the best practice case, and an improvement in the combined 

blower/motor efficiency from 70% for the typical case to 80% for the best practice case.  

Significant savings in blower power usage can be achieved by reducing fouling in fine 

bubble diffusers through an optimized operations and maintenance regime and by employing 

high-efficiency blower systems with advanced DO control. Reduction in electricity usage in 

anaerobic digestion can be achieved by replacing a conventional pumped mixing system with a 

low-power mechanical mixing system. Pumping electricity usage can be reduced across the 

facility by use of higher energy-efficiency motors.  

Natural gas imports are not required for any of the L1 cases for building or process heat. 

Heat generated from digester gas used in boilers or in CHP is sufficient, on average, to supply 

the facility’s building and process heat demands. The overall facility energy balance does include 

a substantial amount of imported natural gas import associated with the natural gas used to 

produce the acetic acid and methanol imported as a supplemental carbon sources. 

Table 2-50. Energy Consumption and Production in Configuration L1. 
Activated sludge (ENR) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, and dewatering. 

Energy Consumption and Production 

 Units Typical 
Best 

Practice 
Percent 

Improvement 

Major Electricity-Using Processes 

Biological reactor kWh/MG 947 480 49% 

Odor control kWh/MG 300 300 0% 

Influent pumping kWh/MG 210 148 30% 

Anaerobic digestion kWh/MG 158 11 93% 

Denitrification filter kWh/MG 102 89 13% 

Total Facility Electricity Usage and Generation 

Total electricity usage kWh/MG 2,934 1,536 39% 

Electricity generation kWh/MG 0 0 – 

Production as % of consumption (% 
neutrality) 

% 0% 0% – 

Natural Gas Consumption 

Natural Gas usage MJ/MG 11,604 11,985 -3% 
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Figure 2-33. Configuration L1 (Typical) Sankey Diagram of Plant Energy Balance. 
Activated sludge (ENR) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, and dewatering. 
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Figure 2-34. Configuration L1 (Best Practice) Sankey Diagram of Plant Energy Balance. 
Activated Sludge (ENR) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, and dewatering. 
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2.3.17 Configuration M1  

Activated sludge (ENR) – with primary treatment and chemical phosphorus (P) removal, 

primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, and 

dewatering. 

2.3.17.1 Introduction 

Baseline configuration M1 consists of a mainstream treatment process (ENR with 

chemical phosphorus removal).  

The M1 facility consists of the following processes:  

 Influent pumping, screening, and grit removal. 

 Primary clarifiers. 

 Activated sludge biological reactors (ENR) with recycle pumping. 

 Chemical phosphorus removal. 

 Denitrification filter. 

 Final clarifiers. 

 Hypochlorite disinfection. 

 Primary sludge gravity thickeners. 

 WAS mechanical thickeners. 

 Anaerobic digestion. 

 Dewatering (mechanical). 

 Recovery of digester gas in boilers for process and building heating, with any excess flared. 

In addition to these treatment processes, power usages for odor control, site lighting, and 

miscellaneous uses were included.  

Configuration M1 is a relatively rare process configuration. Analysis based on the CWNS 

(2008), which collected information on 1,027 WRRFs larger than 5 MGD, shows that only 43 or 

4% of facilities larger than 5 MGD perform ENR with chemical phosphorus removal. Anaerobic 

digestion is the most common solids stabilization process of plants larger than 5MGD, 476 or 

46% have anaerobic digestion. 

The Sankey diagrams showing typical and best practice cases for configuration M1 

appear at the end of this subchapter. 

2.3.17.2 Modeling Discussion 

Table 2-51 summarizes the inputs for major physical and operational parameters applied 

to configuration M1. Refer to Table 2-3 for a summary of typical and best practice process 

parameters used in baseline configuration modeling.  
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Table 2-51. Model Inputs for Configuration M1. 
Activated sludge (ENR) – with primary treatment and chemical phosphorus (P) removal, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, and dewatering. 

Model Inputs for Configuration M1 

Parameter Units Typical Best Practice 

Chemical Feed 

Chemical  Ferric ion Ferric ion 

Chemical dosage, concentration-
based

1
 

g/m
3
 7 7 

Biological Reactor (ENR) 

Physical Parameters 

SRT
2
 days 9.1 9.1 

Volume
3
 MG 3.66 3.66 

No. of reactors in series – 6 6 

Volume fraction 1
3
  0.115 0.115 

Volume fraction 2
3
  0.115 0.115 

Volume fraction 3
3
  0.314 0.314 

Volume fraction 4
3
  0.314 0.314 

Volume fraction 5
3
  0.115 0.115 

Volume fraction 6
3
  0.027 0.027 

Tank depth ft 15 15 

Operational Parameters 

Aeration method  Fine-bubble diffused 
aeration 

Fine-bubble diffused 
aeration 

Alpha factor
4
 – 0.6 in reactors 1 and 2 

0.7 in reactors 3 and 4 
0.8 in reactors 5 and 6 

0.6 in reactors 1 and 2 
0.7 in reactors 3 and 4 
0.8 in reactors 5 and 6 

Fouling constant – 0.60 0.95 

SOTR
5
 % 28 28 

Height of diffuser from floor ft 1 1 

DO setpoint 1
3
 mg/l 0.0 0.0 

DO setpoint 2
3
 mg/l 0.0 0.0 

DO setpoint 3
3
 mg/l 2.0 2.0 

DO setpoint 4
3
 mg/l 2.0 2.0 

DO setpoint 5
3
 mg/l 0.0 0.0 

DO setpoint 6
3
 mg/l 2.0 2.0 

Influent fractions  100 to reactor 1 100 to reactor 1 

Internal recycle 1
3
  0 MGD from 

zone 6 to zone 3 
0 MGD from 

zone 6 to zone 3 

Internal recycle 2
3
  30 MGD from 

zone 4 to zone 1 
30 MGD from 

zone 4 to zone 1 
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Model Inputs for Configuration M1 

Parameter Units Typical Best Practice 

Kinetic Parameters 

Saturation coefficient for sac mgCOD/l 1.00 1.00 

Reduction factor for 
denitrification on nitrate 

 0.64 0.64 

Reduction factor for 
denitrification on nitrite (2-stage) 

 0.96 0.96 

Reduction factor for 
denitrification on nitrite (4-stage) 

 0.32 0.32 

Saturation coefficient for nitrate mgN/l 0.20 0.20 

Saturation coefficient for nitrite mgN/l 0.40 0.40 

Operational Parameters 

Misc. energy use (mixers, etc.)
 3
 hp 67 7.0 

Carbon Addition Parameters 

Carbon  Acetic acid Acetic acid 

Flow
1
 gph 10.2 12 

Denitrification Pump 

Operational Parameters 

Avg. daily pumped flow rate MGD 10.25 10.25 

Hydraulic head ft 8 8 

Pump efficiency % 60 85 

Denitrification Filter 

Physical Parameters 

Filter bed surface m
2
 240 240 

Specific surface of media 1/m 656 656 

Operational Parameters 

Solids capture fraction % 95 95 

Backwash duration per 24-hr 
period 

hr 24 24 

Backwash flow MGD 0.25 0.25 

Operational Parameters 

Misc. energy use kWh/d 585 585 

Carbon Addition Parameters 

Carbon  Methanol Methanol 

Flow
1
 gph 12 12 

Ferric Denitrification 

Chemical  Ferric ion Ferric ion 

Chemical dosage, concentration 
based

1
 

gMe/m
3
 25 25 
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Model Inputs for Configuration M1 

Parameter Units Typical Best Practice 

Anaerobic Digester 

Physical Parameters 

Volume MG 1.20 1.20 

Headspace volume
6
 MG 0.11 0.11 

Depth below ground ft 5 5 

Operational Parameters 

Misc. power use
7
 hp 88 6.0 

Notes: 

1 Adjusted to reach target effluent nutrient concentration 

2 Increased until nitrification/denitrification was achieved; 
same as H1 

3 Same as H1 

 

4 Rosso, Table 1 

5 Assumed 2% per foot of submergence from MOP 8 

6 10% of digester volume 

7 Massart et al., 2008 

Table 2-52 shows the major changes in chemical energy for the typical and best practice 

cases. Of the chemical energy entering the plant, 27-28% remains in the cake, 8% in the effluent, 

and 28-31% is converted into a useable fuel: digester gas.  

Table 2-52. Major Chemical Energy Changes and Outputs in Typical and Best Practice Cases for Configuration M1. 
Activated sludge (ENR) – with primary treatment and chemical phosphorus (P) removal, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, and dewatering. 

Chemical Energy Changes and Outputs in Configuration M1 

 Units Typical Best Practice 

Chemical Energy Changes 

Separation in primary clarifiers % 43 50 

Degradation in biological reactor and 
final clarifier 

% 47 48 

Degradation in denitrification filter % -25 -27 

Degradation in anaerobic digester % 49 54 

Degradation across WRRF % 59 59 

Chemical Energy Outputs (as % of Inputs) 

Cake % 28 27 

Plant effluent % 8 8 

Digester gas % 28 31 
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Table 2-53 summarizes the top five electricity-using processes for the typical and best 

practice cases. The major electricity users are the biological reactor, odor control, and influent 

pumping. The 49% improvement in electricity usage by the biological reactor in the best practice 

case compared to that of the typical case is from the assumed fouling constant: 0.60 for the 

typical case versus 0.95 for the best practice case, and an improvement in the combined 

blower/motor efficiency from 70% for the typical case to 80% for the best practice case.  

Significant savings in blower electricity usage can be achieved by reducing fouling in 

fine bubble diffusers through an optimized operations and maintenance regime and by employing 

high-efficiency blower systems with advanced DO control. Reduction in electricity usage in 

anaerobic digestion can be achieved by replacing a conventional pumped mixing system with a 

low-power mechanical mixing system. Pumping electricity usage can be reduced across the 

facility by use of higher-energy-efficiency motors.  

Natural gas imports are not required for any of the M1 cases for building or process heat. 

Heat generated from digester gas used in boilers or in CHP is sufficient, on average, to supply 

the facility’s building and process heat demands. The overall facility energy balance does include 

a substantial imputed natural gas import associated with the natural gas used to produce the 

acetic acid and methanol imported as a supplemental carbon source. 

Table 2-53. Energy Consumption and Production in Configuration M1. 
Activated sludge (ENR) – with primary treatment and chemical phosphorus (P) removal, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, and dewatering. 

Energy Consumption and Production 

 Units Typical 
Best 

Practice 
Percent 

Improvement 

Major Electricity-Using Processes 

Biological reactor kWh/MG 931 473 49% 

Odor control kWh/MG 300 300 0% 

Influent pumping kWh/MG 210 148 30% 

Anaerobic digestion kWh/MG 156 11 93% 

Denitrification filter kWh/MG 102 89 13% 

Total Facility Electricity Usage and Generation 

Total electricity usage kWh/MG 2,144 1,420 34% 

Electricity generation kWh/MG 0 0 – 

Production as % of consumption (% 
neutrality) 

% 0% 0% – 

Natural Gas Consumption 

Natural gas usage MJ/MG 8,157 8,790 -8% 
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Figure 2-35. Configuration M1 (Typical) Sankey Diagram of Plant Energy Balance. 
Activated sludge (ENR) – with primary treatment and chemical phosphorus (P) removal, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, and dewatering. 

  

Electricity 

Supply from 

Grid

Natural Gas 

Supply from 

Pipeline

Electricity 

Produced On-

Site

Electricity 

Consumption

2144 kWh/MG 8157 MJ/MG 0 kWh/MG 2144 kWh/MG

0% 0%

 Energy Supply and Consumption

Configuration M1 – Typical
Energy Neutrality

% Electrical Neutrality % Site Energy Neutrality



 

A Guide to Net-Zero Energy Solutions for Water Resource Recovery Facilities 2-113 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-36. Configuration M1 (Best Practice) Sankey Diagram of Plant Energy Balance. 
Activated sludge (ENR) – with primary treatment and chemical phosphorus (P) removal, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, and dewatering. 

 

Electricity 

Supply from 

Grid

Natural Gas 

Supply from 

Pipeline

Electricity 

Produced On-

Site

Electricity 

Consumption

1420 kWh/MG 8790 MJ/MG 0 kWh/MG 1420 kWh/MG

Configuration M1 – Best Practice
Energy Neutrality

% Electrical Neutrality % Site Energy Neutrality

0% 0%

 Energy Supply and Consumption



 

2-114  

2.3.18 Configuration N1  

MBR (aerobic) – with BNR, with primary treatment, co-thickening in gravity thickener, 

anaerobic digestion, and dewatering. 

2.3.18.1 Introduction 

Baseline configuration N1 is an aerobic membrane bio-reactor (MBR) WRRF with 

anaerobic digestion.  

The N1 facility consists of the following processes:  

 Influent pumping, screening and grit removal. 

 Primary clarifiers. 

 Aerobic membrane bio-reactor (MBR). 

 Addition of acetic acid as a carbon source for nutrient removal. 

 Hypochlorite disinfection. 

 Primary sludge and WAS (combined) gravity thickeners. 

 Anaerobic digestion. 

 Dewatering (mechanical). 

 Recovery of digester gas in boilers for process and building heating, with excess flared. 

In addition to these treatment processes, power usages for odor control, site lighting, and 

miscellaneous uses were included.  

Configuration N1 is a relatively rare process configuration. Analysis based on the CWNS 

(2008), which collected information on 1,027 WRRFs larger than 5MGD, shows that only 3 or 

0.3% of facilities larger than 5MGD are MBRs. In contrast, anaerobic digestion is the most 

common solids stabilization process of plants larger than 5MGD, 476 or 46% of plants have 

anaerobic digestion.  

The Sankey diagrams showing typical and best practices N1 configurations appear at the 

end of this section.  
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2.3.18.2 Modeling Discussion 

Table 2-54 summarizes the inputs for major physical and operational parameters applied 

to configuration N1. Refer to Table 2-3 for a summary of typical and best practice process 

parameters used in baseline configuration modeling.  

Table 2-54. Model Inputs for Configuration N1. 
MBR (aerobic) – with BNR, with primary treatment, co-thickening in gravity thickener, anaerobic digestion, and dewatering. 

Model Inputs for Configuration N1 

Parameter Units Typical Best Practice 

MBR 

Physical Parameters 

SRT
1
 days 10.7 10.7 

Volume MG 2.61 2.61 

No. of reactors in series – 6 6 

Volume fraction 1  0.120 0.120 

Volume fraction 2  0.180 0.180 

Volume fraction 3  0.240 0.240 

Volume fraction 4  0.240 0.240 

Volume fraction 5  0.180 0.180 

Volume fraction 6  0.040 0.040 

Tank depth ft 15 15 

Cross-flow air flow
2
 ft

3
/min 20,000 9,000 

Operational Parameters 

Aeration method  Fine-bubble diffused aeration Fine-bubble diffused aeration 

Alpha factor
3
 – 0.5 in reactors 1 and 2, 

0.6 in reactors 3 and 4, 
0.7 in reactors 5 and 6 

0.5 in reactors 1 and 2, 
0.6 in reactors 3 and 4, 
0.7 in reactors 5 and 6 

Fouling constant – 0.60 0.95 

SOTR
4
 % 28 28 

DO setpoint 1 mg/l 0.0 0.0 

DO setpoint 2 mg/l 0.0 0.0 

DO setpoint 3 mg/l 3.0 3.0 

DO setpoint 4 mg/l 3.0 3.0 

DO setpoint 5 mg/l 0.0 0.0 

DO setpoint 6 mg/l 2.0 2.0 

Height of diffuser from floor ft 1 1 

Influent fractions % 100 to reactor 1 100 to reactor 1 

Recycle fractions  10 MGD from 2 to 1 

40 MGD from 6 to 3 

40 MGD from 4 to 2 

10 MGD from 2 to 1 

40 MGD from 6 to 3 

40 MGD from 4 to 2 

Misc. energy use (mixers, etc.) hp 58 10 

Anaerobic Digester 

Physical Parameters 

Average daily pump flow rate MGD 15 15 
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Model Inputs for Configuration N1 

Parameter Units Typical Best Practice 

Hydraulic head ft 10 10 

Pump efficiency  % 60 85 

Volume MG 1.20 1.20 

Headspace volume
5
 MG 0.12 0.12 

Depth below ground ft 5 5 

Operational Parameters 

Misc. power use
6
 hp 88 6.0 

Notes: 

1 Increased until nitrification/denitrification achieved 

2 Wallis-Lage Paper 

3 Rosso, Table 1 

 

4 Assumed 2% per ft of submergence from MOP 8  

5 10% of digester volume 

6 Massart et al., 2008 

Table 2-55 shows the major changes in chemical energy for the typical and best practice 

cases. Of the chemical energy entering the plant, 23-24% remains in the cake, 4% in the effluent, 

and 25-28% is converted into a useable fuel: digester gas.  

Table 2-55. Major Chemical Energy Changes and Outputs in Typical and Best Practice Cases for Configuration N1. 
MBR (aerobic) – with BNR, with primary treatment, co-thickening in gravity thickener, anaerobic digestion, and dewatering. 

Chemical Energy Changes and Outputs in Configurations N1 

 Units Typical Best Practice 

Chemical Energy Changes 

Separation in primary clarifiers % 44 50 

Degradation in biological reactor % 28 25 

Degradation in anaerobic digester % 50 55 

Degradation across WRRF % 58 59 

Chemical Energy Outputs (as % of Inputs) 

Cake % 24 23 

Plant effluent % 4 4 

Digester gas % 25 28 
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Table 2-56 summarizes the top five electricity-using processes for the typical and best 

practice cases. The major electricity users are the biological reactor, odor control, and influent 

pumping. The 54% improvement in electricity usage by the biological reactor in the best practice 

case compared to that of the typical case is from the assumed fouling constant: 0.60 for the 

typical case versus 0.95 for the best practice case, and an improvement in the combined 

blower/motor efficiency from 70% for the typical case to 80% for the best practice case.  

Significant savings in blower electricity usage can be achieved by reducing fouling in 

fine-bubble diffusers through an optimized operations and maintenance regime and by 

employing high-efficiency blower systems with advanced DO control. Pumping electricity usage 

can be reduced across the facility by use of higher energy-efficiency motors.  

Natural gas imports are not required for any of the N1 cases for building or process heat. 

Heat generated from digester gas used in boilers or in CHP is sufficient, on average, to supply 

the facility’s building and process heat demands. The overall facility energy balance does include 

substantial natural gas consumption for production of acetic acid as a supplemental carbon 

source. 

Table 2-56. Energy Consumption and Production in Configuration N1. 
MBR (aerobic) – with BNR, with primary treatment, co-thickening in gravity thickener, anaerobic digestion, and dewatering. 

Energy Consumption and Production 

 Units Typical 
Best 

Practice 
Percent 

Improvement 

Major Electricity Using Processes 

Biological reactor kWh/MG 4,791 2,203 54% 

Odor control kWh/MG 300 300 0% 

Influent pumping kWh/MG 210 148 30% 

Anaerobic digestion kWh/MG 158 14 91% 

Site lighting and miscellaneous kWh/MG 80 80 0% 

Total Facility Electricity Usage and Generation 

Total electricity usage kWh/MG 6,587 3,725 43% 

Electricity generation kWh/MG 0 0 – 

GProduction as % of 
consumption (% neutrality) 

% 0% 0% – 

Natural Gas Usage 

Natural gas usage MJ/MG 22,002 22,002 0% 
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Figure 2-37. Configuration N1 (Typical) Sankey Diagram of Plant Energy Balance. 
MBR (aerobic) – with BNR, with primary treatment, co-thickening in gravity thickener, anaerobic digestion, and dewatering.  
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Figure 2-38. Configuration N1 (Best Practice) Sankey Diagram of Plant Energy Balance. 
MBR (aerobic) – with BNR, with primary treatment, co-thickening in gravity thickener, anaerobic digestion, and dewatering.
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2.3.19 Configuration N1P  

MBR (aerobic) – with BNR but no carbon addition, with primary treatment, co-

thickening in gravity thickener, anaerobic digestion, and dewatering. 

2.3.19.1 Introduction 

Baseline configuration N1P is an aerobic membrane bio-reactor (MBR) WRRF with 

anaerobic digestion without addition of acetic acid as a supplemental carbon for nutrient 

removal. 

The N1P facility consists of the following processes:  

 Influent pumping, screening, and grit removal. 

 Primary clarifiers. 

 Aerobic membrane bio-reactor (MBR).  

 Hypochlorite disinfection. 

 Primary sludge and WAS (combined) gravity thickeners. 

 Anaerobic digestion. 

 Dewatering (mechanical). 

 Recovery of digester gas in boilers for process and building heating, with excess flared. 

In addition to these treatment processes, power usages for odor control, site lighting, and 

miscellaneous uses were included.  

Configuration N1P is a relatively rare process configuration. Analysis based on the 

CWNS (2008), which collected information on 1,027 WRRFs larger than 5MGD, shows that 

only 3 or 0.3% of facilities larger than 5MGD are MBRs. In contrast, anaerobic digestion is the 

most common solids stabilization process of plants larger than 5MGD, 476 or 46% have 

anaerobic digestion.  

The Sankey diagrams showing typical and best practices N1P configurations appear at 

the end of this section.  
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2.3.19.2 Modeling Discussion 

Table 2-57 summarizes the inputs for major physical and operational parameters applied 

to configuration N1P. Refer to Table 2-3 for a summary of typical and best practice process 

parameters used in baseline configuration modeling.  

Table 2-57. Model Inputs for Configuration N1P. 
MBR (aerobic) – with BNR but no carbon addition, with primary treatment, co-thickening in gravity thickener, anaerobic digestion, 

and dewatering. 

Model Inputs for Configuration N1P 

Parameter Units Typical Best Practice 

MBR 

Physical Parameter 

SRT
1
 days 10.7 10.7 

Volume MG 2.61 2.61 

No. of reactors in series – 6 6 

Volume fraction 1  0.120 0.120 

Volume fraction 2  0.180 0.180 

Volume fraction 3  0.240 0.240 

Volume fraction 4  0.240 0.240 

Volume fraction 5  0.180 0.180 

Volume fraction 6  0.040 0.040 

Tank depth ft 15 15 

Cross-flow air flow
2
 ft

3
/min 20,000 9,000 

Operational Parameter 

Aeration method  Fine bubble diffused aeration Fine bubble diffused 
aeration 

Alpha factor
3
 - 0.5 in reactors 1 and 2, 

0.6 in reactors 3 and 4, 
0.7 in reactors 5 and 6 

0.5 in reactors 1 and 2, 
0.6 in reactors 3 and 4, 
0.7 in reactors 5 and 6 

Fouling constant - 0.60 0.95 

SOTR
4
 % 28 28 

DO setpoint 1 mg/l 0.0 0.0 

DO setpoint 2 mg/l 0.0 0.0 

DO setpoint 3 mg/l 3.0 3.0 

DO setpoint 4 mg/l 3.0 3.0 

DO setpoint 5 mg/l 0.0 0.0 

DO setpoint 6 mg/l 2.0 2.0 

Height of diffuser from floor ft 1 1 

Influent fractions % 100 to reactor 1 100 to reactor 1 

Recycle fractions  10 MGD from 2 to 1 

40 MGD from 6 to 3 

40 MGD from 4 to 2 

10 MGD from 2 to 1 

40 MGD from 6 to 3 

40 MGD from 4 to 2 
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Model Inputs for Configuration N1P 

Parameter Units Typical Best Practice 

Misc. energy use 
(mixers, etc.) 

hp 58 10 

Anaerobic Digester 

Physical Parameter 

Average daily pump flow rate MGD 15 15 

Hydraulic head ft 10 10 

Pump efficiency  % 60 85 

Volume MG 1.20 1.20 

Headspace volume
5
 MG 0.12 0.12 

Depth below ground ft 5 5 

Operational Parameter 

Misc. power use
6
 hp 88 6.0 

Notes: 
1 Increased until nitrification/denitrification achieved 
2 Wallis-Lage paper 
3 Rosso, Table 1 

 
4 Assumed 2% per ft of submergence from MOP 8 
5 10% of digester volume 
6 Massart et al., 2008 

Table 2-58 shows the major changes in chemical energy for the typical and best practice 

cases. Of the chemical energy entering the plant, 29% remains in the cake, 6% in the effluent, 

and 30-34% is converted into a useable fuel: digester gas.  

Table 2-58. Major Chemical Energy Changes and Outputs in Typical and Best Practice Cases for Configuration N1P. 
MBR (aerobic) – with BNR but no carbon addition, with primary treatment, 

co-thickening in gravity thickener, anaerobic digestion, and dewatering. 

Chemical Energy Changes and Outputs in Configurations N1P 

 Units Typical Best Practice 

Chemical Energy Changes 

Separation in primary clarifiers % 43 50 

Degradation in biological reactor % 52 53 

Degradation in anaerobic digester % 49 54 

Degradation across WRRF % 65 65 

Chemical Energy Outputs (as % of Inputs) 

Cake % 29 29 

Plant effluent % 6 6 

Digester gas % 30 34 
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Table 2-59 summarizes the top five electricity-using processes for the typical and best 

practice cases. The major electricity users are the biological reactor, odor control, and influent 

pumping. The 55% improvement in electricity usage by the biological reactor in the best practice 

case compared to that of the typical case is from the assumed fouling constant: 0.60 for the 

typical case versus 0.95 for the best practice case, and an improvement in the combined 

blower/motor efficiency from 70% for the typical case to 80% for the best practice case.  

Significant savings in blower electricity usage can be achieved by reducing fouling in 

fine-bubble diffusers through an optimized operations and maintenance regime and by 

employing high-efficiency blower systems with advanced DO control. Pumping electricity usage 

can be reduced across the facility by use of higher energy-efficiency motors.  

Natural gas imports are not required for any of the N1P cases for building or process 

heat. Heat generated from digester gas used in boilers or in CHP is sufficient, on average, to 

supply the facility’s building and process heat demands.  

Table 2-59. Energy Consumption and Production Configuration N1P. 
MBR (aerobic) – with BNR but no carbon addition, with primary treatment, 

co-thickening in gravity thickener, anaerobic digestion, and dewatering. 

Energy Consumption and Production 

 Units Typical Best Practice 
Percent 

Improvement 

Major Electricity Using Processes 

Biological reactor kWh/MG 4,384 1,980 55% 

Odor control kWh/MG 300 300 0% 

Influent pumping kWh/MG 210 148 30% 

Anaerobic digestion kWh/MG 158 14 91% 

Site lighting and miscellaneous kWh/MG 80 80 0% 

Total Facility Electricity Usage and Generation 

Total electricity usage kWh/MG 5,328 2,651 50% 

Electricity generation kWh/MG 0 0 – 

Production as % of consumption  

(% neutrality) 

% 0% 0% – 

Natural Gas Usage 

Natural gas usage MJ/MG 0 0 – 
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Figure 2-39. Configuration N1P (Typical) Sankey Diagram of Plant Energy Balance. 
MBR (aerobic) – with BNR but no carbon addition, with primary treatment, co-thickening in gravity thickener, anaerobic digestion, and dewatering. 
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Figure 2-40. Configuration N1P (Best Practice) Sankey Diagram of Plant Energy Balance. 
MBR (aerobic) – with BNR but no carbon addition, with primary treatment, co-thickening in gravity thickener, anaerobic digestion, and dewatering. 
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2.3.20 Configuration N2  

MBR (aerobic) – with BNR, without primary treatment, and with WAS mechanical 

thickening, aerobic digestion, and dewatering. 

2.3.20.1 Introduction 

Baseline configuration N2 is an aerobic membrane bio-reactor (MBR) WRRF with 

anaerobic digestion.  

The N2 facility consists of the following processes:  

 Influent pumping, screening and grit removal. 

 Aerobic membrane bio-reactor (MBR). 

 Addition of acetic acid as carbon supplement for nutrient removal. 

 Hypochlorite disinfection. 

 WAS mechanical thickeners. 

 Aerobic digestion. 

 Dewatering (mechanical). 

In addition to these treatment processes, power usages for odor control, site lighting, and 

miscellaneous uses were included.  

Configuration N2 is a relatively rare process configuration. Analysis based on the CWNS 

(2008), which collected information on 1,027 WRRFs larger than 5 MGD, shows that only 3 or 

0.3% of facilities larger than 5 MGD are MBRs. Aerobic digestion is a relatively common solids 

stabilization process of plants larger than 5 MGD, 58 or 6% have aerobic digestion. 

The Sankey diagrams showing typical and best practices N2 configurations appear at the 

end of this section.  
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2.3.20.2 Modeling Discussion 

Table 2-60 summarizes the inputs for major physical and operational parameters applied 

to configuration N2. Refer to Table 2-3 for a summary of typical and best practice process 

parameters used in baseline configuration modeling.  

Table 2-60. Model Inputs for Configuration N2. 
MBR (aerobic) – with BNR, without primary treatment, and with WAS mechanical thickening, aerobic digestion, and dewatering. 

Model Inputs for Configuration N2 

Parameter Units Typical Best Practice 

MBR 

Physical Parameters 

SRT
1
 days 10.7 10.7 

Volume MG 2.61 2.61 

No. of reactors in series – 6 6 

Volume fraction 1  0.120 0.160 

Volume fraction 2  0.180 0.180 

Volume fraction 3  0.240 0.220 

Volume fraction 4  0.240 0.200 

Volume fraction 5  0.180 0.180 

Volume fraction 6  0.040 0.040 

Tank depth ft 15 15 

Cross-flow air flow
2
 ft

3
/min 20,000 9,000 

Operational Parameters 

Aeration method  Fine-bubble diffused aeration Fine-bubble diffused aeration 

Alpha factor
3
 – 0.5 in reactors 1 and 2, 

0.6 in reactors 3 and 4, 
0.7 in reactors 5 and 6 

0.5 in reactors 1 and 2, 
0.6 in reactors 3 and 4, 
0.7 in reactors 5 and 6 

Fouling constant – 0.60 0.95 

SOTR
4
 % 28 28 

DO setpoint 1 mg/l 0.0 0.0 

DO setpoint 2 mg/l 0.0 0.0 

DO setpoint 3 mg/l 3.0 3.0 

DO setpoint 4 mg/l 3.0 3.0 

DO setpoint 5 mg/l 0.0 0.0 

DO setpoint 6 mg/l 2.0 2.0 

Height of diffuser from floor ft 1 1 

Influent fractions % 100 to reactor 1 100 to reactor 1 

Recycle fractions  10 MGD from 2 to 1 

20 MGD from 6 to 3 

40 MGD from 4 to 2 

10 MGD from 2 to 1 

20 MGD from 6 to 3 

40 MGD from 4 to 2 

Misc. energy use 
(mixers, etc.) 

hp 96 30 
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Model Inputs for Configuration N2 

Parameter Units Typical Best Practice 

Anaerobic Digester 

Physical Parameters 

Average daily pump flow 
rate 

MGD 15 15 

Hydraulic head ft 10 10 

Pump efficiency  % 60 85 

Volume MG 2.4 2.4 

Operational Parameters 

DO setpoint mg/l 1 0.1 

SOTE % 14.25 14.25 

NaOH gpd 500 500 

Notes: 
1 Increased until nitrification/denitrification achieved 
2 Wallis-Lage Paper 

 
3 Rosso, Table 1 
4 Assumed 2% per ft of submergence from MOP 8 

Table 2-61 shows the major changes in chemical energy for the typical and best practice 

cases. Of the chemical energy entering the plant, 25-26% remains in the cake and 5% in the 

effluent.  

Table 2-61. Major Chemical Energy Changes and Outputs in Typical and Best Practice Cases for Configuration N2. 
MBR (aerobic) – with BNR, without primary treatment, and with WAS mechanical thickening, aerobic digestion, and dewatering. 

Chemical Energy Changes and Outputs in Configurations N2 

 Units Typical Best Practice 

Chemical Energy Changes 

Degradation in biological reactor % 54 54 

Degradation in aerobic digester % 33 35 

Degradation across WRRF % 58 60 

Chemical Energy Outputs (as %of Inputs) 

Cake % 26 25 

Plant effluent % 5 5 

Digester Gas % 0 0 
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Table 2-62 summarizes the top five electricity-using processes for the typical and best 

practice cases. The major electricity users are the biological reactor, odor control, and influent 

pumping. The 53% improvement in electricity usage by the biological reactor in the best practice 

case compared to that of the typical case is from the assumed fouling constant: 0.60 for the 

typical case versus 0.95 for the best practice case, and an improvement in the combined 

blower/motor efficiency from 70% for the typical case to 80% for the best practice case.  

Significant savings in blower electricity usage can be achieved by reducing fouling in 

fine-bubble diffusers through an optimized operations and maintenance regime and by 

employing high-efficiency blower systems with advanced DO control. Pumping power usage can 

be reduced across the facility by use of higher energy-efficiency motors.  

Natural gas consumption of 14,000-17,000 MJ/MG is required for the N2 cases to supply 

the facility’s building heat demands and for acetic acid production.  

Table 2-62. Energy Consumption and Production in Configuration N2. 
(aerobic) – with BNR, without primary treatment, and with WAS mechanical thickening, aerobic digestion, and dewatering. 

Energy Consumption and Production 

 Units Typical 
Best 

Practice 
Percent 

Improvement 

Major Electricity Using Processes 

Biological reactor kWh/MG 4,825 2,248 53% 

Aerobic digestion kWh/MG 392 233 41% 

Odor control kWh/MG 300 300 0% 

Influent pumping kWh/MG 210 148 30% 

Site lighting and miscellaneous kWh/MG 80 80 0% 

Total Facility Electricity Usage and Generation 

Total electricity usage kWh/MG 6,645 3,673 45% 

Electricity generation kWh/MG 0 0 - 

Production as % of consumption (% 
neutrality) 

% 0% 0% - 

Natural Gas Usage 

Natural gas usage MJ/MG 17,126 14,346 16% 
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Figure 2-41. Configuration N2 (Typical) Sankey Diagram of Plant Energy Balance. 
MBR (aerobic) – with BNR, without primary treatment, and with WAS mechanical thickening, aerobic digestion, and dewatering. 
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Figure 2-42. Configuration N2 (Best Practice) Sankey Diagram of Plant Energy Balance. 
MBR (aerobic) – with BNR, without primary treatment, and with WAS mechanical thickening, aerobic digestion, and dewatering. 
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2.3.21 Configuration N2P  

MBR (aerobic) – with BNR but no carbon addition, without primary treatment, and with 

WAS mechanical thickening, aerobic digestion, and dewatering. 

2.3.21.1 Introduction 

Baseline configuration N2P is an aerobic membrane bio-reactor (MBR) WRRF with 

anaerobic digestion.  

The N2P facility consists of the following processes:  

 Influent pumping, screening, and grit removal. 

 Aerobic membrane bio-reactor (MBR). 

 Hypochlorite disinfection. 

 WAS Mechanical thickeners.  

 Aerobic digestion. 

 Dewatering (mechanical). 

 Recovery of digester gas in boilers for process and building heating, with excess flared. 

In addition to these treatment processes, power usages for odor control, site lighting, and 

miscellaneous uses were included.  

Configuration N2 is a relatively rare process configuration. Analysis based on the CWNS 

(2008), which collected information on 1,027 WRRFs larger than 5MGD, shows that 3 or 0.3% 

of facilities larger than 5MGD are MBRs. Aerobic digestion is a relatively common solids 

stabilization process of plants larger than 5MGD, 58 or 6% have aerobic digestion. 

The Sankey diagrams showing typical and best practices N2P configurations appear at 

the end of this section.  
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2.3.21.2 Modeling Discussion 

Table 2-63 summarizes the inputs for the major physical and operational parameters 

applied to configuration N2P. Refer to Table 2-3 for a summary of typical and best practice 

process parameters used in baseline configuration modeling.  

Table 2-63. Model Inputs for Configuration N2P. 
MBR (aerobic) – with BNR but no carbon addition, without primary treatment, and with 

WAS mechanical thickening, aerobic digestion, and dewatering. 

Model Inputs for Configuration N2P 

Parameter Units Typical Best Practice 

MBR 

Physical Parameters 

SRT
1
 days 10.7 10.7 

Volume MG 2.61 2.61 

No. of reactors in series – 6 6 

Volume fraction 1  0.120 0.160 

Volume fraction 2  0.180 0.180 

Volume fraction 3  0.240 0.220 

Volume fraction 4  0.240 0.200 

Volume fraction 5  0.180 0.180 

Volume fraction 6  0.040 0.040 

Tank depth ft 15 15 

Cross-flow air flow
2
 ft

3
/min 20,000 9,000 

Operational Parameters 

Aeration method  Fine bubble diffused 
aeration 

Fine bubble diffused aeration 

Alpha factor
3
 – 0.5 in reactors 1 and 2, 

0.6 in reactors 3 and 4, 
0.7 in reactors 5 and 6 

0.5 in reactors 1 and 2, 
0.6 in reactors 3 and 4, 
0.7 in reactors 5 and 6 

Fouling constant – 0.60 0.95 

SOTR
4
 % 28 28 

DO setpoint 1 mg/l 0.0 0.0 

DO setpoint 2 mg/l 0.0 0.0 

DO setpoint 3 mg/l 3.0 3.0 

DO setpoint 4 mg/l 3.0 3.0 

DO setpoint 5 mg/l 0.0 0.0 

DO setpoint 6 mg/l 2.0 2.0 

Height of diffuser from 
floor 

ft 1 1 

Influent fractions % 100 to reactor 1 100 to reactor 1 

Recycle fractions  10 MGD from 2 to 1 

20 MGD from 6 to 3 

40 MGD from 4 to 2 

10 MGD from 2 to 1 

20 MGD from 6 to 3 

40 MGD from 4 to 2 
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Model Inputs for Configuration N2P 

Parameter Units Typical Best Practice 

Misc. energy use (mixers, 
etc.) 

hp 96 30 

Aerobic Digester 

Physical Parameters 

Average daily pump flow 
rate 

MGD 15 15 

Hydraulic head ft 10 10 

Pump efficiency % 60 85 

Volume MG 2.4 2.4 

Operational Parameters 

DO setpoint mg/l 1 0.1 

SOTE % 14.25 14.25 

NaOH gpd 500 500 

Notes: 
1 Increased until nitrification/denitrification achieved 
2 Wallis-Lage Paper 

 
3 Rosso, Table 1 
4 Assumed 2% per ft of submergence from MOP 8 

Table 2-64 shows the major changes in chemical energy for the typical and best practice 

cases. Of the chemical energy entering the plant, 29% remains in the cake and 6% in the effluent.  

Table 2-64. Major Chemical Energy Changes and Outputs in Typical and Best Practice Cases for Configuration N2P. 
MBR (aerobic) – with BNR but no carbon addition, without primary treatment, and with 

WAS mechanical thickening, aerobic digestion, and dewatering. 

Chemical Energy Changes and Outputs in Configurations N2P 

 Units Typical Best Practice 

Chemical Energy Changes 

Degradation in biological reactor % 49 51 

Degradation in aerobic digester % 27 29 

Degradation across WRRF % 64 64 

Chemical Energy Outputs (as % of Inputs)) 

Cake % 29 29 

Plant effluent % 6 6 

Digester gas % 0 0 
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Table 2-65 summarizes the top five electricity-using processes for the typical and best 

practice cases. The 54% improvement in electricity usage by the biological reactor in the best 

practice case compared to that of the typical case is from the assumed fouling constant: 0.60 for 

the typical case versus 0.95 for the best practice case, and an improvement in the combined 

blower/motor efficiency from 70% for the typical case to 80% for the best practice case.  

Significant savings in blower electricity usage can be achieved by reducing fouling in 

fine-bubble diffusers through an optimized operations and maintenance regime and by 

employing high-efficiency blower systems with advanced DO control. Overall, a reduction in 

facility electricity usage can be achieved through a combination of equipment retrofits and 

operational optimization. 

Natural gas consumption of 600 MJ/MG is required for the N2P case to supply the facility’s 

building heat demands.  

 
Table 2-65. Energy Consumption and Production in Configuration N2P. 

MBR (aerobic) – with BNR but no carbon addition, without primary treatment, and with 
WAS mechanical thickening, aerobic digestion, and dewatering. 

Energy Consumption and Production 

 Units Typical 
Best 

Practice 
Percent 

Improvement 

Major Electricity-Using Processes 

Biological Reactor kWh/MG 4511 2090 54% 

Odor Control kWh/MG 300 300 0% 

Aerobic Digestion kWh/MG 250 155 38% 

Influent Pumping kWh/MG 210 148 30% 

Site Lighting & Miscellaneous kWh/MG 80 80 0% 

Total Facility Electricity Usage and Generation 

Total Electricity Usage kWh/MG 5,551 2,905 48% 

Electricity Generation kWh/MG 0 0 – 

Production as % of consumption 
(% neutrality) 

% 0% 0% – 

Natural Gas Usage 

Natural Gas Usage MJ/MG 625 592 5% 
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Figure 2-43. Configuration N2P (Typical) Sankey Diagram of Plant Energy Balance. 
MBR (aerobic) – with BNR but no carbon addition, without primary treatment, and with WAS mechanical thickening, aerobic digestion, and dewatering. 
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Figure 2-44. Configuration N2P (Best Practice) Sankey Diagram of Plant Energy Balance. 
MBR (aerobic) – with BNR but no carbon addition, without primary treatment, and with WAS mechanical thickening, aerobic digestion, and dewatering. 
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2.3.22 Configuration O1  

Pure oxygen-activated sludge - with primary treatment, co-thickening in gravity 

thickener, anaerobic digestion, and dewatering. 

2.3.22.1 Introduction 

Baseline configuration O1 consists of a pure-oxygen-activated sludge WRRF with 

anaerobic digestion.  

The O1 facility consists of the following processes:  

 Influent pumping, screening, and grit removal. 

 Primary clarifiers. 

 Pure oxygen activated sludge biological reactors with recycle pumping.  

 Final clarifiers. 

 Hypochlorite disinfection. 

 Primary sludge and WAS combined gravity thickeners. 

 WAS mechanical thickeners. 

 Anaerobic digestion. 

 Dewatering (mechanical). 

 Use of digester gas in boilers for process and building heating, with excess flared. 

 

In addition to these treatment processes, power usages for odor control, site lighting, and 

miscellaneous uses were included.  

Configuration O1 is an extremely rare process configuration in the industry. Analysis 

based on the CWNS (2008), which collected information on 1,027 WRRFs larger than 5MGD, 

identified only one pure oxygen facility in that data set. In contrast, anaerobic digestion is the 

most common solids stabilization process of plants larger than 5MGD; 476 or 46% have 

anaerobic digestion.  

The Sankey diagrams showing typical and best practice cases for configuration O1 

appear at the end of this section. 
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2.3.22.2  Modeling Discussion 

Table 2-66 summarizes the inputs for the major physical and operational parameters 

applied to the configuration O1. Refer to Table 2-3 for a summary of typical and best practice 

parameters used in baseline configuration modeling. 

Table 2-66. Model Inputs for Configuration O1. 
Pure oxygen-activated sludge with primary treatment, co-thickening in gravity thickener, anaerobic digestion, and dewatering. 

Model Inputs for Configuration O1 

Parameter Units Typical Best Practice 

Biological Reactor – High-Priority Oxygen (BOD-Removal Only) 

Physical Parameters 

SRT days 2.0 2.0 

Volume MG 1.0 1.0 

Tank depth ft 15 15 

Operational Parameters 

Specify oxygen transfer by  Using a DO 
controller 

Using a DO 
controller 

Standard aeration efficiency – Use correlation Use correlation 

Alpha factor
1
  0.40 0.40 

DO setpoint mg/l 2.0 2.0 

Oxygen required
2
 ton/day 9.7 9.1 

Power use of O2 generation
3
 kWh/d 3,894 3,636 

Anaerobic Digester 

Physical Parameters 

Volume MG 0.90 0.90 

Headspace volume
4
 MG 0.090 0.090 

Depth below ground ft 5 5 

Operational Parameters 

Misc. power use
5
 hp 72 6.0 

Notes: 

1 Rosso, Table 1 

2 GPS-X output  

 

3 Based on 400 kWh/ton from B&V and Metropolitan Water District 
of Southern California - Oxygen Separation Technologies Study 
1993 - Figure 4.10 

4 10% of digester volume 

5 Massart et al., 2008 
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Table 2-67 shows the major changes in chemical energy for the typical and best practice 

cases. Of the chemical energy entering the plant, 27% remains in the biosolids, 13% in the 

effluent, and 36-40% is converted into a useable fuel: digester gas.  

Table 2-67. Major Chemical Energy Changes and Outputs in Typical and Best Practice Cases for Configuration O1. 
Pure oxygen-activated sludge with primary treatment, co-thickening in gravity thickener, anaerobic digestion, and dewatering. 

 

Chemical Energy Changes and Outputs in Configuration O1 

 Units Typical Best Practice 

Chemical Energy Changes 

Separation in primary clarifiers % 36 45 

Degradation in biological reactor and 
final clarifier 

% 33 34 

Degradation in anaerobic digester % 56 60 

Degradation across WRRF % 60 60 

Chemical Energy Outputs (as % of Inputs) 

Cake % 27 27 

Plant effluent % 13 13 

Digester gas % 36 40 

 

Configuration O1 has moderate potential for energy neutrality. Though recoverable 

energy is produced in the form of biogas, a large amount of electricity is used to generate the 

pure oxygen and then to transfer it into the water.  
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Table 2-68 summarizes the top five electricity-using processes for the typical and best 

practice cases. The 10% improvement in electricity usage by the biological reactor in the best 

practice case compared to that of the typical case is from the reduction in oxygen required from 

9.7 to 9.1 tons per day, which is in turn from the improved primary clarifier performance from 

36% BOD removal for the typical to 45% for the best practice case. Although not considered in 

the model, pure oxygen plants can achieve savings in electricity usage by using high efficiency 

oxygen generation and transfer equipment. Reduction in electricity usage in anaerobic digestion 

can be achieved by replacing a conventional pumped mixing system with a low-power 

mechanical mixing system. Pumping electricity usage can be reduced across the facility by use 

of higher energy-efficiency motors.  

Natural gas consumption is not required for the O1 configuration. Heat generated from 

digester gas used in boilers is sufficient, on average, to supply the facility’s building and process 

heat demands. Total facility energy consumption and production are summarized in Table 2-68. 

Table 2-68. Energy Consumption and Production in Configuration O1. 
Pure oxygen-activated sludge with primary treatment, co-thickening in gravity thickener, anaerobic digestion, and dewatering. 

Energy Consumption and Production 

 Units Typical 
Best 

Practice 
% 

Improvement 

Major Electricity-Using Processes 

Biological reactors kWh/MG 563 505 10% 

Odor control kWh/MG 300 300 0% 

Influent pumping kWh/MG 210 148 29% 

Anaerobic digestion kWh/MG 129 11 92% 

Final clarifiers and RAS pumping kWh/MG 103 75 27% 

Total Facility Electricity Usage and Generation 

Total electricity usage kWh/MG 1,547 1,230 21% 

Electricity Generation kWh/MG 0 0 0% 

Production as % of (% neutrality) % 0% 0% 0% 

Natural Gas Consumption 

Natural gas usage MJ/MG 0 0 0% 
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Configuration O1 – Typical 

Energy Neutrality 

% Electrical Neutrality % Site Energy Neutrality 

0% 0% 

 Energy Supply and Consumption 

Electricity 
Supply from 

Grid 

Natural Gas 
Supply from 

Pipeline 

Electricity 
Produced 
On-Site 

Electricity 
Consumption 

1547 kWh/MG 0 MJ/MG 0 kWh/MG 1547 kWh/MG 

        
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-45. Configuration O1 (Typical) Sankey Diagram of Plant Energy Balance.  
Pure oxygen-activated sludge with primary treatment, co-thickening in gravity thickener, anaerobic digestion, and dewatering.  
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Configuration O1 – Best Practice 
Energy Neutrality 

% Electrical Neutrality % Site Energy Neutrality 

0% 0% 

 Energy Supply and Consumption 

Electricity 
Supply from 

Grid 

Natural Gas 
Supply from 

Pipeline 

Electricity 
Produced 
On-Site 

Electricity 
Consumption 

1230 kWh/MG 0 MJ/MG 0 kWh/MG 1230 kWh/MG 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-46. Configuration O1 (Best Practice) Sankey Diagram of Plant Energy Balance. 
Pure oxygen-activated sludge with primary treatment, co-thickening in gravity thickener, anaerobic digestion, and dewatering.
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2.3.23 Configurations P1 and P1E  

Mainstream two-sludge (A/B) activated sludge (two secondary systems in series – each 

with its own aeration, clarification and RAS), without primary treatment, WAS mechanical 

thickening, anaerobic digestion, dewatering, and with CHP (P1E). 

2.3.23.1 Introduction 

Baseline configuration P1 is a mainstream two-sludge (A/B) WRRF with anaerobic 

digestion.  

The P1 facility consists of the following processes:  

 Influent pumping, screening, and grit removal. 

 Activated sludge biological reactors in series, each with final clarifiers and with RAS 

pumping. 

 Hypochlorite disinfection. 

 WAS mechanical thickeners. 

 Anaerobic digestion. 

 Dewatering (mechanical). 

 Recovery of digester gas in boilers for process and building heating, with excess flared. 

In addition to these treatment processes, power usages for odor control, site lighting, and 

miscellaneous uses were included.  

P1E is identical to P1 with the addition of CHP generation. The CHP system consists of 

gas cleaning and use of digester gas in engine generators with heat recovery. 

Configuration P1 is a relatively rare process configuration. Analysis based on the CWNS 

(2008), which collected information on 1,027 WRRFs larger than 5MGD, shows that 18 or 1.8% 

of facilities larger than 5MGD perform two-stage A/B activated sludge. In contrast, anaerobic 

digestion is the most common solids stabilization process of plants larger than 5MGD, 476 or 

46% have anaerobic digestion. Of the facilities with anaerobic digestion, 65 or about 14% have 

CHP.  

The Sankey diagrams showing typical and best practices P1 and P1E configurations 

appear at the end of this section.  

2.3.23.2 Modeling Discussion 

Table 2-69 summarizes the inputs for the major physical and operational parameters 

applied to the configuration P1/P1E. Refer to Table 2-3 for a summary of typical and best 

practice process parameters used in baseline configuration modeling.  
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Table 2-69. Model Inputs for Configurations P1 and P1E. 
Mainstream two-sludge (A/B) activated sludge (two secondary systems in series – each with its own aeration, clarification and 

RAS), without primary treatment, WAS mechanical thickening, anaerobic digestion, dewatering, and with CHP (P1E). 

