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Introduction 
 

Background 

Three percent of the total electricity generated by the electric power industry is consumed by publicly-owned water 
and wastewater utilities (EPRI 1996a).  As time moves on and processes continue to change due to innovation and 
regulatory pressure, utilities are interested in reducing their energy costs through the adoption of energy-efficient 
designs and technologies.  The State of Wisconsin is also interested in reducing energy consumption at wastewater 
utilities in an effort to meet the objectives of the state’s Focus on Energy program. 

Within an activated sludge treatment plant, approximately 70% of the total energy costs for the plant are associated 
with treatment, 20% with pumping, and 10% with building systems.  About 55% of the total energy costs are 
associated with treatment of the liquid flow while 15% of the total costs are associated with sludge treatment.  About 
50% of the total energy costs are spent on secondary treatment, mainly aeration.  Depending on the size of the 
utility, the energy costs associated with pumping in the collection system may also be fairly high.  Therefore, the 
greatest opportunities for significant energy savings involve aeration, sludge treatment, and pumping.  Altering other 
treatment processes may result in minor energy savings.  Table 1 provides a summary of energy consuming 
processes that may be used in a wastewater treatment facility (EPRI 1996a).  Some of the processes and the 
opportunities for energy savings are discussed in the following chapter. 

For small utilities, it may not be economical to spend a few thousand dollars to study energy conservation when the 
facility’s total energy costs are only a few thousand dollars per year.  Large utilities, on the other hand, may be 
willing to spend a considerable amount to reduce their energy bill by 1% or 2%.  Despite the economic advantages 
of lowering the electric bill, other utility objectives must take precedence over energy savings.  They include: 
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Table 1. Summary of energy consuming processes used in a wastewater treatment facility (EPRI 1996a). 

Copyright  1996.  Electric Power Research Institute.  CR-106941.  Water and Wastewater Industries: Characteristics and 
Energy Management Opportunities.  Reprinted with Permission. 

• Meeting daily flow rates. 

• Maintaining water quality. 

• Minimizing capital costs. 

In many cases, the cost savings achieved by reducing energy use are not justified (Walski 1993).  A detailed 
engineering economic analysis of each energy saving option is required to identify which options are the most cost 
effective to implement.  Present worth and payback period analysis are two economic analysis methods that can be 
used in the savings determination (Walski 1993, Arora and LeChevallier 1998). 

Opportunities for energy savings are possible from demand side management.  This includes reducing energy costs 
by shifting power consumption from on-peak to off-peak hours.  Adding storage for off peak/emergency pumping 
and/or pumping capacity may reduce peak pumping.  Efficient pumping programs can save energy by reducing both 
peak demand and total energy use. 

Other energy savings opportunities within the wastewater treatment plant include (EPRI 1996a): 

• Using premium efficiency motors with adjustable speed drives. 

• Using effective instrumentation and control. 

• Managing operations by the efficient use of available storage and high-efficiency pumping units. 

Electrotechnologies 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 Process # Process Name
Sewage pumps X X X X X 1 Wastewater Pumping
Bar Screen Drives X 2 Screens
Comminutors X 3 Grit Removal
Blowers/fans X X X X X X X X 4 Sedimentation
Mechanical Aerators X X X 5 Chemical Treatment
Agitators/mixers X X X X X X X 6 Biological Treatment
Clarifier drives X X X X X 7 Disinfection
Sludge pumps X X X X X X X X X X X 8 Nutrient Removal
Process water pumps X X X X X X X X X X 9 Filtration
Air Compressors X X 10 Solids Thickening
Chemical pumps X X X X X X X X X X 11 Biosolids Stabilization
Chemical mixers X X X X X X X X 12 Solids Conditioning
Conveyors X X X X X X X X X 13 Solids Dewatering
Centrifuges X X 14 Heat Drying
Belt filter press X 15 Air Drying
Process plate press X 16 Thermal Reduction
Drum drives X X X X 17 Odor Control
Vacuum Pumps X X
Hydraulic drives X X X
Evaporators X
Heat dryers X
Grinders X X X X X
Drainage pumps X X X X X X X X X X X
Cranes/hoists X X X X X X
Rabble arm drives X
UV lamps X
Gas compressors X

Process or Operation
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• Operating emergency generators for peak-clipping when no or little storage is available. 

