Municipal
Wastewater Blower
True Costs

Overview
• This True Costs Guide is continually evolving. We welcome input to make it more
complete and accurate.
• The goal of the True Costs Guide is to help owners and consultants make the best
decisions relative to blower selection and integration and to provide specific information
by region as to the availability and cost of blowers.
• For example in China there are local suppliers whose prices are lower than international
suppliers. How does this affect the decisions for blowers to be used in China?
• How do process changes such as nitrification impact the true cost of various options?
• What are the differences in cost of different options depending on whether it is a
replacement or a greenfield installation?
• How important are differences in energy costs between sites being evaluated?
• These are just samples of the many questions addressed.

Blower and Compressor Applications in Wastewater Plants
Aeration for the purpose of biological
treatment is the largest application for
blowers and compressors in municipal
wastewater plants. There are a number of
other uses as well. If sewage sludge is
combusted blowers are used for providing
the combustion air. Aeration is used in
grit collection as well as secondary
treatment. If anaerobic digestion is used
there is no aeration requirement but
there is a move to transport and store the
produced gas.
Initially we are focusing on the aeration
decisions but will expand later to detailed
analysis of the other blower applications.
Material in red indicates areas for which
we are seeking further information.

Blower Options

McIlvaine Original Analysis
Main Category

Sub Category

PSIG Range

Flow

Efficiency

Cost

Rotary blowers

Rotary blowers

5-30

low

lower

lower

Centrifugal Turbo fans

Centrifugal turbo fans

4-10

high

higher

higher

Centrifugal Compressors

Single stage

5-30

high

higher

higher

Multi stage

30-65

high

higher

higher

Packaged Turbos

Packaged Turbos

0-30

high

higher

In between

Oil free screw
compressors

Oil free screw
compressors

Multi stage 52 bar
(754 psig)

high

higher

higher

Xylem
Blower
Analysis
https://www.xylem.
com/siteassets/bran
d-specific-contentincludingcatalog/sanitaire/sa
nitaireresources/xylemguide-toblowers.pdf

Aerzen Rotary Lobe vs Screw Compressor
Aerzen compared two types of positive displacement and two types of dynamic blowers:
1. Rotary lobe blowers
2. Low-pressure dry screw compressors
3. Special purpose high speed single-stage centrifugal blowers with inlet guide vanes and outlet
diffuser vanes to achieve a wide turndown at constant operating speed. These machines can be
operated with a VFD to provide additional flexibility while maintaining highest efficiency.
4. Standardized high speed single-stage turbo blowers. These recently introduced machines are
direct-driven by a high-speed permanent magnet motor and always require a VFD to meet varying
air density and/or pressure needs. The impellers are precision cast or fully machined depending on
the manufacturers. Adjustable diffuser vanes are not used and the machines rely on a well
integrated elaborate control system to adapt to changing conditions. They make use of most
modern technology with magnetic bearings or air bearings. Magnetic bearings enable continuous
vibration monitoring, while air bearings cannot be monitored.

Efficiencies

https://www.acsawate
r.com/sites/default/fil
es/websitefiles/SVW
WTPN/Selecting%20th
e%20Right%20Blower
%20Technology.pdf

Nominal efficiency and turndown are important. However,
in the case of Almonte Springs
described in the case histories
section. VFD is used with PD
blower and provided superior
energy efficiency when
operating at a normal 50% load.
Multiple blowers are frequently
used to provide high efficiency
over a wide range of flows. So
the nominal efficiency of a
single blower is only one of the
relevant inputs to determine
optimum energy consumptions
We are inviting input on this
subject.

Comments

We will be posting
expanded analysis of the
performance of different
options.

How important is
the evaluation of
the surge line in
blower selection?
This is a chart by
Carollo.

Positive Displacement Blowers

Positive Displacement Rotary Blowers - Manufacturers
Former or
Other Names

Corporate Office
Country

Americas
Availability

EMEA Availability

Asia Pacific
Availability

Aerzen

MS

Atlas Copco
Everest

India

S

M

Gardner Denver

MS

Ingersoll Rand

Hibbon

Howden

GE, Dresser Roots

Kaeser

S

K -Turbo

Korea

SWAM

India

TAIKO

Japan

Sold to Aerzen?

R- Singapore,
Shanghai

tuthill
Unozawa

Japan

M = Manufacturing S = Service Center D = Distributor (not direct) R = Representative

We are asking the blower suppliers to validate the availability of their products by continent.

AERZEN : Robust machines; easy to operate; easy to
maintain by plant personnel; mean time between overhauls
typically 5 to 10 years; only little instrumentation required
and controls are vey simple: no pressure ratio controls
required for air density adjustments; the blower adjusts
naturally to the system backpressure without any controls;
at constant speed, the power required is proportional to the
downstream pressure at any moment; flow control range up
to 4:18 using a standard constant torque frequency inverter;
at constant pressure, the power is proportional to the
speed; the drive uses a standard NEMA or IEC motor;
wide turndown range; no surge limitation; requires some
more space than an equivalent turbo blower; lower initial
costs than a turbo; lower repair costs than a turbo; blower
and motor bearings are not a limiting factor for number of
starts.
Due to their operating principle, rotary lobe blowers rely on
pulsation attenuation at the discharge side to reduce piping
noise. Packagers are offering acoustic treatment to meet
occupational and environmental noise limits.

Multi Stage Centrifugals

Features and Product Availability

We are requesting information
from Gardner Denver and other
multi stage centrifugal suppliers
on their products including
availability by continent.

