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Section 1  

INTRODUCTION 

 

1.1 OVERALL PROJECT DESCRIPTION 

 

The New York State Energy Research and Development Authority (NYSERDA) is currently sponsoring a 

research program to evaluate submetering at wastewater treatment plants (WWTPs) throughout New York 

State.  The purpose of the monitoring is to obtain detailed electric power usage information through 

submetering various unit processes and equipment and to determine if that information is a cost-effective 

tool for identifying energy conservation measures.  In addition to evaluating the usefulness of submetering, 

a secondary goal of the program is to identify and evaluate energy cost savings measures at WWTPs and 

make the findings available to other facilities in New York State. 

 

Although the City of Ithaca has been proactive in implementing energy-saving measures at its Ithaca Area 

Wastewater Treatment Facility (IAWWTF), energy-saving opportunities may still exist. Therefore, the City 

of Ithaca agreed to participate in this submetering study as conducted by the Research Team of Malcolm 

Pirnie and Siemens Building Technology. 

 

1.2 FACILITY BACKGROUND 

 

The IAWWTF was built in the mid-1980s and serves the City and Town of Ithaca, including Cornell 

University and Ithaca College.  There is only one significant industrial user: Emerson Power Transmission 

Corporation.  The remainder of the wastewater is residential; however, wastewater flow does include 

discharge from Cornell University.  Discharge from Cornell University varies based on the school 

schedule, with the number of students on campus increasing significantly in late-August and early-

September.  The IAWWTF handled an average wastewater flow of 6.8 million gallons per day (MGD), 

peaking up to 16.7  MGD during 2002 and 2003. 

 

The IAWWTF is fed electric power at 13.2 kilovolts (kV), which is immediately stepped down to 480 volts 

(V) three phase. The electric energy demand at the plant is approximately 450 kilowatts (kW) on average. 

The facility has one 800-kW stand-by generator powered by diesel fuel. The generator is located 

immediately next to the substation and has sufficient capacity to power the entire plant, if necessary. 

 

The treatment processes at the IAWWTF include the following: 

 

• Preliminary treatment, including mechanically-cleaned bar screens. 

• Primary clarification. 
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• Secondary biological treatment with activated sludge aeration followed by final clarification. 

• Disinfection using sodium hypochlorite. 

• Dechlorination using sulfur dioxide gas. 

• Solids handling consisting of sludge thickening (gravity thickeners), digestion, and sludge 
dewatering using a belt filter press, followed by landfilling.  

 

The City is voluntarily installing tertiary treatment facilities, based on the potential that the New York State 

Department of Environmental Conservation (NYSDEC) may impose more stringent effluent requirements 

for phosphorus removal in five to ten years. The tertiary treatment facility is a high-rate enhanced 

clarification system (Actiflo®). 

 

1.3 SCOPE AND OBJECTIVES 

 

This study involved the following activities as part of the overall electric and natural gas energy usage 

evaluation and electric submetering program: 

 

1.3.1 Review of Historical Plant Performance and Energy Usage Data  

 
Data were obtained from the IAWWTF to establish a baseline for plant performance and energy usage at 

the IAWWTF.  The baseline was established to separate improvements related to power savings from those 

that result from exogenous effects, such as changes in influent water quality, seasonal, and weekly cycles, 

and/or energy market changes. 

 

Data obtained from the IAWWTF included: 

• Average, minimum, and maximum daily flow. 

• Influent, primary effluent, and final effluent total suspended solids (TSS) and biochemical oxygen 

demand (BOD5) concentrations. 

• Mixed liquor suspended solids (MLSS). 

• Primary sludge quantities. 

• Return activated sludge (RAS) flow and solids content. 

• Waste activated sludge (WAS) flow. 

• Digester feed sludge quantities and total and volatile solids percentage. 

• Digested sludge quantities and total and volatile solids percentage.  

• Digester gas production. 

• Historical electric energy usage, including available time-of-use monitoring data, two years of 

utility bills, and any process changes recently undertaken or contemplated. 
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• Recent energy consumption data for non-electric accounts, including natural gas, diesel and 

digester gas, etc. 

• Preventive and corrective maintenance records. 

 

1.3.2 Electric Submetering  

 

Continuous submetering and instantaneous power draw measurements were completed to assess the typical 

electric energy usage of some of the larger motors (greater than 5 horsepower [hp]) at the IAWWTF.  

Continuous submetering locations were selected based on information gathered during the site energy audit 

such that the larger and more energy-intensive motors could be metered.  Instantaneous power draw 

measurements were also obtained on additional motors, particularly those that operated on a set schedule at 

a constant speed.   