Objective 

Wisconsin Focus on Energy began to include wastewater utilities in its energy reduction program in the Year 2002.  
This report was written to provide a review of energy saving measures that wastewater utilities can use. 
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Energy-Saving Opportunities 

Electric Billing and Audits 

Wastewater utility managers must first understand two key items before defining opportunities for energy savings in 
their utility.  First, these managers need to understand the components of their electric bill and their electric rate 
structure.  Second, these managers need to understand the specific energy consumption characteristics of equipment 
at the plant.  The latter item is usually achieved by conducting an energy audit. 

Electric bill and rate structure  

A list of important items on an electric bill is given in Table 2 (EPRI 1994).  The two key charges on an electric bill 
for a wastewater utility are “energy” charges and “demand” charges.  Energy charges are for total electric use and 
are reported in kilowatt-hours (kWh).  Demand charges are for peak rate of electric use measured within a short 
interval like 15 to 30 minutes and are reported in kilowatts (kW).  Since electricity is not easily stored, electric 
utilities must generate electricity as it is needed.  Therefore, electric utilities invest in generating and distribution 
equipment to supply enough power to meet demand.  Electric utilities must have adequate capacity to supply for 
both quantity (kWh) and power level (kW).  Rates are set to cover the total costs of supplying electricity. 

Electric utilities may use “ratchet charges” to bill wastewater utilities over a 12-month period for maximum demand 
set in a single month.  This creates an incentive for wastewater utilities to find ways of minimizing peak electricity 
demands.  For example, by turning off one blower before turning on another blower, a wastewater utility can 
significantly reduce the peak demand and, thus, the ratchet charge. 
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Table 2. Reference checklist for coding an electric bill (EPRI 1994). 

Copyright  1994.  Electric Power Research Institute.  BR-104028.  Understanding Your Electric Bill.  Reprinted with 
Permission. 

The “power factor” is a measure of how efficiently a motor converts electricity into useful energy and is usually 
presented as a percentage.  The most efficient power factor is 100% and occurs when current and voltage are 
perfectly in phase.  Electric utilities usually issue a penalty for power factors smaller than 90%.  Motors running less 
than fully loaded are the major contributors to poor power factors and to high power factor charges in wastewater 
treatment. 

1 Rate Schedule: Identification of formulas by which the bill is calculated. 

2 Meter reading at start of period. 

3 Meter reading at end of period. 

4 Multiplier: this constant is multiplied by the difference between the meter readings to calculate the kilowatt-
hours used. 

5 Kilowatt-hours used in each category (on-peak, off-peak, etc.) 

6 Cost per kilowatt-hour in each category (on-peak, off-peak, etc.) 

7 Kilowatt-hour charge in each category (on-peak, off-peak, etc.).  This charge is the kilowatt-hours used 
multiplied by the cost per kilowatt-hour in each billing category. 

8 Actual peak kilowatt demand: “real power” measured by meter. 

9 Actual peak kVA (kilovolt-amperes): “apparent power” measured by meter. 

10 Billing demand (includes adjustments for poor power factor, ratchet clause, and others). 

11 Cost per unit of billing demand. 

12 Billing demand charge: billing demand multiplied by cost per unit. 

13 Fuel cost adjustment per kilowatt-hour: may change monthly according to current cost of fuel; may be positive 
or negative. 

14 Total fuel cost adjustment: total kilowatt-hours used times cost adjustment per kilowatt-hour. 

15 Basic service charge: basic charge to keep account open. 

16 Power factor charge (if separate from billing demand). 

17 Minimum and maximum charges. 

18 Finance charges and interest on deposit. 

19 Transformer, voltage, or other credits. 

20 Surcharges and taxes. 

21 Other. 
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In addition, most electric utilities use some type of rate schedule, charging more for electrical use during on-peak 
hours (periods of high electricity use) and less during off-peak hours (periods of low electricity use).  Electric 
utilities charge more during on-peak hours because electricity is more expensive to produce at this time.  Energy 
costs may be reduced without significantly modifying any equipment or processes by performing certain operations 
when off-peak rates apply. 