Multi Stage Centrifugal - Manufacturers
Former or
Other Names

Corporate Office
Country

Americas
Availability

EMEA Availability

Asia Pacific
Availability

Atlas Copco
Continental Blower
Gardner Denver

MS

Ingersoll Rand

Hibbon

Howden

GE, Dresser Roots

HSI
National Turbine
Spencer Turbine

M = Manufacturing S = Service Center D = Distributor (not direct) R = Representative

We are asking the blower suppliers to validate the availability of their products by continent

Spencer Turbine for Digester Gas Boosting
The Spencer Turbine Company helped a customer find a clean, renewable alternative fuel in an unlikely place—
a wastewater treatment plant. When the Hunts Point Water Pollution Control (WPC) in New York City set out to
reduce its energy consumption, the New York Power Authority (NYPA)—which operates the facility—
investigated using biosolids to generate electricity. With a grant from the New York City Department of
Environmental Protection (NYC DEP) energy savings program, the facility realized it had the perfect
combination to generate its own power: biosolids and fuel cells. The pairing of methane and fuel cells at the
Hunts Point WPC is possible because the methane gas from the wastewater treatment process contains
hydrogen, which is what a fuel cell runs on. Tapping the hydrogen, however, requires that the gas pressure be
boosted to specific pressure levels. That’s where Spencer’s digester gas booster capabilities played a vital role.
Spencer provided a skid package specifically designed to help the Hunts Point facility move digester gas from
the digester to the fuel cell at the desired pressure levels. But the Hunts Point digester gas includes chemicals,
such as hydrogen sulfide (H2S), and other matter that are corrosive. Optimum performance depends on
preventing damage from their corrosive effects. So Spencer’s Engineering Department recommended stainless
steel gas booster construction with anodized aluminum impellers to resist corrosion. Additionally, the
hermetically sealed design allows zero leakage of corrosive, explosive and odorous digester gas to the
environment. The gas tight, corrosion-resistant gas booster was mounted on a common skid. The skid included
a recirculation system, control panel, drip traps and drain lines for condensate removal, temperature and
pressure gauges, switches and other components. To ensure that the equipment met customer requirements,
Spencer delivered the complete skid to the site pre-assembled, pre-piped, pre-wired and factory tested to the
company’s standard factory performance test procedures. This turnkey package is truly a plug-and-play design

Single Stage Centrifugals

Features and Product Availability

These blowers have typically been applied to
large installations and for pressures up to 30 psig.
We are requesting information from single stage
centrifugal suppliers on their products including
availability by continent.

Centrifugal Compressor Manufacturers
Former or
Other Names
Aerzen

Corporate Office
Country

Americas
Availability

EMEA Availability

Asia Pacific
Availability

MS

MS

MS

S

S

K-turbo

Atlas Copco
DMW

Japan

Ebara Elliot

Gardner Denver

Hoffman, Lamson,
Nash

GL Turbo

China

Howden

GE, Dresser Roots,
Siemens KKK

Ingersol Rand

Hibon

Man-Turbo
Sulzer

M = Manufacturing S = Sales-Direct

D = Distributor (not direct)

High Speed Turbo Blowers

Carollo Analysis of High Speed Turbos

Carollo Analysis of Bearing Offerings

This older analysis by Carollo is useful but
there have been name changes. Turblex is
now part of Howden. ABS is part of Sulzer.
The Dresser Roots group was sold to GE
and is now Howden. Hoffman is part of
Gardner Denver

Turbo
Former or
Other Names
APG Neuros

Corporate Office
Country

Americas
Availability

Canada M

M

EMEA Availability

Atlas Copco
GL Turbo
HSI

U.S. M

Howden

Siemens ,GE,
Dresser Roots

Next Turbo
Piller
Spencer

Sulzer

ABS

M = Manufacturing S = Sales-Direct

D = Distributor (not direct)

We are requesting input from suppliers relative to product availability by continent.

Asia Pacific
Availability

Carollo Analysis of Impeller Design and Cooling System

Atlas Copco New Product ZB 250 High-Speed Turbo
Blower for Wastewater Aeration
ZB 100-250 VSD Direct Drive Centrifugal Air Blowers, introduced at WEFTEC 2015; company states a
big shift from air-foil to magnetic bearing technology, largely because aeration applications demand
safety and reliability above all else. The ZB series of blowers replaces Atlas Copco’s legacy HSI units,
providing better safety systems with a shaft that is more resistant to large electrical shorts. The ZB
blower packages offer a wide capacity range and good efficiency, resulting from the VSD controls. The
Elektronikon® system is also worth mentioning, as it allows monitoring for the entire blower
installation.
The new ZB 250 high-speed turbo blower provides wastewater aeration basins with high efficiency
air, featuring a two-pole permanent magnet motor with rare earth element magnets.
A dedicated bearing controller drives eight radial and two tangential bearing coils, enabling the rotor
assembly to spin continually in its geometric center. In the event of a process upset, the bearing
controller protects the machine by sensing the change in rotor position and automatically correcting
it. If the machine experiences a surge, a shutdown is triggered.
ZB packages come standard in a complete ‘ready-to-run’ trim level.

Single Stage Oil Free Compressors
• Single-stage oil-free screw compressors Robust machines; easy to operate; easy to
maintain by plant personnel; mean time between overhauls typically 5 to 10 years; only
small amount of controls required; no controls required for pressure ratio and air density
adjustments; the system backpressure determines automatically the pressure generated
by the blower without any controls; at constant speed, less energy than rotary lobe
blowers above pressure ratio of 1.7 thanks to internal compression; the power drops and
adjusts naturally to the downstream pressure at any moment; flow control using a
standard constant torque frequency inverter; at constant pressure, the power is
proportional to the speed; the drive uses a NEMA or IEC motor; wide turndown range up
to 4:1; no surge limitation; may require more space than an equivalent high-speed turbo
blower; compressor bearings are not a limiting factor for number of starts.
• Lower initial and repair costs than a special purpose centrifugal blowers; similar cost to
standardized turbo blowers. Due to their operating principle, screw compressors rely on
pulsation attenuation at the discharge side to reduce piping noise. Packagers are offering
acoustic treatment to meet occupational and environmental noise limits.

Design Considerations

Aerzen
Matching aeration blowers to plant’s demands: A normal
operating point should be defined as “the point at which usual
operation is expected and optimum efficiency is desired. This
point is usually the certified point.”1 In other words, if a plant
is designed to operate at 80% of its peak, the performance of
the aeration blowers should be optimized for that point.
Real plant and operating conditions: The reality of a plant is
the result of compromises resulting from the many
components combined into a system that needs to perform
reliably while subjected to the many interdependent variables
that characterize a wastewater treatment operation: quantity
and composition of the effluent stream, water and air
temperatures, actual vs. future capacity, budget, goals,
operator competency, environmental and legal constraints, etc.

Most plants operate with the primary goal of meeting the
environmental permit requirements. Managing the plant
processes for lowest energy usage and lowest life cycle costs
may not be the highest priority, and efforts made to design the
most efficient plant could be wasted. Therefore, healthy
pragmatism will help prevent spending extra for added
complexity that ultimately may become an additional burden
to the operations.