 

The continuous submetering data were used to capture diurnal variations in electric energy demand for 

major pieces of equipment, as well as to provide a representative sample of electric energy usage and 

demand as equipment cycles on and off.  The following data were recorded at each location: 

 

• Load factor. 

• Power factor. 

• Demand (kW). 

• Usage (kWh). 

 

Instantaneous submetering was conducted during a one-day site visit and the data were used to verify 

expected energy demand at the facility, as well as monitor changes in demand as equipment is cycled on 

and off.  

 

In addition, process data were collected and evaluated for the duration of the submetering period including: 

• Aeration system operations. 

• Digester gas fueled co-generator operations. 

 

For the aeration system operations evaluation, data collected included: 

• Secondary influent flow, in hourly increments. 

• Secondary influent BOD5 and ammonia concentrations, grab samples in bi-hourly increments (for 

48 hours). 
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• Aeration basins dissolved oxygen (DO) concentrations, at hourly intervals. 

• Blower airflow and pressure. 

 

For the digester gas fueled co-generator operations evaluation, data collected included: 

• Operating hours for the digester gas fueled co-generators. 

• Digester gas production and usage (by co-generators and boilers). 

• Electric energy production. 

 

The process data collected were used to correlate electric energy usage to equipment operation and process 

performance, and to evaluate energy savings opportunities through equipment replacement or modification 

(Section 5) and through operational changes (Section 6).  The data will also be used to establish basic 

energy performance measures (metrics) for comparison of energy usage at the IAWWTF to that of other 

WWTPs in New York State. 

 

1.3.3 Identification of Energy Saving Opportunities through Equipment Replacement or 

 Modification 

 

Energy savings opportunities resulting from equipment replacement and/or process modification were 

identified based on a review of the submetering data.  Although, some of these opportunities may consume 

more energy than existing processes, they may also serve to improve treatment at the plant, thereby saving 

operational dollars in the facility’s overall budget. 

 

1.3.4 Identification of Energy Savings Opportunities through Operational Changes 

 

The submetering data were further reviewed to assess the impact of demand throughout the course of the 

day and examined for energy savings opportunities through load shifting, peak shaving, and greater use of 

real-time data in energy-related decision-making. 

 

Load shifting involves changing the time of use of certain loads to reduce the total facility electric energy 

demand during peak periods in an attempt to reduce electric energy demand charges.   Peak shaving is the 

practice of dispatching on-site generating assets to reduce dependence on the grid during peak electric 

energy demand periods.  Existing on-site generating assets at the IAWWTF were evaluated to identify 

potential curtailable loads.   

 

This report summarizes the data evaluation and offers recommendations for opportunities to reduce energy 

usage and thereby reduce costs at the IAWWTF. 
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Section 2  

CURRENT AND HISTORICAL OPERATIONS 

 

This section presents a brief description of the existing treatment processes at the Ithaca Area Wastewater 

Treatment Facility (IAWWTF), historical implementation of energy saving measures, and the resulting 

effect on effluent quality (if any). 

 

2.1 EXISTING TREATMENT PROCESSES 

 

FIGURE 2-1 presents the process flow diagram for the wet stream and solids handling process trains at the 

IAWWTF.  A brief description of the unit treatment processes that are currently employed at the plant is 

presented below. 

 

2.1.1 Preliminary Treatment 

 

Preliminary treatment at the IAWWTF is accomplished through the use of two mechanically-cleaned bar 

screens.  The bar screen rakes generally operate automatically once per hour.  During higher flow rates, the 

rakes are manually set to operate more frequently. 

 

2.1.2  Influent Wastewater Pumping 

 

Wastewater enters the facility at the main pump building.  There are five influent pumps in the main pump 

building, three of which have variable frequency drives (VFDs).  The pumps are operated to maintain wet 

well level.  During average flow conditions, only one pump with VFD is operated.  During high flow 

conditions, two or three pumps with VFDs are operated (dependent on flow conditions).  Flow conditions 

rarely occur where more than three pumps are required to be in operation at the same time. 