Other types of rate schedules, called interruptible or curtailment rates, bill a customer at lower rates in exchange for 
the curtailment of electrical use during periods of high demand.  This works well for wastewater utilities with stand-
up generators who are able to supply their own electricity during expensive, peak periods of electricity use (Arora 
and LeChevallier 1998). 

Energy Audits 

The best way to identify energy saving opportunities within a wastewater plant is to perform an energy audit.  
Audits can identify feasible energy conservation measures along with their energy saving potential and costs of 
implementation.  Audits require plant design drawings, electricity and gas bills, operational data, and site visits.  Site 
visits include meetings with operators, operation engineers, the production superintendent, and the local electric 
utility representative.  On-site energy use data for pumps, motors, or throttling valves are also very useful (Arora and 
LeChevallier 1998).  In addition, operators should meet with the facility’s electric account representative, who will 
be able to answer any questions regarding the electric bill or rate structure options. 

Energy Conserving Opportunities  

Similar energy savings opportunities to those discussed by the American Water System water treatment facilities 
(Arora and LeChevallier 1998) can also be implemented in wastewater treatment facilities. 

Most Cost Effective Options 

Base-load most efficient treatment plant.  For multi-plant districts, maximize wastewater treatment to meet most of 
the treatment demand at the least costly plant. 

Manage demand.  Periods of high electricity use, even for short periods, can result in high charges.  Therefore, 
managing the demand during peak electric rate periods can result in significant energy cost savings.  Examples of 
demand management opportunities include: 

1. Turning one pump off before starting another. 

2. Operating wastewater treatment facilities during off peak hours. 

3. Matching the pump flow to avoid use of additional pumps. 

4. Using a diesel driven pump during peak periods of electric rates 
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Less Cost Effective Options 

Modify pumps.  Adjust or replace inefficient pumps (i.e., propeller repairs or impeller adjustments).  Reduce 
impeller size instead of operating with partially closed valves.  Or increase impeller size to increase efficiency and 
reduce peak demand. 

Install efficient lighting.  Use motion detectors to activate lights when room in use and turn off lights when not in 
use.  Use photocells for exterior lighting.  Replace standard incandescent and fluorescent lamps with compact 
fluorescent lamps.  Energy-efficient triphosphor lamps and electronic ballasts can replace standard fluorescent lamps 
and ballasts (<20% harmonic distortion).  Replace mercury vapor lamps with high-pressure sodium lamps. 

Use variable frequency drives.  Variable frequency drives control pump speed and flow electronically and are more 
efficient than throttling valves for fixed-speed drives.  Utility incentives can result in lower implementation costs, 
rendering installation cost effective. 

Install energy efficient motors.  Energy-efficient motors consume less energy than standard-efficiency motors.  
Efficient motors are more expensive to install, but energy savings can result in lower operating costs.  Rarely is it 
cost effective to replace an existing motor with an energy-efficient model, therefore it is recommended only for 
replacements or for new systems. 

Use stand-by generators during times of peak rates.  Stand-by generators can be used to reduce both demand and 
total electrical charges during peak electrical rates.  Usually, they are only used to supply minimum water demand 
during a power failure, but are not cost effective to install.  Possible savings may result from use during peak 
demand if interruptible rates are provided by the electric utility. 

Equipment 

The following section provides energy saving techniques on specific equipment used in wastewater treatment plants.  
All the information in this section was provided by CDM (1991) unless otherwise noted. 

Motors 

Most motors used in wastewater treatment facilities use alternating current power and such motors are either single 
phase or polyphase.  Single phase motors are generally small, less than ½ hp.  Polyphase motors generate higher 
torque and power.  Types of polyphase motors include squirrel cage induction, wound rotor induction, and 
synchronous. 

Most motors are oversized for their application, creating inefficient energy use.  Energy savings opportunities 
include: 

• Replacing motors that are oversized by more than 50% with correctly sized, high efficiency motors. 