Carollo

Aerzen - Defining the Field of Operation
•

The field of operation that the blower system will be subjected to consists of the following parameters: Site conditions: Type of aeration system, Mass flow of air
at any moment in time , Other system variables: upstream and downstream

•

Type of aeration system; operating pressure The purpose of this section is not a discussion on the most efficient aeration system. Instead, it provides an overview
of how components of the aeration system affect the operation of the aeration blowers. 1. Submergence: The depth of submersion of the diffusers determines
the hydrostatic head that the blowers must overcome. The submersion ranges typically from 10 ft (3 m) to 26 ft (8m) in municipal wastewater treatment plants,
requiring aeration blowers capable of pressures under 15 psig (~1000 mbar), while industrial systems may require 33 ft (10 m) to 66 ft (20 m). For deep aeration
applications single stage oil free screw compressors or high-speed centrifugal compressors should be considered.

•

Pressure losses must be added to the aeration depth Piping and air distribution system with check valves, isolating valves, elbows other piping components will
engender restrictions that, at maximum flow can reach or even exceed 1.0 psi (70 mbar). 3. The head loss across the diffuser system (typically 0.4 to 0.8 psi (30 to
60 mbar)) 4. A safety margin should be added to account for some aging and/or fouling of the diffusers (in the range of 0.5 to 1.0 psi (35 to 70 mbar. When starting
up the aeration system, an elevated stagnation pressure needs to be overcome for a short period of time. Moreover, condensate that may have appeared in the
pipe must be driven out.

•

Variable oxygen need and air flow range The right dosage of the quantity of oxygen at each step of the process and the absorption of the oxygen in the wastewater
are the most important parameters that influence the amount of energy used by the plant, since the amount of oxygen is directly proportional to the air flow
produced by the aeration blowers. Providing for the correct oxygen level at any moment requires automatic flow adjustments. Blower systems must therefore
adapt to these changing conditions in the most efficient and stable way possible, reliably and without surging. This can be accomplished by cycling the blowers,
throttling the suction, adjusting outlet diffuser vanes, or using adjustable speed drives. The amount of air required for the aeration will be expressed in units of
measure that are independent of the site conditions. These would be scfm (14.7 psia, 70ºF, 36% RH) or Nm3/hr (1.013 bar abs, 0ºC, 0% RH). The sizing of the
aeration system will require a calculation of the inlet volume flow: - At maximum temperature and maximum relative humidity - At average temperature and
average relative humidity - At minimum temperature and minimum relative humidity

•

As an example, if the mass flow of oxygen must vary between 100% and 40% and the ambient conditions vary from a minimum of 14 ºF (-10ºC) / 80% relative
humidity and a maximum of 104 ºF (40 ºC) / 65% relative humidity, the turndown capability of the aeration blower system has to be 100% to 32% of the
volumetric flow. The turndown capability of the system is determined by the number of blowers, their individual turndown capability, the operating mode
(variable flow or on/off cycling operation) and which is largely a function of the blower and drive technology. A wide turndown range is often required to meet the
varying oxygen demand: 4:1 to 10:1 are typical.

Plug and Play Approach and Total Costs
• Plug-and-play approach: An increasing number of manufacturers offer machines in a plug-and-play concept.
It is an efficient and attractive proposition to buy industrial equipment as easily as a kitchen appliance. But
where one size does not fit all, flexibility is required to meet actual needs. For example, electricians prefer
working on motor starters and VFD (if needed) located in a clean and air conditioned electrical room than in
the machinery blower room; blowers installed outdoors eliminate the need for a machine room; the control
of temperature in a machine room must be achieved without raising the operating costs for air conditioning;
in addition to the OSHA limits within the plant, continuous and transient noise emissions may cause
problems close in a residential area.
• Total costs: Total costs include the investment costs, energy costs based on anticipated operating conditions
over time, maintenance, service, spare parts, and repairs. Unfortunately, costs used to compare proposals
are frequently based on hypothetical conditions. Some less obvious aspects are sometimes completely
neglected but nonetheless important for the costs of ownership. To mention a few: balanced and stable
power supply, unused reserves of pressure or air flow, air filter maintenance/replacement frequency,
number of machines, etc.

Include all Aspects in Calculating Energy Consumption

Specify a Pressure Rise to Surge Point

True Cost Evidence
We are requesting additional case histories to cover the variety of
applications and approaches which are being used. These will further
validate the experience of suppliers and consultants.

Three Different Blower Types provide Lowest True Cost at CMA
• The Clearfield Municipal Authority (CMA) set out to accomplish a number of key goals when
upgrading its regional wastewater treatment plant in Clearfield County, PA, yet few took on more
importance than a new aeration blower system capable of efficiently and cost-effectively
delivering proper aeration across a wide spectrum of daily and seasonal operating conditions, in
addition to meeting the plant’s long-term aeration needs. To achieve its goals for aeration, CMA
partnered with engineering firm Gwin, Dobson & Foreman, Inc. and blower manufacturer Aerzen
USA to design and install a system in that leverages three aeration blower technologies, including
turbo blowers, hybrid blowers and positive displacement (PD) blowers. Each fulfills aeration and
oxygen demands for separate and distinct applications, while helping CMA continue its strong
record of compliance at the lowest possible cost.
• Three BNR reactors. - GD&F opted for turbo blowers rather than PD or Hybrid blowers for the
reactors because units are typically more efficient and cost effective in applications with narrow
swings in turndown.
• Two digester tanks.- Given the operating conditions of the digester tanks and the need to costeffectively deliver proper aeration, GD&F specified two 100 HP twisted screw hybrid blowers. The
hybrid blowers provide the ability to operate at very high pressure and operate efficiently at those
high pressures, yet they also offer tremendous turndown.
• A sludge holding tank.- Given the low operating pressure and lower capital costs, GD&F specified
two 50 HP PD blowers for the SH and recycling tanks.
• https://www.blowervacuumbestpractices.com/industries/wastewater/three-blowertechnologies-help-pennsylvania-wastewater-plant-meet-wide-range-o