 

2.1.3 Primary Treatment 

 

Primary treatment consists of two rectangular primary settling tanks, each with approximately 1 million 

gallons (MG) of volume.  There are three primary sludge pumps, each equipped with a VFD.  During 

average flow conditions, two of the three pumps are typically operated.  The grit removal facilities consist 

of a primary sludge degritter.  
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FIGURE 2-1
PROCESS FLOW SCHEME
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2.1.4 Secondary Treatment 

 

Secondary treatment consists of four aeration basins, each having 0.5 MG of volume and a fine bubble 

diffuser system.  There are four centrifugal blowers, each 125 horsepower (hp).  Previously, dissolved 

oxygen (DO) probes automatically controlled the blowers.  However, the blowers are now controlled 

manually by adjusting the blower inlets based on readings from the DO meters.  The aeration basins are 

operated in plug flow mode.  

 

From the aeration basins, wastewater continues to the final clarifiers.  There are four rectangular final 

clarifiers, each with 0.5 MG of volume and fiberglass and plastic chain and flights.  Settled sludge is either 

returned as returned activated sludge (RAS) to the aeration basins or wasted as waste activated sludge 

(WAS) to the gravity thickeners. 

 

2.1.5 Tertiary Treatment 

 

There are no tertiary facilities currently at the IAWWTF.  However, because the City foresees that the New 

York State Department of Environmental Conservation (NYSDEC) may impose more stringent effluent 

phosphorus requirements for IAWWTF discharge in five to ten years, the City currently is voluntarily 

installing tertiary treatment facilities.   The tertiary system under construction is Actiflo®, which is a high-

rate clarification system that uses microsand-enhanced flocculation and settling.  

 

2.1.6 Chlorine Disinfection 

 

Disinfection occurs in the outfall pipe and uses 10% to 15% solution sodium hypochlorite.  Dechlorination 

uses sulfur dioxide gas and is located in the dechlorination building approximately 2,400 feet north of the 

IAWWTF. 

 

2.1.7        Solids Handling 

 

Primary and secondary sludge is blended and pumped to two gravity thickeners.  The thickened sludge is 

then pumped to the two digesters that operate as two-stage (in series).  The primary digester has a volume 

of 1.3 MG and the secondary digester has a volume of 1.1 MG.  Pearth gas mixing is used in both the 

primary and secondary digesters.  The secondary digester is mixed once per week, so generally, it is 

stratified.  Also, there is a floating gas cover on the secondary digester for digester gas storage.  Digester 

gas is primarily used to run two co-generators, each 110-kilowatt (kW) capacity. 
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Digested sludge is pumped to the belt filter press.  There is one 2-meter belt filter press that is operated five 

days per week (during the day shift only).  Solids percentage into the press ranges between approximately 

3% and 4%.  Solids percentage leaving the press is 20% at a minimum to meet landfillng requirements, and 

typically averages 22%.  In the summer, solids  percentage peaks at approximately 24%.  From the belt 

filter press, sludge cake is landfilled. 

 

The IAWWTF is staffed from approximately 7:30 AM to 4:30 PM, five days per week (Monday through 

Friday), and from 7:30 AM to 3:00 PM on Saturday and Sunday.  As the facility is equipped with panel 

alarms, it is not staffed in shifts. 

 

2.2 HISTORICAL ENERGY USAGE AND UTILITY BILLING 

 

A number of capital investment projects are either ongoing or have occurred in the past five years. 

 

• A new belt filter press was installed in 2000. 

• A fifth influent pump was installed in 2001. 

• VFDs were installed on three influent pumps, three primary sludge pumps, one heat exchanger 

pump, two waste sludge pumps, three belt press feed pumps, and one belt press pump. 

• One boiler has been rebuilt. 

• Primary settling tank chains and flights replaced with plastic and fiberglass. 

 

These projects are being/were implemented with the goals of improving the treatment processes and 

improving energy efficiency. 

 

Monthly data on electric energy usage and billing (New York State Electric and Gas Corporation [NYSEG] 

and Advantage Energy) were obtained from the IAWWTF for 2002 and 2003, except May 2002 for which 

the data were unavailable.  FIGURE 2-2 shows the monthly electric energy demand and usage for 2002 and 

2003.  Billing for the IAWWTF is based on the kW demand and kWh usage.  The digester gas co-

generators produce electric energy that is fed back into the facility’s power grid for electric energy usage 

therefore reducing the billed usage. 