• Replacing standard efficiency motors that are at least 5 years old and run at least 75% of the time. 

• Measuring power efficiency and load factors on all motors.  Modern, high efficiency motors are 15%  to 
25% more expensive than standard motors but payback may be as short as 1 year. 
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Drives 

Drives transfer energy from a motor or engine to a pump or blower by converting electrical energy to mechanical 
energy.  Drives are either constant-speed or variable speed.  Using a variable-speed drive is almost always more 
efficient than relying on the throttle of a pump.  Older drives should be replaced with newer, more efficient drives.  
Also, proper maintenance will reduce energy losses. 

Pumps 

Pumps are either positive displacement or dynamic.  Positive displacement pumps include reciprocating types (e.g., 
piston pumps) and rotary types (e.g., centrifugal pumps).  Energy consumption by pumps is needed to change water 
elevation; overcome energy loss in pipes, channels, valves, and treatment processes; and to accelerate the fluid.  The 
sum of these items is called the total dynamic head.  Energy savings opportunities include: 

• Choosing the best combination of pump, drive, and motor for the application (i.e., high volume and low 
head, etc.) 

• Using variable speed drives to vary pump speed to match flow rate. 

• Selecting pumps based on existing flows, with the ability to increase impeller size to handle larger flows. 

• Selecting pumps to match base or average flow and use supplemental pumps for peak flow. 

• Minimizing the elevation change a pump has to lift as well as friction loss from valves and bends, if 
possible. 

Walski (1993) points out that most pump systems operate at less than optimal conditions, but inefficiencies will not 
be noticed unless problems are actively sought after.  Causes of inefficiency include: 

• Incorrectly selected pumps 

• Worn out or incorrectly set clearances 

• Limited capacity in transmission/distribution system 

• Limited storage capacity 

• Inefficient operation of pressure (hydropneumatic) tanks 

• Inadequate or inaccurate telemetry equipment 

• Incapability to control pumps or valves automatically or remotely 

• Time-of-day or seasonal energy pricing penalty 

• Misunderstood demand or capacity power charges 

• Operator error 

• Less than optimal pump control strategies 

The annual cost of energy consumption for a specific pump is directly proportional to the discharge flow rate and 
total dynamic head, and inversely proportional to the efficiency of the pump at a specific operating point (Equation 
1). 

( )
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where  n = number of operating points, 

 Qi = discharge flow rate (mgd) at operating point i, 

 hi = total dynamic head (ft) at operating point i,  

 pi = price (¢/kWh) of energy at operating point i, 

 ei = wire-to-water efficiency (expressed as a fraction) at operating point i, and 

 Fi = fraction of time that pump is on at operating point i. 

As shown by Equation 1, energy costs can be reduced by: 

• decreasing the volume of water pumped, 

• decreasing the head against which it is pumped, 

• decreasing the price of energy, or 

• increasing the efficiency of pumps 

These items can be controlled with the alternatives described in the following sections. 

Volume pumped 

Minimization of infliltration is one method that can reduce the volume of wastewater treated by the plant. 

Reduction of head 

Utilities can reduce head by keeping suction storage tanks at full capacity.  This reduces the elevation difference 
between the suction storage tanks and the plant.  Head produced by a pump goes toward either lifting water or 
overcoming friction losses in downstream pipes, channels, valves, or treatment processes.  If the elevation difference 
is small, little energy savings are seen by reducing head.  If most of the head is used to overcome friction losses, 
then the pumps should be run as close to a constant discharge as possible (e.g., it takes less energy to run one pump 
for two hours instead of two pumps for one hour). 

Cost of Electricity 
Stand-by generators may also be installed to provide additional energy during on-peak hours. 

Efficiency of Pumps 

Utilities are also advised to check the efficiency of all pumps periodically and ensure that pumps are operating near 
their best efficiency point.  Utilities should also make certain that all meters and gauges are calibrated periodically. 

