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NOTICE

This report was prepared by Malcolm Pirnie, Inc. in the course of performing work
contracted for and sponsored by the New York State Energy Research and
Development Authority, the Environmental Facilities Corporation, and the New York
State Department of Environmental Conservation (hereafter the "Sponsors"). The
opinions expressed in this report do not necessarily reflect those of the Sponsors or
the State of New York, and reference to any specific product, service, process, or
method does not constitute an implied or expressed recommendation or endorsement
of it. Further, the Sponsors and the State of New York make no warranties or
representations, expressed or implied, as to the fitness for particular purpose or
merchantability of any product, apparatus, or service, or the usefulness, completeness,
or accuracy of any processes, methods, or other information contained, described,
disclosed, or referred to in this report. The Sponsors, the State of New York, and the
contractor make no representation that the use of any product, apparatus, process,
method, or other information will not infringe privately owned rights and will assume
no liability for any loss, injury, or damage resulting from, or occurring in connection
with, the use of information contained, described, disclosed, or referred to in this
report.



ABSTRACT

This report summarizes the efforts of a multi-year evaluation undertaken by the New
York State Energy Research and Development Authority in cooperation with the New York
State Environmental Facilities Corporation and the New York State Department of
Environmental Conservation. The focus was to evaluate 24 wastewater treatment plants
(WWTPs) throughout New York State with respect to energy efficiency.

This report presents the project overview, an introduction to energy conservation at
WWTPs, treatment processes and potential energy conservation measures and summaries

of the case studies conducted for the municipalities.
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PREFACE

The New York State Energy Research and Development Authority (NYSERDA)
in cooperation with the New York State Environmental Facilities Corporation (EFC) and
the New York State Department of Environmental Conservation (NYSDEC) began a
project in 1992 that was designed to help New York State municipalities identify and
implement energy-efficient treatment technologies at their wastewater treatment plants
(WWTPs). These technologies could reduce the amount of energy used for wastewater
treatment and sludge management, recover or produce energy at the WWTPs and/or

achieve greater energy efficiency through systems integration.

This project consists of a study of WWTPs around New York State and then a series
of workshops conducted to inform plant operators, managers, and engineers of technologies

to consider for improving energy efficiency.

The study used a diverse WWTP pool, in terms of geographic location, plant type

and size. A detailed screening process was conducted that included:

. Wastewater Treatment Plant Selection - An initial list of 75 WWTP projects
was prepared from the information presented in the EFC’s State Revolving
Loan Fund listing and the NYSDEC’s publication, "Descriptive Data of
Sewage Treatment Systems".

= Contact Letter - NYSERDA issued an initial contact letter explaining
overall project goals.

. Phone Interview - Phone interviews were conducted to determine the overall
project feasibility and the municipality’s interest level.

. Onsite Screening - Site visits were conducted at 26 facilities to discuss 32
separate energy conservation projects.

PREFACE 1



PREFACE

Once a site was chosen for evaluation, Malcolm Pirnie Inc., the project consultant,
worked with the municipality to gather the necessary process information. A report was
prepared that summarized current plant operations and energy use patterns; proposed
modifications to the plant; and identified associated impact on energy use, alternative energy

conservation measures, and alternative treatment strategies.

This Energy Reference Guide has been prepared as part of NYSERDA's technology
transfer mission to share the results of the project. The guide summarizes various WWTP
processes and their associated energy requirements, energy conservation measures that may

be appropriate and the case studies conducted for the municipalities.
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GENERAL

Most of the wastewater treatment facilities constructed in the United States were
either designed or constructed in the early to mid-1970s under the Construction Grants
Program. At this time energy was considered to be a relatively inexhaustible, dependable,
and inexpensive resource. Hence, these treatment facilities were designed for performance
reliability, not energy efficiency. Since the oil embargo of the mid-1970s, energy costs have

risen and have become a significant concern to many municipalities.

Energy costs at wastewater treatment plants (WWTPs) typically account for as much
as 25% of a municipality’s total operating budget. Therefore, it is critical to strive for the
most energy efficient operation economically possible. To achieve this energy efficiency,
WWTP staff must continually review the plant’s current operations, optimize operations

when possible, or install alternative treatment processes.

These reviews can occur via audits that can be conducted in phases or as an overall
energy management program, depending upon resources. Each audit must contain the

following components:

= Develop baseline information on energy consumption and cost
= Conduct an onsite facility survey

. Identify alternative energy conservation measures

= Perform an economic analysis of each alternative

. Develop an implementation plan for feasible alternatives.
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SETTING THE BASELINE

Developing the energy use baseline can be a simple but tedious task in some cases
depending upon the availability of information. For an audit to be complete, the following

information should be analyzed:

= Plant Equipment - This includes motor horsepower, efficiency, and run-time
hours for each piece of equipment. The information can be obtained from
operation and maintenance manuals, facility plans and specifications and
operational logs. It can be summarized in table format. A sample format
is presented in Table 1-1.

. Electric Bills - Creating a plot of monthly electricity consumption (kilowatt-
hours) and electrical demand (kilowatts) for the previous 12 to 24 months
will show trends in usage. Low periods may indicate times of the year when
equipment may not be operating at peak capacity or efficiency. Figures 1-1
and 1-2 present the electrical consumption and demand for a typical 9.0
million gallon per day (mgd) activated sludge WWTP.

- Utility Rate Schedules - Utility companies typically have a variety of rate
classifications available. When a WWTP is constructed it is placed in a rate
classification based upon the best guess of estimated electrical use and
demand. Very often operations change over the years and a different rate
classification may be better suited for the treatment plant’s new needs. Rate
schedules are available free of charge from utility companies and, in most
cases, the utility will conduct a rate analysis if requested by the customer.
If the treatment plant operates a large portion of its equipment (say its
sludge handling process) during the night, an on-peak/off-peak rate
classification (if available) may be beneficial and should be evaluated.