 

The 2003 data set shows a slight decrease in electric energy demand and an increase in electric energy 

usage from the 2002 data set, with a decrease of 1.7% in average electric energy demand and a 2.8% 

increase in annual electric energy usage.  It should be noted that the comparison of the electric energy 

demand and usage for the 2002 and 2003 dataset does not include the month of May 2002.  FIGURES 2-3 

and 2-4 illustrate the change in electric energy demand and usage, respectively, for 2002 through 2003.  In 

combination with the electric rate increase, this resulted in a 7.9% increase in electric power charges (up 
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FIGURE 2-2
ELECTRIC DEMAND 

AND USAGE 
(2002 to 2003)

NYSERDA MUNICIPAL WASTEWATER TREATMENT PLANT ENERGY EVALUATION
ITHACA AREA WASTEWATER TREATMENT FACILITY

Average Electric Demand (2002) = 455 kW
Average Electric Demand (2003) = 447 kW
Total Electric Usage (2002) = 2,340,000 kWh
Total Electric Usage (2003) = 2,404,800 kWh

Notes: 
(1) Data for May 2002 was unavailable.
(2) Does not include electric energy produced by 
the digester gas co-generators.
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FIGURE 2-4
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from $203,324 in 2002 at an average cost of $0.08 per kWh to $220,876 in 2003 at an average cost of $0.09 

per kWh).  However, it is noted that May 2002 electric energy demand, usage, and costs are missing and 

are not accounted for in the comparison.  Hourly demand data are not available for the IAWWTF.  

 

2.3 NATURAL GAS SUMMARY 

 

FIGURE 2-5 shows a monthly comparison of natural gas usage and average temperatures for 2002 and 

2003.  Monthly data on natural gas usage and billing (NYSEG and Advantage Energy) were obtained from 

the IAWWTF for 2002 and 2003, except May 2002 which was not available.  Average monthly 

temperatures were obtained from the National Weather Service-Binghamton, NY website.  It can be seen 

that during winter months (lower temperature), the quantity of natural gas delivered was higher than in 

months with higher temperatures, as expected.   The average temperature for 2002 was 47.2 degrees 

Fahrenheit (oF) with a total usage of 128,684 therms at an average rate of $0.90 per therm and a total cost 

of $117,129.  The average temperature for 2003 was 44.8 oF with a total usage of 139,842 therms at an 

average rate of $0.87 per therm and a total cost of $115,190.  Due to a decrease in the natural gas rate, an 

8.7% increase in the amount of natural gas delivered from 2002 to 2003 resulted in a 1.7% reduction in the 

total cost.  However, it should be noted that the comparison of the monthly natural gas usage for the 2002 

and 2003 dataset does not include the month of May 2002 as that data was unavailable.  In addition to the 

natural gas usage, the generated digester gas is used to produce electric energy and used in boilers to heat 

the plant.  It is seen on FIGURE 2-5 that even as the outdoor temperature increases during the months of 

February through April of both 2002 and 2003, there is also an increase in the natural gas usage.  Plant staff 

indicated this may be related to annual digester maintenance performed in spring and reduced digester gas 

production during this time frame that contribute to increased natural gas usage.  

 

Total plant natural gas usage on a per square foot basis can be calculated as a benchmark performance 

parameter by dividing the annual gas usage by the square footage of the buildings.  The IAWWTF 

estimates that there is approximately 56,514 square feet of area spread over six buildings and six galleys.  

The estimated natural gas usage per square foot of the plant averaged approximately 2.3 therms per square 

foot in 2002 and 2.5 therms per square foot in 2003. 

 

2.4 SUMMARY OF ENERGY COSTS 

 

TABLE 2-1 summarizes the energy costs for 2002 and 2003 based on data provided by plant personnel. 
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FIGURE 2-5
NATURAL GAS USAGE 
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Table 2-1: Summary of Energy Costs 

Year 2002 2003 Average 

Average Flow (MGD) 6.48 7.03 6.75 

Annual Usage (kWh) - Billed 2,340,000 2,404,800 2,372,400 

Estimated Co-generator Production (kWh) 1,112,156 1,112,156 1,112,156 

Total Estimated Annual Usage (kWh) 3,452,156 3,516,956 3,484,556 

Rate ($/kWh) (1) $0.08 $0.09 $0.09 

Annual Costs (1) $203,324 $220,876 $212,100 

Average Usage (kWh per MG) 1,460 1,371 1,416 

Electricity 

Average Costs ($ per MGD) (1) $85.99 $86.11 $86.05 

Annual Usage (Therms) 128,684 139,842 134,263 

Rate ($/Therms) $0.90 $0.87 $0.88 

Annual Costs $117,129 $115,190 $116,159 

Average Usage (Therms per MG) 54 55 55 

Natural Gas 

Average Costs ($ per MGD) $49.54 $44.91 $47.22 

Total Energy Costs of Electricity and Gas $320,452 $336,066 $328,259 

Total Energy Costs per MGD $135.53 $131.02 $133.27 

Note:  
(1) Electric rates and costs are only for billed usage. 
 