Centrifugal pumps are often oversized because exact pumping requirements are not known during design.  This may 
result in the routine use of a partially closed discharge valve to balance the system.  An alternative to that approach 
is to trim the pump’s impeller or replace the impeller with one of a smaller diameter.  For a pump that runs at 10% 
less than design capacity, trimming the impellers may reduce electric consumption by 25%.  This technique is most 
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appropriate on pumps with constant flow rates, that have a partially closed discharge valve, and that have no process 
changes planned.  The pump distributor should be contacted prior to trimming for impeller trimming assistance 
(ECW 1999). 

Valves (Andersson 1997) 

Valves can produce significant head loss, increasing the energy required for pumping.  Using ball check or flapper 
check valves can reduce head loss.  The three types of valves used in wastewater treatment are: 

• Swing check valves – higher head loss, adjustable closing speeds. 

• Ball check valves – low head loss, slow closing speeds. 

• Flapper check valves – very low head loss, but slow, non-adjustable closing speeds and they do not work 
with cleaning pigs. 

Blowers and Compressors 

Blowers produce high volumes of air at 6 to 10 psi above atmospheric pressure while compressors produce low 
volumes of air at 80 to 140 psi.  Blowers are labeled as either dynamic or positive displacement.  Dynamic blowers 
are the centrifugal type, while positive displacement types include straight-lobed or cycloidal-rotary, reciprocating 
piston, diaphragm, rotary vane, and rotary-screw.  Positive displacement blowers are generally more efficient than 
dynamic blowers, but dynamic blowers are usually more suitable for high volume or variable air flows and may 
have lower maintenance costs.  Minimizing energy use may be accomplished by: 

• Closing the valve on the inlet side if a centrifugal blower must be throttled. 

• Monitoring pressure and cleaning filters regularly. 

• Operating centrifugal blowers at more than 50% of their rated capacity. 

• Monitoring daily loads with watt-hour meters. 

• Maintaining blower operation within manufacturer’s recommended speeds. 

Lighting 

Lighting consumes around 2% or more of a plant’s total energy load.  Fluorescent and high-pressure sodium lights 
are the most efficient and longest lasting.  To conserve energy: 

• Use 1 watt/ft2 in process areas and 1.5 watts/ft2 in administrative areas. 

• Use electronic ballasts where illumination time is 10 hours per day or more. 

• When replacing fluorescent bulbs, also replace the ballast. 

• Install timers, local control switches, photocells, or occupancy motors where light is not needed 
continuously. 
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Heating, ventilating, and air conditioning 

Heating, ventilating, and air conditioning systems consume a small amount of energy relative to other items like 
blowers and pumps.  Increased efficiency through use of better insulation can reduce heating and air conditioning 
costs. 

Wastewater Treatment Processes (CDM 1991) 

Screens/Grit 

The energy requirements for screens and grit removal are relatively small.  Using intermittent operation of bar 
screens or carefully regulating the airflow in an aerated grit chamber will save some energy. 

Primary Settling 

Energy requirements for primary settling are also very small, typically between 10 to 20 kWh per million gallons.  
Enhancing the primary settling process will reduce the water content of the sludge and provide energy benefits in 
digestion, thickening, and pumping. 

Trickling Filters 

Trickling filters only consume energy through pumping associated with handling the effluent.  Using synthetic 
media will increase surface area without adding to the process energy requirements. 

Activated Sludge 

The energy required for activated sludge treatment includes: oxygen transfer, mixing, return sludge pumping, waste 
sludge pumping, secondary clarification, and sludge disposal.  Energy savings should be found by analyzing these 
individual items to optimize the process. 

Aeration Systems and Diffusers 

Aeration systems are used in activated sludge processes to promote and sustain biological growth required for the 
removal of organic pollutants being treated by these processes.  Aeration is the largest consumer of electricity in 
diffused aeration systems.  To reduce energy use, the oxygen supplied to the aeration system needs to match the 
oxygen required in this system, as opposed to simply supplying oxygen at a constant rate.  DO probes can be 
installed to constantly monitor the DO level in an aeration tank and be linked to a control system to automatically or 
manually change the air flow rate to meet the desired DO level.  The major disadvantage to this type of system is the 
initial cost and continuous maintenance for the DO probes, but energy cost savings could outweigh the 
disadvantages (EPRI 1996b). 