Kansas City Plant switches from Rotary Lobe to
Integrally Geared Blowers
The Sni-A-Bar Municipal Wastewater Plant in Blue Springs, Missouri, partnered with Inovair to
replace four fixed-speed rotary lobe blowers on its aeration system with four Variable Frequency
Drive (VFD), integrally geared centrifugal blowers.
Measurements indicated that each rotary lobe blower consumed 99.8 kW of electrical input power
to deliver 1,875 scfm at 9.5 psig line pressure. By comparison, testing of Inovair’s prototype IM
blower showed the blower could deliver 1,875 scfm under the same conditions while only
consuming 75.2 kW of electrical power, representing a 25 percent savings. Additionally, under
worst-case design with ambient conditions of 100 oF, testing showed the Inovair IM blower could
deliver design flow of 1,875 scfm Blue Springs decided to purchase four 100 hp Inovair IM blower
units, arranged in 2 stacks of 2 units each. The plan called for Basin 2 to remain aerated by the
prototype IM stack. Basin 3 was scheduled for a production IM stack in late spring of 2018. Given
IM’s configuration and compact footprint, the plant only needed to remove two existing blowers,
maintaining three blowers as standby units with one blower dedicated to each basin and a swing
blower that could serve either one.
https://www.blowervacuumbestpractices.com/industries/wastewater/sni-bar-wastewater-plantsaves-42000-annually-energy-new-aeration-blowers

City of Almonte Springs - Aeration Analysis by Tetra Tech
Takeaways
• Older multistage centrifugals replaced with more efficient selections
• Either turbo or rotary blowers recommended for the process
• Concerns about complexity of turning down volume with multi stage centrifugal
• Install centralized aeration control system
• Rotary blower with VFD recommended for aeration in sludge holding tank where load fluctuations offer potential for energy
savings
Background
• The City of Altamonte Springs Regional Water Reclamation Facility (RWRF) has a permitted design capacity of 12.5 million gallons
per day (MGD) on an average annual daily flow (AADF) basis. The current AADF is approximately half of the permitted value and
the facility maintains consistent compliance with regulatory agency permit requirements related to effluent quality.
• The aeration facilities at the plant include six multistage centrifugal blowers, a fine pore diffused aeration system for the treatment
process, and a coarse bubble diffused aeration system for the aerated sludge holding tanks. Four of the blowers discharge to a
common manifold that serves the process basin and the two remaining blower have a separate manifold that provides air to the
sludge holding facilities, however, for reliability purposes, the two manifolds are interconnected The blowers have been in
operation for over 20 years and the City is considering replacement of one or two of the units that serve the process basin with
newer more efficient machinery that is appropriately sized for current and near-term air demands.
• Also, the City intends to install dedicated blowers adjacent to the sludge holding tanks to simplify process operation and avoid
some rather expensive piping replacement that would necessary if the current piping configuration were to remain intact. In view
of the above considerations the City retained Tetra Tech to develop and evaluate various blower replacement options. This
memorandum presents findings, conclusions, and recommendations resulting from the evaluation of several equipment options;
however, it should be noted that this assignment does not address diffused aeration system replacements for the process basin or
the aerated sludge holding

Turbo Blower or Rotary Displacement Recommended
• Summary of Improvements and Costs Based on the various analyses described herein, the following
improvements are suggested.
• Install two (2) new process aeration blowers with a capacity of 3,500 SCFM each. High efficiency turbo
blowers or rotary positive displacement units with axially twisted lobes both represent efficient options;
however, the positive displacement machinery has a more extensive track record. Selection of two blowers
can be completed after visiting several plants with similar machinery.
• Install one (1) submersible mixer in Zone 3 of each aeration basin to provide efficient mixing and to allow
reduced air delivery. Replace the existing 24-inch air header within the aeration basin structure with two (2)
separate 20-inch stainless steel air headers.
• Replace the existing 10-inch droplegs and submerged manifold pipes for each diffuser grid. Each new
dropleg should include an electrically actuated butterfly valve and air flow meter for precise control of air
delivery.
• Install processes monitoring probes within the anoxic and aerobic basins to measure nitrite + nitrate,
ammonia, and dissolved oxygen concentrations at selected locations.
• Provide centralized aeration system control via the existing plant control system or with a new PLC-based
system. The controls should automatically start and stop the blowers and adjust their speed in response to
signals from the process monitoring probes. Also, the control system should automatically adjust the air
delivery to each aeration grid based on process feedback.
• Install one (1) new rotary positive displacement blower adjacent to the sludge holding tanks which should be
used exclusively for the holding tanks. The blower should include a VFD for adjustment of air delivery to the
tanks.

Oxygen Requirements
Air is required for the biological treatment process for CBOD5 removal and nitrification. The Modified Ludzack-Ettinger (MLE)
process provides some level of nitrogen removal and the reactions involved in the process result in an “oxygen credit” that
mitigates the overall oxygen demand to a modest degree. In order to properly evaluate aeration alternatives, it is first
necessary to estimate oxygen demands under current, near-term, and “permitted capacity” conditions. Water Environment
Federation Manual of Practice No. 8 (WEF MOP-8) presents relatively straight-forward methodologies to estimate oxygen
requirements which are applicable to the MLE process. The table below presents the estimated oxygen requires for current,
near-term, and permitted flows using the WEF MOP-8 methodology.

Air Requirements
In order to achieve more economical aeration, the City would like to replace some of the existing blowers with new, more
efficient machinery that has the ability to meet wide variations in air demands. Further, the City desires to maintain the
current permitted capacity of 12.5 MGD; therefore, the system must be capable of delivering approximately 15,500 SCFM with
the largest unit out of service. To meet these goals it is suggested that the City consider replacing two of the existing
multistage centrifugal units with blowers rated for 3,500 SCFM each. Under this concept the smaller more efficient machines
would provide sufficient air for AADFs for the next 10 years and a “firm capacity” of 21,400 SCFM will be provided, which is
more than adequate to address the process aeration needs at the plant’s permitted capacity. In fact the firm capacity provided
under this scenario is such that only one new dedicated blower would need to be installed at the aerated sludge holding basin
if the interconnecting piping between the two systems remains intact.