2.5 SUMMARY OF HISTORICAL LOADINGS AND EFFLUENT QUALITY 

 

Monthly plant flows and process data provided by the IAWWTF for 2002 and 2003 is tabulated in TABLE 

2-2. 

Table 2-2: Summary of IAWWTF Performance – Wet Stream Process 

Average 
Wastewater Parameter 

2002 2003 

Influent Plant Flow (MGD) 6.48 7.03 

Influent BOD5 Concentration (mg/L) 194 178 

Influent BOD5 Loading (lb/d) 10,348 10,383 

BOD5 Removal (%) 92.6% 91.3% 

Influent TSS Concentration (mg/L) 196 149 

Influent TSS Loading (lb/d) 10,473 8,568 

TSS Removal (%) 98.7% 98.4% 
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FIGURE 2-6 shows the relationship between influent BOD5 and TSS loadings and plant flow.  There does 

not appear to be a general trend in loadings with respect to flow.  BOD5 and TSS loadings do not appear to 

follow a seasonal pattern.   

 

The IAWWTF has consistently achieved BOD5 and TSS removal efficiencies in excess of 85% and effluent 

concentrations of both parameters are well below the monthly discharge permit limit of 30.0 milligrams per 

liter (mg/L) each.   

 

In order to evaluate the electric energy usage at the IAWWTF, the electric energy usage and demand data 

were compared to IAWWTF flows to observe the effects of varying flows on electric energy usage.   

FIGURES 2-7 and 2-8 show the average monthly plant flows along with electric energy demand and usage, 

respectively.  In general, there appears to be some correlation between the monthly plant flow and electric 

energy demand and usage.  

 

FIGURE 2-9 shows the natural gas consumption along with IAWWTF flows.  From FIGURES 2-9 and 2-

5, it appears that the main factor influencing natural gas consumption is outdoor temperature.  FIGURE 2-

10 shows the monthly digester gas production along with IAWWTF flows.  From the data it appears that 

there is no strong correlation between digester gas production and plant flows. 

 

Based on the historical data, approximately 9,617 and 9,485 pounds of BOD5 per day were removed for the 

years 2002 and 2003, respectively.  Therefore, the estimated electric energy usage per pound of BOD5 

removed for 2002 and 2003 averages at approximately 1.0 kWh per pound of BOD5 removed.  Based on 

the historical data, approximately 10,357 and 8,443 pounds of TSS per day were removed for the years 

2002 and 2003, respectively.  Therefore, the estimated electric energy usage per pound of TSS removed for 

2002 and 2003 averages at approximately 1.02 kWh per lb of TSS removed.  The estimated natural gas 

usage per pound of BOD5 removed averaged at approximately 0.039 therms per pound of BOD5 removed. 
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FIGURE 2-6
INFLUENT TSS AND 

BOD5 LOADING
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FIGURE 2-7
ELECTRIC DEMAND vs 

AVERAGE PLANT FLOW
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FIGURE 2-8
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Note: Data for May 2002 was unavailable.
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FIGURE 2-9
NATURAL GAS USAGE vs 
AVERAGE PLANT FLOW

NYSERDA MUNICIPAL WASTEWATER TREATMENT PLANT ENERGY EVALUATION
ITHACA AREA WASTEWATER TREATMENT FACILITY

Note: Data for May 2002 was unavailable.
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FIGURE 2-10
MONTHLY DIGESTER GAS 

PRODUCTION vs AVERAGE PLANT 
FLOW
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TABLE 2-3 summarizes the performance of the solids handling processes, based on historical data. 

 

Table 2-3: Summary of IAWWTF Solids Handling Processes 

Average Parameter 
2002 2003 

Waste Activated Sludge to Thickeners (MGD) 0.18 0.18 

Septage to Primary Digester (gpd) 15,170 14,373 

Sludge to Primary Digester (gpd) 35,060 39,458 

Pumped Digested Sludge (gpd) 36,886 38,832 

Digester Gas Produced (cu. ft. per day) 52,347 71,362 

Cake Solids (%) 22.4% 21.6% 

Dry cake (tons/day) 6.3 5.7 
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Section 3  
 

ELECTRIC SUBMETERING PROGRAM 
 

3.1 DESCRIPTION OF SUBMETERING PROGRAM AND SUBMETER LOCATIONS 

 

3.1.1 Description of Program 

 

TABLE 3-1 summarizes the motors at the Ithaca Area Wastewater Treatment Facility (IAWWTF) that are 

5 horsepower (hp) or greater.  Submetering was conducted on larger motors to capture data for energy-

intensive processes.  