There are three types of aeration systems: mechanical aerators, coarse bubble diffusers, and fine bubble diffusers.  
Fine bubble diffusers are the most energy efficient, but have the largest capital and maintenance costs.  Energy may 
be minimized by optimizing the number of activated sludge tanks in use, maintaining minimum DO concentrations, 
maintaining equipment, and optimizing primary tank removals.  The energy required to remove the first 30% of the 
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BOD is less than 5% of the energy required to remove the next 60%.  Other ways to reduce energy use in aeration 
include: 

• Installing instrumentation and controls to monitor DO levels and adjust operation. 

• Using fine pore diffused air systems to increase oxygen transfer and reduce blower operation. 

• Using inlet guide vanes on centrifugal blowers for throttling air flow without friction loss. 

• Using 2-speed drives for mechanical aerators, utilizing a low speed operation and output reduction during 
off-peak periods. 

Air Compressors 

Air compressors are used to feed aeration basins, the type used is dependent upon the air drying method.  Pressure 
swing adsorption dryers require more than 7 bars of pressure while heat generation dryers require less than 3 bars of 
pressure to operate.  Liquid ring compressors are energy inefficient, but are reliable and rugged.  Oil flooded/oil free 
compressors are usually chosen for design purposes. 

Gravity Thickeners 

Gravity thickeners use energy for turning the revolving collectors, the picket scrapers/skimmers, and for pumping.  
Due to low energy consumption, there are very little energy savings opportunities within a thickener, but 
optimization of sludge thickening can save energy downstream. 

Dissolved Air Flotation 

Dissolved air flotation thickeners use energy for motorized skimmers, bottom scrapers, air compressors, and 
recirculation pumps.  These thickeners are relatively large energy consumers.  To minimize energy consumption: 
add polymer, operate units continuously, optimize the air-to-solids ratio by adjusting the supplied air, and/or feed the 
highest possible solids content. 

Centrifuges 

Centrifuges consume relatively large amounts of electricity.  Centrifuge performance may be optimized to improve 
solids capture by reducing sludge volume index of the feed.  This will also lower the polymer feed requirements. 

Mechanical Dewatering 

There is little opportunity for energy reduction due to its low energy consumption. 

Anaerobic Digestion 

Improving solids capture and dewatering in the thickening processes upstream of anaerobic digestion can increase 
the solids content of the sludge.  The higher the solids content, the less heat that is required.  Therefore, less energy 
will go towards heating the sludge. 
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Waste Heat Recovery 

Recovering waste heat from various processes throughout the plant can reduce energy costs by using the waste heat 
in other areas of the plant where it is needed. 

 

UV Disinfection (EPRI 1995) 

There are two types of UV light systems typically used in the water and wastewater industry for disinfection: low 
pressure and medium pressure.  High-pressure UV units exist, but are not commonly used in water and wastewater 
treatment processes. 

Low-Pressure Systems 

Between 35% and 40% of the energy consumed by low-pressure systems is used for the production of radiation, 
with the remaining energy producing heat.  Nearly all of the radiation produced has a wavelength of 253.7 nm, 
which is effective at inactivating microorganisms.  Lamps can be placed in open or closed systems.  Open systems 
require less capital investment than closed systems.  The energy required for sufficient inactivation of 
microorganisms is a function of water quality, transmittance, flow rate, and disinfection limits.  Typically, energy 
requirements for low-pressure systems are between 3.2 kWh and 4.8 kWh per mgd. 

Opportunities for energy savings include the use of electric ballasts and turning off lamps during low flow periods.  
Additional savings may be seen by using vertical lamp systems, where several series of lamps may be installed and 
one series of lamps acts as a “dead” zone while the remaining rows are kept active.  The lamps in the “dead” zone 
are turned off, but a small amount of electricity (5 watts to 15 watts) is run through them in order to keep them 
warm.  Active lamps run on 70 watts of electricity.  After a specified amount of time, the lamps in the “dead” zone 
are switched.  This process can lower energy consumption and reduce the effects of lamp cycling, which reduces 
lamp life. 