Three Options Available
• Process Aeration Blower Options There appear to be three basic equipment options that merit consideration for the new
process aeration blowers. Each option is described below.
• Multistage Centrifugal Blowers: Replacing two of the existing 300 horsepower blowers with smaller more efficient multistage units would provide energy savings by providing a greater range of efficient operation or better “turndown” and
improved compression efficiency. The units supplied under this option would be very similar to the existing units; however,
they would be smaller and have 200 horsepower drive motors.
• High-Efficiency Turbo Blowers: The latest high efficiency blower technology involves high-speed blowers with air bearings
that accommodate rotational speeds of 20,000 to 30,000 RPM. These machines are very small in physical size when
compared to multi-stage centrifugal or rotary positive displacement units and they feature a unitized package that
includes the blower, variable frequency drives, and controls. As is the case with smaller multistage units, replacing two of
the existing 300 horsepower blowers with smaller more efficient turbo units would provide energy savings by providing a
better turndown and improved compression efficiency.
• The third option for provision of smaller more efficient blowers involves the installation of two rotary positive
displacement blowers. This type of blower feature pairs of rotating lobes that provide air delivery in direct proportion to
blower speed at efficiencies that are slightly less than those published for multi-stage centrifugal or turbo blowers. The
lobes are usually straight; however, an axially twisted configuration is available that improves compression efficiency and
lowers noise emissions. These blowers are usually furnished in a unitized package that includes the blower, variable
frequency drive, and controls. Once again, replacing two of the existing 300 horsepower blowers with smaller more
efficient units would provide energy savings by providing a better turndown and improved compression efficiency. Plotting
the power requirements and allowable range of air delivery for the existing machinery and potential blower options
provides a useful “initial comparison” of alternatives.

1. All of the
replacement blower
options are
considerably more
efficient than the
existing blowers when
air flow is in the range
of approximately 2,500
to 3,500 SCFM.
2. All three blower
replacement options
have similar efficiencies
when air deliveries are
in range of 2,500 to
3,500 SCFM.
3. The rotary positive
displacement blower
option has better
turndown than the
other two replacement
options.

Concerns about Complexity of Turndown with
Multi Stage Centrifugal
• When evaluating blower options it is important to carefully consider turndown in the overall analysis. In the case of the
Altamonte Springs WRF, it is assumed that a low flow condition occurs from about midnight to 6:00 am which results in a
fairly steady flow of about 3 MGD. During this period the air demand for treatment is about 2,600 SCFM; however,
properly mixing the basin necessitates an air flow of approximately 3,000 SCFM. If one of the existing multistage blowers is
used to deliver 3,000 SCFM the resulting power draw equals approximately 191 horsepower if inlet throttling is practiced.

• In contrast, the smaller replacement blowers would draw between 130 and 150 horsepower during the 6-hour low-flow
period depending upon which type of equipment is selected. On an annual basis, the replacement blowers could result in
a savings ranging from about $7,000 to $10,000/year. Without inlet throttling, an existing multistage blower will draw
about 240 horsepower and annual cost savings associated with the replacement machinery would range from $15,000 to
$18,000/year.
• Based on these values, it is clear that provision of smaller more efficient blowers can result in significant savings once the
process and sludge holding basin air requirements are segregated. Based on the present worth cost evaluation and the
values presented above with regard to aeration during low-flow periods, it is apparent that the high-efficiency turbo
blowers offer a modest economic advantage.
• The multistage centrifugal blowers have economic characteristics similar to the turbo blower; however, to achieve
turndown via inlet throttling a modulating valve would be necessary and concerns related to control complexity and
surging make this option less desirable.
• The rotary positive displacement blower option carries the highest present worth cost, but as previously stated, it is
comparable in cost to the other alternatives. Precise air flow control, the use of well-proven technology, a wide turndown
range, and the provision of a programmable logic controller that only requires an input DO signal compensates for a
slightly higher cost of the rotary positive displacement blower packages; therefore, they are considered to be equal to the
turbo units in terms of desirability. To facilitate a final selection, it is suggested that City Staff visit local installations
featuring both types of equipment and make a decision based on operator preference.

Turbo Blower more Expensive but more Efficient

Two Rotary or Turbo Blowers for Process Aeration and
One Rotary for Sludge Holding

Air Delivery Automation

This paper is included in
the intelligence system.
It provides a valuable
analysis of a control
program to maximize
efficiency and take
advantage of features of
the turbo blowers.

Paper, cont.

Paper, cont.

One HST Blower for Hot Weather and Another for
Cold - City of Garland

City of Garland Controls

Fayetteville Wastewater Treatment Plant Lowers
Operational Costs, Increases Efficiencies
At the Fayetteville WWTP, action has taken the form of a forward-thinking approach to plant operation and multiple
initiatives designed to lower the costs of operation and improve efficiencies. Among its initiatives is a $5 million plant
upgrade involving the installation of advanced technology, including:
A Supervisory Control and Data Acquisition (SCADA) system.
Updated aeration basins featuring Luminescent Dissolved Oxygen (LDO) probes. Before the plant upgrade, it also installed
Variable Speed Frequency Drives (VFDs) on mechanical surface aerators used on the aeration basins.
High-efficiency aeration blowers for optimization of its digester storage tanks.
A state-of-the-art dewatering system, featuring a high-efficiency centrifuge and other equipment designed to save costs and
more.
When planning the upgrade, FPU determined it could realize more cost-savings with updated aeration blowers used to
provide oxygen needed to metabolize the organic compounds in the sludge, while also meeting BOD5 levels. As such, it
replaced its two 125-hp blowers with three, new Aerzen 75-hp positive displacement blowers as part of its plant upgrade.
Each blower is rated to deliver 1,500 CFM at 6 psig.
During normal load conditions, the plant operates the digesters at 50 to 75 percent capacity. During the 36-hour aeration
period, plant operators manually activate a single blower to provide all the aeration needed for both digesters. The aeration
strategy calls for operators to activate a second blower during a rare situation when the plant has reached its peak daily flow
and both digesters are at full capacity. The third blower provides system redundancy. The primary blower is turned off during
non-aeration periods.
https://www.airbestpractices.com/industries/wastewater/fayetteville-wastewater-treatment-plant-lowers-operational-costsincreases-eff

Snohomish Public Utility District selects High Speed
Blowers for Energy Efficiency
• Snohomish Public Utility District undertook an energy efficiency program The
wastewater facility ultimately selected an option with the high-speed blower and finebubble diffusers—which had the lowest annual energy and maintenance costs.
• High-speed blowers can offer significant efficiency improvements, compared to
mechanical aerators, or positive displacement and multi-stage centrifugal blowers. They
achieve this through the use of highly-efficient permanent magnet motors and a
frictionless magnetic or airfoil bearing design that improves the unit’s mechanical
efficiency. The blower installed at the Washington wastewater facility also included
integrated dissolved oxygen sensors and a variable speed drive that modulated the speed
of the blower to maintain a specified oxygen concentration in the wastewater stream.
• https://www.airbestpractices.com/industries/wastewater/aeration-energy-offersopportunities-save