INTRODUCTION 1-2



TABLE 1-1

WASTEWATER TREATMENT FACILITIES ENERGY EVALUATION
SAMPLE FORMAT - EXISTING MOTORS

P Pump Station No. 1 |Raw Sewage Pump #1 1 5 100% 13 47 | 2,443 1.08%
P Raw Sewage Pump #2 1 5 100% 15 57 | 2,986 1.32% 5,429
P Pump Station No. 2  |Raw Sewage Pump #1 1 9.4 100% 8 59 | 3,062 1.35%)
P Raw Sewage Pump #2 1 9.4 100% 9 64 | 3,317 1.46%) 6,379
(0} Influent Box Comminutor 1 0.75 100% 168 94 | 4,886 2.15% 4,886

Aeration SUMMER {July = August)
B Blower 1 1 30 100% 168 3,758 | 33,825 14.91%)
B Blower 2 1 30 100% 0 0 0 0.00%
B Blower 3 1 20 100% 84 1,253 | 11,275 4.97%

WINTER (September --June)

B Blower 1 1 30 100% 84 1,879 | 80,804 35.63%)
B Blower 2 1 30 100% 0 0 0 0.00%
B Blower 3 1 20 100% 84 1,253 | 53,869 23.75%) 179,773
P Disinfection Chlorine Metering Pump 1 0.2 100% 168 25| 1,303 0.57%) 1,303
P Sludge Handling Return Sludge Pump 1 1 2 100% 168 2511 13,029 5.74%)
P Return Sludge Pump 2 1 2 100% 0 0 0 0.00%
P Waste Sludge Pump 1 1 1 100% 40 30| 1,551 0.68%
P Waste Sludge Pump 2 1 1 100% 0 0 0 0.00%
(0] Belt Press Motor 1 2 100% 40 60 | 3,102 1.37%
P Belt Press Feed Pump 1 3 100% 40 89| 4,653 2.05%)
P Polymer Feed Pump 1 0.75 100% 40 22| 1,163 0.51%
(o0 Screw Conveyor 1 3 100% 40 89 | 4,653 2.05% 28,152
0] Building Heat Electric Heaters (*) 6 0.25 100% 40 45 895 0.39% 895

TOTALS 9,031 226,816 226,816

Motor Service: P = Pump C = Compressor O = Other B = Blowers
F =Fan M = Material Handling

NOTE: (*) Electrical requirements of the heaters based on 20 weeks per year.
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LOAD FACTORS

When completing a summary of existing motors and estimated energy use, similar
to Table 1-1, load factors play a large part in determining the cost of operating equipment.
Load factors apply to equipment which is capable of being operated at different speeds or
output levels. The load factor is the average percentage of the total rated load at which a
motor operates. An example of calculating a load factor for a motor that operates 1500

hours per year at 50% of its rating and 2500 hours per year at 90% is:
(1500 * 50 + 2500 * 90)/4000 = 75%
It is important ensure that load factors are as accurate as possible because they will affect

the estimated electrical usage of a treatment process. An incorrect estimate of electrical

usage may result in an erroneous economic analysis.
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TYPICAL ENERGY CONSUMPTION FOR WWTP PROCESSES

Once operational hours and load factors are determined, the annual kilowatt-hours
(kWh) can be determined. Profiles can be put together to show how much energy the
different treatment processes use. These can be presented in a variety of formats (e.g., pie
charts, bar charts). Examples of different formats are presented in Figures 1-3 and 1-4.
These examples are for the same 9.0 mgd activated sludge facility shown in Figures 1-1 and
1-2.

Once it has been determined what the most energy intensive processes are, then the
energy management program should be focused on those areas. The largest energy savings

usually come in the following process areas:
. Pumping - Typically only the larger (20-hp and greater) pumps will yield
energy savings that will justify capital costs.
- Grit Removal
. Activated Sludge Aeration Tanks

- Sludge Dewatering.
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UNDERSTANDING AN ELECTRIC BILL

Basic Billing Concepts There are two major charges that are found on an electric bill. The energy

Energy

Demand

Optional Rate
Schedules

Reading Your
Facility’s Bill

component of the bill is the quantity (kWh) of electricity supplied while the
demand component is the measure of the power (kW) supplied. Different
rate schedules are offered for different customers. It is important that the
most suitable rate schedule for the wastewater facility is used in order to
save money. Most utility companies will change a customer’s rate schedule
at no charge.

Energy is measured in kilowatt hours (kWh). The longer a pump runs, the
more kWh it uses. Therefore, it is important to monitor how long each
motor in the plant is operated so its energy use may be calculated. It is easy
to calculate a motor’s energy use: multiply its horsepower by the standard
conversion factor (1 hp = 746 watts) and by runtime, and then divide by the
motor’s efficiency.

Demand is measured in kilowatts (kW). Meters typically record the greatest
power demand in 15-minute or 30-minute intervals. The demand charge is
based on the highest demand interval each month. It is possible to reduce
the demand cost by shifting the time when intermittently operated motors,
drives, etc., are run.

Some electric utilities have a "ratchet clause" in the rate schedule. This
clause charges the customer for a percentage of either: the maximum
demand during the past eleven months; or the maximum demand during the
previous month. The ratchet charges can be lowered by reducing the
maximum demand. This can be done by planning when to operate large
equipment in the months of your greatest demand.

Some power companies charge more for electricity used during peak hours
because this electricity is more expensive to produce. A power company
uses its most economical plants for routine electricity production but must
use other plants to supplement these main plants in times of high demand.
Rates are designed to encourage customers to reduce their electricity
requirements during peak hours. The difference between on-peak and off-
peak rates may be as much as $0.06 per kWh, or higher.