 

Medium-Pressure Systems 

Medium-pressure UV systems emit radiation at a higher intensity than low-pressure systems, but do so over a 
broader range of wavelengths.  This requires 15% to 25% of the energy used in medium-pressure lamps.  One 
medium-pressure lamp is the equivalent of 6 to 16 low-pressure lamps.  About 4 medium-pressure lamps are needed 
for every million gallon per day of water treated.  Power input must be maintained above 60 to 65% of maximum 
power at all times.  Maximum power requirements per lamp are around 2.5 kW and 65% of maximum power is 
approximately 1.7 kW.  Like low-pressure systems, lamps can be placed either in closed or open systems. 

Similar to low-pressure systems, the energy required for sufficient inactivation of microorganisms is a function of 
water quality, transmittance, flow rate, and disinfection limits.  Typically, energy requirements for medium-pressure 
systems are around 6.8 kWh/mgd at 65% power. 
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Opportunities for energy savings also exist for medium-pressure systems.  Using electric ballasts and multiple 
vertical banks that alternate on/off are the same as mentioned for low-pressure systems.  In addition, medium-
pressure systems may be operated in response to water quality (transmittance) to conserve energy.  For example, 
between 13.4 and 15.0 kW/mgd of electricity is consumed for 50% transmittance, but only 10 kW/mgd is consumed 
for 65% transmittance.  If set on the low power setting (for low flow), only 6.8 kW/mgd are consumed, representing 
an annual savings of $4,800/mgd at a rate of $0.08/kWh. 
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Results 

Summary 

Tables 3 and 4 give summaries of the items described in this chapter.  Table 3 provides a checklist of items that can 
be used to reduce energy consumption and energy costs.  Table 4 shows how electric utilities (called “utility” in the 
table) and water/wastewater utilities (called “customer” in the table) are affected by the implementation of specific 
types of technology.  The electric utility sets load shape objectives for how they want the electricity demands to be 
met.  These objectives include load management (peak clipping, valley filling, and load shifting), strategic 
conservation, and load growth.  Peak clipping represents an electric 

Table 3.Checklist for electricity cost savings (EPRI 1994). 

Copyright  1994.  Electric Power Research Institute.  BR-104028.  Understanding Your Electric Bill.  Reprinted with 
Permission. 

1 Compare rate schedules and use the best schedule suited for the facility’s operation. 

2 Train operators and maintenance workers to be aware of the time of day for utility on-peak charges.  Run 
motors and other electric loads off-peak whenever possible. 

3 Analyze relative efficiency (kWh or $ per million gallons) of major pumps serving the same function.  Operate 
the most efficient pumps. 

4 Periodically perform pump efficiency tests to identify maintenance requirements. 

5 Use premium high-efficiency motors on fixed speed pumps over 1 hp. 

6 Use adjustable speed drives on pumps with variable loads. 

7 Avoid periodic motor testing during peak hours. 

8 Install capacitors to reduce power factor charges. 

9 Use standby generators to reduce peak demand. 

10 Install high efficiency lighting systems. 

11 In wastewater treatment, convert to efficient air diffusers (fine bubble instead of coarse). 

12 In wastewater treatment, use automatic methods for dissolved oxygen control. 

13 In water supply systems, increase storage during off-peak periods.  Deplete storage during on-peak periods. 

14 In water filtration plants, turn off one pump while operating another large pump for a short period.  For 
example, turn off the main supply pump while using backwash pumps or sludge scrapers.  Alternatively, 
backwash during off-peak periods.  The peak demand and demand charges will be lowered. 
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Table 4. Summary of electric consuming technologies and potential for energy savings in wastewater 
treatment facilities (EPRI 1996a). 