Model Inputs for Configurations P1 and P1E 

Parameter Units Typical Best Practice 

Biological Reactors and Final Clarifiers A (BOD-Removal Only) 

Physical Parameters 

SRT days 0.5 0.5 

Maximum volume MG 0.42 0.42 

Tank depth ft 15 15 

Operational Parameters 

Aeration method  Fine bubble 
diffused aeration 

Fine bubble 
diffused aeration 

Alpha factor
1
 – 0.3 0.3 

Fouling constant – 0.60 0.95 

SOTR
2
 % 28 28 

DO setpoint mg/l 1.0 1.0 

Height of diffuser from floor ft 1 1 

Kinetic Parameters 

Max. specific growth rate on substrate
3
 1/d 6.40 6.40 

Final Clarifier A 

Physical Parameters (all same as other baseline configurations) 

Settling Parameters 

Non-settleable fraction
4
  1.00 1.00 

Max. non-settleable solids
4
 mgTSS/l 30.0 30.0 

Tank depth ft 15 15 

Recycle influent fractions  none none 

Misc. energy use (mixers, etc.) hp 0 0 

Biological Reactors and Final Clarifiers B (BOD-Removal and Nitrification) 

Physical Parameters 

SRT
5
 days 10.0 10.0 

Volume MG 1.04 1.04 

No. of reactors in series – 6 6 

Volume fractions  Each reactor 1/6 
of total volume 

Each reactor 1/6 
of total volume 

Tank depth ft 15 15 
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Model Inputs for Configurations P1 and P1E 

Parameter Units Typical Best Practice 

Operational Parameters 

Aeration method  Fine bubble diffused 
aeration 

 

Fine bubble 
diffused aeration 

 

Alpha factor
1
 – 0.3 in reactors 1 and 2 

0.4 in reactors 3 and 4 
0.5 in reactors 5 and 6 

0.3 in reactors 
1 and 2 

0.4 in reactors 
3 and 4 

0.5 in reactors 
5 and 6 

Fouling constant – 0.60 0.95 

SOTR
2
 % 28 28 

DO setpoint 1 mg/l 0.0 0.0 

DO setpoint 2 mg/l 0.0 0.0 

DO setpoint 3 mg/l 2.0 2.0 

DO setpoint 4 mg/l 2.0 2.0 

DO setpoint 5 mg/l 2.0 2.0 

DO setpoint 6 mg/l 2.0 2.0 

Height of diffuser from floor ft 1 1 

Influent fractions % 100 to reactor 1 100 to reactor 1 

Recycle influent fractions  none none 

Misc. energy use (mixers, etc.) hp 0 0 

Final Clarifier B (all same as other baseline configurations) 

Anaerobic Digester 

Physical Parameters 

Volume MG 0.89 0.89 

Headspace volume
6
 MG 0.089 0.089 

Depth below ground ft 5 5 

Operational Parameters 

Misc. power use
7
 hp 68 6.0 

Notes: 
1 Rosso, Table 1 
2 Assumed 2% per foot of submergence from MOP 8 
3 Doubled to a more realistic growth rate to result in 

minor biodegradation through stage A, target = 
60% COD removal  

 
4 To set effluent TSS from reactor A to 30 Mg/L 
5 Increase until nitrification is achieved 
6 10% of digester volume 
7 Massart et al., 2008 
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Table 2-70 shows the major changes in chemical energy for the typical and best practice 

cases. Of the chemical energy entering the plant, 25-26% remains in the cake, 13% in the 

effluent, and 40% is converted into a useable fuel: digester gas.  

Table 2-70. Major Chemical Energy Changes and Outputs in Typical and Best Practice Cases for P1 & P1E. 
Configurations Mainstream two-sludge (A/B) activated sludge (two secondary systems in series – each with its own aeration, clarification 

and RAS), without primary treatment, WAS mechanical thickening, anaerobic digestion, dewatering, and with CHP (P1E). 

Chemical Energy Changes and Outputs in Configurations P1 and P1E 

 Units Typical Best Practice 

Chemical Energy Changes 

Degradation in biological reactors and 
final clarifiers A 

% 8 7 

Degradation in biological reactors and 
final clarifiers B 

% 35 36 

Degradation in anaerobic digester % 58 60 

Degradation across WRRF % 63 62 

Chemical Energy Outputs (as % of Inputs) 

Cake % 25 26 

Plant effluent % 13 13 

Digester gas % 40 40 

Configuration P1/P1E has a high potential for energy neutrality because of the 

combination of its low blower power usage for biological treatment and potential for energy 

recovery from anaerobic digestion. Use of digester gas in CHP generates 33% of the total plant 

power usage for the typical case. With energy efficiency best practices, this number increases to 

61%, as demonstrated by the optimized P1E case. Total facility power usage and CHP power 

generation are summarized in Table 2-71.  

Table 2-71 summarizes the top five electricity-using processes for the typical and best 

practice cases. Reduced electricity usage in the optimized case compared with that of the typical 

case is from the assumed fouling constant: 0.60 for the typical case versus 0.95 for the best 

practice case, and an improvement in the combined blower/motor efficiency from 70% for the 

typical case to 80% for the best practice case.  

Significant savings in blower electricity usage can be achieved by reducing fouling in 

fine bubble diffusers through an optimized operations and maintenance regime and by employing 

high-efficiency blower systems with advanced DO control. Reduction in electricity usage in 

anaerobic digestion can be achieved by replacing a conventional pumped mixing system with a 

low-power mechanical mixing system. Pumping electricity usage can be reduced across the 

facility by use of higher energy-efficiency motors.  

Natural gas imports are not required for any of the P1/P1E configurations. Heat generated 

in digester gas fuel-boilers or CHP is sufficient, on average, to supply the facility’s building and 

process heat demands. Use of digester gas in CHP generates 34% of the total facility electricity 

consumption for the typical case. This number increases to 65% in the best practice case. Total 

facility energy consumption and production are summarized in Table 2-71. 
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Table 2-71. Energy Consumption and Production in Configurations P1 and P1E. 
Mainstream two-sludge (A/B) activated sludge (two secondary systems in series – each with its own aeration, clarification and 

RAS), without primary treatment, WAS mechanical thickening, anaerobic digestion, dewatering, and with CHP (P1E). 

Energy Consumption and Production 

 Units Typical 
Best 

Practice 
Percent 

Improvement 

Major Electricity-Using Processes 

Biological reactors and final clarifiers B kWh/MG 769 430 44% 

Odor control kWh/MG 300 300 0% 

Influent pumping kWh/MG 210 148 29% 

Biological reactors and final clarifiers A kWh/MG 189 95 50% 

Anaerobic digestion kWh/MG 122 11 91% 

Total Facility Electricity Usage and Production 

Total electricity usage  kWh/MG 1,981 1,263 36% 

Electricity generation (P1E only) kWh/d 675 818 –21% 

P1E Production as % of consumption  
(% neutrality)  

% 34% 65% 91% 

Natural Gas Consumption 

Natural gas usage MJ/MG 0 0 0% 
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Figure 2-47. Configuration P1 (Typical) Sankey Diagram of Plant Energy Balance. 
Mainstream two-sludge (A/B) activated sludge (two secondary systems in series – each with its own aeration, clarification and RAS), without primary treatment, WAS mechanical thickening, anaerobic digestion, and dewatering. 
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Figure 2-48. Configuration P1 (Best Practice) Sankey Diagram of Plant Energy Balance. 
Mainstream two-sludge (A/B) activated sludge (two secondary systems in series – each with its own aeration, clarification and RAS), without primary treatment, WAS mechanical thickening, anaerobic digestion, and dewatering. 

  

Electricity 

Supply from 

Grid

Natural Gas 

Supply from 

Pipeline

Electricity 

Produced On-

Site

Electricity 

Consumption

1341 kWh/MG 0 MJ/MG 0 kWh/MG 1341 kWh/MG

Configuration P1 – Best Practice
Energy Neutrality

% Electrical Neutrality % Site Energy Neutrality

0% 0%

 Energy Supply and Consumption



 

A Guide to Net-Zero Energy Solutions for Water Resource Recovery Facilities 2-151 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-49. Configuration P1E (Typical) Sankey Diagram of Plant Energy Balance. 
Mainstream two-sludge (A/B) activated sludge (two secondary systems in series – each with its own aeration, clarification and RAS), without primary treatment, WAS mechanical thickening, anaerobic digestion, dewatering, and with CHP. 
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Figure 2-50. Configuration P1E (Best Practice) Sankey Diagram of Plant Energy Balance. 
Mainstream two-sludge (A/B) activated sludge (two secondary systems in series – each with its own aeration, clarification and RAS), without primary treatment, WAS mechanical thickening, anaerobic digestion, dewatering, and with CHP. 
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CHAPTER 3.0  
 

MODEL HIGH-PERFORMANCE FACILITIES  
 

3.1 Introduction 

The research team studied various innovative, but demonstrated processes (“pioneering 

modules”) that WRRFs could adopt in the near-term to improve its energy performance through 

demand reduction or production. These pioneering modules are described, and our findings on 

their energy performance are presented in Section 3.3. 

These pioneering modules served as building blocks in conjunction with compatible best 

practice configurations (refer to Chapter 2.0) to assemble ten hypothetical facilities that represent 

high potential “net-zero” energy operations. These “model high-performance” facilities represent 

intermediate-range energy management options, involving more extensive and innovative 

retrofitting than that associated with best practices and that can be applied in the near-term. 

These options do not include wholesale facility replacement or adoption of embryonic, 

undeveloped technology that may represent longer-range solutions. 

These model high-performance facilities are described and our findings on their energy 

performance are presented in Section 3.4. 

3.2 Assumptions and Methodology 

Preparation of the pioneering modules energy balances applied the same assumptions and 

methods as the baseline configurations. It entailed developing GPS-X models for each 

pioneering module to establish a comprehensive mass and energy balance, and to depict major 

chemical (embedded), electrical, fuel, and heat energy flows in Sankey diagrams. This is to 

understand the impacts to individual unit processes and the WRRF as a whole. Sankey diagrams 

were developed for model high-performance facilities, each of which incorporated a suite of the 

pioneering modules.  

Full model input data for each pioneering module and model high-performance facility 

are provided in Appendix B. 

3.2.1 Pioneering Module Selection 

The research team identified pioneering module candidates based on their potential to 

substantially impact a facility’s energy performance and/or interest from the wastewater 

treatment community. A candidate module had to be demonstrated at full-scale, with sufficient 

operating data to characterize its energy performance. Using this requirement as a screening tool, 

the candidate list was pared down to 18 pioneering modules (Table 3-1).  

To generalize the energy impact of the technology and make it comparable on a relative 

basis to other modules, each pioneering module was mated with a compatible baseline best 

practice configuration (refer to Chapter 2.0). These pairings are also shown in Table 3-1, 

grouped by processing areas: mainstream treatment, nutrient removal, solids treatment, and 

energy recovery/production.  
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The section number where the pioneering module description can be found in this 

document is also provided for reference.  

Table 3-1. Pioneering Modules Selected. 

Section 
Pioneering 

Module 
Best Practice 
Configuration 

Market 
Readiness 

Electric 
Savings 

(kWh/MG) 

Avoided 
Natural 

Gas 
(MJ/MG) Basis for Energy Savings 

3.3.1 Mainstream Treatment 

3.3.1.1 CEPT B1E Ready 152 0 Energy savings based on the difference 
between the total energy usage for best 
practice configuration B1E and the same 
configuration with CEPT. 

3.3.1.2 Short SRT 
step-feed 

N/A Ready 504 10,155 The short SRT step-feed process was not 
applied to any typical or best practice 
configuration because it is an independent 
configuration. However, to see the impacts 
this configuration operating with best 
practices in place has on energy 
consumption energy production, this 
configuration is being compared with best 
practice configuration B1E. 

3.3.1.3 Anaerobic 
lagoon with 
gas capture 

B1E Limited 322 0 Energy savings based on the difference 
between the total energy usage for best 
practice configuration B1E to a configuration 
which consists of an anaerobic lagoon (with 
gas capture) replacing primary clarification, 
anaerobic digestion, and dewatering 
processes in B1E. 

3.3.2 Nutrient Removal  

3.3.2.1 Sidestream 
N removal 
(de-
ammonificati
on) 

G1E Ready -9 3,191 Energy savings based on the difference 
between the total energy usage for best 
practice configuration G1E and the same 
configuration with sidestream N-removal. 

3.3.2.2 Mainstream 
simultaneou
s 
nitrification‐
denitrificatio
n (SND) with 
MBR 

N2P Limited 1926 33,180 Energy savings based on the difference 
between the total energy usage for best 
practice configuration N2P and the same 
configuration with simultaneous nitrification-
denitrification. 

3.3.3 Solids Treatment  

3.3.3.1 Advanced 
digestion 
(acid‐gas) 

G1E Ready 0 0 Energy savings based on the difference 
between the total energy usage for best 
practice configuration G1E and the same 
configuration with advanced digestion (acid-
gas). 

3.3.3.2 Digestion 
pretreatment 
(THP) 

G1E Ready 70 0 Energy savings based on the difference 
between the total energy usage for best 
practice configuration G1E and the same 
configuration with digestion pre-treatment 
(THP).  
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Section 
Pioneering 

Module 
Best Practice 
Configuration 

Market 
Readiness 

Electric 
Savings 

(kWh/MG) 

Avoided 
Natural 

Gas 
(MJ/MG) Basis for Energy Savings 

3.3.3.3 Digestion 
pretreatment 
(OpenCel) 

G1E Limited -52 0 Energy savings based on the difference 
between the total energy usage for best 
practice configuration G1E and the same 
configuration with digestion pre-treatment 
(OpenCel).  

3.3.3.4 Solar solids 
drying 

B4 Ready 44 0 Energy savings based on the difference 
between the total energy usage for best 
practice configuration B4 and the same 
configuration with solar drying. 

 

3.3.4 Energy Recovery/ Production  

3.3.4.1 FOG co-
digestion 

G1E Ready 116 0 Energy savings based on the 
difference between the total energy 
usage for best practice configuration 
G1E and the same configuration with 
biogas production increased by the 
co-digestion of FOG available in the 
facility’s service area.  

3.3.4.2 Food 
processing 
waste co-
digestion 

G1E Ready 111 0 Energy savings based on the 
difference between the total energy 
usage for best practice configuration 
G1E and the same configuration with 
biogas production increased by the 
co-digestion of food processing waste 
available in the facility’s service area.  

3.3.4.3 Residential sink 
food processing 

G1E Limited 125 0 Energy savings based on the 
difference between the total energy 
usage for best practice configuration 
G1E and the same configuration with 
biogas production increased by 
expanding the use of in-sink food 
processing in the facility’s service 
area.  

3.3.4.4 Waste process 
heat power 
production 
(ORC) 

B5 Limited 207 0 Energy savings based on the 
difference between the total energy 
usage for best practice configuration 
B5 and the same configuration with 
ORC energy recovery (electricity 
production). 

3.3.4.5 Wastewater 
heat recovery 
(adsorption 
chillers) 

G1E Ready 3 0 Energy savings based on the 
difference between the total energy 
usage for best practice configuration 
G1E and the same configuration with 
adsorption chilling added.  
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3.3.4.6 Water source 
heat pumps 
(WSHPs) 

G1E Ready -11 169 Energy savings based on the 
difference between the total energy 
usage for typical configuration G1E 
and the same configuration with 
WSHPs added. The typical 
configuration was used because the 
best practice configuration had no 
imported heating fuel (natural gas) to 
displace. 

3.3.4.7 Gasification 
alternative to 
FBI 

B6 Limited 1 1,703 Energy savings based on the 
difference between the total energy 
usage for best practice configuration 
B6 and the same configuration with 
Gasification substituted for FBI. 

3.3.4.8 FBI with energy 
recovery 

B6 Ready 231 0 Energy savings based on the 
difference between the total energy 
usage for best practice configuration 
B6 and the same configuration with a 
heat recovery steam generator plus 
steam turbine electrical generator 
added. 

3.3.4.9 MHI with energy 
recovery 

B5 Ready 231 0 Energy savings based on the 
difference between the total energy 
usage for best practice configuration 
B5 and the same configuration with a 
heat recovery steam generator plus 
steam turbine electrical generator.  
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3.2.2 Development of Model High-Performance Facilities  

To develop the 10 model-high performance facilities, the team identified the most 

common best practice configurations (refer to Chapter 2.0) representative of the wastewater 

treatment community. Regional treatment approaches were included to increase the relevance to 

smaller facilities. Many of the pioneering modules are unlikely to be economically attractive at 

the small scale. These regional treatment approaches would apply to any larger, centralized 

treatment facility with smaller “satellite” facilities that transport their untreated solids for 

processing/energy recovery, as part of a cooperative effort.  

The pioneering modules described in Section 3.3 were applied to the common base 

configurations in various combinations to develop the 10 model high-performance facilities, as 

shown in Table 3-2. These model high-performance facilities achieve the same target effluent 

limits and similar effluent qualities, with some minor variations, as the corresponding base 

configurations. 
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Table 3-2. Model High-Performance (H-P) Facilities and their Compositions Based on Best Practice Configurations. 

 Best Practice Configuration Pioneering Modules Applied 

Section 

Model  
H-P 

Facility1 

Nearest 
BP 

Config Mainstream and Solids Treatment 
Mainstream Treatment 

Changes 
Solids 

Treatment Changes 

3.4.2 1 B1E Activated sludge (Basic secondary 
treatment) – with primary treatment, primary 
sludge gravity thickening, WAS mechanical 
thickening, anaerobic digestion, dewatering, 
and CHP. 

Add: 

 CEPT 

Add: 

 Co-digestion of FOG and  
food waste 

 THP 

3.4.3 2 B1 Activated sludge (Basic secondary 
treatment) – with primary treatment, primary 
sludge gravity thickening, WAS mechanical 
thickening, anaerobic digestion, and 
dewatering 

Add: 

 CEPT 

Remove: 

 Anaerobic digestion (dewatering-
only supports regional approach in 
Model H-P facilities 9 and 10) 

3.4.4 3 G1E Activated sludge (BNR) – with primary 
treatment, primary sludge gravity thickening, 
WAS mechanical thickening, anaerobic 
digestion, dewatering, and CHP 

Add: 

 CEPT 

 Pre-anoxic zone(s) in 
biological reactor 

Add: 

 Co-digestion of FOG and  
food waste 

 THP 

 Sidestream deammonification 

3.4.5 4 G1E Activated sludge (BNR) – with primary 
treatment, primary sludge gravity thickening, 
WAS mechanical thickening, anaerobic 
digestion, dewatering, and CHP 

Add: 

 CEPT 

 Fermenter to produce 
supplemental carbon 

Add: 

 Co-digestion of FOG and  
food waste 

 THP 

3.4.6 5 G1E 
(modif
ied) 

Activated sludge (BNR) – with primary 
treatment, primary sludge gravity thickening, 
WAS mechanical thickening, anaerobic 
digestion, dewatering, and combined heat 
and power (CHP) (G1E modified by removal 
of stricken items) 

Add: 

 CEPT 

 Fermenter to produce 
supplemental carbon 

Add: 

 FBI 

 Energy recovery (steam turbine) 

3.4.7 6 M1 Activated sludge (ENR) – with primary 
treatment and chemical phosphorus (P) 
removal, primary sludge gravity thickening, 
WAS mechanical thickening, anaerobic 
digestion, and dewatering 

Add: 

 CEPT 

 Fermenter to produce 
supplemental carbon 

Add: 

 Co-digestion of FOG and  
food waste 

 THP  

 CHP 

3.4.8 7 N1 MBR (aerobic) – with BNR, primary 
treatment, co-thickening in gravity thickening, 
anaerobic digestion, and dewatering; effluent 
quality amenable to water reuse 

Add: 

 

 CEPT 

 Simultaneous 
nitrification/denitrification 

Add: 

 Co-digestion of FOG and  
food waste 

 THP 

 CHP 

 Sidestream deammonification 

3.4.9 8 G1E Activated sludge BNR – with primary 
treatment, WAS mechanical thickening, 
anaerobic digestion, dewatering,  
and CHP 

Add: 

 CEPT 

 Fermenter to produce 
supplemental carbon 

Add: 

 Co-digestion of FOG and  
food waste 

 THP 

 FBI 

 Energy recovery (steam turbine) 

3.4.10 9 B1E (Based on regional approach by importing 
solids from Model H-P facility 2) 

Activated sludge (BOD-removal only) – with 
primary treatment, WAS mechanical 
thickening, anaerobic digestion,  
dewatering, and CHP. 

Add: 

 CEPT to Model H-P facility 2 

Add: 

 Imported primary and secondary 
solids 

 Transportation energy for solids 
import  

 Regional anaerobic digestion 

 Co-digestion of FOG and  
food waste 

 THP  

3.4.11 10 B1E (Based on regional approach of importing 
solids from Model H-P facility 2) 

Activated sludge (BOD-removal only) – with 
primary treatment, WAS, mechanical 
thickening, anaerobic digestion,  
dewatering, and CHP. 

Add: 

 CEPT to Model H-P facility 2 

Add: 

 Imported primary and secondary 
solids 

 Transportation energy for solids 
import  

 Regional FBI 

 Energy recovery 

Note: 

1 Pioneering modules for water-source heat pumps and adsorption chillers are included in all of these models. 
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3.3 Pioneering Modules 

This section provides summary descriptions and model results of the pioneering 

processes and technologies (pioneering modules) that were screened to develop the 10 “model 

high-performance” facilities that approach or exceed energy neutrality. The pioneering modules 

are separated into four categories – Mainstream Treatment, Nutrient Removal, Solids Handling, 

and Energy Recovery/Production – each is presented as a subsection. 

3.3.1 Mainstream Treatment 

 The following section covers CEPT and short solids retention time (SRT) step-feed. 

3.3.1.1 CEPT  

CEPT was applied to best practice configuration B1E – activated sludge (basic secondary 

treatment) – with primary treatment, primary sludge gravity thickening, WAS mechanical 

thickening, anaerobic digestion, dewatering, and CHP. 

CEPT is an effective and well-established method for increasing the removal of 

suspended solids and BOD during primary treatment to reduce organic loadings to the biological 

reactor. This increased primary removal increases biodegradable organic material loading to 

anaerobic digestion, boosting biogas production and energy recovery potential from CHP. 

Overall, CEPT creates a shift in biodegradable material flow from the mainstream biological 

reactor, where it consumes energy, to the anaerobic digesters, where it is converted to a usable 

fuel (biogas). 

To improve settling, CEPT uses a metal salt, such as ferric chloride, and an anionic 

polymer to coagulate and then flocculate particulate and colloidal material into larger and 

settable flocs. It has been popular at large plants where an immediate improvement in both 

primary and subsequent biological reactor performance has been realized without expanding 

tankage. In the past few years, when improved energy performance has become an industry goal, 

this technology has been considered for medium and even small plants. CEPT is not capital-

intensive, but operating costs must include the chemicals that are used continuously.  

For this illustration, CEPT was applied to best practice configuration B1E. The resulting 

Sankey diagram, Figure 3-1, is provided at the end of this subchapter. See Section 2.3.3 for a 

discussion of the overall energy performance of configuration B1E.  

Table 3-3 shows the major chemical energy impacts of the CEPT pioneering module 

compared to the baseline configuration B1E best practice case. Table 3-4 summarizes the major 

energy impacts. 

A summary of the CEPT pioneering module’s impacts on electrical and site (electricity + 

fuel) energy neutrality is shown in Figure 3-1. Overall, the CEPT pioneering module achieves 

102% energy neutrality in both performance metrics. 
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Table 3-3. Major Chemical Energy Changes and Outputs in Configuration B1E Best practice Case with and without CEPT. 
Activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, and dewatering; CHP for B1E. 

Chemical Energy Changes and Outputs in Configuration B1E  
Best Practice with and without CEPT 

 
B1E  

Best Practice With CEPT  Percent Change 

Chemical Energy Changes 

Separation in primary clarifiers 51% 64% 26% 

Degradation in biological reactor 
and final clarifier 

37% 37% 0% 

Degradation in anaerobic digester 60% 61% 1.6% 

Degradation across WRRF 61% 62% 1.6% 

Chemical Energy Outputs (as % of Inputs) 

Cake 26% 29% 12% 

Plant effluent 13% 9% -31% 

Digester gas 39% 45% 15% 

Table 3-4. Major Energy Impacts of the CEPT Pioneering Module Applied to Configuration B1E Best Practice. 

Energy Consumption and Production 

 

Units 
B1E Best 
Practice 

With  
CEPT 

Percent 
Improvement 

Major Energy Impact of CEPT 

Biological reactor electricity consumption kWh/MG 209 176 15% 

Biogas production kWh/MG 7,310 8,378 15% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 948 1,007 -6% 

Electricity generation kWh/MG 810 1,098 36% 

Production as % of consumption  
(% neutrality) 

% 85% 109% 28% 

Natural Gas Usage 

Natural gas usage MJ/MG 0 0 – 
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Figure 3-1. Sankey Diagram Showing CEPT Module Added. 
Based on best practice configuration B1E – activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening WAS mechanical thickening, anaerobic digestion, dewatering, and CHP. 

Electricity 

Supply from 

Grid

Natural Gas 

Supply from 

Pipeline

Electricity Produced 

On-Site

Electricity 

Consumption

-14 kWh/MG 0 MJ/MG 929 kWh/MG 915 kWh/MG

 Energy Supply and Consumption

Energy Neutrality

% Electrical Neutrality % Site Energy Neutrality

102% 102%

CEPT Pioneering Module 
(Applied to B1E)
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3.3.1.2 Short Solids Retention Time (SRT) Step-Feed  

Short SRT step-feed was compared to best practice configuration B1E – activated sludge 

(basic secondary treatment) – with primary treatment, primary sludge gravity thickening, WAS 

mechanical thickening, anaerobic digestion, dewatering, and CHP. 

Short SRT step-feed was selected as a pioneering module based on the anticipated 

reduced energy requirements for the biological reactor. However, effluent quality is not likely to 

reach levels that can be achieved with a conventional plug flow system. Influent quality can vary 

under this configuration, affecting performance; however, performance can be buffered to some 

extent by using equalization basins for the influent.  

The short SRT step-feed process was not applied to any typical or best practice 

configuration because it is an independent configuration. However, to see the impacts of this 

configuration operating with best practices in place on energy consumption and energy 

production, this configuration is being compared with best practice configuration B1E.  

The short SRT pioneering module has no primary treatment and feeds one-third of the 

wastewater influent directly to the last three passes to a four-pass activated sludge biological 

reactor. The SRT maintained in this facility is 1 to 1.5 days, compared to a typical SRT of 3 to 

5 days.  

The first pass of the four passes in the biological reactor will contain only return sludge. 

With a low SRT and hydraulic retention time, this step-feed process closely resembles a contact 

stabilization system. Therefore, very little biological reduction of particulate COD is expected to 

occur in the biological reactor, and the WAS should contain most of the organic materials that 

would be found in the primary sludge if there were primary treatment. The waste solids would 

also contain the excess biological growth generated in the biological reactor. However, the 

amount of excess biological growth would be less than that found in a conventional plug flow 

system. 

See Section 2.3.3 for a full discussion of the overall energy performance of configuration 

B1E.  

Table 3-5 shows the major chemical energy impacts of the short SRT pioneering module 

compared to the baseline configuration B1E best practice case. Table 3-6 summarizes the major 

energy impacts. The short SRT step-feed configuration consumes less energy in the biological 

reactor. However, the process generates less energy primarily due to a reduction in the amount of 

solids and organic material entering the anaerobic digester. 

  



 

A Guide to Net-Zero Energy Solutions for Water Resource Recovery Facilities 3-11 

Table 3-5. Major Chemical Energy Changes and Outputs in Configuration B1E Best Practice Case 
Compared to the Short SRT Pioneering Module. 

Chemical Energy Changes and Outputs in Configuration B1E  
Compared to Short SRT 

 
B1E  

Best Practice 
Short SRT 

Configuration 
Percent 

Difference 

Chemical Energy Changes 

Separation in primary clarifiers 51% N/A - 

Degradation in biological reactor 
and final clarifier 

37% 24% -35% 

Degradation in anaerobic digester 60% 52% -13% 

Degradation across WRRF 61% 58% -5% 

Chemical Energy Outputs (as % of Inputs) 

Cake 26% 27% 4% 

Plant effluent 13% 15% 15% 

Digester gas 39% 29% -26% 

Table 3-6. Major Energy Impacts of the Short SRT Pioneering Module Compared to Configuration B1E Best Practice. 

Energy Consumption and Production 

 

Units 
B1E Best 
Practice 

Short 
SRT 

Process 
Percent 

Improvement 

Major Energy Impacts 

Biological reactor electricity consumption kWh/MG 209 170 19% 

Biogas production kWh/MG 7,310 5,519 -25% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 948 888 6% 

Electricity generation kWh/MG 810 612 -25% 

Production as % of consumption (% 
neutrality) 

% 85% 69% -19% 

Natural Gas Usage 

Natural gas usage MJ/MG 0 0 – 
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Figure 3-2. Sankey Diagram Showing Short SRT Step-Feed Module Added.  
Based on best practice configuration G1E – activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, dewatering, and CHP power (CHP). 

Electricity 

Supply from 

Grid

Natural Gas 

Supply from 

Pipeline

Electricity 

Produced On-

Site

Electricity 

Consumption

276 kWh/MG 0 MJ/MG 612 kWh/MG 888 kWh/MG

 Energy Supply and Consumption

Energy Neutrality

% Electrical Neutrality % Site Energy Neutrality

69% 69%

Short SRT Step-Feed Pioneering Module 
(Applied to G1E)
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3.3.1.3 Anaerobic Lagoon with Gas Capture  

Anaerobic lagoon with gas capture was compared to best practice configuration B1E – 

activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity 

thickening, WAS mechanical thickening, anaerobic digestion, dewatering, and CHP. 

Aerobic and facultative lagoons are very low-cost treatment alternatives for basic 

domestic wastewater treatment. In most installations, odor is controlled by avoiding anaerobic 

conditions. Installations use an aerobic cap in the top layers of the lagoon, natural circulation 

patterns, or mechanical aeration devices. Anaerobic lagoons are often considered a cost-effective 

option for industrial wastes where the strong waste and high temperatures facilitate higher 

biodegradation rates and the lagoons can be covered to capture and use methane gas. 

The use of an anaerobic lagoon with gas capture for domestic treatment is unusual. 

However, this approach is gaining interest as a pioneering method to generate biogas towards 

higher energy performance. Most notably, Melbourne Water in Australia built a highly energy 

efficient system using lagoon covers at its western treatment plant. The WERF document 

entitled, Demonstrated Energy Management: A Study of Five Champions of Change (2015) 

discusses Melbourne Water’s innovative approach to energy neutrality and sustainability.  

  
Figure 3-3. Melbourne Water WTP Covered Anaerobic Lagoon (Left) and Gas-Use Plant (Right). 

 

Anaerobic lagoon treatment with biogas capture was compared with configuration B1E, 

basic secondary treatment with CHP.  

See Section 2.3.3 for a full discussion of the overall energy performance of configuration 

B1E.  

Table 3-7 shows the major chemical energy impacts of the anaerobic lagoon with gas 

capture pioneering module compared to the baseline configuration B1E best practice case. 

Table 3-8 summarizes the major energy impacts.  

A summary of the impact on electrical neutrality and site energy (electricity + fuel) 

neutrality is shown in Figure 3-4. Overall, the anaerobic lagoon with gas capture configuration 

achieves 133% electrical energy neutrality and 119% site energy neutrality.  
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Table 3-7. Major Chemical Energy Changes and Outputs in the Anaerobic Lagoon with 
Gas Capture Pioneering Module Compared to Configuration B1E Best Practice. 

Chemical Energy Changes and Outputs in Anaerobic Lagoon with Gas Capture Pioneering 
Module Compared to B1E Best Practice 

 
B1E  

Best Practice 

Anaerobic 
Lagoon with Gas 

Capture 
Pioneering 

Module Percent Change 

Chemical Energy Changes 

Separation in primary clarifiers 51% N/A – 

Degradation in the anaerobic 
lagoon 

N/A 46% – 

Degradation in biological reactor 
and final clarifier 

37% 5% -87% 

Degradation in anaerobic digester 60% N/A – 

Degradation across WRRF 61% 68% 12% 

Chemical Energy Outputs (as % of Inputs) 

Dredged solids 26% 25% -4% 

Plant effluent 13% 7% -46% 

Biogas 39% 41% 5% 

Table 3-8. Major Energy Impacts of the Anaerobic Lagoon with 
Gas Capture Pioneering Module Compared to Configuration B1E Best Practice. 

Energy Consumption and Production 

 

Units 
B1E Best 
Practice 

Anaerobic 
Lagoon 
with Gas 
Capture 

Percent 
Improvement 

Major Energy Impacts 

Biological reactor electricity consumption kWh/MG 209 170 19% 

Biogas production kWh/MG 7,310 7,770 6% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 948 725 -24% 

Electricity generation kWh/MG 810 861 6% 

Production as % of consumption  
(% neutrality) 

% 85% 119% 40% 

Natural Gas Usage 

Natural gas usage MJ/MG 0 0 – 
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Figure 3-4. Sankey Diagram Showing Anaerobic Lagoon with Gas-Capture Model Added.  
Based on best practice configuration B1E – activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, dewatering, and CHP.

Electricity Supply 

from Grid

Natural Gas 

Supply from 

Pipeline

Electricity 

Produced On-

Site

Electricity 

Consumption

-136 kWh/MG 0 MJ/MG 861 kWh/MG 725 kWh/MG

 Energy Supply and Consumption

Energy Neutrality

% Electrical Neutrality % Site Energy Neutrality

133% 119%

Anaerobic Lagoon Pioneering Module
(Applied to B1E)
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3.3.2 Nutrient Removal 

 This section provides an overview of sidestream N removal (de-ammonification) and 

mainstream simultaneous nitrification-denitrification (SND) with MBR. 

3.3.2.1 Sidestream N Removal (De-Ammonification)  

Sidestream N removal was applied to best practice configuration G1E – activated sludge 

(BNR) – with primary treatment, primary sludge gravity thickening, WAS mechanical 

thickening, anaerobic digestion, and dewatering and with CHP. 

In the first decade of this century, several processes emerged that could remove nitrogen 

from HSWs like the return stream from sludge dewatering at BNR WRRFs that employ 

anaerobic digestion. Many facilities have demonstrated that this is a cost-effective method for 

reducing overall nitrogen loads on mainstream treatment. Processes based on anammox bacteria 

are particularly energy-efficient and require no addition of supplemental carbon for 

denitrification. 

Figure 3-5 shows two examples of deammonification-based treatment alternatives. 

  
Figure 3-5. Anammox Treatment Plant in Rotterdam (Left) and De-Ammonification Plant in Strass (Right). 

The use of sidestream deammonification was compared with best practice configuration 

G1E without sidestream treatment. 

See Section 2.3.12 for a full discussion of the overall energy performance of 

configuration G1E.  

Table 3-9 shows the major chemical energy impacts of the sidestream deammonification 

pioneering module compared to the baseline configuration G1E best practice case. Table 3-10 

summarizes the major energy impacts. 

  



 

A Guide to Net-Zero Energy Solutions for Water Resource Recovery Facilities 3-17 

Table 3-9. Major Chemical Energy Changes and Outputs in Configuration G1E Best Practice Case 
with and without Sidestream Treatment (Deammonification). 

Activated sludge (BNT) – with primary treatment, primary sludge gravity thickening, 
WAS mechanical thickening, anaerobic digestion, and dewatering, and CHP. 

Chemical Energy Changes and Outputs in Configuration G1E Best Practice with and without 
Sidestream Treatment (Deammonification) 

 
G1E  

Best Practice 

G1E Best Practice 
with Sidestream 

Treatment 
Pioneering 

Module Percent Change 

Chemical Energy Changes 

Separation in primary clarifiers 49% 49% 0% 

Degradation in biological reactor 
and final clarifier 

57% 57% 0% 

Degradation in anaerobic digester 56% 56% 0% 

Degradation across WRRF 68% 68% 0% 

Chemical Energy Outputs (as % of Inputs) 

Cake 25% 25% 0% 

Plant effluent 7% 8% 14% 

Digester gas 32% 31% -3% 

Table 3-10. Major Energy Impacts of the Sidestream Treatment (Deammonification) Pioneering Module 
Applied to Configuration G1E Best Practice. 

Energy Consumption and Production 

 

Units 
G1E Best 
Practice 

With 
Sidestream 
Treatment 

Percent 
Improvement 

Major Energy Impact of Sidestream Treatment (Deammonification) 

Biological reactor electricity consumption kWh/MG 494 449 9% 

Biogas production kWh/MG 7,090 6,760 -5% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 1,565 1,421 9% 

Electricity generation kWh/MG 785 749 -5% 

Production as % of consumption 

(% neutrality) 

% 50% 53% 6% 

Natural Gas Usage 

Natural gas usage MJ/MG 9,628 6,601 31% 
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As expected, the biological reactor electrical demand was reduced by just under 10%. 

The use of sidestream treatment also reduced the mass of supplemental carbon that had to be 

added to the overall system for denitrification, resulting in a reduction in the overall natural gas 

usage for acetate production of just more than 30%. An unexpected consequence of the reduced 

carbon addition was a slightly reduced biogas production, and hence reduced electricity 

generation (approximately 5% less). Although needing more electricity, this should be weighed 

against the considerable net site energy benefit of using less carbon indicated by the reduced 

natural gas usage. 

A summary of the impact on electrical neutrality and site energy (electricity + fuel) 

neutrality is shown in Figure 3-4. Overall, the sidestream deammonification pioneering module 

achieves 53% electrical energy neutrality and 23% site energy neutrality. 
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Figure 3-6. Sankey Diagram Showing Sidestream N Removal (De-Ammonification) Module.  
Applied to best practice configuration G1E – activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, dewatering, and CHP. 
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3.3.2.2 Mainstream Simultaneous Nitrification-Denitrification (SND) with MBR  

Mainstream SND with MBR was applied to best practice configuration N2P – MBR 

(aerobic) – with BNR but no carbon addition, without primary treatment, and with aerobic 

digestion, and dewatering.  

SND with MBRs was selected as a pioneering module based on the potential for reduced 

energy requirements for secondary treatment. The SND configuration reduces oxygen demand 

and eliminates the need for an internal recycle to achieve nitrification and denitrification.  

The SND configuration has a lower capital expense than the conventional MBR system, 

with separate anoxic and aerobic zones due to the smaller blowers required by the lower air 

requirement, as well as a potentially smaller footprint. SND effluent quality was expected to be 

similar to a conventional MBR nitrification/denitrification system.  

Conventional biological nitrogen removal typically takes place in two separate tanks – an 

aerobic nitrification tank and an anoxic denitrification tank. However, it has been shown that 

conversion of ammonia to nitrogen gas in a single tank system is more energy-efficient because 

it requires less oxygen and therefore less blower capacity. SND is particularly advantageous in 

MBR systems, where the higher mixed-liquor suspended solids (MLSS) concentration reduces 

the oxygen transfer efficiency. 

SND uses operation at low DO concentration to allow the floc to contain both aerobic 

and anoxic zones within each particle. Nitrification takes place in the outer aerobic zone of the 

floc, while denitrification takes place in the inner anoxic zone. Operating at low DO increases 

the oxygen transfer driving force and lowers air requirements. The lower DO concentration also 

facilitates “short-cut” conversion of ammonia to nitrogen without converting nitrite to nitrate, 

reducing overall oxygen demand, and further reducing aeration energy requirements.  

The City of Fillmore, California, successfully implemented the American Water 

Company, Innovation and Technology group’s proprietary process, NPXpress
®
 at their MBR 

plant, which limits and controls DO to less than 1 mg/l. The plant demonstrated that it could 

force the process into “short-cut” simultaneous nitrification and denitrification, reducing the 

oxygen needed for secondary treatment significantly. SND as a pioneering process module was 

modeled after the demonstrated performance of the Fillmore facility.  

To evaluate energy consumption of the SND process at a best practice level, the 

NPXpress® process used by the City of Fillmore was applied to a modified N2P configuration. 

In addition to replacing a conventional MBR nitrification/denitrification configuration with 

SND, all motor efficiencies were optimized to see the full energy impact of both best practices 

and the SND process. The table in Sankey diagram Figure 3-5 shows a comparison of the major 

energy demands for both the SND best practice configuration and the base N2P configuration. 

The Sankey shows that the SND configuration consumes less energy, primarily from a 

drop in air requirements for the MBR system. Improved blower efficiencies and SND contributes 

to 91% of the reduction, with the remaining 9% gained from best practices in other areas such as 

grit removal and influent pumping through the use of energy-efficient motors and process 

optimization.  

The SND process results in a slightly higher energy content in the solids stream, while 

the dewatering recycle stream energy content is reduced. The additional energy content in the 

dewatered solids and the lower energy content in the recycle stream is a result of the higher 
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solids capture rate of the best practice SND configuration, compared with the N2P configuration 

(89% capture for the N2P configuration and 95% capture for the SND configuration). In 

addition, the SND process achieves a slightly lower COD reduction in the MBRs (51%) when 

compared with the conventional MBR process (54%), resulting in a slightly larger wasting 

stream and a higher energy content in the solids. 

A summary of the impact on electrical neutrality and site energy (electricity + heat) 

neutrality is shown in the table with Sankey diagram Figure 3-5. No electricity was produced and 

no natural gas imports were reduced, so the percent of electrical and site energy neutralities is 

zero. 

For a facility contemplating running a SND configuration in its MBR system, there will 

be energy savings through reduced air flow requirements. However, SND slows down the 

biological processes, which can result in filamentous bacterial growth. In addition, an SND 

system may require more process control and monitoring than would a typical biological process, 

to ensure effective operation. 
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Figure 3-7. Sankey Diagram Showing Mainstream Simultaneous Nitrification-Denitrification (SND) with Membrane Biological Reactor (MBR) Module. 
Based on best practice configuration N2P – MBR (aerobic) – BNR without carbon addition, without primary treatment, with aerobic digestion and dewatering. 
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Mainstream SND Pioneering Module 

(Applied to N2P)
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3.3.3 Solids Handling 

 This section provides an overview of advanced digestion (acid-gas), digestion pre-

treatment (THP), and solar solids drying. 

3.3.3.1 Advanced Digestion (Acid-Gas)  

Advanced digestion was applied to best practice configuration G1E – activated sludge 

(BNR) – with primary treatment, primary sludge gravity thickening, waste-activated WAS 

mechanical thickening, anaerobic digestion, and dewatering and with CHP. 

Anaerobic digestion is a multi-phase process. The first phase of digestion involves 

converting biodegradable organic materials in the waste stream to soluble compounds and 

volatile fatty acids. The soluble matter is converted to biogas (methane and carbon dioxide) in 

the second step. Each of these processes involves different groups of microorganisms. Phase 

separation, used in the acid-gas process, physically isolates the different stages of digestion to 

ensure optimal operating conditions for the different groups of microorganisms. In comparison, 

conventional mesophilic digestion incorporates both phases in a single tank. 

In the acid-gas phased process, the first stage of digestion is operated at a short retention 

time to favor acid production. The acid-phase digester is heavily loaded to maintain a pH of less 

than 6.0 and an SRT less than two days to inhibit methane production. No stabilization occurs in 

the acid-phase digester. The organic material is hydrolyzed and converted to more easily 

degradable volatile acids that serve as food for methane forming microorganisms in the gas-

phase digester. The gas-phase digester typically operates at neutral pH and is maintained at 

longer SRTs to favor methane production. The phased digestion approach can improve organic 

compound stabilization and digestion gas production rates. A properly operated acid-phase 

digester with SRT of one to two days is expected to generate 5-7% more biogas than a 

conventional mesophilic operation for the same process conditions.  

An acid-gas digester unit process was added to best practice configuration G1E to 

evaluate its impact on biogas production and overall system energy recovery. See Section 2.3.12 

for a full discussion of the overall energy performance of configuration G1E. To simulate 

hydrolysis and volatile acid fermentation, and arrest methane formation, all methanogenic 

growth rates were turned off in the acid phase digester unit process, which limited biogas 

formation to the methane phase digester only. 

Table 3-11 shows the major chemical energy impacts of the acid-gas pioneering module 

compared to the baseline configuration G1E best practice case. Table 3-12 summarizes the major 

energy impacts. 
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Table 3-11. Major Chemical Energy Changes and Outputs in Configuration G1E Best Practice Case 
with and without Advanced Digestion (Acid-Gas). 

Activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, 
WAS mechanical thickening, anaerobic digestion, and dewatering and with CHP. 

Chemical Energy Changes and Outputs in Configuration G1E Best Practice with and without 
Advanced Digestion (Acid-Gas) 

 
G1E  

Best Practice 

With Advanced 
Digestion 
(Acid-Gas)  Percent Change 

Chemical Energy Changes 

Separation in primary clarifiers 49% 49% 0% 

Degradation in biological reactor 
and final clarifier 

57% 57% 0% 

Degradation in anaerobic digester 56% 56% 0% 

Degradation across WRRF 68% 68% 0% 

Chemical Energy Outputs (as % of Inputs) 

Cake 25% 25% 0% 

Plant effluent 7% 7% 0% 

Digester gas 31% 31% 0% 

Table 3-12. Major Energy Impacts of the Advanced Digestion (Acid-Gas) Pioneering Module 
Applied to Configuration G1E Best Practice. 

Energy Consumption and Production 

 

Units 
G1E Best 
Practice 

With 
Advanced 
Digestion 
(Acid-Gas) 

Percent 
Improvement 

Major Energy Impact of Advanced Digestion (Acid-Gas) 

Biological reactor electricity consumption kWh/MG 494 494 0% 

Biogas production kWh/MG 7,090 7,090 0% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 1,565 1,565 0% 

Electricity generation kWh/MG 785 785 0% 

Production as % of consumption 

 (% neutrality) 

% 50% 50% 0% 

Natural Gas Usage 

Natural gas usage MJ/MG 9,626 9,626 0% 

The model results for the acid-gas pioneering module did not show improvement in 

energy performance over the G1E best practice configuration.  
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Figure 3-8. Sankey Diagram Showing Advanced Digestion with Acid Gas Module Added. 
Based on best practice configuration G1E – activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, dewatering, and CHP. 

Electricity 

Supply from 

Grid

Natural Gas Supply 

from Pipeline

Electricity 

Produced On-

Site

Electricity 

Consumption

780 kWh/MG 9,626 MJ/MG 785 kWh/MG 1565 kWh/MG

 Energy Supply and Consumption

Energy Neutrality

% Electrical Neutrality % Site Energy Neutrality

50% 19%

Acid Gas Pioneering Module
 (Applied to G1E)



 

3-26  

3.3.3.2 Digestion Pre-treatment (THP)  

Digestion pre-treatment was applied to best practice configuration G1E – activated 

sludge (BNR) – with primary treatment, primary sludge gravity thickening, WAS mechanical 

thickening, anaerobic digestion, and dewatering and with CHP. 

The THP is a reliable and proven technology with full-scale installations launched around 

the world since the mid-1990s. Although most THP municipal installations are in Europe, the 

technology has increased in popularity in the United States, with multiple installations currently 

at various stages of design and construction. The main advantages associated with the THP 

technology are summarized below. 

Benefits of THP Technology 

Description Resulting Benefit 

Increased digester loading  Decreased digester volume requirements 

Increased volatile solids destruction in the digester  Increased biogas production  

 Higher power generation from CHP 

Pathogen-free stabilized biosolids product  

(meets USEPA 40 CFR 503  

 Reduced tipping fees 

 Better marketability for final product  

Increased cake dewaterability  Reduced transportation costs 

The THP system uses high-temperature and high-pressure steam to rupture cells and 

improve the conversion of organic matter in biosolids to biogas in the digestion process. Steam 

used in the THP typically is produced by using waste heat from the CHP process and biogas 

produced in the digester. The THP process shown in Figure 3-9 and described below reflects the 

Cambi system. However, the Veolia Biothelys system is relatively similar, with the reactors in 

parallel instead of series.  

 
Figure 3-9. Thermal Hydrolysis – Simplified Process-Flow Diagram. 
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The THP design requires solids to be dewatered to 16-18% total solids (%TS) prior to 

entering the pulper tank. In the pulper, the solids are heated by the addition of recycled flash 

steam from the THP flash tank. The pulper is an enclosed stainless steel vessel, kept at over 

atmospheric pressure to contain odors and maximize recovered heat. After going through the 

pulper, the solids and steam are fed to THP reactors for a specified retention time, temperature, 

and pressure, where a multiple-batch control system operates the reactors on a staggered basis to 

balance the flow prior to the flash tank. After leaving the flash tank, the solids must be pumped 

through a cooling heat exchanger controlled to mesophilic temperatures as required by the 

digestion process. Steam condensation results in some solids dilution, resulting in a solids 

concentration of 10-12% TS before digestion. The cooled, diluted solids are fed to the 

mesophilic digesters, which operate at approximately 40-45°C. The heat requirement of the 

mesophilic digesters is provided by the solids from the THP.  

The THP technology is modular in 

design, giving it a high degree of flexibility 

with respect to system sizing. Smaller 

reactor systems range up to 24 dry tons per 

day of processing capacity, while larger 

systems are capable of treating up to 135 dry 

tons per day of solids. (The picture below 

illustrates a typical installation of a THP 

system showing the flash tank and thermal 

hydrolysis reactors.) 

As a pioneering module, the THP 

technology was applied as an enhancement 

to best practice configuration G1E to 

evaluate the impact of THP on digester 

sizing, biogas production, and overall energy 

performance. To support the THP, a pre-

dewatering unit process was included prior to the THP system. See Section 2.3.12 for a full 

discussion of the overall energy performance of configuration G1E. 

The main parameters used to evaluate digester sizing were the volatile solids loading rate, 

digester feed solids concentration, and SRT. Digester volatile solids loading rates for the THP 

pre-treated solids ranged between 250 and 260 lbs of VSS per 1,000 cubic feet (lbVSS/kcu.ft.) of 

digester volume. Thermally hydrolyzed solids were fed to the digester at 12%TS. In contrast, 

digester volatile solids loading rates for the best practice G1E configuration ranged between 90 

and 95 lbVSS/kcu.ft., with digester solids feed concentrations between 5 and 7%TS. Both typical 

and best practice cases for the THP configuration show significant reduction in theoretical 

digester volume requirement with approximately one-half to one-third of the volume required by 

best practice configuration G1E.  

Table 3-13 shows the major chemical energy impacts of the THP pioneering module 

compared to the baseline configuration G1E best practice case. Table 3-14 summarizes the major 

energy impacts. 

  

Figure 3-10. Thermal Hydrolysis – 
Typical Process Installation. 
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Table 3-13. Major Chemical Energy Changes and Outputs in Configuration G1E Best Practice Case 
with and without Digestion Pre-treatment (THP). 

Activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, 
WAS mechanical thickening, anaerobic digestion, and dewatering and with CHP. 

Chemical Energy Changes and Outputs in Configuration G1E Best Practice 
With and Without Digestion Pre-treatment (THP) 

 
G1E  

Best Practice 

With THP 
Pioneering 

Module Percent Change 

Chemical Energy Changes 

Separation in primary clarifiers 49% 48% -2% 

Degradation in biological reactor and 
final clarifier 

57% 55% -4% 

Degradation in anaerobic digester 56% 64% 14% 

Degradation across WRRF 68% 72% 6% 

Chemical Energy Outputs (as % of Inputs) 

Cake 25% 19% -24% 

Plant effluent 7% 10% 43% 

Digester gas 31% 36% 16% 

Table 3-14. Major Energy Impacts of the THP Pioneering Module Applied to Configuration G1E Best Practice. 

Energy Consumption and Production 

 

Units 
G1E Best 
Practice With THP 

Percent 
Improvement 

Major Energy Impact of THP 

Biogas production kWh/MG 7,090 7,900 11% 

Cake embedded energy kWh/MG 5,704 4,139 27% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 1,565 1,586 -1% 

Electricity generation kWh/MG 785 876 12% 

Production as % of consumption  
(% neutrality) 

% 50% 55% 10% 

Natural Gas Usage 

Natural gas usage MJ/MG 9,626 9,626 0% 

The recovery of embedded chemical energy to biogas is a direct function of the ratio of 

primary to WAS. A higher fraction of primary solids to WAS diverts higher quality and more 

easily degradable solids to the digesters, yielding higher biogas production and generated power 

from CHP. Furthermore, implementing THP pre-treatment allows for further breakdown and 

dissolution of thickened solids prior to digestion, which improves conversion of organic matter 

to biogas. This improvement in chemical energy release in the digestion step makes THP an 

attractive alternative for plants that aim to be energy neutral. 