 

Continuous submetering was conducted through installation of submeters with continuous recording 

electronic data loggers (CREDLs).  Continuous submetering was used to capture diurnal variations in 

electric energy demand for major pieces of equipment, as well as to provide a representative sample of 

electric energy usage and demand as equipment cycles on and off. 

 

Instantaneous submetering was also conducted on representative pieces of equipment, usually those that 

operated at a constant speed according to a set schedule and driven by motors rated at 5 hp or greater.  The 

instantaneous readings and estimated operating hours were then used to estimate total electric energy usage 

for the particular piece of equipment. 

 

3.1.2 Submeter Locations 

 

Based on a plant walk-through and existing plant information, continuously recording submeters were 

installed at a total of nine locations: 

 

• Two meters on the influent pumps, one meter for each of the two influent pumps with variable 

frequency drives (VFDs) that are in operation during normal and most high flow conditions. 

• Two meters on the aeration blowers, one meter for each blower in operation. 

• Two meters on the return activated sludge (RAS) pumps, one meter for each pump with VFD in 

operation. 

• One meter on the solids handling building motor control center (MCC) for the belt filter press. 

• Two meters on the digester gas fueled co-generators, one meter for each co-generator. 

 

The submeters were installed from September 17, 2004 to October 31, 2004.   

 



Process Component Quantity Rated hp
No. of Units 
Typically in 
Operation

Influent Pumps 3 100 2
Influent Pump #1 100 1
Influent Pump #2 100 1
Influent Pumps 2 150 0

Controlled Diversion Pumps 2 60 0

Preliminary Treatment Mechanical Bar Screens 2 5 2

Primary Sludge Pumps #1 and #2 2 7.5 1
Primary Sludge Pump #3 1 10 1

Air Blowers 1 - 4 4 125 2
Air Blower #1 125 1
Air Blower #2 125 1

Return Sludge Pumps 1 - 5 5 20 2
RAS Pump #2 20 1
RAS Pump #5 20 1

H.V. #1 1 7.5 1
H.V. #3 1 20 1
H.V. #4 1 7.5 1
H.V. #5 1 15 1
H.V. #8 1 7.5 1

Exhaust Fan #1 1 5 1
Exhaust Fan #3 1 5 1
Exhaust Fan #5 1 5 1

Exhaust Fan #10 1 5 1
Exhaust Fan #11 1 5 1
Exhaust Fan #12 1 5 1
Exhaust Fan #19 1 7.5 1
Exhaust Fan #26 1 15 1

H.R. Circulation Pump #5 1 5 1
H.R. Circulation Pump #9 1 10 1
H.R. Circulation Pump #11 1 5 1
H.R. Circulation Pump #13 1 7.5 1
H.R. Circulation Pump #16 1 7.5 1

Main H.W. Circulation Pump #1and #2 2 15 1
H.W. Circulation Pump #20 1 5 1

Boiler #1 and #2 2 7.5 1
Main H.W. Circulation Pump #3 1 7.5 1

Digester Gas Co-Generators H.W. Circulation Pump #3, #4,and #5 3 5 2

Heat Exchange Pumps #1 and #2 2 20 1
Septage Pumps #1 and #2 2 20 1

Digester Sludge Pumps #1, #2, and #3 3 7.5 1
Thickened Sludge Pumps 3 7.5 2
Thickener Makeup Pumps 2 20 1

Mixing Compresser #1 and #2 2 40 1
Septage Mixers #1 and #2 2 10 1

Belt Filter Press 1 7.5 1
Primary Scum Box Mixer 1 7.5 1

Wash Water Booster Pump 1 7.5 1
Circulation Pump #1 and #2 2 20 1

Plant Water Effluent Water Pumps #1and #2 2 25 1

Miscellaneous Sump Pumps 8 5 8

Monitored with continuous submeters
Could not access during site visit
Not in Operation
Out of Service
Could not locate motor during walk-through

New York State Energy Research and Development Authority
Municipal Wastewater Treatment Plant Energy Evaluation

Ithaca Area Wastewater Treatment Facility 

Table 3-1 List of Motors over 5 hp

Secondary Treatment

Solids Handling

Heating, Ventilation, and Air 
Conditioning

Wastewater Pumping

Primary Treatment
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3.2 SUMMARY OF SITE AUDIT 

 

A one-day on-site survey was conducted to: 

 

• Document existing equipment, operations and lighting. 