Building new generating and distribution facilities is very expensive so the
electric utility offers reduced rates to large customers who promise to lower
their demand during peak operating hours. Both the customer and electric
utility benefit from such a plan.

Electric bills often use many abbreviations and codes that are difficult for
the consumer to understand. Spend time learning what each code means
and then see how charges are combined to calculate the bill. If you are still
having difficulty reading your bill, consult your electric utility account
representative for help.

INTRODUCTION
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DEMAND-SIDE ENERGY MANAGEMENT AT WWTPs

Demand-side management is an energy conservation program which can offer significant
opportunity for the wastewater industry to reduce operating costs, and at the same time, assist the
electric utilities in controlling their costs. It is the planning and implementation of electric utility
programs designed to influence customer use of electricity to produce desired changes in the utility’s

load shape.

The DSM incentive program being offered vary. However they all strive to achieve one or more

of the following objectives:

. Peak Clipping (Shaving). This program encourages customers to reduce their demand
during the "maximum power demand periods", as shown in Figure 1-5. Some peak
clipping strategies include: Time-of-Use rates, interruptible rate, stand-by generation,
curtailable loads an real-time power monitoring. Spot pricing of electricity at the
margin is also used to encourage peak clipping.

. Load Shifting. This program encourages the shifting of load to non peak demand
periods, as shown in Figure 1-6. The on-peak/off-peak rate structure is a typical
example of a DSM program offering to encourage load shifting. Some load shift
strategies include: delayed processing by storing influent, accelerated processing, and
heating/cooling storage.

. Valley Filling. This program provides incentives for increased off-peak use of electricity,
as shown on Figure 1-7, to match the "spinning reserve" of generating utilities.
Facilities which are able to increase usage in this time period often receive favorable
rates. Some valley filling strategies include: thermal energy storage, interceptor storage,
and off-peak processing of sludge.

. Conservation. Conservation seeks the overall reduction in power use, as shown in
Figure 1-8. Some conservation strategies include: load controllers, real-time monitoring,
matching equipment to flow, variable frequency drives, high-efficiency motors, and
equipment redesigns for energy conservation.

INTRODUCTION 1-6
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GENERAL

There are over 570 wastewater treatment plants in New York State, and no two locations are
the same. Each location has different influent flows and loadings, effluent requirements, and plant
personnel. It is therefore extremely difficult to present all treatment processes and potential energy

conservation measures for every treatment scheme.

Consequently, this section is grouped into major process categories. These categories describe:

Raw Wastewater Pumping
Preliminary Treatment

Grit Removal

Primary Treatment

Secondary Treatment - Biological
Tertiary Treatment

Disinfection

Post Aeration

Sludge Management
Miscellaneous

The most common treatment alternatives in each category are presented as well as potential
energy conservation measures. The footers at the bottom of each page identify whether the topic is a
treatment process or an energy conservation measure. [Note: Even though grit removal is a subset of
preliminary treatment, it has been given a separate category heading because of the diversity of

equipment alternatives available and their respective impacts on energy utilization.]

TREATMENT PROCESS
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WASTEWATER PUMPING

Treatment Schematic

Potential Pumping Locations

Secondary

Secondary

Treatment Settling

l Prelim- l Grit Primary
> inary > Removal Settling

Disposal

o
Beneficial Handling

Re-Use

Use and Applications

Energy Consumption

Sludge

Wastewater pumping is a vital part of plant operations. Pumps are installed anywhere
within a treatment plant scheme where the flow can not pass through hydraulically by
gravity.

Pumping can consume a large part of the total electricity used at a wastewater treatment
plant. The flow and head requirements dictate the amount of energy required to move
the wastewater. Pumps can vary in efficiency because of design characteristics estab-
lished by the manufacturer or its position in the pumping sequence. The energy
efficiency of pump motors varies with the load on the motor. Also, the kind of
maintenance a pump receives has a major effect on its energy consumption.

Some examples of energy consumption include:

A 4.0 mgd facility, which operates at an average flow of 2.66 mgd, has two 75-hp raw
wastewater pumps. They operate one continuously at a 51% load factor using an
estimated 249,177 kWh/yr, which results in a cost of $21.36 per million gallon (MG)
treated.

A 9.0 mgd facility, operating at an average flow of 10.7 mgd, has four 60-hp raw
wastewater pumps. They operate one pump continuously at full load and one
intermittently at a 65% load factor. This uses an estimated 602,585 kWh/yr, which
yields a cost of $10.12 per MG treated.

TREATMENT PROCESS
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VARIABLE SPEED DRIVES - PUMPS

Treatment Plant Location

‘ Prelim- Grit Primary
> inary Removal Settling

Disposal
or
Beneficial
Re-Use

Use and Applications

Description

Potential Energy Savings

Potential Pumping Locations

Secondary

Treatment Settling

Sludge
Handling

Manual and automatic variable speed systems vary from constant speed systems
only in that the fixed operating speed may be easily adjusted. Automatic variable
speed controls are often more reliable and maintenance free than presumably
simpler on-off controls. Variable speed drives can be installed on almost any
pump but are most cost effective in applications where the desired output varies
greatly.

At variable speeds, the pump actually operates on an infinite number of speed
curves between the maximum and minimum limits. In many instances the use of
automatic variable speed controls will reduce structural costs substantially.
Because each pump can operate at an infinite number of flow rates, the total
number of pumping units may be reduced. Continuous operation also allows the
design engineer to improve the usual limitations on starts per hour associated with
constant speed pumping, thereby reducing wet well size.