Another indicator for overall system energy recovery efficiency is the amount of energy 

remaining in the cake after digestion. Model results show a higher percentage of energy 
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recovered (less unused energy out with the cake solids) for the G1E best practice configuration 

with THP.  

A summary of the impact on electrical neutrality and site energy (electricity + fuel) 

neutrality is shown in Figure 3-11. Overall, the THP pioneering module achieves 55% electrical 

energy neutrality and 21% site energy neutrality. 



 

3-30  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-11. Sankey Diagram Showing a THP Module Added. 
Based on best practice configuration G1E – activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, dewatering, and CHP. 
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3.3.3.3 Digestion Pre-treatment (OpenCel)  

Digestion pre-treatment was applied to best practice configuration G1E – activated 

sludge (BNR) – with primary treatment, primary sludge gravity thickening, WAS mechanical 

thickening, anaerobic digestion, and dewatering and with CHP. 

OpenCel’s focused-pulsed (FP) technology is relatively new in the municipal market with 

a number of pilot and demonstration unit installations in place across the United States. FP is an 

adaptation of the pulsed electric field technology, which has long been used in molecular biology 

for “electroporation” of cellular membranes in medical therapies.  

OpenCel uses a rapidly pulsing, high-voltage electric field (15-100 kilovolts per 

centimeter), which is applied over a short period (2-15 microseconds) to rupture cell membranes, 

thus releasing the intercellular materials for improved digestion. The OpenCel pre-treatment 

technology is claimed to improve digestibility of WAS, in turn increasing digester volatile solids 

reduction (VSR) and biogas production. Although some studies have shown promise, the jury 

was still out as of this report on the long-term impact of OpenCel on digester pre-treatment. An 

illustration of the OpenCel technology is shown in Figure 3-12. 

 

 
Figure 3-12. WAS Pre-Treatment – OpenCel Diagram with Main System Components. 
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The OpenCEL system employs a “once-through” treatment configuration. It is designed 

around an applied energy “target” that corresponds to a threshold energy requirement, after 

which point there is little incremental release of intercellular material by adding more energy. 

The target energy is described as the “treatment intensity,” which is a function of the applied 

voltage, the pulse width (duration), the pulse frequency, the sample conductivity, the distance 

between electrodes, and the residence time of the sample in the treatment chamber. The 

treatment intensity can be modified by adjusting the pulse width and/or frequency.  

Prior to treatment in the OpenCEL reactor, the solids pass through a grinder pump to 

reduce the particle size. When voltage is applied, electrodes in the treatment chamber generate an 

electric field that flows from one electrode to the other through the waste activated solids inside 

the chamber. Electric pulsing is based on the mass of solids to be pre-treated. The OpenCEL 

system can accommodate feed solids concentrations ranging from 4-8% TS. One of the potential 

concerns with more dilute feed solids is the effect on charge ratio, which could affect electrical 

conductivity inside the treatment chamber. 

 
Figure 3-13. OpenCel Demonstration Unit Installation at Mesa, Arizona. 

As a pioneering module, the OpenCel technology was applied as an enhancement to best 

practice configuration G1E to evaluate the impact of OpenCel on digester sizing, biogas 

production, and overall energy performance. See Section 2.3.12 for a full discussion of the 

overall energy performance of configuration G1E. 

SRT in the digester was maintained at about 20 days for both pre-treatment cases. Pre-

treated solids fed to the digester for the best practice cases was 5.8 %TS. VSR in the digester for 

the best practice case was 61% compared with 57% for the G1E best practice configuration. 

Table 3-15 shows the major chemical energy impacts of the OpenCel pioneering module 

compared to the baseline configuration G1E best practice case. Table 3-16 summarizes the major 

energy impacts. 
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Table 3-15. Major Chemical Energy Changes and Outputs in Configuration G1E Best Practice Case 
with and without Digestion Pre-Treatment (OpenCel). 

Activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, 
WAS mechanical thickening, anaerobic digestion, and dewatering and with CHP. 

Chemical Energy Changes and Outputs in Configuration G1E Best Practice 
With and Without Digestion Pre-Treatment (OpenCel) 

 
G1E  

Best Practice 

With OpenCel 
Pioneering 

Module Percent Change 

Chemical Energy Changes 

Separation in primary clarifiers 49% 48% -2% 

Degradation in biological reactor 
and final clarifier 

57% 56% -2% 

Degradation in anaerobic digester 56% 60% 7% 

Degradation across WRRF 68% 70% 3% 

Chemical Energy Outputs (as % of Inputs) 

Cake 25% 21% -16% 

Plant effluent 7% 9% 29% 

Digester gas 31% 34% 10% 

Table 3-16. Major Energy Impacts of the OpenCel Pioneering Module Applied to Configuration G1E Best Practice. 

Energy Consumption and Production 

 

Units 
G1E Best 
Practice 

With 
OpenCel 

Percent 
Improvement 

Major Energy Impact of OpenCel 

Biogas production kWh/MG 7,090 7,610 7% 

Cake embedded energy kWh/MG 5,704 4,730 17% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 1,565 1,675 -7% 

Electricity generation kWh/MG 785 843 7% 

Production as % of consumption 

(% neutrality) 

% 50% 50% 0% 

Natural Gas Usage 

Natural gas usage MJ/MG 9,626 9,626 0% 

The recovery of embedded chemical energy to biogas is a direct function of the ratio of 

primary-to-WAS for each of the compared cases. A higher fraction of primary solids to WAS 

diverts higher quality and more easily degradable solids to the digesters, yielding higher biogas 

production and generated power from CHP.  
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The model results for the OpenCel pioneering module did not show improvement in 

energy performance over the G1E best practice configuration. The addition of OpenCel digester 

pre-treatment shows an incremental benefit to biogas production when compared with the Best 

Practice G1E scenario. However, the increase in electricity generation as a result of more biogas 

generation is not enough to overcome the required electrical input for the OpenCel system. 

Although initial modeling results do not favor OpenCel from an overall energy performance 

standpoint for this application, the pre-treatment step may still prove to be attractive for WRRFs 

with starting VSR lower than what was modeled for the G1E best practice configuration. 

Another indicator for overall system energy recovery efficiency is the amount of energy 

remaining in the cake after digestion. Model results show a higher percentage of energy 

recovered (less unused energy out with the cake solids) for the G1E best practice configuration 

with OpenCel.  
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Figure 3-14. Sankey Diagram Showing OpenCel WAS Pre-Treatment Process Module. 
Applied to best practice configuration G1E – activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, dewatering, and CHP. 
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3.3.3.4 Solar Solids Drying  

Solar solids drying was applied to best practice configuration B4 – activated sludge 

(basic secondary treatment) – with primary treatment, primary sludge gravity thickening, WAS 

mechanical thickening, anaerobic digestion, dewatering and thermal drying. 

Solar solids drying was selected as a pioneering module based on the growing popularity 

of biosolids drying and the substantial reduction in energy required for solar compared with 

thermal drying. The growth of drying generally reflects the desire to make a higher-value, Class 

A biosolids product and reduce handling and transportation cost. 

Solar drying has a large land area requirement, so land availability is an important 

consideration. It will be more attractive to small-to-medium-sized facilities, which tend to have 

more available land on a relative basis compared with their larger counterparts. Economies of 

scale will be attractive.  

Figure 3-15 shows a solar drying installation. Solar drying cost is capital-intensive, but 

has very low operating costs because energy is supplied by the sun.  

Energy requirements increase if extensive odor control is required. Facilities that produce 

a low-odor biosolids, such as a well-digested, belt-dewatered biosolids cake, are better suited to 

solar drying.  

Solar drying economics are location/climate-sensitive, because insolation (the rate of 

direct solar radiation on a horizontal area) varies with latitude and climate conditions. For this 

analysis, a northern temperate climate was assumed so the analysis could be reasonable, if not 

conservative, for most facilities in the United States and others in similarly situated latitudes and 

climates.  

As shown in the photos, solar drying has made recent advances in optimized, automated 

ventilation control, and in automated mixing/tilling/aeration using robotic moles, bridge turners, 

or windrow turners. 

 
Figure 3-15. Solar Drying Installation – Drying Chamber (Left) and 
Robotic “Mole” Used for Automated Mixing and Aeration (Right).  

Photos Courtesy Parkson Corporation. 
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For this pioneering module, solar drying was applied as an alternative to thermal drying 

in best practice configuration B4. See Section 2.3.3 for a full discussion of the best practices 

employed to improve the overall energy performance of configuration B4. Best practice 

configuration B4 was selected because it uses the biogas generated in anaerobic digestion to fuel 

thermal drying. With the use of solar drying, this high-value energy is available for other uses. It 

should be noted that a solar-drying-based facility would require an alternative means of 

achieving Class A pathogen reduction if a Class A biosolids product were desired (achieved by 

operating anaerobic digestion under thermophilic conditions that meet the U.S. EPA Part 503 

time-temperature requirement). 

Table 3-17 shows the major chemical energy impacts of the solar drying pioneering 

module compared to the baseline configuration B4 best practice case. Table 3-18 summarizes the 

major energy impacts. 

Table 3-17. Major Chemical Energy Changes and Outputs in Configuration B4 Best Practice Case 
with and without Solar Drying. 

Activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, 
WAS mechanical thickening, anaerobic digestion, dewatering and thermal drying. 

Chemical Energy Changes and Outputs in Configuration B4 Best Practice 
With and Without Solar Drying 

 
B4  

Best Practice 

With Solar Drying 
Pioneering 

Module in Lieu of 
Thermal Drying Percent Change 

Chemical Energy Changes 

Separation in primary clarifiers 49% 49% 0% 

Degradation in biological reactor 
and final clarifier 

37% 37% 0% 

Degradation in anaerobic digester 60% 60% 0% 

Degradation across WRRF 61% 61% 0% 

Chemical Energy Outputs (as % of Inputs) 

Cake 26% 26% 0% 

Plant effluent 13% 13% 0% 

Digester gas 39% 39% 0% 
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Table 3-18. Major Energy Impacts of the Solar Drying Pioneering Module Applied to Configuration B4 Best Practice. 

Energy Consumption and Production 

 

Units 
B4 Best 
Practice 

With Solar 
Drying 

Percent 
Improvement 

Major Energy Impact of Solar Drying 

Dryer fuel use kWh/MG 4,878 0 100% 

Surplus biogas available for recovery kWh/MG 39 4,805 12,200% 

Dryer electricity consumption kWh/MG 127 44 65% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 1,075 1,031 4% 

Electricity generation kWh/MG 0 0 0% 

Production as % of consumption  

(% neutrality) 

% 0% 0% 0% 

Natural Gas Usage 

Natural gas usage MJ/MG 0 0 0% 

 

Performing efficient digested solids dewatering is a key element of optimizing the best 

practice configuration B4 energy performance. This will achieve a drier feed solids concentration 

that, with best practices for maximizing digester biogas production, requires no imported natural 

gas for thermal drying. As a result, all the biogas for the solar drying case would be available for 

energy recovery in CHP or for other uses.  

A summary of the impact on electrical neutrality and site energy (electricity + fuel) 

neutrality is shown in Figure 3-16. No electricity is produced and no natural gas imports are 

reduced, so the electrical and site energy neutralities are zero.  

WRRFs contemplating solar drying should consider adding CHP as part of the same 

project to offset imported electricity and improve overall energy performance. 

A facility may also see more benefits with solar drying if it seeks to incorporate drying 

but does not have anaerobic digestion to provide a source of fuel. 
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Figure 3-16. Sankey Diagram Showing Solar Solids Drying Module. 
Applied to best practice configuration B4 – activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, dewatering, and direct thermal drying. 
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3.3.4 Energy Recovery/Production 

 This section provides an overview of FOG co-digestion, food waste co-digestion, and 

residential sink food processing. 

3.3.4.1 FOG Co-Digestion  

FOG co-digestion was applied to best practice configuration G1E – activated sludge 

(BNR) – with primary treatment, primary sludge gravity thickening, WAS mechanical 

thickening, anaerobic digestion, and dewatering and with CHP. 

 HSW co-digestion has seen growing popularity as a way to maximize digester gas 

production using installed anaerobic digestion capacity. As of this report, the most commonly 

co-digested HSW was fats, oils, and grease, commonly referred to as FOG. FOG, a readily 

digestible feedstock, is collected from grease traps installed in restaurants and throughout the 

collection system.  

The tanks and equipment required for FOG collection have a small footprint, low cost, 

and are generally easy to retrofit into an existing anaerobic digestion facility. FOG requires little 

processing prior to digester feeding. A typical FOG-receiving installation consists of a heated 

FOG receiving tank, a macerator to grind large particles, an unloading pump, a FOG 

recirculation pump, a heating water pump, and associated FOG and heating water piping. 

FOG quality and quantity are highly variable characteristics. The amount of FOG 

received at a given facility depends on the amount available in the service area. WRRFs have 

seen digester gas increase up to more than 100% through FOG co-digestion. A FOG quantity of 

210 gallons of FOG per million gallons of treatment capacity was selected based on average 

market availability. We selected FOG quality based on a literature review of data from numerous 

facilities and a review by experts in the field.  

While the FOG quantity and quality used in this pioneering module is a best estimate 

based on available information, it will not apply to all facilities. If a utility is considering FOG 

co-digestion, then an investigation of available FOG sources, quantities, and characteristics is 

recommended. Main FOG quantities and characteristics used in this pioneering module are listed 

in the table below. 

Parameter Units Value 

FOG quantity GPD 21,000 

Total solids mg/l (%TS) 30,000 (3%) 

COD concentration mg/l 150,000 

Total nitrogen (TN) concentration mg/l 75 

TP concentration mg/l 15 

For this pioneering module, FOG co-digestion was applied to best practice configuration 

G1E. See Section 2.3.12 for a full discussion of the overall energy performance of best practice 

configuration G1E.  
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Table 3-19 shows the major chemical energy impacts of the FOG co-digestion pioneering 

module compared to the baseline configuration G1E best practice case. Table 3-20 summarizes 

the major energy impacts. 

Table 3-19. Major Chemical Energy Changes and Outputs in Configuration G1E Best Practice Case 
with and without FOG Co-Digestion. 

Activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, 
WAS mechanical thickening, anaerobic digestion, and dewatering and with CHP. 

Chemical Energy Changes and Outputs in Configuration G1E Best Practice  
With and Without FOG Co-Digestion 

 
G1E  

Best Practice 

With Co-Digestion 
Pioneering 

Module Percent Change 

Chemical Energy Changes 

Separation in primary clarifiers 49% 49% 0% 

Degradation in biological reactor 
and final clarifier 

57% 57% 0% 

Degradation in anaerobic digester 56% 59% 5% 

Degradation across WRRF 68% 69% 2% 

Chemical Energy Outputs (as % of Inputs) 

Cake 25% 24% -4% 

Plant effluent 7% 7% 0% 

Digester gas 31% 34% 10% 

Table 3-20. Major Energy Impacts of the FOG Co-Digestion Pioneering Module Applied to Configuration G1E Best Practice. 

Energy Consumption and Production 

 

Units 
G1E Best 
Practice 

With FOG 
Co-Digestion 

Percent 
Improvement 

Major Energy Impact of FOG Co-digestion 

Biogas production kWh/MG 7,090 8,370 18% 

Cake embedded energy kWh/MG 5,704 5,992 -5% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 1,565 1,592 -2% 

Electricity generation kWh/MG 785 928 18% 

Production as % of consumption 

(% neutrality) 

% 50% 58%  

Natural Gas Usage 

Natural gas usage MJ/MG 9,626 9,626 0% 

 

Results show an increase in biogas production and corresponding CHP electricity 

generation of 18% with the addition of FOG co-digestion to best practice configuration G1E.  

A summary of the impact on electrical neutrality and site energy (electricity + natural 

gas) neutrality is shown in Figure 3-17. The electrical neutrality of configuration G1 best 

practice increased to 58% from 50% with the addition of FOG co-digestion. Site energy 

neutrality increased to 22% from 19%.
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Figure 3-17. Sankey Diagram Showing Fats, Oil, and Grease Co-Digestion. 
Applied to best practice configuration G1E – activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, dewatering, and CHP. 
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3.3.4.2 Food Waste Co-Digestion  

Food waste co-digestion was applied to best practice configuration G1E – activated 

sludge (BNR) – with primary treatment, primary sludge gravity thickening, WAS mechanical 

thickening, anaerobic digestion, and dewatering and with CHP. 

HSW co-digestion has seen growing popularity as a way to maximize digester gas 

production using installed anaerobic digestion capacity. The second-most commonly co-digested 

HSW is food waste, including fruit and vegetable waste, dairy whey from cheese manufacturing, 

olive and other vegetable oil wastes, and waste from juice and soda production, among others. 

Food waste is generally high in total solids concentration and a readily digestible feedstock, 

commonly achieving about 90% VSR. 

The tanks and equipment required for food waste receiving have a small footprint, low 

cost, and are generally easy to retrofit into an existing anaerobic digestion facility. Generally, 

food waste requires more pre-processing than does FOG, because it may contain packaging 

equipment, silverware, and similar inorganic items. The required pre-processing equipment 

varies, depending on the type of food waste received. Packaged materials require a pug mill and 

screen to separate the packaging from the food waste, oily food waste requires a system similar 

to that required for FOG, and post-consumer fruit and vegetable waste requires a macerator and 

screen.  

Food waste quality and quantity are highly variable characteristics. The amount of food 

waste received at a given facility depends on the size and number of food processing industries 

located in the service area. We selected a food waste quantity equivalent to the quantity of FOG 

co-digested in the FOG pioneering module (see Section 3.3.4.1) for illustration purposes.  

Food waste quality was selected based on a literature review of data from numerous 

facilities and a review by experts in the field. While the food-waste quantity and quality used in 

this pioneering module is a best estimate based on available information, it will not apply to all 

facilities. The research team recommends that utilities investigate available food waste sources, 

quantities, and characteristics if it is considering food waste co-digestion. Main food waste 

quantities and characteristics used in this pioneering module are listed in the table below.  

Parameter Units Value 

FOG quantity gpd 22,500 

Total solids mg/L (%TS) 200,000 (20%) 

COD concentration mg/L 133,000 

Total nitrogen (TN) concentration mg/L 1,300 

TP concentration mg/L 762 

For this pioneering module, food waste co-digestion was applied to best practice 

configuration G1E. See Section 2.3.12 for a full discussion of the overall energy performance of 

configuration G1E.  

Table 3-21 shows the major chemical energy impacts of the food waste co-digestion 

pioneering module compared to the baseline configuration G1E best practice case. Table 3-22 

summarizes the major energy impacts. 
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Table 3-21. Major Chemical Energy Changes and Outputs in Configuration G1E Best Practice Case 
with and without Food Waste (FW) Co-Digestion. 

Activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, 
WAS mechanical thickening, anaerobic digestion, and dewatering and with CHP. 

Chemical Energy Changes and Outputs in Configuration G1E Best Practice 
With and Without Food Waste Co-Digestion 

 
G1E  

Best Practice 

With FW Co-
Digestion 

Pioneering 
Module Percent Change 

Chemical Energy Changes 

Separation in primary clarifiers 49% 49% 0% 

Degradation in biological reactor 
and final clarifier 

57% 57% 0% 

Degradation in anaerobic digester 56% 59% 5% 

Degradation across WRRF 68% 67% -2% 

Chemical Energy Outputs (as % of Inputs) 

Cake 25% 24% -4% 

Plant effluent 7% 7% 0% 

Digester gas 31% 34% 10% 

Table 3-22. Major Energy Impacts of the Food Waste Co-Digestion Pioneering Module 
Applied to Configuration G1E Best Practice. 

Energy Consumption and Production 

 

Units 
G1E Best 
Practice 

With FW 
Co-

Digestion 
Percent 

Improvement 

Major Energy Impact of FW Co-digestion 

Biogas production kWh/MG 7,090 8,400 19% 

Cake embedded energy kWh/MG 5,704 5,970 -5% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 1,565 1,600 -2% 

Electricity generation kWh/MG 785 931 19% 

Production as% of consumption 

(% neutrality) 

% 50% 58% 16% 

Natural Gas Usage 

Natural gas usage MJ/MG 9,626 9,626 0% 

 

Results show an increase in biogas production and corresponding CHP electricity 

generation of 19% with the addition of FW co-digestion to best practice configuration G1E.  

A summary of the impact on electrical neutrality and site energy (electricity + natural 

gas) neutrality is shown in Figure 3-18. The electrical neutrality of configuration G1E best 

practice increased to 58% from 50% with the addition of FW co-digestion. Site energy neutrality 

increased to 22% from 19%. 
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Figure 3-18. Sankey Diagram Showing the Food Waste Co-Digestion Module. 
Applied to best practice configuration G1E – activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, dewatering, and CHP. 

 

 

Electricity 

Supply from 

Grid

Natural Gas 

Supply from 

Pipeline

Electricity 

Produced On-

Site

Electricity 

Consumption

669 kWh/MG 9,626 MJ/MG 931 kWh/MG 1,600 kWh/MG

 Energy Supply and Consumption

Energy Neutrality

% Electrical Neutrality % Site Energy Neutrality

58% 22%

Food Waste Co-digestion Pioneering Module 

(applied to G1E)
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3.3.4.3 Residential Sink Food Processing  

Applied to best practice configuration G1E – activated sludge (BNR) – with primary 

treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, 

and dewatering and with CHP. 

The residential sink food processing pioneering module was modeled to evaluate the 

impact of installing sink food grinders such as the Insinkerator in individual households to send 

household food waste to WRRFs instead of landfills. Residential sink food processing does not 

require additional tankage or equipment at the WRRF to receive and process the waste.  

To model this pioneering module, the research team analyzed data from a pilot 

community to determine how the installation and use of sink food grinders affected the influent 

wastewater characteristics. The influent wastewater characteristics were modified to account for 

these changes, as shown in the table below. 

Parameter Units 

Residential 
Sink Food 

Processing 
Configuration 

G1E 
Percent 
Increase 

Total COD mgCOD/l 438 358 18% 

TKN mgN/l 44.1 40.0 9% 

TP mgP/l 7.6 7.0 8% 

For this pioneering module, residential sink food processing was applied to best practice 

configuration G1E. See Section 2.3.12 for a full discussion of the best practices employed to 

improve the overall energy performance of configuration G1E.  
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Table 3-23 shows the major chemical energy impacts of the residential sink food 

processing pioneering module compared to the baseline configuration best practice case. 

Table 3-24 summarizes the major energy impacts.  

Table 3-23. Major Chemical Energy Changes and Outputs in Configuration G1E Best Practice Case 
with and without Residential Sink Food Processing. 

Activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, 
WAS mechanical thickening, anaerobic digestion, and dewatering and with CHP. 

Chemical Energy Changes and Outputs in Configuration G1E Best Practice 
With and Without Residential Sink Food Processing 

 
G1E  

Best Practice 

With Residential 
Sink Food 
Processing 

Pioneering Module Percent Change 

Chemical Energy Changes 

Separation in primary clarifiers 49% 49% 0% 

Degradation in biological reactor 
and final clarifier 

57% 57% 0% 

Degradation in anaerobic digester 56% 55% -2% 

Degradation across WRRF 68% 68% 0% 

Chemical Energy Outputs (as % of Inputs) 

Cake 25% 26% 4% 

Plant effluent 7% 7% -0% 

Digester gas 31% 32% 3% 

Table 3-24. Major Energy Impacts of the Residential Sink Food Processing Pioneering Module 
Applied to Configuration G1E Best Practice. 

Energy Consumption and Production 

 

Units 
G1E Best 
Practice 

With 
Residential 
Sink Food 

Processing 
Percent 

Improvement 

Major Energy Impact of Residential Sink Food Processing 

Influent COD MJ/MG 18,781 22,978 22% 

Biological reactor electricity consumption kWh/MG 494 527 -7% 

Biogas production kWh/MG 7,090 8,510 20% 

Cake embedded energy kWh/MG 5,704 6,967 -22% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 1,565 1,598 -2% 

Electricity generation kWh/MG 785 943 20% 

Production as % of consumption 

(% neutrality) 

% 50% 59% 18% 

Natural Gas Usage 

Natural gas usage MJ/MG 9,626 9,626 0% 
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While the increase in influent COD increased biological reactor electricity consumption 

by 7%, the biogas production and corresponding CHP electricity generation increased by 20%, 

resulting in a net 18% improvement in electrical neutrality. A significant amount of the energy 

added through residential sink food processing remained in the cake. 

A summary of the impact on electrical neutrality and site energy (electricity + natural 

gas) neutrality is shown in Figure 3-19. The electrical neutrality increased to 59% from 50% 

through residential sink food processing. Site energy neutrality increased to 22% from 19%. 
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Figure 3-19. Sankey Diagram Showing Residential Sink Food Processing Module. 
Applied to best practice Configuration G1E – (BNR) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, and dewatering.

Electricity 

Supply from 

Grid

Natural Gas 

Supply from 

Pipeline

Electricity 

Produced On-Site

Electricity 

Consumption

655 kWh/MG 9,626 MJ/MG 943 kWh/MG 1,598 kWh/MG

 Energy Supply and Consumption

Energy Neutrality

% Electrical Neutrality % Site Energy Neutrality

59% 22%

Residential Sink Food Processing Pioneering Module

(Applied to G1E)
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3.3.4.4 Electricity Production from Waste Process Heat (ORC)  

Electricity production from waste process heat was applied to best practice configuration 

B5 – activated sludge (basic secondary treatment) – with primary treatment, primary sludge 

gravity thickening, WAS mechanical thickening, dewatering, and MHI. 

Electricity production from waste process heat using an ORC was selected as a 

pioneering module based on the growing desire to recover as much energy from the incineration 

process as possible. Using incineration with ORC energy recovery also reduces the biosolids to 

an inert ash with minimum volume. 

The ability to incorporate ORC energy recovery with incineration mainly depends on the 

dewatered solids content and heat value of the solids entering the incinerator. The systems are 

typically more economically favorable at larger facilities. The 10MGD facility used here for 

illustration is smaller than what would be seen in practice, but provides a relative comparison 

with other cases.  

A key element to improve the facility energy performance involves optimizing the 

dewatering performance to achieve the highest dewatered solids content practical. Under these 

conditions, the system will operate with a minimal amount of imported natural gas and produce 

high-quality heat energy in the flue gas that can be recovered in a thermal oil heat exchanger for 

electricity production in an ORC system.  

A WRRF with an existing MHI or FBI system could consider adding ORC energy 

recovery to improve the overall energy performance. Albany County Sewer District’s North 

Plant in New York practices ORC energy recovery on its MHI system. Figures 3-20 show 

equipment used at the Albany ORC plant.  

 
Figure 3-20. ORC Albany, NY installation – ORC System (Left) and Thermal Oil Heater (Right).  

Photos Courtesy Albany County Sewer District. 
 

For this pioneering module, ORC energy recovery was applied to best practice 

configuration B5. See Section 2.3.5 for a full discussion of the best practices employed to 

improve overall energy performance of configuration B5. 

Table 3-25 summarizes the major energy impacts of the ORC energy recovery system. 
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Table 3-25. Major Energy Impacts of the ORC Pioneering Module Applied to Configuration B5 Best Practice. 

Energy Consumption and Production 

 

Units 
B5 Best 
Practice 

With ORC 
Energy 

Recovery 
Percent 

Improvement 

Major Energy Impact of ORC Energy Recovery 

MHI electricity generation kWh/MG 0 182 100% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 1,213 1,213 0% 

Electricity generation kWh/MG 0 182 100% 

Production as % of consumption 

(% neutrality) 

% 0% 15% 100% 

Natural Gas Usage 

Natural gas usage MJ/MG 4,241 4,241 0% 

The ORC energy recovery process supplied 15% of the electricity needs of the B5 best 

practice configuration. 

A summary of the impact on electrical neutrality and site energy (electricity and natural 

gas) neutrality is shown in Figure 3-21. The electrical neutrality increased to 15% from 0%. Site 

energy neutrality increased to 9% from 0%. 
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Figure 3-21. Sankey Diagram Showing MHI with ORC Energy Recovery Module. 
Based on best practice configuration B5 – activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, dewatering, and MHI.

Electricity Supply 

from Grid

Natural Gas 

Supply from 

Pipeline

Electricity 

Produced On-

Site

Electricity 

Consumption

1006 kWh/MG 4241 MJ/MG 207 kWh/MG 1214 kWh/MG

 Energy Supply and Consumption

Energy Neutrality

% Electrical Neutrality % Site Energy Neutrality

17% 9%

MHI with Organic Rankin Cycle Energy 

Recovery Pioneering Module (Applied to B5)
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3.3.4.5 Heat Recovery (Adsorption Chillers)  

Heat recovery was applied to best practice configuration G1E – activated sludge (BNR) – 

with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, 

anaerobic digestion, dewatering, and CHP. 

Adsorption chillers are becoming a more popular method of air conditioning. Typically, 

WRRFs that have CHP or another combustion process generate excess heat in the summer 

months. Using thermodynamic principles of temperature, pressure and enthalpy, the adsorption 

chiller uses the excess heat as a reverse heat pump to cool buildings.  

Adsorption chillers work on the principle of adsorption using solid sorption materials 

such as silica gel and zeolites. Adsorption chillers contain water as a refrigerant. The evaporator 

section produces the chilled water by the refrigerant (water) being evaporated by the sorption 

material in a two-compartment adsorption chamber. While the sorbent in the first adsorption 

chamber is regenerated using hot water from the external heat source, the sorbent in the second 

compartment adsorbs the water vapor entering from the evaporator. The water vapor released 

from the sorption material is condensed in the condenser, which is cooled by cooling water. 

Under typical operations with a driving temperature of 80°F, the systems achieve a coefficient of 

performance (COP) of about 0.6. 

Figures 3-22 and 3-23 show a simplified example of an adsorption chiller system.  

 
Figure 3-22. Adsorption Chiller System Example. 

 

  

Figure 3-23. Adsorption Chiller Examples. 

  

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.joules-project.eu/Joules/technologies/secondary_convertors&ei=zYhzVKeBLc70iAK1mIDYBg&bvm=bv.80185997,d.aWw&psig=AFQjCNFaRttELzztpQWnnKvj4R6jzp0PpQ&ust=1416944194423945
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The adsorption chiller pioneering module was applied to best practice configuration G1E. 

This configuration was selected because the CHP system produces excess heat. See Section 

2.3.12 for a full discussion of overall energy performance of configuration G1E. 

Table 3-26 summarizes the energy impacts of the adsorption chiller energy recovery 

system. 

Table 3-26. Major Energy Impacts of the Adsorption Chiller Pioneering Module Applied to Configuration G1E Best Practice. 

Energy Consumption and Production 

 

Units 
G1E Best 
Practice 

With 
Adsorption 

Chiller 
Percent 

Improvement 

Major Energy Impact of Adsorption Chiller 

Site lighting and misc. (including HVAC) kWh/MG 80 77 4% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 1,565 1,562 <1% 

Electricity generation kWh/MG 785 785 0% 

Production as% of consumption 

(% neutrality) 

% 50% 50% 0% 

Natural Gas Usage 

Natural gas usage MJ/MG 9,626 9,626 0% 

The energy reduction benefits are negligible from our model. Energy performance of the 

adsorption chiller pioneering module will depend upon the amount of excess heat available and 

the cooling needs for each WRRF. The greater the excess heat and cooling needs, the greater the 

benefit of adsorption chiller technology. 

A summary of the impact on electrical neutrality and site energy (electricity + natural 

gas) neutrality is shown in Figure 3-24. There was no change in either performance metric.  
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Natural Gas 

Supply from 

Pipeline
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Produced On-

Site
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777 kWh/MG 9,626 MJ/MG 785 kWh/MG 1,562 kWh/MG

 Energy Supply and Consumption

Energy Neutrality

% Electrical Neutrality % Site Energy Neutrality

50% 19%

Chiller Pioneering Module 

(Applied to G1E)

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-24. Sankey Diagram Showing Wastewater Heat Recovery Adsorption Chiller Module. 
Applied to best practice configuration G1E – activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, dewatering, and CHP. 
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Adsorption Chiller Pioneering Module 

(Applied to G1E)
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3.3.4.6 Water Source Heat Pumps (WSHPs)  

WSHPs were applied to Typical Case Configuration G1E – Activated Sludge (BNR) – 

with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, 

anaerobic digestion, dewatering, and CHP. 

Wastewater effluent has been used as a heat source for heat pumps for several decades. 

WSHPs are an efficient way to produce hot water for space and process heating. At temperatures 

above 10°C throughout the year for most facilities, treated effluent from a WRRF is a convenient 

and reliable heat source 

The City of Philadelphia installed a WSHP system using partially treated wastewater at 

its Southeast plant. The WSHP system offsets the use of boilers for building heating, and is rated 

to provide 978,000 Btu/hr.  

Most heat pumps operate on the closed-loop mechanical vapor compression refrigeration 

cycle. Liquid coolant at a temperature below that of the wastewater effluent is vaporized by 

extracting heat from the wastewater effluent in an evaporating heat exchanger. The vaporized 

coolant is then compressed to a high-pressure hot vapor. The hot vapor is then run through the 

condensing heat exchanger, where heat is transferred to the hot water loop and the coolant is 

condensed. After the coolant leaves the condenser, it is expanded through a throttling (expansion 

valve) and again enters the evaporating heat exchanger at a temperature colder than that of the 

wastewater effluent. The coolant absorbs and releases heat only through non-contact heat 

exchangers; as such, the building heating water system never comes in direct contact with the 

wastewater. 

Figure 3-25 shows a simplified schematic of a WSHP system. Figure 3-26 shows the 

installation at PWD’s Southeast WPCP. 

 
Figure 3-25. Schematic of Wastewater Source Heat Pump Operation. 
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Figure 3-26. Wastewater Source Heat Pump Installation at PWD’s Southeast WPCP. 

For this illustration of a WSHP system, the typical (not best practice) configuration G1E 

in Section 2.3.12 was used to display the energy benefit for this process. This configuration was 

selected because, unlike the best practice configuration, it continues to require consumption of 

natural gas in the boiler to produce heat for building heating. Therefore, the WSHP system could 

provide supplemental heating to that which is satisfied through boiler heating fueled by biogas.  

Table 3-27 summarizes the energy impacts of the water source heat pump energy 

recovery system. 

Table 3-27. Major Energy Impacts of the Water Source Heat Pump Pioneering Module Applied to Configuration G1E Typical. 

Energy Consumption and Production 

 

Units 
G1E 

Typical 

With Water 
Source Heat 

Pump 
Percent 

Improvement 

Major Energy Impact of Water Source Heat Pump 

Natural gas used for heating MJ/MG 160 0 100% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 2,254 2,369 -5% 

Electricity generation kWh/MG 576 576 0% 

Production as % of consumption 

(% neutrality) 

% 26% 26% 0% 

Natural Gas Usage 

Natural gas usage MJ/MG 8,411 8,251 2% 

 

             The energy reduction benefits are negligible from our model. Energy performance will 

depend upon the amount of excess heat available and the heating needs for each WRRF. The 

smaller the amount of biogas available to fuel boilers and/or heat from CHP to satisfy building 

heating demand, and the greater the heating demand, the greater the benefit of water source heat 

pump technology. 

A summary of the impact on electrical neutrality and site energy (electricity + natural 

gas) neutrality is shown in Figure 3-27. There was no change in either performance metric.  
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Figure 3-27. Sankey Diagrams Showing WSHP Module Replacing Use of Natural Gas in Boiler. 
Applied to typical case configuration G1E – activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, anaerobic digestion, dewatering, and CHP.
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Water Source Heat Pump Pioneering Module 

(Applied to G1E)
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3.3.4.7 Gasification Alternative to FBI  

Gasification alternative to FBI was applied to best practice configuration B6 – activated 

sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, dewatering, and FBI. 

Gasification was selected as a pioneering module based on the growing desire to 

beneficially use the biosolids onsite for energy production and recovery. Gasification is an 

established process for converting organic waste to a fuel gas called syngas, and has been 

practiced since the 1800s to generate fuel gas from coal and other biomass. Syngas is composed 

mainly of CO2, carbon monoxide (CO), hydrogen gas (H2) and methane (CH4) and has a low 

heating value of 4,470-5,600 kJ/m
3
, which is approximately 25% of the heat value of biogas 

generated from anaerobic digestion. Although gasification is common in many industries, 

gasification of biosolids was still a relatively new process as of this report. There were only a 

few biosolids gasification systems worldwide. 

The difference between gasification and incineration is the amount of oxygen that is 

supplied to the process. The table below shows the operating difference between incineration and 

gasification and the main byproducts from each process. 

Comparison of Incineration and Gasification of Biosolids 

Parameter Incineration Gasification 

Temperature (°C) 750-1,100 600-1000 

O2 supplied > Stoichiometric (excess air) < Stoichiometric (limited air) 

By-products Flue gas (CO2, H2O) and ash Syngas (CO, H2) and ash 

To effectively gasify biosolids, most commercially available systems require that the 

biosolids are dried to greater than 75% solids content and in granular form. The required dryness 

depends on the gasification technology. There are two energy recovery methods from 

gasification: two-stage gasification and close-couple gasification. 

In two-stage gasification systems, the syngas produced from gasifying the dried biosolids 

is cleaned, and the cleaned syngas can be used as a fuel source for multiple purposes such as 

process heat and electrical production mainly via internal combustion engines. The cleaned 

syngas can be further refined to a marketable fuel product such as biodiesel, methane, hydrogen 

or methanol. Syngas cleaning is required to remove sulfur, siloxanes, and other contaminants that 

could damage downstream processing equipment or contribute to air pollution. The level of 

cleaning required is dependent on the downstream process and air permitting regulations. Syngas 

cleaning is not fully developed for biosolids applications and is considered to be in the 

demonstration phase of development. Two-stage gasification was not evaluated as a pioneering 

module in this study due to lack of data.  
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Close-coupled gasification involves syngas oxidation to generate a high-temperature flue 

gas, approximately 980°C, which can be used for heat recovery. The energy recovered from the 

flue gas can be used as the energy source to dry the biosolids and minimize or eliminate the need 

for fossil fuels (e.g., natural gas or fuel oil). The hot flue gas can also be used as an energy 

source for generating electricity through the use of steam turbines or an ORC. The close-coupled 

method of electrical production is commonly practiced with other types of biomass gasification, 

but is uncommon for biosolids because it is generally more economical to use flue gas heat for 

thermal drying the biosolids prior to gasification. Figure 3-28 depicts a general schematic for 

close-coupled gasification. 

 

 
Figure 3-28. Close-Coupled Gasification General Process Flow Diagram. 

 

Close-coupled gasification was used as the best practice for evaluation, and the Max West 

system in Sanford, Florida, was used as the basis. Below are pictures of the Max West system. 

 
Figure 3-29. Max West Installation: Gasifier (Left) and 3-D Model of Gasifier, Cyclone, and Thermal Oxidizer (Right).  

Courtesy Max West. 
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Most gasification systems require dry biosolids as the input, so most systems are coupled 

with thermal drying technologies. The overall heat balance for a drying and gasification system 

mainly depends on the dewatered solids content entering the dryer and heat value of the solids 

entering the gasifier. The systems are also more economically favorable at medium-to-large 

facilities. The 10-MGD facility used here for illustration is small for gasification but it is 

comparable to the Sanford, Florida Max West facility and provides a relative comparison with 

other cases.  

Table 3-28 summarizes the energy impacts of the gasification alternative to FBI. 

Table 3-28. Major Energy Impacts of the Gasification Pioneering Module Applied to Configuration B6. 

Energy Consumption and Production 

 

Units 
B6 Best 
Practice 

With 
Gasification 

Alternative to 
FBI 

Percent 
Improvement 

Major Energy Impact of Gasification 

Natural gas consumption MJ/MG 595 933 -57% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 1,079 1,078 0% 

Electricity generation kWh/MG 0 576 0% 

Production as % of consumption 

(% neutrality) 

% 0% 26% 0% 

Natural Gas Usage 

Natural gas usage MJ/MG 595 933 -57% 

 

Additional natural gas is required for drying and gasification. The electrical requirements 

for this example, however, show little difference, and the two cases were almost equal. It should 

be noted that the flue gas treatment requirements for the different technologies could greatly 

impact the overall electrical consumption. 

In this scenario, no electricity is generated onsite because excess energy beyond what 

could be recovered for drying was insufficient. With future improvements in the technology, 

further development of innovative configurations and syngas cleaning, electrical production from 

drying and gasification may become more practiced. 

A facility looking for a biosolids disposal method or significant mass minimization could 

consider gasification as an alternative to FBI. 
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Figure 3-30. Sankey Diagrams Showing Drying and Gasification as an Alternative to FBI. 
Based on best practice configuration B6 – activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, dewatering, and FBI.
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3.3.4.8 FBI with Energy Recovery through Steam Turbine  

FBI with energy recovery through steam turbine was applied to best practice configuration 

B6 – activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity 

thickening, WAS mechanical thickening, dewatering, and FBI. 

FBI with energy recovery through steam turbine was selected as a pioneering module 

because of the growing desire to recover as much energy from the incineration process as possible. 

Using incineration with energy recovery reduces the biosolids to an inert ash with minimum volume 

and provides onsite electricity generation.  

The ability to incorporate energy recovery with incineration mainly depends on the 

dewatered solids content and heat value of the solids entering the incinerator. The systems are also 

more economically favorable at larger facilities. The 10-MGD facility used here for illustration is 

smaller than what would be seen in practice, but it provides a relative comparison with other cases.  

To improve the facility energy performance, it is important to optimize the dewatering 

performance to achieve the highest dewatered solid content practical. This allows the system to 

require a minimal amount of imported fuels and produce high-quality energy in the flue gas.  

  For this pioneering module, steam turbine energy recovery was applied to best practice 

configuration B6. See Section 2.3.6 for a full discussion of the overall energy performance of 

configuration B6. Table 3-29 summarizes the major energy impacts of the FBI energy recovery 

system. 

Table 3-29. Major Energy Impacts of the FBI Energy Recovery through Steam Turbine Pioneering Module 
Applied to Configuration B6 Best Practice. 

Energy Consumption and Production 

 

Units 
B6 Best 
Practice 

With Steam 
Turbine 
Energy 

Recovery 
Percent 

Improvement 

Major Energy Impact of Steam Turbine Energy Recovery 

FBI electricity generation kWh/MG 0 208 100% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 1,079 1,079 0% 

Electricity generation kWh/MG 0 208 100% 

Production as % of consumption  

(% neutrality) 

% 0% 19% 100% 

Natural Gas Usage 

Natural gas usage MJ/MG 595 595 0% 

The FBI energy recovery process supplied 19% of the electricity needs of the B6 best 

practice configuration. A summary of the impact on electrical neutrality and site energy 

(electricity and natural gas) neutrality is shown in Figure 3-31. The electrical neutrality increased 

to 19% from 0%. Site energy neutrality increased to 17% from 0%. 

A facility that has or is contemplating FBI should consider adding energy recovery to 

improve the overall energy performance and reduce imported electricity.  
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Figure 3-31. Sankey Diagram for Fluid-Bed Incineration with Energy Recovery. 
Applied to best practice configuration B6 – activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, dewatering, and FBI.
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3.3.4.9 MHI with Energy Recovery  

MHI with energy recovery was applied to best practice configuration B5 – activated 

sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening 

WAS mechanical thickening, dewatering, and MHI. 

MHI with energy recovery through steam turbine was selected as a pioneering module 

because of the growing desire to recover as much energy from the incineration process as 

possible. Using incineration with energy recovery reduces the biosolids to an inert ash with 

minimum volume and provides onsite electricity generation. Very few, if any, new MHI facilities 

were under construction at the time of this report. 

The ability to incorporate energy recovery with incineration mainly depends on the 

dewatered solids content and heat value of the solids entering the incinerator. The systems are 

also more economically favorable at larger facilities. The 10-MGD facility used here for 

illustration is smaller than what would be seen in practice, but it provides a relative comparison 

with other cases.  

The ability to incorporate energy recovery with incineration mainly depends on the 

dewatered solids content and heat value of the solids entering the incinerator. The systems are 

also more economically favorable at larger facilities. The 10-MGD facility used here for 

illustration is smaller than what would be seen in practice, but it provides a relative comparison 

with other cases.  

To improve the facility energy performance, it is important to optimize the dewatering 

performance to achieve the highest dewatered solid content practical. This allows the system to 

require a minimal amount of imported fuels and produce high-quality energy in the flue gas.  

  For this pioneering module, steam turbine energy recovery was applied to best practice 

configuration B5. See Section 2.3.5 for a full discussion of the best practices employed to 

improve overall energy performance of configuration B5. 

Table 3-30 summarizes the major energy impacts of the MHI energy recovery system. 

Table 3-30. Major Energy Impacts of the MHI Energy Recovery through Steam Turbine Pioneering Module 
Applied to Configuration B5 Best Practice. 

Energy Consumption and Production 

 

Units 
B5 Best 
Practice 

With Steam Turbine 
Energy Recovery 

Percent 
Improvement 

Major Energy Impact of Steam Turbine Energy Recovery 

MHI electricity generation kWh/MG 0 208 100% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 1,213 1,213 0% 

Electricity generation kWh/MG 0 327 100% 

Production % of consumption 

(% neutrality) 

% 0% 27% 100% 

Natural Gas Usage 

Natural gas usage MJ/MG 4,421 4,241 0% 
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The MHI energy recovery process supplied 27% of the electricity needs of the B5 best 

practice configuration. 

A summary of the impact on electrical neutrality and site energy (electricity and natural 

gas) neutrality is shown in Figure 3-32. The electrical neutrality increased to 27% from 0%. Site 

energy neutrality increased to 14% from 0%. 

More electricity is generated with MHI energy recovery than with FBI energy recovery It 

should be noted however, that MHI requires approximately three times the amount of natural gas 

and two times the electricity energy input than does the FBI process case, resulting in lower site 

energy neutrality performance despite a higher electrical energy neutrality in comparison. 

A facility that has or is contemplating MHI should consider adding energy recovery to 

improve the overall energy performance and reduce imported electricity.  
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Figure 3-32. Sankey Diagram for MHI with Energy Recovery. 
Applied to best practice configuration B5 – activated sludge (basic secondary treatment) – with primary treatment, primary sludge gravity thickening, WAS mechanical thickening, dewatering, and MHI. 
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3.4 Model High-Performance Facilities 

The ten model high-performance configurations are detailed in this section. Each unique 

subsection describes the key elements of the configuration and the parameter inputs and 

assumptions used in the model. Each of the 10 model high-performance facilities is profiled in its 

own section with energy performance results presented in energy impact tables and again in 

Sankey diagrams at the end of each section. Each Sankey diagram includes summary 

performance tables so they can be viewed alone as a stand-alone diagram. In addition to 

electrical energy neutrality and site energy neutrality, the Sankey diagram performance tables 

also present primary energy neutrality results. 

3.4.1 Introduction 

Primary energy is the raw energy source that is burned or otherwise converted into useful 

forms of energy, such as heat and electricity that is consumed onsite. Figure 3-33 presents the 

concept. A unit of primary energy and a unit of site (secondary) energy are not directly 

comparable because one represents a raw fuel while the other represents a converted fuel. 

Therefore, in order to assess the relative efficiencies of the model high-performance facilities 

with varying proportions of electricity and natural gas consumption, these energy sources were 

converted equivalent units of primary energy utilizing the following conversion factors: 1MJ 

natural gas site energy = 1.047MJ primary energy; 1MJ electricity = 3.34MJ primary energy.  

 

 
Figure 3-33. Diagram Representing Primary Energy Source Conversion to Forms of Secondary Energy Supply. 

Model high-performance configurations were selected to reflect the most common of the 

best practice configurations (refer to Chapter 2.0) across a spectrum of effluent treatment 

standards and solids treatment methods. By striving to span this spectrum of treatment standards 

and methods, the research team hopes that that interested agencies can quickly find the facility 

most relevant to their situations by referring to the treatment levels achieved and the technologies 

and processes employed.  

Figure from Issue Paper: Definition of Primary and Secondary 

Energy, S. Overgaard, 2008
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The model high-performance facilities are presented in detail in Table 3-31, with 

mainstream processes shown in green and solids processes shown in blue. 

Table 3-31. Model High-Performance (H-P) Facilities and their Compositions Based on Best Practice Configurations. 

 Best Practice Configuration  Pioneering Modules Applied 

Section 

Model  
HP 

Facility1 

Nearest 
BP 

Config Mainstream and Solids Treatment 
Mainstream Treatment 

Changes 
Solids 

Treatment Changes 

3.4.2 1 B1E Activated sludge (Basic secondary 
treatment) – with primary treatment, 
primary sludge gravity thickening, WAS 
mechanical thickening, anaerobic digestion, 
dewatering, and CHP. 

Add: 

 CEPT 

Add: 

 Co-digestion of FOG and food 
waste 

 THP 

3.4.3 2 B1 Activated sludge (Basic secondary 
treatment) – with primary treatment, 
primary sludge gravity thickening, WAS 
mechanical thickening, anaerobic digestion, 
and dewatering 

Add: 

 CEPT 

Remove: 

 Anaerobic digestion 
(dewatering-only supports 
regional approach in Model H-P 
facilities 9 and 10) 

3.4.4 3 G1E Activated sludge (BNR) – with primary 
treatment, primary sludge gravity 
thickening, WAS mechanical thickening, 
anaerobic digestion, dewatering, and CHP 

Add: 

 CEPT 

 Pre-anoxic zone(s) in 
biological reactor 

Add: 
 Co-digestion of FOG and food 

waste 
 THP 
 Sidestream deammonification 

3.4.5 4 G1E Activated sludge (BNR) – with primary 
treatment, primary sludge gravity 
thickening, WAS mechanical thickening, 
anaerobic digestion, dewatering, and CHP 

Add: 

 CEPT 

 Fermenter to produce 
supplemental carbon 

Add: 
 Co-digestion of FOG and food 

waste 
 THP 

3.4.6 5 G1E 
(modifie
d) 

Activated sludge (BNR) – with primary 
treatment, primary sludge gravity 
thickening, WAS mechanical thickening, 
anaerobic digestion, dewatering, and 
combined heat and power (CHP) (G1E 
modified by removal of stricken items) 

Add: 

 CEPT 

 Fermenter to produce 
supplemental carbon 

Add: 
 FBI 
 Energy recovery (steam turbine) 

3.4.7 6 M1 Activated sludge (ENR) – with primary 
treatment and chemical phosphorus (P) 
removal, primary sludge gravity thickening, 
WAS mechanical thickening, anaerobic 
digestion, and dewatering 

Add: 

 CEPT 

 Fermenter to produce 
supplemental carbon 

Add: 
 Co-digestion of FOG and food 

waste 
 THP  
 CHP 

3.4.8 7 N1 MBR (aerobic) – with BNR, primary 
treatment, co-thickening in gravity 
thickener, anaerobic digestion, and 
dewatering; effluent quality amenable to water 
reuse 

Add: 

 CEPT 

 Simultaneous 
nitrification/denitrificati
on 

Add: 
 Co-digestion of FOG and food 

waste 
 THP 
 CHP 
 Sidestream deammonification 

3.4.9 8 G1E Activated sludge BNR – with primary 
treatment, WAS mechanical thickening, 
anaerobic digestion, dewatering, and CHP 

Add: 

 CEPT 

 Fermenter to produce 
supplemental carbon 

Add: 
 Co-digestion of FOG and food 

waste 
 THP 
 FBI 
 Energy recovery (steam turbine) 

3.4.10 9 B1E (Based on regional approach by importing 
solids from Model H-P facility 2) 

Activated sludge (BOD-removal only) – with 
primary treatment, WAS mechanical 
thickening, anaerobic digestion, 
dewatering, and CHP. 