• Finalize the list of opportunities for energy improvements. 

• Finalize the submetering approach. 

 

The submetering locations listed in Section 3.1.2 were finalized as a result of the site audit.  In addition, the 

site survey assessed the existing equipment at the plant with 5-hp or greater motors.  As shown by the data 

in TABLE 3-1, the motors that may use the most electric energy are those on the influent wastewater 

pumps and the aeration system blowers. 

 

3.3 SUMMARY OF CONTINUOUS SUBMETERING 

 

The following sections summarize the results from continuous submetering activities.  Continuous readings 

for total electric energy demand data for the entire plant were not available.   

 

3.3.1 Digester-Gas Fueled Co-generators 

 

There are two 110-kW co-generators that are primarily run using digester gas.  Continuous submeters were 

installed on both digester gas fueled co-generators.  The patterns of electric energy production during the 

submetering period are shown on FIGURE 3-1.  The data illustrate that co-generator 1 was continuously 

operational for the duration of the submetering period except between October 14, 2004 and October 19, 

2004 and co-generator 2 was operational only from the start of the submetering program until October 19, 

2004.  

 

When in operation (electric energy production > 0 kW), the average electric energy production values for 

co-generators 1 and 2 were 101.2 kW (135.5 hp) and 99.3 kW (133.1 hp), respectively.  Typically only one 

co-generator is in operation.  However, if sufficient methane is available, a second co-generator is brought 

online as was the case during the submetering period.  IAWWTF staff also noted that typically one co-

generator operates continuously, while the second co-generator typically operates for approximately 6 

months per year 8 hours per day, although this may vary depending on methane production.                                                                     

 

 

The estimated electric energy produced by the co-generators during the submetering period was 95,335 

kWh and 70,015 kWh, respectively.  The cost savings was estimated based on the 2003 average cost of 
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SUBMETERING - DIGESTER-GAS 

FUELED CO-GENERATORS 1 AND 2
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$0.09 per kWh.  If the numbers obtained during submetering are extrapolated to an entire year, it is 

estimated that approximately 1,354,310 kWh would be the combined electric energy produced by the two 

co-generators per year.  However, based on the information provided by the IAWWTF staff, the second co-

generator only operates approximately 6 months per year, which is not accounted for in the submetering 

period data.  Therefore, a revised electric energy production was estimated at 1,022,000 kWh for the two 

co-generators (one co-generator operating continuously and one co-generator operating 6 months for 8 

hours per day) with an estimated electric energy cost savings of $94,539.  This cost is approximately what 

the IAWWTF saves each year by using digester gas for on-site generation to supplement the electricity 

purchased from NYSEG.  The revised estimated electric energy production by the co-generators was added 

to the billed electric energy usage to estimate the total electric energy usage at the plant.  

 

3.3.2 Influent Pumps 

 

There are three 100-hp and two 150-hp influent pumps in the main pump building, three of which have 

VFDs.  The pumps are operated to maintain a set wet well level.  During average flow conditions, only one 

pump with VFD is operated.  During high flow conditions, two pumps with VFDs are operated.  Flow 

conditions rarely occur where more than three pumps are required to be in operation at the same time. 

Submeters were installed on the two influent pumps with VFDs that are in operation during normal and 

most high flow conditions.  FIGURE 3-2 presents the electric energy demand for influent pumps 1 and 2 

during the continuous submetering period. 

 

FIGURE 3-2 shows that influent pump 2 was operational during the entire submetering period.  A typical 

diurnal pattern is observed in the electric energy demand at this pump.  Influent pump 1 did not operate 

continuously during the submetering period as it is typically in operation only during high flow conditions. 

 

When in operation (electric energy demand > 0 kW), influent pumps 1 and 2 had an average power draw of 

67.2 kW (90 hp) and 56.4 kW (75.6 hp), respectively, during the submetering period.  The estimated 

electric energy usage for influent pumps 1 and 2 during the submetering period was 15,731 kWh and 

60,364 kWh, respectively.  The cost per kWh was estimated based on the 2003 average cost of $0.09 per 

kWh. 

 

If the numbers obtained during submetering are extrapolated to an entire year, it is estimated that 

approximately 623,270 kWh would be the combined electric energy usage of the two influent pumps per 

year, which would account for 18.2% of the total annual electric energy usage (billed and on-site 

generation) with an annual electric energy cost of $57,655.    
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The equivalent electric energy usage of the influent pumping system per million gallon (MG) of wastewater 

treated is approximately 243 kWh per MG.  