Potential energy savings will vary depending on size and operation of the pumping
system. Typical results from the facility studies yielded:

_Type of Pumping System Percent Savings
Backwash 15%
Trickling Filter Dosing 20%
Tertiary 40%

Raw Sewage 52%

ENERGY CONSERVATION MEASURE 2-3



HIGH EFFICIENCY MOTORS

Treatment Plant Location

l Prelim- Grit Primary
> inary Removal Settling

Potential Pumping Locations

Secondary

Treatment Settling

Disposal Siud
o] U — udge
Beneficial Handling
Re-Use T
Use and Applications A high efficiency motor can be installed in any pumping system within a treatment
facility. The purpose is to improve the overall energy efficiency of the pumping
system. A more efficient system will require less electrical energy for operation.
Description Motors come in various sizes and have standard and high efficiency ratings. The

following shows a comparison of different size motors and their associated
efficiency ratings:

Nameplate Standard NEMA Minimum
Horsepower Efficiency High Efficiency
1 76.8% 82.5%
10 86.4% 88.5%
50 91.5% 93.0%
100 91.9% 94.1%
Taken from Ni:géara Mohawk - Industrial Data Collection Procedures Manual

Potential Energy Savings  Potential energy savings will vary depending on size and operation of the pumping
system. An example:

10-hp motor, standard efficiency (86.4%), operated 24 hr/day, will use 207
kWh/day

10-hp motor, high efficiency (88.5%), operated 24 hr/day, will use 202 kWh/day.
This yields a savings of 2.3%
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A smaller pump (with high efficiency motor) can be installed in almost any
pumping system within a treatment facility. Most often it is applicable for larger
pumping systems (raw wastewater, tertiary pumps) where the original system may
have been over designed. The purpose is to improve the overall system efficiency
by installing a pump that best matches the lower flow requirements. A better
matched system will require less electrical energy for operation.

Quite often pumping systems are designed to meet peak conditions but minimum
(off-peak) conditions are typically not a concern. This causes large pumps to
either operate at a lower speed (not at highest efficiency point) or shut on and off
to meet low flow requirements and energy is wasted. Installing a smaller pump
for low-flow periods can often save substantial energy.

Potential energy savings will vary depending on the size and operation of the
existing pumping system.
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Bar racks (bar screens) are used to protect pumps, valves, pipelines, and other
downstream equipment from damage or clogging by rags and large objects. Bar racks
are used ahead of raw wastewater pumps, meters, grit chambers, and primary
sedimentation tanks. They are also used in bypass channels around mechanically
cleaned screens or comminutors.

Bar racks are a type of coarse screening. Bar racks consist of parallel bars, either
vertical or inclined, that are placed in waterways to remove debris. The screened
material is then raked from the rack.

There are two major types of bar racks: mechanical and hand-cleaned. In most cases,
mechanical bar racks are used because they: minimize the manual labor needed to clean
the racks; remove and dispose of the debris on a pre-programmed cycle; and reduce
flooding and overflows due to clogging.

Mechanical bar racks require minimal horsepower for operation. For example, a 9.0
mgd mechanical bar screen, at a facility averaging 10.7 mgd, would require a 0.75-hp
motor. A (.75-hp bar screen operating 50 hours/week would consume 1,454
kWh/year, resulting in a cost of $0.02 per MG treated.

Bar racks prolong the life of wastewater machinery by removing debris large enough
to damage equipment. An indication of their effectiveness can be obtained by
examining the maintenance costs and down time of the equipment and processes that
the coarse screen is intended to protect.
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Comminutors are typically located after the influent bar screens prior to the grit
removal process. They cut up the coarse suspended solids in the flow to improve the
downstream operations and processes and to eliminate problems caused by the varied
sizes of solids present in wastewater. Comminutors may help reduce the amount of
floatable matter that accumulates in the anaerobic sludge digesters. The use of such a
device also tends to reduce odors, flies, and unsightliness often found around
screenings.

There are different types of comminutors available. In one type, coarse material is cut
by cutting teeth and shear bars on a revolving drum as the solids are carried past a
stationary comb. Other types of comminutors consist of a stationary semi-circular
screen grid mounted in a rectangular channel with rotary cutting disks.

Comminutors should be constructed with a bypass arrangement so that a manual bar
screen can be used in case the influent flowrate exceeds the capacity of the comminutor
or if there is a power or mechanical failure.

Comminutors use relatively low horsepower yet prolong the life of the downstream
equipment by reducing wear on the equipment surfaces where there is a small clearance
between moving and stationary parts. Some examples of energy consumption include:

A 4.0 mgd facility, averaging 2.66 mgd, needs one 1.5-hp comminutor that operates
continuously, this uses 9,772 kWh/year for a cost of $0.78 per MG treated.

A 21 mgd facility, with an average flow of 8.2 mgd, has two 2-hp comminutors that
operate continuously using 26,130 kWh/year and yield a cost of $0.44 per MG treated.
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Fine screens are used to remove suspended solids, algae, aquatic plants, or floatables
for the purpose of upgrading secondary treated wastewater effluent to tertiary standards
or to protect downstream processes. They are sometimes used in place of primary
sedimentation tanks. Fine screens may clog frequently.

Fine screens, usually made of steel mesh or perforated steel plates, have openings of
4.75 mm or smaller. There are two major types of fine screens:

Fixed screens - Fixed screens with openings less than 2.3 mm have been used for
pretreatment and/or primary treatment. The application of fixed screens to municipal
wastewater treatment can result in biochemical oxygen demand (BOD) and suspended
solids (SS) removal in the range of 20 to 35 percent.

Moving screens - Moving screens consist of a strainer with a rotating cylinder having
a screen attached to the circumferential area of the drum. Different screens can be
employed, with openings commonly varying from 0.02 to 3 mm.