Add: 

 CEPT to Model H-P 
facility 2 

Add: 
 Imported primary and secondary 

solids 
 Transportation energy for solids 

import  
 Regional anaerobic digestion 
 Co-digestion of FOG and food 

waste 
 THP  

3.4.11 10 B1E (Based on regional approach of importing 
solids from Model H-P facility 2) 

Activated sludge (BOD-removal only) – with 
primary treatment, WAS, mechanical 
thickening, anaerobic digestion, 
dewatering, and CHP. 

Add: 

 CEPT to Model H-P 
facility 2 

Add: 

 Imported primary and secondary 
solids 

 Transportation energy for solids 
import  

 Regional FBI 

 Energy recovery 

Note: 

1 Pioneering modules for water-source heat pumps and adsorption chillers are included in all of these models. 
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One of the key assumptions that generally shaped this research was that the beneficiary 

facilities were likely to be greater than 5 MGD in capacity. This assumption recognizes that 

energy production was unlikely to be economically acceptable at small facilities due to the lower 

economies of scale. More than 90% of WRRFs are smaller than 5 MGD and represent 

approximately 25% of wastewater treated in the U.S. The team included regional treatment 

models to address this gap in coverage of the WRRF community. In a holistic approach that 

spans a service area, it is foreseeable that the service area can reach high levels of energy 

performance or even net-zero energy, even though small satellite facilities would be energy 

consumers. This is achievable because large regional facilities are net exporters of energy, and 

highly efficient satellites will feed energy-laden solids to the regional facilities for energy 

recovery.  

The model high-performance facilities have a heavy emphasis on anaerobic digestion, 

enhanced by THP and co-digestion pioneering modules. When these modules are used in 

combination, a potentially dramatic improvement in a facility energy performance occurs. MF1, 

described in Section 3.4.2, can approach net-zero energy consumption through best practices 

alone, owing to a less stringent basic secondary treatment effluent standard. If a facility employs 

a package of pioneering modules featuring THP and co-digestion, then they will achieve electric 

production that is almost three times the electricity consumed for treatment. This facility could 

export almost twice the electricity it requires for treatment.  

THP substantially increases digester capacity, which allows the conventional anaerobic 

digestion system to accept large amounts of highly biodegradable, biogas producing co-digestion 

feedstocks. The energy balance for this “digester capacity-limited” situation is provided for 

model H-P facility #1 to show this potential along with a more realistic case based on market 

limited availability of feedstock.  

In the market-limited case, it is assumed that FOG feedstocks and a comparable amount 

of food processing waste would be limited, on a per capita basis, to the quantity generated in a 

facility’s service area. Competition for co-digestion feedstocks is becoming commonplace, and it 

is realistic that in a mature market, facilities would receive co-digestion feedstocks from their 

“natural market” (i.e., from their service areas). This assumption is consistent with the WERF 

definition of achieving energy neutrality, which calls for achieving net-zero energy by 

recovering the energy in the wastes they treat. Implicit in this definition is recovering the energy 

in the wastes from their service areas. 

For the remainder of the model H-P facilities (2-10), only the “market limited” co-

digestion energy production is provided. 

  



 

A Guide to Net-Zero Energy Solutions for Water Resource Recovery Facilities 3-71 

3.4.2 Model High-Performance Facility 1 (MF 1) – 

 Based on Baseline  Configuration B1E Best Practice  

Model High-Performance Facility 1 (MF 1) is based on the best practice version of a 

basic secondary treatment WRRF with anaerobic digestion and CHP (configuration B1E).  

The following pioneering modules were added to the B1E best practice configuration to 

maximize energy balance improvements:  

 CEPT (Section 3.3.1.1). 

 THP (Section 3.3.1.7). 

 Co-digestion of FOG (Section 3.3.1.10). 

 Co-digestion of food waste (Section 3.3.1.11). 

 Adsorption chillers (Section 3.3.1.14). 

As discussed in the introduction to Section 3.4, energy performance was modeled and 

Sankey diagrams were prepared for MF1 with two levels of co-digestion: a more moderate level 

limited by feedstock availability within the service area, and a substantially higher level limited 

by digester capacity and loading. Sankey diagrams profiling the energy performances for each of 

these versions of MF 1 appear at the end of this subchapter.  

3.4.2.1 Model Discussion 

GPS-X modeling was used to address the interactive aspects of applying several 

pioneering modules to the same best practice configuration. The result was a unique 

configuration that is not necessarily the same as the sum of the parts. Avoidance of “double-

counting” of benefits, recognition of synergisms, and addressing changes to recycle streams are 

all rolled into one model simulation and a single set of outputs. Inputs to the MF1 GPS-X model 

and their basis were unchanged from the inputs used for the B1E best practice configuration and 

the pioneering modules were applied, and can be reviewed in their respective individual sections 

of this report. 

The following bullets summarize the basis for selection and the processing impact of the 

pioneering modules applied to best practice configuration B1E to develop MF 1.  

 CEPT – CEPT was selected because it has a substantial impact on facility energy balance and 

it is easy to retrofit into existing facilities. Its substantial impact is the result of a dual-process 

impact: by improving primary clarifier performance, more raw wastewater energy (measured 

as COD) is diverted to the anaerobic digestion/CHP system where it can be converted to 

biogas and power. The reduced COD load on secondary results in reduced aeration power 

requirements. 

 THP – THP was selected to improve biodegradability and SRT in anaerobic digestion 

through pre-treatment, resulting in increased volatile solids destruction and enhanced biogas 

production. An indirect benefit is of equal importance: the increased digester capacity 

afforded by high solids operation with the low viscosity achieved through hydrolysis results 

in a substantial capacity increase when retrofitted to conventional anaerobic digesters. This 

increase in capacity allows for a dramatic increase in the potential for increased biogas 

production through co-digestion. 

 Co-digestion of FOG – FOG co-digestion was included because of its availability in 

proportion to service area size. As discussed above, a version of MF1 was developed to 



 

3-72  

reflect the synergistic combination THP and co-digestion that uses the full potential of the 

increase in digester capacity. This will be of interest only on a highly site-specific basis, as it 

represents five times the amount of FOG to be expected based on service area size. 

 Co-digestion of food waste – Food waste co-digestion, as with FOG, was included for its 

generally high biodegradability and biogas production potential. Individual food waste 

streams can vary considerably in biogas production potential and their availability will be 

site-specific. To properly reflect this potential on a site-specific basis, both market surveys 

and feedstock characterization are needed. For MF 1, it was assumed that, on average, food 

waste feedstocks would be available at a level comparable to service area size; food waste 

co-digestion was sized to feed an amount of COD to the digesters equal to that from FOG. 

 Adsorption chillers – Adsorption chillers have general applicability to the facilities where 

CHP is employed. Seasonally, this matches summertime cooling loads to the surplus of heat 

created but reduced summertime digester heating requirements. While this is added to a 

facility as a seasonal benefit, the overall energy impact is modest on the annual average basis 

used for the energy performance results and Sankey diagrams. 

Table 3-32 shows the major changes in chemical energy for the B1E best practice, 

market-limited MF 1, and capacity-limited MF-1 cases. Of the chemical energy entering the 

plant, 21% remains in the cake; 7-10% in the effluent; and to 53-62% is converted into a digester 

gas, up from 39% for the best practice B1E case.  

Table 3-32. Major Chemical Energy Changes and Outputs for B1E Best Practice and MF 1 
(Market-Limited and Capacity-Limited Cases). 

Chemical Energy Changes and Outputs in 
Market-Limited and Capacity-Limited MF1 

 Units 
B1E Best 
Practice 

MF 1 (market-
limited) 

MF 1 (capacity-
limited) 

Chemical Energy Changes 

Separation in primary clarifiers % 51% 62% 62% 

Degradation in biological 
reactor and final clarifier 

% 37% 36% 35% 

Degradation in anaerobic 
digester 

% 60% 70% 74% 

Degradation across WRRF % 61% 69% 73% 

Chemical Energy Outputs (as % of Inputs) 

Cake % 26% 21% 21% 

Plant effluent % 13% 10% 7% 

Digester gas % 39% 53% 62% 

 

As might be expected, the largest changes are in primary separation (CEPT effect), 

degradation in the anaerobic digesters (higher biodegradability of co-digestion feedstocks), 

biogas production (THP and co-digestion impacts), and in the overall degradation across the 

WRRF, due to the cumulative effect of employing the pioneering modules. 

Table 3-33 summarizes the top five electricity-using processes and provides overall 

facility energy consumption and production results for the two MF 1 cases and the B1E best 
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practice baseline configuration. The only significant change to electricity consumption usage in 

these five major areas is in the biological reactor, due to the reduced COD loading resulting from 

CEPT and the corresponding reduction in aeration power requirements. Electricity production 

shows a significant increase due to increased biogas production from the combined effects of the 

CEPT, THP, FOG co-digestion, and FW co-digestion. 

Natural gas imports are not required for the MF 1 cases. Heat generated in digester gas-

fueled CHP is sufficient to supply the facility’s building and process heat demands.  

Table 3-33. Energy Consumption and Production in Configuration B1E Best Practice and MF 1 
(Market-Limited and Capacity Limited Cases). 

Energy Consumption and Production 

 Units 
B1E Best 
Practice 

MF 1 (market-
limited) 

MF 1 (capacity-
limited) 

Major Electricity-Using Processes 

Odor control kWh/MG 300 300 300 

Biological reactor kWh/MG 209 166 165 

Influent pumping kWh/MG 148 148 148 

Site lighting (& miscellaneous) kWh/MG 80 80 80 

Hypochlorite production  kWh/MG 78 78 78 

Total Facility Electricity Usage and Generation 

Total electricity usage  kWh/MG 948 932 937 

Electricity generation kWh/MG 810 1,297 2,472 

Generation as % of usage  

(% neutrality) 

% 85% 139% 264% 

Natural Gas Consumption 

Natural gas usage MJ/MG 0 0 0 
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Figure 3-34. Model High-Performance Facility 1 – Market Limited Co-Digestion.  
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Figure 3-35. Model High-Performance Facility 1 – Digester Capacity Limited Co-Digestion.

% Electrical % Site Energy 

264% 264%

Electricity 

Supply from 

Grid

Natural Gas 

Supply from 

Pipeline

Electricity 

Produced On-

Site

Electricity 

Consumption

-1,535 kWh/MG 0 MJ/MG 2,472 kWh/MG 937 kWh/MG

Model Energy-Neutral Facility #1                  

(Digester Capacity-Limited Co-digestion)

Energy Neutrality

% Primary Energy

264%

 Energy Supply and Consumption



 

3-76  

3.4.3 Model High-Performance Facility 2 (MF 2) – 

 Based on Modified Version of Baseline Configuration B1 Best Practice 

Model High-Performance Facility 2 (MF 2) is based on a modified version of best 

practice configuration B1. Anaerobic digestion was removed from the configuration B1 best 

practice to make it representative of a satellite WRRF where undigested, dewatered biosolids are 

hauled to another facility for treatment and energy production. In this case, the outputs from 

MF 2 are the inputs for MF 9 and MF 10. 

MF 2 includes the CEPT pioneering module, but does not include processes for energy 

generation. The purpose of this streamlined approach is to create a simple, low-energy input 

plant that can be modeled as a satellite facility for a utility that is considering a regional biosolids 

processing facility. Figure 3-36 profiles the energy balance for MF 2.  

Sankey diagrams profiling the energy performance of MF 2 appear at the end of this 

subchapter. 

3.4.3.1 Model Discussion 

CEPT was selected because it has a substantial impact on facility energy performance 

and it is easy to retrofit into existing facilities. Its benefit is the result of a dual-process impact: 

by improving primary clarifier performance, more wastewater energy (COD) is diverted to the 

primary sludge contribution to energy generation at a regional facility, and the reduced COD 

load on secondary results in reduced aeration electricity requirements in the biological reactor. 

Table 3-34 shows the major changes in chemical energy for the B1 best practice and MF2 

cases. Of the chemical energy entering the MF 2 plant, 72% remains in the cake and 13% 

remains in the effluent.  

Table 3-34. Major Chemical Energy Changes and Outputs for B1 Best Practice and MF 2. 

Chemical Energy Changes and Outputs in Best Practice B1 and MF 2 

 Units 
B1  

Best Practice MF 2 

Chemical Energy Changes 

Separation in primary clarifiers % 51% 64% 

Degradation in biological reactor and 
final clarifier 

% 37% 38% 

Degradation in anaerobic digester % 60% N/A 

Degradation across WRRF % 61% 15% 

Chemical Energy Outputs (as % of Inputs) 

Cake % 26% 72% 

Plant effluent % 13% 13% 

Digester gas % 39% N/A 
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As might be expected, the largest changes are in primary separation (CEPT effect) and in 

the overall degradation across the WRRF from elimination of anaerobic digestion.  

Table 3-35 summarizes the top five electricity-using processes and provides overall 

facility energy consumption and production results for the B1 best practice configuration and 

MF 2. The most significant change is in the biological reactor due to the reduced COD loading 

resulting from CEPT and the corresponding reduction in aeration electricity requirements.  

Natural gas import is required for the MF2 case to supply the facility’s building heat 

demand. It is not required in the B1 best practice configuration because the anaerobic digestion 

process produces biogas in sufficient quantity to supply heat for both the process and buildings. 

Table 3-35. Energy Consumption and Production in Configuration B1 Best Practice and MF 2. 

Energy Consumption and Production 

 Units Best Practice MF 2 

Major Electricity-Using Processes 

Odor control kWh/MG 300 300 

Biological reactor kWh/MG 209 164 

Influent pumping kWh/MG 148 148 

Site lighting (& miscellaneous) kWh/MG 80 80 

Hypochlorite production kWh/MG 78 78 

Total Facility Electricity Usage and Generation 

Total electricity usage kWh/MG 948 932 

Electricity generation kWh/MG 0 0 

Generation as % of usage (% neutrality) % 0% 0% 

Natural Gas Consumption 

Natural gas usage MJ/MG 0 595 
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Figure 3-36. Model High-Performance Facility 2.
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3.4.4 Model High-Performance Facility 3 (MF 3) – 

 Based on Modified Version of Baseline Configuration F1 Best Practice 

Model High-Performance Facility 3 (MF 3) is based on a modified version of best 

practice configuration F1. A pre-anoxic zone was added to the biological reactor to recover COD 

energy for nitrogen removal and CHP was added to recover energy from the biogas produced in 

anaerobic digestion. 

The following pioneering modules were added to the modified F1 best practice 

configuration to maximize energy performance.  

 CEPT (Section 3.3.1.1). 

 THP (Section 3.3.1.7). 

 Co-digestion of FOG (Section 3.3.1.10). 

 Co-digestion of food waste (Section 3.3.1.11). 

 Sidestream deammonification (Section 3.3.1.4). 

 Adsorption chillers (Section 3.3.1.14). 

Energy performance was modeled and Sankey diagrams were prepared for MF 3 with 

only the market-limited level of co-digestion. A Sankey diagram profiling the energy balance for 

MF 3 appears at the end of this subchapter.  

3.4.4.1 Model Discussion 

GPS-X modeling was used to address the interactive aspects of applying several 

pioneering modules to the same modified F1 best practice configuration. The result was a unique 

configuration that is not necessarily the same as the sum of the parts. Avoidance of “double-

counting” of benefits, recognition of synergisms, and addressing changes to recycle streams are 

all rolled into one model simulation and a single set of outputs.  

The following bullets summarize the basis for selection and the processing impact of the 

pioneering modules applied to the modified best practice configuration F1 to develop MF3.  

 CEPT – CEPT was selected because of its substantial impact on facility energy performance 

and it is easy to retrofit to existing facilities. Its substantial benefit is the result of a dual-

process impact: by improving primary clarifier performance, COD is diverted to the 

anaerobic digestion/CHP system where it is converted to biogas, heat, and electricity. The 

reduced COD load on secondary results in reduced aeration electricity requirements in the 

biological reactor. 

 THP – THP was selected to improve biodegradability and SRT in anaerobic digestion 

through pre-treatment, resulting in increased volatile solids destruction and enhanced biogas 

production. An indirect benefit is of equal importance: The increased digester capacity 

afforded by high solids operation with the low viscosity achieved through hydrolysis 

substantially increases capacity when retrofitted to conventional anaerobic digesters. This 

increase in capacity allows for a dramatic increase in biogas production through co-digestion.  

 Co-digestion of FOG – FOG is beneficial to anaerobic digestion because of its generally high 

biodegradability and biogas production potential. 
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 Co-digestion of food waste – Food waste co-digestion was included because of its generally 

high biodegradability and biogas production potential. Individual food waste streams can 

vary considerably in biogas production potential and their availability will be site-specific. 

To properly reflect this potential on a site-specific basis, both market surveys and feedstock 

characterization are needed. For MF3, it was assumed that, on average, food waste 

feedstocks would be available at a level comparable to service area size; food waste co-

digestion was sized to feed an amount of COD to the digesters equal to that from FOG. 

 Sidestream deammonification – Sidestream deammonification was included as a method to 

reduce the ammonia content in the return stream from sludge dewatering. Incorporating 

sidestream deammonification reduces the aeration electricity requirement in the biological 

reactor. 

 Adsorption chillers – Adsorption chillers have general applicability to the facilities where 

CHP is employed. Seasonally, this matches summertime cooling loads to the surplus of heat 

produced. While this is added to a facility as a seasonal benefit, the overall energy impact is 

modest on the annual average basis used for the energy performance results and Sankey 

diagrams. 

Table 3-36 shows the major changes in chemical energy for the F1 best practice and MF 

3 cases. Of the chemical energy entering the plant, 21% remains in the cake; 10% in the effluent; 

and 51% in the biogas, up from 37% for the best practice F1 case.  

Table 3-36. Chemical Energy Changes and Outputs in F1 Best Practice and MF 3. 
Activated sludge (nitrification) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, and dewatering. 

Chemical Energy Changes and Outputs in Best Practice F1 and MF 3 

 Units 
F1  

Best Practice MF 3 

Chemical Energy Changes 

Separation in primary clarifiers % 49% 62% 

Degradation in biological reactor and 
final clarifier 

% 44% 46% 

Degradation in anaerobic digester % 57% 69% 

Degradation across WRRF % 63% 70% 

Chemical Energy Outputs (as % of Inputs) 

Cake % 29% 21% 

Plant effluent % 9% 10% 

Digester gas % 37% 51% 
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As might be expected, the largest changes are in primary separation (CEPT effect), 

degradation in the anaerobic digesters and biogas production (THP and higher biodegradability 

of co-digestion feedstocks), and in the overall degradation across the WRRF, due to the 

cumulative effect of the pioneering modules.  

Table 3-37 summarizes the top five electricity-using processes and provides overall 

facility energy consumption and production results for the MF 3 case and F1 best practice 

baseline configuration. The only significant change to electricity consumption in these five major 

areas is in the reduction in aeration requirements in the biological reactor due to reduced COD 

and ammonia loadings resulting from CEPT and sidestream deammonification, respectively. 

Natural-gas imports are not required for the MF3 case. Heat generated in digester gas-

fueled CHP is more than sufficient to supply the facility’s building and process heat demands.  

Table 3-37. Energy Consumption and Production in Configuration F1 Best Practice and MF 3. 
Activated sludge (nitrification) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, and dewatering. 

Energy Consumption and Production 

 Units 
F1 Best 
Practice MF 3 

Percent 
Improvement 

Major Electricity-Using Processes 

Biological reactor kWh/MG 414 335 19% 

Odor control kWh/MG 300 300 0% 

Influent pumping kWh/MG 148 148 0% 

Site lighting (& miscellaneous) kWh/MG 80 80 0% 

Final clarifiers & RAS pumping kWh/MG 74 73 0% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 1,133 1,107 2% 

Electricity generation kWh/MG 0 1,219 100% 

Production as % of consumption  

(% neutrality) 

% 0% 110% 100% 

Natural Gas Consumption 

Natural gas usage MJ/MG 0 0 – 
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Figure 3-37. Model High-Performance Facility 3.
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3.4.5 Model High-Performance Facility 4 (MF 4) – 

 Based on Modified Version of Baseline Configuration G1E Best Practice  

Model High-Performance Facility 4 (MF 4) is based on a modified version of best 

practice configuration G1E. The primary sludge gravity thickener was assumed to act as a 

fermenter. Primary sludge fermentation produces a supplemental carbon source for BNR, 

eliminating the need for an external carbon source (acetic acid) in best practice configuration 

G1E.  

The following pioneering modules were added to the modified G1E best practice 

configuration to maximize energy performance.  

 CEPT (Section 3.3.1.1). 

 THP (Section 3.3.1.7). 

 Co-digestion of FOG (Section 3.3.1.10). 

 Co-digestion of food waste (Section 3.3.1.11). 

 Adsorption chillers (Section 3.3.1.14). 

Energy performance was modeled and Sankey diagrams were prepared for MF 4 with 

only the market-limited level of co-digestion. A Sankey diagram profiling the energy balance for 

MF 4 appears at the end of this subchapter.  

3.4.5.1 Model Discussion 

GPS-X modeling was used to address the interactive aspects of applying several 

pioneering modules to the same modified G1E best practice configuration. The result was a 

unique configuration that is not necessarily the same as the sum of the parts. Avoidance of 

“double-counting” of benefits, recognition of synergisms, and addressing changes to recycle 

streams are all rolled into one model simulation and a single set of outputs.  

The following bullets summarize the basis for selection and the processing impact of the 

pioneering modules applied to the modified best practice configuration G1E to develop MF 4.  

 CEPT – was selected because of its substantial impact on facility energy performance and it 

is easy to retrofit to existing facilities. Its substantial benefit is the result of a dual-process 

impact: by improving primary clarifier performance, COD is diverted to the anaerobic 

digestion/CHP system where it is converted to biogas, heat, and electricity. The reduced 

COD load on secondary results in reduced aeration electricity requirements in the biological 

reactor. 

 THP – was selected to improve biodegradability and SRT in anaerobic digestion through pre-

treatment, resulting in increased volatile solids destruction and enhanced biogas production. 

An indirect benefit is of equal importance: The increased digester capacity afforded by high 

solids operation with the low viscosity achieved through hydrolysis substantially increases 

capacity when retrofitted to conventional anaerobic digesters. This increase in capacity 

allows for a dramatic increase in biogas production through co-digestion.  

 Co-digestion of FOG – FOG is beneficial to anaerobic digestion because of its generally high 

biodegradability and biogas production potential. 
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 Co-digestion of food waste – Food waste co-digestion was included because of its generally 

high biodegradability and biogas production potential. Individual food waste streams can 

vary considerably in biogas production potential and their availability will be site-specific. 

To properly reflect this potential on a site-specific basis, both market surveys and feedstock 

characterization are needed. For MF 4, it was assumed that, on average, food waste 

feedstocks would be available at a level comparable to service area size; food waste co-

digestion was sized to feed an amount of COD to the digesters equal to that from FOG. 

 Adsorption chillers – Adsorption chillers have general applicability to the facilities where 

CHP is employed. Seasonally, this matches summertime cooling loads to the surplus of heat 

produced. While this is added to a facility as a seasonal benefit, the overall energy impact is 

modest on the annual average basis used for the energy performance results and Sankey 

diagrams. 

Table 3-38 shows the major changes in chemical energy for the G1E best practice and 

MF 4 cases. Of the chemical energy entering the plant, 19% remains in the cake; 9% in the 

effluent; and 31% in the biogas, no change from the best practice G1E case.  

Table 3-38. Major Chemical Energy Changes and Outputs in G1E Best Practice and MF 4. 
Activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, dewatering, and CHP. 

Chemical Energy Changes and Outputs in Best Practice G1E and MF 4 

 Units 
G1E  

Best Practice MF 4 

Chemical Energy Changes 

Separation in primary clarifiers % 49% 58% 

Degradation in biological reactor and 
final clarifier 

% 57% 55% 

Degradation in anaerobic digester % 56% 60% 

Degradation across WRRF % 68% 72% 

Chemical Energy Outputs (as % of Inputs) 

Cake % 25% 19% 

Plant effluent % 7% 9% 

Digester gas % 31% 31% 
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The largest chemical energy changes are in primary separation (CEPT effect) and the 

cake. The combined effects of CEPT, THP, and co-digestion did not improve biogas production; 

the addition of fermentation significantly reduces the amount of carbon in the digester feed, 

offsetting the impact of the pioneering modules and actually reducing biogas production and 

cake embedded energy. A major benefit for the MF 4 case compared to G1E is that it does not 

require an external carbon source (e.g. acetic acid) and the natural gas and electricity required to 

produce it.  

Table 3-39 summarizes the top five electricity-using processes and provides overall 

facility energy consumption and production results for the MF 4 case and G1E best practice 

baseline configuration. The most significant change to electricity consumption in these five 

major areas is in the reduction in electricity needed to produce acetic acid as a supplemental 

carbon source. There was a moderate reduction in electricity required for aeration in the 

biological reactor due to reduced COD loadings resulting from CEPT.  

Natural-gas imports are not required for the MF 4 case. Heat generated in digester gas-

fueled CHP is more than sufficient to supply the facility’s building and process heat demands.  

Table 3-39. Energy Consumption and Production in Configuration G1E Best Practice and MF 4. 
Activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, dewatering, and CHP. 

Energy Consumption and Production 

 Units 
G1E Best 
Practice MF 4 

Percent 
Improvement 

Major Electricity-Using Processes 

Biological reactor kWh/MG 494 484 2% 

Odor control kWh/MG 300 300 0% 

Influent pumping kWh/MG 148 148 0% 

Site lighting (& miscellaneous) kWh/MG 80 80 0% 

Final clarifiers & RAS pumping kWh/MG 48 48 0% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 1,565 1,214 22% 

Electricity generation kWh/MG 785 740 5% 

Production as % of consumption  

(% neutrality) 

% 50% 61% 22% 

Natural Gas Consumption 

Natural gas usage MJ/MG 9,628 0 100% 
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Figure 3-38. Model High-Performance Facility 4.
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3.4.6 Model High-Performance Facility 5 (MF 5) – 

 Based on Modified Version of Baseline Configuration G1E Best Practice  

Model High-Performance Facility 5 (MF 5) is based on a modified version of best 

practice configuration G1E. The primary sludge gravity thickener was assumed to act as a 

fermenter. Primary sludge fermentation produces a supplemental carbon source for BNR, 

eliminating the need for an external carbon source (acetic acid) in best practice configuration 

G1E. In addition, FBI and energy recovery replaces the anaerobic digestion and CHP system in 

G1E. Using incineration in place of anaerobic digestion is an alternative for those members of 

the WRRF community that have restricted or costly opportunities for beneficial re-use of the 

cake product produced by G1E. 

The following pioneering modules were added to the modified G1E best practice 

configuration to maximize energy performance.  

 CEPT (Section 3.3.1.1). 

 FBI with energy recovery (Section 3.3.1.17). 

Energy performance was modeled and a Sankey diagram was prepared for MF 5. The 

Sankey diagram profiling the energy balance for MF 5 appears at the end of this subchapter.  

3.4.6.1 Model Discussion 

GPS-X modeling was used to address the interactive aspects of applying several 

pioneering modules to the same modified G1E best practice configuration. The result was a 

unique configuration that is not necessarily the same as the sum of the parts. Avoidance of 

“double-counting” of benefits, recognition of synergisms, and addressing changes to recycle 

streams are all rolled into one model simulation and a single set of outputs.  

The following bullets summarize the basis for selection and the processing impact of the 

pioneering modules applied to the modified best practice configuration G1E to develop MF 5.  

 CEPT – was selected because of its substantial impact on facility energy performance and it 

is easy to retrofit to existing facilities. Its substantial benefit is the result of a dual-process 

impact: by improving primary clarifier performance, COD is diverted to the FBI where it is 

converted to heat. The reduced COD load on secondary results in reduced aeration electricity 

requirements in the biological reactor. 

  FBI with energy recovery – was selected for energy production while also minimizing the 

amount of material to be hauled offsite.  

Table 3-40 shows the major changes in chemical energy for the G1E best practice and 

MF 5 cases. Of the chemical energy entering the MF 5 plant, 0% remains in the ash and 9% in 

the effluent. Biogas is not produced in this case; instead heat from the FBI is used to produce 

electricity in a steam turbine.  
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Table 3-40. Major Chemical Energy Changes and Outputs in G1E Best Practice and MF 5. 
Activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, dewatering, and CHP. 

Chemical Energy Changes and Outputs in Best Practice G1E and MF 5 

 Units 
G1E  

Best Practice MF 5 

Chemical Energy Changes 

Separation in primary clarifiers % 49% 58% 

Degradation in biological reactor and 
final clarifier 

% 57% 56% 

Degradation in anaerobic digester % 56% N/A 

Degradation in incinerator % N/A 100% 

Degradation across WRRF % 68% 91% 

Chemical Energy Outputs (as % of Inputs) 

Cake/Ash % 25% 0% 

Plant effluent % 7% 9% 

Digester gas % 31% N/A 

The largest chemical energy changes are in primary separation (CEPT effect) and the 

cake/ash. The addition of fermentation significantly reduces the amount of carbon in the FBI 

feed; actually preventing the incineration system from being auto-thermal. A major benefit of the 

MF 5 case compared to G1E is that it does not require an external carbon source (e.g. acetic acid) 

and the natural gas and electricity required to produce it.  

Table 3-41 summarizes the top five electricity-using processes and provides overall 

facility energy consumption and production results for the MF 5 case and G1E best practice 

baseline configuration. The most significant change to electricity consumption in these five 

major process areas is in the FBI operation compared to anaerobic digestion. There was a 

moderate reduction in electricity required for aeration in the biological reactor due to reduced 

COD loadings resulting from CEPT. The most significant change to overall facility electricity 

consumption in is in the reduction in electricity needed to produce acetic acid as a supplemental 

carbon source.  

Natural gas imports are required for the MF5 case, equal to 20% plant influent energy, to 

supplement the FBI process and to supply the facility’s building and other process heat demands. 
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Table 3-41. Energy Consumption and Production in Configuration G1E Best Practice and MF 5. 
Activated sludge (BNR) – with primary treatment, primary sludge gravity thickening, 

WAS mechanical thickening, anaerobic digestion, dewatering, and CHP. 

Energy Consumption and Production 

 Units 
G1E Best 
Practice MF 5 

Percent 
Improvement 

Major Electricity-Using Processes 

Biological reactor kWh/MG 494 466 6% 

Odor control kWh/MG 300 300 0% 

Influent pumping kWh/MG 148 148 0% 

FBI kWh/MG N/A 100 – 

Site lighting (& miscellaneous) kWh/MG 80 80 0% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 1,565 1,250 20% 

Electricity generation kWh/MG 785 145 -81% 

Production as % of consumption  

(% neutrality) 

% 50% 12% -76% 

Natural Gas Consumption 

Natural gas usage MJ/MG 9,628 2,205 77% 
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Figure 3-39. Model High-Performance Facility 5. 

% Electrical % Site Energy 

12% 8%

Electricity 

Supply from 

Grid

Natural Gas 

Supply from 

Pipeline

Electricity 

Produced On-

Site

Electricity 

Consumption

1,105 kWh/MG 2205 MJ/MG 145 kWh/MG 1,250 kWh/MG

Model High-Performance Facility #5

Energy Neutrality

% Primary Energy

10%

 Energy Supply and Consumption



 

A Guide to Net-Zero Energy Solutions for Water Resource Recovery Facilities 3-91 

3.4.7 Model High-Performance Facility 6 (MF 6) – 

 Based on Modified Version of Baseline Configuration M1 

Model High-Performance Facility 6 (MF 6) is based on a modified version of best 

practice configuration M1. The primary sludge gravity thickener was assumed to act as a 

fermenter. Primary sludge fermentation produces a supplemental carbon source for ENR, 

eliminating the need for an external carbon source (acetic acid). In addition, CHP was added to 

recover energy from biogas. 

The following pioneering modules were added to the modified M1 best practice 

configuration to maximize energy performance.  

 CEPT (Section 3.3.1.1). 

 THP (Section 3.3.1.7). 

 Co-digestion of FOG (Section 3.3.1.10). 

 Co-digestion of food waste (Section 3.3.1.11). 

 Adsorption chillers (Section 3.3.1.14). 

Energy performance was modeled and a Sankey diagram was prepared for MF 6. The 

Sankey diagram profiling the energy balance for MF 6 appears at the end of this subchapter.  

3.4.7.1 Model Discussion 

GPS-X modeling was used to address the interactive aspects of applying several 

pioneering modules to the same modified M1 best practice configuration. The result was a 

unique configuration that is not necessarily the same as the sum of the parts. Avoidance of 

“double-counting” of benefits, recognition of synergisms, and addressing changes to recycle 

streams are all rolled into one model simulation and a single set of outputs.  

The following bullets summarize the basis for selection and the processing impact of the 

pioneering modules applied to the modified best practice configuration M1 to develop MF 6.  

 CEPT – was selected because of its substantial impact on facility energy performance and it 

is easy to retrofit to existing facilities. Its substantial benefit is the result of a dual-process 

impact: by improving primary clarifier performance, COD is diverted to the anaerobic 

digestion/CHP system where it is converted to biogas, heat, and electricity. The reduced 

COD load on secondary results in reduced aeration electricity requirements in the biological 

reactor. 

 THP – was selected to improve biodegradability and SRT in anaerobic digestion through pre-

treatment, resulting in increased volatile solids destruction and enhanced biogas production. 

An indirect benefit is of equal importance: the increased digester capacity afforded by high 

solids operation with the low viscosity achieved through hydrolysis substantially increases 

capacity when retrofitted to conventional anaerobic digesters. This increase in capacity 

allows for a dramatic increase in biogas production through co-digestion.  

 Co-digestion of FOG – FOG is beneficial to anaerobic digestion because of its generally high 

biodegradability and biogas production potential. 

 Co-digestion of food waste – Food waste co-digestion was included because of its generally 

high biodegradability and biogas production potential. Individual food waste streams can 
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vary considerably in biogas production potential and their availability will be site-specific. 

To properly reflect this potential on a site-specific basis, both market surveys and feedstock 

characterization are needed. For MF 6, it was assumed that, on average, food waste 

feedstocks would be available at a level comparable to service area size; food waste co-

digestion was sized to feed an amount of COD to the digesters equal to that from FOG. 

 Adsorption chillers – Adsorption chillers have general applicability to the facilities where 

CHP is employed. Seasonally, this matches summertime cooling loads to the surplus of heat 

produced. While this is added to a facility as a seasonal benefit, the overall energy impact is 

modest on the annual average basis used for the energy performance results and Sankey 

diagrams. 

Table 3-42 shows the major changes in chemical energy for the M1 Best Practice and MF 

6 cases. Of the chemical energy entering the MF 6 plant, 26% remains in the cake; 8% in the 

effluent; and 26% in the biogas, down from 31% for the best practice M1 case.  

Table 3-42. Major Chemical Energy Changes and Outputs in M1 Best Practice and MF 6. 

Chemical Energy Changes and Outputs in Best Practice M1 and MF 6 

 Units 
M1  

Best Practice MF 6 

Chemical Energy Changes 

Separation in primary clarifiers % 50% 58% 

Degradation in biological reactor and 
final clarifier 

% 55% 51% 

Degradation in denitrification filter % 45% 53% 

Degradation in anaerobic digester % 54% 60% 

Degradation across WRRF % 65% 75% 

Chemical Energy Outputs (as % of Inputs) 

Cake % 27% 16% 

Plant effluent % 8% 8% 

Digester gas % 31% 26% 

The largest chemical energy changes are in primary separation (CEPT effect), 

degradation in the biological reactor and denitrification filter, and in the overall degradation 

across the WRRF due to the chemical energy in the form of FOG and food waste added to the 

anaerobic digesters. The combined effects of CEPT, THP, and co-digestion did not improve 

biogas production; the addition of fermentation significantly reduces the amount of carbon in the 

digester feed, offsetting the impact of the pioneering modules and actually reducing biogas 

production and cake embedded energy. A major benefit for the MF 6 case compared to M1 is 

that it does not require acetic acid and the natural gas and electricity required to produce it.  

The elimination of acetic acid in the MF 6 case also reduced total facility natural gas 

consumption by a significant amount. 
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Table 3-43. Energy Consumption and Production in Configuration M1 Best Practice and MF 6. 

Energy Consumption and Production 

 Units 
M1 Best 
Practice MF 6 

Percent 
Improvement 

Major Electricity-Using Processes 

Biological reactor kWh/MG 473 474 0% 

Odor control kWh/MG 300 300 0% 

Influent pumping kWh/MG 148 148 0% 

Denitrification filter  89 88 0% 

Site lighting (& miscellaneous) kWh/MG 80 80 0% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 1,420 1,293 9% 

Electricity generation kWh/MG 0 636 100% 

Production as % of consumption 

(% neutrality) 

% 0 49% 100% 

Natural Gas Consumption 

Natural gas usage MJ/MG 8,790 3,813 57% 
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Figure 3-40. Model High-Performance Facility 6. 
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3.4.8 Model High-Performance Facility 7 (MF 7) – 

 Based on Modified Version of Baseline Configuration N1 

Model Facility 7 (MF 7) is based on a modified version of best practice configuration N1. 

The MBR was designed for simultaneous nitrification and denitrification and CHP was added for 

energy recovery from biogas. 

The following pioneering modules were added to the modified N1 best practice 

configuration to maximize energy performance:  

 CEPT (Section 3.3.1.1). 

 THP (Section 3.3.1.7). 

 Co-digestion of FOG (Section 3.3.1.10). 

 Co-digestion of food waste (Section 3.3.1.11). 

 Sidestream deammonification (Section 3.3.1.4). 

 Adsorption chillers (Section 3.3.1.14). 

Energy performance was modeled and a Sankey diagram was prepared for MF 7. The 

Sankey diagram profiling the energy balance for MF 6 appears at the end of this subchapter. 

3.4.8.1 Model Discussion 

GPS-X modeling was used to address the interactive aspects of applying several 

pioneering modules to the same modified N1 best practice configuration. The result was a unique 

configuration that is not necessarily the same as the sum of the parts. Avoidance of “double-

counting” of benefits, recognition of synergisms, and addressing changes to recycle streams are 

all rolled into one model simulation and a single set of outputs.  

The following bullets summarize the basis for selection and the processing impact of the 

pioneering modules that were applied to modified best practice configuration N1 in order to 

develop MF 7.  

The following bullets summarize the basis for selection and the processing impact of the 

pioneering modules applied to the modified best practice configuration M1 to develop MF 7.  

 CEPT – was selected because of its substantial impact on facility energy performance and it 

is easy to retrofit to existing facilities. Its substantial benefit is the result of a dual-process 

impact: by improving primary clarifier performance, COD is diverted to the anaerobic 

digestion/CHP system where it is converted to biogas, heat, and electricity. The reduced 

COD load on the MBR process results in reduced aeration electricity requirements. 

 THP – was selected to improve biodegradability and SRT in anaerobic digestion through pre-

treatment, resulting in increased volatile solids destruction and enhanced biogas production. 

An indirect benefit is of equal importance: the increased digester capacity afforded by high 

solids operation with the low viscosity achieved through hydrolysis substantially increases 

capacity when retrofitted to conventional anaerobic digesters. This increase in capacity 

allows for a dramatic increase in biogas production through co-digestion.  

 Co-digestion of FOG – FOG is beneficial to anaerobic digestion because of its generally high 

biodegradability and biogas production potential. 
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 Co-digestion of food waste – Food waste co-digestion was included because of its generally 

high biodegradability and biogas production potential. Individual food waste streams can 

vary considerably in biogas production potential and their availability will be site-specific. 

To properly reflect this potential on a site-specific basis, both market surveys and feedstock 

characterization are needed. For MF 7, it was assumed that, on average, food waste 

feedstocks would be available at a level comparable to service area size; food waste co-

digestion was sized to feed an amount of COD to the digesters equal to that from FOG. 

 Sidestream deammonification – was included as a method to reduce the ammonia content in 

the return stream from sludge dewatering. Incorporating sidestream deammonification 

reduces the aeration electricity requirement in the MBR process. 

 Adsorption chillers – Adsorption chillers have general applicability to the facilities where 

CHP is employed. Seasonally, this matches summertime cooling loads to the surplus of heat 

produced. While this is added to a facility as a seasonal benefit, the overall energy impact is 

modest on the annual average basis used for the energy performance results and Sankey 

diagrams. 

Table 3-44 shows the major changes in chemical energy for the N1 best practice and MF 

7 cases. Of the chemical energy entering the MF 7 plant, 19% remains in the cake; 9% in the 

effluent; and 49% in the biogas, up from 28% for the best practice N1 case.  

Table 3-44. Major Chemical Energy Changes and Outputs in N1 Best Practice and MF 7. 

Chemical Energy Changes and Outputs in Best Practice N1 and MF 7 

 Units 
N1  

Best Practice MF 7 

Chemical Energy Changes 

Separation in primary clarifiers % 50% 62% 

Degradation in membrane bioreactor % 61% 51% 

Degradation in anaerobic digester % 55% 71% 

Degradation across WRRF % 73% 72% 

Chemical Energy Outputs (as % of Inputs) 

Cake % 23% 19% 

Plant effluent % 4% 9% 

Digester gas % 28% 49% 
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There are large chemical energy changes in primary separation (CEPT effect), 

degradation in the membrane bioreactor (less COD due to CEPT and less ammonia due to 

sidestream deammonification), degradation in the anaerobic digester and higher biogas 

production (THP, additional COD load from codigestion feedstocks, and higher biodegradability 

of digester feed sludge), embedded energy in the cake, and overall degradation across the 

WRRF. One of the major benefits of SND in the MF 7 configuration is that it eliminates the need 

for acetic acid and its associated natural gas and electricity consumption.  

Table 3-45 summarizes the top five electricity-using processes for the MF 7 case and 

compares them to the N1 best practice case. It also provides overall facility energy consumption 

and production results for both cases. There is a substantial reduction in membrane bioreactor 

electricity consumption due to the impact of simultaneous/denitrification. The combined effects 

of CEPT, THP, FOG co-digestion, and FW co-digestion, and biogas energy recovery through 

CHP result in an amount of onsite electricity generation sufficient to achieve 80% electrical 

energy neutrality.  

Natural gas is not required for the MF 7 facility.  

Table 3-45. Energy Consumption and Production in Configuration N1 Best Practice and MF 7. 

Energy Consumption and Production 

 Units 
N1 Best 
Practice MF 7 

Percent 
Improvement 

Major Electricity-Using Processes 

Membrane bioreactor kWh/MG 2,102 835 60% 

Odor control kWh/MG 300 300 0% 

Influent pumping kWh/MG 148 148 0% 

Site lighting (& miscellaneous) kWh/MG 80 80 0% 

Final clarifier and RAS pumping kWh/MG 37 16 57% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 3,498 1,523 57% 

Electricity generation kWh/MG 0 1,211 100% 

Production as % of consumption  

(% neutrality) 

% 0% 80% 100% 

Natural Gas Consumption 

Natural gas usage MJ/MG 22,000 0 100% 
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Figure 3-41. Model High-Performance Facility 7.
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3.4.9 Model High-Performance Facility 8 (MF 8) – 

 Based on Modified Version of Baseline Configuration G1E Best Practice 

Model High-Performance Facility 8 (MF 8) is based on a modified version of best 

practice configuration G1E. The primary sludge gravity thickener was assumed to act as a 

fermenter to produce supplemental carbon for BNR, eliminating the need for an external carbon 

source (acetic acid). In addition, an FBI with steam turbine was added on the back end for 

additional energy recovery and biosolids minimization. The addition of incineration is relevant 

for facilities with restricted or costly opportunities for beneficial re-use of the cake product of 

G1E. 

The following pioneering modules were added to the best practice configuration to 

maximize energy performance:  

 CEPT (Section 3.1.1.1). 

 THP (Section 3.1.1.7). 

 Co-digestion of FOG (Section 3.1.1.10). 

 Co-digestion of food waste (Section 3.1.1.11). 

 FBI with energy recovery (Section 3.1.1.17). 

 Adsorption chillers (Section 3.1.1.14). 

Energy performance was modeled and a Sankey diagram was prepared for MF 8. The 

Sankey diagram profiling the energy balance for MF 8 appears at the end of this subchapter. 

3.4.9.1 Model Discussion 

GPS-X modeling was used to address the interactive aspects of applying several 

pioneering modules to the same modified G1E best practice configuration. The result was a 

unique configuration that is not necessarily the same as the sum of the parts. Avoidance of 

double-counting of benefits, recognition of synergisms, and addressing changes to recycle 

streams are all rolled into one model simulation and a single set of outputs.  

The following bullets summarize the basis for selection and the processing impact of the 

pioneering modules applied to the modified best practice configuration G1E to develop MF8.  

 CEPT – was selected because of its substantial impact on facility energy performance and it 

is easy to retrofit to existing facilities. Its substantial benefit is the result of a dual-process 

impact: by improving primary clarifier performance, COD is diverted to the anaerobic 

digestion/CHP system where it is converted to biogas, heat, and electricity. The reduced 

COD load on secondary results in reduced aeration electricity requirements in the biological 

reactor. 

 THP – was selected to improve biodegradability and SRT in anaerobic digestion through pre-

treatment, resulting in increased volatile solids destruction and enhanced biogas production. 

An indirect benefit is of equal importance: the increased digester capacity afforded by high 

solids operation with the low viscosity achieved through hydrolysis substantially increases 

capacity when retrofitted to conventional anaerobic digesters. This increase in capacity 

allows for a dramatic increase in biogas production through co-digestion.  
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 Co-digestion of FOG –FOG is beneficial to anaerobic digestion because of its generally high 

biodegradability and biogas production potential. 

 Co-digestion of food waste – Food waste co-digestion was included because of its generally 

high biodegradability and biogas production potential. Individual food waste streams can 

vary considerably in biogas production potential and their availability will be site-specific. 

To properly reflect this potential on a site-specific basis, both market surveys and feedstock 

characterization are needed. For MF 8, it was assumed that, on average, food waste 

feedstocks would be available at a level comparable to service area size; food waste co-

digestion was sized to feed an amount of COD to the digesters equal to that from FOG. 

 FBI with energy recovery – was selected to increase the amount of onsite electricity produced 

while minimizing the amount of material that would be hauled offsite. The inclusion of 

incineration maximizes the energy generation potential of all of the volatile solids that would 

otherwise remain in the cake. 

 Adsorption chillers – Adsorption chillers have general applicability to the facilities where 

CHP is employed. Seasonally, this matches summertime cooling loads to the surplus of heat 

produced. While this is added to a facility as a seasonal benefit, the overall energy impact is 

modest on the annual average basis used for the energy performance results and Sankey 

diagrams. 

Table 3-46 shows the major changes in chemical energy for the G1E Best Practice and 

MF 8 cases. Of the chemical energy entering the MF 8 plant, 0% remains in the ash; 9% in the 

effluent; and 30% in the biogas, down from 31% for the best practice G1E case. 

Table 3-46. Major Chemical Energy Changes and Outputs in G1E Best Practice and MF 8. 

Chemical Energy Changes and Outputs in Best Practice G1E and MF 8 

 Units 
G1E  

Best Practice MF 8 

Chemical Energy Changes 

Separation in primary clarifiers % 49% 58% 

Degradation in biological reactor and 
final clarifier 

% 57% 55% 

Degradation in anaerobic digester % 56% 60% 

Degradation in FBI % N/A 100% 

Degradation across WRRF % 68% 91% 

Chemical Energy Outputs (as % of Inputs) 

Cake/Ash % 25% 0% 

Plant effluent % 7% 9% 

Digester gas % 31% 30% 

The largest chemical energy changes are in primary separation (CEPT effect) and in the 

overall degradation across the WRRF due to the addition of FBI. The combined effects of CEPT, 

THP, and co-digestion did not improve biogas production; the addition of fermentation 

significantly reduces the amount of carbon in the digester feed, offsetting the impact of the 

pioneering modules and actually reducing biogas production and cake embedded energy feeding 
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the FBI. One of the major benefits of primary sludge fermentation in the MF 8 is the elimination 

of acetic acid and its associated electricity and natural gas consumption. 

Table 3-47 summarizes the top five electricity-using processes for the MF 8 case and 

compares them to G1E best practice. It also provides overall facility energy consumption and 

production results for both cases. The combined effects of CEPT, THP, FOG co-digestion, FW 

co-digestion, and additional energy recovery through incineration of digested cake result in an 

amount of onsite electricity generation sufficient to achieve 66% electrical energy neutrality 

compared to 50% for the G1E best practice case.  

Natural gas is required for the MF 8 case to supplement the FBI process. However, by 

incorporating primary sludge fermentation to produce the supplemental carbon required for 

BNR, overall natural gas consumption decreases by 67% compared to G1E best practice.  

Table 3-47. Energy Consumption and Production in Configuration G1E Best Practice and MF 8. 

Energy Consumption and Production 

 Units 
G1E Best 
Practice MF 8 

Percent 
Improvement 

Major Electricity-Using Processes 

Biological reactor kWh/MG 494 484 2% 

Odor control kWh/MG 300 300 0% 

Influent pumping kWh/MG 148 148 0% 

Site lighting (& miscellaneous) kWh/MG 80 80 0% 

FBI kWh/MG 0 76 -100% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 1,565 1,290 18% 

Electricity generation kWh/MG 785 851 8% 

Production as % of consumption  

(% neutrality) 

% 50% 66% 32% 

Natural Gas Consumption 

Natural gas usage MJ/MG 9,628 3,194 67% 
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Figure 3-42. Model High-Performance Facility 8.
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3.4.10 Model High-Performance Facility 9 (MF 9) – 

 Based on Regional Approach of  Importing Solids to MF 1 from Modified MF 2 

Model Facility 9 (MF 9) is based on a regional biosolids processing approach. For this 

model high-performance facility, undigested, dewatered biosolids from MF 2 (Section 3.4.3) are 

hauled to MF 1 (Section 3.4.2) for processing and energy recovery. MF 2 was modified by 

removing anaerobic digestion and CHP from solids processing such that these processes take 

place in the regional facility (MF 9). 

Energy performance was modeled and a Sankey diagram was prepared for MF 9. The 

Sankey diagram profiling the energy balance for MF 9 appears at the end of this subchapter. 

3.4.10.1 Model Discussion 

See Sections 3.4.1 and 3.4.2 for a summary of the bases for selection and the processing 

impacts of the pioneering modules applied to develop MF 1 and MF 2, respectively.  

GPS-X modeling was used to evaluate the impact of the MF 2 solids on MF 1 energy 

performance. Table 3-48 shows the major changes in chemical energy for the separate (MF 1 and 

MF 2) and regional biosolids processing and energy recovery (MF 2 and MF 9) approaches. Of 

the chemical energy entering the MF 9 plant, 33% remains in the cake; 10% in the effluent; and 

48% in the biogas, up from 29% for the separate facilities.  

Table 3-48. Major Chemical Energy Changes and Outputs in Separate Facilities (MF 1 and MF 2) 
and Regional Biosolids Processing and Energy Recovery (MF 2 and MF 9). 