 

3.3.3 Aeration System Blowers 

 

There are four aeration basins, each having 0.5 MG of volume and a fine bubble diffuser system.  There are 

four 125-hp centrifugal blowers that supply air to the diffusers.  Typically, two aeration system blowers are 

in operation and were equipped with continuous submeters.  FIGURE 3-3 summarizes the operation of two 

of the four aeration blowers.  Both the submetered aeration blowers were operational during the entire 

submetering period, except for a brief period (30 minutes) on October 1, 2004 due to a power outage at the 

aeration system blowers.  A diurnal pattern is observed in the energy demand of the aeration blowers, 

which is the result of the manual turndown of the blowers following the first shift.  Aeration system 

blowers 1 and 2 had an average electric energy demand of 82.6 kW (110.7 hp) and 84.4 kW (113.1 hp), 

respectively.  When in operation (electric energy demand > 0 kW), the estimated electric energy usage for 

aeration blowers 1 and 2 during the submetering period was 88,326 kWh and 90,210 kWh, respectively.   

 

If the numbers obtained during submetering are extrapolated to an entire year, it is estimated that 

approximately 1,463,545 kWh would be the combined electric energy usage of the two aeration blowers 

per year, which would account for 42.7% of the total annual electric energy usage (billed and on-site 

generation) with an annual electric energy cost of $135,383.    

 

3.3.4       Return Activated Sludge Pumps 

 

There are five return activated sludge (RAS) pumps, of which, typically two pumps with VFDs are in 

operation.  Submeters were installed on the two RAS pumps that are typically in operation.  FIGURE 3-4 

shows the operation of RAS pumps 2 and 5 during the continuous submetering period.  Both the 

submetered RAS pumps were operational during the entire submetering period.   

 

When in operation (electric energy demand > 0 kW), RAS pumps 2 and 5 had an average electric energy 

demand of 12.9 kW (17.2 hp) and 9.6 kW (12.8 hp), respectively.  IAWWTF staff noted that RAS flow is 

maintained at a relatively constant flow rate.  Hence electric energy demand of both the pumps is different 

as they operate at different speeds in order to maintain a constant RAS flow rate.  The estimated electric 

energy usage for RAS pumps 2 and 5 during the submetering period was 13,748 kWh and 10,207 kWh, 

respectively.    

 

If the numbers obtained during submetering are extrapolated to an entire year, it is estimated that 

approximately 196,325 kWh would be the combined electric energy usage of the two RAS pumps per year, 
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which would account for 5.7% of the total annual electric energy usage with an annual electric energy cost 

of $18,161. 

 

3.3.5       Solids Handling Building Belt Filter Press 

 

There is one 7.5-hp belt filter press used for dewatering.  Digested sludge is pumped to the belt filter press.   

A submeter was installed on the solids handling building MCC for the belt filter press.  FIGURE 3-5 shows 

the operation of the belt filter press during the continuous submetering period.  From FIGURE 3-5, it can 

be seen that the belt filter press operates during week days (Monday through Friday) for approximately 8 

hours a day (7 AM to 3 PM). 

 

When in operation (electric energy demand > 1 kW), the belt filter press had an average electric energy 

demand of 7.7 kW (10.3 hp).  The estimated electric energy usage for the belt press during the submetering 

period was 1,340 kWh.   

 

If the numbers obtained during submetering are extrapolated to an entire year, it is estimated that 

approximately 15,999 kWh would be the electric energy usage of the belt filter press per year, which would 

account for 0.5% of the total annual electric energy usage with an annual electric energy cost of $1,480.    

 

3.4 SUMMARY OF INSTANTANEOUS SUBMETERING 

 

Instantaneous power draw measurements were obtained from motors greater than 5 hp at the plant for 

equipment that is either in continuous use or operated on a set schedule.  The data were collected to verify 

electric energy demand at the facility, as well as to monitor changes in electric energy demand as the 

equipment is cycled on and off.   

 

The instantaneous measurements were obtained using hand-held meters.  TABLE 3-2 summarizes the 

instantaneous power draw and estimated operating hours for each piece of equipment over 5 hp. 

 

Based on the instantaneous and continuous submetered power draw measurements, and the estimated 

equipment operating hours provided by plant staff, TABLE 3-3 shows the estimated annual electric energy 

usage and associated costs.  The continuous submetering data were used to estimate electric energy usage 

for the aeration system blowers, influent wastewater pumps, RAS pumps, and solids handling building 

MCC.   
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