Fine screening systems require minimal (if any) energy for operation yet improve
overall treatment capability. Fine screens remove 5 to 25% of suspended solids and
help to protect downstream processes. Some examples of energy consumption include:

A 1.0 mgd facility, with an average flow of (.39 mgd, uses a hydrosieve screen that
has two 1.5-hp conveyors that operate 45 hours/week using an estimated 6,398
kWh/year for a cost of $2.68 per MG treated.

A 2.85 mgd facility uses four vibrating screens, each with a 2-hp motor, for an
industrial waste stream that averages 0.6 mgd. Typically one operates full time while
two operate 120 hours/week and the fourth operates 48 hours/week. This system uses
35,365 kWh/year, yielding a cost of $15.32 per MG treated.
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Pre-aeration promotes a more uniform distribution of suspended and floating solids.
Aerating wastewater prior to primary sedimentation can also improve its treatability,
provide grease separation, odor control, grit removal and flocculation, and increase
BOD removals. It is now common to combine grit removal with pre-aeration as one
unit process. Diffused air and mechanical aerators are two methods of introducing air
into wastewater.

In deciding when to use pre-aeration, particular attention must be paid to the
wastewater quality to determine whether pre-aeration is the most practical and
beneficial preliminary treatment plan.

In the diffused air system, compressed air is introduced near the tank bottom. This
causes the tank's contents to be circulated by the air-lift effect. The operator must keep
the diffusers clean to ensure an even and adequate air supply to the aeration tank. In
this system, few or no operating problems are encountered.

There are several types of mechanical aeration devices. Mechanical devices employ
motor-driven impellers alone or in combination with air-injection devices. The floating
and fixed bridge aerators are quite common. Some use a blade to agitate the tank's
surface and disperse air bubbles into the aeration liquor. Others circulate the mixed
liquor by an updraft or downdraft pump or turbine.

When using the diffused air system, the efficiency of oxygen transfer depends upon the
design of the diffuser, the size of the bubbles produced, and the depth of submergence.

Diffused air systems will require less energy than mechanical systems yet may not be
applicable for all waste streams.
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Flow equalization can be an effective measure in reducing peak flowrates. Flow
equalization is used to overcome the operational problems caused by flowrate
variations, to improve the performance of the downstream processes, and to
reduce the size and cost of downstream treatment facilities. Benefits derived by
upstream flow equalization include: reduced hydraulic loading on already
overtaxed treatment facilities; reduced potential of overflows and possible
resulting health hazards or pollution problems; and reduced peak loading of the
treatment plant.

Flow equalization is the dampening of flowrate variations so that a constant or
nearly constant flowrate is achieved. This technique can be applied in a number
of different situations, depending on the characteristics of the collection system.
A desirable secondary objective of flow equalization is to dampen the
concentration and mass flow of wastewater in the equalization basin.

Energy savings will vary depending upon the application. Energy savings can
potentially be realized in all pumping systems and the activated sludge system as
a result of smoothing out the diurnal peaks that typically coincide with the highest
electrical demand charges, and by allowing for off-peak treatment capabilities.
Savings in the range of 5-10% of overall influent pumping costs can be realized
where off-peak power billing is practiced and storage is readily available.
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Industrial wastes high in COD can be stabilized very efficiently by anaerobic
pretreatment.

Anaerobic pretreatment is an energy efficient technology for treating high strength
wastes in the absence of oxygen. Following the anaerobic step the partially
treated effluent typically flows into the aerobic secondary treatment process at a
WWTP. The anaerobic process performs best with the influent chemical oxygen
demand (COD) concentrations in the range of 1,500-5,000 mg/1.

There are three major types of anaerobic treatment processes:
Upflow anaerobic sludge-blanket (UASB) - The wastewater is introduced at the

bottom of the reactor and flows upward through a sludge blanket composed of
biologically formed granules or particles.

Anaerobic filter - A column filled with various types of solid media used for the
treatment of the carbonaceous organic matter in wastewater. The waste flows
upward through the column, contacting the media on which anaerobic bacteria
grow and are retained.

Expanded-bed - The wastewater is pumped upward through a bed of a medium
on which a biological growth has been developed. Effluent is recycled to dilute
the incoming waste and to provide an adequate flow to maintain the bed in an
expanded condition.

Incorporation of anaerobic pretreatment can reduce loadings to downstream
biological processes. This may result in energy savings if the downstream
aeration system, for example, can use less oxygen to treat the wastewater. Because
of the low synthesis rate of anaerobic microorganisms, the total sludge volume
that must be disposed of is reduced, resulting in residual disposal cost savings.
Savings are site specific, but may be in the range of 5 - 20%.

ENERGY CONSERVATION MEASURE



GRIT REMOVAL



GRIT REMOVAL

Treatment Schematic

Disposal
o] R e—
Beneficial Handling

Primary Secondary

Settling

Secondary

Treatment Settling

Sludge -

Re-Use

Use and Applications

Process Description

Energy Consumption

The main purpose of any grit removal system is to protect downstream mechanical
equipment from abrasion and abnormal wear, minimize clogging pipes and channels,
and prevent accumulation of inert material downstream. These systems usually remove
material with a specific gravity of 2.65 or more, such as sand and gravel.

The four most popular grit removal technologies are:

Velocity-controlled horizontal-flow channels - Velocity-controlled channels, the oldest
type of grit chamber, are straight channels designed to maintain a velocity close to 1.0
ft/sec to provide sufficient time for grit particles to settle to the bottom of the channel.

Aerated grit chambers - Aerated grit chambers are long channels that trap grit particles
in an air-induced rotation of the wastewater.

Vortex grit chambers - Vortex grit chambers use centrifugal force to separate grit from
wastewater. Influent wastewater enters the unit tangentially, creating a vortex.