Chemical Energy Changes & Outputs in Separate Facilities (MF 1 and MF 2) and Regional 
Biosolids Processing and Energy Recovery (Modified MF 2 and MF 9) 

 Units 
Separate  

MF 1 + MF 2 
Regional  

Modified MF 2 + MF 9 

Chemical Energy Changes 

Separation in primary clarifiers % 63% 61% 

Degradation in biological reactor  % 37% 33% 

Degradation in anaerobic digester % 40% 55% 

Degradation across WRRF % 44% 56% 

Chemical Energy Outputs (as % of Inputs) 

Cake % 44% 33% 

Plant effluent % 12% 10% 

Digester gas % 29% 48% 
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Table 3-49 summarizes the top five electricity-using processes and provides overall 

facility energy consumption and production results for the two approaches. The energy to haul 

the solids from the satellite plant (MF 2) to the regional solids processing facility (MF 9) was 

included in this analysis. The research team assumed the distance between the two facilities to be 

15 miles, and the transportation energy was based on round-trip travel.  

Table 3-49. Energy Consumption and Production in Separate Facilities (MF 1 and MF 2) 
and Regional Biosolids Processing and Energy Recovery (MF 2 and MF 9). 

Energy Consumption and Production 

 Units 
Separate  

MF 1 and MF 2 
Regional  

MF 2 and MF 9 
Percent 

Improvement 

Major Electricity-Using Processes 

Odor control kWh/MG 600 600 0% 

Biological reactor kWh/MG 329 341 -4% 

Influent pumping kWh/MG 296 296 0% 

Site lighting (& miscellaneous) kWh/MG 160 160 0% 

Final clarifier and RAS pumping kWh/MG 149 149 0% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 1,816 1,851 2% 

Electricity generation kWh/MG 1,297 1,906 47% 

Production as % of consumption 

 (% neutrality) 

% 71% 103% 45% 

Natural Gas Consumption 

Natural gas usage MJ/MG 0 177 100% 
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Figure 3-43. Model High-Performance Facility 9.
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3.4.11 Model High-Performance Facility 10 (MF 10) – Based on Regional Approach 

 of Importing Solids to MF 8 (BNR facility) from Modified MF 2 

Model Facility 10 (MF 10) is based on a regional biosolids processing approach. For this 

model high-performance facility, undigested, dewatered biosolids from MF 2 (Section 3.4.2) are 

hauled to MF 8 (Section 3.4.8) for processing and energy recovery. MF 2 was modified by 

removing anaerobic digestion and CHP from solids processing such that these processes take 

place in the regional facility (MF 10). 

Energy performance was modeled and a Sankey diagram was prepared for MF 10. The 

Sankey diagram profiling the energy balance for MF 10 appears at the end of this subchapter. 

3.4.11.1 Model Discussion 

 GPS-X modeling was used to evaluate the impact of the MF 2 solids on MF 8 energy 

performance. Table 3-50 shows the major changes in chemical energy for the separate (MF 2 and 

MF 8) and regional biosolids processing and energy recovery (MF 2 and MF 10) approaches. Of 

the chemical energy entering the MF 10 plant, 0% remains in the ash; 11% in the effluent; and 

20% in the biogas, up from 16% for the separate facilities.  

Table 3-50. Major Chemical Energy Changes and Outputs in Separate Facilities (MF 2 and MF 8) 
and Regional Biosolids Processing and Energy Recovery (MF 2 and MF 10). 

Chemical Energy Changes & Outputs in Separate Facilities (MF 2 and MF 8) and Regional 
Biosolids Processing and Energy Recovery (Modified MF 2 and MF 10) 

 Units 
Separate  

MF 2 + MF 8 
Regional  

Modified MF 2 + MF 10 

Chemical Energy Changes 

Separation in primary clarifiers % 60% 60% 

Degradation in biological reactor and 
final clarifier 

% 36% 36% 

Degradation in anaerobic digester % 28% 28% 

Degradation in FBI % 23% 100% 

Degradation across WRRF % 56% 89% 

Chemical Energy Outputs (as % of Inputs) 

Cake/Ash % 33% 0% 

Plant effluent % 11% 6% 

Digester gas % 16% 20% 
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Table 3-51 summarizes the top five electricity-using processes and provides overall 

facility energy consumption and production results for the two approaches. The energy to haul 

the solids from the satellite plant (MF 2) to the regional solids processing facility (MF 10) was 

included in this analysis. The research team assumed the distance between the two facilities to be 

15 miles, and the transportation energy was based on round-trip travel.  

Table 3-51. Energy Consumption and Production in Separate Facilities (MF 2 and MF 8) 
and Regional Biosolids Processing and Energy Recovery (MF 2 and MF 10) . 

Energy Consumption and Production 

 Units 
Separate  

MF 2 and MF 8 

Regional  
MF 2 and MF 

10 
Percent 

Improvement 

Major Electricity-Using Processes 

Biological reactor kWh/MG 649 649 0% 

Odor control kWh/MG 600 600 0% 

Influent pumping kWh/MG 296 296 0% 

FBI kWh/MG 76 214 -182% 

Site lighting (& miscellaneous) kWh/MG 160 160 0% 

Total Facility Electricity Consumption and Production 

Total electricity usage kWh/MG 2,183 1,427 35% 

Electricity generation kWh/MG 852 1,048 23% 

Production as % of consumption  

(% neutrality) 

% 39% 73% 87% 

Natural Gas Consumption 

Natural gas usage MJ/MG 3,789 3,295 13% 

Fuel Energy Consumption for Biosolids Hauling 

Transportation energy MJ/MG 0 177 -100% 
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Figure 3-44. Model High-Performance Facility 10. 
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APPENDIX B 

Pumping Assumptions 

Item Units Typical Optimized Remarks/References/Basis 

Influent Wastewater Pumping         

Operating Cost         

Total Dynamic Head ft 40    

Pump Efficiency % 60 85   

Pumping headloss ft 0    

Headworks (Screening and Grit Removal) 

       

Primary Clarifiers         

Hydraulic Head ft 30    

Pump efficiency % 60 85   

Miscellaneous energy use hp 5  Nominal. From Jim F. 

Biological Process Reactor         

SRT days 2.0    

Physical      

No. of tanks in series  6    

Tank Depth ft 15    

Max. Volume MG 1.0    

Volume fraction 1  0.167  basis? 

Volume fraction 2  0.167    

Volume fraction 3  0.167    

Volume fraction 4  0.167    

Volume fraction 5  0.167    

Volume fraction 6  0.167    

Operational      

Aeration Method  Diffused 

aeration 

   

Specify Oxygen transfer by  Using a DO 

Controller 

   

Diffuser Type  Fine Bubble    

Alpha factor 1  0.3  Ref: Rosso Table 1 

Alpha factor 2  0.3  Ref: Rosso Table 1 

Alpha factor 3  0.4  Ref: Rosso Table 1 

Alpha factor 4  0.4  Ref: Rosso Table 1 

Alpha factor 5  0.5  Ref: Rosso Table 1 

Alpha factor 6  0.5  Ref: Rosso Table 1 

Fouling constant  0.60 0.95   
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Item Units Typical Optimized Remarks/References/Basis 

Standard oxygen transfer 

efficiency 

 0.28  Assumed 2% per ft of 

submergence from MOP8 

Height of diffuser from floor ft 1.00    

DO setpoint 1 mg/L 2.00    

DO setpoint 2 mg/L 2.00    

DO setpoint 3 mg/L 2.00    

DO setpoint 4 mg/L 2.00    

DO setpoint 5 mg/L 2.00    

DO setpoint 6 mg/L 2.00    

Influent fractions 1  1.00    

Influent fractions 2  0.00    

Influent fractions 3  0.00    

Influent fractions 4  0.00    

Influent fractions 5  0.00    

Influent fractions 6  0.00    

Influent #2 fractions 1  0.00    

Influent #2 fractions 2  0.00    

Influent #2 fractions 3  0.00    

Influent #2 fractions 4  0.00    

Influent #2 fractions 5  1.00    

Influent #2 fractions 6  0.00    

Kinetic – all default values      

Operating Cost      

Combined blower/motor 

efficiency 

 70 80   

Pressure drop in inlet filters 

and piping to blower 

psi 0.25    

Pressure drop in piping and 

diffuser 

psi 2.5    

Hydraulic head  ft 0    

Pump efficiency % 60 85   

Internal recycle hydraulic 

head  

ft 10    

Internal recycle pump 

efficiency 

% 60 85   

Misc. energy use (mixers, 

etc.) 

hp 0 0.00   

Final Clarifier         

Typical Effluent TSS mg/L 6  10-15 conventional, 6-10 BNR, 

5-7 mg/L per MOP 8 page 14-

265 

Physical      
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Item Units Typical Optimized Remarks/References/Basis 

Clarifier type  flat bottom    

Physical feedpoint from 

bottom 

ft 7    

Surface area  sf 17,000  Use SLR of 600, based on 10 

State Standards and peaking 

factor of 2 (1200/2) 

Water depth ft 12    

Operational      

Proportional recycle  ON    

Proportional to stream   PE    

RAS recycle fraction   0.67  25% of influent flow 

conventional; up to 100% BNR 

WAS pumped flow  MGD 0.1    

Settling – all default values      

Operating Cost      

WAS hydraulic head ft 45    

WAS pump efficiency  % 60    

RAS hydraulic head ft 25    

RAS pump efficiency  % 60 85   

Misc. energy use hp 5  minimal, from Jim F. 

       

Gravity Thickener          

Physical      

Surface area sf 5,000  oversized 

Depth ft 10    

Operational      

Thickened Sludge 

Concentration 

%TS 5 7 revised 04/09/2013 – consensus 

that published values are too 

optimistic, now using 5% for 

typical and 7% for best practice 

Operational pumped flow MGD 0.023 0.0215 adjusted to reach target 

thickened %TS 

Removal efficiency – PS only % 90 92 90, 92 for PS only; 85, 90 for PS 

& WAS; from M&E Table 14-

48 

Operating Cost      

Hydraulic head ft 40    

Pump efficiency % 60 85   
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Item Units Typical Optimized Remarks/References/Basis 

Miscellaneous energy use hp 1  Assumes normal operation 

(2 thickeners online), from 

Figure 8.2 in Solids Process 

Design & Management, annual 

power consumption of 3500 

kWh/yr based on area of both 

GTs 

Mechanical Thickener         

Operational      

Specify solids removal by 

setting 

 removal eff. 

And solid 

   

Underflow solids %TS 5% 6% From MOP 8 Table 23.12 range 

= 4-6 

Removal efficiency % 95 98 From MOP 8 pg 23-63 range = 

90-98 

Operating Cost      

hydraulic head ft 50    

pump efficiency % 60 85   

pumping headloss ft 0    

misc. energy use hp 7.5    

       

Anaerobic Digester      

Operating Cost      

Hydraulic head ft 30    

Pump efficiency % 60 85   

Misc. power use hp 68 6.0 Based on Neil Massart's 

WEFTEC 08 Anaerobic 

Digestion Mixing Paper , Table 

4: 0.2-1.0hp/1000 cf. For 

100,000 cf digester, average 

mixing energy is 60, hydro-disk 

= 0.05 hp per 1000cf hp. 

Digester heating requirement      

Heat exchanger efficiency % 90 95   

Energy Recovery options      

Heat efficiency of boiler % 80  MOP-8 (Table 25.27), GE & 

MWM literature 

Heat recovery for CHP % 40 45 MOP-8 (Table 25.27), GE & 

MWM literature 

Electricity recovery for CHP % 33.25 39.90 GE & MWM literature (include 

5% parasitic load) 

Efficiency of Flare % 95 98 From WERF/EPA Flare 

Efficiency Estimator 
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Item Units Typical Optimized Remarks/References/Basis 

Dewatering (Belt filter press)      

Operational Parameters      

Specify solids removal by 

setting  

%TS removal eff. 

And solids 

   

Cake solids %TS 18 23 20% and 25% for raw PS & 

WAS; 18% and 23% for 

anaerobic PS & WAS, 17% and 

20% for WAS only or 

aerobically digested WAS or 

aerobically digested WAS & PS  

Capture Rate % 90 95 From MOP 8 pg. 24-36 range = 

85-95% 

Operating Cost      

Hydraulic head ft 0    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Operating hours per day  hr 8    

2 m belt installed hp hp 10  From MOP 8 pg. 24-41, 2.5 m 

belt typically requires 10 hp  

Conveyor installed hp  hp 5    

Energy usage hp 5.0  2 m belt size required based on 

solids loading rate and 8 hours a 

day operating schedule. 

Installed hp of belt is 10 hp. 

Operating 8 hours a day, daily 

energy usage is 3.3 hp. Installed 

hp of conveyor is 5 hp. 

Operating 8 hours a day, daily 

energy usage is 1.7.  

       

Sidestream Pump      

Operational       

Avg. daily pumped flow rate MGD 0    

Operating Cost      

Pump efficiency % 60 85   
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A1 

Item Units Typical Optimized Remarks/References/Basis 

Influent Wastewater Pumping 

Operating Cost      

Total Dynamic Head ft 40    

Pump Efficiency % 60 85   

Pumping headloss ft 0    

Headworks (Screening and Grit Removal) 

Screens      

Number of Screens Online No. 2 2 Assume individual channels per 

influent pump 

Screen Power Input (per 

unit) 

hp 2 2 Typically nominal (assume 2hp) 

Estimated Operating Time hrs/day 4 4 Timer 5 min on/25 min off: 4 

hours 

Grit Removal      

Number of Grit Removal 

Units Online 

No. 1 1 1 aerated for typical and 1 

vortex for "best practice" 

Grit Unit Power Input (per 

unit) 

hp 33.5 4.6 From Kevin Frank (Aerated 

grit) & Robert Pape (Vortex) 

Estimated Operating Time hrs/day 24 24 24 hours/day 

Total Energy Use hp 34.2 5.3 From Kevin Frank  

Primary Clarifiers      

Physical      

Surface Area sf 10,000  Use 1000 for average flow, 

based on 10 States Standards, pg 

70-2 A = Q/SOR = 

10,000,000/1,000 = 10,000 sqft 

Depth ft 10    

Operational      

Pumped flow MGD 0.082 0.082   

Removal efficiency % 60 70 From MOP 8 – Table 12.1 

typical range = 50-70% 

Operating Cost      

Hydraulic Head ft 30    

Pump efficiency % 60 85   

Miscellaneous energy use hp 5  Nominal. From Jim F. 

Biological Process Reactor      

SRT days 2.0    

Physical      

No. of tanks in series  6    

Tank Depth ft 15    

Max. Volume MG 1.0    
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Item Units Typical Optimized Remarks/References/Basis 

Volume fraction 1  0.167  basis? 

Volume fraction 2  0.167    

Volume fraction 3  0.167    

Volume fraction 4  0.167    

Volume fraction 5  0.167    

Volume fraction 6  0.167    

Operational      

Aeration Method  Diffused 

aeration 

   

Specify Oxygen transfer by  Using a DO 

Controller 

   

Diffuser Type  Fine Bubble    

Alpha factor 1  0.3  Ref: Rosso Table 1 

Alpha factor 2  0.3  Ref: Rosso Table 1 

Alpha factor 3  0.4  Ref: Rosso Table 1 

Alpha factor 4  0.4  Ref: Rosso Table 1 

Alpha factor 5  0.5  Ref: Rosso Table 1 

Alpha factor 6  0.5  Ref: Rosso Table 1 

Fouling constant  0.60 0.95   

Standard oxygen transfer 

efficiency 

 0.28  Assumed 2% per ft of 

submergence from MOP8 

Height of diffuser from floor ft 1.00    

DO setpoint 1 mg/L 2.00    

DO setpoint 2 mg/L 2.00    

DO setpoint 3 mg/L 2.00    

DO setpoint 4 mg/L 2.00    

DO setpoint 5 mg/L 2.00    

DO setpoint 6 mg/L 2.00    

Influent fractions 1  1.00    

Influent fractions 2  0.00    

Influent fractions 3  0.00    

Influent fractions 4  0.00    

Influent fractions 5  0.00    

Influent fractions 6  0.00    

Influent #2 fractions 1  0.00    

Influent #2 fractions 2  0.00    

Influent #2 fractions 3  0.00    

Influent #2 fractions 4  0.00    

Influent #2 fractions 5  1.00    

Influent #2 fractions 6  0.00    
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Item Units Typical Optimized Remarks/References/Basis 

Kinetic – all default values      

Operating Cost      

Combined blower/motor 

efficiency 

 70 80   

Pressure drop in inlet filters 

and piping to blower 

psi 0.25    

Pressure drop in piping and 

diffuser 

psi 2.5    

Hydraulic head  ft 0    

Pump efficiency % 60 85   

Internal recycle hydraulic 

head  

ft 10    

Internal recycle pump 

efficiency 

% 60 85   

Misc. energy use 

(mixers, etc.) 

hp 0 0.00   

Final Clarifier      

Typical Effluent TSS mg/L 6  10-15 conventional, 6-10 BNR, 

5-7 mg/L per MOP 8 page 14-

265 

Physical      

Clarifier type  flat bottom    

Physical feedpoint from 

bottom 

ft 7    

Surface area  sf 17,000  Use SLR of 600, based on 10 

State Standards and peaking 

factor of 2 (1200/2) 

Water depth ft 12    

Operational      

Proportional recycle  ON    

Proportional to stream   PE    

RAS recycle fraction   0.67  25% of influent flow 

conventional; up to 100% BNR 

WAS pumped flow  MGD 0.1    

Settling      

Flocculant zone settling 

parameter 

L/mgTSS 0.004  adjusted to reduce effluent TN – 

check basis 

Max. non-settleable solids mgTSS/L 10.0  adjusted to reduce effluent TN – 

check basis 

Operating Cost      

WAS hydraulic head ft 45    

WAS pump efficiency  % 60    

RAS hydraulic head ft 25    
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Item Units Typical Optimized Remarks/References/Basis 

RAS pump efficiency  % 60 85   

Misc. energy use hp 5  minimal, from Jim F. 

Gravity Thickener       

Physical      

Surface area sf 5,000  oversized 

Depth ft 10    

Operational      

Thickened Sludge 

Concentration 

%TS 5 7 revised 04/09/2013 – consensus 

that published values are too 

optimistic, now using 5% for 

typical and 7% for best practice 

Operational pumped flow MGD 0.044 0.0215 adjusted to reach target 

thickened %TS 

Removal efficiency – PS 

only 

% 85 90 90, 92 for PS only; 85, 90 for PS 

& WAS; from M&E Table 14-

48 

Operating Cost      

Hydraulic head ft 40    

Pump efficiency % 60 85   

Miscellaneous energy use hp 1  Assumes normal operation 

(2 thickeners online), from Figure 

8.2 in Solids Process Design & 

Management, annual power 

consumption of 3500 kWh/yr 

based on area of both GTs 

Anaerobic Digester      

Physical      

Maximum volume MG 0.90    

Headspace volume MG 0.09  10% of digester volume 

Floor drop below ground ft 5    

Operating Cost      

Hydraulic head ft 30    

Pump efficiency % 60 85   

Misc. power use hp 72 6.0 Based on Neil Massart's 

WEFTEC 08 Anaerobic 

Digestion Mixing Paper , Table 

4: 0.2-1.0hp/1000 cf. For 

100,000 cf digester, average 

mixing energy is 60, hydro-disk 

= 0.05 hp per 1000cf hp. 

Digester heating requirement      

Heat exchanger efficiency % 90 95   
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Item Units Typical Optimized Remarks/References/Basis 

Energy Recovery options      

Heat recovery for CHP % 40 45 MOP-8 (Table 25.27), GE & 

MWM literature 

Electricity recovery for CHP % 33.25 39.90 GE & MWM literature (include 

5% parasitic load) 

Efficiency of Flare % 95 98 From WERF/EPA Flare 

Efficiency Estimator 

Dewatering (Belt filter press)      

Operational Parameters      

Specify solids removal by 

setting  

%TS removal eff. 

And solids 

   

Cake solids %TS 18 23 20% and 25% for raw PS & 

WAS; 18% and 23% for 

anaerobic PS & WAS, 17% and 

20% for WAS only or 

aerobically digested WAS or 

aerobically digested WAS & PS  

Capture Rate % 90 95 From MOP 8 pg. 24-36 range = 

85-95% 

Operating Cost      

Hydraulic head ft 0    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Operating hours per day  hr 8    

2 m belt installed hp hp 10  From MOP 8 pg. 24-41, 2.5 m 

belt typically requires 10 hp  

Conveyor installed hp  hp 5    

Energy usage hp 5.0  2 m belt size required based on 

solids loading rate and 8 hours a 

day operating schedule. 

Installed hp of belt is 10 hp. 

Operating 8 hours a day, daily 

energy usage is 3.3 hp. Installed 

hp of conveyor is 5 hp. 

Operating 8 hours a day, daily 

energy usage is 1.7.  

Sidestream Pump      

Operational       

Avg. daily pumped flow rate MGD 0    

Operating Cost      

Pump efficiency % 60 85   
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A5 

Item Units Typical Optimized Remarks/References/Basis 

Influent Wastewater Pumping      

Operating Cost      

Total Dynamic Head ft 40    

Pump Efficiency % 60 85   

Pumping headloss ft 0    

Headworks (Screening and Grit Removal)  

Screens      

Number of Screens Online No. 2 2 Assume individual channels per 

influent pump 

Screen Power Input (per unit) hp 2 2 Typically nominal (assume 2hp) 

Estimated Operating Time hrs/day 4 4 Timer 5 min on/25 min off: 4 

hours 

Grit Removal      

Number of Grit Removal 

Units Online 

No. 1 1 1 aerated for typical and 1 vortex 

for "best practice" 

Grit Unit Power Input (per 

unit) 

hp 33.5 4.6 From Kevin Frank (Aerated grit) 

& Robert Pape (Vortex) 

Estimated Operating Time hrs/day 24 24 24 hours/day 

Total Energy Use hp 34.2 5.3 From Kevin Frank  

Primary Clarifiers      

Physical      

Surface Area sf 10,000  Use 1000 for average flow, based 

on 10 States Standards, pg 70-2 A 

= Q/SOR = 10,000,000/1,000 = 

10,000 sqft 

Depth ft 10    

Operational      

Pumped flow MGD 0.074 0.082   

Removal efficiency % 60 70 From MOP 8 – Table 12.1 typical 

range = 50-70% 

Operating Cost      

Hydraulic Head ft 30    

Pump efficiency % 60 85   

Miscellaneous energy use hp 5  Nominal. From Jim F. 
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Item Units Typical Optimized Remarks/References/Basis 

Biological Process Reactor      

SRT days 2.0    

Physical      

No. of tanks in series  6    

Tank Depth ft 15    

Max. Volume MG 1.0    

Volume fraction 1  0.167  basis? 

Volume fraction 2  0.167    

Volume fraction 3  0.167    

Volume fraction 4  0.167    

Volume fraction 5  0.167    

Volume fraction 6  0.167    

Operational      

Aeration Method  Diffused 

aeration 

   

Specify Oxygen transfer by  Using a DO 

Controller 

   

Diffuser Type  Fine Bubble    

Alpha factor 1  0.3  Ref: Rosso Table 1 

Alpha factor 2  0.3  Ref: Rosso Table 1 

Alpha factor 3  0.4  Ref: Rosso Table 1 

Alpha factor 4  0.4  Ref: Rosso Table 1 

Alpha factor 5  0.5  Ref: Rosso Table 1 

Alpha factor 6  0.5  Ref: Rosso Table 1 

Fouling constant  0.60 0.95   

Standard oxygen transfer 

efficiency 

 0.28  Assumed 2% per ft of 

submergence from MOP8 

Height of diffuser from floor ft 1.00    

DO setpoint 1 mg/L 2.00    

DO setpoint 2 mg/L 2.00    

DO setpoint 3 mg/L 2.00    

DO setpoint 4 mg/L 2.00    
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Item Units Typical Optimized Remarks/References/Basis 

DO setpoint 5 mg/L 2.00    

DO setpoint 6 mg/L 2.00    

Influent fractions 1  1.00    

Influent fractions 2  0.00    

Influent fractions 3  0.00    

Influent fractions 4  0.00    

Influent fractions 5  0.00    

Influent fractions 6  0.00    

Influent #2 fractions 1  0.00    

Influent #2 fractions 2  0.00    

Influent #2 fractions 3  0.00    

Influent #2 fractions 4  0.00    

Influent #2 fractions 5  1.00    

Influent #2 fractions 6  0.00    

Kinetic – all default values      

Operating Cost      

Combined blower/motor 

efficiency 

 70 80   

Pressure drop in inlet filters 

and piping to blower 

psi 0.25    

Pressure drop in piping and 

diffuser 

psi 2.5    

Hydraulic head  ft 0    

Pump efficiency % 60 85   

Internal recycle hydraulic head  ft 10    

Internal recycle pump 

efficiency 

% 60 85   

Misc. energy use (mixers, etc.) hp 0 0.00   
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Item Units Typical Optimized Remarks/References/Basis 

Final Clarifier      

Typical Effluent TSS mg/L 6  10-15 conventional, 6-10 BNR, 5-

7 mg/L per MOP 8 page 14-265 

Physical      

Clarifier type  flat bottom    

Physical feedpoint from 

bottom 

ft 5    

Surface area  sf 17,000  Use SLR of 600, based on 10 

State Standards and peaking 

factor of 2 (1200/2) 

Water depth ft 12    

Operational      

Proportional recycle  ON    

Proportional to stream   PE    

RAS recycle fraction   0.67  25% of influent flow 

conventional; up to 100% BNR 

WAS pumped flow  MGD 0.1    

Settling      

Hindered zone settling 

parameter 

L/mgTSS 0.0003  adjusted to reduce effluent TN – 

check basis 

Flocculant zone settling 

parameter 

L/mgTSS 0.0052  adjusted to reduce effluent TN – 

check basis 

Operating Cost      

WAS hydraulic head ft 45    

WAS pump efficiency  % 60    

RAS hydraulic head ft 25    

RAS pump efficiency  % 60 85   

Misc. energy use hp 5  minimal, from Jim F. 

Gravity Thickener       

Physical      

Surface area sf 5,000  oversized 

Depth ft 10    
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Item Units Typical Optimized Remarks/References/Basis 

Operational      

Thickened Sludge 

Concentration 

%TS 5 7 revised 04/09/2013 – consensus 

that published values are too 

optimistic, now using 5% for 

typical and 7% for best practice 

Operational pumped flow MGD 0.0317 0.0370 adjusted to reach target thickened 

%TS 

Removal efficiency – PS only % 90 92 90, 92 for PS only; 85, 90 for PS 

& WAS; from M&E Table 14-48 

Operating Cost      

Hydraulic head ft 40    

Pump efficiency % 60 85   

Miscellaneous energy use hp 1  Assumes normal operation (2 

thickeners online), from Figure 

8.2 in Solids Process Design & 

Management, annual power 

consumption of 3500 kWh/yr 

based on area of both GTs 

Mechanical Thickener      

Operational      

Specify solids removal by 

setting 

 removal eff. 

And solid 

   

Underflow solids %TS 5% 6% From MOP 8 Table 23.12 range = 

4-6 

Removal efficiency % 95 98 From MOP 8 pg 23-63 range = 

90-98 

Operating Cost      

Hydraulic head ft 50    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Misc. energy use hp 7.5    

Dewatering (Belt filter press)      

Operational Parameters      

Specify solids removal by 

setting  

%TS removal eff. 

And solids 

   

Cake solids %TS 20 25 20% and 25% for raw PS & 

WAS; 18% and 23% for 

anaerobic PS & WAS, 17% and 

20% for WAS only or aerobically 

digested WAS or aerobically 

digested WAS & PS  
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Item Units Typical Optimized Remarks/References/Basis 

Capture Rate % 90 95 From MOP 8 pg. 24-36 range = 

85-95% 

Operating Cost      

Hydraulic head ft 0    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Operating hours per day  hr 8    

2 m belt installed hp hp 10  From MOP 8 pg. 24-41, 2.5 m 

belt typically requires 10 hp  

Conveyor installed hp  hp 5    

Energy usage hp 5.0  2 m belt size required based on 

solids loading rate and 8 hours a 

day operating schedule. Installed 

hp of belt is 10 hp. Operating 8 

hours a day, daily energy usage is 

3.3 hp. Installed hp of conveyor is 

5 hp. Operating 8 hours a day, 

daily energy usage is 1.7.  

Sidestream Pump      

Operational       

Avg. daily pumped flow rate MGD 0    

Operating Cost      

Pump efficiency % 60 85   
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A6 

Item Units Typical Optimized Remarks/References/Basis 

Influent Wastewater Pumping      

Operating Cost      

Total Dynamic Head ft 40    

Pump Efficiency % 60 85   

Pumping headloss ft 0    

Headworks (Screening and Grit Removal)  

Screens      

Number of Screens Online No. 2 2 Assume individual channels per 

influent pump 

Screen Power Input (per unit) hp 2 2 Typically nominal (assume 2hp) 

Estimated Operating Time hrs/day 4 4 Timer 5 min on/25 min off: 4 

hours 

Grit Removal      

Number of Grit Removal 

Units Online 

No. 1 1 1 aerated for typical and 1 

vortex for "best practice" 

Grit Unit Power Input (per 

unit) 

hp 33.5 4.6 From Kevin Frank (Aerated 

grit) & Robert Pape (Vortex) 

Estimated Operating Time hrs/day 24 24 24 hours/day 

Total Energy Use hp 34.2 5.3 From Kevin Frank  

Primary Clarifiers      

Physical      

Surface Area sf 10,000  Use 1000 for average flow, 

based on 10 States Standards, pg 

70-2 A = Q/SOR = 

10,000,000/1,000 = 10,000 sqft 

Depth ft 10    

Operational      

Pumped flow MGD 0.074 0.082   

Removal efficiency % 60 70 From MOP 8 – Table 12.1 

typical range = 50-70% 

Operating Cost      

Hydraulic Head ft 30    

Pump efficiency % 60 85   

Miscellaneous energy use hp 5  Nominal. From Jim F. 

Biological Process Reactor      

SRT days 2.0    

Physical      

No. of tanks in series  6    

Tank Depth ft 15    

Max. Volume MG 1.0    
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Item Units Typical Optimized Remarks/References/Basis 

Volume fraction 1  0.167  basis? 

Volume fraction 2  0.167    

Volume fraction 3  0.167    

Volume fraction 4  0.167    

Volume fraction 5  0.167    

Volume fraction 6  0.167    

Operational      

Aeration Method  Diffused 

aeration 

   

Specify Oxygen transfer by  Using a DO 

Controller 

   

Diffuser Type  Fine Bubble    

Alpha factor 1  0.3  Ref: Rosso Table 1 

Alpha factor 2  0.3  Ref: Rosso Table 1 

Alpha factor 3  0.4  Ref: Rosso Table 1 

alpha factor 4  0.4  Ref: Rosso Table 1 

Alpha factor 5  0.5  Ref: Rosso Table 1 

Alpha factor 6  0.5  Ref: Rosso Table 1 

Fouling constant  0.60 0.95   

Standard oxygen transfer 

efficiency 

 0.28  Assumed 2% per ft of 

submergence from MOP8 

Height of diffuser from floor ft 1.00    

DO setpoint 1 mg/L 2.00    

DO setpoint 2 mg/L 2.00    

DO setpoint 3 mg/L 2.00    

DO setpoint 4 mg/L 2.00    

DO setpoint 5 mg/L 2.00    

DO setpoint 6 mg/L 2.00    

Influent fractions 1  1.00    

Influent fractions 2  0.00    

Influent fractions 3  0.00    

Influent fractions 4  0.00    

Influent fractions 5  0.00    

Influent fractions 6  0.00    

Influent #2 fractions 1  0.00    

Influent #2 fractions 2  0.00    

Influent #2 fractions 3  0.00    

Influent #2 fractions 4  0.00    

Influent #2 fractions 5  1.00    

Influent #2 fractions 6  0.00    
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Kinetic – all default values      

Operating Cost      

Combined blower/motor 

efficiency 

 70 80   

Pressure drop in inlet filters 

and piping to blower 

psi 0.25    

Pressure drop in piping and 

diffuser 

psi 2.5    

Hydraulic head  ft 0    

Pump efficiency % 60 85   

Internal recycle hydraulic 

head  

ft 10    

Internal recycle pump 

efficiency 

% 60 85   

Misc. energy use (mixers, 

etc.) 

hp 0 0.00   

       

Final Clarifier      

Typical Effluent TSS mg/L 6  10-15 conventional, 6-10 BNR, 

5-7 mg/L per MOP 8 page 14-

265 

Physical      

Clarifier type  flat bottom    

Physical feedpoint from 

bottom 

ft 5    

Surface area  sf 17,000  Use SLR of 600, based on 10 

State Standards and peaking 

factor of 2 (1200/2) 

Water depth ft 12    

Operational      

Proportional recycle  ON    

Proportional to stream   PE    

RAS recycle fraction   0.67  25% of influent flow 

conventional; up to 100% BNR 

WAS pumped flow  MGD 0.1    

Settling      

Hindered zone settling 

parameter 

L/mgTSS 0.0003  adjusted to reduce effluent TN – 

check basis 

Flocculant zone settling 

parameter 

L/mgTSS 0.0052  adjusted to reduce effluent TN – 

check basis 
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Item Units Typical Optimized Remarks/References/Basis 

Operating Cost      

WAS hydraulic head ft 45    

WAS pump efficiency  % 60    

RAS hydraulic head ft 25    

RAS pump efficiency  % 60 85   

Misc. energy use hp 5  minimal, from Jim F. 

Gravity Thickener       

Physical      

Surface area sf 5,000  oversized 

Depth ft 10    

Operational      

Thickened Sludge 

Concentration 

%TS 5 7 revised 04/09/2013 – consensus 

that published values are too 

optimistic, now using 5% for 

typical and 7% for best practice 

Operational pumped flow MGD 0.0317 0.0370 adjusted to reach target 

thickened %TS 

Removal efficiency – PS only % 90 92 90, 92 for PS only; 85, 90 for PS 

& WAS; from M&E Table 14-

48 

Operating Cost      

Hydraulic head ft 40    

Pump efficiency % 60 85   

Miscellaneous energy use hp 1  Assumes normal operation (2 

thickeners online), from Figure 

8.2 in Solids Process Design & 

Management, annual power 

consumption of 3500 kWh/yr 

based on area of both GTs 

Mechanical Thickener      

Operational      

Specify solids removal by 

setting 

 removal eff. 

And solid 

   

Underflow solids %TS 5% 6% From MOP 8 Table 23.12 range 

= 4-6 

Removal efficiency % 95 98 From MOP 8 pg 23-63 range = 

90-98 

Operating Cost      

Hydraulic head ft 50    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Misc. energy use hp 7.5    
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Item Units Typical Optimized Remarks/References/Basis 

Dewatering (Belt filter press)      

Operational Parameters      

Specify solids removal by 

setting  

%TS removal eff. 

And solids 

   

Cake solids %TS 20 25 20% and 25% for raw PS & 

WAS; 18% and 23% for 

anaerobic PS & WAS, 17% and 

20% for WAS only or 

aerobically digested WAS or 

aerobically digested WAS & PS  

Capture Rate % 90 95 From MOP 8 pg. 24-36 range = 

85-95% 

Operating Cost      

Hydraulic head ft 0    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Operating hours per day  hr 8    

2 m belt installed hp hp 10  From MOP 8 pg. 24-41, 2.5 m 

belt typically requires 10 hp  

Conveyor installed hp  hp 5    

Energy usage hp 5.0  2 m belt size required based on 

solids loading rate and 8 hours a 

day operating schedule. 

Installed hp of belt is 10 hp. 

Operating 8 hours a day, daily 

energy usage is 3.3 hp. Installed 

hp of conveyor is 5 hp. 

Operating 8 hours a day, daily 

energy usage is 1.7.  

       

Sidestream Pump      

Operational       

Avg. daily pumped flow rate MGD 0    

Operating Cost      

Pump efficiency % 60 85   
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Item Units Typical Optimized Remarks/References/Basis 

Influent Wastewater Pumping      

Operating Cost      

Total Dynamic Head ft 40    

Pump Efficiency % 60 85   

Pumping headloss ft 0    

Headworks (Screening and Grit Removal)  

Screens      

Number of Screens Online No. 2 2 Assume individual channels per 

influent pump 

Screen Power Input (per 

unit) 

hp 2 2 Typically nominal (assume 2hp) 

Estimated Operating Time hrs/day 4 4 Timer 5 min on/25 min off: 4 

hours 

Grit Removal      

Number of Grit Removal 

Units Online 

No. 1 1 1 aerated for typical and 1 

vortex for "best practice" 

Grit Unit Power Input (per 

unit) 

hp 33.5 4.6 From Kevin Frank (Aerated 

grit) & Robert Pape (Vortex) 

Estimated Operating Time hrs/day 24 24 24 hours/day 

Total Energy Use hp 34.2 5.3 From Kevin Frank  

Primary Clarifiers      

Physical      

Surface Area sf 10,000  Use 1000 for average flow, 

based on 10 States Standards, pg 

70-2 A = Q/SOR = 

10,000,000/1,000 = 10,000 sqft 

Depth ft 10    

Operational      

Thickened Sludge 

Concentration 

%TS 5 7 revised 04/09/2013 – consensus 

that published values are too 

optimistic, now using 5% for 

typical and 7% for best practice 

Pumped flow MGD 0.066 0.066   

Removal efficiency % 60 70 From MOP 8 – Table 12.1 

typical range = 50-70% 

Operating Cost      

Hydraulic Head ft 30    

Pump efficiency % 60 85   

Miscellaneous energy use hp 5  Nominal. From Jim F. 
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Item Units Typical Optimized Remarks/References/Basis 

Biological Process Reactor      

SRT days 2.0    

Physical      

No. of tanks in series  6    

Tank Depth ft 15    

Max. Volume MG 1.0    

Volume fraction 1  0.167  basis? 

Volume fraction 2  0.167    

Volume fraction 3  0.167    

Volume fraction 4  0.167    

Volume fraction 5  0.167    

Volume fraction 6  0.167    

Operational      

Aeration Method  Diffused 

aeration 

   

Specify Oxygen transfer by  Using a DO 

Controller 

   

Diffuser Type  Fine Bubble    

Alpha factor 1  0.3  Ref: Rosso Table 1 

Alpha factor 2  0.3  Ref: Rosso Table 1 

Alpha factor 3  0.4  Ref: Rosso Table 1 

Alpha factor 4  0.4  Ref: Rosso Table 1 

Alpha factor 5  0.5  Ref: Rosso Table 1 

Alpha factor 6  0.5  Ref: Rosso Table 1 

Fouling constant  0.60 0.95   

Standard oxygen transfer 

efficiency 

 0.28  Assumed 2% per ft of 

submergence from MOP8 

Height of diffuser from 

floor 

ft 1.00    

DO setpoint 1 mg/L 2.00    

DO setpoint 2 mg/L 2.00    

DO setpoint 3 mg/L 2.00    

DO setpoint 4 mg/L 2.00    

DO setpoint 5 mg/L 2.00    

DO setpoint 6 mg/L 2.00    

Influent fractions 1  1.00    

Influent fractions 2  0.00    

Influent fractions 3  0.00    

Influent fractions 4  0.00    

Influent fractions 5  0.00    

Influent fractions 6  0.00    
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Item Units Typical Optimized Remarks/References/Basis 

Influent #2 fractions 1  0.00    

Influent #2 fractions 2  0.00    

Influent #2 fractions 3  0.00    

Influent #2 fractions 4  0.00    

Influent #2 fractions 5  1.00    

Influent #2 fractions 6  0.00    

Kinetic – all default values      

Operating Cost      

Combined blower/motor 

efficiency 

 70 80   

Pressure drop in inlet filters 

and piping to blower 

psi 0.25    

Pressure drop in piping and 

diffuser 

psi 2.5    

Hydraulic head  ft 0    

Pump efficiency % 60 85   

Internal recycle hydraulic 

head  

ft 10    

Internal recycle pump 

efficiency 

% 60 85   

Misc. energy use (mixers, 

etc.) 

hp 0 0.00   

Final Clarifier      

Typical Effluent TSS mg/L 6  10-15 conventional, 6-10 BNR, 

5-7 mg/L per MOP 8 page 14-

265 

Physical      

Clarifier type  flat bottom    

Physical feedpoint from 

bottom 

ft 7    

Surface area  sf 17,000  Use SLR of 600, based on 10 

State Standards and peaking 

factor of 2 (1200/2) 

Water depth ft 12    

Operational      

Proportional recycle  ON    

Proportional to stream   PE    

RAS recycle fraction   0.67  25% of influent flow 

conventional; up to 100% BNR 

WAS pumped flow  MGD 0.1    
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Item Units Typical Optimized Remarks/References/Basis 

Settling – all default values      

Operating Cost      

WAS hydraulic head ft 45    

WAS pump efficiency  % 60    

RAS hydraulic head ft 25    

RAS pump efficiency  % 60 85   

Misc. energy use hp 5  minimal, from Jim F. 

Gravity Thickener       

Physical      

Surface area sf 5,000  oversized 

Depth ft 10    

Operational      

Operational pumped flow MGD 0.023 0.0215 adjusted to reach target 

thickened %TS 

Removal efficiency – PS 

only 

% 90 92 90, 92 for PS only; 85, 90 for PS 

& WAS; from M&E Table 14-

48 

Operating Cost      

Hydraulic head ft 40    

Pump efficiency % 60 85   

Miscellaneous energy use hp 1  Assumes normal operation 

(2 thickeners online), from Figure 

8.2 in Solids Process Design & 

Management, annual power 

consumption of 3500 kWh/yr 

based on area of both GTs 

Mechanical Thickener      

Operational      

Specify solids removal by 

setting 

 removal eff. 

And solid 

   

Underflow solids %TS 5% 6% From MOP 8 Table 23.12 range 

= 4-6 

Removal efficiency % 95 98 From MOP 8 pg 23-63 range = 

90- 98 

Operating Cost      

Hydraulic head ft 50    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Misc. energy use hp 7.5    
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Item Units Typical Optimized Remarks/References/Basis 

Anaerobic Digester      

Physical      

Maximum volume MG 0.85    

Headspace volume MG 0.085  10% of digester volume 

Floor drop below ground ft 5    

Operating Cost      

Hydraulic head ft 30    

Pump efficiency % 60 85   

Misc. power use hp 68 6.0 Based on Neil Massart's 

WEFTEC 08 Anaerobic 

Digestion Mixing Paper , Table 

4: 0.2-1.0hp/1000 cf. For 

100,000 cf digester, average 

mixing energy is 60, hydro-disk 

= 0.05 hp per 1000cf hp. 

Digester heating requirement      

Heat exchanger efficiency % 90 95   

Energy Recovery options      

Heat efficiency of boiler % 80  MOP-8 (Table 25.27), GE & 

MWM literature 

Heat recovery for CHP % 40 45 MOP-8 (Table 25.27), GE & 

MWM literature 

Electricity recovery for CHP % 33.25 39.90 GE & MWM literature (include 

5% parasitic load) 

Efficiency of Flare % 95 98 From WERF/EPA Flare 

Efficiency Estimator 

Dewatering (Belt filter press)      

Operational Parameters      

Specify solids removal by 

setting  

%TS removal eff. 

And solids 

   

Cake solids %TS 18 23 20% and 25% for raw PS & 

WAS; 18% and 23% for 

anaerobic PS & WAS, 17% and 

20% for WAS only or 

aerobically digested WAS or 

aerobically digested WAS & PS  

Capture Rate % 90 95 From MOP 8 pg. 24-36 range = 

85-95% 
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Item Units Typical Optimized Remarks/References/Basis 

Operating Cost      

Hydraulic head ft 0    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Operating hours per day  hr 8    

2 m belt installed hp hp 10  From MOP 8 pg. 24-41, 2.5 m 

belt typically requires 10 hp  

Conveyor installed hp  hp 5    

Energy usage hp 5.0  2 m belt size required based on 

solids loading rate and 8 hours a 

day operating schedule. 

Installed hp of belt is 10 hp. 

Operating 8 hours a day, daily 

energy usage is 3.3 hp. Installed 

hp of conveyor is 5 hp. 

Operating 8 hours a day, daily 

energy usage is 1.7.  

Sidestream Pump      

Operational       

Avg. daily pumped flow rate MGD 0    

Operating Cost      

Pump efficiency % 60 85   
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C3 

Item Units Typical Optimized Remarks/References/Basis 

Influent Wastewater Pumping      

Operating Cost      

Total Dynamic Head ft 40    

Pump Efficiency % 60 85   

Pumping headloss ft 0    

Headworks (Screening and Grit Removal)  

Screens      

Number of Screens Online No. 2 2 Assume individual channels per 

influent pump 

Screen Power Input (per unit) hp 2 2 Typically nominal (assume 2hp) 

Estimated Operating Time hrs/day 4 4 Timer 5 min on/25 min off: 4 

hours 

Grit Removal      

Number of Grit Removal 

Units Online 

No. 1 1 1 aerated for typical and 1 

vortex for "best practice" 

Grit Unit Power Input (per 

unit) 

hp 33.5 4.6 From Kevin Frank (Aerated 

grit) & Robert Pape (Vortex) 

Estimated Operating Time hrs/day 24 24 24 hours/day 

Total Energy Use hp 34.2 5.3 From Kevin Frank  

Biological Process Reactor      

SRT days 2.0    

Physical      

No. of tanks in series  6    

Tank Depth ft 15    

Max. Volume MG 1.6    

Volume fraction 1  0.167    

Volume fraction 2  0.167    

Volume fraction 3  0.167    

Volume fraction 4  0.167    

Volume fraction 5  0.167    

Volume fraction 6  0.167    

Operational      

Aeration Method  Diffused 

aeration 

   

Specify Oxygen transfer by  Using a DO 

Controller 

   

Diffuser Type  Fine Bubble    

Alpha factor 1  0.3  Ref: Rosso Table 1 

Alpha factor 2  0.3  Ref: Rosso Table 1 

Alpha factor 3  0.4  Ref: Rosso Table 1 
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Item Units Typical Optimized Remarks/References/Basis 

Alpha factor 4  0.4  Ref: Rosso Table 1 

Alpha factor 5  0.5  Ref: Rosso Table 1 

Alpha factor 6  0.5  Ref: Rosso Table 1 

Fouling constant  0.60 0.95   

Standard oxygen transfer 

efficiency 

 0.28  Assumed 2% per ft of 

submergence from MOP8 

Height of diffuser from floor ft 1.00    

DO setpoint 1 mg/L 2.00    

DO setpoint 2 mg/L 2.00    

DO setpoint 3 mg/L 2.00    

DO setpoint 4 mg/L 2.00    

DO setpoint 5 mg/L 2.00    

DO setpoint 6 mg/L 2.00    

Influent fractions 1  1.00    

Influent fractions 2  0.00    

Influent fractions 3  0.00    

Influent fractions 4  0.00    

Influent fractions 5  0.00    

Influent fractions 6  0.00    

Influent #2 fractions 1  0.00    

Influent #2 fractions 2  0.00    

Influent #2 fractions 3  0.00    

Influent #2 fractions 4  0.00    

Influent #2 fractions 5  1.00    

Influent #2 fractions 6  0.00    

Kinetic – all default values      

Operating Cost      

Combined blower/motor 

efficiency 

 70 80   

Pressure drop in inlet filters 

and piping to blower 

psi 0.25    

Pressure drop in piping and 

diffuser 

psi 2.5    

Hydraulic head  ft 0    

Pump efficiency % 60 85   

Internal recycle hydraulic 

head  

ft 10    

Internal recycle pump 

efficiency 

% 60 85   

Misc. energy use (mixers, 

etc.) 

hp 0 0.00   



 

B-30  

Item Units Typical Optimized Remarks/References/Basis 

Final Clarifier      

Typical Effluent TSS mg/L 6  10-15 conventional, 6-10 BNR, 

5-7 mg/L per MOP 8 page 14-

265 

Physical      

Clarifier type  flat bottom    

Physical feedpoint from 

bottom 

ft 5    

Surface area  sf 17,000  Use SLR of 600, based on 10 

State Standards and peaking 

factor of 2 (1200/2) 

Water depth ft 12    

Operational      

Proportional recycle  ON    

Proportional to stream   PE    

RAS recycle fraction   0.67  25% of influent flow 

conventional; up to 100% BNR 

WAS pumped flow  MGD 0.1    

Settling – all default values      

Operating Cost      

WAS hydraulic head ft 45    

WAS pump efficiency  % 60    

RAS hydraulic head ft 25    

RAS pump efficiency  % 60 85   

Misc. energy use hp 5  minimal, from Jim F. 

Mechanical Thickener      

Operational      

Specify solids removal by 

setting 

 removal eff. 

And solid 

   

Underflow solids %TS 5% 6% From MOP 8 Table 23.12 range 

= 4-6 

Removal efficiency % 95 98 From MOP 8 pg 23-63 range = 

90- 98 

Operating Cost      

Hydraulic head ft 50    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Misc. energy use hp 7.5    
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Item Units Typical Optimized Remarks/References/Basis 

Dewatering (Belt filter press)      

Operational Parameters      

Specify solids removal by 

setting  

%TS removal eff. 

And solids 

   

Cake solids %TS 17 20 20% and 25% for raw PS & 

WAS; 18% and 23% for 

anaerobic PS & WAS, 17% and 

20% for WAS only or 

aerobically digested WAS or 

aerobically digested WAS & PS  

Capture Rate % 90 95 From MOP 8 pg. 24-36 range = 

85-95% 

Operating Cost      

Hydraulic head ft 0    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Operating hours per day  hr 8    

2 m belt installed hp hp 10  From MOP 8 pg. 24-41, 2.5 m 

belt typically requires 10 hp  

Conveyor installed hp  hp 5    

Energy usage hp 5.0  2 m belt size required based on 

solids loading rate and 8 hours a 

day operating schedule. 

Installed hp of belt is 10 hp. 

Operating 8 hours a day, daily 

energy usage is 3.3 hp. Installed 

hp of conveyor is 5 hp. 

Operating 8 hours a day, daily 

energy usage is 1.7.  

Sidestream Pump      

Operational       

Avg. daily pumped flow rate MGD 0    

Operating Cost      

Pump efficiency % 60 85   
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D1 

Item Units Typical Optimized Remarks/References/Basis 

Influent Wastewater 

Pumping 

     

Operating Cost      

Total Dynamic Head ft 40    

Pump Efficiency % 60 85   

Pumping headloss ft 0    

Headworks (Screening and 

Grit Removal) 

     

Screens      

Number of Screens 

Online 

No. 2 2 Assume individual channels per 

influent pump 

Screen Power Input (per 

unit) 

hp 2 2 Typically nominal (assume 2hp) 

Estimated Operating 

Time 

hrs/day 4 4 Timer 5 min on/25 min off: 4 hours 

Grit Removal      

Number of Grit Removal 

Units Online 

No. 1 1 1 aerated for typical and 1 vortex 

for "best practice" 

Grit Unit Power Input 

(per unit) 

hp 33.5 4.6 From Kevin Frank (Aerated grit) & 

Robert Pape (Vortex) 

Estimated Operating 

Time 

hrs/day 24 24 24 hours/day 

Total Energy Use hp 34.2 5.3 From Kevin Frank  

Primary Clarifiers      

Physical      

Surface Area sf 10,000  Use 1000 for average flow, based 

on 10 States Standards, pg 70-2 A = 

Q/SOR = 10,000,000/1,000 = 

10,000 sqft 

Depth ft 10    

Operational      

Pumped flow MGD 0.082 0.088   

Removal efficiency % 60 70 From MOP 8 – Table 12.1 typical 

range = 50-70% 

Operating Cost      

Hydraulic Head ft 30    

Pump efficiency % 60 85   

Miscellaneous energy use hp 5  Nominal. From Jim F. 
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Item Units Typical Optimized Remarks/References/Basis 

Trickling Filter      

Physical      

Target effluent BOD mg/L 10    

Target effluent TSS mg/L 20    

Type  cBOD and 

nitrification 

 according to MOP 8 Table 13.26 

classification 

Hydraulic loading gpm/sqft 0.25  MOP 8 Table 13.26 range 0.25-1.5 

  m3/m2d 14.70    

Hydraulic loading m3/m2d 4.00  Metcalf & Eddy Table 9-1 

Flow gpm 6,944.44    

  m3/day 37,854.12    

Trickling Filter Surface 

Area 

sqft 27,778    

Trickling Filter Surface 

Area 

m2 9,464    

  sqft 101,865    

Trickling Filter Sludge 

Thickness 

%TS 2.5  MOP 8 Table 23.2 TF sludge 1-4% 

TS; used to adjust underflow of 

final clarifiers. 