Kaeser says Rotary Screw Blowers are up to 35 Percent
more Efficient than Conventional Blower
• Rotary screw blowers have better specific performance (more air per kW) than lobe
blowers due to their compression process. Lobe blowers utilize external compression—
air is not compressed within the block itself. Lobe blowers have two impellers and the
inlet is directly opposite the discharge port. As one impeller begins to seal off the air
inlet, air is trapped between the blower case and the impeller. Meanwhile, the other
rotor begins to open at the outlet. The impeller sweeps the trapped air to the discharge
port where it passes on to the discharge piping—pressure builds in the piping in relation
to the length and diameter of the piping and the depth of the wastewater pond. Lobe
blowers all have some degree of “slip” which allows air to flow from the high-pressure
side to the low-pressure side. This is a source of inefficiency.
• https://www.airbestpractices.com/industries/wastewater/kaeser-rotary-screw-blowerswastewater-aeration

Magnetic Bearings: An Attractive Force for Energy-efficiency
• Reducing the energy requirements of aeration blowers will help plants cut their energy
costs and CO2 emissions. SKF’s high-speed permanent magnet motor solutions that
utilize magnetic bearings are already making it possible.
• Magnetic bearing systems represent an innovative approach to the support of rotating
equipment, achieving performance levels not previously possible with traditional rolling
element or fluid film bearing technologies. Magnetic bearings are a non-contacting
technology, and as such they offer a range of important benefits, from almost zero
friction, active vibration control, reduced energy consumption and the elimination of
bearing wear. In addition, it is possible to operate at speeds that were unachievable with
traditional technology. Magnetic bearings are ideal for use in processes that are sensitive
to contamination since the need for lubrication and maintenance has been eliminated. A
wastewater plant replaced lobe type blowers with centrifugal blowers featuring SKF
permanent magnet motor with immediate success
• https://www.airbestpractices.com/technology/blowers/magnetic-bearings-attractiveforce-energy-efficiency

Evaluating Different Blower Technologies
on a Wire-to-Air Basis
• Five basic blower technologies serve the water and wastewater markets: Positive
Displacement Lobe Type, High Speed Screw, Multistage Centrifugal, Integrally
Geared Single Stage and Gearless Single Stage “Turbo” Technologies that
incorporate air or magnetic bearings. Each have all the same basic components, a
compressor, motor, starter and inlet filter, and some technologies also have
cooling systems, Power consumption, while important, is just one criterion in the
selection of blower technology. Other factors such as noise levels, environmental
impact, access to service, or even the performance characteristic of the
application itself should be evaluated when selecting a blower technology. When
comparing power usage, a wire-to-air approach, backed by a published standard,
is the only fair and unbiased way to evaluate between technologies. Beyond
evaluation, the manufacturer should have the facilities to perform testing in
accordance with the specified code
• https://www.airbestpractices.com/technology/blowers/evaluating-differentblower-technologies-wire-air-basis

Does Nutrient Removal put more Air Demand on
Blowers versus BOD Removal?
• Definitely says Henryk Melcer, Senior Process Engineer, Vice President at Brown and
Caldwell. When you nitrify one needs to supply approximately four-and-a-half parts of
oxygen per one part of ammonia, compared to one part of oxygen per part of BOD.
Allowing for the different concentrations of BOD and ammonia, the air demand increases
by a factor of about two. As a result, a plant could end up doubling the number of
blowers needed. More air, of course, equates to more energy cost.
• This means treatment plants might be looking at significant additional expenses when
they upgrade to nutrient removal. This also drives the need for many plants to find more
efficient blowers to replace older models when they upgrade.
• There are other ways of reducing overall demand for oxygen but there is still a very
significant increase in the amount of air that needs to be delivered by the blower
systems.
• https://www.blowervacuumbestpractices.com/system-assessments/blowersystems/brown-and-caldwell-tackling-wastewater-aeration-challenges

Howden Explains Use of ASME PTC 13
• In 2010, the American Society of Mechanical Engineers (ASME) established the PTC 13
Committee to establish a power test code for all blower technologies. Blower & Vacuum
Best Practices interviewed Committee Chair Jacque Shultz, HRO-Turbo Product Technical
Leader, Howden North America, Inc., for an update on the new code. ASME PTC 13
includes sections that incorporate aspects of PTC 9 and PTC 10. This code also includes
procedure flow charts to illustrate testing both positive displacement and centrifugal
blowers based on the different methodologies these machines are designed specifically
to operate to ensure the corrections in power conversions for these methodologies are
accounted for during testing in the test stand, and best match the final conditions and
performance in the field.
• ASME PTC 13 includes Tables 3.1 and 3.2, which are very useful since they can be used to
correct for performance differences that can occur between the manufacturer’s test
stand and the field on different types of control mechanisms.
• https://www.blowervacuumbestpractices.com/standards/blower-standards/progresscontinues-asme-ptc-13-blowers

Market Impact of High Speed Turbo Blowers and
Rotary Screw Blowers
• Blower & Vacuum Best Practices® Magazine interviewed Ms. Julie Gass P.E., Lead Process Mechanical
Engineer, from Black & Veatch on trends in the wastewater treatment industry especially pertaining to new
technology aeration blowers and energy efficiency.
• The market has been impacted by the introduction of new gearless, high-speed turbo blowers. They are
single-stage machines operating at 20,000 to 40,000 rpm – without multiple impellers and gearboxes. They
have non-contact bearings (magnetic or air bearings) that eliminate the need for a lubrication system. Most
deploy a variable frequency drive. These units also come in skid packages incorporating cooling systems and
VFD’s seemingly providing a lot of advantages. One significant advantage is that for the first time, there is a
more efficient technology available for small and medium-sized wastewater treatment plants which is the
gearless turbo technology. The single stage integrally geared units have been available for many years and
offer good efficiency for the larger plants but were often not well suited for small to medium size plants. We
see a trend towards using banks of smaller units to allow smaller plants to install horsepower ranges better
suited to their varying load profiles.
• Second, the positive displacement blower manufacturers are coming out with new designs, like the rotary
dry screw blower, that is optimized for the pressure ratio needed for wastewater aeration and offers
improved efficiency in comparison with traditional positive displacement blowers. These are also packaged
machines and they often incorporate Variable Frequency Drives that help match kW consumption with
partial load conditions.
• https://www.blowervacuumbestpractices.com/industries/wastewater/black-and-veatch-provides-guidancewwtp-design

Blower Controls

Control Comparison by Blower Type
There is a hierarchy of controls starting with the
blower with single or dual point control. Then there
is the communications between the physical controls
and process management. This can be a sequence
with an edge computer package which provides
optimum energy use for the amount of air needed.
The edge level system can also make determinations
about optimum use of multiple blowers.
This edge level determination then is communicated
to the process management system which can be
cloud based and remote.
It can be simple with D.O measurement alone
determining set points. It can be more sophisticated
and make predictive calculations of oxygen
requirements based on other process parameters.
We need input of these various options.