Detritus tanks - Detritus tanks are also a controlled horizontal flow system. Square
sedimentation tanks are generally used, and grit and organics are initially settled.

All grit removal options require a dewatering system; this equipment is usually run by
low-horsepower motors. Chain and flight collectors, grit pumps, air blowers, drive
motors, and rotating arm mechanisms may also be needed but usually require relatively
low-horsepower motors.

For example, a 1.0 mgd vortex system that operates at an average of ().88 mgd has a
0.75-hp paddle motor, 5-hp grit pump. a 0.5-hp grit separator and a ().5-hp grit
classifier. This system uses 56.768 kWh/year, yielding a cost of $2.29 per MG treated.
A 21 mgd aerated grit system, averaging 8.2 mgd. has three 15-hp blowers, three 10-
hp grit pumps. a 5-hp belt conveyor and two 1-hp grit classifiers. This system uses
273.955 kWh/vear, resulting in a cost of $3.98 per MG treated. A 48 mgd detritus
system, operating at an average of 36 mgd, has four 15-hp grit pumps, two 2-hp
collector mechanisms, two 10-hp compressors and four 1-hp cyclones and uses
501,612 kWh/year. This results in a cost of $2.42 per MG treated.
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VORTEX GRIT REMOVAL
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In the vortex grit removal system, centrifugal force is used to separate grit from

organics. The units are manufactured in a variety of sizes and can be used in
various combinations to meet virtually any influent flow requirement.

Description

Wastewater is discharged into the degritter so that it is properly introduced into

the flow pattern provided by the circulating mechanism. The circulator imports
a flow of liquid in the upper part of the basin and produces a vortex and rotating
pattern of flow. The vortex causes the grit to be brought to the center of the basin
where the grit falls into a rake or screw mechanism for removal. Units are sized
based upon maximum influent flow.

Potential Energy Savings

A vortex unit requires minimal horsepower for operation. Potential energy

savings will vary depending on operation and configuration of existing system.
When compared to an aerated grit system, potential energy usage savings can

range from 80 to 95%.
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The purpose of sedimentation tanks is to remove readily settleable solids and floating
material to reduce the wastewater suspended solids concentration. Sedimentation tanks
may provide the principal degree of wastewater treatment, or they may be used as a
preliminary step in the further processing of the wastewater. Sedimentation tanks can
remove: settleable solids capable of forming sludge deposits in the receiving waters;
free oil and grease and other floatable material; and a portion of the organic load.

Settling tanks allow for the gravity settling of solids. Surface skimming is used to
remove scum and floating material. There are two types of sedimentation tanks:

Rectangular tanks - Rectangular sedimentation tanks may use either chain-and-flight
sludge collectors or traveling-bridge type collectors. In rectangular tanks, flow
distribution in the tank is crucial. Scum is usually collected at the effluent end of
rectangular tanks.

Circular tanks - In circular sedimentation tanks, the flow pattern is radial. To achieve
a radial-flow pattern, the wastewater can be introduced in the center (center-feed) or
around the fringe (peripheral-feed) of the tank. Both are acceptable, but the center-feed
type is more frequently used.

Sedimentation tanks are ordinarily designed on the basis of a surface loading rate
expressed as gallons per square foot of surface area per day. Sludge is usually
withdrawn from either type of tank by sludge pumps for discharge to the sludge-
disposal units. Two or more tanks should be provided so that the process may remain
in operation while one tank is out of service for maintenance or repair.

Sedimentation tanks are operated via minimal-horsepower drive units. For example a
1 mgd system, operating at an average flow of 0.88 mgd, uses 9,772 kWh/year for a
cost of $0.39 per MG treated, while a 30 mgd system, averaging 25 mgd, uses 32,572
kWh/year for a cost of $0.30 per MG treated. Often, energy conservation can be
achieved by removing excess units in service.
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Activated sludge is an aerobic biological treatment process that uses the metabolic
reactions of microorganisms to clean up wastewater and produce an acceptable effluent
quality. Activated sludge is considered to be a secondary treatment process and
generally follows a primary clarifier. The process can be used to remove carbonaceous
BOD as well as ammonia.

In the basic activated sludge process, primary effluent enters an aerated tank where
previously developed biological floc particles are brought into contact with the organic
matter of the wastewater. Oxygen is introduced into the system to maintain the
biological population. This can be accomplished by injection of high-purity oxygen
into covered tanks or via a variety of mechanical or diffuser-type aeration systems.
These systems include: surface or submerged mechanical aerators and coarse or fine
bubble diffusers.

As the contents of the aeration tanks are discharged, a gravity clarifier is usually used
to separate the suspended solids from the treated wastewater. Some of the settled
biological solids are recycled back to the aeration tank to maintain a concentrated
population of microorganisms for wastewater treatment.

The energy efficiency depends on: the numbers and types of active microorganisms
present in the aeration tank; environmental factors such as dissolved oxygen
concentration, nutrients, pH, temperature and presence of toxic materials; and how
readily organic material can be oxidized or used for cell synthesis.

Air (energy) requirements are a function of equipment utilized. The oxygen transfer
efficiency increases as the size of the air bubbles decreases. For example, a 9 mgd
facility with surface aerators operating at an average flow of 10.7 mgd uses 947,850
kWh/year for a cost of $15.92 per MG treated. A 1.0 mgd coarse bubble system, with
an average flow of 0.88 mgd, would use 750,013 kWh/year resulting in a cost of
$22.98 per MG treated, while a 48 mgd fine bubble facility averaging 36 mgd would
use 5,323,045 kWh/year yielding a cost of $25.71 per MG treated.
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An aerated lagoon is a holding basin in which air is mechanically introduced to speed
up aerobic decomposition. The essential function of this treatment process is waste
conversion. Aerated lagoons are widely used in industrial wastewater treatment
because their size is conducive to treating high strength wastes with a long hydraulic
detention time and because they are less expensive than the activated sludge process.
However, the land requirement is much greater for the aerated lagoon.