Energy Use of Rotating 

Arms 

kW/103 

m3 

3.0  Metcalf & Eddy Table 9-1 

Media Volume m3 18,928.0    

Media Volume 103 m3 18.9    

Energy Use of Rotating 

Arms 

kW 56.8    

Operating Cost      

Miscellaneous energy use kWh/d 1,344  MOP 32 

TF Pump      

Avg. daily pump flow 

rate 

MGD 10    

Total Dynamic Head ft 12  6.5 ft of media depth plus loss 

through distribution arms, bottom 

collection, and flow split.  

Pump Efficiency % 60 85   
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Item Units Typical Optimized Remarks/References/Basis 

Final Clarifier      

Typical Effluent TSS mg/L 6  10-15 conventional, 6-10 BNR, 5-7 

mg/L per MOP 8 page 14-265 

Physical      

Clarifier type  flat bottom    

Physical feedpoint from 

bottom 

ft 7    

Surface area  sf 17,000  Use SLR of 600, based on 10 State 

Standards and peaking factor of 2 

(1200/2) 

Water depth ft 12    

Operational      

Proportional recycle  ON    

Proportional to stream   PE    

Filtsludge recycle 

fraction  

 0.67  25% of influent flow conventional; 

up to 100% BNR 

Filtsludge underflow rate MGD 0.1    

Null pumped flow  MGD 0.0    

Settling – all default values      

Flocculant zone settling 

parameter 

L/mgTSS 0.004  adjusted to reduce effluent TN – 

check basis 

Non-settleable fraction   0.01  adjusted to reduce effluent TN – 

check basis 

Max. non-settleable 

solids 

mgTSS/L 12.0  adjusted to reduce effluent TN – 

check basis 

Operating Cost      

WAS hydraulic head ft 45    

WAS pump efficiency  % 60    

RAS hydraulic head ft 25    

RAS pump efficiency  % 60 85   

Misc. energy use hp 5  minimal, from Jim F. 

Gravity Thickener       

Physical      

Surface area sf 5,000  oversized 

Depth ft 10    

Operational      

Thickened Sludge 

Concentration 

%TS 5 7 revised 04/09/2013 – consensus 

that published values are too 

optimistic, now using 5% for 

typical and 7% for best practice 

Operational pumped flow MGD 0.044 0.0279 adjusted to reach target thickened 

%TS 
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Item Units Typical Optimized Remarks/References/Basis 

Removal efficiency – PS 

only 

% 85 92 90, 92 for PS only; 85, 90 for PS & 

WAS; from M&E Table 14-48 

Operating Cost      

Hydraulic head ft 40    

Pump efficiency % 60 85   

Miscellaneous energy use hp 1  Assumes normal operation 

(2 thickeners online), from Figure 

8.2 in Solids Process Design & 

Management, annual power 

consumption of 3500 kWh/yr based 

on area of both GTs 

Anaerobic Digester      

Physical      

Maximum volume MG 0.90    

Headspace volume MG 0.090  10% of digester volume 

Floor drop below ground ft 5    

Operating Cost      

Hydraulic head ft 30    

Pump efficiency % 60 85   

Misc. power use hp 72 6.0 Based on Neil Massart's WEFTEC 

08 Anaerobic Digestion Mixing 

Paper , Table 4: 0.2-1.0hp/1000 cf. 

For 100,000 cf digester, average 

mixing energy is 60, hydro-disk = 

0.05 hp per 1000cf hp. 

Digester heating 

requirement 

     

Heat exchanger 

efficiency 

% 90 95   

Energy Recovery options      

Heat efficiency of boiler % 80  MOP-8 (Table 25.27), GE & 

MWM literature 

Heat recovery for CHP % 40 45 MOP-8 (Table 25.27), GE & 

MWM literature 

Electricity recovery for 

CHP 

% 33.25 39.90 GE & MWM literature (include 5% 

parasitic load) 

Efficiency of Flare % 95 98 From WERF/EPA Flare Efficiency 

Estimator 
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Item Units Typical Optimized Remarks/References/Basis 

Dewatering (Belt filter press)  

Operational Parameters      

Specify solids removal 

by setting  

%TS removal eff. 

And solids 

   

Cake solids %TS 18 23 20% and 25% for raw PS & WAS; 

18% and 23% for anaerobic PS & 

WAS, 17% and 20% for WAS only 

or aerobically digested WAS or 

aerobically digested WAS & PS  

Capture Rate % 90 95 From MOP 8 pg. 24-36 range = 85-

95% 

Operating Cost      

Hydraulic head ft 0    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Operating hours per day  hr 8    

2 m belt installed hp hp 10  From MOP 8 pg. 24-41, 2.5 m belt 

typically requires 10 hp  

Conveyor installed hp  hp 5    

Energy usage hp 5.0  2 m belt size required based on 

solids loading rate and 8 hours a 

day operating schedule. Installed hp 

of belt is 10 hp. Operating 8 hours a 

day, daily energy usage is 3.3 hp. 

Installed hp of conveyor is 5 hp. 

Operating 8 hours a day, daily 

energy usage is 1.7.  

Sidestream Pump      

Operational       

Avg. daily pumped flow 

rate 

MGD 0    

Operating Cost      

Pump efficiency % 60 85   
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E2 

Item Units Typical Optimized Remarks/References/Basis 

Influent Wastewater Pumping      

Operating Cost      

Total Dynamic Head ft 40    

Pump Efficiency % 60 85   

Pumping headloss ft 0    

Headworks (Screening and Grit Removal)  

Screens      

Number of Screens Online No. 2 2 Assume individual channels per 

influent pump 

Screen Power Input (per unit) hp 2 2 Typically nominal (assume 2hp) 

Estimated Operating Time hrs/day 4 4 Timer 5 min on/25 min off: 4 

hours 

Grit Removal      

Number of Grit Removal 

Units Online 

No. 1 1 1 aerated for typical and 1 

vortex for "best practice" 

Grit Unit Power Input (per 

unit) 

hp 33.5 4.6 From Kevin Frank (Aerated 

grit) & Robert Pape (Vortex) 

Estimated Operating Time hrs/day 24 24 24 hours/day 

Misc. Energy Use hp 34.2 5.3 From Kevin Frank  

Biological Process Reactor      

SRT days 6.0  increased until nitrification 

achieved  

Physical      

No. of tanks in series  6    

Tank Depth ft 15    

Max. Volume MG 4.80    

Volume fraction 1  0.167  basis? 

Volume fraction 2  0.167    

Volume fraction 3  0.167    

Volume fraction 4  0.167    

Volume fraction 5  0.167    

Volume fraction 6  0.167    

Operational      

Aeration Method  Diffused 

aeration 

   

Specify Oxygen transfer by  Using a DO 

Controller 

   

Diffuser Type  Fine Bubble    

Alpha factor 1  0.6  Ref: Rosso Table 1 

Alpha factor 2  0.6  Ref: Rosso Table 1 
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Item Units Typical Optimized Remarks/References/Basis 

Alpha factor 3  0.7  Ref: Rosso Table 1 

Alpha factor 4  0.7  Ref: Rosso Table 1 

Alpha factor 5  0.8  Ref: Rosso Table 1 

Alpha factor 6  0.8  Ref: Rosso Table 1 

Fouling constant  0.60 0.95   

Standard oxygen transfer 

efficiency 

 0.28  Assumed 2% per ft of 

submergence from MOP8 

Height of diffuser from floor ft 1.00    

DO setpoint 1 mg/L 2.00    

DO setpoint 2 mg/L 2.00    

DO setpoint 3 mg/L 2.00    

DO setpoint 4 mg/L 2.00    

DO setpoint 5 mg/L 2.00    

DO setpoint 6 mg/L 2.00    

Influent fractions 1  1.00    

Influent fractions 2  0.00    

Influent fractions 3  0.00    

Influent fractions 4  0.00    

Influent fractions 5  0.00    

Influent fractions 6  0.00    

Influent #2 fractions 1  0.00    

Influent #2 fractions 2  0.00    

Influent #2 fractions 3  0.00    

Influent #2 fractions 4  0.00    

Influent #2 fractions 5  1.00    

Influent #2 fractions 6  0.00    

Kinetic – all default values      

Operating Cost      

Combined blower/motor 

efficiency 

 0.70 0.80   

Pressure drop in inlet filters 

and piping to blower 

psi 0.25    

Pressure drop in piping and 

diffuser 

psi 2.5    

Hydraulic head  ft 0    

Pump efficiency % 60 85   

Internal recycle hydraulic 

head  

ft 10    

Internal recycle pump 

efficiency 

% 60 85   

Misc. energy use (mixers, etc.) hp 0 0   
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Item Units Typical Optimized Remarks/References/Basis 

Final Clarifier      

Typical Effluent TSS mg/L 6  10-15 conventional, 6-10 BNR, 

5-7 mg/L per MOP 8 page 14-

265 

Physical      

Clarifier type  flat bottom    

Physical feedpoint from 

bottom 

ft 5    

Surface area  sf 17,000  Use SLR of 600, based on 10 

State Standards and peaking 

factor of 2 (1200/2) 

Water depth ft 12    

Operational      

Proportional recycle  ON    

Proportional to stream   PE    

RAS recycle fraction   0.7  25% of influent flow 

conventional; up to 100% BNR 

WAS pumped flow  MGD 0.1    

Settling      

Hindered zone settling 

parameter 

L/mgTS

S 

0.0003  adjusted to reduce effluent TN – 

check basis 

Flocculant zone settling 

parameter 

L/mgTS

S 

0.0052  adjusted to reduce effluent TN – 

check basis 

Operating Cost      

WAS hydraulic head ft 45.0    

WAS pump efficiency  % 60    

RAS hydraulic head ft 25    

RAS pump efficiency  % 60 85   

Misc. energy use hp 5  minimal, from Jim F. 

Mechanical Thickener      

Operational      

Specify solids removal by 

setting 

 removal eff. 

And solid 

   

Underflow solids %TS 5% 6% From MOP 8 Table 23.12 range 

= 4-6 

Removal efficiency  0.95 0.98 From MOP 8 pg 23-63 range = 

90-98 

Operating Cost      

Hydraulic head ft 50    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Misc. energy use hp 7.5    
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Item Units Typical Optimized Remarks/References/Basis 

Aerobic Digester      

Physical      

Maximum volume MG 3.00    

Tank depth ft 20.00    

Operational      

Aeration Method  Diffused 

aeration 

   

Specify Oxygen transfer by  Using a DO 

Controller 

   

DO setpoint mg/L 1 0.1   

Diffuser type  coarse bubble    

Alpha factor  0.6    

SOTE % 14.25%    

Height of diffuser from floor ft 1    

Operating Cost      

Combined blower/motor 

efficiency 

 65 0.80 should this be 0.7? 

Pressure drop in inlet filters 

and piping to blower 

psi 0.25    

Pressure drop in piping and 

diffuser 

psi 2.5    

Hydraulic head  ft 0    

Pump efficiency % 60 85   

Misc. power use hp 0    

Chemical Feed      

Chemical Feed  NaOH    

Flow gpd 200    

Dewatering (Belt filter press)      

Operational Parameters      

Specify solids removal by 

setting  

%TS removal eff. 

And solids 

   

Cake solids %TS 17 20 20% and 25% for raw PS & 

WAS; 18% and 23% for 

anaerobic PS & WAS, 17% and 

20% for WAS only or 

aerobically digested WAS or 

aerobically digested WAS & PS  

Capture Rate % 90 95 From MOP 8 pg. 24-36 range = 

85-95% 
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Item Units Typical Optimized Remarks/References/Basis 

Operating Cost      

Hydraulic head ft 0    

Pump efficiency % 0.6 0.85   

Pumping headloss ft 0    

Operating hours per day  hr 8    

2 m belt installed hp hp 10  From MOP 8 pg. 24-41, 2.5 m 

belt typically requires 10 hp  

Conveyor installed hp  hp 5    

Energy usage hp 5.0  2 m belt size required based on 

solids loading rate and 8 hours a 

day operating schedule. 

Installed hp of belt is 10 hp. 

Operating 8 hours a day, daily 

energy usage is 3.3 hp. Installed 

hp of conveyor is 5 hp. 

Operating 8 hours a day, daily 

energy usage is 1.7.  

Sidestream Pump      

Operational       

Avg. daily pumped flow rate MGD 0    

Operating Cost      

Pump efficiency % 60 85   
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E2P 

Item Units Typical Optimized Remarks/References/Basis 

Influent Wastewater Pumping      

Operating Cost      

Total Dynamic Head ft 40    

Pump Efficiency % 60 85   

Pumping headloss ft 0    

Headworks (Screening and Grit Removal)  

Screens      

Number of Screens Online No. 2 2 Assume individual channels per 
influent pump 

Screen Power Input (per unit) hp 2 2 Typically nominal (assume 2hp) 

Estimated Operating Time hrs/day 4 4 Timer 5 min on/25 min off: 4 
hours 

Grit Removal      

Number of Grit Removal 
Units Online 

No. 1 1 1 aerated for typical and 1 
vortex for "best practice" 

Grit Unit Power Input (per 

unit) 

hp 33.5 4.6 From Kevin Frank (Aerated 

grit) & Robert Pape (Vortex) 

Estimated Operating Time hrs/day 24 24 24 hours/day 

Misc. Energy Use hp 34.2 5.3 From Kevin Frank  

Primary Clarifiers      

Physical      

Surface Area sf 10,000  Use 1000 for average flow, 

based on 10 States Standards, pg 

70-2 A = Q/SOR = 
10,000,000/1,000 = 10,000 sqft 

Depth ft 10    

Operational      

Pumped flow MGD 0.074 0.083   

Removal efficiency % 60 70 From MOP 8 – Table 12.1 

typical range = 50-70% 

Operating Cost      

Hydraulic Head ft 30    

Pump efficiency % 60 85   

Miscellaneous energy use hp 5  Nominal. From Jim F. 

Biological Process Reactor      

SRT days 6.0  increased until nitrification 

achieved  

Physical      

No. of tanks in series  6    

Tank Depth ft 15    

Max. Volume MG 2.40    
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Item Units Typical Optimized Remarks/References/Basis 

Volume fraction 1  0.167  basis? 

Volume fraction 2  0.167    

Volume fraction 3  0.167    

Volume fraction 4  0.167    

Volume fraction 5  0.167    

Volume fraction 6  0.167    

Operational      

Aeration Method  Diffused 

aeration 

   

Specify Oxygen transfer by  Using a DO 

Controller 

   

Diffuser Type  Fine Bubble    

Alpha factor 1  0.6  Ref: Rosso Table 1 

Alpha factor 2  0.6  Ref: Rosso Table 1 

Alpha factor 3  0.7  Ref: Rosso Table 1 

Alpha factor 4  0.7  Ref: Rosso Table 1 

Alpha factor 5  0.8  Ref: Rosso Table 1 

Alpha factor 6  0.8  Ref: Rosso Table 1 

Fouling constant  0.60 0.95   

Standard oxygen transfer 
efficiency 

 0.28  Assumed 2% per ft of 
submergence from MOP8 

Height of diffuser from floor ft 1.00    

DO setpoint 1 mg/L 2.00    

DO setpoint 2 mg/L 2.00    

DO setpoint 3 mg/L 2.00    

DO setpoint 4 mg/L 2.00    

DO setpoint 5 mg/L 2.00    

DO setpoint 6 mg/L 2.00    

Influent fractions 1  1.00    

Influent fractions 2  0.00    

Influent fractions 3  0.00    

Influent fractions 4  0.00    

Influent fractions 5  0.00    

Influent fractions 6  0.00    

Influent #2 fractions 1  0.00    

Influent #2 fractions 2  0.00    

Influent #2 fractions 3  0.00    

Influent #2 fractions 4  0.00    

Influent #2 fractions 5  1.00    

Influent #2 fractions 6  0.00    
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Item Units Typical Optimized Remarks/References/Basis 

Kinetic – all default values      

Operating Cost      

Combined blower/motor 

efficiency 

% 70 80   

Pressure drop in inlet filters 

and piping to blower 

psi 0.25    

Pressure drop in piping and 

diffuser 

psi 2.5    

Hydraulic head  ft 0    

Pump efficiency % 60 85   

Internal recycle hydraulic 

head  

ft 10    

Internal recycle pump 

efficiency 

% 60 85   

Misc. energy use (mixers, 

etc.) 

hp 0 0   

Final Clarifier      

Typical Effluent TSS mg/L 6  10-15 conventional, 6-10 BNR, 

5-7 mg/L per MOP 8 page 14-

265 

Physical      

Clarifier type  flat bottom    

Physical feedpoint from 

bottom 

ft 5    

Surface area  sf 17,000  Use SLR of 600, based on 10 

State Standards and peaking 

factor of 2 (1200/2) 

Water depth ft 12    

Operational      

Proportional recycle  ON    

Proportional to stream   PE    

RAS recycle fraction   0.67  25% of influent flow 

conventional; up to 100% BNR 

WAS pumped flow  MGD 0.1    

Settling      

Hindered zone settling 

parameter 

L/mgTSS 0.0003  adjusted to reduce effluent TN – 

check basis 

Flocculant zone settling 

parameter 

L/mgTSS 0.0052  adjusted to reduce effluent TN – 

check basis 
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Item Units Typical Optimized Remarks/References/Basis 

Operating Cost      

WAS hydraulic head ft 45.0    

WAS pump efficiency  % 60    

RAS hydraulic head ft 25    

RAS pump efficiency  % 60 85   

Misc. energy use hp 5  minimal, from Jim F. 

Gravity Thickener       

Physical      

Surface area sf 5,000  oversized 

Depth ft 10    

Operational      

Thickened Sludge 

Concentration 

%TS 5 7 revised 04/09/2013 – consensus 

that published values are too 

optimistic, now using 5% for 

typical and 7% for best practice 

Operational pumped flow MGD 0.032 0.0370 adjusted to reach target 

thickened %TS 

Removal efficiency – PS only % 90 92 90, 92 for PS only; 85, 90 for PS 

& WAS; from M&E Table 14-

48 

Operating Cost      

Hydraulic head ft 40    

Pump efficiency % 60 85   

Miscellaneous energy use hp 1  Assumes normal operation (2 

thickeners online), from Figure 

8.2 in Solids Process Design & 

Management, annual power 

consumption of 3500 kWh/yr 

based on area of both GTs 

Mechanical Thickener      

Operational      

Specify solids removal by 

setting 

 removal eff. 

And solid 

   

Underflow solids %TS 5% 6% From MOP 8 Table 23.12 range 

= 4-6 

Removal efficiency % 95 98 From MOP 8 pg 23-63 range = 

90-98 

Operating Cost      

Hydraulic head ft 50    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Misc. energy use hp 7.5    
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Item Units Typical Optimized Remarks/References/Basis 

Aerobic Digester      

Physical      

Maximum volume MG 0.50    

Tank depth ft 20.00    

Operational      

Aeration Method  Diffused 

aeration 

   

Specify Oxygen transfer by  Using a DO 

Controller 

   

DO setpoint mg/L 1 0.1   

Diffuser type  coarse bubble    

Alpha factor  0.6    

SOTE % 14.25%    

Height of diffuser from floor ft 1    

Operating Cost      

Combined blower/motor 

efficiency 

 65 0.80 should this be 0.7? 

Pressure drop in inlet filters 

and piping to blower 

psi 0.25    

Pressure drop in piping and 

diffuser 

psi 1.5  should this be 2.5? 

Hydraulic head  ft 0    

Pump efficiency % 60 85   

Misc. power use hp 0    

Chemical Feed      

Chemical Feed  NaOH    

Flow gpd 325    

Dewatering (Belt filter press)      

Operational Parameters      

Specify solids removal by 

setting  

%TS removal eff. 

And solids 

   

Cake solids %TS 17 20 20% and 25% for raw PS & 

WAS; 18% and 23% for 

anaerobic PS & WAS, 17% and 

20% for WAS only or 

aerobically digested WAS or 

aerobically digested WAS & PS  

Capture Rate % 90 95 From MOP 8 pg. 24-36 range = 

85-95% 
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Item Units Typical Optimized Remarks/References/Basis 

Operating Cost      

Hydraulic head ft 0    

Pump efficiency % 0.6 0.85   

Pumping headloss ft 0    

Operating hours per day  hr 8    

2 m belt installed hp hp 10  From MOP 8 pg. 24-41, 2.5 m 

belt typically requires 10 hp  

Conveyor installed hp  hp 5    

Energy usage hp 5.0  2 m belt size required based on 

solids loading rate and 8 hours a 

day operating schedule. 

Installed hp of belt is 10 hp. 

Operating 8 hours a day, daily 

energy usage is 3.3 hp. Installed 

hp of conveyor is 5 hp. 

Operating 8 hours a day, daily 

energy usage is 1.7.  

Sidestream Pump      

Operational       

Avg. daily pumped flow rate MGD 0    

Operating Cost      

Pump efficiency % 60 85   
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F1 

Item Units Typical Optimized Remarks/References/Basis 

Influent Wastewater Pumping      

Operating Cost      

Total Dynamic Head ft 40    

Pump Efficiency % 60 85   

Pumping headloss ft 0    

Headworks (Screening and Grit Removal) 

Screens      

Number of Screens Online No. 2 2 Assume individual channels per 

influent pump 

Screen Power Input (per unit) hp 2 2 Typically nominal (assume 2hp) 

Estimated Operating Time hrs/day 4 4 Timer 5 min on/25 min off: 4 

hours 

Grit Removal      

Number of Grit Removal 

Units Online 

No. 1 1 1 aerated for typical and 1 

vortex for "best practice" 

Grit Unit Power Input (per 

unit) 

hp 33.5 4.6 From Kevin Frank (Aerated 

grit) & Robert Pape (Vortex) 

Estimated Operating Time hrs/day 24 24 24 hours/day 

Total Energy Use hp 34.2 5.3 From Kevin Frank  

Primary Clarifiers      

Physical      

Surface Area sf 10,000  Use 1000 for average flow, 

based on 10 States Standards, pg 

70-2 A = Q/SOR = 

10,000,000/1,000 = 10,000 sq ft 

Depth ft 10    

Operational      

Pumped flow MGD 0.074 0.081   

Removal efficiency % 60 70 From MOP 8 – Table 12.1 

typical range = 50-70% 

Operating Cost      

Hydraulic Head ft 30    

Pump efficiency % 60 85   

Miscellaneous energy use hp 5  Nominal. From Jim F. 

Biological Process Reactor      

SRT days 6.0  increased until nitrification 

achieved  

Physical      

No. of tanks in series  6    

Tank Depth ft 15    

Max. Volume MG 2.4    
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Item Units Typical Optimized Remarks/References/Basis 

Volume fraction 1  0.167  basis? 

Volume fraction 2  0.167    

Volume fraction 3  0.167    

Volume fraction 4  0.167    

Volume fraction 5  0.167    

Volume fraction 6  0.167    

Operational      

Aeration Method  Diffused 
aeration 

   

Specify Oxygen transfer by  Using a DO 
Controller 

   

Diffuser Type  Fine Bubble    

Alpha factor 1  0.6  Ref: Rosso Table 1 

Alpha factor 2  0.6  Ref: Rosso Table 1 

Alpha factor 3  0.7  Ref: Rosso Table 1 

Alpha factor 4  0.7  Ref: Rosso Table 1 

Alpha factor 5  0.8  Ref: Rosso Table 1 

Alpha factor 6  0.8  Ref: Rosso Table 1 

Fouling constant  0.60 0.95   

Standard oxygen transfer 
efficiency 

 0.28  Assumed 2% per ft of 
submergence from MOP8 

Height of diffuser from floor ft 1.00    

DO setpoint 1 mg/L 2.00    

DO setpoint 2 mg/L 2.00    

DO setpoint 3 mg/L 2.00    

DO setpoint 4 mg/L 2.00    

DO setpoint 5 mg/L 2.00    

DO setpoint 6 mg/L 2.00    

Influent fractions 1  1.00    

Influent fractions 2  0.00    

Influent fractions 3  0.00    

Influent fractions 4  0.00    

Influent fractions 5  0.00    

Influent fractions 6  0.00    

Influent #2 fractions 1  0.00    

Influent #2 fractions 2  0.00    

Influent #2 fractions 3  0.00    

Influent #2 fractions 4  0.00    

Influent #2 fractions 5  1.00    

Influent #2 fractions 6  0.00    

Kinetic – all default values      
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Item Units Typical Optimized Remarks/References/Basis 

Operating Cost      

Combined blower/motor 

efficiency 

% 70 80   

Pressure drop in inlet filters 

and piping to blower 

psi 0.25    

Pressure drop in piping and 

diffuser 

psi 2.5    

Hydraulic head  ft 0    

Pump efficiency % 60 85   

Internal recycle hydraulic 

head  

ft 10    

Internal recycle pump 

efficiency 

% 60 85   

Misc. energy use (mixers, 

etc.) 

hp 90 14.50   

Final Clarifier      

Typical Effluent TSS mg/L 6  10-15 conventional, 6-10 BNR, 

5-7 mg/L per MOP 8 page 14-

265 

Physical      

Clarifier type  flat bottom    

Physical feedpoint from 

bottom 

ft 7    

Surface area  sf 17,000  Use SLR of 600, based on 10 

State Standards and peaking 

factor of 2 (1200/2) 

Water depth ft 12    

Operational      

Proportional recycle  ON    

Proportional to stream   PE    

RAS recycle fraction   0.67  25% of influent flow 

conventional; up to 100% BNR 

WAS pumped flow  MGD 0.1    

Settling      

Flocculant zone settling 

parameter 

L/mgTSS 0.1  adjusted to reduce effluent TN – 

check basis 

Non-settleable fraction   0.01  adjusted to reduce effluent TN – 

check basis 

Max. non-settleable solids mgTSS/L 8.0  adjusted to reduce effluent TN – 

check basis 

Operating Cost      

WAS hydraulic head ft 45.0    

WAS pump efficiency  % 60    

RAS hydraulic head ft 25    
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Item Units Typical Optimized Remarks/References/Basis 

RAS pump efficiency  % 60 85   

Misc. energy use hp 5  minimal, from Jim F. 

Gravity Thickener       

Physical      

Surface area sf 5,000  oversized 

Depth ft 10    

Operational      

Thickened Sludge 

Concentration 

%TS 5 7 revised 04/09/2013 – consensus 

that published values are too 

optimistic, now using 5% for 

typical and 7% for best practice 

Operational pumped flow MGD 0.026 0.028 adjusted to reach target 

thickened %TS 

Removal efficiency – PS only % 90 92 90, 92 for PS only; 85, 90 for PS 

& WAS; from M&E Table 14-48 

Operating Cost      

Hydraulic head ft 40    

Pump efficiency % 60 85   

Miscellaneous energy use hp 1  Assumes normal operation 

(2 thickeners online), from Figure 

8.2 in Solids Process Design & 

Management, annual power 

consumption of 3500 kWh/yr 

based on area of both GTs 

Mechanical Thickener      

Operational      

Specify solids removal by 

setting 

 removal eff. 

And solid 

   

Underflow solids %TS 5% 6% From MOP 8 Table 23.12 range 

= 4-6 

Removal efficiency  0.95 0.98 From MOP 8 pg 23-63 range = 

90-98 

Operating Cost      

Hydraulic head ft 50    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Misc. energy use hp 7.5    

Anaerobic Digester      

Physical      

Maximum volume MG 0.85    

Headspace volume MG 0.085  10% of digester volume 

Floor drop below ground ft 5    

Operating Cost      
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Item Units Typical Optimized Remarks/References/Basis 

Hydraulic head ft 30    

Pump efficiency % 60 85   

Misc. power use hp 68 7.8 Based on Neil Massart's 

WEFTEC 08 Anaerobic 

Digestion Mixing Paper , Table 

4: 0.2-1.0hp/1000 cf. For 

100,000 cf digester, average 

mixing energy is 60, hydro-disk 

= 0.05 hp per 1000cf hp. 

Digester heating requirement      

Heat exchanger efficiency % 90 95   

Energy Recovery options      

Heat recovery for CHP % 40 45 MOP-8 (Table 25.27), GE & 

MWM literature 

Electricity recovery for CHP % 33.25 39.90 GE & MWM literature (include 

5% parasitic load) 

Efficiency of Flare % 95 98 From WERF/EPA Flare 

Efficiency Estimator 

Dewatering (Belt filter press)      

Operational Parameters      

Specify solids removal by 

setting  

%TS removal eff. 

And solids 

   

Cake solids %TS 18 23 20% and 25% for raw PS & 

WAS; 18% and 23% for 

anaerobic PS & WAS, 17% and 

20% for WAS only or 

aerobically digested WAS or 

aerobically digested WAS & PS  

Capture Rate % 90 95 From MOP 8 pg. 24-36 range = 

85-95% 

Operating Cost      

Hydraulic head ft 0    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Operating hours per day  hr 8    

2 m belt installed hp hp 10  From MOP 8 pg. 24-41, 2.5 m 

belt typically requires 10 hp  

Conveyor installed hp  hp 5    
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Item Units Typical Optimized Remarks/References/Basis 

Energy usage hp 5.0  2 m belt size required based on 

solids loading rate and 8 hours a 

day operating schedule. 

Installed hp of belt is 10 hp. 

Operating 8 hours a day, daily 

energy usage is 3.3 hp. Installed 

hp of conveyor is 5 hp. 

Operating 8 hours a day, daily 

energy usage is 1.7.  

Sidestream Pump      

Operational       

Avg. daily pumped flow rate MGD 0    

Operating Cost      

Pump efficiency % 60 85   
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G1 

Item Units Typical Optimized Remarks/References/Basis 

Influent Wastewater 

Pumping 

     

Operating Cost      

Total Dynamic Head ft 40    

Pump Efficiency % 60 85   

Pumping headloss ft 0    

Headworks (Screening and Grit Removal)  

Screens      

Number of Screens Online No. 2 2 Assume individual channels 

per influent pump 

Screen Power Input (per 

unit) 

hp 2 2 Typically nominal (assume 

2hp) 

Estimated Operating Time hrs/day 4 4 Timer 5 min on/25 min off: 

4 hours 

Grit Removal      

Number of Grit Removal 

Units Online 

No. 1 1 1 aerated for typical and 1 

vortex for "best practice" 

Grit Unit Power Input (per 

unit) 

hp 33.5 4.6 From Kevin Frank (Aerated 

grit) & Robert Pape (Vortex) 

Estimated Operating Time hrs/day 24 24 24 hours/day 

Total Energy Use hp 34.2 5.3 From Kevin Frank  

Primary Clarifiers      

Physical      

Surface Area sf 10,000  Use 1000 for average flow, 

based on 10 States Standards, 

pg 70-2 A = Q/SOR = 

10,000,000/1,000 = 10,000 sq 

ft 

Depth ft 10    

Operational      

Pumped flow MGD 0.074 0.100   

Removal efficiency % 60 70 From MOP 8 – Table 12.1 

typical range = 5 -70% 

Operating Cost      

Hydraulic Head ft 30    

Pump efficiency % 60 85   

Miscellaneous energy use hp 5  Nominal. From Jim F. 
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Item Units Typical Optimized Remarks/References/Basis 

Biological Process Reactor      

SRT days 10.7  increased until nitrification 

achieved  

Physical      

No. of tanks in series  6    

Tank Depth ft 15    

Max. Volume MG 4.7    

Volume fraction 1  0.014  basis? 

Volume fraction 2  0.130    

Volume fraction 3  0.148    

Volume fraction 4  0.148    

Volume fraction 5  0.280    

Volume fraction 6  0.280    

Operational      

Aeration Method  Diffused aeration    

Specify Oxygen transfer by  Using a DO 

Controller 

   

Diffuser Type  Fine Bubble    

Alpha factor 1  0.6  Ref: Rosso Table 1 

Alpha factor 2  0.6  Ref: Rosso Table 1 

Alpha factor 3  0.7  Ref: Rosso Table 1 

Alpha factor 4  0.7  Ref: Rosso Table 1 

Alpha factor 5  0.8  Ref: Rosso Table 1 

Alpha factor 6  0.8  Ref: Rosso Table 1 

Fouling constant  0.60 0.95   

Standard oxygen transfer 

efficiency 

 0.28  Assumed 2% per ft of 

submergence from MOP8 

Height of diffuser from 

floor 

ft 1.00    

DO setpoint 1 mg/L 0.00    

DO setpoint 2 mg/L 0.00    

DO setpoint 3 mg/L 0.00    

DO setpoint 4 mg/L 0.00    

DO setpoint 5 mg/L 2.00    

DO setpoint 6 mg/L 2.00    

Influent fractions 1  0.00    

Influent fractions 2  0.80    

Influent fractions 3  0.20    

Influent fractions 4  0.00    

Influent fractions 5  0.00    

Influent fractions 6  0.00    



 

B-56  

Item Units Typical Optimized Remarks/References/Basis 

Internal recycle 1  40 MGD from 

zone 6 to zone 3 

   

Internal recycle 2  0 MGD from zone 

4 to zone 1 

   

Kinetic      

Sat. coeff. For Sac mgCOD

/L 

1.00    

Reduction factor for denit. 

On nitrate 

 0.64    

Reduction factor for denit. 

On nitrite (2-stage) 

 0.96    

Reduction factor for denit. 

On nitrite (4-stage) 

 0.32    

Sat. coeff. For nitrate mgN/L 0.20    

Sat. coeff. For nitrite mgN/L 0.40    

Operating Cost      

Combined blower/motor 

efficiency 

 70.00 80.00   

Pressure drop in inlet filters 

and piping to blower 

psi 0.25    

Pressure drop in piping and 

diffuser 

psi 2.5    

Hydraulic head  ft 0    

Pump efficiency % 60 85   

Internal recycle hydraulic 

head  

ft 10    

Internal recycle pump 

efficiency 

% 60 85   

Misc. energy use (mixers, 

etc.) 

hp 90 14.50   

Carbon Addition      

Carbon  acetic acid    

Flow gph 25.00  adjusted to reach target 

effluent nutrient concentration 
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Item Units Typical Optimized Remarks/References/Basis 

Final Clarifier      

Typical Effluent TSS mg/L 6  10-15 conventional, 6-10 

BNR, 5-7 mg/L per MOP 8 

page 14-265 

Physical      

Clarifier type  flat bottom    

Physical feedpoint from 

bottom 

ft 7    

Surface area  sf 17,000  Use SLR of 600, based on 10 

State Standards and peaking 

factor of 2 (1200/2) 

Water depth ft 12    

Operational      

Proportional recycle  ON    

Proportional to stream   PE    

RAS recycle fraction   0.4  25% of influent flow 

conventional; up to 100% 

BNR 

WAS pumped flow  MGD 0.1    

Settling      

Flocculant zone settling 

parameter 

L/mgTS

S 

0.1  adjusted to reduce effluent TN 

– check basis 

Non-settleable fraction   0.01  adjusted to reduce effluent TN 

– check basis 

Max. non-settleable solids mgTSS/

L 

8.0  adjusted to reduce effluent TN 

– check basis 

Operating Cost      

WAS hydraulic head ft 45.0    

WAS pump efficiency  % 60    

RAS hydraulic head ft 25    

RAS pump efficiency  % 60 85   

Misc. energy use hp 5  minimal, from Jim F. 

Gravity Thickener       

Physical      

Surface area sf 5,000  oversized 

Depth ft 10    

Operational      

Thickened Sludge 

Concentration 

%TS 5 7 revised 04/09/2013 – 

consensus that published 

values are too optimistic, now 

using 5% for typical and 7% 

for best practice 

Operational pumped flow MGD 0.026  adjusted to reach target 

thickened %TS 
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Item Units Typical Optimized Remarks/References/Basis 

Removal efficiency – PS 

only 

% 90 92 90, 92 for PS only; 85, 90 for 

PS & WAS; from M&E Table 

14-48 

Operating Cost      

Hydraulic head ft 40    

Pump efficiency % 60 85   

Miscellaneous energy use hp 1  Assumes normal operation 

(2 thickeners online), from 

Figure 8.2 in Solids Process 

Design & Management, 

annual power consumption of 

3500 kWh/yr based on area of 

both GTs 

Mechanical Thickener      

Operational      

Specify solids removal by 

setting 

 removal eff. And 

solid 

   

Underflow solids %TS 5% 6% From MOP 8 Table 23.12 

range = 4-6 

Removal efficiency  0.95 0.98 From MOP 8 pg 23-63 range 

= 90-98 

Operating Cost      

Hydraulic head ft 50    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Misc. energy use hp 8.5    

Anaerobic Digester      

Physical      

Maximum volume MG 0.95    

Maximum volume 1000 cf 127.00    

Headspace volume MG 0.11  10% of digester volume 

Floor drop below ground ft 5    

Operating Cost      

Hydraulic head ft 30    

Pump efficiency % 60 85   

Misc. power use hp 88 7.8 Based on Neil Massart's 

WEFTEC 08 Anaerobic 

Digestion Mixing Paper , 

Table 4: 0.2-1.0hp/1000 cf. 

For 100,000 cf digester, 

average mixing energy is 60, 

hydro-disk = 0.05 hp per 

1000cf hp. 

Misc power use calc hp 76 6.3   
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Item Units Typical Optimized Remarks/References/Basis 

Digester heating requirement      

Heat exchanger efficiency % 90 95   

Energy Recovery options      

Heat recovery for CHP % 40 45 MOP-8 (Table 25.27), GE & 

MWM literature 

Electricity recovery for 

CHP 

% 33.25 39.90 GE & MWM literature 

(include 5% parasitic load) 

Efficiency of Flare % 95 98 From WERF/EPA Flare 

Efficiency Estimator 

Dewatering (Belt filter press)      

Operational Parameters      

Specify solids removal by 

setting  

%TS removal eff. And 

solids 

   

Cake solids %TS 18 23 20% and 25% for raw PS & 

WAS; 18% and 23% for 

anaerobic PS & WAS, 17% 

and 20% for WAS only or 

aerobically digested WAS or 

aerobically digested WAS & 

PS  

Capture Rate % 90 95 From MOP 8 pg. 24-36 range 

= 85-95% 

Operating Cost      

Hydraulic head ft 0    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Operating hours per day  hr 8    

2 m belt installed hp hp 10  From MOP 8 pg. 24-41, 2.5 m 

belt typically requires 10 hp  

Conveyor installed hp  hp 5    

Energy usage hp 5.0  2 m belt size required based 

on solids loading rate and 8 

hours a day operating 

schedule. Installed hp of belt 

is 10 hp. Operating 8 hours a 

day, daily energy usage is 3.3 

hp. Installed hp of conveyor is 

5 hp. Operating 8 hours a day, 

daily energy usage is 1.7.  

Sidestream Pump      

Operational       

Avg. daily pumped flow 

rate 

MGD 0    

Operating Cost      

Pump efficiency % 60 85   
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H1 

Item Units Typical Optimized Remarks/References/Basis 

Influent Wastewater 

Pumping 

     

Operating Cost      

Total Dynamic Head ft 40    

Pump Efficiency % 60 85   

Pumping headloss ft 0    

Headworks (Screening and Grit Removal)  

Screens      

Number of Screens Online No. 2 2 Assume individual channels 
per influent pump 

Screen Power Input (per 

unit) 

hp 2 2 Typically nominal (assume 

2hp) 

Estimated Operating Time hrs/day 4 4 Timer 5 min on/25 min off: 4 
hours 

Grit Removal      

Number of Grit Removal 
Units Online 

No. 1 1 1 aerated for typical and 1 
vortex for "best practice" 

Grit Unit Power Input (per 

unit) 

hp 33.5 4.6 From Kevin Frank (Aerated 

grit) & Robert Pape (Vortex) 

Estimated Operating Time hrs/day 24 24 24 hours/day 

Misc. Energy Use hp 34.2 5.3 From Kevin Frank  

Chem. Feed      

Physical      

Chemical  ferric ion    

Chemical dosage, 
concentration based 

g/m3 19.0    

Primary Clarifiers      

Physical      

Surface Area sf 10,000  Use 1000 for average flow, 

based on 10 States Standards, 

pg 70-2 A = Q/SOR = 

10,000,000/1,000 = 10,000 sq 
ft 

Depth ft 10    

Operational      

Pumped flow MGD 0.093 0.081   

Removal efficiency % 60 70 From MOP 8 – Table 12.1 

typical range = 50-70% 

Operating Cost      

Hydraulic Head ft 30    

Pump efficiency % 60 85   

Miscellaneous energy use hp 5  Nominal. From Jim F. 
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Item Units Typical Optimized Remarks/References/Basis 

Biological Process Reactor      

SRT days 9.1  increased until nitrification 

achieved  

Physical      

No. of tanks in series  6    

Tank Depth ft 15    

Max. Volume MG 3.66    

Volume fraction 1  0.115  basis? 

Volume fraction 2  0.115    

Volume fraction 3  0.314    

Volume fraction 4  0.314    

Volume fraction 5  0.115    

Volume fraction 6  0.027    

Operational      

Aeration Method  Diffused aeration    

Specify Oxygen transfer by  Using a DO 

Controller 

   

Diffuser Type  Fine Bubble    

Alpha factor 1  0.6  Ref: Rosso Table 1 

Alpha factor 2  0.6  Ref: Rosso Table 1 

Alpha factor 3  0.7  Ref: Rosso Table 1 

Alpha factor 4  0.7  Ref: Rosso Table 1 

Alpha factor 5  0.8  Ref: Rosso Table 1 

Alpha factor 6  0.8  Ref: Rosso Table 1 

Fouling constant  0.60 0.95   

Standard oxygen transfer 

efficiency 

 0.28  Assumed 2% per ft of 

submergence from MOP8 

Height of diffuser from 

floor 

ft 1.00    

DO setpoint 1 mg/L 0.00    

DO setpoint 2 mg/L 0.00    

DO setpoint 3 mg/L 2.00    

DO setpoint 4 mg/L 2.00    

DO setpoint 5 mg/L 0.00    

DO setpoint 6 mg/L 2.00    

Influent fractions 1  1.00    

Influent fractions 2  0.00    

Influent fractions 3  0.00    

Influent fractions 4  0.00    

Influent fractions 5  0.00    

Influent fractions 6  0.00    
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Item Units Typical Optimized Remarks/References/Basis 

Internal recycle 1  0 MGD from zone 

6 to zone 1 

   

Internal recycle 2  30 MGD from 

zone 4 to zone 1 

   

Kinetic      

Sat. coeff. For Sac mgCOD

/L 

1.00    

Reduction factor for denit. 

On nitrate 

 0.64    

Reduction factor for denit. 

On nitrite (2-stage) 

 0.96    

Reduction factor for denit. 

On nitrite (4-stage) 

 0.32    

Sat. coeff. For nitrate mgN/L 0.20    

Sat. coeff. For nitrite mgN/L 0.40    

Operating Cost      

Combined blower/motor 

efficiency 

 0.70 0.80   

Pressure drop in inlet filters 

and piping to blower 

psi 0.25    

Pressure drop in piping and 

diffuser 

psi 2.5    

Hydraulic head  ft 0    

Pump efficiency % 60 85   

Internal recycle hydraulic 

head  

ft 10    

Internal recycle pump 

efficiency 

% 60 85   

Misc. energy use (mixers, 

etc.) 

hp 67 7.00 basis? 

Carbon Addition      

Carbon  acetic acid    

Flow gph 10.20 12.6 adjusted to reach target 

effluent nutrient concentration 
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Item Units Typical Optimized Remarks/References/Basis 

Final Clarifier      

Typical Effluent TSS mg/L 6  10-15 conventional, 6-10 

BNR, 5-7 mg/L per MOP 8 

page 14-265 

Physical      

Clarifier type  flat bottom    

Physical feedpoint from 

bottom 

ft 7    

Surface area  sf 17,000  Use SLR of 600, based on 10 

State Standards and peaking 

factor of 2 (1200/2) 

Water depth ft 12    

Operational      

Proportional recycle  ON    

Proportional to stream   PE    

RAS recycle fraction   0.4  25% of influent flow 

conventional; up to 100% 

BNR 

WAS pumped flow  MGD 0.1    

Settling      

Flocculant zone settling 

parameter 

L/mgTS

S 

0.1  adjusted to reduce effluent TN 

– check basis 

Non-settleable fraction   0.01  adjusted to reduce effluent TN 

– check basis 

Max. non-settleable solids mgTSS/

L 

8.0  adjusted to reduce effluent TN 

– check basis 

Operating Cost      

WAS hydraulic head ft 45.0    

WAS pump efficiency  % 60    

RAS hydraulic head ft 25    

RAS pump efficiency  % 60 85   

Misc. energy use hp 5  minimal, from Jim F. 

Gravity Thickener       

Physical      

Surface area sf 5,000  oversized 

Depth ft 10    

Operational      

Thickened Sludge 

Concentration 

%TS 5 7 revised 04/09/2013–

consensus that published 

values are too optimistic, now 

using 5% for typical and 7% 

for best practice 

Operational pumped flow MGD 0.032  adjusted to reach target 

thickened %TS 
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Item Units Typical Optimized Remarks/References/Basis 

Removal efficiency – PS 

only 

% 90 92 90, 92 for PS only; 85, 90 for 

PS & WAS; from M&E Table 

14-48 

Operating Cost      

Hydraulic head ft 40    

Pump efficiency % 60 85   

Miscellaneous energy use hp 1  Assumes normal operation 

(2 thickeners online), from 

Figure 8.2 in Solids Process 

Design & Management, 

annual power consumption of 

3500 kWh/yr based on area of 

both GTs 

Mechanical Thickener      

Operational      

Specify solids removal by 

setting 

 removal eff. And 

solid 

   

Underflow solids %TS 5% 6% From MOP 8 Table 23.12 

range = 4-6 

Removal efficiency  0.95 0.98 From MOP 8 pg 23-63 range 

= 90-98 

Operating Cost      

Hydraulic head ft 50    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Misc. energy use hp 7.5    

Anaerobic Digester      

Physical      

Maximum volume MG 1.10    

Headspace volume MG 0.11  10% of digester volume 

Floor drop below ground ft 5    

Operating Cost      

Hydraulic head ft 30    

Pump efficiency % 60    

Misc. power use hp 88 7.8 Based on Neil Massart's 

WEFTEC 08 Anaerobic 

Digestion Mixing Paper , 

Table 4: 0.2-1.0hp/1000 cf. 

For 100,000 cf digester, 

average mixing energy is 60, 

hydro-disk = 0.05 hp per 

1000cf hp. 

Digester heating requirement      

Heat exchanger efficiency % 90 95   
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Item Units Typical Optimized Remarks/References/Basis 

Energy Recovery options      

Heat recovery for CHP % 40 45 MOP-8 (Table 25.27), GE & 

MWM literature 

Electricity recovery for 

CHP 

% 33.25 39.90 GE & MWM literature 

(include 5% parasitic load) 

Efficiency of Flare % 95 98 From WERF/EPA Flare 

Efficiency Estimator 

Dewatering (Belt filter press)      

Operational Parameters      

Specify solids removal by 

setting  

%TS removal eff. And 

solids 

   

Cake solids %TS 18 23 20% and 25% for raw PS & 

WAS; 18% and 23% for 

anaerobic PS & WAS, 17% 

and 20% for WAS only or 

aerobically digested WAS or 

aerobically digested WAS & 

PS  

Capture Rate % 90 95 From MOP 8 pg. 24-36 range 

= 85-95% 

Operating Cost      

Hydraulic head ft 0    

Pump efficiency % 0.6 0.85   

Pumping headloss ft 0    

Operating hours per day  hr 8    

2 m belt installed hp hp 10  From MOP 8 pg. 24-41, 2.5 m 

belt typically requires 10 hp  

Conveyor installed hp  hp 5    

Energy usage hp 5.0  2 m belt size required based 

on solids loading rate and 8 

hours a day operating 

schedule. Installed hp of belt 

is 10 hp. Operating 8 hours a 

day, daily energy usage is 3.3 

hp. Installed hp of conveyor is 

5 hp. Operating 8 hours a day, 

daily energy usage is 1.7.  

Sidestream Pump      

Operational       

Avg. daily pumped flow 

rate 

MGD 0    

Operating Cost      

Pump efficiency % 60 85   
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I2 

Item Units Typical Optimized Remarks/References/Basis 

Influent Wastewater Pumping  

Operating Cost      

Total Dynamic Head ft 40    

Pump Efficiency % 60 85   

Pumping headloss ft 0    

Headworks (Screening and Grit Removal)  

Screens      

Number of Screens Online No. 2 2 Assume individual channels 

per influent pump 

Screen Power Input (per 

unit) 

hp 2 2 Typically nominal (assume 

2hp) 

Estimated Operating Time hrs/day 4 4 Timer 5 min on/25 min off: 4 

hours 

Grit Removal      

Number of Grit Removal 

Units Online 

No. 1 1 1 aerated for typical and 1 

vortex for "best practice" 

Grit Unit Power Input (per 

unit) 

hp 33.5 4.6 From Kevin Frank (Aerated 

grit) & Robert Pape (Vortex) 

Estimated Operating Time hrs/day 24 24 24 hours/day 

Misc. Energy Use hp 34.2 5.3 From Kevin Frank  

Biological Process Reactor      

SRT days 6.0  increased until nitrification 

achieved  

Physical      

No. of tanks in series  6    

Tank Depth ft 15    

Max. Volume MG 3.66 4.80 Should this be constant across 

scenarios? 

Volume fraction 1  0.630  basis? 