Aerzen - Controls
Blowers control scheme: The purpose of the control system is to match the air flow to demand in the most efficient manner,
therefore running the smallest number of machines and running them in the range of their best efficiency. The plant control
system will be crucial in achieving the most efficient sequencing of the aeration blowers.
Four principles apply:
•

1. Run the least number of machines (a blower that does not turn does not use energy)

•

2. Run the largest number of machines in their most efficient range

•

3. Avoid idle operation and any bleeding off of air

• 4. Sequence the operation with longevity and maintenance intervals in mind
Flow control
• Direct flow control: This type of control is only suitable when the aeration blower system is dedicated to one basin and the
pressure is equal for all the various aeration sectors.
• Indirect flow control: This type of control is required to adjust the air flow from a common air header to individual basins
or individual aeration sectors. A control valve is inserted in the air line to each basin or sector. The pressure loss of such a
control valve typically ranges from 0.3 psi (20 mbar) to 0.5 psi (35 mbar). While most of such systems use pressure to
control the flow in a reactive manner, a more accurate and more energy efficient method is to anticipate the oxygen need
and control the flow by means of flow sensors, then vary the control valve setting for each sector accordingly. In addition
of being the most efficient, this aeration control system offers an additional advantage: it allows the blower discharge
pressure to follow the system back pressure, therefore further lowering the energy usage.

Aerzen Blower Turn-down Capability
• Blower system turn-down capability Careful selection of equipment is required to achieve a
high degree of flexibility in meeting a wide range of oxygen needs with the highest degree
of energy efficiency. Some aeration systems cycle individual blowers for various lengths of
time and use the oxygen retention capability of the wastewater to adjust the oxygen feed.
• This segment discusses the ability of a system to adjust to any flow within the required
range of operation. This requirement originates in the desire for highest possible efficiency
of the overall wastewater treatment process over time. A large turndown means that the
system will be able to meet the lowest e. A larger turndown also provides additional
flexibility and enables the blower system to meet the air requirements in a step-less manner
with the minimum number of machines and lowest number of frequency inverters (VFD).
• The turndown of each machine must allow for some overlapping (preferably ≥ 5% of the
flow of an individual machine). Therefore, a 55% turndown is required for a stable control
system, avoiding steps and wasting power by blowing-off air. The number of blowers
required depends on the turndown capabilities of each machine. Example: if a system
requires a 4:1 turndown ratio, this can be accomplished with two machines with each a 2:1
turndown. For ease of controls, some overlap is preferable and therefore, each machine in
this example should be capable of a flow range from 45% to 100% under the worst
conditions: highest pressure ratio and lowest air density combined.

Aerzen - Other System Variables
• Upstream and downstream Inlet air filtration The filtration of the inlet air is crucial for the durability of the blowers, and the
maintenance of the filters, while seemingly of little importance, impacts the energy costs. The degree of filtration as well as the
dust retention capability of the filter elements has to be considered. The filter must be sufficiently fine to protect the blower as
well as the diffuser system downstream from air-borne dust particles. On the other hand, a very fine filter will require a large
filtration area and/or more frequent cleaning or replacement. Machines with high tip speeds, such as high-speed centrifugal
blowers and turbo blowers, are particularly sensitive to particles and droplets in the air stream, and therefore require very fine
filtration.
• if the pressure loss of the clean filter may be negligible, a dirty filter can easily cause an additional 0.5 psi (35 mbar) drop resulting
in an increase in the compression ratio of some 3% based on sea level conditions, and a comparably higher use of energy. Inlet
pressure losses have a much more important impact on power usage and actual flow than the same pressure drop on the
discharge side.
• Filter location: It is preferable that the filter be the last element touched by the inlet air before entering the blower. This is most
important in the case of very high speed machines such as the turbo and centrifugal blowers. It was found that most suppliers do
not pay much attention to this detail, and there is a danger that loose particles from the silencers or even, as is the case with the
standardized turbo blowers, from the acoustic enclosure could enter the blower. Cleanliness is particularly crucial in the case of
high-speed machines and machines with high tip speeds. A few particles can damage an air bearing or cause damage when
touching an impeller rotating at 1000 ft/sec tip speed. If the filter element is such that dust particles can fall off during the filter
change, it is recommended to pay particular attention to remove the dust prior to installing the clean filter element. Particles that
find their way into the downstream piping will ultimately restrict the air flow in fine bubble diffusers.
• Inlet piping: For various reasons, some engineers prefer to manifold the inlet of multiple blowers to pull air from outside a blower
room. The additional inlet pipe pressure losses need to be accounted for. Moreover, frequently forgotten is the fact that inlet air
noise is then being ducted out and may require additional acoustical treatment, which in turn causes additional pressure losses

Component Decisions
• Pre-heating of the intake air: Some blower packages use the intake air to cool the electric drive motor and
some of the power electronic. The result is a higher amount of energy to be used for the same amount of
oxygen: the higher air inlet temperature results in lower air density and proportionally lower mass of oxygen
per unit of air volume. For example: a 20ºF increase in inlet temperature results in about 4 % lower mass of
oxygen per cubic foot of air, a 4 % lower density, a higher discharge temperature, higher air velocity and
higher pressure losses.
• Discharge check valve: While nearly always required, the discharge check valve is one of those components
that is frequently not included in a blower package or shipped separately. Whether the pressure loss caused
by the check valve has been accounted for is not always clear. The pressure loss of a check valve should be
less than 0.15 psi (10 mbar). The selection of the check valve must be such as it has a low opening pressure
and will not chatter at reduced flow.
• Additional flow control valve: Some control systems, particularly used in conjunction with centrifugal or
turbo blowers, make use of a discharge pressure control valve. This valve receives its signal from the
Dissolved Oxygen (DO) control. Should less oxygen be required, the control valve will restrict the total air
flow, therefore increasing its upstream pressure. The blower flow control, being set to maintain a constant
discharge pressure, will reduce the blower flow until the set pressure is reached again. Not only is the
pressure drop across such a control valve not negligible (0.3 to 0.5 psi or 20 to 35 mbar), but with such a
control system, the pressure generated by the blowers remains constant, and may therefore not be able to
take advantage of any drop in system pressure at partial flow.