The aerated lagoon is very similar to the stabilization pond except that air is added
mechanically (it does not depend on algae and sunlight to furnish dissolved oxygen for
bacterial respiration). The detention time is shorter and the wastewater depth is greater.

The aerated-lagoon process is essentially the same as the extended-aeration activated-
sludge process, except that an earthen basin is used for the reactor and a downstream
settling tank or facultative stabilization pond that serves as the final clarifier. The
oxygen required by the process is supplied by surface or diffused aerators. As with
other suspended-growth systems, the turbulence created is used to maintain the
contents of the basin in suspension. To meet secondary treatment standards of the U.S.
Environmental Protection Agency, many aerated lagoons are now used in conjunction
with settling facilities and incorporate the recycle of biological solids.

Energy consumption is comparable to the extended aeration process and will vary
depending upon aeration equipment installed in the lagoon. Surface or floating pump-
type aerators are energy intensive; conversion to a floating diffused air system can
reduce energy requirements.

For example, a (0.5 mgd facility that has an oxidation pond with coarse bubble diffusers
and operates at an average flow of (.24 mgd, uses 228,000 kWh/year to operate the
pumps and blowers, resulting in a cost of $166 per MG treated.
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The oxidation ditch is a biological secondary treatment technique similar to extended
aeration. It was developed to minimize waste-activated sludge production through
endogenous decay of the sludge mass. Primary clarification is usually not provided in
these plants.

The oxidation ditch is a ring-shaped channel equipped with mechanical aeration
devices. Oxidation ditches use mechanical brush aerators, surface aerators, and jet
aerator devices to aerate and pump the wastewater. Screened wastewater enters the
ditch, is aerated, and circulates at about 0.8 to 1.2 ft/s. Secondary sedimentation tanks
are used in most applications for solids separation.

The economics of oxidation ditches appear most favorable when the solids retention
time (SRT) is long, particularly where nitrification or nitrification/denitrification is
required. In these applications, energy use is comparable to extended aeration and/or
lagoon systems.

Some examples of energy consumption include, a 0.4 mgd facility with a jet aeration
system that has an average flow of 0.17 mgd uses a total of 219,594 kWh/year for a
cost of $228 per MG treated, while a 2.85 mgd system with brush aerators, operating
at an average flow of 1.25 mgd, uses a total of 1,889,186 kWh/year for a cost of $337
per MG treated.
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Fine bubble diffused air systems can be used in a variety of locations within
treatment plants. Their main function is to supply air/oxygen to the treatment
system. The majority of applications occur in activated sludge tanks, although for
larger treatment facilities post aeration and aerobic digestion applications are
feasible. Fine bubble diffusers can replace surface and jet aeration systems as
well as coarse bubble diffused air systems.

Fine bubble diffusers are manufactured in a variety of shapes and materials. The
most common are:

u Ceramic discs

] Ceramic domes

| Plastic tubes

L Membrane panels.

Oxygen transfer efficiency (OTE) of the equipment will vary by manufacturer.
The OTE is also affected by the airflow per diffuser and the submergence depth.
The greater the airflow per diffuser, the lower the OTE, while the OTE will
increase with a greater submergence depth. Typical OTEs at a 15-foot
submergence depth for various diffusers are:

Diffuser Type OTE (%)
Ceramic Discs (grid) 30-34
Ceramic Domes (grid) 25-37
Plastic Tubes (grid) 28-32
Membrane Panels (grid) 38 - 40

Actual energy savings will depend upon configuration and operation of existing
system. Typical savings from a surface aerator to fine bubble system is in the
range of 40 to 55%, while a coarse bubble to fine bubble conversion could save
30t045%.
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Failure to maintain an adequate residual dissolved oxygen (DO) concentration can
inhibit biological activity and contribute to problems such as sludge bulking and
inhibition or loss of nitrification. Conversely, allowing too high a DO results in
wasted energy. DO control may either be manual or automatic. However,
automatic DO control is typically more energy-efficient than manual control.
Potential benefits from automatic DO control are minimization of aeration energy
costs, improved process performance, and a resulting reduction in effluent
variability.

Manual DO control does improve the process of wastewater treatment. However,
changing conditions make it very difficult for an operator to manually manipulate
airflow rates and air distribution to maintain desired DO concentrations through-
out a sustained operating period. Therefore, airflow typically is manually fixed
at a rate high enough to satisfy the oxygen demand anticipated during peak
loading periods. This practice can result in excess aeration during periods of
reduced loading.

Automatic DO control can provide substantial savings in aeration energy use over
manual DO control. Automatic DO control is justified for plants having
considerable fluctuations in input loading, adequate aeration tank capacity, and
adequate aerator turndown without loss of efficiency. It is not recommended for
all plants. An industrial or municipal wastewater plant in which all blowers must
be operated at full capacity on a continuous basis or where loading does not vary
has no need for automatic blower control.

Generally, the potential aeration energy savings achievable by automatic aeration
or DO control is 25-40%, but can be as high as 50%. Potential savings are plant-
specific and depend on plant loading characteristics, plant configuration and
process hardware design, and the existing level of manual control.
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Blower guide vane control is a common method of adjusting the capacity and
pressure of a constant speed centrifugal blower. Blower guide vane control is
usually installed on blowers where output requirements vary (e.g., in the activated
sludge process), but can be installed in a grit removal system and pre- or post-
aeration systems.