Volume fraction 2  1.500    

Volume fraction 3  2.000    

Volume fraction 4  2.000    

Volume fraction 5  2.300    

Volume fraction 6  0.210    

Operational      

Aeration Method  Diffused aeration    

Specify Oxygen transfer by  Using a DO 

Controller 

   

Diffuser Type  Fine Bubble    

Alpha factor 1  0.6  Ref: Rosso Table 1 
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Item Units Typical Optimized Remarks/References/Basis 

Alpha factor 2  0.6  Ref: Rosso Table 1 

Alpha factor 3  0.7  Ref: Rosso Table 1 

Alpha factor 4  0.7  Ref: Rosso Table 1 

Alpha factor 5  0.8  Ref: Rosso Table 1 

Alpha factor 6  0.8  Ref: Rosso Table 1 

Fouling constant  0.60 0.95   

Standard oxygen transfer 

efficiency 

 0.28  Assumed 2% per ft of 

submergence from MOP8 

Height of diffuser from 

floor 

ft 1.00    

DO setpoint 1 mg/L 0.00    

DO setpoint 2 mg/L 0.00    

DO setpoint 3 mg/L 2.00    

DO setpoint 4 mg/L 2.00    

DO setpoint 5 mg/L 0.00    

DO setpoint 6 mg/L 2.00    

Influent fractions 1  1.00    

Influent fractions 2  0.00    

Influent fractions 3  0.00    

Influent fractions 4  0.00    

Influent fractions 5  0.00    

Influent fractions 6  0.00    

Influent #2 fractions 1  0.00    

Influent #2 fractions 2  0.00    

Influent #2 fractions 3  0.00    

Influent #2 fractions 4  0.00    

Influent #2 fractions 5  1.00    

Influent #2 fractions 6  0.00    

Internal recycle 1  30 MGD from 

zone 4 to zone 2 

   

Kinetic – all default values      

Operating Cost      

Combined blower/motor 

efficiency 

 0.70 0.80   

Pressure drop in inlet filters 

and piping to blower 

psi 0.25    

Pressure drop in piping and 

diffuser 

psi 2.5    

Hydraulic head  ft 0    

Pump efficiency % 60 85   
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Item Units Typical Optimized Remarks/References/Basis 

Internal recycle hydraulic 

head  

ft 10    

Internal recycle pump 

efficiency 

% 60 85   

Misc. energy use (mixers, 

etc.) 

hp 314 97 Mixing ratio of 70.9 hp/MG 

as per prop mixer sizing 

criteria 

Final Clarifier      

Typical Effluent TSS mg/L 6  10-15 conventional, 6-10 

BNR, 5-7 mg/L per MOP 8 

page 14-265 

Physical      

Clarifier type  flat bottom    

Physical feedpoint from 

bottom 

ft 5    

Surface area  sf 17,000  Use SLR of 600, based on 10 

State Standards and peaking 

factor of 2 (1200/2) 

Water depth ft 12    

Operational      

Proportional recycle  ON    

Proportional to stream   PE    

RAS recycle fraction   0.7  25% of influent flow 

conventional; up to 100% 

BNR 

WAS pumped flow  MGD 0.1    

Settling      

Hindered zone settling 

parameter 

L/mgTS

S 

0.0003  adjusted to reduce effluent TN 

– check basis 

Flocculant zone settling 

parameter 

L/mgTS

S 

0.0052  adjusted to reduce effluent TN 

– check basis 

Operating Cost      

WAS hydraulic head ft 45.0    

WAS pump efficiency  % 60    

RAS hydraulic head ft 25    

RAS pump efficiency  % 60 85   

Misc. energy use hp 5  minimal, from Jim F. 
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Item Units Typical Optimized Remarks/References/Basis 

Mechanical Thickener      

Operational      

Specify solids removal by 

setting 

 removal eff. And 

solid 

   

Underflow solids %TS 5% 6% From MOP 8 Table 23.12 

range = 4-6 

Removal efficiency  0.95 0.98 From MOP 8 pg 23-63 range 

= 90-98 

Operating Cost      

Hydraulic head ft 50    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Misc. energy use hp 7.5    

Aerobic Digester      

Physical      

Maximum volume MG 2.40    

Tank depth ft 20.00    

Operational      

Aeration Method  Diffused aeration    

Specify Oxygen transfer by  Using a DO 

Controller 

   

DO setpoint mg/L 1 0.1   

Diffuser type  coarse bubble    

Alpha factor  1    

SOTE % 14.25%    

Height of diffuser from 

floor 

ft 1    

Operating Cost      

Combined blower/motor 

efficiency 

 0.65 0.80 should this be 0.7? 

Pressure drop in inlet filters 

and piping to blower 

psi 0.25    

Pressure drop in piping and 

diffuser 

psi 2.5    

Hydraulic head  ft 0    

Pump efficiency % 0.60 85   

Misc. power use hp 0    

Chemical Feed      

Chemical Feed  NaOH    

Flow gpd 120    
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Item Units Typical Optimized Remarks/References/Basis 

Dewatering (Belt filter press)      

Operational Parameters      

Specify solids removal by 

setting  

%TS removal eff. And 

solids 

   

Cake solids %TS 17 20 20% and 25% for raw PS & 

WAS; 18% and 23% for 

anaerobic PS & WAS, 17% 

and 20% for WAS only or 

aerobically digested WAS or 

aerobically digested WAS & 

PS  

Capture Rate % 90 95 From MOP 8 pg. 24-36 range 

= 85-95% 

Operating Cost      

Hydraulic head ft 0    

Pump efficiency % 0.6 0.85   

Pumping headloss ft 0    

Operating hours per day  hr 8    

2 m belt installed hp hp 10  From MOP 8 pg. 24-41, 2.5 m 

belt typically requires 10 hp  

Conveyor installed hp  hp 5    

Energy usage hp 5.0  2 m belt size required based 

on solids loading rate and 8 

hours a day operating 

schedule. Installed hp of belt 

is 10 hp. Operating 8 hours a 

day, daily energy usage is 3.3 

hp. Installed hp of conveyor is 

5 hp. Operating 8 hours a day, 

daily energy usage is 1.7.  

Sidestream Pump      

Operational       

Avg. daily pumped flow 

rate 

MGD 0    

Operating Cost      

Pump efficiency % 60 85   
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I3 

Item Units Typical Optimized Remarks/References/Basis 

Influent Wastewater 

Pumping 

     

Operating Cost      

Total Dynamic Head ft 40    

Pump Efficiency % 60 85   

Pumping headloss ft 0    

Headworks (Screening and 

Grit Removal) 

     

Screens      

Number of Screens Online No. 2 2 Assume individual channels 

per influent pump 

Screen Power Input (per 

unit) 

hp 2 2 Typically nominal (assume 

2hp) 

Estimated Operating Time hrs/day 4 4 Timer 5 min on/25 min off: 4 

hours 

Grit Removal      

Number of Grit Removal 

Units Online 

No. 1 1 1 aerated for typical and 1 

vortex for "best practice" 

Grit Unit Power Input (per 

unit) 

hp 33.5 4.6 From Kevin Frank (Aerated 

grit) & Robert Pape (Vortex) 

Estimated Operating Time hrs/day 24 24 24 hours/day 

Misc. Energy Use hp 34.2 5.3 From Kevin Frank  

Biological Process Reactor      

SRT days 6.0  increased until nitrification 

achieved  

Physical      

No. of tanks in series  6    

Tank Depth ft 15    

Max. Volume MG 3.66 4.80 Should this be constant across 

scenarios? 

Volume fraction 1  0.630  basis? 

Volume fraction 2  1.500    

Volume fraction 3  2.000    

Volume fraction 4  2.000    

Volume fraction 5  2.300    

Volume fraction 6  0.210    

Operational      

Aeration Method  Diffused aeration    

Specify Oxygen transfer by  Using a DO 

Controller 

   

Diffuser Type  Fine Bubble    
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Item Units Typical Optimized Remarks/References/Basis 

Alpha factor 1  0.6  Ref: Rosso Table 1 

Alpha factor 2  0.6  Ref: Rosso Table 1 

Alpha factor 3  0.7  Ref: Rosso Table 1 

Alpha factor 4  0.7  Ref: Rosso Table 1 

Alpha factor 5  0.8  Ref: Rosso Table 1 

Alpha factor 6  0.8  Ref: Rosso Table 1 

Fouling constant  0.60 0.95   

Standard oxygen transfer 

efficiency 

 0.28  Assumed 2% per ft of 

submergence from MOP8 

Height of diffuser from 

floor 

ft 1.00    

DO setpoint 1 mg/L 0.00    

DO setpoint 2 mg/L 0.00    

DO setpoint 3 mg/L 2.00    

DO setpoint 4 mg/L 2.00    

DO setpoint 5 mg/L 0.00    

DO setpoint 6 mg/L 2.00    

Influent fractions 1  1.00    

Influent fractions 2  0.00    

Influent fractions 3  0.00    

Influent fractions 4  0.00    

Influent fractions 5  0.00    

Influent fractions 6  0.00    

Influent #2 fractions 1  0.00    

Influent #2 fractions 2  0.00    

Influent #2 fractions 3  0.00    

Influent #2 fractions 4  0.00    

Influent #2 fractions 5  1.00    

Influent #2 fractions 6  0.00    

Internal recycle 1  30 MGD from 

zone 4 to zone 2 

   

Kinetic – all default values      

Operating Cost      

Combined blower/motor 

efficiency 

 0.70 0.80   

Pressure drop in inlet filters 

and piping to blower 

psi 0.25    

Pressure drop in piping and 

diffuser 

psi 2.5    

Hydraulic head  ft 0    

Pump efficiency % 60 85   
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Item Units Typical Optimized Remarks/References/Basis 

Internal recycle hydraulic 

head  

ft 10    

Internal recycle pump 

efficiency 

% 60 85   

Misc. energy use (mixers, 

etc.) 

hp 314 97 Mixing ratio of 70.9 hp/MG 

as per prop mixer sizing 

criteria 

Final Clarifier      

Typical Effluent TSS mg/L 6  10-15 conventional, 6-10 

BNR, 5-7 mg/L per MOP 8 
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Physical      

Clarifier type  flat bottom    

Physical feedpoint from 

bottom 

ft 5    

Surface area  sf 17,000  Use SLR of 600, based on 10 

State Standards and peaking 

factor of 2 (1200/2) 

Water depth ft 12    

Operational      

Proportional recycle  ON    

Proportional to stream   PE    

RAS recycle fraction   0.7  25% of influent flow 

conventional; up to 100% 

BNR 

WAS pumped flow  MGD 0.1    

Settling      

Hindered zone settling 

parameter 

L/mgTS

S 

0.0003  adjusted to reduce effluent TN 

– check basis 

Flocculant zone settling 

parameter 

L/mgTS

S 

0.0052  adjusted to reduce effluent TN 

– check basis 

Operating Cost      

WAS hydraulic head ft 45.0    

WAS pump efficiency  % 60    

RAS hydraulic head ft 25    

RAS pump efficiency  % 60 85   
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Item Units Typical Optimized Remarks/References/Basis 

Mechanical Thickener      

Operational      

Specify solids removal by 

setting 

 removal eff. And 

solid 

   

Underflow solids %TS 5% 6% From MOP 8 Table 23.12 

range = 4-6 

Removal efficiency  0.95 0.98 From MOP 8 pg 23-63 range 

= 90- 98 

Operating Cost      

Hydraulic head ft 50    

Pump efficiency % 60 85   

Misc. energy use hp 7.5    

Dewatering (Belt filter press)      

Operational Parameters      

Specify solids removal by 

setting  

%TS removal eff. And 

solids 

   

Cake solids %TS 17 20 20% and 25% for raw PS & 

WAS; 18% and 23% for 

anaerobic PS & WAS, 17% 

and 20% for WAS only or 

aerobically digested WAS or 

aerobically digested WAS & 

PS  

Capture Rate % 90 95 From MOP 8 pg. 24-36 range 

= 85-95% 

Operating Cost      

Hydraulic head ft 0    

Pump efficiency % 0.6 0.85   

Pumping headloss ft 0    

Operating hours per day  hr 8    

2 m belt installed hp hp 10  From MOP 8 pg. 24-41, 2.5 m 

belt typically requires 10 hp  

Conveyor installed hp  hp 5    

Energy usage hp 5.0  2 m belt size required based 

on solids loading rate and 8 

hours a day operating 

schedule. Installed hp of belt 

is 10 hp. Operating 8 hours a 

day, daily energy usage is 3.3 

hp. Installed hp of conveyor is 

5 hp. Operating 8 hours a day, 

daily energy usage is 1.7.  
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Item Units Typical Optimized Remarks/References/Basis 

Sidestream Pump      

Operational       

Avg. daily pumped flow 

rate 

MGD 0    

Operating Cost      

Pump efficiency % 60 85   
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Item Units Typical Optimized Remarks/References/Basis 

Influent Wastewater Pumping  

Operating Cost      

Total Dynamic Head ft 40    

Pump Efficiency % 60 85   

Pumping headloss ft 0    

Headworks (Screening and Grit Removal)  

Screens      

Number of Screens Online No. 2 2 Assume individual channels 

per influent pump 

Screen Power Input (per 

unit) 

hp 2 2 Typically nominal (assume 

2hp) 

Estimated Operating Time hrs/day 4 4 Timer 5 min on/25 min off: 4 

hours 

Grit Removal      

Number of Grit Removal 

Units Online 

No. 1 1 1 aerated for typical and 1 

vortex for "best practice" 

Grit Unit Power Input (per 

unit) 

hp 33.5 4.6 From Kevin Frank (Aerated 

grit) & Robert Pape (Vortex) 

Estimated Operating Time hrs/day 24 24 24 hours/day 

Total Energy Use hp 34.2 5.3 From Kevin Frank  

Primary Clarifiers      

Physical      

Surface Area sf 10,000  Use 1000 for average flow, 

based on 10 States Standards, 

pg 70-2 A = Q/SOR = 

10,000,000/1,000 = 10,000 sq 

ft 

Depth ft 10    

Operational      

Pumped flow MGD 0.074 0.100   

Removal efficiency % 60 70 From MOP 8 – Table 12.1 

typical range = 50-70% 

Operating Cost      

Hydraulic Head ft 30    

Pump efficiency % 60 85   

Miscellaneous energy use hp 5  Nominal. From Jim F. 
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Item Units Typical Optimized Remarks/References/Basis 

Biological Process Reactor      

SRT days 10.7  increased until nitrification 

achieved  

Physical      

No. of tanks in series  6    

Tank Depth ft 15    

Max. Volume MG 4.7    

Volume fraction 1  0.014  basis? 

Volume fraction 2  0.130    

Volume fraction 3  0.148    

Volume fraction 4  0.148    

Volume fraction 5  0.280    

Volume fraction 6  0.280    

Operational      

Aeration Method  Diffused aeration    

Specify Oxygen transfer by  Using a DO 

Controller 

   

Diffuser Type  Fine Bubble    

Alpha factor 1  0.6  Ref: Rosso Table 1 

Alpha factor 2  0.6  Ref: Rosso Table 1 

Alpha factor 3  0.7  Ref: Rosso Table 1 

Alpha factor 4  0.7  Ref: Rosso Table 1 

Alpha factor 5  0.8  Ref: Rosso Table 1 

Alpha factor 6  0.8  Ref: Rosso Table 1 

Fouling constant  0.60 0.95   

Standard oxygen transfer 

efficiency 

 0.28  Assumed 2% per ft of 

submergence from MOP8 

Height of diffuser from 

floor 

ft 1.00    

DO setpoint 1 mg/L 0.00    

DO setpoint 2 mg/L 0.00    

DO setpoint 3 mg/L 0.00    

DO setpoint 4 mg/L 0.00    

DO setpoint 5 mg/L 2.00    

DO setpoint 6 mg/L 2.00    

Influent fractions 1  0.00    

Influent fractions 2  0.80    

Influent fractions 3  0.20    

Influent fractions 4  0.00    

Influent fractions 5  0.00    

Influent fractions 6  0.00    
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Item Units Typical Optimized Remarks/References/Basis 

Internal recycle 1  40 MGD from 

zone 6 to zone 3 

   

Internal recycle 2  0 MGD from zone 

4 to zone 1 

   

Kinetic      

Sat. coeff. For Sac mgCOD

/L 

1.00    

Reduction factor for denit. 

On nitrate 

 0.64    

Reduction factor for denit. 

On nitrite (2-stage) 

 0.96    

Reduction factor for denit. 

On nitrite (4-stage) 

 0.32    

Sat. coeff. For nitrate mgN/L 0.20    

Sat. coeff. For nitrite mgN/L 0.40    

Operating Cost      

Combined blower/motor 

efficiency 

 70 80   

Pressure drop in inlet filters 

and piping to blower 

psi 0.25    

Pressure drop in piping and 

diffuser 

psi 2.5    

Hydraulic head  ft 0    

Pump efficiency % 60 85   

Internal recycle hydraulic 

head  

ft 10    

Internal recycle pump 

efficiency 

% 60 85   

Misc. energy use (mixers, 

etc.) 

hp 90 14.50   

Carbon Addition      

Carbon  acetic acid    

Flow gph 20 20 adjusted to reach target 

effluent nutrient concentration 
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Item Units Typical Optimized Remarks/References/Basis 

Final Clarifier      

Typical Effluent TSS mg/L 6  10-15 conventional, 6-10 

BNR, 5-7 mg/L per MOP 8 
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Physical      

Clarifier type  flat bottom    

Physical feedpoint from 

bottom 

ft 7    

Surface area  sf 17,000  Use SLR of 600, based on 10 

State Standards and peaking 

factor of 2 (1200/2) 

Water depth ft 12    

Operational      

Proportional recycle  ON    

Proportional to stream   PE    

RAS recycle fraction   0.4  25% of influent flow 

conventional; up to 100% 

BNR 

WAS pumped flow  MGD 0.1    

Settling      

Flocculant zone settling 

parameter 

L/mgTS

S 

0.1  adjusted to reduce effluent TN 

– check basis 

Non-settleable fraction   0.01  adjusted to reduce effluent TN 

– check basis 

Max. non-settleable solids mgTSS/

L 

8.0  adjusted to reduce effluent TN 

– check basis 

Operating Cost      

WAS hydraulic head ft 45    

WAS pump efficiency  % 60    

RAS hydraulic head ft 25    

RAS pump efficiency  % 60 85   

Misc. energy use hp 5  minimal, from Jim F. 

Denite Pump      

Operational       

Avg. daily pumped flow 

rate 

MGD 10.25    

Operating Cost      

Hydraulic head ft 8    

Pump efficiency % 60 85   
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Item Units Typical Optimized Remarks/References/Basis 

Denite Filter      

Physical      

Filter bed surface m2 240    

Specific surface of media 1/m 656    

Operational      

Solids capture fraction  % 95    

Backwash duration per 24-

hr period 

hr 24    

Backwash flow MGD 0.25    

Operating Cost      

Misc. energy use kWh/d 585    

Carbon Addition      

Carbon  methanol    

Flow gph 12 13 adjusted to reach target 

effluent nutrient concentration 

Ferric Denite      

Chemical  ferric ion    

Dosage mode  concentration 

based 

 adjusted to reach target 

effluent nutrient concentration 

Chemical dosage gMe/m3 25 30   

Gravity Thickener       

Physical      

Surface area sf 5,000  oversized 

Depth ft 10    

Operational      

Thickened Sludge 

Concentration 

%TS 5 7 revised 04/09/2013 –

consensus that published 

values are too optimistic, now 

using 5% for typical and 7% 

for best practice 

Operational pumped flow MGD 0.034 0.028 adjusted to reach target 

thickened %TS 

Removal efficiency – 

PS only 

% 90 92 90, 92 for PS only; 85, 90 for 

PS & WAS; from M&E Table 

14-48 

Operating Cost      

Hydraulic head ft 40    

Pump efficiency % 60 85   
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Item Units Typical Optimized Remarks/References/Basis 

Miscellaneous energy use hp 1  Assumes normal operation (2 

thickeners online), from 

Figure 8.2 in Solids Process 

Design & Management, 

annual power consumption of 

3500 kWh/yr based on area of 

both GTs 

Mechanical Thickener      

Operational      

Specify solids removal by 

setting 

 removal eff. And 

solid 

   

Underflow solids %TS 5% 6% From MOP 8 Table 23.12 

range = 4-6 

Removal efficiency  0.95 0.98 From MOP 8 pg 23-63 range 

= 90-98 

Operating Cost      

Hydraulic head ft 50    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Misc. energy use hp 7.5    

Anaerobic Digester      

Physical      

Maximum volume MG 1.20    

Headspace volume MG 0.12  10% of digester volume 

Floor drop below ground ft 5    

Operating Cost      

Hydraulic head ft 30    

Pump efficiency % 60 85   

Misc. power use hp 88 6.0 Based on Neil Massart's 

WEFTEC 08 Anaerobic 

Digestion Mixing Paper , 

Table 4: 0.2-1.0hp/1000 cf. 

For 100,000 cf digester, 

average mixing energy is 60, 

hydro-disk = 0.05 hp per 

1000cf hp. 

Digester heating requirement      

Heat exchanger efficiency % 90 95   

Energy Recovery options      

Heat recovery for CHP % 40 45 MOP-8 (Table 25.27), GE & 

MWM literature 

Electricity recovery for 

CHP 

% 33.25 39.90 GE & MWM literature 

(include 5% parasitic load) 

Efficiency of Flare % 95 98 From WERF/EPA Flare 

Efficiency Estimator 
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Item Units Typical Optimized Remarks/References/Basis 

Dewatering (Belt filter press)      

Operational Parameters      

Specify solids removal by 

setting  

%TS removal eff. And 

solids 

   

Cake solids %TS 18 23 20% and 25% for raw PS & 

WAS; 18% and 23% for 

anaerobic PS & WAS, 17% 

and 20% for WAS only or 

aerobically digested WAS or 

aerobically digested WAS & 

PS  

Capture Rate % 90 95 From MOP 8 pg. 24-36 range 

= 85-95% 

Operating Cost      

Hydraulic head ft 0    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Operating hours per day  hr 8    

2 m belt installed hp hp 10  From MOP 8 pg. 24-41, 2.5 m 

belt typically requires 10 hp  

Conveyor installed hp  hp 5    

Energy usage hp 5.0  2 m belt size required based 

on solids loading rate and 8 

hours a day operating 

schedule. Installed hp of belt 

is 10 hp. Operating 8 hours a 

day, daily energy usage is 3.3 

hp. Installed hp of conveyor is 

5 hp. Operating 8 hours a day, 

daily energy usage is 1.7.  

Sidestream Pump      

Operational       

Avg. daily pumped flow 

rate 

MGD 0    

Operating Cost      

Pump efficiency % 60 85   
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M1 

Item Units Typical Optimized Remarks/References/Basis 

Influent Wastewater Pumping      

Operating Cost      

Total Dynamic Head ft 40    

Pump Efficiency % 60 85   

Pumping headloss ft 0    

Headworks (Screening and 

Grit Removal) 

     

Screens      

Number of Screens Online No. 2 2 Assume individual channels per 

influent pump 

Screen Power Input (per 

unit) 

hp 2 2 Typically nominal (assume 2hp) 

Estimated Operating Time hrs/day 4 4 Timer 5 min on/25 min off: 4 

hours 

Grit Removal      

Number of Grit Removal 

Units Online 

No. 1 1 1 aerated for typical and 1 vortex 

for "best practice" 

Grit Unit Power Input (per 

unit) 

hp 33.5 4.6 From Kevin Frank (Aerated grit) 

& Robert Pape (Vortex) 

Estimated Operating Time hrs/day 24 24 24 hours/day 

Total Energy Use hp 34.2 5.3 From Kevin Frank  

Primary Clarifiers      

Physical      

Surface Area sf 10,000  Use 1000 for average flow, 

based on 10 States Standards, pg 

70-2 A = Q/SOR = 

10,000,000/1,000 = 10,000 sqft 

Depth ft 10    

Operational      

Pumped flow MGD 0.074 0.100   

Removal efficiency % 60 70 From MOP 8 – Table 12.1 

typical range = 50-70% 

Operating Cost      

Hydraulic Head ft 30    

Pump efficiency % 60 85   

Miscellaneous energy use hp 5  Nominal. From Jim F. 

Ferric      

Chemical  ferric ion    

Dosage mode  concentration 

based 

 adjusted to reach target effluent 

nutrient concentration 

Chemical dosage gMe/m3 7 7   
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Item Units Typical Optimized Remarks/References/Basis 

Biological Process Reactor      

SRT days 9.1  increased until nitrification 

achieved  

Physical      

No. of tanks in series  6    

Tank Depth ft 15    

Max. Volume MG 3.66    

Volume fraction 1  0.115  basis? 

Volume fraction 2  0.115    

Volume fraction 3  0.314    

Volume fraction 4  0.314    

Volume fraction 5  0.115    

Volume fraction 6  0.027    

Operational      

Aeration Method  Diffused 

aeration 

   

Specify Oxygen transfer by  Using a DO 

Controller 

   

Diffuser Type  Fine Bubble    

Alpha factor 1  0.6  Ref: Rosso Table 1 

Alpha factor 2  0.6  Ref: Rosso Table 1 

Alpha factor 3  0.7  Ref: Rosso Table 1 

Alpha factor 4  0.7  Ref: Rosso Table 1 

Alpha factor 5  0.8  Ref: Rosso Table 1 

Alpha factor 6  0.8  Ref: Rosso Table 1 

Fouling constant  0.60 0.95   

Standard oxygen transfer 

efficiency 

 0.28  Assumed 2% per ft of 

submergence from MOP8 

Height of diffuser from floor ft 1.00    

DO setpoint 1 mg/L 0.00    

DO setpoint 2 mg/L 0.00    

DO setpoint 3 mg/L 2.00    

DO setpoint 4 mg/L 2.00    

DO setpoint 5 mg/L 0.00    

DO setpoint 6 mg/L 2.00    

Influent fractions 1  1.00    

Influent fractions 2  0.00    

Influent fractions 3  0.00    

Influent fractions 4  0.00    

Influent fractions 5  0.00    

Influent fractions 6  0.00    
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Item Units Typical Optimized Remarks/References/Basis 

Internal recycle 1  0 MGD from 

zone 6 to zone 

1 

   

Internal recycle 2  30 MGD from 

zone 4 to zone 

1 

   

Kinetic      

Sat. coeff. For Sac mgCOD/

L 

1.00    

Reduction factor for denit. 

On nitrate 

 0.64    

Reduction factor for denit. 

On nitrite (2-stage) 

 0.96    

Reduction factor for denit. 

On nitrite (4-stage) 

 0.32    

Sat. coeff. For nitrate mgN/L 0.20    

Sat. coeff. For nitrite mgN/L 0.40    

Operating Cost      

Combined blower/motor 

efficiency 

 70 80   

Pressure drop in inlet filters 

and piping to blower 

psi 0.25    

Pressure drop in piping and 

diffuser 

psi 2.5    

Hydraulic head  ft 0    

Pump efficiency % 60 85   

Internal recycle hydraulic 

head  

ft 10    

Internal recycle pump 

efficiency 

% 60 85   

Misc. energy use (mixers, 

etc.) 

hp 67 7.0   

Carbon Addition      

Carbon  acetic acid    

Flow gph 10.2 12 adjusted to reach target effluent 

nutrient concentration 

Final Clarifier      

Typical Effluent TSS mg/L 6  10-15 conventional, 6-10 BNR, 

5-7 mg/L per MOP 8 page 14-

265 

Physical      

Clarifier type  flat bottom    

Physical feedpoint from 

bottom 

ft 7    
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Item Units Typical Optimized Remarks/References/Basis 

Surface area  sf 17,000  Use SLR of 600, based on 10 

State Standards and peaking 

factor of 2 (1200/2) 

Water depth ft 12    

Operational      

Proportional recycle  ON    

Proportional to stream   PE    

RAS recycle fraction   0.4  25% of influent flow 

conventional; up to 100% BNR 

WAS pumped flow  MGD 0.1    

Settling      

Flocculant zone settling 

parameter 

L/mgTSS 0.1  adjusted to reduce effluent TN – 

check basis 

Non-settleable fraction   0.01  adjusted to reduce effluent TN – 

check basis 

Max. non-settleable solids mgTSS/L 8.0  adjusted to reduce effluent TN –

check basis 

Operating Cost      

WAS hydraulic head ft 45    

WAS pump efficiency  % 60    

RAS hydraulic head ft 25    

RAS pump efficiency  % 60 85   

Misc. energy use hp 5  minimal, from Jim F. 

Denite Pump      

Operational       

Avg. daily pumped flow rate MGD 10.25    

Operating Cost      

Hydraulic head ft 8    

Pump efficiency % 60 85   

Denite Filter      

Physical      

Filter bed surface m2 240    

Specific surface of media 1/m 656    

Operational      

Solids capture fraction  % 95    

Backwash duration per 24-

hr period 

hr 24    

Backwash flow MGD 0.25    

Operating Cost      

Misc. energy use kWh/d 585    
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Item Units Typical Optimized Remarks/References/Basis 

Carbon Addition      

Carbon  methanol    

Flow gph 12 12 adjusted to reach target effluent 

nutrient concentration 

Ferric Denite      

Chemical  ferric ion    

Dosage mode  concentration 

based 

 adjusted to reach target effluent 

nutrient concentration 

Chemical dosage gMe/m3 25 25   

Gravity Thickener       

Physical      

Surface area sf 5,000  oversized 

Depth ft 10    

Operational      

Thickened Sludge 

Concentration 

%TS 5 7 revised 04/09/2013 – consensus 

that published values are too 

optimistic, now using 5% for 

typical and 7% for best practice 

Operational pumped flow MGD 0.037 0.030 adjusted to reach target 

thickened %TS 

Removal efficiency – PS 

only 

% 90 92 90, 92 for PS only; 85, 90 for PS 

& WAS; from M&E Table 14-48 

Operating Cost      

Hydraulic head ft 40    

Pump efficiency % 60 85   

Miscellaneous energy use hp 1  Assumes normal operation (2 

thickeners online), from Figure 

8.2 in Solids Process Design & 

Management, annual power 

consumption of 3500 kWh/yr 

based on area of both GTs 

Mechanical Thickener      

Operational      

Specify solids removal by 

setting 

 removal eff. 

And solid 

   

Underflow solids %TS 5% 6% From MOP 8 Table 23.12 range 

= 4-6 

Removal efficiency  0.95 0.98 From MOP 8 pg 23-63 range = 

90-98 

Operating Cost      

Hydraulic head ft 50    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Misc. energy use hp 7.5    
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Item Units Typical Optimized Remarks/References/Basis 

Anaerobic Digester      

Physical      

Maximum volume MG 1.20    

Headspace volume MG 0.11  10% of digester volume 

Floor drop below ground ft 5    

Operating Cost      

Hydraulic head ft 30    

Pump efficiency % 60 85   

Misc. power use hp 88 6.0 Based on Neil Massart's 

WEFTEC 08 Anaerobic 

Digestion Mixing Paper , Table 

4: 0.2-1.0hp/1000 cf. For 

100,000 cf digester, average 

mixing energy is 60, hydro-disk 

= 0.05 hp per 1000cf hp. 

Digester heating requirement      

Heat exchanger efficiency % 90 95   

Energy Recovery options      

Heat recovery for CHP % 40 45 MOP-8 (Table 25.27), GE & 

MWM literature 

Electricity recovery for CHP % 33.25 39.90 GE & MWM literature (include 

5% parasitic load) 

Efficiency of Flare % 95 98 From WERF/EPA Flare 

Efficiency Estimator 

Dewatering (Belt filter press)      

Operational Parameters      

Specify solids removal by 

setting  

%TS removal eff. 

And solids 

   

Cake solids %TS 18 23 20% and 25% for raw PS & 

WAS; 18% and 23% for 

anaerobic PS & WAS, 17% and 

20% for WAS only or 

aerobically digested WAS or 

aerobically digested WAS & PS  

Capture Rate % 90 95 From MOP 8 pg. 24-36 range = 

85-95% 

Operating Cost      

Hydraulic head ft 0    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Operating hours per day  hr 8    

2 m belt installed hp hp 10  From MOP 8 pg. 24-41, 2.5 m 

belt typically requires 10 hp  

Conveyor installed hp  hp 5    
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Item Units Typical Optimized Remarks/References/Basis 

Energy usage hp 5.0  2 m belt size required based on 

solids loading rate and 8 hours a 

day operating schedule. Installed 

hp of belt is 10 hp. Operating 8 

hours a day, daily energy usage 

is 3.3 hp. Installed hp of 

conveyor is 5 hp. Operating 8 

hours a day, daily energy usage 

is 1.7.  

Sidestream Pump      

Operational       

Avg. daily pumped flow rate MGD 0    

Operating Cost      

Pump efficiency % 60 85   
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N1 

Item Units Typical Optimized Remarks/References/Basis 

Influent Wastewater Pumping      

Operating Cost      

Total Dynamic Head ft 40    

Pump Efficiency % 60 85   

Pumping headloss ft 0    

Headworks (Screening and 

Grit Removal) 

     

Screens      

Number of Screens Online No. 2 2 Assume individual channels per 

influent pump 

Screen Power Input (per 

unit) 

hp 2 2 Typically nominal (assume 2hp) 

Estimated Operating Time hrs/day 4 4 Timer 5 min on/25 min off: 4 

hours 

Grit Removal      

Number of Grit Removal 

Units Online 

No. 1 1 1 aerated for typical and 1 

vortex for "best practice" 

Grit Unit Power Input (per 

unit) 

hp 33.5 4.6 From Kevin Frank (Aerated 

grit) & Robert Pape (Vortex) 

Estimated Operating Time hrs/day 24 24 24 hours/day 

Total Energy Use hp 34.2 5.3 From Kevin Frank  

Primary Clarifiers      

Physical      

Surface Area sf 10,000  Use 1000 for average flow, 

based on 10 States Standards, pg 

70-2 A = Q/SOR = 

10,000,000/1,000 = 10,000 sqft 

Depth ft 10    

Operational      

Pumped flow MGD 0.082 0.090   

Removal efficiency % 60 70 From MOP 8 – Table 12.1 

typical range = 50-70% 

Operating Cost      

Hydraulic Head ft 30    

Pump efficiency % 60 85   

Miscellaneous energy use hp 5  Nominal. From Jim F. 

Biological Process Reactor – 

MBR 

     

SRT days 10.7    
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Item Units Typical Optimized Remarks/References/Basis 

Physical  – Tank      

No. of reactors  6    

Max. Volume MG 2.61    

Volume fraction 1  0.120  basis? 

Volume fraction 2  0.180    

Volume fraction 3  0.240    

Volume fraction 4  0.240    

Volume fraction 5  0.180    

Volume fraction 6  0.040    

Operational  – Membrane       

Cross-flow air flow ft3/min 20,000 9,000   

Operational  – Tank      

Aeration Method  Diffused 

aeration 

   

Specify Oxygen transfer by  Using a DO 

Controller 

   

Diffuser Type  Fine Bubble    

Alpha factor 1  0.5  Ref: Rosso Table 1 

Alpha factor 2  0.5  Ref: Rosso Table 1 

Alpha factor 3  0.6  Ref: Rosso Table 1 

Alpha factor 4  0.6  Ref: Rosso Table 1 

Alpha factor 5  0.7  Ref: Rosso Table 1 

Alpha factor 6  0.7  Ref: Rosso Table 1 

Fouling constant  0.60 0.95   

Standard oxygen transfer 

efficiency 

 0.28  Assumed 2% per ft of 

submergence from MOP8 

Height of diffuser from floor ft 1.00    

DO setpoint 1 mg/L 0.00    

DO setpoint 2 mg/L 0.00    

DO setpoint 3 mg/L 3.00    

DO setpoint 4 mg/L 3.00    

DO setpoint 5 mg/L 0.00    

DO setpoint 6 mg/L 2.00    

Influent fractions 1  1.00    

Influent fractions 2  0.00    

Influent fractions 3  0.00    

Influent fractions 4  0.00    

Influent fractions 5  0.00    

Influent fractions 6  0.00    

Internal recycle 1  10 MGD from 

2 to 1 
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Item Units Typical Optimized Remarks/References/Basis 

Internal recycle 2  40 MGD from 

6 to 3 

   

Internal recycle 3  40 MGD from 

4 to 2 

   

Kinetic       

Reduction factor for denit. 

On nitrate 

 1.00    

Reduction factor for denit. 

On nitrite (2-stage) 

 1.00    

Operating Cost      

Combined blower/motor 

efficiency 

 70 80   

Pressure drop in inlet filters 

and piping to blower 

psi 0.25    

Pressure drop in piping and 

diffuser 

psi 2.5    

Hydraulic head  ft 0    

Pump efficiency % 60 85   

Internal recycle hydraulic 

head  

ft 10    

Internal recycle pump 

efficiency 

% 60 85   

Misc. energy use (mixers, 

etc.) 

hp 58 10   

Operating Cost      

Chemical  acetic acid    

Flow rate gpd 700 1,600   

Permeate Pump      

Physical      

Max. volume MG 0.1    

Operational      

Avg. daily pump flow rate MGD 15    

Operating Cost      

Hydraulic head ft 10    

Pump efficiency  % 60 85   

Gravity Thickener       

Physical      

Surface area sf 5,000  oversized 

Depth ft 10    
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Item Units Typical Optimized Remarks/References/Basis 

Operational      

Thickened Sludge 

Concentration 

%TS 5 7 revised 04/09/2013 – consensus 

that published values are too 

optimistic, now using 5% for 

typical and 7% for best practice 

Operational pumped flow MGD 0.058 0.0410 adjusted to reach target 

thickened %TS 

Removal efficiency – PS 

only 

% 85 90 90, 92 for PS only; 85, 90 for PS 

& WAS; from M&E Table 14-

48 

Operating Cost      

Hydraulic head ft 40    

Pump efficiency % 60 85   

Miscellaneous energy use hp 1  Assumes normal operation (2 

thickeners online), from Figure 

8.2 in Solids Process Design & 

Management, annual power 

consumption of 3500 kWh/yr 

based on area of both GTs 

Anaerobic Digester      

Physical      

Maximum volume MG 1.20    

Headspace volume MG 0.12  10% of digester volume 

Floor drop below ground ft 5    

Operating Cost      

Hydraulic head ft 30    

Pump efficiency % 60 85   

Misc. power use hp 88 6.0 Based on Neil Massart's 

WEFTEC 08 Anaerobic 

Digestion Mixing Paper , Table 

4: 0.2-1.0hp/1000 cf. For 

100,000 cf digester, average 

mixing energy is 60, hydro-disk 

= 0.05 hp per 1000cf hp. 

Digester heating requirement      

Heat exchanger efficiency % 90 95   

Energy Recovery options      

Heat recovery for CHP % 40 45 MOP-8 (Table 25.27), GE & 

MWM literature 

Electricity recovery for CHP % 33.25 39.90 GE & MWM literature (include 

5% parasitic load) 

Efficiency of Flare % 95 98 From WERF/EPA Flare 

Efficiency Estimator 
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Item Units Typical Optimized Remarks/References/Basis 

Dewatering (Belt filter press)      

Operational Parameters      

Specify solids removal by 

setting  

%TS removal eff. 

And solids 

   

Cake solids %TS 18 23 20% and 25% for raw PS & 

WAS; 18% and 23% for 

anaerobic PS & WAS, 17% and 

20% for WAS only or 

aerobically digested WAS or 

aerobically digested WAS & PS  

Capture Rate % 90 95 From MOP 8 pg. 24-36 range = 

85-95% 

Operating Cost      

Hydraulic head ft 0    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Operating hours per day  hr 8    

2 m belt installed hp hp 10  From MOP 8 pg. 24-41, 2.5 m 

belt typically requires 10 hp  

Conveyor installed hp  hp 5    

Energy usage hp 5.0  2 m belt size required based on 

solids loading rate and 8 hours a 

day operating schedule. 

Installed hp of belt is 10 hp. 

Operating 8 hours a day, daily 

energy usage is 3.3 hp. Installed 

hp of conveyor is 5 hp. 

Operating 8 hours a day, daily 

energy usage is 1.7.  

Sidestream Pump      

Operational       

Avg. daily pumped flow rate MGD 0    

Operating Cost      

Pump efficiency % 60 85   
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N2 

Item Units Typical Optimized Remarks/References/Basis 

Influent Wastewater Pumping         

Operating Cost         

Total Dynamic Head ft 40     

Pump Efficiency % 60 85   

Pumping headloss ft 0     

Headworks (Screening and 

Grit Removal) 

        

Screens         

Number of Screens Online No. 2 2 Assume individual channels per 

influent pump 

Screen Power Input (per 

unit) 

hp 2 2 Typically nominal (assume 2hp) 

Estimated Operating Time hrs/day 4 4 Timer 5 min on/25 min off: 4 

hours 

Grit Removal         

Number of Grit Removal 

Units Online 

No. 1 1 1 aerated for typical and 1 

vortex for "best practice" 

Grit Unit Power Input (per 

unit) 

hp 33.5 4.6 From Kevin Frank (Aerated 

grit) & Robert Pape (Vortex) 

Estimated Operating Time hrs/day 24 24 24 hours/day 

Total Energy Use hp 34.2 5.3 From Kevin Frank  

Biological Process Reactor – 

MBR 

        

SRT days 6.0     

Physical  – Tank         

No. of reactors   6     

Max. Volume MG 2.61     

Volume fraction 1   0.120 0.160 basis? 

Volume fraction 2   0.180     

Volume fraction 3   0.240 0.220   

Volume fraction 4   0.240 0.200   

Volume fraction 5   0.180     

Volume fraction 6   0.040     

Operational  – Membrane          

Cross-flow air flow ft3/min 20,000 9,000   

Operational – Tank         

Aeration Method   Diffused 

aeration 

    

Specify Oxygen transfer by   Using a DO 

Controller 

    

Diffuser Type   Fine Bubble     
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Item Units Typical Optimized Remarks/References/Basis 

Alpha factor 1   0.5   Ref: Rosso Table 1 

Alpha factor 2   0.5   Ref: Rosso Table 1 

Alpha factor 3   0.6   Ref: Rosso Table 1 

Alpha factor 4   0.6   Ref: Rosso Table 1 

Alpha factor 5   0.7   Ref: Rosso Table 1 

Alpha factor 6   0.7   Ref: Rosso Table 1 

Fouling constant   0.60 0.95   

Standard oxygen transfer 

efficiency 

  0.28   Assumed 2% per ft of 

submergence from MOP8 

Height of diffuser from floor ft 1.00     

DO setpoint 1 mg/L 0.00     

DO setpoint 2 mg/L 0.00     

DO setpoint 3 mg/L 3.00     

DO setpoint 4 mg/L 3.00     

DO setpoint 5 mg/L 0.00     

DO setpoint 6 mg/L 2.00     

Influent fractions 1   1.00     

Influent fractions 2   0.00     

Influent fractions 3   0.00     

Influent fractions 4   0.00     

Influent fractions 5   0.00     

Influent fractions 6   0.00     

Internal recycle 1   10 MGD 

from 2 to 1 

    

Internal recycle 2   20 MGD 

from 4 to 2 

   

Internal recycle 3   40 MGD 

from 6 to 3 

   

Kinetic – all default values         

Operating Cost         

Combined blower/motor 

efficiency 

  70 80   

Pressure drop in inlet filters 

and piping to blower 

psi 0.25     

Pressure drop in piping and 

diffuser 

psi 2.5     

Hydraulic head  ft 0     

Pump efficiency % 60 85   

Internal recycle hydraulic 

head  

ft 10     

Internal recycle pump 

efficiency 

% 60 85   
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Item Units Typical Optimized Remarks/References/Basis 

Misc. energy use (mixers, 

etc.) 

hp 96 30   

Operating Cost         

Chemical   acetic acid     

Flow rate gpd 1,200 1,000   

Permeate Pump         

Physical         

Max. volume MG 0.1     

Operational         

Avg. daily pump flow rate MGD 15     

Operating Cost         

Hydraulic head ft 10     

Pump efficiency  % 60 85   

Mechanical Thickener         

Operational         

Specify solids removal by 

setting 

  removal eff. 

And solid 

    

Underflow solids %TS 5% 6% From MOP 8 Table 23.12 range 

= 4-6 

Removal efficiency % 95 98 From MOP 8 pg 23-63 range = 

90-98 

Operating Cost         

Hydraulic head ft 50     

Pump efficiency % 60 85   

Pumping headloss ft 0     

Misc. energy use hp 7.5     

Aerobic Digester         

Physical         

Maximum volume MG 2.40     

Tank depth ft 20.00     

Operational         

Aeration Method   Diffused 

aeration 

    

Specify Oxygen transfer by   Using a DO 

Controller 

    

DO setpoint mg/L 1 0.1   

Diffuser type   coarse bubble     

Alpha factor   0.6     

SOTE % 14.25%     

Height of diffuser from floor ft 1     
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Item Units Typical Optimized Remarks/References/Basis 

Operating Cost         

Combined blower/motor 

efficiency 

  65 0.80 should this be 0.7? 

Pressure drop in inlet filters 

and piping to blower 

psi 0.25     

Pressure drop in piping and 

diffuser 

psi 1.5   should this be 2.5? 

Hydraulic head  ft 0     

Pump efficiency % 60 85   

Misc. power use hp 0     

Chemical Feed         

Chemical Feed   NaOH     

Flow gpd 500     

Dewatering (Belt filter press)         

Operational Parameters         

Specify solids removal by 

setting  

%TS removal eff. 

And solids 

    

Cake solids %TS 17 20 20% and 25% for raw PS & 

WAS; 18% and 23% for 

anaerobic PS & WAS, 17% and 

20% for WAS only or 

aerobically digested WAS or 

aerobically digested WAS & PS  

Capture Rate % 90 95 From MOP 8 pg. 24-36 range = 

85-95% 

Operating Cost         

Hydraulic head ft 0     

Pump efficiency % 60 85   

Pumping headloss ft 0     

Operating hours per day  hr 8     

2 m belt installed hp hp 10   From MOP 8 pg. 24-41, 2.5 m 

belt typically requires 10 hp  

Conveyor installed hp  hp 5     

Energy usage hp 5.0   2 m belt size required based on 

solids loading rate and 8 hours a 

day operating schedule. 

Installed hp of belt is 10 hp. 

Operating 8 hours a day, daily 

energy usage is 3.3 hp. Installed 

hp of conveyor is 5 hp. 

Operating 8 hours a day, daily 

energy usage is 1.7.  
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Item Units Typical Optimized Remarks/References/Basis 

Sidestream Pump         

Operational          

Avg. daily pumped flow rate MGD 0     

Operating Cost         

Pump efficiency % 60 85   
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O1 

Item Units Typical Optimized Remarks/References/Basis 

Influent Wastewater Pumping      

Operating Cost      

Total Dynamic Head ft 40    

Pump Efficiency % 60 85   

Pumping headloss ft 0    

Headworks (Screening and Grit Removal) 

Screens      

Number of Screens Online No. 2 2 Assume individual channels per 

influent pump 

Screen Power Input (per 

unit) 

hp 2 2 Typically nominal (assume 2hp) 

Estimated Operating Time hrs/day 4 4 Timer 5 min on/25 min off: 4 

hours 

Grit Removal      

Number of Grit Removal 

Units Online 

No. 1 1 1 aerated for typical and 1 

vortex for "best practice" 

Grit Unit Power Input (per 

unit) 

hp 33.5 4.6 From Kevin Frank (Aerated 

grit) & Robert Pape (Vortex) 

Estimated Operating Time hrs/day 24 24 24 hours/day 

Total Energy Use hp 34.2 5.3 From Kevin Frank  

Primary Clarifiers      

Physical      

Surface Area sf 10,000  Use 1000 for average flow, 

based on 10 States Standards, pg 

70-2 A = Q/SOR = 

10,000,000/1,000 = 10,000 sqft 

Depth ft 10    

Operational      

Pumped flow MGD 0.082 0.088   

Removal efficiency % 60 70 From MOP 8 – Table 12.1 

typical range = 50-70% 

Operating Cost      

Hydraulic Head ft 30    

Pump efficiency % 60 85   

Miscellaneous energy use hp 5  Nominal. From Jim F. 

Biological Process Reactor – 

HPO 

     

SRT days 2.0    
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Item Units Typical Optimized Remarks/References/Basis 

Physical      

Shape of tank  rectangular    

Max. volume MG 1    

Tank depth ft 15.0    

Operational      

Specify Oxygen transfer by  Using a DO 

Controller 

   

Standard aeration efficiency  use 

correlation 

   

Alpha factor  0.4  Ref: Rosso Table 1 

Fouling factor  0.6    

DO setpoint  2.0    

Kinetic – all default values      

Operating Cost      

Combined blower/motor 

efficiency 

 70 80   

Hydraulic head  ft 16  default 

Pump efficiency % 60 85   

Oxygen required ton/day 16 9 GPS-X; 0 days simulation 

Power use of onsite 

generation of O2 

kWh/ton 400 400 B&V and Metropolitan Water 

District of Southern California – 

Oxygen Separation 

Technologies Study 1993 – 

Figure 4.10 

Misc. energy use (mixers, 

etc.) 

kWh/day 6,568 3,584 8945 ft3/day of oxygen * 

0.089210 lb/ft3 * 0.35 kWh/lb 

Final Clarifier      

Typical Effluent TSS mg/L 6  10-15 conventional, 6-10 BNR, 

5-7 mg/L per MOP 8 page 14-

265 

Physical      

Clarifier type  flat bottom    

Physical feedpoint from 

bottom 

ft 7    

Surface area  sf 17,000  Use SLR of 600, based on 10 

State Standards and peaking 

factor of 2 (1200/2) 

Water depth ft 12    

Operational      

Proportional recycle  ON    

Proportional to stream   PE    
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Item Units Typical Optimized Remarks/References/Basis 

RAS recycle fraction   0.67  25% of influent flow 

conventional; up to 100% BNR 

WAS pumped flow  MGD 0.1    

Settling      

Flocculant zone settling 

parameter 

L/mgTSS 0.004  adjusted to reduce effluent TN –

check basis 

Max. non-settleable solids mgTSS/L 10.0  adjusted to reduce effluent TN –

check basis 

Operating Cost      

WAS hydraulic head ft 45    

WAS pump efficiency  % 60    

RAS hydraulic head ft 25    

RAS pump efficiency  % 60 85   

Misc. energy use hp 5  minimal, from Jim F. 

Gravity Thickener       

Physical      

Surface area sf 5,000  oversized 

Depth ft 10    

Operational      

Thickened Sludge 

Concentration 

%TS 5 7 revised 04/09/2013 – consensus 

that published values are too 

optimistic, now using 5% for 

typical and 7% for best practice 

Operational pumped flow MGD 0.044 0.0315 adjusted to reach target 

thickened %TS 

Removal efficiency – PS 

only 

% 85 90 90, 92 for PS only; 85, 90 for PS 

& WAS; from M&E Table 14-48 

Operating Cost      

Hydraulic head ft 40    

Pump efficiency % 60 85   

Miscellaneous energy use hp 1  Assumes normal operation 

(2 thickeners online), from Figure 

8.2 in Solids Process Design & 

Management, annual power 

consumption of 3500 kWh/yr 

based on area of both GTs 

Anaerobic Digester      

Physical      

Maximum volume MG 0.90    

Headspace volume MG 0.090  10% of digester volume 

Floor drop below ground ft 5    

Operating Cost      

Hydraulic head ft 30    



 

A Guide to Net-Zero Energy Solutions for Water Resource Recovery Facilities B-103 

Item Units Typical Optimized Remarks/References/Basis 

Pump efficiency % 60 85   

Misc. power use hp 72 6.0 Based on Neil Massart's 

WEFTEC 08 Anaerobic 

Digestion Mixing Paper , Table 

4: 0.2-1.0hp/1000 cf. For 

100,000 cf digester, average 

mixing energy is 60, hydro-disk 

= 0.05 hp per 1000cf hp. 

Digester heating requirement      

Heat exchanger efficiency % 90 95   

Energy Recovery options      

Heat recovery for CHP % 40 45 MOP-8 (Table 25.27), GE & 

MWM literature 

Electricity recovery for 

CHP 

% 33.25 39.90 GE & MWM literature (include 

5% parasitic load) 

Efficiency of Flare % 95 98 From WERF/EPA Flare 

Efficiency Estimator 

Dewatering (Belt filter press)      

Operational Parameters      

Specify solids removal by 

setting  

%TS removal eff. 