  Load Shape Objectives Utility Criteria Customer Criteria 

Category Technology I II III 

Peak Load 

Impact 

(kW) 

Energy 

Impact 

(kWh) Benefits Costs Acceptance 

High Efficiency Motors    3 3 D F I 

Adjustable Speed Drives    2 2 B F H 

Increased Instrumentation and 

Control 
   2 2 B, C F, G I General 

Gas or Diesel Drivers for Peak 

Demand Periods 
   1 3 D E, F H 

Preliminary 

Treatment 
Flow Equalization    2 4 D G J 

Activated Sludge Aeration System:         

     Fine Pore Diffusers    1 1 B, C F, G H 

     Dissolved Oxygen Control    3 2, 3 A, B F H 

     Blower Guide Vane Control    3 2 B E, F H 

Alternative Biological Treatment:         

     Trickling Filters    1 1 D G J, K 

     Trickling Filter/Solids Contact 

     Process 
   2 2 D G I 

     Sequencing Batch Reactors    3 4 D G I 

     Oxidation Ditch    3 5 D G I 

Secondary 

Treatment 

     Dual Power Aerated Lagoons    2 2 D G I 

Alternative Nitrification/Nitrogen  

Removal Processes: 
        

     4 Stage Bardenpho    2 2 D G I 

Alternative Phosphorus Removal  

Processes: 
        

Advanced 

Wastewater 

Treatment 

     5 Stage Bardenpho    2 2 D G I 

Sodium Hypochlorite    2 2 D G I 
Disinfection 

UV Radiation    5 5 D G I, J 

 

Key for Load Shape Objectives  Key for Utility Criteria 

I Load Management  1 > 20% Decrease 

II Strategic Conservation  2 10 – 20% Decrease 
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III Load Growth  3 3 - 10% Decrease 

Significant Impact   4 No Increase or Decrease 

Moderate Impact   5 Potential Increase 

Some Impact     

No Impact or Not Applicable     

 

Key for Customer Criteria 

Relative Benefits Relative Costs Acceptance 

A < 2 year payback E Low (funded from annual budgets) H Excellent 

B 2 - 5 year payback F Moderate (2 - 3 year funding) I Good 

C > 5 year payback G High (special funding) J Fair 

D Other   K Poor 

Copyright  1996.  Electric Power Research Institute.  CR-106941.  Water and Wastewater Industries: Characteristics and 
Energy Management Opportunities.  Reprinted with Permission. 

utility goal to reduce peak system loads and this goal can be achieved with direct load control by the electric utility.  
When the electric utility strives to increase loading during off-peak load times, this is called valley filling.  Load 
shifting is the shifting of the load from peak times to off-peak times (note that an electric utility can theoretically 
achieve peak clipping and/or valley filling without load shifting).  Strategic conservation is used when the goal of 
the electric utility is to cut demand at all times and load growth is used when the electric utility wants to increase 
load at all times.  The colors under the load shape objectives indicate how much the technologies can affect the load 
shape objectives of the electric utility.  For example, the installation of high efficiency motors is expected to provide 
a minor amount of assistance to the electric utility in meeting its strategic conservation targets but would provide no 
assistance to the electric utility in meeting load management and load growth objectives. 

The electric utility is also interested in knowing whether process implementation at a wastewater utility will have a 
significant impact on the peak load (kW) and on the energy demand (kWh).  Table 4 shows the general impact that 
various technologies are estimated to have on the electric utility.  For example, installation of high efficiency motors 
at a wastewater utility is estimated to produce a 3% to 10% decrease in the peak load and energy demand that the 
electric utility must meet. 

Finally, Table 4 shows relative benefits, costs, and acceptance by the wastewater utility (i.e., the customer).  For 
example, installation of adjustable speed drives is widely accepted by wastewater utilities and is estimated to 
provide a 2 to 5 year payback for the wastewater utility with a 2 to 3 year funding commitment. 
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Appendix A: Abbreviations 
 

CDM Camp Dresser and McKee 

ECW Energy Center of Wisconsin 

EPRI Electric Power Research Institute 

ft feet 

gpm gallons per minute 

hp horsepower 

kg kilograms 

kVA kilovolt amperes 

kW kilowatts 

kWh kilowatt-hours 

L liters 

lb pounds 

mg milligrams 

mgd million gallons per day 

psi pounds per square inch 

SCADA supervisory control and data acquisition 

UV ultraviolet 