Inlet guide vanes for compressors are located ahead of the impeller. At the full-
load design point the vanes are in a straight, fully open position allowing the air
to enter directly into the impeller. When reduced pressure or flow is required, the
inlet guide vanes are turned so the air is directed into the blower in the same
direction that the impeller is turning.

When the cost of electric power is high, the use of movable inlet guide vanes is
recommended for power savings since the money saved on power costs will be
considerable over the life of the blower.

Power savings resulting from inlet guide vanes occur across the performance
range of the blower, not just at the design point. The horsepower savings
resulting from inlet guide vanes become more pronounced as the suction air drops
below the design temperature, which is usually around 100°F.

Blower guide vane control may be as cost effective as variable speed control,
depending on the type of blower, size, and degree of "turndown" required.
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Manual and automatic variable speed systems vary from constant speed systems
only in that the fixed operating speed may be adjusted easily. Automatic variable
speed controls are often more reliabie and maintenance free than presumably
simpler on-off controls. Variable speed drives can be installed on almost any
blower but are most cost effective in application where the desired output varies

greatly.

At variable speeds, the blower actually operates on an infinite number of speed
curves between the maximum and minimum limits. In many instances the use of
automatic variable speed controls will reduce energy costs substantially. Because
a blower can operate at an infinite number of air flow rates, the output can
correspond to the actual oxygen demand of the system.

Potential energy savings will vary depending on size and operation of the blower
system and variations in influent aeration tanks loadings. For example a 0.4 mgd
facility, with four 15-hp positive displacement constant speed blowers, typically
operates one blower continuously and a second unit very intermittently, using a
total of 99,327 kWh/year. The installation of one variable speed drives would
reduce output during off-peak loadings and could potentially save 19,500
kWh/year, a savings of 19.6%
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Rotating biological contactors (RBCs) used for secondary treatment can be operated
seasonally to enhance nitrification or continuously to reduce BOD loadings.

RBCs are typically used in the following applications: for smaller (<0.3 mgd) treatment
systems as a package secondary treatment scheme; where effluent quality equivalent
to trickling filters or bio-filters is required; or for seasonal nitrification/two-stage
treatment. A single standard-density RBC shaft can treat approximately 0.3 mgd of
medium strength (250 mg/l BOD) wastewater. For larger facilities, modular RBCs are
installed.

A series of closely spaced circular polystyrene or polyvinyl chloride disks is partially
submerged in wastewater. Biological growth (biomass) attaches to the surface of the
disks. The biomass is kept in aerobic conditions by the rotation of the disks. The
rotation alternately contacts the biomass with the organic material in the wastewater
and the atmosphere for adsorption of oxygen.

Energy requirements (i.e., kWh/lb of BOD removed) can be lower than for sequencing
batch reactors (SBRs) or activated sludge aeration systems. Some examples of energy
consumption include:

A 1.0 mgd second stage RBC system, operating at an average flow of (.39 mgd, with
two trains of five RBCs, each RBC with a 7.5 -hp motor, uses 325,722 kWh/year for
operation. This results in an average cost of $137 per MG treated.

A 0.4 mgd RBC facility, with an average flow of 0.35 mgd, has 1 RBC unit with a 7.5-
hp motor. This system uses 48,858 kWh/year with an average cost of $25.01 per MG
treated.
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TRICKLING FILTERS (BIO-TOWERS)
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The trickling filter (bio-tower) is an attached-growth process that is used to remove
organic matter found in wastewater. The trickling filter can also be used to achieve
nitrification. In predicting the performance of trickling filters, the organic and hydraulic
loadings and the degree of treatment required must be considered.

In a trickling filter, biological growth covers a packed media through which wastewater
is percolated. Most often, the filter media consists of either rock or a variety of plastic
packing material. Usually the wastewater is distributed as a uniform spray over the
packed media bed by a rotating flow-distributor arm. Filters are constructed with an
underdrain system for collecting the treated wastewater and any biological solids that
have become detached from the media. The underdrain system is important both as a
collection unit and as a porous structure through which air can circulate up through the
media. The collected liquid is passed to a settling tank where the solids are separated
from the treated wastewater.

Energy requirements for trickling filters are minimal when compared to activated
sludge or rotating biological contactors. However, recirculation pumping can add
significantly to the energy use. Where higher effluent standards are required, activated
sludge processes have largely displaced trickling filters since trickling filter systems
will typically only achieve 80 to 85% BOD removal.

A trickling filter system can use no energy if recirculation pumps are not used while a
21 mgd facility, operating at an average flow of 8.2 mgd, with recirculation pumps
would use 195,433 kWh/year, this results in an average cost of $4.41 per MG treated.
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SEQUENCING BATCH REACTOR
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A sequencing batch reactor (SBR) is a fill-and-draw activated-sludge treatment system.
The unit processes involved in the SBR and conventional activated-sludge systems are
identical. Aeration and sedimentation/clarification are carried out in both systems.
However, in the SBR operation, these two processes are carried out sequentially in the
same tank. All wastewaters commonly treated by conventional activated sludge plants
can be treated with SBRs. A SBR process is simple to operate yet is generally only
economical when used for smaller flows, (i.e. <2.0 mgd) since above this range,
construction costs typically approach or exceed conventional activated sludge systems.

All SBR systems have five steps: fill, react, settle, draw, and idle. Overall cycle times
can vary from 3 to 24 hours. Multiple units are required.

Alr is introduced into the system during a portion of the fill cycle and the react cycle.
Wasting typically occurs during the settle or idle cycle.

By modifying the reaction time, nitrification or nitrogen removal and phosphorus
removal can be accomplished.

Improvements in aeration devices and control systems have allowed the development
of fill-and-draw systems to achieve their present level of effectiveness. A SBR is now
able to compete successfully with conventional activated sludge systems. In some
applications a SBR system will be more energy efficient to operate but may be more
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