And solids 

   

Cake solids %TS 18 23 20% and 25% for raw PS & 

WAS; 18% and 23% for 

anaerobic PS & WAS, 17% and 

20% for WAS only or 

aerobically digested WAS or 

aerobically digested WAS & PS  

Capture Rate % 90 95 From MOP 8 pg. 24-36 range = 

85-95% 

Operating Cost      

Hydraulic head ft 0    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Operating hours per day  hr 8    

2 m belt installed hp hp 10  From MOP 8 pg. 24-41, 2.5 m 

belt typically requires 10 hp  

Conveyor installed hp  hp 5    

Energy usage hp 5.0  2 m belt size required based on 

solids loading rate and 8 hours a 

day operating schedule. 

Installed hp of belt is 10 hp. 

Operating 8 hours a day, daily 

energy usage is 3.3 hp. Installed 

hp of conveyor is 5 hp. 

Operating 8 hours a day, daily 

energy usage is 1.7.  
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Item Units Typical Optimized Remarks/References/Basis 

Sidestream Pump      

Operational       

Avg. daily pumped flow 

rate 

MGD 0    

Operating Cost      

Pump efficiency % 60 85   
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B1 

Item Units Typical Optimized Remarks/References/Basis 

Influent Wastewater Pumping      

Operating Cost      

Total Dynamic Head ft 40    

Pump Efficiency % 60 85   

Pumping headloss ft 0    

Headworks (Screening and Grit Removal) 

Screens      

Number of Screens Online No. 2 2 Assume individual channels per 

influent pump 

Screen Power Input (per 

unit) 

hp 2 2 Typically nominal (assume 2hp) 

Estimated Operating Time hrs/day 4 4 Timer 5 min on/25 min off: 4 

hours 

Grit Removal      

Number of Grit Removal 

Units Online 

No. 1 1 1 aerated for typical and 1 

vortex for "best practice" 

Grit Unit Power Input (per 

unit) 

hp 33.5 4.6 From Kevin Frank (Aerated 

grit) & Robert Pape (Vortex) 

Estimated Operating Time hrs/day 24 24 24 hours/day 

Total Energy Use hp 34.2 5.3 From Kevin Frank  

Primary Clarifiers      

Physical      

Surface Area sf 10,000  Use 1000 for average flow, 

based on 10 States Standards, pg 

70-2 A = Q/SOR = 

10,000,000/1,000 = 10,000 sqft 

Depth ft 10    

Operational      

Pumped flow MGD 0.066 0.066   

Removal efficiency % 60 70 From MOP 8 – Table 12.1 

typical range = 50-70% 

Operating Cost      

Hydraulic Head ft 30    

Pump efficiency % 60 85   

Miscellaneous energy use hp 5  Nominal. From Jim F. 

Biological Process Reactor      

SRT days 2.0    

Physical      

No. of tanks in series  6    

Tank Depth ft 15    

Max. Volume MG 1.0    
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Item Units Typical Optimized Remarks/References/Basis 

Volume fraction 1  0.167  basis? 

Volume fraction 2  0.167    

Volume fraction 3  0.167    

Volume fraction 4  0.167    

Volume fraction 5  0.167    

Volume fraction 6  0.167    

Operational      

Aeration Method  Diffused 

aeration 

   

Specify Oxygen transfer by  Using a DO 

Controller 

   

Diffuser Type  Fine Bubble    

Alpha factor 1  0.3  Ref: Rosso Table 1 

Alpha factor 2  0.3  Ref: Rosso Table 1 

Alpha factor 3  0.4  Ref: Rosso Table 1 

Alpha factor 4  0.4  Ref: Rosso Table 1 

Alpha factor 5  0.5  Ref: Rosso Table 1 

Alpha factor 6  0.5  Ref: Rosso Table 1 

Fouling constant  0.60 0.95   

Standard oxygen transfer 

efficiency 

 0.28  Assumed 2% per ft of 

submergence from MOP8 

Height of diffuser from floor ft 1.00    

DO setpoint 1 mg/L 2.00    

DO setpoint 2 mg/L 2.00    

DO setpoint 3 mg/L 2.00    

DO setpoint 4 mg/L 2.00    

DO setpoint 5 mg/L 2.00    

DO setpoint 6 mg/L 2.00    

Influent fractions 1  1.00    

Influent fractions 2  0.00    

Influent fractions 3  0.00    

Influent fractions 4  0.00    

Influent fractions 5  0.00    

Influent fractions 6  0.00    

Influent #2 fractions 1  0.00    

Influent #2 fractions 2  0.00    

Influent #2 fractions 3  0.00    

Influent #2 fractions 4  0.00    

Influent #2 fractions 5  1.00    

Influent #2 fractions 6  0.00    
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Item Units Typical Optimized Remarks/References/Basis 

Kinetic – all default values      

Operating Cost      

Combined blower/motor 

efficiency 

 70 80   

Pressure drop in inlet filters 

and piping to blower 

psi 0.25    

Pressure drop in piping and 

diffuser 

psi 2.5    

Hydraulic head  ft 0    

Pump efficiency % 60 85   

Internal recycle hydraulic 

head  

ft 10    

Internal recycle pump 

efficiency 

% 60 85   

Misc. energy use  

(mixers, etc.) 

hp 0 0.00   

Final Clarifier      

Typical Effluent TSS mg/L 6  10-15 conventional, 6-10 BNR, 

5-7 mg/L per MOP 8 page 14-

265 

Physical      

Clarifier type  flat bottom    

Physical feedpoint from 

bottom 

ft 7    

Surface area  sf 17,000  Use SLR of 600, based on 10 

State Standards and peaking 

factor of 2 (1200/2) 

Water depth ft 12    

Operational      

Proportional recycle  ON    

Proportional to stream   PE    

RAS recycle fraction   0.67  25% of influent flow 

conventional; up to 100% BNR 

WAS pumped flow  MGD 0.1    

Settling – all default values      

Operating Cost      

WAS hydraulic head ft 45    

WAS pump efficiency  % 60    

RAS hydraulic head ft 25    

RAS pump efficiency  % 60 85   

Misc. energy use hp 5  minimal, from Jim F. 
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Item Units Typical Optimized Remarks/References/Basis 

Gravity Thickener       

Physical      

Surface area sf 5,000  oversized 

Depth ft 10    

Operational      

Thickened Sludge 

Concentration 

%TS 5 7 revised 04/09/2013 – consensus 

that published values are too 

optimistic, now using 5% for 

typical and 7% for best practice 

Operational pumped flow MGD 0.023 0.0215 adjusted to reach target 

thickened %TS 

Removal efficiency – PS 

only 

% 90 92 90, 92 for PS only; 85, 90 for PS 

& WAS; from M&E Table 14-48 

Operating Cost      

Hydraulic head ft 40    

Pump efficiency % 60 85   

Miscellaneous energy use hp 1  Assumes normal operation 

(2 thickeners online), from Figure 

8.2 in Solids Process Design & 

Management, annual power 

consumption of 3500 kWh/yr 

based on area of both GTs 

Mechanical Thickener      

Operational      

Specify solids removal by 

setting 

 removal eff. 

And solid 

   

Underflow solids %TS 5% 6% From MOP 8 Table 23.12 range 

= 4-6 

Removal efficiency % 95 98 From MOP 8 pg 23-63 range = 

90-98 

Operating Cost      

Hydraulic head ft 50    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Misc. energy use hp 7.5    

Anaerobic Digester      

Physical      

Maximum volume MG 0.85    

Headspace volume MG 0.085  10% of digester volume 

Floor drop below ground ft 5    

Operating Cost      

Hydraulic head ft 30    

Pump efficiency % 60 85   
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Item Units Typical Optimized Remarks/References/Basis 

Misc. power use hp 68 6.0 Based on Neil Massart's 

WEFTEC 08 Anaerobic 

Digestion Mixing Paper , Table 

4: 0.2-1.0hp/1000 cf. For 

100,000 cf digester, average 

mixing energy is 60, hydro-disk 

= 0.05 hp per 1000cf hp. 

Digester heating requirement      

Heat exchanger efficiency % 90 95   

Energy Recovery options      

Heat efficiency of boiler % 80  MOP-8 (Table 25.27), GE & 

MWM literature 

Heat recovery for CHP % 40 45 MOP-8 (Table 25.27), GE & 

MWM literature 

Electricity recovery for CHP % 33.25 39.90 GE & MWM literature (include 

5% parasitic load) 

Efficiency of Flare % 95 98 From WERF/EPA Flare 

Efficiency Estimator 

Dewatering (Belt filter press)      

Operational Parameters      

Specify solids removal by 

setting  

%TS removal eff. 

And solids 

   

Cake solids %TS 18 23 20% and 25% for raw PS & 

WAS; 18% and 23% for 

anaerobic PS & WAS, 17% and 

20% for WAS only or 

aerobically digested WAS or 

aerobically digested WAS & PS  

Capture Rate % 90 95 From MOP 8 pg. 24-36 range = 

85-95% 

Operating Cost      

Hydraulic head ft 0    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Operating hours per day  hr 8    

2 m belt installed hp hp 10  From MOP 8 pg. 24-41, 2.5 m 

belt typically requires 10 hp  

Conveyor installed hp  hp 5    

Energy usage hp 5.0  2 m belt size required based on 

solids loading rate and 8 hours a 

day operating schedule. 

Installed hp of belt is 10 hp. 

Operating 8 hours a day, daily 

energy usage is 3.3 hp. Installed 

hp of conveyor is 5 hp. 

Operating 8 hours a day, daily 

energy usage is 1.7.  
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Item Units Typical Optimized Remarks/References/Basis 

Sidestream Pump      

Operational       

Avg. daily pumped flow rate MGD 0    

Operating Cost      

Pump efficiency % 60 85   
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P1 

Item Units Typical Optimized Remarks/References/Basis 

Influent Wastewater Pumping      

Operating Cost      

Total Dynamic Head ft 40    

Pump Efficiency % 60 85   

Pumping headloss ft 0    

Headworks (Screening and Grit Removal)  

Screens      

Number of Screens Online No. 2 2 Assume individual channels per 

influent pump 

Screen Power Input (per 

unit) 

hp 2 2 Typically nominal (assume 2hp) 

Estimated Operating Time hrs/day 4 4 Timer 5 min on/25 min off: 4 

hours 

Grit Removal      

Number of Grit Removal 

Units Online 

No. 1 1 1 aerated for typical and 1 vortex 

for "best practice" 

Grit Unit Power Input (per 

unit) 

hp 33.5 4.6 From Kevin Frank (Aerated grit) 

& Robert Pape (Vortex) 

Estimated Operating Time hrs/day 24 24 24 hours/day 

Total Energy Use hp 34.2 5.3 From Kevin Frank  

Biological Process Reactor A      

SRT days 2.0    

Physical      

No. of tanks in series  0.5    

Tank Depth ft 15    

Max. Volume MG 0.42  based on 0.5 day SRT and 1 hr 

HRT and ~2000 MLSS 

Operational      

Aeration Method  Diffused 

aeration 

   

Specify Oxygen transfer by  Using a DO 

Controller 

   

Diffuser Type  Fine Bubble    

Alpha factor   0.3  Ref: Rosso Table 1 

Fouling constant  0.60 0.95   

Standard oxygen transfer 

efficiency 

 0.28  Assumed 2% per ft of 

submergence from MOP8 

Height of diffuser from floor ft 1.00    

DO setpoint 1 mg/L 1.00    
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Item Units Typical Optimized Remarks/References/Basis 

Kinetic      

Max. specific growth rate on 

substrate 

1/d 6.40  doubled to a more realistic 

growth rate to result in minor 

biodegradation through stage A, 

target = 60% COD removal 

Operating Cost      

Combined blower/motor 

efficiency 

 70 80   

Pressure drop in inlet filters 

and piping to blower 

psi 0.25    

Pressure drop in piping and 

diffuser 

psi 2.5    

Hydraulic head  ft 0    

Pump efficiency % 60 85   

Internal recycle hydraulic 

head  

ft 10    

Internal recycle pump 

efficiency 

% 60 85   

Misc. energy use 

(mixers, etc.) 

hp 0 0.00   

Final Clarifier A      

Typical Effluent TSS mg/L 6  10-15 conventional, 6-10 BNR, 

5-7 mg/L per MOP 8 page 14-

265 

Physical      

Clarifier type  flat bottom    

Physical feedpoint from 

bottom 

ft 7    

Surface area  sf 17,000  Use SLR of 600, based on 10 

State Standards and peaking 

factor of 2 (1200/2) 

Water depth ft 12    

Operational      

Proportional recycle  ON    

Proportional to stream   PI    

RAS recycle fraction   0.67  25% of influent flow 

conventional; up to 100% BNR 

WAS pumped flow  MGD 0.3574    

Settling      

Non-settleable fraction   1.00  to set EffA TSS to 30 mg/L 

Max. non-settleable solids mgTSS/L 30.0  to set EffA TSS to 30 mg/L 

Operating Cost      

WAS hydraulic head ft 45    

WAS pump efficiency  % 60    
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Item Units Typical Optimized Remarks/References/Basis 

RAS hydraulic head ft 25    

RAS pump efficiency  % 60 85   

Misc. energy use hp 5  minimal, from Jim F. 

Biological Process Reactor B      

SRT days 10.0  start at 8 days, increase until 

nitrification is achieved 

Physical      

No. of tanks in series  6    

Tank Depth ft 15    

Max. Volume MG 1.04    

Volume fraction 1  0.167  basis? 

Volume fraction 2  0.167    

Volume fraction 3  0.167    

Volume fraction 4  0.167    

Volume fraction 5  0.167    

Volume fraction 6  0.167    

Operational      

Aeration Method  Diffused 

aeration 

   

Specify Oxygen transfer by  Using a DO 

Controller 

   

Diffuser Type  Fine Bubble    

Alpha factor 1  0.3  Ref: Rosso Table 1 

Alpha factor 2  0.3  Ref: Rosso Table 1 

Alpha factor 3  0.4  Ref: Rosso Table 1 

Alpha factor 4  0.4  Ref: Rosso Table 1 

Alpha factor 5  0.5  Ref: Rosso Table 1 

Alpha factor 6  0.5  Ref: Rosso Table 1 

Fouling constant  0.60 0.95   

Standard oxygen transfer 

efficiency 

 0.28  Assumed 2% per ft of 

submergence from MOP8 

Height of diffuser from floor ft 1.00    

DO setpoint 1 mg/L 0.00    

DO setpoint 2 mg/L 0.00    

DO setpoint 3 mg/L 2.00    

DO setpoint 4 mg/L 2.00    

DO setpoint 5 mg/L 2.00    

DO setpoint 6 mg/L 2.00    

Influent fractions 1  1.00    

Influent fractions 2  0.00    

Influent fractions 3  0.00    



 

B-114  

Item Units Typical Optimized Remarks/References/Basis 

Influent fractions 4  0.00    

Influent fractions 5  0.00    

Influent fractions 6  0.00    

Influent #2 fractions 1  0.00    

Influent #2 fractions 2  0.00    

Influent #2 fractions 3  0.00    

Influent #2 fractions 4  0.00    

Influent #2 fractions 5  1.00    

Influent #2 fractions 6  0.00    

Kinetic – all default values      

Operating Cost      

Combined blower/motor 

efficiency 

 70 80   

Pressure drop in inlet filters 

and piping to blower 

psi 0.25    

Pressure drop in piping and 

diffuser 

psi 2.5    

Hydraulic head  ft 0    

Pump efficiency % 60 85   

Internal recycle hydraulic 

head  

ft 10    

Internal recycle pump 

efficiency 

% 60 85   

Misc. energy use (mixers, 

etc.) 

hp 0 0   

Final Clarifier B      

Typical Effluent TSS mg/L 6  10-15 conventional, 6-10 BNR, 

5-7 mg/L per MOP 8 page 14-

265 

Physical      

Clarifier type  flat bottom    

Physical feedpoint from 

bottom 

ft 7    

Surface area  sf 17,000  Use SLR of 600, based on 10 

State Standards and peaking 

factor of 2 (1200/2) 

Water depth ft 12    

Operational      

Proportional recycle  ON    

Proportional to stream   PI    

RAS recycle fraction   0.67  25% of influent flow 

conventional; up to 100% BNR 

WAS pumped flow  MGD 0.1000    
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Item Units Typical Optimized Remarks/References/Basis 

Settling – all default values      

Operating Cost      

WAS hydraulic head ft 45    

WAS pump efficiency  % 60    

RAS hydraulic head ft 25    

RAS pump efficiency  % 60 85   

Misc. energy use hp 5  minimal, from Jim F. 

Mechanical Thickener      

Operational      

Specify solids removal by 

setting 

 removal eff. 

And solid 

   

Underflow solids %TS 5% 6% From MOP 8 Table 23.12 range 

= 4-6 

Removal efficiency % 95 98 From MOP 8 pg 23-63 range = 

90-98 

Operating Cost      

Hydraulic head ft 50    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Misc. energy use hp 8.5    

  kWh/day 150    

Anaerobic Digester      

Physical      

Maximum volume MG 0.89    

Headspace volume MG 0.089  10% of digester volume 

Floor drop below ground ft 5    

Operating Cost      

Hydraulic head ft 30    

Pump efficiency % 60 85   

Misc. power use hp 68 6.0 Based on Neil Massart's 

WEFTEC 08 Anaerobic 

Digestion Mixing Paper , Table 

4: 0.2-1.0hp/1000 cf. For 

100,000 cf digester, average 

mixing energy is 60, hydro-disk 

= 0.05 hp per 1000cf hp. 

Digester heating requirement      

Heat exchanger efficiency % 90 95   

Energy Recovery options      

Heat efficiency of boiler % 80  MOP-8 (Table 25.27), GE & 

MWM literature 

Heat recovery for CHP % 40 45 MOP-8 (Table 25.27), GE & 

MWM literature 
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Item Units Typical Optimized Remarks/References/Basis 

Electricity recovery for CHP % 33.25 39.90 GE & MWM literature (include 

5% parasitic load) 

Efficiency of Flare % 95 98 From WERF/EPA Flare 

Efficiency Estimator 

Dewatering (Belt filter press)      

Operational Parameters      

Specify solids removal by 

setting  

%TS removal eff. 

And solids 

   

Cake solids %TS 17 20 20% and 25% for raw PS & 

WAS; 18% and 23% for 

anaerobic PS & WAS, 17% and 

20% for WAS only or 

aerobically digested WAS or 

aerobically digested WAS & PS  

Capture Rate % 90 95 From MOP 8 pg. 24-36 range = 

85-95% 

Operating Cost      

Hydraulic head ft 0    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Operating hours per day  hr 8    

2 m belt installed hp hp 10  From MOP 8 pg. 24-41, 2.5 m 

belt typically requires 10 hp  

Conveyor installed hp  hp 5    

Energy usage hp 5.0  2 m belt size required based on 

solids loading rate and 8 hours a 

day operating schedule. Installed 

hp of belt is 10 hp. Operating 8 

hours a day, daily energy usage 

is 3.3 hp. Installed hp of 

conveyor is 5 hp. Operating 8 

hours a day, daily energy usage 

is 1.7.  

  kWh/day 88    

Sidestream Pump      

Operational       

Avg. daily pumped flow rate MGD 0    

Operating Cost      

Pump efficiency % 60 85   
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Pioneering – THP 

Item Units Typical Optimized Remarks/References/Basis 

Influent Wastewater Pumping         

Operating Cost         

Total Dynamic Head ft 40     

Pump Efficiency % 60 85   

Pumping headloss ft 0     

Headworks (Screening and Grit Removal) 

Screens         

Number of Screens Online No. 2 2 Assume individual channels per 

influent pump 

Screen Power Input (per 

unit) 

hp 2 2 Typically nominal (assume 2hp) 

Estimated Operating Time hrs/day 4 4 Timer 5 min on/25 min off: 4 

hours 

Grit Removal         

Number of Grit Removal 

Units Online 

No. 1 1 1 aerated for typical and 1 vortex 

for "best practice" 

Grit Unit Power Input (per 

unit) 

hp 33.5 4.6 From Kevin Frank (Aerated grit) 

& Robert Pape (Vortex) 

Estimated Operating Time hrs/day 24 24 24 hours/day 

Total Energy Use hp 34.2 5.3 From Kevin Frank  

Primary Clarifiers         

Physical         

Surface Area sf 10,000   Use 1000 for average flow, based 

on 10 States Standards, pg 70-2 

A = Q/SOR = 10,000,000/1,000 

= 10,000 sqft 

Depth ft 10     

Operational         

Pumped flow MGD 0.074 0.100   

Removal efficiency % 60 70 From MOP 8 – Table 12.1 typical 

range = 50-70% 

Operating Cost         

Hydraulic Head ft 30     

Pump efficiency % 60 85   

Miscellaneous energy use hp 5   Nominal. From Jim F. 

Biological Process Reactor         

SRT days 10.7   increased until nitrification 

achieved  

Physical         

No. of tanks in series   6     

Tank Depth ft 15     
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Item Units Typical Optimized Remarks/References/Basis 

Max. Volume MG 4.7     

Volume fraction 1   0.014   basis? 

Volume fraction 2   0.130     

Volume fraction 3   0.148     

Volume fraction 4   0.148     

Volume fraction 5   0.280     

Volume fraction 6   0.280     

Operational         

Aeration Method   Diffused 

aeration 

    

Specify Oxygen transfer by   Using a DO 

Controller 

    

Diffuser Type   Fine Bubble     

Alpha factor 1   0.6   Ref: Rosso Table 1 

Alpha factor 2   0.6   Ref: Rosso Table 1 

Alpha factor 3   0.7   Ref: Rosso Table 1 

Alpha factor 4   0.7   Ref: Rosso Table 1 

Alpha factor 5   0.8   Ref: Rosso Table 1 

Alpha factor 6   0.8   Ref: Rosso Table 1 

Fouling constant   0.60 0.95   

Standard oxygen transfer 

efficiency 

  0.28   Assumed 2% per ft of 

submergence from MOP8 

Height of diffuser from floor ft 1.00     

DO setpoint 1 mg/L 0.00     

DO setpoint 2 mg/L 0.00     

DO setpoint 3 mg/L 0.00     

DO setpoint 4 mg/L 0.00     

DO setpoint 5 mg/L 2.00     

DO setpoint 6 mg/L 2.00     

Influent fractions 1   0.00     

Influent fractions 2   0.80     

Influent fractions 3   0.20     

Influent fractions 4   0.00     

Influent fractions 5   0.00     

Influent fractions 6   0.00     

Internal recycle 1   40 MGD from 

zone 6 to zone 

3 

    

Internal recycle 2   0 MGD from 

zone 4 to zone 

1 
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Item Units Typical Optimized Remarks/References/Basis 

Kinetic         

Sat. coeff. For Sac mgCOD/

L 

1.00     

Reduction factor for denit. 

On nitrate 

  0.64     

Reduction factor for denit. 

On nitrite (2-stage) 

  0.96     

Reduction factor for denit. 

On nitrite (4-stage) 

  0.32     

Sat. coeff. For nitrate mgN/L 0.20     

Sat. coeff. For nitrite mgN/L 0.40     

Operating Cost         

Combined blower/motor 

efficiency 

  70.00 80.00   

Pressure drop in inlet filters 

and piping to blower 

psi 0.25     

Pressure drop in piping and 

diffuser 

psi 2.5     

Hydraulic head  ft 0     

Pump efficiency % 60 85   

Internal recycle hydraulic 

head  

ft 10     

Internal recycle pump 

efficiency 

% 60 85   

Misc. energy use (mixers, 

etc.) 

hp 90 14.50   

Carbon Addition         

Carbon   acetic acid     

Flow gph 30.00   adjusted to reach target effluent 

nutrient concentration 

Final Clarifier         

Typical Effluent TSS mg/L 6   10-15 conventional, 6-10 BNR, 

5-7 mg/L per MOP 8 page 14-

265 

Physical         

Clarifier type   flat bottom     

Physical feedpoint from 

bottom 

ft 7     

Surface area  sf 17,000   Use SLR of 600, based on 10 

State Standards and peaking 

factor of 2 (1200/2) 

Water depth ft 12     
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Item Units Typical Optimized Remarks/References/Basis 

Operational         

Proportional recycle   ON     

Proportional to stream    PE     

RAS recycle fraction    0.4   25% of influent flow 

conventional; up to 100% BNR 

WAS pumped flow  MGD 0.1     

Settling         

Flocculant zone settling 

parameter 

L/mgTSS 0.1   adjusted to reduce effluent TN –

check basis 

Non-settleable fraction    0.01   adjusted to reduce effluent TN – 

check basis 

Max. non-settleable solids mgTSS/L 8.0   adjusted to reduce effluent TN – 

check basis 

Operating Cost         

WAS hydraulic head ft 45.0     

WAS pump efficiency  % 60     

RAS hydraulic head ft 25     

RAS pump efficiency  % 60 85   

Misc. energy use hp 5   minimal, from Jim F. 

Gravity Thickener          

Physical         

Surface area sf 5,000   oversized 

Depth ft 10     

Operational         

Thickened Sludge 

Concentration 

%TS 5 7 revised 04/09/2013 – consensus 

that published values are too 

optimistic, now using 5% for 

typical and 7% for best practice 

Operational pumped flow MGD 0.026   adjusted to reach target thickened 

%TS 

Removal efficiency – PS 

only 

% 90 92 90, 92 for PS only; 85, 90 for PS 

& WAS; from M&E Table 14-48 

Operating Cost         

Hydraulic head ft 40     

Pump efficiency % 60 85   

Miscellaneous energy use hp 1   Assumes normal operation 

(2 thickeners online), from Figure 

8.2 in Solids Process Design & 

Management, annual power 

consumption of 3500 kWh/yr 

based on area of both GTs 
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Item Units Typical Optimized Remarks/References/Basis 

Mechanical Thickener         

Operational         

Specify solids removal by 

setting 

  removal eff. 

And solid 

    

Underflow solids %TS 5% 6% From MOP 8 Table 23.12 range 

= 4-6 

Removal efficiency   0.95 0.98 From MOP 8 pg 23-63 range = 

90-98 

Operating Cost         

Hydraulic head ft 50     

Pump efficiency % 60 85   

Pumping headloss ft 0     

Misc. energy use hp 8.5     

Pre-Dewatering 

(Belt filter press) 

        

Operational Parameters         

Specify solids removal by 

setting  

%TS removal eff. 

And solids 

    

Cake solids %TS 16.5 16.5 16.5% used as CAMBI Design 

Capture Rate % 90 95 From MOP 8 pg. 24-36 range = 

85-95% 

Operating Cost         

Hydraulic head ft 0     

Pump efficiency % 60 85   

Pumping headloss ft 0     

Operating hours per day  hr 24     

2 m belt installed hp hp 10   From MOP 8 pg. 24-41, 2.5 m 

belt typically requires 10 hp  

Conveyor installed hp  hp 5     

Energy usage hp 15.0   2 m belt size required based on 

solids loading rate and 8 hours a 

day operating schedule. Installed 

hp of belt is 10 hp. Operating 8 

hours a day, daily energy usage is 

3.3 hp. Installed hp of conveyor 

is 5 hp. Operating 8 hours a day, 

daily energy usage is 1.7.  

THP Pre-Dewatering 

Centrifuge 

        

Operational         

Specify solids removal by 

setting 

  removal eff. 

And solid 

    

Underflow solids %TS 16.5% 16.5% CAMBI Design 
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Item Units Typical Optimized Remarks/References/Basis 

Capture Rate   0.95 0.98 reference for centrifuge: personal 

communication with Andritz' 

Tanya Leblanc 

Operating Cost         

Hydraulic head ft 50     

Pump efficiency % 60 85   

Pumping headloss ft 0     

Energy use kWh/ton 

TS 

32.0   personal communication with 

Andritz's David Smith 

Loading Rate  lb/day 19,669   From GPS-X 

  Tons/day 10     

Misc. energy use 

(Centrifuge) 

kWh/day 315   20 hp for belt; reference for 

centrifuge: personal 

communication with Andritz's 

David Smith 

Misc. energy use 

(Centrifuge) 

hp 18   19 hp for belt; reference for 

centrifuge: personal 

communication with Andritz's 

David Smith 

Misc. energy use 

(Conveyor) 

hp 5   From Cheapet and GPS-X Input 

Master.xlsx 

Misc. energy use (Total) hp 23   Includes power for centrifuge and 

conveyance 

Hydraulic head ft 30     

Pump efficiency % 60 85   

Pumping headloss ft 0     

Anaerobic Digester         

Physical         

Maximum volume MG 0.32     

Maximum volume 1000 cf 42.78     

Headspace volume MG 0.03   10% of digester volume 

Floor drop below ground ft 5     

Operating Cost         

Hydraulic head ft 30     

Pump efficiency % 60 85   

Misc. power use hp 88 7.8 Based on Neil Massart's 

WEFTEC 08 Anaerobic 

Digestion Mixing Paper , Table 

4: 0.2-1.0hp/1000 cf. For 100,000 

cf digester, average mixing 

energy is 60, hydro-disk = 0.05 

hp per 1000cf hp. 

Misc power use calc hp 26 2.1   
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Item Units Typical Optimized Remarks/References/Basis 

Digester heating requirement         

Heat exchanger efficiency % 90 95   

Energy Recovery options         

Heat recovery for CHP % 40 45 MOP-8 (Table 25.27), GE & 

MWM literature 

Electricity recovery for CHP % 33.25 39.90 GE & MWM literature (include 

5% parasitic load) 

Efficiency of Flare % 95 98 From WERF/EPA Flare 

Efficiency Estimator 

Post Digestion Dewatering 

(Belt filter press) 

        

Operational Parameters         

Specify solids removal by 

setting  

%TS removal eff. 

And solids 

    

Cake solids %TS 28 30.0 20% and 25% for raw PS & 

WAS; 18% and 23% for 

anaerobic PS & WAS, 17% and 

20% for WAS only or aerobically 

digested WAS or aerobically 

digested WAS & PS  

Capture Rate % 90 95 From MOP 8 pg. 24-36 range = 

85-95% 

Operating Cost         

Hydraulic head ft 0     

Pump efficiency % 60 85   

Pumping headloss ft 0     

Operating hours per day  hr 8     

2 m belt installed hp hp 10   From MOP 8 pg. 24-41, 2.5 m 

belt typically requires 10 hp  

Conveyor installed hp  hp 5     

Energy usage hp 5.0   2 m belt size required based on 

solids loading rate and 8 hours a 

day operating schedule. Installed 

hp of belt is 10 hp. Operating 8 

hours a day, daily energy usage is 

3.3 hp. Installed hp of conveyor 

is 5 hp. Operating 8 hours a day, 

daily energy usage is 1.7.  

Dewatering Post Digestion         

Operational         

Specify solids removal by 

setting 

  removal eff. 

And solid 

    

Underflow solids %TS 30.0% 30.0% CAMBI Experience and 

Information 
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Item Units Typical Optimized Remarks/References/Basis 

Capture Rate   0.95 0.98 reference for centrifuge: personal 

communication with Andritz' 

Tanya Leblanc 

Operating Cost         

Hydraulic head ft 50     

Pump efficiency % 60 85   

Pumping headloss ft 0     

Energy use kWh/ton 

TS 

23.0   personal communication with 

Andritz's David Smith 

Loading Rate  lb/day 8,689   GPS-X 

  Tons/day 4     

Misc. energy use 

(Centrifuge) 

kWh/day 100   20 hp for belt; reference for 

centrifuge: personal 

communication with Andritz's 

David Smith 

Misc. energy use 

(Centrifuge) 

hp 6   19 hp for belt; reference for 

centrifuge: personal 

communication with David Smith 

Misc. energy use 

(Conveyor) 

hp 2   From Cheapet and GPS-X Input 

Master.xlsx 

Misc. energy use (Total)  hp 7   Includes Centrifuge and Cake 

Conveyance 

Hydraulic head ft 30     

Pump efficiency % 60 85   

Pumping headloss ft 0     

Sidestream Pump         

Operational          

Avg. daily pumped flow rate MGD 0     

Operating Cost         

Pump efficiency % 60 85   
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Pioneering – WAS Pretreatment 

Item Units Typical Optimized Remarks/References/Basis 

Influent Wastewater Pumping      

Operating Cost      

Total Dynamic Head ft 40    

Pump Efficiency % 60 85   

Pumping headloss ft 0    

Headworks (Screening and Grit Removal)  

Screens      

Number of Screens Online No. 2 2 Assume individual channels per 

influent pump 

Screen Power Input (per 

unit) 

hp 2 2 Typically nominal (assume 2hp) 

Estimated Operating Time hrs/day 4 4 Timer 5 min on/25 min off: 

4 hours 

Grit Removal      

Number of Grit Removal 

Units Online 

No. 1 1 1 aerated for typical and 1 

vortex for "best practice" 

Grit Unit Power Input (per 

unit) 

hp 33.5 4.6 From Kevin Frank (Aerated 

grit) & Robert Pape (Vortex) 

Estimated Operating Time hrs/day 24 24 24 hours/day 

Total Energy Use hp 34.2 5.3 From Kevin Frank  

Primary Clarifiers      

Physical      

Surface Area sf 10,000  Use 1000 for average flow, 

based on 10 States Standards, pg 

70-2 A = Q/SOR = 

10,000,000/1,000 = 10,000 sqft 

Depth ft 10    

Operational      

Pumped flow MGD 0.074 0.100   

Removal efficiency % 60 70 From MOP 8 – Table 12.1 

typical range = 50-70% 

Operating Cost      

Hydraulic Head ft 30    

Pump efficiency % 60 85   

Miscellaneous energy use hp 5  Nominal. From Jim F. 

Biological Process Reactor      

SRT days 10.7  increased until nitrification 

achieved  

Physical      

No. of tanks in series  6    

Tank Depth ft 15    
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Item Units Typical Optimized Remarks/References/Basis 

Max. Volume MG 4.7    

Volume fraction 1  0.014  basis? 

Volume fraction 2  0.130    

Volume fraction 3  0.148    

Volume fraction 4  0.148    

Volume fraction 5  0.280    

Volume fraction 6  0.280    

Operational      

Aeration Method  Diffused 

aeration 

   

Specify Oxygen transfer by  Using a DO 

Controller 

   

Diffuser Type  Fine Bubble    

Alpha factor 1  0.6  Ref: Rosso Table 1 

Alpha factor 2  0.6  Ref: Rosso Table 1 

Alpha factor 3  0.7  Ref: Rosso Table 1 

Alpha factor 4  0.7  Ref: Rosso Table 1 

Alpha factor 5  0.8  Ref: Rosso Table 1 

Alpha factor 6  0.8  Ref: Rosso Table 1 

Fouling constant  0.60 0.95   

Standard oxygen transfer 

efficiency 

 0.28  Assumed 2% per ft of 

submergence from MOP8 

Height of diffuser from 

floor 

ft 1.00    

DO setpoint 1 mg/L 0.00    

DO setpoint 2 mg/L 0.00    

DO setpoint 3 mg/L 0.00    

DO setpoint 4 mg/L 0.00    

DO setpoint 5 mg/L 2.00    

DO setpoint 6 mg/L 2.00    

Influent fractions 1  0.00    

Influent fractions 2  0.80    

Influent fractions 3  0.20    

Influent fractions 4  0.00    

Influent fractions 5  0.00    

Influent fractions 6  0.00    

Internal recycle 1  40 MGD from 

zone 6 to 

zone 3 

   

Internal recycle 2  0 MGD from 

zone 4 to 

zone 1 
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Item Units Typical Optimized Remarks/References/Basis 

Kinetic      

Sat. coeff. For Sac mgCOD/

L 

1.00    

Reduction factor for denit. 

On nitrate 

 0.64    

Reduction factor for denit. 

On nitrite (2-stage) 

 0.96    

Reduction factor for denit. 

On nitrite (4-stage) 

 0.32    

Sat. coeff. For nitrate mgN/L 0.20    

Sat. coeff. For nitrite mgN/L 0.40    

Operating Cost      

Combined blower/motor 

efficiency 

 70.00 80.00   

Pressure drop in inlet filters 

and piping to blower 

psi 0.25    

Pressure drop in piping and 

diffuser 

psi 2.5    

Hydraulic head  ft 0    

Pump efficiency % 60 85   

Internal recycle hydraulic 

head  

ft 10    

Internal recycle pump 

efficiency 

% 60 85   

Misc. energy use 

(mixers, etc.) 

hp 90 14.50   

Carbon Addition      

Carbon  acetic acid    

Flow gph 25.00  adjusted to reach target effluent 

nutrient concentration 

Final Clarifier      

Typical Effluent TSS mg/L 6  10-15 conventional, 6-10 BNR, 

5-7 mg/L per MOP 8 page 14-

265 

Physical      

Clarifier type  flat bottom    

Physical feedpoint from 

bottom 

ft 7    

Surface area  sf 17,000  Use SLR of 600, based on 10 

State Standards and peaking 

factor of 2 (1200/2) 

Water depth ft 12    
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Item Units Typical Optimized Remarks/References/Basis 

Operational      

Proportional recycle  ON    

Proportional to stream   PE    

RAS recycle fraction   0.4  25% of influent flow 

conventional; up to 100% BNR 

WAS pumped flow  MGD 0.1    

Settling      

Flocculant zone settling 

parameter 

L/mgTSS 0.1  adjusted to reduce effluent TN – 

check basis 

Non-settleable fraction   0.01  adjusted to reduce effluent TN – 

check basis 

Max. non-settleable solids mgTSS/L 8.0  adjusted to reduce effluent TN – 

check basis 

Operating Cost      

WAS hydraulic head ft 45.0    

WAS pump efficiency  % 60    

RAS hydraulic head ft 25    

RAS pump efficiency  % 60 85   

Misc. energy use hp 5  minimal, from Jim F. 

Gravity Thickener       

Physical      

Surface area sf 5,000  oversized 

Depth ft 10    

Operational      

Thickened Sludge 

Concentration 

%TS 5 7 revised 04/09/2013 – consensus 

that published values are too 

optimistic, now using 5% for 

typical and 7% for best practice 

Operational pumped flow MGD 0.026  adjusted to reach target 

thickened %TS 

Removal efficiency – PS 

only 

% 90 92 90, 92 for PS only; 85, 90 for PS 

& WAS; from M&E Table 14-

48 

Operating Cost      

Hydraulic head ft 40    

Pump efficiency % 60 85   

Miscellaneous energy use hp 1  Assumes normal operation (2 

thickeners online), from Figure 

8.2 in Solids Process Design & 

Management, annual power 

consumption of 3500 kWh/yr 

based on area of both GTs 



 

A Guide to Net-Zero Energy Solutions for Water Resource Recovery Facilities B-129 

Item Units Typical Optimized Remarks/References/Basis 

Mechanical Thickener      

Operational      

Specify solids removal by 

setting 

 removal eff. 

And solid 

   

Underflow solids %TS 5% 6% From MOP 8 Table 23.12 range 

= 4-6 

Removal efficiency  0.95 0.98 From MOP 8 pg 23-63 range = 

90- 98 

Operating Cost      

Hydraulic head ft 50    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Misc. energy use hp 8.5    

Anaerobic Digester      

Physical      

Maximum volume MG 0.80    

Maximum volume 1000 cf 106.94    

Headspace volume MG 0.10  10% of digester volume 

Floor drop below ground ft 5    

Operating Cost      

Hydraulic head ft 30    

Pump efficiency % 60 85   

Misc. power use hp 88 7.8 Based on Neil Massart's 

WEFTEC 08 Anaerobic 

Digestion Mixing Paper , Table 

4: 0.2-1.0hp/1000 cf. For 

100,000 cf digester, average 

mixing energy is 60, hydro-disk 

= 0.05 hp per 1000cf hp. 

Misc power use calc hp 64 5.3   

Digester heating requirement      

Heat exchanger efficiency % 90 95   

Energy Recovery options      

Heat recovery for CHP % 40 45 MOP-8 (Table 25.27), GE & 

MWM literature 

Electricity recovery for 

CHP 

% 33.25 39.90 GE & MWM literature (include 

5% parasitic load) 

Efficiency of Flare % 95 98 From WERF/EPA Flare 

Efficiency Estimator 

Dewatering (Belt filter press)      

Operational Parameters      

Specify solids removal by 

setting  

%TS removal eff. 

And solids 
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Item Units Typical Optimized Remarks/References/Basis 

Cake solids %TS 18 23 20% and 25% for raw PS & 

WAS; 18% and 23% for 

anaerobic PS & WAS, 17% and 

20% for WAS only or 

aerobically digested WAS or 

aerobically digested WAS & PS  

Capture Rate % 90 95 From MOP 8 pg. 24-36 range = 

85-95% 

Operating Cost      

Hydraulic head ft 0    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Operating hours per day  hr 8    

2 m belt installed hp hp 10  From MOP 8 pg. 24-41, 2.5 m 

belt typically requires 10 hp  

Conveyor installed hp  hp 5    

Energy usage hp 5.0  2 m belt size required based on 

solids loading rate and 8 hours a 

day operating schedule. 

Installed hp of belt is 10 hp. 

Operating 8 hours a day, daily 

energy usage is 3.3 hp. Installed 

hp of conveyor is 5 hp. 

Operating 8 hours a day, daily 

energy usage is 1.7.  

Sidestream Pump      

Operational       

Avg. daily pumped flow 

rate 

MGD 0    

Operating Cost      

Pump efficiency % 60 85   
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Pioneering – Acid Phase DIG 

Item Units Typical Optimized Remarks/References/Basis 

Influent Wastewater Pumping      

Operating Cost      

Total Dynamic Head ft 40    

Pump Efficiency % 60 85   

Pumping headloss ft 0    

Headworks (Screening and Grit Removal)  

Screens      

Number of Screens Online No. 2 2 Assume individual channels per 

influent pump 

Screen Power Input 

(per unit) 

hp 2 2 Typically nominal (assume 2hp) 

Estimated Operating Time hrs/day 4 4 Timer 5 min on/25 min off: 

4 hours 

Grit Removal      

Number of Grit Removal 

Units Online 

No. 1 1 1 aerated for typical and 1 

vortex for "best practice" 

Grit Unit Power Input 

(per unit) 

hp 33.5 4.6 From Kevin Frank (Aerated 

grit) & Robert Pape (Vortex) 

Estimated Operating Time hrs/day 24 24 24 hours/day 

Total Energy Use hp 34.2 5.3 From Kevin Frank  

Primary Clarifiers      

Physical      

Surface Area sf 10,000  Use 1000 for average flow, 

based on 10 States Standards, 

pg 70-2 A = Q/SOR = 

10,000,000/1,000 = 10,000 sqft 

Depth ft 10    

Operational      

Pumped flow MGD 0.074 0.100   

Removal efficiency % 60 70 From MOP 8 – Table 12.1 

typical range = 50-70% 

Operating Cost      

Hydraulic Head ft 30    

Pump efficiency % 60 85   

Miscellaneous energy use hp 5  Nominal. From Jim F. 

Biological Process Reactor      

SRT days 10.7  increased until nitrification 

achieved  

Physical      

No. of tanks in series  6    

Tank Depth ft 15    
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Item Units Typical Optimized Remarks/References/Basis 

Max. Volume MG 4.7    

Volume fraction 1  0.014  basis? 

Volume fraction 2  0.130    

Volume fraction 3  0.148    

Volume fraction 4  0.148    

Volume fraction 5  0.280    

Volume fraction 6  0.280    

Operational      

Aeration Method  Diffused 

aeration 

   

Specify Oxygen transfer by  Using a DO 

Controller 

   

Diffuser Type  Fine Bubble    

Alpha factor 1  0.6  Ref: Rosso Table 1 

Alpha factor 2  0.6  Ref: Rosso Table 1 

Alpha factor 3  0.7  Ref: Rosso Table 1 

Alpha factor 4  0.7  Ref: Rosso Table 1 

Alpha factor 5  0.8  Ref: Rosso Table 1 

Alpha factor 6  0.8  Ref: Rosso Table 1 

Fouling constant  0.60 0.95   

Standard oxygen transfer 

efficiency 

 0.28  Assumed 2% per ft of 

submergence from MOP8 

Height of diffuser from floor ft 1.00    

DO setpoint 1 mg/L 0.00    

DO setpoint 2 mg/L 0.00    

DO setpoint 3 mg/L 0.00    

DO setpoint 4 mg/L 0.00    

DO setpoint 5 mg/L 2.00    

DO setpoint 6 mg/L 2.00    

Influent fractions 1  0.00    

Influent fractions 2  0.80    

Influent fractions 3  0.20    

Influent fractions 4  0.00    

Influent fractions 5  0.00    

Influent fractions 6  0.00    

Internal recycle 1  40 MGD from 

zone 6 to zone 

3 

   

Internal recycle 2  0 MGD from 

zone 4 to zone 

1 
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Item Units Typical Optimized Remarks/References/Basis 

Kinetic      

Sat. coeff. For Sac mgCOD/

L 

1.00    

Reduction factor for denit. 

On nitrate 

 0.64    

Reduction factor for denit. 

On nitrite (2-stage) 

 0.96    

Reduction factor for denit. 

On nitrite (4-stage) 

 0.32    

Sat. coeff. For nitrate mgN/L 0.20    

Sat. coeff. For nitrite mgN/L 0.40    

Operating Cost      

Combined blower/motor 

efficiency 

 70.00 80.00   

Pressure drop in inlet filters 

and piping to blower 

psi 0.25    

Pressure drop in piping and 

diffuser 

psi 2.5    

Hydraulic head  ft 0    

Pump efficiency % 60 85   

Internal recycle hydraulic 

head  

ft 10    

Internal recycle pump 

efficiency 

% 60 85   

Misc. energy use (mixers, 

etc.) 

hp 90 14.50   

Carbon Addition      

Carbon  acetic acid    

Flow gph 25.00  adjusted to reach target effluent 

nutrient concentration 

Final Clarifier      

Typical Effluent TSS mg/L 6  10-15 conventional, 6-10 BNR, 

5-7 mg/L per MOP 8 page 14-

265 

Physical      

Clarifier type  flat bottom    

Physical feedpoint from 

bottom 

ft 7    

Surface area  sf 17,000  Use SLR of 600, based on 10 

State Standards and peaking 

factor of 2 (1200/2) 

Water depth ft 12    
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Item Units Typical Optimized Remarks/References/Basis 

Operational      

Proportional recycle  ON    

Proportional to stream   PE    

RAS recycle fraction   0.4  25% of influent flow 

conventional; up to 100% BNR 

WAS pumped flow  MGD 0.1    

Settling      

Flocculant zone settling 

parameter 

L/mgTSS 0.1  adjusted to reduce effluent TN –

check basis 

Non-settleable fraction   0.01  adjusted to reduce effluent TN – 

check basis 

Max. non-settleable solids mgTSS/L 8.0  adjusted to reduce effluent TN – 

check basis 

Operating Cost      

WAS hydraulic head ft 45.0    

WAS pump efficiency  % 60    

RAS hydraulic head ft 25    

RAS pump efficiency  % 60 85   

Misc. energy use hp 5  minimal, from Jim F. 

Gravity Thickener       

Physical      

Surface area sf 5,000  oversized 

Depth ft 10    

Operational      

Thickened Sludge 

Concentration 

%TS 5 7 revised 04/09/2013 – consensus 

that published values are too 

optimistic, now using 5% for 

typical and 7% for best practice 

Operational pumped flow MGD 0.026  adjusted to reach target 

thickened %TS 

Removal efficiency – PS 

only 

% 90 92 90, 92 for PS only; 85, 90 for 

PS & WAS; from M&E Table 

14-48 

Operating Cost      

Hydraulic head ft 40    

Pump efficiency % 60 85   

Miscellaneous energy use hp 1  Assumes normal operation 

(2 thickeners online), from Figure 

8.2 in Solids Process Design & 

Management, annual power 

consumption of 3500 kWh/yr 

based on area of both GTs 
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Item Units Typical Optimized Remarks/References/Basis 

Mechanical Thickener      

Operational      

Specify solids removal by 

setting 

 removal eff. 

And solid 

   

Underflow solids %TS 5% 6% From MOP 8 Table 23.12 range 

= 4-6 

Removal efficiency  0.95 0.98 From MOP 8 pg 23-63 range = 

90- 98 

Operating Cost      

Hydraulic head ft 50    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Misc. energy use hp 8.5    

Anaerobic Digester – Acid 

Phase 

     

Physical      

Maximum volume MG 0.05  Based on 1 day SRT 

Maximum volume 1000 cf 6.68    

Headspace volume MG 0.005  10% of digester volume 

Floor drop below ground ft 5    

Operating Cost      

Hydraulic head ft 30    

Pump efficiency % 60 85   

Misc. power use hp   Based on Neil Massart's 

WEFTEC 08 Anaerobic 

Digestion Mixing Paper , Table 

4: 0.2-1.0hp/1000 cf. For 

100,000 cf digester, average 

mixing energy is 60, hydro-disk 

= 0.05 hp per 1000cf hp. 

Misc power use calc hp 4.0 0.3   

Digester heating requirement      

Heat exchanger efficiency % 90 95   

Energy Recovery options      

Heat recovery for CHP % 40 45 MOP-8 (Table 25.27), GE & 

MWM literature 

Electricity recovery for CHP % 33.25 39.90 GE & MWM literature (include 

5% parasitic load) 

Efficiency of Flare % 95 98 From WERF/EPA Flare 

Efficiency Estimator 
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Item Units Typical Optimized Remarks/References/Basis 

Anaerobic Digester – 

Methane Phase 

     

Physical      

Maximum volume MG 0.90  Based on 19 Days SRT 

Maximum volume 1000 cf 120.31    

Headspace volume MG 0.095  10% of digester volume 

Floor drop below ground ft 5    

Operating Cost      

Hydraulic head ft 30    

Pump efficiency % 60 85   

Misc. power use hp   Based on Neil Massart's 

WEFTEC 08 Anaerobic 

Digestion Mixing Paper , Table 

4: 0.2-1.0hp/1000 cf. For 

100,000 cf digester, average 

mixing energy is 60, hydro-disk 

= 0.05 hp per 1000cf hp. 

Misc power use calc hp 72 6.0   

Digester heating requirement      

Heat exchanger efficiency % 90 95   

Energy Recovery options      

Heat recovery for CHP % 40 45 MOP-8 (Table 25.27), GE & 

MWM literature 

Electricity recovery for CHP % 33.25 39.90 GE & MWM literature (include 

5% parasitic load) 

Efficiency of Flare % 95 98 From WERF/EPA Flare 

Efficiency Estimator 

Dewatering (Belt filter press)      

Operational Parameters      

Specify solids removal by 

setting  

%TS removal eff. 

And solids 

   

Cake solids %TS 18 23 20% and 25% for raw PS & 

WAS; 18% and 23% for 

anaerobic PS & WAS, 17% and 

20% for WAS only or 

aerobically digested WAS or 

aerobically digested WAS & PS  

Capture Rate % 90 95 From MOP 8 pg. 24-36 range = 

85-95% 

Operating Cost      

Hydraulic head ft 0    

Pump efficiency % 60 85   

Pumping headloss ft 0    

Operating hours per day  hr 8    
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Item Units Typical Optimized Remarks/References/Basis 

2 m belt installed hp hp 10  From MOP 8 pg. 24-41, 2.5 m 

belt typically requires 10 hp  

Conveyor installed hp  hp 5    

Energy usage hp 5.0  2 m belt size required based on 

solids loading rate and 8 hours a 

day operating schedule. 

Installed hp of belt is 10 hp. 

Operating 8 hours a day, daily 

energy usage is 3.3 hp. Installed 

hp of conveyor is 5 hp. 

Operating 8 hours a day, daily 

energy usage is 1.7.  

Sidestream Pump      

Operational       

Avg. daily pumped flow rate MGD 0    

Operating Cost      

Pump efficiency % 60 85   
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