Automation Solutions for Air Bio Control

Remote Monitoring Systems
Neuros
• Wastewater plants are increasingly turning to
remote monitoring. Large plants easily justify it
based on economies of scale . Small plants can
justify it based on the elimination of a night shift.
McIlvaine has devoted a webinar to this subject. It
can be viewed at
• Recorded 50 Minute webinar on April 6, 2017
View YouTube Recording: https://youtu.be/AWBvZIj5gk
Aerzen
The Aerzen iAir Remote Monitoring System (RMS) is a
comprehensive monitor that can be attached to any
blower or compressor to capture real-time activities
and conditions. Based on industrial cellular
technology, the RMS can function in any location with
cellphone coverage for both indoor and outdoor
applications. The iAir Remote System reviews the
actual usage of the equipment and sends alerts and
reminders via text or email directly to the user.

PG-Neuros, the leading manufacturer of high-efficiency
turbo blowers offers the Remote Monitoring System to its
customers for monitoring blower operation through realtime data using a VPN or a dedicated router. The system can
be installed at the managed communication/Ethernet switch
at an individual blower, master control panel or SCADA level
to fit different plant needs and configurations. The Remote
Monitoring System is easy to deploy with minimal to no
interruption to the plant’s system or operations. The realtime data is streamed through secure network to the cloud
or APG-Neuros’ servers for monitoring and diagnostics of
operational issues. All the parameters are monitored
remotely by APG-Neuros engineers to ensure optimized
aeration system and blower operation, analyze trends and
detect any abnormalities.
APG-Neuros demonstrated energy efficiency by replacing
competitor’s blowers in Nice, France, Narragansett Bay
Commission, and Lowestoft, U.K. (Anglian Water).
With approximately 1,000 units installed and over 100 on
order, their installations enjoy the highest success with large
cities including Washington D.C., NYC, London (U.K.),
Vancouver (B.C.) and Mexico City

Holistic Control Approach
• EDI and BioChem Partnership provides Holistic Approach to Aeration Control
• BioChem introduced its patented Bioprocess Aeration Control System (BACS) in 2009.
• Since then it has proven its effectiveness, efficiency and reliability in dozens of applications as a standalone subsystem to control
the production and distribution of the aeration process. BACS is not the standard proportional integral (PI) loop utilizing high
speed trial and error based control actions to chase the desired set-point. Rather BACS is an intelligent system which actually
calculates the volume of air required to maintain the DO setpoint by analyzing the process metabolism in real-time. In fact,
because of system response times, it is necessary to know what the oxygen demand will be 15 minutes from now in order to
effectively maintain the proper DO concentration. BACS does this. It has a Predictive element in its nature.
• With BioChem's EDI partnership a new more holistic concept to process design and control was introduced. This new concept
called Symphony considers all the critical subsystems required to control the biological treatment process utilizing digitized
intelligence throughout. The goal is to achieve unprecedented economy and performance while providing practical, actionable
information to manage the plant by incorporating such features as fault detection and isolation (FDI) and Reliability Centered
Maintenance (RCM).
• EDI, headquartered in Columbia, Missouri has been a leader in the development, manufacturing and installation of advanced
aeration products and solutions for over 40 years.
• EDI's Chairman, Charles Tharp provided this rationale for the partnership: "This represents a major expansion of EDI's capability to
deliver superior aeration mixing solutions for biological treatment systems. The combination of predictive aeration logic and
premium EDI aeration hardware will deliver unprecedented levels of performance in biological and aeration systems."
• George Lee, BioChem's longtime CEO and the father of its innovative technologies, and newly appointed CTO stated: "BioChem
will continue to expand its knowledge and apply its core competencies in the complex and nuanced bio-chemical dynamics in the
wastewater segment. The partnership with EDI for the distribution of our control solutions allows us to more quickly realize our
shared goals and vision; which is to essentially transform the way wastewater treatment systems are built and operated, so as to
incorporate the most advanced, efficient and effective wastewater treatment strategies that modern technology allows.

• Here are some Aerzen views about drives.

Drives

• 1) Narrow, cogged V-belt drives: a. 98% to 97% efficient when right-sized, constantly properly aligned and tensioned b.
worst case: 90% efficient, resulting from over-sizing, poor design, lack of tension, poor alignment c. Advantage: flexibility
of speed selection and motor sizing for best efficiency
• 2) Speed increasing gears: a. 97 to 99 % efficient b. Advantage: flexibility of speed selection and motor sizing for best
efficiency; reliable and low maintenance
•

3) Frequency inverter: a. 95% to 98% efficient average, however, the efficiency is not constant over the entire range of
operation. The total drive efficiency will vary with speed and load b. Moreover, the inverter and the motor influence each
other c. Some VFD types and applications may limit the distance between the VFD and the motor. A high speed drive
requires a high switching frequency of the inverter and generates a higher level of harmonics, heat generation,
necessitates harmonics filters, and precludes the cable length between inverter and motor from being longer than some
20 ft (~ 7 m).

• 4) Asynchronous induction motors: a. > 95% for premium efficiency motors at 100 HP and above b. Efficiency drops as the
load drops c. Power factor drops as the load drops, however the power factor is corrected with the use of a frequency
inverter d. High-speed induction motors are used by some manufacturers to drive smaller blowers because the cooling of
such motors is less critical than for permanent magnet motors. The distance between VFD and motor is limited due to
high inverter switching frequency. 5) Permanent magnet motors: a. Permanent magnet motors used on high-speed turbo
blowers are custom motors. At partial load, their efficiency is slightly better than that of premium efficiency asynchronous
motors. Only little information is available on their performance. b. Magnetism may be affected at higher temperatures
and exposure to magnetic fields; sufficient cooling is critical: some manufacturers require air conditioning of the blower
enclosure; some require water/glycol cooling of the motor above a certain power rating or ambient temperature. c. The
distance between VFD and motor is limited due to high inverter switching frequency.

